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RESUMO.- [Estudo do realce meníngeo em imagem de 
ressonância magnética de cães com enfermidades do 
sistema nervoso central.] A ressonância magnética (RM) 
tem papel importante na detecção e caracterização das lesões 
meníngeas, auxiliando um possível diagnóstico clínico ante 

mortem de doenças intracranianas. O realce meníngeo tem sido 
descrito como um sinal de múltiplas enfermidades do sistema 
nervoso central (SNC). O objetivo deste estudo foi avaliar o realce 
meníngeo nas RM do encéfalo de cães e associá-las às diferentes 
doenças do SNC. Foi realizado um estudo retrospectivo de 22 cães 
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Magnetic resonance imaging (MRI) plays an important role in detecting and characterizing 
meningeal lesions, thus assisting in a possible ante mortem clinical diagnosis of intracranial 
diseases. Meningeal enhancement has been described as a sign of multiple central nervous 
system (CNS) disorders. The aim of this study was to evaluate meningeal enhancement on MRI 
of the brain of dogs and to associate them with different CNS diseases. A retrospective study 
of 22 dogs submitted to MRI was carried out, with a history of clinical signs of neurological 
diseases as an inclusion criterion for selecting these animals for the study. The data were 
divided according to the age and sex of the animals, and the analysis criteria were regarding 
the CNS diseases found, location, pattern and definition of meningeal enhancement. The 
results demonstrate that encephalitis and neoplasia occur more frequently among the 
diseases observed, with 22.7% of clinical suspicions. The site with the highest incidence was 
the parietal/temporal/frontal, with a 27.3% prevalence, followed by the frontal, with 18.2%. 
Regarding the meningeal pattern, it was found that there was 90.9% more enhancement in 
the pial and dural regions together than when comparing them individually. When evaluating 
the definition of meningeal enhancement, slight enhancement was most observed (59.1%). 
The present study made it possible to obtain specific information and better understand the 
characteristics of meningeal enhancement, including two patterns of meningeal enhancement 
(pial and dural) and identifying the association of values in different CNS diseases in dogs.
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submetidos ao exame de RM, com o histórico de sinais clínicos de 
doença neurológica como critério de inclusão para seleção destes 
animais ao estudo. Os dados foram divididos de acordo com a 
idade e sexo dos animais e os critérios de análise foram, quanto 
às enfermidades do SNC encontradas, local, padrão e definição 
do realce da meninge. Os resultados obtidos demonstram que, 
dentre as doenças observadas, a encefalite e a neoplasia ocorrem 
com maior frequência, ambas com 22,7% de suspeitas clínicas. 
O local de maior incidência foi determinado como sendo o 
parietal/temporal/frontal, com 27,3% de prevalência, seguido 
do frontal com 18,2%. Com relação ao padrão da meninge, foi 
verificado que houve 90,9% mais realce na região pial e dural 
conjuntamente do que ao compará-las individualmente. Já ao 
avaliar a definição do realce meníngeo, o mais observado foi 
o realce discreto (59,1%). O presente estudo possibilitou a 
obtenção de informações específicas e maior compreensão das 
características do realce meningeal, incluindo dois padrões de 
realce meníngeo (pial e dural) e a identificação da associação 
dos valores nas diferentes doenças do SNC em cães.

TERMOS DE INDEXAÇÃO: Encéfalo, ressonância magnética, neurologia 
veterinária, pequenos animais, sistema nervoso central.

INTRODUCTION
Technological advances in different diagnostic imaging 
methods available worldwide demonstrate a high potential 
for acquiring increasingly better images, contributing to 
an early and accurate diagnosis of patients (Cook & Cook 
2009). Magnetic resonance imaging (MRI) is a highly accurate 
diagnostic method that evaluates the different organs in great 
detail (Hage et al. 2010). It became the method of choice for 
evaluating the brain and adjacent structures, as it is a non-
invasive exam that allows anatomical evaluations in diverse 
sequences in different neurological diseases (McGowan 2008).

The meninges line the entire central nervous system 
(CNS), forming a chamber where the cerebrospinal fluid 
(CSF) is present, important in maintaining constant and 
homogeneous intracranial pressure, being composed of 
three layers: dura mater, pia mater and arachnoid (Summers 
et al. 1995). Meningeal enhancement, seen on imaging, has 
been described as a radiological sign of multiple diseases, 
and depending on its characterization and interpretation, it 
can contribute to a diagnosis (Smirniotopoulos et al. 2007). 
The pattern of the meninges can be divided into two types: 
pachymeninges, where there is detachment of the dura mater, 
and leptomeninges, which correspond to the pia mater and 
arachnoid (Souza 2016).

The pachymeningeal pattern is identified in the dural 
reflections of the falx cerebri, the tentorium, the falx cerebelli 
and the cavernous sinus. It is typically thick and can be linear or 
nodular. Conversely, the leptomeninges follow the brain’s pial 
surface and line the grooves and cistern’s subarachnoid space. 
It is recognized with a gyriform or serpentine appearance. 
Slight degrees of enhancement of both are considered normal 
in dogs (Lamb et al. 2014).

Some characteristics of the meningeal enhancement pattern 
provide guidance for differential diagnoses. In the last two 
decades, numerous investigations have been carried out to 
define the characteristics of neoplasms and inflammatory 
and cerebrovascular diseases on MRI. These data have been 
used in veterinary medicine to diagnose presumptively and 

determine a treatment (Wolfe et al. 2011). This information 
is especially important in cases where abnormal meningeal 
enhancement is the only obvious alteration; however, the 
literature is still scarce (Kirmi et al. 2009).

Some of the brain diseases with diagnosis established 
by imaging tests already described in the literature are 
malformations, such as ventriculomegaly, identified as 
common in English Bulldogs (Ryan et al. 2014); IV ventricle 
arachnoid diverticulum with syringohydromyelia (Bazelle 
et al. 2015); 21 cases of ischemic stroke in Greyhound dogs 
(Kent et al. 2014); 50 cases of traumatic brain injury in dogs 
(Beltran et al. 2014); cholesteatoma with meningoencephalitis 
(Newman et al. 2015); epidural abscesses (Linon et al. 2014) 
or neosporosis (Parzefall et al. 2014).

Therefore, it is important to know the different patterns of 
meningeal enhancement concerning brain diseases since the 
adequate characterization of the pattern of meningeal enhancement 
(hypersignal) may be safer for interpreting MR images.

The aim of this study was to evaluate the MR images of 
animals with a history of clinical neurological signs and to 
characterize the enhancement of the meningeal enhancement 
signal with its underlying cause. Investigations of these 
patterns in specific diseases contribute to diagnosing CNS 
diseases in dogs and cats.

MATERIALS AND METHODS
Ethical approval. The present study complies with the Committee on 

Ethics for the Use of Animals (CEUA-Unesp) under protocol 0714/2019. 
The study was carried out in the imaging laboratory of the Department 
of Veterinary Surgery and Animal Reproduction of the “Faculdade de 
Medicina Veterinária e Zootecnia” (FMVZ) of “Universidade Estadual 
Paulista ‘Júlio de Mesquita Filho’” (Unesp), Botucatu.

Animals. This study comprises a retrospective study of MRI 
scans of 22 dogs with clinical symptoms of neurological disease, 
treated at the university hospital of the FMVZ-Unesp, from January 
2018 to December 2020. Based on the neuroanatomical diagnosis 
of only one patient, a list of differential diagnoses was established 
from diseases that could affect the anatomical region in question, 
classifying them into categories inserted in the acronym DINAMIT 
V, that is, degenerative (D), inflammatory/infectious diseases (I), 
neoplastic or nutritional (N), developmental anomalies (congenital) 
(A), metabolic (M), idiopathic (I), traumatic or toxic (T) and vascular 
(V) (Pellegrino et al. 2011). There was no follow-up of the patients 
after performing the imaging exams.

Magnetic resonance scan. An Esaote® equipment, model Vet-
MR Large 0.25T, with four radiofrequency channels, was used. Pulse 
sequences weighted in FSE T2, FSE T1, FLAIR, and GE T2 were instituted 
to obtain brain images using contrast in the transverse, sagittal and 
coronal planes in 3mm slices. The radiofrequency coil used was the 
C-shaped coil model. The images were collected and evaluated with 
the help of the Synapse PACS digital image diagnostic program.

The diseases that can cause changes in the physical characteristics 
of the brain tissue on the MR image in this study followed the 
descriptions presented by Thomas et al. (1996), Kraft & Gavin 
(1999) and Snyder et al. (2006).

Procedure. For the definition of meningeal enhancement in 
the different clinical suspicions of central nervous system diseases, 
each exam was separated and analyzed by three evaluators, and the 
final evaluation was the one that was repeated two or three times. 
Data collection and analysis were performed using Microsoft Excel 
software.
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Data analysis. Based on the MRI scans of the dogs’ skulls, the 
frequency distribution of meningeal enhancement was carried out 
regarding central nervous system diseases, location, meningeal 
pattern and definition of enhancement. The Chi-square test (p<0.05) 
was applied to compare the proportions found, when applicable, 
using the BioEstat program.

RESULTS
After tabulating and analyzing all the data obtained individually 
by each of the three evaluators and finally determining the 
diagnosis based on the criterion of repeating the same signs 
two or three times, the data obtained were grouped in tables 
for better understanding. Table 1 shows the total number of 
animals diagnosed with each of the eight diseases recorded 
in this study. Also, it correlates this data with the definition 
of enhancement (marked, moderate and mild) analyzed in 
the MRI scan.

It was observed that encephalitis and neoplasms were 
more frequent (p<0.0001), both with a prevalence of 22.7%. 
There was no statistically significant difference (p>0.05) 
for ventricular dilatation and meningoencephalitis (13.6% 
each). Meningitis and meningoencephalitis of unknown origin 
(MUO) were the clinical suspects with the lowest percentage 
of observation in the meningeal enhancement study (4.5%). 
The most observed definition was discrete (59.1%), statistically 
superior to moderate (22.7%) and marked (18.2%), which 

did not differ by Chi-square test (p>0.05). Figure 1-3 show 
the different meningeal thicknesses. It can also be seen that 
the data showed that only the diseases encephalitis and 
granulomatous meningoencephalitis (MEG) showed marked 
definitions of meningeal enhancement. In contrast, most of 
the diseases showed discrete definitions of enhancement, 
with encephalitis (in addition to marked definition) and 
neoplasms showing the highest frequency of this definition.

Regarding the pattern of enhancement definition separately, 
there was a statistical difference (p<0.0001) in the frequency 
of simultaneous enhancement of the pial and dural regions 
when assessed separately. There was a 90.9% enhancement in 
these regions when assessed together. Considering this pattern, 
there was a higher enhancement frequency for encephalitis, 
neoplasia, and ventricular dilatation. For meningoencephalitis, 
enhancement in this pattern was also found in the pial region, 
and for meningitis, enhancement was only observed in the 
dural region, as described in Table 2.

The Chi-square test (p<0.0001) showed that the highest 
frequency of correlation with the evaluated site was parietal/
temporal/frontal, statistically higher than the other sites, not 
differing only from frontal (18.2%). 

There was no statistically significant difference in the 
frequency of enhancement observations in the sites according 
to each disease.

Table 1. Correlation between meningeal enhancement definition characteristics and different clinical suspicions of the 
animals submitted to the magnetic resonance imaging (MRI) examination by the Chi-square test (p<0.05)

Clinical suspicion
Meningeal enhancement definition Total percentage

(100%)Accentuated Average Discreet Total number of animals
Ventricular dilation 0 2 1 3 13.6
Encephalitis 2 0 3 5 22.7
Granulomatous meningoencephalitis 2 0 0 2 9.1
Meningioma 0 0 2 2 9.1
Meningitis 0 0 1 1 4.5
Meningoencephalitis 0 1 2 3 13.6
MUO 0 0 1 1 4.5
Neoplasm 0 2 3 5 22.7

TOTAL 4 5 13 22 100
MUO = meningoencephalitis of unknown origin.

Fig.1-3. Enhancement definition images. (1) Marked,  (2) medium, and (3) discreet meningeal enhancement.
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DISCUSSION
CNS diseases represent a significant cause of death in dogs, as 
agreed by Song et al. (2013), Bentley (2015) and Bueno (2018). 
Understanding the functions of the main areas of the nervous 
system is essential to recognize how neurological diseases 
manifest (Cook & Cook 2009). The present study finds that 
the information contained in the MRI is capable of detecting 
intracranial diseases, based on the observation of meningeal 
enhancement, as described by Smirniotopoulos et al. (2007), 
who state in their studies that meningeal enhancement is 
described as an imaging sign of multiple CNS diseases.

In the MRI scans performed on the 22 dogs, clinical 
suspicions included ventricular dilatation, encephalitis, 
granulomatous meningoencephalitis, meningioma, 
meningitis, meningoencephalitis, MUO and neoplasia, based 
on the retrospective analysis of cases treated at a university 
hospital from 2018 to 2020. Encephalitis and granulomatous 
meningoencephalitis were observed in the most pronounced 
form regarding the definition of meningeal enhancement. 
Ventricular dilation, encephalitis, meningioma, meningitis, 
meningoencephalitis, MUO, and neoplasia were seen in 
discrete form. Dilation, meningoencephalitis, and neoplasia 
were seen in the intermediate (medium) form.

With regard to pathologies, a higher frequency of encephalitis 
and neoplasms was observed, each representing 22.7% of 

cases, which partially agrees with Hecht & Adams (2010), 
who describe infectious causes as the most recurrent in their 
studies. It corroborates with the hypotheses of LeCourter 
& Withrow (2007) and Snyder et al. (2006) that there are 
primary intracranial neoplasms that affect small animals, 
but less frequently. In contrast, metastatic neoplasms were 
described more frequently in the present study. Among 
secondary neoplasms, the most common was lymphoma, 
similar to that reported by Rossmeisl Jr. (2010).

Neoplasm is the third most important cause in this study, 
and it also proves to be a significant cause of neurological 
dysfunction, affecting mainly middle-aged and elderly dogs, 
similar to what was reported by Santos et al. (2012). In 
Brazil, this prevalence is lower, probably due to the high 
frequency of infectious diseases and lower life expectancy 
of dogs (Cherubini et al. 2005, Hecht & Adams 2010), also 
demonstrated in our study.

Considering the data shown in Table 3, we can see that 
the site of greatest involvement was the parietal/temporal/
frontal with 27.3% of the cases and also that the ones with 
the lowest rate of development were the parietal/occipital 
and the temporal corresponding to 4.5% of cases each.

The main signs of the meninges in the two patterns presented 
were also evaluated for the different diseases, the majority with 
identical values for pial and dural enhancement individually 
but with rates of 90% for the appearance of joint enhancement 

Table 3. Frequency of meningeal enhancement sites in relation to different clinical suspicions in animals submitted to 
magnetic resonance imaging (MRI) examination

Clinical suspicion
Meningeal enhancement sites

 (F)  (P)  (T) F/T F/P F/T/P P/T P/O Total
Ventricular dilation 0 0 0 0 1 1 1 0 3
Encephalitis 1 1 0 2 0 1 0 0 5
Granulomatous 
meningoencephalitis 0 0 0 0 0 2 0 0 2

Meningioma 1 1 0 0 0 0 0 0 2
Meningitis 1 0 0 0 0 0 0 0 1
Meningoencephalitis 0 1 0 0 0 0 2 0 3
MUO 0 0 0 0 0 0 0 1 1
Neoplasm 1 0 1 0 1 2 0 0 5
TOTAL 4 (18.2%) 3 (13.6%) 1 (4.5%) 2 (9.1%) 2 (9.1%) 6 (27.3%) 3 (13.6%) 1 (4.5%) 22
MUO = meningoencefalite de origem desconhecida, F = frontal, P = parietal, T = temporal, O = occipital.

Table 2. Correlation between the meningeal pattern and the different clinical suspicions of animals submitted to magnetic 
resonance imaging (MRI) examination by the Chi-square test (p<0.05)

Clinical suspicion
Meningeal pattern

Dural Pial Pial and dural Total
Ventricular dilation 0 0 3 (13.6%) 3
Encephalitis 0 0 5 (22.7%) 5
Granulomatous meningoencephalitis 0 0 2 (9.1%) 2
Meningioma 0 0 2 (9.1%) 2
Meningitis 1 (4.5%) 0 0 1
Meningoencephalitis 0 1 (4.5%) 2 (9.1%) 3
MUO 0 0 1 (4.5%) 1
Neoplasm 0 0 5 (22.7%) 5
TOTAL 1 (4.5%) 1 (4.5%) 20(90.9%) 22

MUO = meningoencephalitis of unknown origin.
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for both. Mellema et al. (2002) demonstrate in their studies 
that meningeal enhancement (dural and pial) was identified 
in dogs in MRI, related to several diseases such as bacterial 
and fungal meningitis, plasmacytic meningitis associated 
with an accumulation of subdural fluid, granulomatous 
meningoencephalitis, inflammation secondary to otitis internal 
inflammation, feline infectious peritonitis and neoplasia.

This research, as it is a retrospective study, did not follow the 
development of the animals after the diagnosis and initiation 
of treatment, being restricted to the period of data collection 
from the imaging exams. Thus, survival data of the studied 
animals, as well as prognoses and disease development, are 
not available.

CONCLUSION
The alterations seen in the magnetic resonance imaging (MRI) 
exams of the meninges of the evaluated animals demonstrate 
a correlation with the neurological clinical signs that they 
presented, affirming the capacity of this exam in the diagnosis 
of intracranial diseases, being necessary for more studies for 
the exact determination of the characteristics of the image in 
each of the diseases. It is suggested that other MRI findings 
related to these diseases be verified, and other diagnostic 
methods for different diseases should be associated with them.
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