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This study aimed to identify changes related to brain parenchyma as advancing age in
healthy domestic cats. Our hypothesis is that cats suffer cerebral and cerebellar atrophy
and show focal changes in signal intensity of the brain parenchyma in accordance with the
progression of age. Twelve adult (1 to 6 years), eleven mature (7 to11 years) and ten geriatric
non-brachycephalic cats (12 years or more of age) underwent brain magnetic resonance
imaging (MRI). There were no changes in signal intensity and contrast uptake in brain
parenchyma of the cats. Geriatric animals showed significantly lower average thickness of
the interthalamic adhesion and percentage of the cerebral parenchyma volume in relation
to intracranial volume than those found in the adult group. No significant differences were
found between groups for cerebral volume, cerebellar volume and percentage of cerebellar
volume in relation to intracranial volume. The results of this study indicate that atrophy of
the cerebral parenchyma, including the interthalamic adhesion, occurs with age in domestic
cats, confirming the hypothesis of the study. However, the results did not corroborate the
hypothesis that cats show cerebellar atrophy and focal changes in signal intensity of the
brain parenchyma with advancing age.

INDEX TERMS: Brain, parenchymal changes, aging, cats, neuroanatomy, magnetic resonance imaging, senility.

RESUMO.- [Alteragdes do parénquima cerebral durante a
senilidade em gatos domésticos.] Este estudo objetivou a
identificagdo de alteracdes no parénquima cerebral relacionadas
ao avanco da idade em gatos domésticos saudaveis. Nossa
hipétese é de que os gatos sofrem atrofia cerebral e cerebelar,
além de alteragdes focais na intensidade do sinal do parénquima
cerebral, de acordo com a progressao da idade. Doze gatos ndo
braquicéfalos adultos (1 a 6 anos), onze maduros (7 a 11 anos)
e dez geriatricos (12 anos ou mais) foram submetidos a
ressonancia magnética encefalica. Nao foram observadas
alteracdes na intensidade do sinal e na captagdo de contraste
do parénquima encefalico nos gatos. Os animais geriatricos
apresentaram médias da espessura da adesdo intertalamica e
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porcentagem do volume do parénquima cerebral, em relagio
ao volume intracraniano, significativamente menores a aquelas
encontradas no grupo dos adultos. Ndo foram encontradas
diferencas significativas entre os grupos para volume cerebral,
volume cerebelar e porcentagem de volume cerebelar em
relacdo ao volume intracraniano. Os resultados deste estudo
indicam que a atrofia do parénquima cerebral, incluindo a
adesdo intertalamica, ocorre com o avango da idade em gatos
domésticos, confirmando a hipétese do estudo. No entanto,
os resultados nao corroboraram a hipotese de que os gatos
apresentam atrofia cerebelar e alteragdes focais na intensidade
do sinal do parénquima encefalico com a progressao da idade.

TERMOS DE INDEXACAO: Encéfalo, parénquima cerebral, gatos,
neuroanatomia, ressonancia magnética, senilidade.

INTRODUCTION

During senescence process, it is known that brain parenchymal
volume reduces in humans (Coffey etal. 1992, Courchesne et al.
2000, Jernigan et al. 2001, Beason-Held & Horwitz 2002,
Ge et al. 2002, Resnick et al. 2003, Scahill et al. 2003,
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DeCarli et al. 2005, Fotenos et al. 2005, Walhovd et al. 2005,
Kruggel 2006, Ziegler etal. 2012, Fjell etal. 2014, Storsve etal.
2014) and dogs (Tapp & Siwak 2006, Pugliese et al. 2010) as
aresult of several processes such as neuronal degeneration,
reduction of synaptic density (Seeley et al. 2009), change in
length of myelinated fibers (Meier-Ruge etal. 1992, Marner et al.
2003), increased perivascular space (Meier-Ruge et al. 1992)
and demyelination (Marner et al. 2003).

Although volumetric reduction of the brain parenchyma
normally occurs according to the progression of age in
humans, some diseases are also associated to brain atrophy,
such as Alzheimer’s, Parkinson’s, among others (Eisenberg
2010). In Alzheimer’s disease, some imaging findings have
been used for diagnosis in humans, such as prominent total
brain atrophy (Chan et al. 2001a), specially the frontal orbital
area (Resnick etal. 2003) and temporal lobe, particularly the
hippocampus (Chan et al. 2001b).

In dogs, it had also been identified differences in brain
atrophy rate between healthy animals and dogs with cognitive
impairment, since it was detected that the thickness of the
interthalamic adhesion is significantly decreased in affected
animals (Hasegawa et al. 2005).

The determination of these imaging findings associated
to brain parenchymal diseases in humans and dogs, however,
was only made possible as a result of studies focusing on the
investigation of the normal changes in brain parenchyma
during the senescence process in these species, highlighting
the importance of the knowledge of the effects of senility.

So far, there is no imaging data in the literature regarding
the age-related changes in the brain of cats. Thus, the objective
of this study was to identify the effect of senility in brain
parenchyma of healthy adult, mature and geriatric domestic
cats by magnetic resonance imaging (MRI). Our hypothesis is
that cats suffer reduction in brain volume as advancing age,
as well as focal changes in signal intensity in parenchyma.

MATERIALS AND METHODS

In this study, approved by our ethic committee for animal
experimentation, were only used cats belonging to owners who
agreed to participate in the study and signed a consent after the
explanation of the procedure and the risks related to anesthesia
and contrast administration.

Animals. Thirty-three neutered non-brachycephalic domestic
cats (Felis catus) were investigated and divided into three groups
according to age, as classification previously described (Lund et al.
1999, Fortney 2012, Laflamme & Gunn-Moore 2014). The group
of adult animals included 12 cats aged 1 to 6 years (group A), the
group of mature animals comprehended 11 cats aged 7 to 11 years
(group B), and the group of geriatric animals comprised 10 cats
aged 12 years and older (group C).

The average age obtained from 2 males and 10 females of the
group of the adult animals was 2.00+0.74 years (1-4 years) and
the average weight was 3.96+0.69 kg. Considering the group of the
mature animals, the mean value determined for age and weight of
the 3 males and 8 females were 8.54+1.37 years (7-11 years) and
4.91+2.80 kg, respectively. The average age and weight calculated
from 2 males and 8 females of the group of the geriatric cats were
14.00+1.33 years (12-16 years) and 4.08+1.12 kg, respectively.

Selected animals could not have history of neurological disorders
and, therefore, the owners were asked about symptoms such as
excessive vocalization, aggression, decreased physical activity,
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house soiling, compulsive walking, circling, head tilt, head pressing,
seizures, blindness, incoordination and tremors.

Later, the cats were submitted to general and neurological
physical assessment performed by a single evaluator and only
animals considered healthy were included in this study. Neurological
examination included general inspection, which was carried out by
assessing the behavior and the state of consciousness; observation
of the march; attitude and posture reactions by proprioception
tests; and cranial nerves examinations, as blink-to-threat reflex,
eyelid reflex, pupillary light reflex, evaluation of pupillary size and
hearing test, as reported by Fitzmaurice (2010).

Polymerase chain reaction (PCR) for feline immunodeficiency
(F1V) and leukemia (FeLV) viruses, blood count, serum biochemistry
(urea, creatinine, aspartate aminotransferase, alkaline phosphatase,
gamma glutamyl transferase, total plasma protein, albumin, globulin),
thoracic radiographs and abdominal ultrasound were performed to
ensure that animals were healthy and thus apt to be anesthetized
and submitted to the contrast medium administration.

Magnetic resonance imaging. Cats were anesthetized and, thus,
they were subjected to 12-hours of fasting and 2-hours of water
deprivation. Pre-anesthetic medication consisted in intramuscular
injection of 0.05mg/kg 0.2% acepromazine (Apromazin; Syntec
Brazil, Cotia, SP, Brazil) and 0.3mg/kg morphine sulphate (Dimorf;
Cristalia, Itapira, SP, Brazil). The anesthesia was induced by intravenous
administration of propofol (Propovan; Cristalia, Itapira, SP, Brazil)
through the cephalic vein catheterization at the rate of 6mg/kg
or until the loss of laryngotracheal reflection for endotracheal
intubation. The endotracheal tube was connected to Bain circuit
and isoflurane vaporizer (Isoforine; Cristalia, Itapira, SP, Brazil) was
adjusted to maintain a moderate plane of anesthesia. Parameters,
such as capnography, pulse oximetry, electrocardiogram and blood
pressure were evaluated using multiparameter monitor.

Brain images were acquired in low-field MRI system
(0.25T - Vet MR Grande; ESAOTE, Genova, Italy) on transverse
T1- (TE: 18ms / TR: 433,333ms), T2- (TE: 120ms / TR: 5100ms)
and post-contrast T1-weighted sequences. The latter sequence was
initiated one minute after the intravenous injection of 0.2mmol/kg
paramagnetic contrast agent (Dotarem; Guerbet, Aulnay-sous-bois,
France). During the procedure, cats were placed in right lateral
decubitus and the skull was arranged inside the most appropriated
coil according to cranial dimensions (coil 3 or 4 - ESAOTE, Genova,
Italy). The following acquisition parameters were used: slices
thickness = 3.0mm, gap = 0.3mm, matrix = 224x192 and FOV = 14cm.

Image evaluation. Image analysis was performed using the
medical image software application OsiriX (OsiriX v.6.0.2; OsiriX,
Atlanta, GA, USA) by a single experienced radiologist, blinded to
patientidentification, which primarily certified the absence of brain
changes by subjective evaluation.

Changes in signal intensity and contrast uptake in brain parenchyma
were categorical parameters investigated in this study.

Thickness of the interthalamic adhesion was measured on
both T1- and T2-weighted sequences and later it was calculated
the average value.

Cerebral volume was determined by manual delimitation of the
cerebral surface on T1-weighted images, from the olfactory bulb
to the occipital lobe (Fig.1). Then, volumes of the lateral and third
ventricles were subtracted from the cerebral volume, obtaining
the volume of the cerebral parenchyma. Cerebellar volume was
measured by manual delimitation of the cerebellar surface, from the
rostral portion to the caudal limit, on T1-weighted images (Fig.2).
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Fig.1. MRI brain images on transverse T1-weighted sequence of a 14-year-old female mixed breed cat, illustrating the measurement of

cerebral volume.

Fig.2. MRI brain images showing the measurement of cerebellar volume on transverse T1-weighted sequence of a 14-year-old female

mixed breed cat.

Intracranial volume was also determined and it was used to
the correction of the values related to the cerebral and cerebellar
volumes by calculating the percentage of their volumes in relation
to intracranial volume.

The values of the continuous parameters analyzed in this
study have resulted from the mean obtained by the measurements
performed in triplicate by the evaluator.
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Statistical analysis. Statistical analysis was performed
using the software SPSS 17.0 (SPSS Inc., Chicago, Illinois, USA).
The median of the single nonparametric continuous variable,
cerebellar volume was analyzed by Kruskal-Wallis test. To compare
the average values of the continuous variables with normal
distribution, it was used ANOVA test followed by Bonferroni
multiple comparison test.
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Correlations between the following variables were analyzed by
Pearson’s test: percentage of the cerebral parenchyma volume by
intracranial volume and age; percentage of the cerebellar volume by
intracranial volume and age; percentage of the cerebral parenchyma
volume by intracranial volume and percentage of the cerebellar volume
by intracranial volume; thickness of the interthalamic adhesion and
age; and thickness of the interthalamic adhesion and percentage of
the cerebral parenchyma volume by intracranial volume.

Statistical level of significance for all tests was setat 5% (p<0.05).

RESULTS

In the present study, no abnormalities in signal intensity and
contrast uptake were identified in brain parenchyma of the cats.

Thickness of the interthalamic adhesion was significantly
lower in geriatric cats in relation to the adults (Table 1 and 2).
The thickness was 0.28mm lower in the mature cats than the
adults and 0.32mm lower in the geriatric animals in relation
to the mature cats. Assuming the value found in adults as
basis, the thickness of the interthalamic adhesion suffered a
decrease of 5.81% between mature animals and adults and

6.43% between the geriatric and mature groups, demonstrating
areduction of 12.24% between geriatric and adult cats.

Estimated annual rate of reduction of the interthalamic
adhesion thickness, using the difference between the average
ages of the groups, was 0.89% in the early phase (between
adultand mature groups) and 1.18% in the late phase (between
mature and geriatric groups).

There was no significant difference between the cerebral
volume of the groups, however, the percentage of the cerebral
volume in relation to intracranial volume was significantly
lower in geriatric animals compared to the adults, as well as
the percentage of the cerebral parenchyma volume in relation
to intracranial volume (Table 1 and 2).

Percentage of the cerebral parenchyma volume by
intracranial volume reduced in 1.39% between adults and
mature cats and 2.04% between mature and geriatric animals.
Considering the percentage calculated for adults as basis, it
was identified a decrease of 2.11% between adult and mature
animals, 3.06% between mature and geriatric cats and 5.17%
between the adult and geriatric group.

Table 1. Mean, standard deviation (SD), minimum and maximum values and p-value of the comparison of the parametric
continuous variables between adults, mature and geriatric cats

Parameters Groups N Mean SD Minimum Maximum P value
Thickness of the interthalamic adhesion (mm) A 12 4.82 0.44 4.14 5.43 0.028*
B 11 4.54 0.42 3.80 5.08
C 10 4.23 0.60 3.25 5.25
Cerebral volume (cm?) A 12 18.58 1.46 16.40 21.72 0.332
B 11 18.16 1.60 15.33 21.09
C 10 17.59 1.54 15.03 19.84
Cerebral volume x100/intracranial volume (%) A 12 66.30 2.04 62.44 68.24 0.003*
B 11 65.10 1.70 62.69 68.72
C 10 63.15 211 60.25 66.95
Cerebral parenchyma volume x100/ intracranial volume (%) A 12 66.24 2.01 62.16 68.09 0.001*
B 11 64.84 1.66 62.65 68.58
C 10 62.81 211 59.76 66.55
Cerebellar volume x100/intracranial volume (%) A 12 34,00 0.71 32.53 35.07 0.039*
B 11 34.04 0.47 33.17 34.81
C 10 33.33 0.82 32.26 34.67

A = Adult cats, B = mature cats, C = geriatric cats; * Statistically significant difference between groups (P<0.05).

Table 2. Standard error and p-value obtained in the multiple comparison test of the parametric continuous variables with
significant p-values between adults, mature and geriatric cats

Parameters Groups Standard error P value

Thickness of the interthalamic adhesion (mm) AxB 0.20 0.540
AxC 0.21 0.024*

BxC 0.21 0.449

Cerebral volume x100/intracranial volume (%) AxB 0.82 0.452
AxC 0.84 0.002*

BxC 0.85 0.090

Cerebral parenchyma volume x100/ intracranial volume (%) AxB 0.81 0.283
AxC 0.83 0.001*

BxC 0.84 0.067

Cerebellar volume x100/intracranial volume (%) AxB 0.28 1,000

AxC 0.29 0.085

BxC 0.30 0.066

A = Adult cats, B = mature cats, C = geriatric cats; * Statistically significant difference between groups (P<0.05).
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Table 3. Median, minimum and maximum values and p-value of the comparison of the non-parametric continuous variable
between adults, mature and geriatric cats

Parameter Groups N Median Minimum Maximum P value
Cerebellar volume (cm?) A 12 3.46 3.18 3.88 0.235
B 11 3.67 2.99 4.61
C 10 3.81 3.12 4.32

A = Adult cats, B = mature cats, C = geriatric cats.

Estimated annual rate of decrease of the percentage of the
cerebral parenchyma volume in relation to intracranial volume,
using the difference between the mean ages of the groups,
was 0.21% in the early phase and 0.37% in the late phase.

There was no significant difference between the cerebellar
volumes of the groups (Table 3). ANOVA test showed significant
difference between the percentage of the cerebellar volume
in relation to intracranial volume of the groups, however,
Bonferroni multiple comparison test did not demonstrate
significant difference (Table 1 and 2).

Strong negative correlation was found between percentage
of the cerebral parenchyma volume by intracranial volume
and age, and strong positive correlation was found between
percentage of the cerebral parenchyma volume by intracranial
volume and percentage of the cerebellar volume by intracranial
volume. There was no significant correlation between
percentage of the cerebellar volume by intracranial volume
and age. It was identified moderate negative correlation
between thickness of the interthalamic adhesion and age
and moderate positive correlation between thickness of
the interthalamic adhesion and percentage of the cerebral
parenchyma volume by intracranial volume.

DISCUSSION

The significant decrease of the percentage of the cerebral
parenchyma volume in relation to intracranial volume in geriatric
cats compared with adults, indicates the occurrence of cerebral
atrophy in cats of increasing age, as also reported by several
studies in humans (Coffey et al. 1992, Courchesne et al. 2000,
Jernigan et al. 2001, Beason-Held & Horwitz 2002, Ge et al.
2002, Resnick et al. 2003, Scahill et al. 2003, DeCarli et al.
2005, Fotenos etal. 2005, Walhovd et al. 2005, Kruggel 2006,
Ziegler et al. 2012, Fjell et al. 2014, Storsve et al. 2014) and
dogs (Tapp & Siwak 2006, Pugliese et al. 2010).

Strong negative correlation was found between age and
percentage of the cerebral parenchyma volume by intracranial
volume in cats (r=-0.600), which is partially consistent with the
findings reported in humans, since weak negative correlation
was found between age and white matter volume reduction
and strong negative association was detected between age
and gray matter atrophy (Jancke et al. 2015).

Estimated annual rates of cerebral parenchymal atrophy
in early (0.21%) and late (0.37%) phases are similar to the
annual values of cerebral atrophy rates identified in humans
inlongitudinal (0.32%) and transverse (0.33%) analysis of a
study (Scahill et al. 2003), and to the rate of 0.45% per year
determined by other authors (Fotenos et al. 2005).

The significant reduction of the thickness of the interthalamic
adhesion in geriatric cats in this study suggests the occurrence
of atrophy of this structure, which is attributed not only
to cell loss, but also to compaction and cell retraction in
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humans (Turlejski & Djavadian 2012). These findings do not
corroborate the results found in humans by some authors
(Jernigan etal. 2001), however, they are consistent with data
reported by most studies, which detected volumetric reduction
of the thalamus as advancing age in humans (Pfefferbaum et al.
1990, 2013, Walhovd et al. 2005, Van der Elst et al. 2007,
Fjell et al. 2009, Walhovd et al. 2011).

In dogs, the thickness of the interthalamic adhesion is
considered an important marker for monitoring the progression
of cerebral atrophy (Hasegawa et al. 2005). Thus, we compared
the results of the thickness of the interthalamic adhesion and
volume of the cerebral parenchyma corrected for intracranial
volume. Significant positive association was found between
these two parameters; however, the correlation was considered
moderate (r=0.410). Considering correlations of these two
variables with age, it was observed a higher correlation between
age and percentage of the cerebral parenchyma volume by
intracranial volume (r=-0.600) in comparison to the association
between the thickness of the interthalamic adhesion and age
(r=-0.438). These data suggest that perhaps the thickness of
the interthalamic adhesion is not the best parameter to be
evaluated for monitoring cerebral atrophy in cats.

Considering the percentage of the cerebral parenchyma
volume by intracranial volume, it was noted that the cerebral
volume reduction was most pronounced between mature and
geriatric groups, as well as the decrease of the interthalamic
adhesion thickness. These results are consistent with a research
conducted in humans that demonstrate acceleration in brain
atrophy rate as advancing age (Scahill et al. 2003).

Changes in signal intensity of the brain parenchyma have
been identified in MRI images of humans with increasing
age, as white matter hyperintensities on T2-weighted and
FLAIR (Awad et al. 1986, Meyer et al. 1992, Beason-Held &
Horwitz 2002, Grueter & Schulz 2012). These areas, which are
originated by continuous damage to the brain white matter,
are characterized by neuronal loss, demyelination and gliosis
in the neuropathological examination (Fazekas et al. 1993).
These changes in parenchymal signal intensity were not
evident in the cats of this study and one explanation for this
occurrence is the use of alow-field MRI system (0.25T), since
the images acquired by these equipment’s have lower spatial
resolution and signal to noise ratio that high-field systems,
interfering with the quality of the images (Hayashi et al. 2004).

The selection of animals with no symptoms consistent
with cognitive dysfunction syndrome in the present study may
also have contributed to these lesions had not been found in
brain images. The reason for this fact is that changes in signal
intensity of the brain parenchyma are related to ischemic
processes in humans (Awad et al. 1986, Meyer et al. 1992,
Beason-Held & Horwitz 2002), which in turn, is linked to the
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development of cognitive dysfunction syndrome (Landsberg
& Araujo 2005).

Another possibility for these lesions had not been seen
in MRI images is related to the age of the cats. Changes in
parenchymal signal intensity may be evidenced in animals
with higher ages, since these lesions are strongly associated
with age in humans (Awad et al. 1986, DeCarli et al. 2005,
Grueter & Schulz 2012).

CONCLUSIONS

The results of this study support the hypothesis that domestic
cats suffer atrophy of the cerebral parenchyma, as well as the
interthalamic adhesion, with advancing age. However, the
results do not confirm the hypothesis of cerebellar volume
reduction and focal changes in signal intensity of the brain
parenchyma in cats during senility.

The use of low-field magnetic resonance imaging (MRI)
equipment and the selection of a reduced number of cats
are considered a limitation for this study. Further results
investigating a larger number of cats with higher ages,
healthy and with cognitive disorder, in high-field MRI system,
are necessary to enable detection of additional alterations
associated with senility.
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