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Abstract

More than a year after the start of the COVID-19 pandemic, long-term neurological manifestations of COVID-19 are
increasingly being reported. The long-term sequelae of COVID-19-related leukoencephalopathy, however, remain unclear.
Here, we present long-term neuroimaging follow-up in two cases of COVID-19-related leukoencephalopathy. The two
cases demonstrate the utility of brain MRI for evaluating neurologic symptoms in critically ill patients with COVID-19, for
diagnosis of underlying neural injury and prognostication of future recovery. The presence of leukoencephalopathy may
result in chronic neurologic manifestations and may represent a poor prognosticator of neurologic recovery. The presence of
leukoencephalomalacia on follow-up neuroimaging is potentially an indicator of irreversible white matter damage, which

may be associated with more severe chronic deficits.
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Introduction

Neurological injury related to the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has been widely
reported, including ischemic injury, intracranial hemorrhage,
encephalopathy, leukoencephalopathy, and central/periph-
eral neuropathies [1-3]. Possible mechanisms of neurologic
involvement include direct neurotropism, immune-mediated
cytokine storm, coagulopathy or vasculopathy, hypoxia, and
prolonged illness and hospitalization [4—6]. Some of these
mechanisms are also hypothesized to contribute to white
matter injury [2, 7]. The long-term sequelae of COVID-
19-related leukoencephalopathy, however, remain unclear.
As long-term neurological manifestations of COVID-19
are increasingly being reported, there is increasing to better
understand the evolution of COVID-19-related neurological
changes. Here, we present long-term neuroimaging follow-
up in two cases of COVID-19-related leukoencephalopathy.
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Case 1

A 63-year-old male with a history of obesity, obstructive
sleep apnea, type II diabetes, hypertension, and chronic kid-
ney disease presented to our hospital in early April 2020 for
respiratory failure from COVID-19 infection. The patient
was intubated in the emergency room and underwent con-
tinuous venovenous hemofiltration for acute renal failure.
The patient was extubated 18 days after presentation and
underwent percutaneous endoscopic gastrostomy and tra-
cheostomy. The patient continued to be encephalopathic
during his hospital course with limited motor function and
cognitive response, exhibiting only facial grimace to pain,
upper extremity flexion to noxious stimuli, and spontaneous
blinking. Brain MRI was obtained on hospital day 30 and
showed bilateral symmetric multifocal T2/FLAIR hyperin-
tensity and restricted diffusion within the centrum semio-
vale, corona radiata, periventricular white matter, and corpus
callosum (Fig. 1A—C). There was relative sparing of the sub-
cortical U-fibers, cerebral cortex, and deep brain structures.
There was no evidence of acute infarction or hemorrhage
on susceptibility-weighted image (SWI). The patient was
subsequently discharged to a rehab facility without signifi-
cant change in neurologic status. The patient’s renal function
returned to normal.
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Fig. 1 Brain MR images of a critically ill patient (case 1) with acute
COVID-19 infection (A-D) and follow-up brain MRI 7-month post-
discharge (E-H). A Paired axial diffusion-weighted image (DWI) and
apparent diffusion coefficient (ADC) map show symmetric foci of
restricted diffusion involving the deep white matter of both cerebral
hemispheres (arrows). B Paired axial FLAIR and T2 images through
the same level show increased T2/FLAIR hyperintensity correspond-
ing to the regions of restricted diffusion (arrows). C Axial fractional
anisotropy map shows focal disruption of white matter tracts in the
regions of diffusion restriction (arrows). D Coronal T1 image shows
mild ventricular prominence suggestive of mild diffuse brain paren-
chymal volume loss. E Paired axial diffusion-weighted image (DWI)

At 7-month follow-up, the patient continued to be nonver-
bal but exhibited increased alertness. He was able to respond
to commands with head shakes and nods. His motor func-
tion was limited to the right upper extremity and left lower
extremity. Follow-up MRI was performed as this time and
demonstrated persistent T2/FLAIR hyperintensity involving
the supratentorial white matter (Fig. 1E, F). There were also
new multifocal cystic changes involving the centrum semio-
vale and corona radiata with subtle increase in ventricular
prominence, suggestive of central predominant parenchymal
volume loss (Fig. 1E, G, H). These findings are compat-
ible with cystic leukoencephalomalacia. The patient cur-
rently resides at a skilled nursing facility without significant
improvement in his neurological condition.

Case 2

A 58-year-old male with a history of obesity, obstructive
sleep apnea, type II diabetes, and hypertension presented to
our hospital in April 2020 for respiratory failure from acute
COVID-19 infection. The patient was intubated in the emer-
gency department and required hemodialysis due to acute
on chronic renal failure. The patient was weaned to capped
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and apparent diffusion coefficient (ADC) map on follow-up MRI both
show high signal in the deep white matter of both cerebral hemi-
spheres, consistent with T2 shine-through (arrows). F Paired axial
FLAIR and T2 images through the same level show evolution of
T2/FLAIR hyperintensity in bilateral subcortical and periventricu-
lar white matter with new multifocal cystic changes, consistent with
cystic leukoencephalomalacia (arrows). G Axial fractional anisotropy
map shows persistent disruption of white matter tracts in the regions
of previous diffusion restriction (arrows). H Coronal T1 image shows
mild interval increase in size of the ventricular system suggestive of
subtle central predominant parenchymal volume loss

tracheostomy tube a month later. The patient continued to
exhibit altered mental status and was unable to follow com-
mands, for which a brain MRI was obtained on admission
day 35. The MRI demonstrated bilateral confluent and sym-
metric T2/FLAIR hyperintensity with restricted diffusion
in the supratentorial subcortical white matter with sparing
of the subcortical U-fibers (Fig. 2A—C). There was no evi-
dence of acute infarction or hemorrhage on SWI. The patient
demonstrated minimal improvement in neurologic status at
the time of discharge. There was mild improvement in eye
tracking and following commands. Motor strength was 1 out
of 5 throughout, with inability to perform fine motor tasks.

This patient presented for follow-up 11 months later and
demonstrated substantial improvement in his neurological
status with mild residual deficits of executive cognitive
function. The patient’s motor strength improved to 3 out
of 5 throughout. He continued to have difficulty with fine
motor tasks and was wheelchair dependent. Follow up brain
MRI obtained at this time demonstrated resolution of con-
fluent T2/FLAIR hyperintensity in the white matter with
persistent scattered foci of T2/FLAIR hyperintensity in the
periventricular and subcortical white matter, likely reflecting
sequelae of prior leukoencephalopathy (Fig. 2D-F). The pre-
viously seen restricted diffusion involving the supratentorial
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Fig.2 Brain MR images of a critically ill patient (case 2) with acute
COVID-19 infection (A—C) and follow-up brain MRI 11-month post-
discharge (D-F). A Paired axial diffusion-weighted image (DWI) and
apparent diffusion coefficient (ADC) map show confluent restricted
diffusion in the bilateral supratentorial white matter. B Paired axial
FLAIR and T2 images through the same level show confluent sym-
metric T2/FLAIR hyperintensity in the supratentorial white matter
with relative sparing of the subcortical U-fibers, corresponding to
the areas of restricted diffusion. C Axial fractional anisotropy map
shows no associated disruption of white matter tracts. D Paired axial

white matter had also resolved. No new abnormality was
noted on the follow-up examination. There was no evidence
of leukoencephalomalacia or appreciable brain parenchymal
volume loss. The patient continued to attend physical and
occupational therapy sessions.

Discussion

The two cases here highlight that COVID-19-related leu-
koencephalopathy is not only an acute neurologic condition
but can be associated with long-term neurologic impairment.
Clinicians should be aware of this chronic neurologic con-
dition, particularly in patients who were critically ill due
to COVID-19 and continue to demonstrate chronic neuro-
logic manifestations. Furthermore, brain MRI is an impor-
tant tool to help work-up the underlying cause of acute and
chronic neurologic symptoms in critically ill patients with
COVID-19.

The restricted diffusion and T2/FLAIR hyperintensity
in the supratentorial white matter during acute COVID-19
infection may reflect hypoxic ischemic damage and poten-
tially cell death [8]. The persistent white matter changes seen

diffusion-weighted image (DWI) and apparent diffusion coefficient
(ADC) map on follow-up brain MRI show resolution of restricted dif-
fusion in the supratentorial white matter. E Paired axial FLAIR and
T2 images on follow-up MRI show resolution of confluent T2/FLAIR
hyperintensity in the supratentorial white matter with scattered multi-
focal T2/FLAIR hyperintense foci in the periventricular and subcorti-
cal white matter, which may reflect sequelae of leukoencephalopathy.
There was no evidence of leukoencephalomalacia. F Axial fractional
anisotropy map shows no associated disruption of white matter tracts

on follow-up brain MRI, months after the initial insult, are
suggestive of permanent white matter injury and glial/axonal
loss, which likely underlie the chronic neurological deficits
in both patients. One important difference was that case 1
had focal disruption of white matter tracts in the regions of
diffusion restriction on fractional anisotropy and developed
multifocal cystic changes, which could account for the more
pronounced clinical neurologic deficits.

Although acute COVID-19 leukoencephalopathy with
nodular and ring-shaped restricted diffusion have been
reported, this is the first report of multifocal cystic leukoen-
cephalomalacia as a chronic sequela of COVID-19-related
leukoencephalopathy [2, 7, 9]. The presence of this finding,
which is indicative of white matter necrosis with resulting
gliosis and irreversible axonal damage, may be a poor prog-
nosticator for neurologic recovery.

Hypoxic-ischemic and toxic/metabolic leukoencephalop-
athy are hypothesized as the most likely etiologies of white
matter injury in these two patients, given the history of res-
piratory failure requiring intubation and metabolic derange-
ments from renal failure. Relative sparing of the subcortical
U-fibers is classically seen in hypoxic and metabolic-related
leukoencephalopathies, but other causes including direct
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neurotropism, inflammatory/autoimmune-related causes,
endotheliitis, and vasculitis have been hypothesized as the
underlying etiology of acute COVID-19 leukoencephalopa-
thy [7, 9, 10]. The true underlying mechanisms of COVID-
19-related demyelinating injury is likely different for vari-
ous clinical presentations, which should be considered when
interpreting neuroimaging findings. Larger prospective study
is needed to better characterize long-term neuroimaging
changes related to COVID-19 infection.
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