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Introduction
MRI is a highly valuable and sensitive method for soft 
tissue analysis relying on high spatial resolution and tis-
sue contrast. The resulting images are characterised by 
high quality with minimum artefacts.1–8

In veterinary medicine, MRI is used mainly to evaluate 
patients with suspected diseases of the central nervous 
system (CNS).9 The cerebral ventricles in the brain are cav-
ities filled with cerebrospinal fluid (CSF). The dilation of 
the ventricular system may occur as the result of a space-
occupying lesion, or may be the result of obstruction of 
part of the ventricular system.5,8,10–12 Blockage of an inter-
ventricular foramen, third ventricle, mesencephalic aque-
duct, fourth ventricle or lateral apertures may occur as the 

result of infection, neoplasia or haemorrhage.5,8 The dila-
tion of ventricles may be also seen without any obvious 
cause of obstruction and presumed to be a congenital mal-
formation. Marked or progressive ventriculomegaly is 
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also described as hydrocephalus. Internal hydrocephalus 
is a group of disorders in which excessive CSF accumu-
lates within the cerebral ventricles.5,8,9 External hydro-
cephalus describes an accumulation of CSF between the 
cerebral hemispheres and the overlying arachnoid mem-
brane, rather than within the lateral ventricles.13 In 
domestic animals, hydrocephalus frequently occurs sec-
ondary to obstruction of ventricular outflow of CSF 
caused by a pathological process such as infection or 
tumour, and is usually associated with changes in ven-
tricular CSF pressure.8,9,11,14 However, in congenital forms 
of the disease, the accumulation of CSF is usually thought 
to represent an ex vacuo type of CSF accumulation caused 
by decreased formation or loss of brain tissue, which is 
generally not associated with changes in CSF flow and 
pressure.5,8–11

Any disease process causing ventriculomegaly with 
compression of the white matter adjacent to the ventri-
cles can cause serious neurological impairments.12 Recent 
studies demonstrated that lateral ventricular asymmetry 
and enlargement are relatively common in young and 
adult dogs without clinically apparent neurological 
signs.5,8 Furthermore, some canine breeds are predis-
posed to intrabreed variations in the anatomy of the cer-
ebral ventricular system, including the Yorkshire Terrier, 
Beagle, German Shepherd and Labrador Retriever.15,16 
Unfortunately, there is no analogous research related to 
cats. Variations in normal anatomy should be recognised 
when evaluating magnetic resonance (MR) scans of the 
animal brain. 

The authors attempted to determine whether, simi-
larly to selected dog breeds, the size and shape of the lat-
eral cerebral ventricles varied considerably in a 
population of clinically normal European Shorthair cats. 
Attempts were also made to establish reference intervals 
for the analysed breed. The aim of this study was to eval-
uate the size and symmetry of lateral ventricles in one 
feline breed, to calibrate the gauge of ventricular height 
and volume, and to determine whether sex or body 
weight influence those parameters. The presence of sta-
tistically significant differences in the results of low- and 
high-field MRI was also determined.

Materials and methods
Twenty adult European Shorthair cats, including 
10  males and 10 females, with a body weight of 2.85–
4.35 kg (mean weight 3.54 kg), aged 1–3 years (mean age 
2.3 years) were studied. The experimental animals were 
patients of a clinic operated by the Department of 
Surgery, and they were treated for reasons other than 
neurological disorders. As part of the diagnostic and 
research protocol, cats were handled in accordance with 
the Guidelines for the Care and Use of Laboratory 
Animals. The animals were subjected to a full physical 
and neurological examination. The cats were healthy 

and without clinical signs of CNS disorders. They were 
screened for metabolic diseases based on serum chemis-
try and complete blood count data. The cats were sub-
jected to MRI in a low-field MR scanner with a 0.25 Tesla 
(T) magnet (Esaote Vet-MR Grande) and, 1 week later, in 
a high-field MRI scanner with a 3 T magnet (Siemens). 
The cats were subjected to general anaesthesia during 
both examinations. The procedures were carried out 
with the owners’ consent.

The cats were premedicated with atropine (Atropinum 
Sulfuricum; Polfa Warszawa) at 0.05 mg/kg body weight 
(BW) administered subcutaneously, medetomidine 
(Cepetor; ScanVet) at 0.1 mg/kg BW and midazolam 
(Midanium; Polfa Warszawa) at 0.1 mg/kg BW, adminis-
tered by an intramuscular injection. General anaesthesia 
was induced with intravenous ketamine (Bioketan; 
Vetoquinol) at 2.5 mg/kg BW combined with propofol 
(Scanofol; ScanVet) at 1 mg/kg BW and maintained with 
the same combination of drugs administered intrave-
nously to effect. The cats were intubated and oxygen was 
administered.

The animals were scanned. MR images were acquired 
with the use of a 0.25 T system. The cats were positioned 
in sternal recumbency with the head centred in the head 
coil. T2-weighted images of the brain were obtained in 
transverse, sagittal and dorsal planes. Transverse images 
were oriented in a position perpendicular to the hard 
palate. Dorsal and sagittal images were acquired per-
pendicular to the transverse plane. Dorsal and trans-
verse images of the head were acquired by T2-weighted 
fast spin echo imaging with repetition time (TR) of 4010 
ms and echo time (TE) of 90 ms. Sagittal T2-weighted 
images were acquired by fast spin echo imaging with TR 
of 4290 ms and TE of 120 ms. Slice thickness was 3 mm 
with no gap. In the high-field MRI system (3 T) images 
were acquired by placing the animals in sternal recum-
bency with the head centred inside the human wrist coil. 
T2-weighted images of the brain were obtained in identi-
cal planes in both systems. Slice thickness was 2 mm, 
with no gap.

T2-weighted images were analysed across the region 
of interest. The parameters of the brain and ventricles 
were quantified using computer image processing algo-
rithms. Ventricular height (Vh) and brain height (Bh) 
were measured in transverse images at the level of the 
interthalamic adhesion. The ventricular area of the lat-
eral ventricle was manually outlined in the transverse 
plane and calculated by a computer. Lateral ventricular 
volume (VV) was calculated as the sum of ventricular 
areas in each transverse image multiplied by slice thick-
ness. The height and area of slit-like lateral ventricles 
were determined at 1 mm and 1 mm2, respectively. The 
ventricle to brain height ratio was calculated (Vh/Bh 
× 100%) for both lateral ventricles. The symmetry and 
size of lateral ventricles were assessed in view of the 
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degree of ventricular asymmetry and enlargement based 
on previously published data for dogs.15,16 Lateral ven-
tricles were classified as normal-sized (0–14% Vh/Bh), 
moderately enlarged (15–25% Vh/Bh) or severely 
enlarged (>25% Vh/Bh). The results were used to divide 
cats into groups with normal-sized lateral ventricles or 
unilateral/bilateral ventriculomegaly. The degree of 
asymmetry was determined based on the ratio between 
ventricular volumes (VV L/VV R) as normal (1 ± 0.03), 
minimal (1 ± 0.1), mild (1 ± 0.2) and severe (>1 ± 0.2).

The data were analysed using Statistica 12.5. Pearson’s 
correlation was used to examine the relationship between 
ventricular volume and body weight (H0 – there is no 
correlation between parameters for P value >0.05). 
Student’s t-test was used to examine the relationship 
between sex and ventricular volume (P values ⩽0.05 
were considered as statistically significant). The data 
acquired at 0.25 T and 3 T were analysed with the 
Student’s paired t-test, in order to compare significant 
differences among Bh and Vh and volume. P values 
⩽0.05 were considered to be statistically significant.

Results
All cats were successfully examined by low- and high-
field MRI. The height of the feline brain at the level of the 
interthalamic adhesion was determined to be: 27.79 mm 
on average and with a range of 26.1–29.4 mm at 0.25 T; 
and 27.56 mm on average and with a range of 25.97–
29.25 mm at 3 T. The average height of lateral ventricles 
measured at the same level at 0.25 T was 2.93 mm (2.98 
mm for the left ventricle [range 1.8–4.2 mm] and 2.89 
mm for the right ventricle [range 1.7–4.4 mm]), and at 3 
T was 2.83 mm for the left ventricle (2.86 mm for the left 
ventricle [range 1.81–4.13 mm] and 2.81 mm for the right 
ventricle [range 1.55–4.21 mm]). The average ventricle/
brain height ratio at 0.25 T was 10.61–10.77% for the right 
ventricle and 10.46% for the left ventricle. Moderate 
bilateral ventriculomegaly was noted in two cats, based 
on the ventricle/brain height ratio. One cat had unilat-
eral ventricular enlargement on the left side when com-
pared with the right, but both ventricular measurements 
were within the normal reference interval. Cerebral ven-
tricles were of normal size in the remaining animals. 
Severe ventriculomegaly was not observed in any of the 
cats. The average ventricle/brain height ratio at 3 T was 
10.34% (10.41% for the right ventricle and 10.26% for the 
left ventricle). The average combined left and right ven-
tricular volume at 0.25 T was 264.61 mm3 (134.12 mm3 
for the left ventricle [range 55.5–394.94 mm3] and 130.49 
mm3 for the right ventricle [range 54–354.4 mm3]), and at 
3T was 261.42  mm3 (132.24 mm3 for the left ventricle 
[range 53.14–387.65 mm3] and 129.18 mm3 for the right 
ventricle [range 53.89–350.72 mm3]). Ventricular volume 
exceeded the average more than three-fold in two 
cats that were diagnosed with moderate ventricular 

enlargement based on the ventricle/brain height ratio. 
In four cats, ventricular volume was two times lower 
than the average, and three of those animals weighed <3 
kg. The relevant measurements are presented in Tables 1 
and 2.

In four cases at 0.25 T and in seven cases at 3 T, the 
variations in lateral ventricular volume were <3% and 
classified as normal symmetry. Mild ventricular asym-
metry was observed in four animals at 0.25 T and 3 T, 
and in three of those cases, the right ventricle was larger 
than the left ventricle. At 0.25 T minimal asymmetry was 
noted in 12 cases, where the right ventricle was larger in 
eight cats, and the left ventricle was larger in the remain-
ing four. At 3 T minimal asymmetry was noted in nine 
cases, where the right ventricle was larger in seven cats, 
and the left ventricle was larger in the remaining two. 
The variations in ventricular volume and symmetry in 
the analysed animals are presented in Figures 1 and 2.

There was no statistically significant correlation 
between ventricular size and body weight (P = 0.241; 
P >0.05). There was no statistically significant correla-
tion between ventricular size and sex (P = 0.874; 
P >0.05). The statistical analysis of measured values of 
brain and ventricles at 0.25 T and 3 T were not signifi-
cantly different, all P values <0.05 (Table 3).

Discussion
In the past, the quantification of cerebral ventricular vol-
ume was a complex process that relied solely on post-
mortem examinations where ventricles were filled with 
water from a graduated cylinder or ventricular casts 
were measured in a fixed brain. Both methods had inher-
ent technical difficulties and were unable to provide 
accurate measurements. For this reason, alterations in 
intracranial volume immediately before death may have 
increased intracranial pressure or induced cerebral 
oedema, and the calculated values were not necessarily 
consistent with in vivo measurements. Soft and unfixed 
brain tissue is difficult to handle, and cerebral volume 
shrinks with fixation. 

Today, intracranial structures can be evaluated in vivo 
by CT or MRI, but these imaging methods are also asso-
ciated with problems.9 In MR images, the signals pro-
duced by CSF and oedema can have similar intensity. In 
canine hydrocephalus, cerebral oedema surrounding the 
ventricles is visualised in MRI. Therefore, ventricular 
volume can be calculated incorrectly when marginal 
oedema around cerebral ventricles is taken into consid-
eration. Slice thickness can also contribute to error. Slices 
should be as thin as possible to guarantee that the vol-
ume of the ventricular system is calculated based on its 
shape and to prevent under- or overestimation of those 
values.

In this study, lateral ventricles were scanned by both 
low- and high-field MRI, and the results were compared 
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to deliver the most precise measurements. The boundary 
between lateral ventricles and surrounding brain tissue 
is examined with greater precision in high-field MRI. 
High-field MRI is also characterised by higher spatial 
and contrast resolution, as well as the ability to scan 2 
mm-thick slices, which lowers the risk of miscalculation. 
The differences in the measurements obtained by low- 
and high-field MRI were compared to determine the 
presence of statistical differences that would influence 
the interpretation of results.

The success of MRI relies on the choice of the appro-
priate examination protocol.17 MRI sequences are 
designed by exploiting differences in the behaviour of 

hydrogen protons in various tissues exposed to a chang-
ing magnetic field. T1-weighted, T2-weighted and 
fluid-attenuated inversion recovery sequences are most 
commonly used for scanning brain tissues.4,18 
T1-weighted images are considered to be more useful in 
evaluations of brain anatomy, while T2-weighted 
describes better pathology.16,19 Moreover, it has been 
reported that the ventricles of a healthy cat are too nar-
row to permit observations of ventricular walls.20 In our 
research, we were able to observe ventricles in both T1- 
and T2-weighted images. According to spatial and con-
trast resolution, we observed better visibility of ventricular 
borders in high-field MRI. However, the accurate assess-
ment of ventricular borders in T1-weighted images was 
harder than in T2-weighted images.

Malformations of the CNS in domestic animals mostly 
occur in association with gestational exposure to toxins 
or infectious agents, with death occurring at an early age. 
In dogs, congenital malformations of the CNS are com-
mon but often incidental findings, especially in toy 
breeds.21 Moreover, enlargement and asymmetry of 

Table 2 Comparison of quantitative data acquired at 
0.25 T and 3 T

0.25 T 3 T

Mean Bh 27.79 27.56
Minimum Bh 26.1 25.97
Maximum Bh 29.4 29.25
Mean Vh L 2.98 2.86
Minimum Vh L 1.8 1.71
Maximum Vh L 4.2 4.13
Mean Vh R 2.89 2.81
Minimum Vh R 1.7 1.55
Maximum Vh R 4.4 4.21
Mean VV L 134.12 132.24
Minimum VV L 55.5 53.14
Maximum VV L 394.94 387.65
Mean VV R 130.49 129.18
Minimum VV R 54 53.89
Maximum VVR 354.3 350.72

Bh = brain height; Vh = ventricular height; L = left; R = right;  
VV = ventricular volume

Figure 1 Variation in quantitative ventricular volume in 20 cats 
at 0.25 T. Note the mild asymmetry between the left and right 
ventricle in the first, second, fifth and sixth patients. Note the 
moderate ventriculomegaly in the second and 20th patients, 
and unilateral ventricular enlargement in fifth.  
VV = ventricular volume; L = left; R = right

MRI 3T

Figure 2 Variation in quantitative ventricular volume in 20 cats 
at 3 T. Note the mild asymmetry between the left and right 
ventricle in the first, fifth and sixth patients. Note the moderate 
ventriculomegaly and mild asymmetry in the second cat and 
moderate bilateral ventricular enlargement in the 20th cat. 
VV = ventricular volume; L = left; R = right

Table 3 Brain height, brains and height and volume of 
the left and right ventricles: mean values of data acquired 
at 0.25 T and 3 T

0.25 T 3T P value*

Height Brain 27.79 27.56 0.000001
 Ventricle Left 2.98 2.86 0.000046
 Right 2.89 2.81 0.000814
Volume Ventricle Left 134.12 132.24 0.008279
 Right 130.49 129.18 0.000110

*P values of the Student’s t-test between 0.25 T and 3 T
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cerebral lateral ventricles are frequently noted in dogs, in 
particular in toy dog breeds, regardless of head shape.16,19 
In cats, they are rare and associated occasionally with in 
utero parvoviral infections.21 Ventriculomegaly is not 
always associated with clinical signs. The cerebral ven-
tricular system has been investigated in various dog 
breeds to determine reference intervals indicative of nor-
mal ventricles, ventriculomegaly or hydrocephalus. The 
analysed breeds included the German Shepherd, Beagle, 
Yorkshire Terrier and English Bulldog, and the results 
revealed that reference intervals cannot be set for all 
breeds, owing to considerable interbreed variation. 
Differences were also observed within breeds, which fur-
ther complicates the gauging process.16,19,22,23 Studies of 
this type have never been performed in cats and the refer-
ence intervals of feline lateral ventricles have never been 
published. Variation in the size of cerebral ventricles has 
not been studied previously within a feline breed or 
between breeds.

Recent research has demonstrated that the cerebral 
ventricular system can be accurately evaluated with 
three quantitative analysis methods. The ventricle/brain 
height was correlated with area and volume. One-, two- 
and three-dimensional quantitative methods are equally 
effective in evaluations of the ventricular system.22 The 
imaging modality is generally selected based on a prior 
analysis of brain structure or brain parameters such as 
size and volume. Three complementary methods that 
rely on the height, area and volume of the brain and lat-
eral ventricles have been used, to date, to produce statis-
tically significant results. Ventricular volume is more 
important for evaluating the relative size and symmetry 
of ventricles and determining the shape of the entire cer-
ebral ventricular system.16 In a study of Beagles, Kii et al 
evaluated lateral ventricles based on the percentage of 
Vh to Bh.17 Based on the resulting values, ventricles were 
classified as: normal-sized (0–14%), moderately enlarged 
(15–25%) and severely enlarged (>25%).

In this study, the same methodology was used to 
examine the feline ventricular system, which has not 
been extensively investigated to date. The aim of the 
experiment was to identify intrabreed differences in the 
size and symmetry of lateral ventricles, and to determine 
reference intervals for the European Shorthair. The results 
suggest that lateral ventricles are similar in size and fairly 
symmetrical in cats with similar BW. In the examined 
group, the average ventricular volume was exceeded 
three-fold in only two cats, including one that was also 
diagnosed with moderate ventricular asymmetry. No 
neurological disorders were observed in the examined 
animals. In four cases, ventricular volume was twice 
smaller than the average, and the ventricles were sym-
metrical or minimally asymmetrical. Three of these cats 
were characterized by below-average body weights and 

considerably smaller brain size, but normal proportions 
were maintained between brain size and ventricle size.

Conclusions
This study has determined reference intervals for ven-
tricular volume in a population of European Shorthair 
cats without brain disease, which will facilitate the inter-
pretation of MRI images and the characterisation of 
brain abnormalities in cats with neurological disease. 
Sex and body weight had no significant effect on the 
evaluated parameters. The differences in the results of 
low- and high-field MRI were not statistically signifi-
cant. In our study the incidence of ventricular asymme-
try was 20%, and this should be explored further in other 
breeds. Moreover, the results of this study offer valuable 
reference information for future research. Further work 
involving larger animal populations is needed to vali-
date the present findings. In brachycephalic dog breeds, 
ventricular asymmetry and variations in ventricular size 
are relatively frequently noted, but are not often associ-
ated with clinical signs. A similar study should be under-
taken in brachycephalic cats to examine differences in 
the anatomy of the feline ventricular system.
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