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1  | C A SE

A 62-year-old woman who had a history of chronic hepatitis B and 
hypertension presented to a local hospital with cough and fever, and 
was admitted on day 3. As her chest computed tomography showed 
bilateral ground-glass opacities, and severe acute respiratory syn-
drome coronavirus  2 (SARS-Cov-2) saliva polymerase chain reac-
tion was positive, she was diagnosed with coronavirus disease 2019 
(COVID-19) pneumonia and was treated with favipiravir. On day 7, 
she was in a relatively good condition, as she was afebrile with a 
little cough. However, on day 18, she became comatose, which was 
followed with convulsive seizures, prompting administration of diaz-
epam and levetiracetam.

Afterwards, she was then transferred to our hospital (Toyama 
University Hospital, Toyama, Japan), presenting with erythema of 
the extremities and trunk on admission. Furthermore, she was in 
a coma (Glasgow Coma Scale 7), with isocoric pupils and normal 
light reflex. She also did not show meningeal signs, such as nuchal 
rigidity or Kernig's sign. The patient's extremities were flaccid, deep 
tendon reflexes were increased and the Babinski sign was positive. 
Laboratory tests showed elevated transaminase levels, but serum 
anti-myelin oligodendrocyte glycoprotein and aquaporin-4 anti-
bodies were negative. Cerebrospinal fluid (CSF) examination also 
showed normal cell counts (3/mm3), but protein (871  mg/dL) and 
myelin basic protein (559.8 pg/mL) levels were elevated. The immu-
noglobulin G index was 0.59, and the oligoclonal band was negative. 
Additionally, bacterial culture, CSF viral polymerase chain reaction 
(including SARS-Cov-2, Herpes simplex virus, varicella zoster virus 
and human herpesvirus-6) and anti-glial fibrillary acid protein (GFAP) 
antibody test result were all negative.

In contrast, brain magnetic resonance imaging (MRI) with gad-
olinium showed diffuse T2/fluid-attenuated inversion recovery 
hyperintensities in the bilateral white matter (Figure 1a) with radial 
linear enhancement oriented to the lateral ventricles (Figure 1b,c). 
The white matter also showed hyperintensities on diffusion-
weighted imaging and on apparent diffusion coefficient map. The 
T2-star images showed no remarkable changes. Whereas spinal MRI 
with gadolinium showed no abnormalities. Furthermore, an electro-
encephalogram showed diffuse theta waves.

On reviewing the case, favipiravir was discontinued, as it was 
assumed to have caused erythema and transaminase elevation. On 
day 19, the patient was intubated and maintained on sedatives, and 
methylprednisolone 1 g/day was started and administered for 3 days. 
Her condition improved, and she was extubated on day 21. Although 
her consciousness became clearer, and erythema and transaminase 
levels improved by day 23, higher brain dysfunction remained (Mini-
Mental State Examination 22/30). On day 33, her second course of 
methylprednisolone therapy was initiated, and her higher brain dys-
function finally improved (Mini-Mental State Examination 29/30) on 
interim. A follow-up CSF examination on day 46 showed no abnor-
malities, and brain MRI on day 49 showed markedly improved T2/
fluid-attenuated inversion recovery hyperintensities and radial linear 
enhancement (Figure 1d-f).

2  | DISCUSSION

Here, we reported the first case of radial linear perivascular empha-
sis in COVID-19-associated acute disseminated encephalomyelopa-
thy (ADEM). ADEM is a demyelinating CNS disease that commonly 
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occurs after a viral infection. In the present patients, SARS-Cov-2 in-
fection was diagnosed 2 weeks before ADEM onset. As SARS-Cov-2 
polymerase chain reaction was negative in the CSF, we speculate 
that the encephalopathy was not caused by direct viral CNS infec-
tion, but by an autoimmune reaction caused by the infection.

The radial linear perivascular enhancement pattern resembles 
those reported in GFAP astrocytopathy, which is a novel autoim-
mune meningoencephalomyelitis first reported in 2016.1 GFAP 
astrocytopathy is commonly diagnosed with the detection of anti-
GFAP antibodies in the CSF and with characteristic MRI findings.2 
Pathological assessment of brain biopsy from a GFAP astrocytopa-
thy patient suggests that the characteristic emphasis reflects peri-
vascular inflammation.3 Although the CSF anti-GFAP antibody was 
negative in the present case, COVID-19 ADEM had a characteristic 
emphasis, suggesting perivascular inflammation, which is patho-
logically similar to GFAP astrocytopathy. Additionally, perivascular 
inflammation has been reported as a histopathological finding in 
the brain of a COVID-19 patient, making it possible that COVID-19-
induced perivascular inflammation showed an emphasis that is simi-
lar to GFAP astrocytopathy.4,5
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F I G U R E  1   (a) Brain magnetic 
resonance imaging on day 19 showed 
diffuse fluid-attenuated inversion 
recovery hyperintensities in bilateral 
hemispheric white matter. (b,c)  
T1-weighted image with gadolinium 
showed radial linear enhancement 
oriented to the ventricles. Follow-up brain 
magnetic resonance imaging on day 49 
showed (d) remarkable improvement 
of fluid-attenuated inversion recovery 
hyperintensities in the white matter, and 
(e,f) radial linear enhancement became 
unclear
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