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Abstract
Objectives To provide new insights into neurological manifestations of COVID-19. We describe a patient with mild COVID-
19 associated with diplopia from right sixth cranial nerve palsy and early diffuse leukoencephalopathy, successfully treated 
with intravenous methylprednisolone.
Methods The patient was evaluated for diplopia that occurred 1 day after the onset of fever, myalgia, and headache. A com-
plete neurological workup, including neurological examination, cerebrospinal fluid (CSF) analysis with viral polymerase 
chain reaction (PCR), serum autoimmune encephalitis, and anti-nerve antibodies and brain magnetic resonance imaging 
(MRI), was performed.
Results Clinical examination revealed incomplete right sixth cranial nerve palsy. Brain MRI showed diffuse confluent fluid-
attenuated inversion recovery (FLAIR) hyperintense white matter abnormalities, while CSF analysis showed mild hyper-
proteinorrachia (61 mg/dL) without pleocytosis. The patients were treated with high-dose intravenous methylprednisolone 
with rapid improvement of neurological symptoms and resolution of CSF and MRI abnormalities.
Discussion Our report shows that COVID-19 may predominantly present with neurological symptoms; furthermore, it argues 
the notion of leukoencephalopathy as a typical feature of a severe case of the disease. Mechanisms underpinning neurologi-
cal symptoms in COVID-19 still need to be elucidated; nonetheless, early recognition and prompt management may ensure 
their improvement or even complete recovery and are therefore recommended.
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Introduction

Various neurological conditions have been reported in asso-
ciation with COVID-19 [1]. We describe a patient presenting 
with unilateral sixth cranial nerve palsy and early reversible 
leukoencephalopathy, successfully treated with high-dose 
intravenous methylprednisolone.

Case report

A 47-year-old male was admitted to our Emergency 
Department in Turin, Italy, for diplopia that occurred 
1 day after the onset of fever (max. 38.7 °C), myalgia, and 
headache. Past medical history was unremarkable. A first 
SARS-CoV-2 nasopharyngeal swab was positive. Chest 
X-ray and lung ultrasound were normal. Neurological 
examination revealed non-fluctuating diplopia and incom-
plete right sixth cranial nerve palsy (mild-degree adduction 
of the right eye in primary position of gaze and ipsilateral 
deficit of abduction). Head computed tomography (CT) did 
not show abnormalities. Laboratory workup showed leu-
kopenia (2800 cells/μL) with lymphopenia (790 cells/μL); 
C-reactive protein and D-dimer were normal. Serum anti-
ganglioside, anti-myelin-associated glycoprotein (MAG), 
paraneoplastic syndrome, and autoimmune encephalitis 
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antibodies were negative. Brain 1.5-T magnetic resonance 
imaging (MRI) on admission demonstrated diffuse conflu-
ent bilateral fluid-attenuated inversion recovery (FLAIR) 
hyperintense white matter abnormalities involving the 
perirolandic subcortical region, centrum semiovale, and 
corona radiata; increased FLAIR signal was also evident 
along the corticospinal tracts (at the posterior limb of the 
internal capsule and in the pons), as well as in the middle 
cerebellar peduncles (Fig. 1). Cerebrospinal fluid (CSF) 
analysis (lumbar puncture’s opening pressure = 17  cmH2O) 
revealed mild hyperproteinorrachia (61 mg/dL) without 
pleocytosis. CSF real-time (RT) PCR for SARS-CoV-2 
and common pathogens was negative. After admission 
to a COVID-19 ward, the patient was treated with high-
dose (1000 mg) intravenous methylprednisolone for 3 days 
with rapid improvement of diplopia. Intravenous steroid 
was tapered and afterwards converted to oral prednisone. 
A second CSF analysis performed 10 days after onset of 
diplopia (lumbar puncture’s opening pressure = 16  cmH2O) 
with isoelectric focusing (IEF) showed normalized proteins 
and no oligoclonal bands. Brain MRI repeated on the same 
scanner 1 week later demonstrated complete resolution of 
the previously seen abnormalities (Fig. 1). The patient 
was discharged on oral prednisone, which was suspended 
10 days later. On discharge, blood test workup returned all 
parameters within normal ranges. Nasopharyngeal swab 
became negative 20 days after discharge. A neurological 
examination 1 month after the onset of diplopia confirmed 
complete clinical recovery. Two months after discharge, the 
patient underwent electrodiagnostic examination (EDX) 
with lower limb motor and sensory conduction and blink 
reflex study showing no evidence of polyneuropathy. A 
third brain MRI performed on a 3-T scanner, 3 months after 
the onset of symptoms, confirmed lack of brain abnormali-
ties (Fig. 1).

Discussion

Since the beginning of the COVID-19 outbreak, there 
has been great interest in possible neurological manifes-
tations of the disease. Neurological complications had 
already been reported during the severe acute respiratory 
syndrome (SARS) and Middle East respiratory syndrome 
(MERS) epidemics [1]; since olfactory and gustative 
symptoms are very frequent in COVID-19, a particular 
tropism of SARS-CoV-2 for the nervous tissue is con-
ceivable. Indeed, a direct involvement of the olfactory 
bulb and the cortex of gyrus rectus has been demonstrated 
through MRI [2]. Thus far, COVID-19 has been associ-
ated with leukoencephalopathies, acute polyneuropathies 
including Guillain-Barrè and Miller-Fisher syndrome, 

acute disseminated encephalomyelitis (ADEM), enceph-
alitis, seizures and ischemic stroke [1], and posterior 
reversible encephalopathy syndrome [3–5]. In one case, 
viral RNA was found in the CSF of a patient with enceph-
alitis and status epilepticus [6]. Cranial neuropathies 
have also been reported [7–10]. In particular, from the 
description of two cases with ophthalmoparesis from cra-
nial nerve palsy whose neurological symptoms developed 
shortly after COVID-19 clinical onset [7] rose relevant 
questions about a possible direct effect of the virus on the 
nervous tissue [11]. Our patient showed a similar clini-
cal course; moreover, both CSF and MRI showed early 
signs of central nervous system (CNS) involvement. With 
respect to our patient’s oculomotion deficit, it is most 
likely to be of intra-axial origin (nucleus/root involve-
ment), and attributable to the white matter alterations 
observed in the pons. A peripheral nerve involvement 
due to mildly increased intracranial pressure (opening 
pressure values approaching the upper normal limit in 
both lumbar puncture occasions) may also have contrib-
uted to the sixth cranial nerve palsy. An involvement of 
the right lateral rectus muscle seems unlikely consider-
ing the absence of abnormalities of the intra-orbital tis-
sues on MRI and negative results on screening tests for 
autoimmunity.

The early reversible leukoencephalopathy we 
observed on MRI is of particular interest, arguing the 
notion that diffuse white matter involvement is a pecu-
liar feature of COVID-19 patients with either impair-
ment of consciousness or severe respiratory distress 
[12]; indeed, our patient showed neither clinical signs 
of encephalopathy nor severe systemic or respiratory 
symptoms. Viral genome was not found in the CSF, 
making the association with COVID-19 only prob-
able [1]. Nonetheless, our patient had no risk factors 
or comorbidities which might account for acute cra-
nial nerve palsy; moreover, it has been shown that CNS 
involvement in COVID-19 is more frequent among 
patients with reduced blood lymphocytes [13]. EDX 
allowed us to exclude polyneuropathy, although it 
could not be performed immediately due to the limi-
tations imposed by the pandemic. In conclusion, our 
case suggests that COVID-19 may also involve both 
the peripheral and central nervous systems; moreo-
ver, CNS involvement may occur early even in the 
absence of severe respiratory or systemic symptoms. 
The mechanisms underpinning neurological symptoms 
in COVID-19 still need to be elucidated; nonetheless, 
early recognition and prompt management may ensure 
their improvement or even complete recovery. Careful 
neurological assessment and differential diagnosis are 
therefore mandatory also in mild cases of COVID-19.
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Fig. 1  Reversible leukoencephalopathy associated with COVID 19. 
MRI findings. Axial FLAIR images, performed at admission on a 
1.5-T scanner, showed diffuse confluent bilateral white matter hyper-
intensity involving the perirolandic subcortical region, centrum 
semiovale, and corona radiata (thin arrows). There was concomi-
tant hyperintense signal along the corticospinal tract at the posterior 
limb of the internal capsule and in the pons (open arrows). Increased 
FLAIR signal was also evident in the middle cerebellar peduncle, 
bilaterally (arrowheads). Apparent diffusion coefficient (ADC) and 
T2*-gradient echo (GRE) images did not show areas of restricted dif-

fusivity, neither hemorrhagic foci. Post-contrast imaging (not shown) 
did not reveal pathologic enhancing areas. Axial FLAIR images 
performed 1  week later, on the same 1.5-T scanner, showed com-
plete resolution of the leukoencephalopathy. Brain MRI performed 
3  months later on a 3-T scanner, including high-resolution FLAIR 
images, susceptibility weighted imaging (SWI), ADC, colored frac-
tional anisotropy diffusion tensor imaging (CFA-DTI), and arterial 
spin labeling (ASL) perfusion imaging, did not reveal any structural, 
microstructural, or hemodynamic brain abnormality and no long-term 
sequelae
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