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Abstract: An 8-year-old intact male mixed-breed dog presented with tetraparesis, right side head tilt, and cluster 
seizure-like episodes. Based on the magnetic resonance imaging and cerebrospinal fluid analysis results, meningoen-
cephalitis of an unknown aetiology was strongly suspected. The patient survived for 963 days under mycophenolate 
mofetil plus prednisolone therapy and was ultimately diagnosed with necrotising leukoencephalitis. This report 
describes the clinical findings, the serial magnetic resonance imaging characteristics, and the histopathologic 
features of a case of necrotising leukoencephalitis and the long-term survival after mycophenolate mofetil plus 
prednisolone therapy.
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Necrotising meningoencephalitis (NME) is an idi- 
opathic non-infectious inflammatory disease of 
the canine central nervous system (CNS) reported 
in diverse small breed dogs (Jung et al. 2007; Jung 
et al. 2012; Dewey 2016). The lesions of NME are 
multifocal and display asymmetrical necrosis in the 
cerebral cortex with leptomeninges, which leads 
to a loss of demarcation between the grey and white 
matters (Dewey 2016; Uchida et al. 2016). NME 
can be differentiated into cortex-dominant and 
white matter-dominant necrotising types; the lat-
ter, including the brain stem, is named necrotising 
leukoencephalitis (NLE) (Dewey 2016; Uchida et al. 

2016). The clinical characteristics, breed predispo-
sitions, and prognosis of NLE are different from 
those of NME, but the pathological features some-
times overlap (Uchida et al. 2016).

NME and NLE in canines seem to result from 
autoimmune inflammation in  the CNS, as  sev-
eral reports describe a beneficial efficacy in us-
ing immunosuppressants to treat NME and NLE 
(Jung et al. 2007; Jung et al. 2012; Jung et al. 2013; 
Dewey 2016). Recently, mycophenolate mofetil 
(MMF) has been shown to exert beneficial effects 
on autoimmune CNS inflammatory cases (Barnoon 
et al. 2016; Woolcock et al. 2016).
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This case report presents the clinical features, 
serial magnetic resonance imaging (MRI) findings, 
histopathological characteristics, and long-term 
management with mycophenolate mofetil (MMF) 
plus prednisolone in an NLE case. 

Case description

An 8-year-old intact male mixed-breed dog (body 
weight: 6.5 kg) was referred with acute onset tetra-
paresis, right side head tilt, and cluster seizure-like 
episodes. The clinical signs were suddenly observed 
a day before the presentation. The neurological 
examination revealed that the postural reactions 
of all the limbs were reduced. The cranial nerve 
examination revealed bilateral miosis, exotropia, 
and spontaneous nystagmus with the fast phase 
toward the left side. The ophthalmologic exami-
nations, including the fundus examination, were 
normal. The laboratory results, including the com-
plete blood counts and serum chemistry, were not 
significant. The skull, thoracic, and abdominal radi-
ography were not remarkable. We ruled out canine 
distemper virus infections and toxoplasmosis in the 
blood (Neodin Vetlab, Seoul, Republic of Korea).

Based on the physical and neurological examina-
tions, we suspected intracranial lesions extending 
to the brain stem. Initially, we performed a brain 
computed tomography (Somatom Emotion Duo®, 
Siemens AG, Munich, Germany) examination and 
the results were unremarkable. We then performed 
a brain MRI examination (E-scan®, Esaote, Genova, 
Italy). T1- and T2-weighted images and postcon-
trast T1-weighted images were obtained. The MRI 
confirmed the presence of lesions in the midbrain 
and the  interthalamic adhesion (Figure  1). Ill-
defined hyperintense lesions were identified in the 
midbrain area and the interthalamic adhesion area 
on the T2-weighted images (Figure 1B). These le-
sions appeared isointense on the  T1-weighted 
images (Figure 1A) and were not enhanced after 
a contrast study. The cerebrospinal fluid (CSF) 
was obtained from the atlanto-occipital cistern and 
analysed within 30 min for the gross appearance, 
total protein level and total nucleated cell counts 
and a cytological evaluation following cytocen-
trifugation. The results of the CSF analysis were 
normal. The volume of the CSF was not enough 
to perform other tests such as a bacterial culture 
and a neurologic PCR panel.

Based on all the examinations, we tentatively di-
agnosed the present case as meningoencephalitis 
of an unknown aetiology (MUE).

Management with prednisolone (Solondo®, Korea 
Pharma, Republic of Korea; 1 mg/kg, per oral (PO), 
bid) and mycophenolate mofetil (MMF; CellCept®, 
Roche, Switzerland; 20 mg/kg, PO, bid) was initi-
ated, and the clinical signs improved gradually. Two 
weeks after therapy, the patient could stand and 
walk and the other clinical signs such as the seizures 
and head tilt disappeared. We regularly checked 
the patient’s status every few months. Two months 
after the initial therapy, prednisolone was tapered 
to 0.7 mg/kg (PO, bid) and the initial MMF dos-
age was maintained. The neurological signs did not 
relapse after the first prednisolone tapering, there-
fore, the prednisolone dosage was maintained. Five, 
eleven, and thirteen months after the initial therapy, 
the prednisolone dosage was tapered to 0.5 mg/kg 
(PO, bid), 0.4 mg/kg (PO, bid), and 0.2 mg/kg (PO, 
bid), respectively. The MMF dosage was maintained 
and tapered about 20 months after the initial treat-
ment (15 mg/kg, PO, bid). The MMF was tapered again 
at 27 months after the initial treatment (8 mg/kg, 
PO, bid). For the last 6 months, the prednisolone 
(0.2 mg/kg, PO, bid) and MMF (8 mg/kg, PO, bid) 
were maintained. About 30 months after the ini-
tial treatment, the neurological signs associated 
with painful reactions, ataxia, and the delayed pos-
tural reactions relapsed. The clinical signs did not 
improve by increasing the dosages of the drugs. 
Ultimately, the present patient expired suddenly 
963 days after the initial treatment.

Following the initial MRI scan, we performed 
a second, third and fourth MRI scan at 5, 15, and 
26 months, respectively (Figure 1). In the serial im-
ages, the lesions showed a hyperintense signal on 
the T2-weighted images and a hypointense signal 
on the T1-weighted images compared to the pre-
vious MRI scans. The isointense-signal midbrain 
lesion on the T1-weighted images from the first 
MRI scan changed to  a  hypointense-signal le-
sion on the second MRI scan. The third MRI scan 
also showed a hyperintense-signal lesion on the 
T2-weighted images, and a hypointense-lesion in 
the interthalamic adhesion and brainstem. The last 
conducted MRI scans revealed a mild deterioration 
of the lesion, especially in the interthalamic adhe-
sion, on the T2-weighted images. 

We performed a necropsy per the client’s agree-
ment. The necropsy findings revealed multifocal 
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nent in the midbrain, thalamus, and basilar cortex 
at the piriform lobe (Figure 3). The lesions were 
diagnosed as NLE. 

The patient was definitively diagnosed as NLE 
based on the serial MRI results and the results of 
the histopathologic findings.

necrotic, inflammatory lesions in the brainstem and 
interthalamic adhesion (Figure 2), which was con-
sistent with the MRI findings. Based on findings 
on the histopathological examinations, this case 
showed a neuronal necrosis, malacic change, de-
myelination, and microgliosis, which were promi-

Figure 1. The serial MRI findings in time sequence. (A, B) Initial MRI findings. The hyperintense lesions were observed 
in the interthalamic adhesion (arrowhead) and the brainstem (arrows) on the T2-WI (B), which were isointense 
on the T1-WI (A). (C, D) The second MRI scan findings. The lesion in the brainstem was isointense and it became 
a hypointense-signal lesion on the T1-WI (C; arrow). The lesion in the interthalamic adhesion that had been hyperin-
tense in the initial examination became an isointense-signal lesion on the T2-WI (D; arrowhead). (E, F) The third MRI 
scan findings. The lesion in the interthalamic adhesion became hypointense again (F; arrowhead). (G, H) The fourth 
MRI scan findings. Both the interthalamic adhesion (arrowhead) and brain stem (arrow) lesions mildly progressed 
on the T2-WI (H)
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Figure 2. The macroscopic findings by necropsy (963 days after the presentation). The lesions are evident on the mid-
line cut surface and are necrotised, liquefied, and discoloured to red. A malacic change of the interthalamic adhesion 
is observed (arrowhead) and a liquefied cavitation is identified in the pons and midbrain (arrow)

Figure 3. The histopathological findings of the patient. (A) Haematoxylin and eosin staining indicate severe neuronal 
necrosis in the thalamus (× 40). (B) The midbrain shows a severe demyelination (arrow) and necrosis of the neu- 
rons (arrowhead) located around the midline (× 20). (C) The basal cortex in the piriform lobe shows a neuronal 
necrosis and demyelination (× 40). (D) The brainstem shows damaged neurons surrounded by infiltrating microglial 
cells (× 400)
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DISCUSSION AND CONCLUSIONS

NME is recognised as a canine autoimmune CNS 
disease (Jung et al. 2007; Talarico and Schatzberg 
2010; Jung et al. 2012; Jung et al. 2013; Barnoon et al. 
2016; Dewey 2016; Uchida et al. 2016; Woolcock 
et al. 2016), which is characterised by progres-
sive neurological abnormalities such as seizures, 
ataxia, and head tilt ( Jung et al. 2007; Talarico 
and Schatzberg 2010; Barnoon et al. 2016). Since 
the brain lesions of the NLE cases often involve 
the brain stem with consistent white matter domi-
nant type NME or those distinctively of the cortex 
and leptomeninges dominant type of NME, MRI 
is used to tentatively diagnose CNS inflammatory 
diseases (Thomas 1998; Dewey 2016). This pre-
sent case was definitively diagnosed as NLE based 
on the  postmortem histopathological findings. 
The histopathological results revealed the necro-
sis and liquefaction of the white matter, includ-
ing the brain stem, which were compatible with 
the clinical signs and MRI findings. 

Typical progressive NLE lesions are histopatho-
logically characterised by extensive necrosis, in-
filtration of the moderate mononuclear cells, and 
mild macrophages in the white matter (Uchida et al. 
2016). We performed the best management by re-
ducing the immune reaction and minimising the side 
effects for a patient with NLE. Prednisolone is widely 
used for treating various canine neurological dis-
eases because of its effect on reducing the inflam-
matory and immune reactions (Jung et al. 2007). 
However, long-term management with corticoster-
oids is difficult because of the drugs’ side effects 
such as polyuria-polydipsia, hepatotoxicity, and 
iatrogenic hyperadrenocorticism (Jung et al. 2012). 

Some reports (Talarico and Schatzberg 2010; 
Park et al. 2012) suggest that NME is associated 
with a T-cell mediated delayed type of hypersensi-
tivity with an organ-specific autoimmune reaction. 
Accordingly, we expected lymphocyte-specific im-
munomodulatory effects of the MMF on these ca-
nine brain inflammatory lesions. MMF, a relatively 
new immunosuppressive drug, is a better target 
than other immunosuppressive drugs, with fewer 
side effects. Clinically, it is recommended for some 
autoimmune disorders (Gaubitz et al. 1999; Allison 
2005). The drug inhibits the proliferation of the 
T- and B-lymphocytes in autoimmune diseases 
via lymphocyte hyperactivity and increased an-
tibody production (Gaubitz et al. 1999; Allison 

2005). In addition to the recruitment of lympho-
cytes, the  induction of  lymphocytic apoptosis 
results in the reduction of the antibody and cy-
tokine production and prevention of tissue damage 
(Allison and Eugui 2000; Allison 2005). Since cor-
ticosteroids act immediately and initially improve 
the clinical signs until the MMF exerts its effect 
(Jung et al. 2007), we prescribed MMF combined 
with an immunosuppressive dose of prednisolone, 
which was tapered and maintained at a minimum 
dose until the patient expired. 

The prognosis of MUE is generally considered 
to  be “poor” to “grave” without aggressive im-
munosuppression (Talarico and Schatzberg 2010; 
Jung et al. 2013; Dewey 2016). The median sur-
vival time (MST) was reported to be 11.5 days in 
36 dogs with NME (Jurney et al. 2007). The risk 
factors of the prognosis included the age at the 
onset, the duration, the  severity of  the clinical 
signs and the use of additional immunosuppressive 
treatments (Woolcock et al. 2016). In one study, 
the MST of dogs with MUE treated with MMF 
and corticosteroids was reported to be 731 days 
(Woolcock et al. 2016). The MST in another study 
was 250 days or longer, with 40% of the dogs still 
alive at the end of the study and an average follow-
up time of 871 days (Barnoon et al. 2016). The pa-
tient in the present case had improved clinical signs 
after the acute onset, which was well controlled 
throughout the treatment. There are several rea-
sons for the longer survival times in the present 
case. First, when the patient initially presented 
to us, we prescribed MMF at the recommended 
timing of the administration for the immunosup-
pressive drugs. Additionally, the relatively long 
survival times were reported in the dogs that pre-
sented with the onset of the clinical signs within 
a week, suggesting that an early diagnosis and ther-
apy may extend the survival (Barnoon et al. 2016). 
Second, we presume that MMF, in combination 
with the prednisolone therapy, inhibited the in-
flammatory reactions, thereby reducing the pace 
of the disease’s progression. The prognosis of NLE 
is related to the degree of the necrosis (Talarico 
and Schatzberg 2010). In this case, some areas of 
the brain exhibited necrosis without concurrent 
inflammation, additionally, we observed no infiltra-
tion of the inflammatory cells in the cortex and me-
ninges. The necrotic parts may be the initial lesion 
(Thomas 1998), however, our serial MRI findings 
suggest that the MMF immunosuppressive therapy 
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could not halt the progress of the necrotic brain 
lesions (Figure 1). We suppose that the long-term 
MMF therapy eliminates the inflammatory cells, 
with the rationale that MMF induces apoptosis 
in the activated T-lymphocytes (Allison and Eugui 
2000; Allison 2005). Therefore, this present NLE 
case could have a comparatively long-term survival 
with a mild progression in the clinical signs.

Under the combined prednisolone-MMF therapy, 
the clinical signs improved and were comparatively 
well controlled.

In this case report, the therapy based on MMF 
plus prednisolone in a dog diagnosed with NLE 
was described. The combined use of MMF and pred-
nisolone allowed for the good control of the brain 
lesions for 963 days followed-up with a minimal 
dose of an oral prednisolone. Thus, the combined 
prednisolone-MMF therapy can be an alternative 
treatment option to  other immunosuppressive 
drugs for the long-term management in NLE cases.
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