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Computed tomographic features of the feline brain change
with advancing age?!
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ABSTRACT.- Babicsak V.R, Cardoso G.S., Tsunemi M.H. & Vulcano L.C. 2015. Computed
tomographic features of the feline brain change with advancing age? Pesquisa Vete-
rindria Brasileira 35(Supl.1):33-38. Departamento de Reproduc¢do Animal e Radiologia Ve-
terinaria, Faculdade de Medicina Veterinaria e Zootecnia, Universidade Estadual Paulista
Jalio de Mesquita Filho, Campus de Botucatu, Distrito de Rubido Junior s/n, Botucatu, SP
18618-970, Brazil. E-mail: viviam.babicsak@gmail.com

A better understanding of normal or expected encephalic changes with increasing age
in cats is needed as a growing number of these animals is attended in veterinary clinics,
and imaging data referring to normal age-associated changes are extremely scarce in the
literature. The objective of this study was to identify age-related changes in feline brain
using CT imaging. Fifteen non-brachycephalic healthy cats with age between 1 to 6 years
(adult group) and others over 12 years (geriatric group) were submitted to CT scan of the
brain. Statistically significant differences were found between the groups for the ability to
identify the left lateral ventricle and for falx cerebri calcification, both identified in a gre-
ater number of cats of the geriatric group. A significantly higher mean width of the third
ventricle was also detected in geriatric animals. There were no statistically significant di-
fferences between lateral ventricular dimensions and encephalic parenchymal attenuation
on pre and post-contrast CT phases. The results of the present study show an increase in
the incidence of falx cerebri calcification and a third ventricular dilatation with advancing
age in cats. Future researches using MRI scanners and a greater quantity of cats are needed

in order to identify supplementary age-related changes.

INDEX TERMS: Cat, cerebral aging, computed tomographic imaging, neuroanatomy:.

RESUMO.- [0 aspecto tomografico do encéfalo de feli-
nos altera com o avanco da idade?] Uma melhor com-
preensdo das alteracdes encefalicas normais ou esperadas
com o aumento da idade em gatos é necessaria no presente
momento, uma vez que tem havido um nimero crescente
desses animais nas clinicas veterinarias, e dados de ima-
gem referentes as alteracdes normais associadas a idade
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sdo extremamente escassos na literatura. O objetivo deste
estudo foi a identificacdo de altera¢des relacionadas a idade
no encéfalo de gatos através da tomografia computadoriza-
da. Quinze gatos saudaveis ndo braquicefalicos com idade
entre 1 e 6 anos (grupo adulto) e mais de 12 anos (grupo
geriatrico) foram submetidos a tomografia encefalica. Dife-
rencas estatisticas significativas foram encontradas entre
os grupos para a identificacdo do ventriculo lateral esquer-
do e calcificacdo da foice cerebral, ambos visualizados em
um numero maior de gatos do grupo geriatrico. A média
de largura do terceiro ventriculo também foi significativa-
mente maior nos animais geriatricos. Nao foram encontra-
das diferencas estatisticas significativas entre a mensura-
¢do dos ventriculos laterais e a atenuacdo do parénquima
encefalico nas fases tomograficas pré e pds-contraste. Os
resultados do presente estudo demonstram aumento da in-
cidéncia de calcificacdo da foice cerebral e dilatagio do ter-
ceiro ventriculo de acordo com o avango da idade em gatos.
Pesquisas futuras utilizando ressondncia magnética e uma
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maior quantidade de gatos sdo necessarias a fim de se iden-
tificar alteragdes complementares relacionadas a idade.

TERMOS DE INDEXACAO: Gatos, senilidade cerebral, tomografia
computadorizada, neuroanatomia.

INTRODUCTION

Due to improvements in care by owners and advances in
veterinary medicine, the number of older cats requiring
medical care is increasing, and this results, therefore, in
a need for a clearer understanding of age-related altera-
tions in these animals. Several studies related to the nor-
mal aging brain have been performed in humans, allowing
identification of abnormalities such as Alzheimer’s disease
where development is associated with amyloid-beta ac-
cumulation (Head 2001). Pathological age changes in the
brain which occur with dementia are also assumed to oc-
cur in dogs and cats (Landsberg & Araujo 2005). In these
animals, amyloid-beta accumulation, which leads to vascu-
lar and perivascular changes, is considered one alteration
responsible for clinical signs related to cognitive dysfunc-
tion (Cummings et al. 1996, Landsberg & Araujo 2005).
The identification of some neuroimaging findings has been
used for the current diagnosis of Alzheimer’s disease. The-
se include global brain atrophy (Chan et al. 2001a), a redu-
ced orbital frontal area (Resnick et al. 2003) and temporal
lobe, in particular in the hippocampal region (Chan et al.
2001b). It was seen that these neuroimaging findings are
usually greater in humans with Alzheimer’s disease than in
normal aging individuals, highlighting, therefore, how im-
portant is the knowledge of normal changes in aging brain.
In cats, little is known about the effects of normal aging,
thus, the objective of this study was to demonstrate normal
age-associated changes in the brain of individuals of this
specie using computed tomographic (CT) imaging.

MATERIALS AND METHODS

Ethics approval was obtained from Ethics Committee on Animal
Experimentation of the School of Veterinary Medicine and Animal
Sciences of Sdo Paulo State University (Protocol number 01/2011).

Thirty cats were divided into two groups based on age accor-
ding to the published classification of the feline life stages (Fort-
ney 2012). The adult group included 15 animals with ages ran-
ging from 1 to 6 years while the geriatric group was composed
entirely of 15 cats over 12 years of age. All subjects were non-
-brachycephalic mixed breed animals.

Inclusion in the study was based on the following criteria.
A clinical history was obtained from the owners to rule out any
previous neurological symptoms. After a general and neurological
physical examination, only healthy cats (without cognitive dys-
function) were considered eligible. A complete blood examina-
tion including white cell count along with biochemical exams for
urea, creatinine, aspartate aminotransferase, alkaline phospha-
tase, gamma glutamyl transferase, total plasma protein, albumin
and globulin was also done and animals with normal values were
selected. Polymerase chain reaction tests for feline immunode-
ficiency and leukaemia virus were also performed and only cats
considered negative were included in this study.

All cats were anaesthetized for the CT exam, prior to which
they were denied access to water and food for 2 and 12 hours,
respectively. After the clinical examination, cats were premedica-
ted with intramuscular acepromazine 0.2% (Apromazin; Syntec
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do Brasil, Cotia, SP, Brazil) at 0.05mg/kg and morphine sulphate
(Dimorf; Cristalia, Itapira, SP, Brazil) at 0.3mg/kg. Twenty minu-
tes later, catheterization of the cephalic vein was performed to
administer intravenous physiologic saline NaCl 0.9% (Sanobiol;
Pouso Alegre, MG, Brazil) at a rate of 5ml/kg/h. This was followed
by anaesthetic induction using intravenous propofol (Propovan;
Cristalia, Itapira, SP, Brazil) at 6.0mg/kg or until loss of the laryn-
gotracheal reflex. After this, oral tracheal intubation was perfor-
med and the tracheal tube connected to a Bain circuit, with oxy-
gen flow between 1 and 2 L/min. The vaporiser with isoflurane
(Isoforine; Cristalia, Itapira, SP, Brazil) was adjusted to maintain a
moderate depth of anaesthesia.

The CT examination was performed using a single-slice helical
CT scanner (SCT-7800 CT; Shimadzu, Kyoto, Japan). The animal
was positioned in sternal recumbency and the head was symme-
trically positioned on a lined cushion. Standard transverse slices
of the area between the olfactory bulb and the foramen magnum
were obtained using 90 milliamperes per second (mAs) and 120
kilovolt (kVp) in supratentorial region and 100 mAs and 120 kVp
in infratentorial portion. Images were reconstructed with a slice
thickness and increment of 2 mm in the first region (2x2) and 1
mm in the last section (1x1). Following the non-contrast phase,
contrast-enhanced CT scan was performed by administering intra-
venous iopamidol (Iopamiron 300; Bracco, Milan, Italy) at 2 ml/kg
through the cephalic vein catheter. Tomographic scan was started
about ten seconds after the contrast was completely injected.

Images were evaluated using a software program for medical
imaging analysis (Clear Canvas; Clear Canvas Inc., Toronto, Onta-
rio, Canada) by a radiologist blinded to the age and other identi-
fications.

The categorical variables analyzed in this study included the
possibility of identification of the right and left lateral ventricles,
third ventricle and temporal ventricular horn. The fourth ventri-
cle and the mesenencephalic aqueduct were not evaluated due to
the beam hardening artifact in the region. Calcification of the falx
cerebri, observed as a hyperattenuating flat plaque in dorsal mi-
dline region of the brain on pre-contrast scan, was evaluated for
presence. Parenchymal texture and contrast enhancement pat-
terns were also analyzed.

In continuous assessment, all measurements were performed
in triplicate and then an average value was calculated. The height
of the right and left lateral ventricles and the width of the third
ventricle and visible temporal horn were measured in the area of
the largest ventricular dimension (Fig.1). The attenuation values

Fig.1. Tomographic images illustrating the measurement of the
third ventricle (a) and lateral ventricles (b).
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Fig.2. Tomographic images demonstrating the local the circular ROIs were placed for atte-

nuation measurement in frontal (a), parietal (b), temporal (c) and occipital lobes (d),

and in cerebellum and thalamus (f).

of the frontal, parietal, temporal and occipital lobes, thalamus and
cerebellum in both hemispheres were also measured on pre and
post-contrast images. These values were derived from the attenu-
ation measurements of circular regions of interest (ROIs) with a
cross-sectional area of 0.2cm? ROIs were placed in the same loci
in all animals based on anatomical reference sites, which were
usually adjacent bony structures (Fig.2). The encephalic height
was measured by placing the calipers at the ventral and dorsal
encephalic limits in midline region in tomographic image at the
level of the thalamus and hypophysis.

Statistical analysis was performed by use of a statistical pro-
gram (SPSS 17.0; SPSS Inc., Chicago, IL, USA). The data were con-
sidered normally distributed and the statistical analysis used for
this evaluation was Kolmogorov-Smirnov test. T test was used to
identify differences in the weight and encephalic height between
the groups. Fisher Exact and Chi Square tests were performed to
detect statistically significant differences in categorical variables.
Differences in ventricular dimensions between the groups were
tested by T test for independent samples. Differences between
the attenuation values of the right and left cerebral areas were
tested by the T test for dependent samples. Since no statistically
significant differences were found, the attenuation values deter-
mined in the right and left hemispheres were summed and then, a
mean value was calculated for each area. Differences in mean CT
attenuation of brain regions between the groups were tested by T
test for independent samples. Statistical level of significance for
all tests was set at 5% (P<0.05).

RESULTS

In adult group, 6/15 were males (5/6 castrated) and 9/15
were females (9/9 neutered). The mean age and weight of
the cats were 2.87+1.85 years (ranging from 1 to 6 years)
and 3.92%1.03 kg, respectively. The mean value related to
the encephalic height was 2.62cm and the standard devia-
tion was 0.10cm.

In geriatric group, 2/15 were males (2/2 castrated)
and 13/15 were females (13/13 neutered). The mean age

of the animals was 14.33+2.06 years (ranging from 12 to
17 years) and the mean values related to the weight and
encephalic height were 3.32+0.62 kg and 2.60+0.11cm res-
pectively.

Comparing mean weight (P=0.062) and encephalic hei-
ght (P=0.526), no statistically significant differences were
found between the groups, suggesting that the brain di-
mensions of the adult and geriatric cats were similar.

The third ventricle could be identified in 15/15 ani-
mals of both groups (P=1.000). The right lateral ventricle
could be seen in 5/15 individuals of the first group and in
10/15 subjects of the second group (P=0.143). The left la-
teral ventricle could be visualized in 2/15 adult cats and in
10/15 geriatric animals (P=0.008). Both right and left la-
teral ventricles could be identified in a greater proportion
of cats of geriatric group in comparison with the adult one,
however, a statistically significant difference was found
only for the left lateral ventricle. The right temporal horn
could be identified in 2/15 animals of the first group and
1/15 cat of the second group. The left temporal horn could
not be visualized in any subject of both groups.

Calcification of the falx cerebri was identified in 4/15
adult animals and 11/15 geriatric cats and a statistically
significant difference was found between the groups
(P=0.027).

Differences in tomographic texture and contrast enhan-
cement patterns between the adult and geriatric cats were
not identified since all of them showed a homogenous tex-
ture and none showed abnormal contrast uptakes in cere-
bral parenchyma.

In ventricular continuous assessment (Table 1), a grea-
ter mean width of the third ventricle was found in the ge-
riatric group, showing a statistically significant difference
between the groups. Figure 3 shows scatter-plots correla-
ting the width of the third ventricle and the age of all cats
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Table 1. Means (cm), standard deviations (cm) and P values
related to the measurements of the third ventricle, lateral

Table 3. Means (HU), standard deviations (HU) and P values
related to the encephalic attenuation on post-contrast CT

ventricles and right temporal horn examination
Cerebral ventricles Groups Mean Standard P value Brain regions Groups Mean Standard P value
deviation deviation
Third ventricle Adult 0.16 0.03 0.003* Frontal Adult 29.23 2.07 0.440
Geriatric 0.22 0.07 Geriatric 29.95 2.39
Right lateral ventricle Adult 0.22 0.09 0.563 Parietal Adult 34.42 2.61 0.114
Geriatric 0.20 0.05 Geriatric 32.55 291
Left lateral ventricle Adult 0.17 0.07 0.323 Temporal Adult 26.17 2.07 0.945
Geriatric 0.22 0.06 Geriatric 26.23 2.12
Right temporal horn Adult 0.33 0.05 0.394 Occipital Adult 28.45 2.43 0.744
Geriatric 0.24 - Geriatric 28.16 191
" — — - Cerebellum Adult 25.71 1.46 0.339
Statistically significant difference between groups (P<0.05). Geriatric 26.36 173
Thalamus Adult 29.54 1.35 0.189
04 Geriatric 28.48 2.26
0,35 o
o . On pre and post-contrast CT phases, there were no sta-
£ i tistically significant differences in cerebral attenuation be-
go,;s S . ° } tween the groups (Table 2 and 3).
3 . O e
g o2 T "
% ° L . . DISCUSSION
O | O [ ] . . rr .
¥ T8 e 3 ® e In the present study, the lateral ventricles were identified in
E o1 a greater proportion of cats of the geriatric group compa-
red with the adult one. The statistically significant differen-
005 ce between the groups found for the left lateral ventricular
0 identification suggests that an enlargement of this structu-
0 “ 4 o 8 10 12 a4 46 18 20 re occurs with age, enabling, therefore, its identification on
Age (years)

Fig.3. Scatter-plots correlating the third ventricular measurement
and the age of the adult and geriatric cats, illustrating, there-
fore, the enlargement of the third ventricle with advancing age.

included in this study. Considering the lateral ventricular
measurements, no statistically significant differences were
found between the groups. Based on the mean ventricular
dimensions of the adult cats, greater sizes of the third ven-
tricle and right and left lateral ventricles were identified
in 11/15, 5/15 and 8/15 geriatric subjects, respectively.
Regarding the width of the visible right temporal horn, a
greater mean value was found in the adult group in com-
parison with the geriatric group, however, no statistically
significant differences were identified.

Table 2. Means (Hounsfield unit - HU), standard deviations
(HU) and P values referring to the attenuation of the
encephalic parenchyma on non-contrast CT phase

Brain regions Groups Mean Standard P value
deviation

Frontal Adult 25.20 1.44 0.164
Geriatric 26.60 3.10

Parietal Adult 28.47 2.35 0.569
Geriatric 27.84 2.88

Temporal Adult 22.19 2.34 0.454
Geriatric 22.95 2.50

Occipital Adult 24.36 2.74 0.756
Geriatric 24.67 2.17

Cerebellum Adult 22.27 1.18 0.070
Geriatric 23.34 1.50

Thalamus Adult 24.57 1.29 0.131
Geriatric 23.35 2.41
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tomographic images. The possible enlargement of the left
ventricle in cats may occur secondarily to an asymmetric
cerebral atrophy, more pronounced in left hemisphere. In
humans, a prominent volumetric reduction of the left tem-
poral lobe in comparison with the right was reported in a
previous study (Resnick et al. 2003).

Ventricle temporal horn enlargement, however, was vi-
sualized in a greater number of adult animals, indicating
that the temporal horns of cats do not suffer a dilatation
with age in the same proportion as in dogs. In the study
of Pugliese et al. (2010), it was found that the temporal
horn enlargement, which characterizes hippocampal atro-
phy along with a reduced height of hippocampus, may be
considered an early marker of cerebral aging in dogs. One
explanation to this occurrence in cats is that maybe these
animals exhibit a slow progress in the rate of hippocam-
pal atrophy. Further investigations related to hippocampal
atrophy in aging cats are needed.

Calcification of the falx cerebri, an incidental finding
secondarily to metaplasia and bony differentiation of falx
cerebri multipotent cells, was observed in both groups;
however, its incidence was significantly higher in geriatric
group. This finding is consistent with those verified in hu-
mans, in which a significant positive correlation was iden-
tified between age and the frequency of falx cerebri calcifi-
cation (Daghighi et al. 2007).

In ventricular continuous assessment, a higher mean
value related to the third ventricular size was determined
in geriatric group. The existence of a statistically signifi-
cant difference between the groups proves that the third
ventricle enlarge with age in cats, possibly due to cerebral
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atrophy, which normally occurs in aging in consequence to
neuronal atrophy (Terry et al. 1987), demyelination and
a decrease in the number of myelinated fibres (Marner et
al. 2003). The third ventricular enlargement identified in
the cats of the present study is not in agreement with the
results of a research study performed in dogs by Gonzales-
-Soriano et al. (2001), who did not find any difference in
the size of the third ventricle between younger and older
adult German Shepherds. However, the information found
in the cats corroborates that verified in humans, in which
the third ventricle, that may not be seen or may have very
small dimensions in individuals under 40 years of age, can
usually be clearly and easily identified in persons over 50
years old (LeMay 1984). Based on the mean third ventricu-
lar dimension of the adult group, a greater third ventricle
size was found in 73.33% (11/15) of the geriatric cats. This
value is higher than the 65% (13/20) incidence associated
to general ventricular enlargement found in dogs by Borras
etal. (1999).

Considering the lateral ventricular measurements, no
statistically significant differences between the groups
were verified for the height. In German Shepherd dogs,
however, it was found that the size of the lateral ventri-
cles suffers a significantly increase according to the age
(Gonzales-soriano et al. 2001). In the study performed by
Su et al. (2005), a lateral ventricular enlargement was also
observed in 26/47 (55.32%) and 35/41 (85.37%) Beagle
dogs in the second and third year of their longitudinal stu-
dy, respectively. As well as in dogs, an increase in the size of
the lateral ventricles was also verified in humans (Sullivan
et al. 2002, Scahill et al. 2003). Lateral ventricular enlar-
gement was not identified in the cats of this study and one
reason for it is that maybe the lateral ventricular dilatation
occurs in a later phase of aging in cats, secondly to the third
ventricular enlargement.

On pre-contrast CT phase, the absence of statistically
significant differences between mean attenuation values of
the groups differs from the findings identified in humans.
In these individuals, a reduction in CT attenuation occurs
with advancing age as identified in the study performed
by Meyer et al. (1994). The decrease in CT attenuation is
possibly related to a synaptic attenuation decline, which
is known to occur in normal aging (Masliah et al. 1993),
and is coupled with a reduction in the cerebral perfusion
(Meyer et al. 1994). The blood flow decline may occur due
to a decrease in the distensibility of the vessel wall secon-
dary to changes in vascular innervation and responsive-
ness (Nobler et al. 1999) and/or amyloid angiopathy (Prior
et al. 1996). In addition, the decrease in cerebral blood
flow may be explained by a decline of local requirements
for energy and oxygen due to tissue loss or reduction (Pe-
remans et al. 2002). In the study performed by Hasan et
al. (2013), it was concluded that the cerebral blood flow
of humans reduces with age in the totality of grey matter.
In dogs, however, it was noted a regional decrease of ce-
rebral blood flow in fronto- and temporocortical area and
in the subcortical region with age (Peremans et al. 2002).
As brain attenuation is coupled with cerebral blood flow
(Meyer et al. 1994), we speculate that the geriatric cats of

our study possibly did not exhibit a significant reduction in
cerebral perfusion. One reason for this occurrence is that
maybe cats manifest a slow progress in the development of
these conditions that lead to a reduction in cerebral blood
flow, such as amyloid angiopathy. As part of the evidence
supporting this speculation, previous reports described
the presence of feline plaques solely in the brain of very
aged cats (17-21 years old) (Nakamura et al. 1996, Papaio-
annou 2014). Individuals older than 17 years old were not
evaluated in the present study.

On contrast-enhanced CT, no significant differences in
cerebral attenuation were identified between the groups.
Since the interstitial enhancement of the cerebral paren-
chyma is dependent of the blood-brain barrier (BBB) (Sage
et al. 1998), this finding indicates absence of alterations
in the BBB permeability of the geriatric cats. In CT stu-
dies performed by Caserta et al. (1998) and Dysken et al.
(1990), abnormalities in BBB were not identified in elderly
humans as well as in the cats of this study. Nevertheless, it
is known that several age-related factors contribute to an
increase in BBB permeability in humans such as oxidative
stress (Popescu et al. 2009) and amyloid angiopathy (Prior
et al. 1996). As previously described, the exclusive presen-
ce of feline plaques in the brain of very aged cats (Nakamu-
ra et al. 1996, Papaioannou 2014) supports the evidence of
a possible elevation in BBB permeability in a later stage of
cat’s life.

As conclusion, the present study showed that the in-
cidence of falx cerebri calcification and the width of the
third ventricle increase according to age in cats. Some li-
mitations and potential shortcomings occurred in this stu-
dy such as the utilization of a reduced number of animals.
Another limitation factor was the use of CT imaging since,
due to the low contrast of soft tissue of this modality com-
pared to MRI, some changes may not be identified. Possible
confounding variables such as sex, neuter state, weight and
encephalic height were not controlled in this study. Howe-
ver, no significant differences were observed between the
weight and encephalic heights of the groups, suggesting
that the cerebral size of the animals of both groups were
similar. Further transversal and longitudinal investigations
using MRI scanners and a greater number of animals are
necessary to determine additional changes associated with
age in the animals of this specie.
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