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Leukoencephalopathy Associated with Severe COVID-19
Infection: Sequela of Hypoxemia?
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ABSTRACT

SUMMARY: There is increasing evidence to suggest that complications of coronavirus disease 2019 (COVID-19) infection are not
only limited to the pulmonary system but can also involve the central nervous system. Here, we report 6 critically ill patients with
COVID-19 infection and neuroimaging findings of leukoencephalopathy. While these findings are nonspecific, we postulate that
they may be a delayed response to the profound hypoxemia the patients experienced due to the infection. No abnormal enhance-
ment, hemorrhage, or perfusion abnormalities were noted on MR imaging. In addition, Severe Acute Respiratory Syndrome corona-
virus 2 was not detected in the CSF collected from the 2 patients who underwent lumbar puncture. Recognition of COVID-19-
related leukoencephalopathy is important for appropriate clinical management, disposition, and prognosis.

ABBREVIATIONS: COVID-19 ¼ coronavirus disease 2019; PaO2 ¼ partial pressure of oxygen; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome coronavirus 2;
MR ¼ magnetic resonance; CT ¼ computed tomography; CSF ¼ cerebrospinal fluid

There is mounting evidence that Severe Acute Respiratory
Syndrome coronavirus 2 (SARS-CoV-2) can affect the central

nervous system, with hematogenous spread or direct neural propa-
gation via the olfactory pathway proposed as possible mechanisms
of SARS-CoV-2 neurotropism.1 The angiotensin converting
enzyme 2 receptor plays a role in the mechanism by which the
SARS-CoV-2 gains cellular entry and is expressed in the brain.2,3

Furthermore, the SARS-CoV-2 virus has been detected in the
CSF of a patient with coronavirus disease 2019 (COVID-19).4

Neurologic symptoms are commonly reported in patients with
COVID-19 infection; a study from France reported that 91% of
patients with COVID-19 infection demonstrated neurologic symp-
toms, while a study from China reported a lower prevalence of
36%.5,6 Moreover, there are case reports of encephalitis, including
a case of hemorrhagic necrotizing encephalopathy, associated with
COVID-19 infection.7-10 Recently, there is emerging evidence of
white matter injury associated with COVID-19 infection in the
form of demyelinating lesions and leukoencephalopathy without a
clear etiology.11,12 Here, we report a case series of suspected white
matter injury in patients with COVID-19 infection.

CASE SERIES
Our study was performed retrospectively, at a large, urban, aca-
demic medical center and was approved by the institutional
review board with a waiver of informed consent. A total of 42
patients who tested positive for COVID-19 via real-time reverse
transcription polymerase chain reaction underwent brain MR
imaging, and the imaging was reviewed. Six patients were found
to have imaging findings of leukoencephalopathy and were
included in this study.

All 6 patients presented to our hospital for increased difficulty
in breathing, and all without neurologic impairment at the time
of presentation. The average age of the patients was 64 years
(range, 60–76 years; 4 men and 2 women). No patients had a his-
tory of neurologic disease or were immunocompromised. One
patient had brain MR imaging 1 year prior, which demonstrated
minimal nonspecific white matter changes without other abnor-
malities. All 6 patients required intubation in the emergency
department for hypoxic respiratory failure. The lowest recorded
arterial oxygen level (partial pressure of oxygen [PaO2]) was
between 46 and 66 mm Hg during their hospital course, with an
average of 55 mm Hg (On-line Table). All 6 patients were
weaned off sedation between admission days 9 and 24 when their
respiratory status improved, with 2 patients successfully extu-
bated. All patients exhibited altered mental status and neurologic
symptoms between admission days 15 and 30.

Five of the 6 patients underwent noncontrast-enhanced
CT imaging first, with a mean time to CT of 23 days (range,
14–30 days) from date of admission. Four of the 5 CT
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studies were unremarkable, with only patient 2 exhibiting
multiple bilateral hypodense lesions in the deep cerebral
white matter (Fig 1).

All 6 patients eventually underwent MR imaging of the brain
with a mean time to MR imaging of 26 days (range, 14–34 days)
from date of admission. The mean duration between the PaO2

nadir and MR imaging was 22 days (range, 13–29 days). All MR
imaging examinations performed at our institution included axial
diffusion-weighted imaging (b ¼ 1000), susceptibility-weighted

imaging, axial T2 FLAIR, and axial T2-weighted imaging. Three
patients had contrast-enhanced T1-weighted imaging, 2 patients
had MRA, and 3 patients had arterial spin-labeling.

On MR images, all 6 patients exhibited symmetric T2
FLAIR hyperintense signal and restricted diffusion involving
the deep white matter of both cerebral hemispheres, with rela-
tive sparing of the subcortical U-fibers (Figs 2 and 3).
Additional sites of white matter involvement were also
observed in the 6 patients: corpus callosum in patient 2 (Fig 2);
middle cerebellar peduncles in patients 1, 2, 4, 5, and 6 (Fig 4);
and corticospinal tracts in patients 2, 3 and 4. On the fractional
anisotropy map, focal areas of white matter tract disruption
were observed only in patient 2 (Fig 2). No evidence of brain
stem or basal ganglia involvement, mass effect, hemorrhage, or
other acute findings was observed. Of the patients who also
underwent contrast-enhanced MR imaging, MRA, or arterial
spin-labeling, no abnormal gadolinium enhancement, vascular
pathology, or perfusion abnormality was observed (Figs 4 and
5). The imaging findings of restricted diffusion with corre-
sponding T2 FLAIR hyperintensity in the white matter are con-
sistent with leukoencephalopathy.

DISCUSSION
Neurologic complications related to COVID-19 infection are not
uncommon, but associated neuroimaging manifestations have

FIG 2. Brain MR images of a critically ill patient (Patient 2) with COVID-19 infection exhibiting impaired arousal, aphasia, and lethargy. A and B,
Paired axial DWI and ADC map show symmetric foci of restricted diffusion involving the deep white matter of both cerebral hemispheres. C,
Axial T2/FLAIR image through the same level shows associated increased T2/FLAIR hyperintensity corresponding to the regions of restricted dif-
fusion. D, Axial fractional anisotropy map shows focal disruption of white matter tracts in the regions of diffusion restriction (white arrows). E
and F, Paired axial DWI and ADC map show restricted diffusion of the body of the corpus callosum (arrow). G and H, Paired axial DWI and ADC
map show restricted diffusion of the splenium of the corpus callosum (arrow).

FIG 1. Head CT of a critically ill patient (patient 2) with COVID-19
infection. Axial CT images demonstrate multiple hypodense foci
within the bilateral periventricular white matter (white arrows) with-
out evidence of hemorrhage.
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not been extensively investigated.5,7,10,13 Initial reported neuro-
imaging findings related to COVID-19 infection included in-
farction, hemorrhage, and encephalopathy.5,7,13-15 Recently,
leukoencephalopathy with intracranial microhemorrhages was
reported.11 Specifically, the authors observed posterior pre-
dominant white matter FLAIR hyperintensity, posterior circu-
lation hyperperfusion, and susceptibility signal in the corpus
callosum. The mechanism underlying leukoencephalopathy in
the setting of COVID-19 infection, however, remains unclear.
While neurotropism has been proposed as an underlying cause

for neurologic symptoms related to
COVID-19 infection, there may be addi-
tional mechanisms at play.1 Specifically,
the brain is sensitive to oxygen depriva-
tion, and severe COVID-19 infection is
known to be associated with hypoxe-
mia.16 In our case series, we present evi-
dence of white matter–specific injury,
which may be the sequela of COVID-19-
related hypoxemia.

On MR imaging, all patients in our
case series exhibited sparing of the sub-
cortical U-fibers and brain stem, with
relatively symmetric involvement of the
deep cerebral white matter, which is
reminiscent of delayed posthypoxic
leukoencephalopathy.17 Severe cases of

COVID-19 infection are associated with profound hypoxemia,
and all 6 patients in our series required intubation and experi-
enced marked hypoxemia. It has been postulated that prolonged
or severe hypoxemia can lead to myelin sheath damage through
dysfunction of the adenosine triphosphate–dependent enzymes
responsible for myelin secretion and maintenance—a cycle of
approximately every 23 days.18 Neurologic symptoms in all 6
patients were first detected between 14 and 23 days after the
date of the lowest recorded PaO2. Furthermore, the mean dura-
tion between MR imaging and the PaO2 nadir was 22 days,
which could be consistent with a posthypoxemic etiology.

Infection-related leukoencephalopathy due to neurotropism is
also possible, and similar features have been reported with other in-
fectious agents, including human immunodeficiency virus, human
polyomavirus JC, and Borrelia burgdorferi (Lyme disease).17 SARS-
CoV-2, however, was not detected in the CSF samples of 2 patients
in our series who underwent lumbar puncture, and no other abnor-
malities were noted in the CSF samples (On-line Table).17 There is
the possibility of false-negative CSF findings as the sensitivity and
specificity of SARS-CoV-2 detection in the CSF has not been estab-
lished. Confirmation of tropism to the cerebral white matter by
SARS-CoV-2 requires further pathology and postmortem investiga-
tion. Vascular and toxic/metabolic causes of leukoencephalopathy
are also possible; however, the absence of perfusion abnormalities,
infarction, hemorrhage, and the lack of clear toxin or medication-
related culprits in these patients make these etiologies less likely.17

Finally, neural injury related to the cytokine storm syndrome has
been proposed, with Poyiadji et al7 reporting neuroimaging find-
ings of acute necrotizing encephalopathy in a case of COVID-19
infection.19 These imaging features, however, were absent in our
case series but this may be related to differences in disease severity,
imaging at different stages of the disease, or different underlying
processes. Further investigation into the inflammatory response
associated with neurologic injury in patients with COVID-19 infec-
tion is warranted.

There are several limitations of our case series, the first of which
is the small number of patients. Second, only 1 patient had brain
MR imaging 1 year prior, which showed minimal nonspecific white
matter changes. The remaining 5 patients had no baseline imaging
studies. However, given the normal neurologic status of the 6

FIG 3. Brain MR images of a critically ill patient (patient 1) with COVID-19 infection exhibiting
altered mental status. A and B, Paired axial DWI and ADC map show symmetric restricted diffu-
sion of the deep white matter of both cerebral hemispheres. C, Axial T2 FLAIR image through
the same level shows associated increased T2 FLAIR hyperintensity corresponding to the regions
of restricted diffusion.

FIG 4. Brain MR images of a critically ill patient (patient 5) with
COVID-19 infection exhibiting impaired arousal and diffuse hyperto-
nicity. A, Axial FLAIR image shows increased T2 FLAIR signal in the
bilateral middle cerebellar peduncles (arrows). B, Contrast-enhanced
T1-weighted image shows absence of abnormal enhancement of the
bilateral middle cerebellar peduncles (arrows). C and D, Paired axial
DWI and ADC map show corresponding restricted diffusion of bilat-
eral middle cerebellar peduncles (arrows).
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patients before admission, the white matter abnormalities seen in
our case series were unlikely to be chronic in nature. Third, given
the critical condition of these patients, serial imaging was not per-
formed to assess the ongoing evolution of these neuroimaging find-
ings. Larger cohort studies with standardized imaging sequences
are required to better evaluate the spectrum of neuroimaging find-
ings related to COVID-19 infection.

Recognition of a clinical syndrome is an initial step in deci-
phering disease mechanisms, introducing and testing therapeu-
tic modalities, and ultimately modifying the course for
improved patient outcomes. Health care providers should be
aware of the potential for a COVID-19-related delayed leukoen-
cephalopathy syndrome in patients infected with SARS-CoV-2
and displaying subacute neurologic deficits, despite improve-
ment in respiratory status. The consequences of delayed post-

hypoxic leukoencephalopathy can be severe, including both
morbidity from chronic neurologic deficits and mortality.
Further research is necessary to better understand this entity.
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