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Abstract : The purpose of this retrospective study was to describe the characteristics of magnetic resonance imaging
(MRI) findings in dogs with meningoencephalitis of unknown etiology (MUE), and to evaluate the usefulness of
meningeal enhancement. Thirty-two dogs were included in MUE group on the basis of clinical signs, MRI findings
and cerebrospinal fluid (CSF) results, and for comparison of the meningeal enhancement, twenty-three dogs with normal
MRI, normal CSF and no clinical sign were included in the control group. The evaluated MRI findings included lesion
site, lesion number, signal intensity of each MRI sequence, mass effect, perilesional edema, contrast enhancement,
and meningeal enhancement. The MUE was most frequently associated with multiple lesions (50%) with perilesional
edema (72%) in forebrain (66%) that were hyperintense (92%) in T2W and FLAIR images. Of the meningeal
enhancement, there was no significant difference between the control group and the MUE groups in the pachymeningeal
enhancement. However, leptomeningeal (or both) enhancement was found relatively high proportion in the MUE group
than in the control group (P < 0.001, Odd ratio = 10.26), and based on this result, leptomeningeal (or both) enhancement
is considered to be significant finding for indicating MUE.
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Introduction

Intracranial inflammatory disease of dogs is divided into

infectious causes and non-infectious causes. Infectious

meningoencephalitis include viral encephalitis, bacterial, pro-

tozoal and fungal meningitis (31,35). Non-infectious menin-

goencephalitis include granulomatous meningoencephalitis

(GME), necrotizing meningoencephalitis (NME), necrotiz-

ing leukoencephalitis (NLE), and steroid-responsive menin-

gitis-arteritis (7,16,19,31,35,36). Definite diagnosis of non-

infectious meningoencephalitis is based on histologic exam-

ination. If the histologic examination is not possible, it is

assumed to be clinical information and is usually expressed

by the term meningoencephalitis of unknown etiology (MUE)

(12). Tentative diagnosis of MUE ante-mortem is based on

signalment, history, neurological examination, cerebrospinal

fluid (CSF) analysis and magnetic resonance imaging (MRI)

(16,31,35).

CSF analysis is one of the most commonly used evalua-

tion methods for suspected neurological diseases (1), and is

considered to be the most useful evaluation method for diag-

nosing MUE (35). Increased total protein levels or total

nucleated cell counts (TNCC) indicate inflammatory CSF,

and can be identified in 90% of the dogs with MUE (35).

MRI, a method used primarily for obtaining morphologi-

cal images of the central nervous system (CNS) (27), pro-

vides useful information for diagnosing MUE by providing

excellent soft tissue contrast resolution and information about

anatomical structure (1,22). There are previous studies that

have diagnosed MUE through several MRI findings (1,5,6,

21,44).

Among the MRI findings, meningeal enhancement is clas-

sified into two types according to anatomical area where con-

trast enhancement occurs. Pachymeningeal enhancement is

seen enhancement of dura matter of the inner border of skull,

and leptomeningeal enhancement is seen enhancement of

sulci of cerebrum or cerebellum in addition to dura matter

(9,28). The meningeal enhancement can be identified in a

variety of diseases, but it is rarely found in normal dogs (10),

and there are previous studies that it is significant finding in

directing MUE (9,25), but some previous studies present that

it is not significant finding (5,18,25,43).

The aims of this retrospective study were to describe char-

acteristics of MRI findings in dogs diagnosed with MUE

based on signalment, clinical sign, CSF analysis and MRI,

and to evaluate whether meningeal enhancement is useful for

indicating the MUE.

Materials and Methods

Animal recruitment

All procedures were approved by the Institutional Animal

Care and Use Committee at Gyeongsang National Univer-

sity and the dogs were cared for according to the Guidelines

for Animal Experiments (GNU-190826-D0040) of Gyeong-

sang National University. Based on history and clinical signs,
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eighty-eight dogs suspected of having neurological diseases

were examined by CSF analysis and MRI of head at Gyeo-

ngsang National University Animal Hospital from 2012 to

2017. Fifty-four dogs with inflammatory CSF were diag-

nosed on the basis of signalment, clinical signs, and MRI

findings. Thirty-two dogs were included in MUE group.

Twenty-two dogs including neoplasia (n = 7), cervical inter-

vertebral disc disease (n = 5), vestibular disease (n = 5),

atlantoaxial subluxation (n = 2), hydrocephalus (n = 2) and

infectious meningoencephalitis (n = 1) were excluded from

this study. To compare whether meningeal enhancement is

useful in indicating the MUE group, twenty-three dogs with

normal MRI and no clinical signs were included in control

group in thirty-four dogs with normal CSF, and eleven dogs

with abnormal MRI or any clinical signs were excluded from

this study. Eight beagle dogs in control group were per-

formed MRI for preliminary examination for other experi-

ments. The others (15 dogs) were outpatients with neck pain,

they were performed MRI for rule out brain diseases.

CSF analysis

After MRI, CSF was collected in through cisternal punc-

ture in lateral recumbency posture and analyzed within 30

minutes. All CSF analysis was evaluated by Gyeongsang

National University Veterinary Internal Medicine Laboratory.

Total nucleated cell counts (TNCC) were measured using a

standard hemocytometer (Marienfeld-superior) and total pro-

tein levels were measured using an UriScan® 10 SGL strip.

Among these two criteria, TNCC > 5 cells/L or total pro-

tein level  30 mg/dL (±10, 1+ : 30, 2+ : 100, 3+ : 300, 4+ :

1000) were considered as inflammatory CSF (4,8). If CSF

samples were blood contaminated, they were excluded from

this study.

MRI evaluation

MRI (APERTO 0.4 tesla, Hitachi Medical Co., Tokyo,

Japan) was performed in ventral recumbency and acquired

T1- weighted (T1W) and T2-weighted (T2W) images on sag-

ittal and transverse plane, and T2W fluid attenuation inver-

sion recovery (FLAIR) images on transverse plane. The

sagittal and transverse planes were acquired with 2-3 mm of

thickness. T1W post-contrast images were obtained immedi-

ately after gadodiamide injection except for 3 dogs out of 32

dogs. All MR images were evaluated at an offline worksta-

tion (OsiriX 3.8, www.osirix-viewer.com) by one observer (a

radiologist with 2 year’s experience).

The lesion site (forebrain, brainstem, cerebellum) and lesion

number (single, multiple) were identified and recorded. The

signal intensity (hypointense, isointense, hyperintense, mixed)

of each MR sequence was assessed based on cerebral gray

matter (21). The mass effect (absent, present) was evaluated

by presence of any midline shift, ventricular displacement

and compression (40), and perilesional edema (absent, pres-

ent) was evaluated by presence of any diffuse surrounding

T1W hypointensity and T2W hyperintensity around lesions

(41). Contrast enhancement (absent, present) was judged

through comparison of pre-contrast and post-contrast image

of lesions. Meningeal enahancement (absent, present) was

assessed by presence of any enhancement of the meninges at

least three consecutive images, and according to classifica-

tion criteria (9), recorded as pachymeningeal enhancement

and leptomeningeal enhancement in MUE group and control

group.

Statistical analysis

Statistical analysis was performed using the SPSS statisti-

cal computer program (SPSS version 19.0, SPSS Inc., Chi-

cago, Illinois, USA). Fisher’s exact test was performed to

evaluate association between meningeal enhancement and

MUE. In the test, a P value < 0.05 was considered signifi-

cant and odds ratio (OR) was calculated with 95% confi-

dence intervals.

Results

Thirty-two dogs (9 male and 23 female) of 10 breeds were

enrolled in this study. Represented breeds were Maltese

(n = 17), Chihuahua (n = 3), Yorkshire Terrier (n = 3), Mixed

breeds (n = 2), Shih-tzu (n = 2), French Bulldog (n = 1), Min-

iature Pinscher (n = 1), Pomeranian (n = 1), Poodle (n = 1)

and Schnauzer (n = 1). The ages were 1 to 16 years (7.1 ±

4.4year-old, mean ± standard deviation (SD)). The body

weights were 1.3 to 13 kg (4 ± 2.5 kg, mean ± SD.

The clinical signs were seizure in 18 dogs (56%), ataxia in

10 dogs (31%), cranial nerve deficits in 11 dogs (34%), head

tilt in 6 dogs (19%), depression in 4 dogs (13%), and paresis

in 4 dogs (13%). The duration of clinical signs was 1 to 60

weeks (mean ± SD 26 ± 28). CSF analysis showed that

Fig 1. Transverse T1-weighted (T1W) (A), T2-weighted (T2W) (B) and fluid-attenuated inversion-recovery (FLAIR) (C) images of

a 1-year-old Mixed dog with suspected necrotizing meningoencephalitis. There are multifocal lesions affecting right temporoparietal

lobe and thalamus (arrows) that is hypointense in T1W images, and is hyperintense in T2W and FLAIR images.
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median TNCC was 46.2 cells/L (range 0 to 372 cells/L)

and median total protein level was 35 mg/dL (range 10 to

100 mg/dL).

Based on clinical signs, CSF analysis, and MRI findings,

tentative diagnosis were NME (n = 12), GME (n = 8), menin-

gitis (n = 6) and NLE (n = 4), except for 2 dogs diagnosed as

GME in histologic examination.

Of the 32 dogs, twenty-one lesions (66%) were identified

in forebrain, 10 lesions (31%) in brainstem and 2 lesions

(6%) in cerebellum. The lesion number was identified to

have multiple lesions in 16 dogs (50%) and single lesions in

10 dogs (31%). In T2W and FLAIR images, twenty-four

dogs (92%) had hyperintense signal, and in T1W images, 12

dogs (46%) had hypointense signal and 14 dogs (54%) had

isointense signal (Fig 1). The mass effect was confirmed in 3

dogs (9%), and the perilesional edema was confirmed in 23

dogs (72%) (Fig 2). The contrast enhancement of lesions was

identified 10 dogs (31%) (Fig 3). In the meningeal enhance-

ment, pachymeningeal enhancement was not significantly

different between MUE group (9/32, 28%) and control group

(7/23, 30%). However, leptomeningeal (or both) enhance-

ment was found to be significantly different between MUE

group (20/32, 63%) and control group (3/23, 13%) and iden-

tified relatively high frequency in MUE group (OR = 10.26)

(Table 1).

Discussion

There were clinical signs, including seizure, visual defi-

cits, central vestibular sign, altered mentation, propriocep-

tive placing and hopping deficits, in the dogs with CNS

disease (14,29,36). The predominant presenting clinical signs

in this study were seizure, ataxia, and cranial nerve deficits,

and this could be explained by the predilection of lesions for

the forebrain (14).

In previous study, median duration of clinical signs prior to

MRI was 3 weeks (range 1-60 weeks) (21), but in this study,

it was relatively long, as 26 weeks, and this is because there

were some dogs (9%) that had been treated with corticoste-

roids for up to 2 years prior to MRI.

Fig 2. Transverse T1-weighted (T1W) (A), T2-weighted (T2W) (B) and fluid-attenuated inversion-recovery (FLAIR) (C) images of

a 2-year-old Maltese dog with suspected necrotizing leukoencephalitis. There are multifocal lesions affecting bilateral temporo-occip-

ital lobe and left thalamus. Note subtle mass effect (dashed arrows) that caused left lateral ventricle compression and perilesional

edema (arrows) that was identified diffuse surrounding T1W hypointensity and T2W hyperintensity around lesions.

Fig 3. Transverse T1-weighted postcontrast images of dogs with meningoencephalitis of unknown etiology. There are multifocal con-

trast enhanced lesions around periventricular area (arrowheads) (A). Pachymeningeal (arrows) and leptomeningeal (dashed arrows)

contrast enhancements were easily identified on B and C.

Table 1. Correlation with meningeal enhancement in the meningoencephalitis of unknown etiology group compared with the control
group

Meningeal enhancement Odds ratio 95% CI P-value

Pachymeningeal enhancement 00.99 0.31-3.160 < 1.000

Leptomeningeal enhancement 10.26 2.53-41.59 < 0.001

CI, confidence interval.
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As in previous studies, in which intracranial inflammatory

disease more commonly affected female dogs (2,3,26), female

dogs were identified as 72%, showing a high tendency in this

study.

Two hundred nineteen dogs with GME and 28 dogs with

meningoencephalomyelitis of unknown origin (MUO) were

classified as small breed (< 10 kg), medium breed (10-20

kg), and large breed (> 20 kg), and respectively were con-

firmed in small breed at a high rate of 64% and 76% (12). In

this study, small breed was identified in all dogs except one

dog classified as medium breed.

Age distributions of dogs with NE and GME were pre-

dominantly below 4 years old and between 4 and 8 years old,

mostly tended to be below 8 years old (12,14). In this study,

the age range of dogs varied from 1 to 11 years old, but most

dogs were under 8 years old.

GME is more commonly identified in Miniature Poodle,

Maltese, Dachshund, West Highland White Terrier and Chi-

huahuas (14,42), and NE is known to be strongly breed asso-

ciated in Pug, Yorkshire Terrier, Maltese, Chihuahua, Shih-

Tzu and Boston Terrier (12,14,42). Most of these breeds

were also identified in this study, and Maltese accounted for

53% of the MUE group because Maltese accounted for a

large proportion (36%) of total population in this study.

In CSF analysis of dogs with GME, NE, and MUO, TNCC

and total protein levels varied widely, but there were very

few differences between these diseases (12). This meant that

it was impossible to distinguish these diseases by CSF analy-

sis alone (1,37).

NLE and GME are mostly found in cerebrum and brain-

stem, rarely found in cerebellum (17,23), and NME is almost

exclusively confined to the cerebral hemisphere, and cerebel-

lum and brainstem involvement are very rare (14,19). In this

study, most of lesions were found in cerebrum and brainstem

and rarely in cerebellum.

Intracranial inflammatory conditions were associated with

multiple lesions, and intracranial tumors appear more fre-

quently as single lesion (6), although GME can be identified

as a solitary mass similar to intracranial tumors, or intracra-

nial tumors may be multifocal lesions when metastasis is

present (15,18,23,32,33). In this study, multiple lesions were

more frequent than single lesion as in previous study (6).

T2W and FLAIR sequences had hyperintense signals in all

but two of the dogs, consistent with previous studies show-

ing that hyperintensity in T2W and FLAIR sequences increases

specificity in diagnosis of inflammatory CNS disease (5,6,

20,30,44).

The mass effect was identified in almost all cases (99%) in

neoplastic brain disease and was significantly different from

inflammatory brain disease (44), and also was relatively low

proportion (28%) in intracranial inflammatory conditions

(21). In this study, the mass effect is confirmed in only 3

(9%) of dogs with MUE and had low tendency.

The perilesional edema was present in 10 (91%) of 11

dogs with GME and consistently associated with GME (5),

and in this study, 23 (72%) dogs were identified at relatively

high proportion. However, fourteen (82%) of 17 dogs with

meningioma had perilesional edema and were not useful for

distinguishing between neoplastic and inflammatory brain

disease (6).

The contrast enhancement of lesion was identified to vari-

ous degree in most of dogs with necrotizing encephalitis

(15,24,34,38,43), whereas there was ambiguous or infre-

quent in dogs with other necrotizing encephalitis (11,13,19)

and intracranial inflammatory conditions (21). This is consid-

ered to be due to differences in degree of breakdown of the

blood-brain barrier (5), in this study, the contrast enhance-

ment of lesion was identified in 10 (31%) dogs.

The meningeal enhancement was confirmed in only half of

dogs with NME (43), but not in dogs with GME (5), and in

intracranial inflammatory conditions, the meningeal enhance-

ment was infrequent, which suggests that it be a relatively

insensitive sign (21,25). However, there were also previous

studies that meningeal enhancement is strongly associated

with various intracranial inflammatory diseases ranging from

infectious diseases caused by virus, bacteria, or fungi (25) to

non-infectious inflammatory conditions such as GME, NME,

and meningitis (5,39,43). There were 5 (71%) dogs with

pachymeningeal enhancement and 2 (29%) dogs with lep-

tomeningeal (or both) enhancement in 7 dogs with inflamma-

tory or infectious disease (25), and pachymeningeal enhance-

ment was observed a relatively high proportion. But, this

report have some limitation that number of dogs is too small

and infectious diseases were included. There was also previ-

ous study in which leptomeningeal (or both) enhancement

(69%) was identified relatively high proportion than pachy-

meningeal enhancement (13%) in 18 dogs with intracranial

inflammatory disease (9). In this study, pachymeningeal

enhancement was identified at a low proportion and was not

significantly different from control group. However, leptome-

ningeal (or both) enhancement was identified at a higher

proportion compared to control group, and probability of

occurrence in MUE group was 10.26 times higher, which

was statistically significant. This suggests that leptomenin-

geal (or both) enhancement is a significant finding in direct-

ing MUE.

This study has several limitations. First, reliability analysis

was not performed because one observer evaluated MRI

findings. For some MRI findings, there may be statistically

significant differences when multiple observers evaluate them.

Second, sufficient histological examination was not made to

distinguish the MUE group. Therefore, we could not evalu-

ate any correlations that might exist between specific disease

and MRI findings. Further studies are necessary to evaluate

these correlations. Third, some dogs (3/32, 9%) included in

this study did receive steroid treatment prior to MRI, which

may have altered MRI findings, and it may have possibly

affected the results.

Conclusion

In conclusion, we described characteristics of MRI find-

ings in dogs diagnosed with MUE based on signalment, clin-

ical sign, and MRI evaluation among dogs with inflammatory

CSF.

MUE was most frequently associated with multiple lesions

(50%) with perilesional edema (72%) in forebrain (66%) that

were hyperintense (92%) in T2W and FLAIR images. In
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addition, in meningeal enhancement of MRI findings, lep-

tomeningeal (or both) enhancement is considered to be sig-

nificant finding for indicating MUE.
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