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ABSTRACT

SUMMARY: Coronavirus disease 2019 was declared a global pandemic by the World Health Organization on March 11, 2020. There
is a scarcity of data on coronavirus disease 2019–related brain imaging features. We present 5 cases that illustrate varying imaging
presentations of acute encephalopathy in patients with coronavirus disease 2019. MR features include leukoencephalopathy, diffu-
sion restriction that involves the GM and WM, microhemorrhages, and leptomeningitis. We believe it is important for radiologists
to be familiar with the neuroradiologic imaging spectrum of acute encephalopathy in the coronavirus disease 2019 population.

ABBREVIATIONS: COVID-19 ¼ coronavirus disease 2019; SARS-CoV ¼ Severe Acute Respiratory Syndrome coronavirus

Coronavirus disease 2019 (COVID-19) is a clinical manifesta-
tion of Severe Acute Respiratory Syndrome coronavirus

(SARS-CoV) 2 infection. This virus was first detected in Wuhan,
China, in December 2019,1 and, by March 11, 2020, it had been
declared a global pandemic by the World Health Organization.2

Recent studies have demonstrated encephalopathic symptoms in
up to 36% of hospitalized patients with COVID-19, including
altered mental status, confusion, and headaches.3

There is a scarcity of data on COVID-19–related brain MR fea-
tures. Poyiadji et al4 suggested a possible link between COVID-19
infection and acute necrotizing encephalopathy, and subsequent
case reports described encephalitis in patients with COVID-19.5-7

A recent study from Turkey included a range of neuroimaging
findings in patients with COVID-19 in the intensive care unit,
with cortical signal abnormality and diffusion restriction predomi-
nating.8 Recently, Radmanesh et al9 reported 2 neuroimaging find-
ings, diffuse leukoencephalopathy and WM microhemorrhages, in
patients with COVID-19. Respiratory distress is seen in up to 25%
of patients with COVID-19,10 and hypoxia itself can result in leu-
koencephalopathy and microhemorrhages in certain settings.11,12

However, the current literature is limited on whether these MR

findings in patients with COVID-19 are due to primary pathology
or secondary complications from hypoxia.

We have encountered MR findings of encephalopathy among
5 patients with COVID-19 during the surge of disease in New
York City from late March to late April 2020. As COVID-19 con-
tinues to grow on a global scale, it is important for radiologists to
be familiar with varying presentations of acute encephalopathy
that may be encountered in patients with COVID-19 (On-line
Table).

CASE 1
A 59-year-old woman with no known medical history presented
with respiratory distress (40% on room air and required intuba-
tion in the emergency department, and, subsequently, was found
to be positive for COVID-19 on reverse transcriptase–polymerase
chain reaction nasal swab test result. Her family confirmed acute
disorientation on the day of presentation. Her hospital stay was
complicated by non-ST-elevation myocardial infarction and focal
seizures. A CT of the head was unremarkable; however, subse-
quent MR imaging of the brain (Fig 1) on day 7 of intubation
demonstrated patchy and confluent areas of restricted diffusion
and FLAIR hyperintensity that involved the cerebral cortices and
WM (Fig 1A), with involvement of the basal ganglia, splenium of
corpus callosum (Fig 1B, -C), and pons (Fig 1D). A small amount
of scattered predominantly frontoparietal leptomeningeal FLAIR
hyperintensity was present (Fig 1A). A few small subcortical and
corpus callosum microhemorrhages were noted as well as trace
intraventricular hemorrhage. CSF bacterial culture showed no
growth over 5 days. There was no elevation of leukocytes or pro-
tein in the CSF. The COVID-19 viral load was not detected on
CSF analysis. Other etiologies, such as E coli, H Haemophilus,

Received May 13, 2020; accepted after revision June 15.

From the Departments of Diagnostic, Molecular and Interventional Radiology (S.K.,
B.N.D., P.B., A.A., B.R., J.S., A.H.D., P.S.P.), and Neurology (L.S.), Icahn School of
Medicine at Mount Sinai, New York, New York.

Please address correspondence to Puneet S. Pawha, MD, Department of
Diagnostic, Molecular and Interventional Radiology, Icahn School of Medicine at
Mount Sinai and The Mount Sinai Hospital, One Gustave L. Levy Pl, Box 1234, New
York, NY 10029; e-mail: puneet.pawha@mountsinai.org

Indicates open access to non-subscribers at www.ajnr.org

Indicates article with supplemental on-line table.

http://dx.doi.org/10.3174/ajnr.A6715

1804 Kihira Oct 2020 www.ajnr.org

https://orcid.org/0000-0003-1001-8741
https://orcid.org/0000-0002-9792-8942
https://orcid.org/0000-0001-8618-8136
https://orcid.org/0000-0002-8268-616X
https://orcid.org/0000-0002-9562-6457
https://orcid.org/0000-0002-5886-1423
https://orcid.org/0000-0002-3096-9643
https://orcid.org/0000-0002-2507-436X
https://orcid.org/0000-0002-8239-3308
mailto:puneet.pawha@mountsinai.org
http://dx.doi.org/10.3174/ajnr.A6715


N Neisseria, CMV Cytomegalovirus, HSV1 and 2 Herpes simplex
virus 1 and 2, and West Nile virus, were not detected on CSF
analysis. No oligoclonal bands were present. There was no status
epilepticus, discrete anoxic episode, or known toxic and/or meta-
bolic abnormality to account for the imaging findings. The patient
is currently undergoing plasma exchange for concern for pre-
sumed COVID-19–related autoimmune encephalitis, though hy-
poxia may also be a contributing factor.

CASE 2
A 60-year-old man with hypertension and diabetes mellitus
type 2 presented with fever, cough, altered mental status, and
dyspnea for 2weeks, and was determined to be positive for
COVID-19 on reverse transcriptase–polymerase chain reaction
nasal swab test result. The presenting O2 saturation was 92% on
room air. The patient was encephalopathic on presentation,
with disorientation and decreased alertness. His hospital stay
was complicated by hypoxic respiratory failure, which required
intubation and was further complicated by cardiogenic shock
attributed to Takotsubo cardiomyopathy. He also developed
acute renal failure, which required multiple cycles of dialysis.
Although his altered mental status was initially attributed to

uremic encephalopathy, he continued to remain altered despite
dialysis. A CT of the head was unremarkable except for chronic
basal ganglia calcification. Video EEG demonstrated diffuse
theta slowing, but no epileptiform discharges. A brain MR
imaging (2 weeks after intubation) (Fig 2) demonstrated conflu-
ent FLAIR hyperintensity and diffusion restriction throughout
the cerebral WM, with sparing of subcortical U-fibers.
Subsequent CSF analysis was unremarkable and without
COVID-19 viral load detection. MR findings and clinical history
would be compatible with post–hypoxic leukoencephalopathy;
however, because encephalopathy preceded respiratory distress,
a component of COVID-19–related leukoencephalitis is also
considered.

CASE 3
A 35-year-old woman at 28weeks’ gestation and diagnosed with
pyelonephritis 2weeks earlier presented with abdominal pain,
fever, cough, and decreased alertness, and was positive for
COVID-19 on reverse transcriptase–polymerase chain reaction
nasal swab test result. O2 saturation was 90% on room air at pre-
sentation. She was being worked up for encephalopathy; however,
her hospital stay was complicated by hypoxic respiratory failure,
which required intubation, and cardiac arrest a few days later,
which required cardiopulmonary resuscitation. After the return
of spontaneous circulation, the patient was taken for emergent
caesarean section. Her mental status remained poor. A CT of the
head was unremarkable. EEG showed generalized slowing com-
patible with encephalopathy but no electrographic seizures.

MR imaging of the brain 4 days later (day 8 of intubation)
(Fig 3A,-B) demonstrated numerous small foci of susceptibility
within the peripheral cerebral subcortical WM and throughout
the corpus callosum, most pronounced at the splenium, favored
to reflect microhemorrhages. Some foci were linear, which raised
the additional but less likely consideration of venous micro-
thrombi. Splenial confluent FLAIR hyperintensity was seen, con-
sistent with edema (Fig 3C); however, no other parenchymal
edema was noted. Diffuse prominent sulcal FLAIR hyperintensity
was present; however, this is often artifactual in the setting of the

FIG 1. An axial MR image of a 59-year-old woman with COVID-19
who presented with respiratory distress and acute disorientation
(case 1). A, FLAIR image demonstrates confluent FLAIR hyperintensity
that involves cerebral WM (arrowheads) and patchy involvement of
cerebral cortices; a small amount of scattered frontoparietal lepto-
meningeal FLAIR hyperintensity is noted (arrow). B, FLAIR image
shows hyperintensity that involves the splenium (arrows) and basal
ganglia (arrowhead). C, DWI demonstrates restricted diffusion that
involves the splenium of the corpus callosum (arrows) and the cortex
(arrowhead). D, DWI shows a diffusion-restricting focus in the pons
(arrow).

FIG 2. An axial MR imaging of the brain of a 60-year-old man with
COVID-19 who presented with disorientation and decreased alertness
(case 2). A, A FLAIR image demonstrates diffuse confluent WM hyper-
intensity with sparing of the subcortical U-fibers (arrowheads). B,
DWI shows corresponding restricted diffusion throughout the
involved WM (arrowheads).
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patient receiving high oxygen fraction, which can confound
assessment for meningitis. CSF bacterial culture showed no
growth for 4 days. There was no elevation of leukocytes or protein
in the CSF. Other etiologies, such as E coli, H Haemophilus, N
Neisseria, CMV Cytomegalovirus, HSV1 and 2 Herpes simplex
virus 1 and 2, andWest Nile virus were undetected on CSF analy-
sis. Autoimmune antibodies and oligoclonal bands were also not
detected. Testing for the presence of SARS-CoV-2 in the CSF was
unable to be performed. A working diagnosis was a hemorrhagic
leukoencephalopathy in the setting of active viral infection.

CASE 4
A 48-year-old man with no known medical history initially pre-
sented with nausea, vomiting, and cough, and was found to have
COVID-19 on reverse transcriptase–polymerase chain reaction
nasal swab test result. His presenting oxygen saturation was 100%
on room air. The first 2 inpatient weeks were complicated by acute
respiratory distress syndrome, which required intubation, and
acute kidney injury, which required peritoneal dialysis. The
patient subsequently became altered, with flaccid paralysis of
bilateral lower extremities activating a code stroke. A CT of the
head and a CTA were unremarkable, with an ASPECTS of 10.

MR imaging of the brain the follow-
ing day (week 3 of intubation) (Fig 4A)
showed multiple diffusion-restricting
and FLAIR hyperintense foci within the
WM, specifically in the right centrum
semiovale and bilateral corona radiata,
left temporal lobe, and left medullary
pyramid, and in the spinal cord at C1.
T2 FSE imaging (Fig 4B) showed a
halo-like appearance of the dominant
lesion in the corona radiata and
another, smaller lesion, which favored a
demyelinating/inflammatory etiology
over infarct. Concurrent MR imaging
of the spine (Fig 4C) showed focal T2
hyperintense lesions within the right
lateral cord at C1 (which corre-
sponded to the focal restricted dif-
fusion seen on the MR imaging of
the brain) and T5 levels as well as a
third lesion in the left lateral col-
umn at T5. CSF protein and glucose
were elevated to 132mg/dL and
105mg/dL, respectively. There was
no oligoclonal band, and the cyto-
pathology result was negative.
Given the findings of multiple dif-
fusion restricting lesions limited to
WM structures of the brain and
cord in the setting of recent
COVID-19 infection, a postviral
autoimmune demyelinating en-
cephalomyelitis was favored.

CASE 5
A 41-year-old man with morbid obe-

sity who had previously undergone a gastric sleeve procedure
presented with nonproductive cough, shortness of breath, and
subjective chills for 4 days. At presentation, oxygen saturation
was 95% on room air. He was found to have COVID-19 on
reverse transcriptase–polymerase chain reaction nasal swab test
result and associated pneumonia. The hospital course was com-
plicated by hypoxic respiratory failure, which required intuba-
tion, and acute kidney injury, which required dialysis. The
patient was on ventilation for 3weeks and was found to be disori-
ented and decreased in alertness after extubation, which persisted
despite several cycles of hemodialysis. A CT of the head per-
formed 4 weeks after intubation was unremarkable, but the sub-
sequent MR imaging demonstrated FLAIR hyperintensity of the
globi pallidi and more extensively throughout the cerebral WM,
with subcortical U-fiber sparing (Fig 5), with corresponding
moderately restricted diffusion. The leading consideration was
de-layed post–hypoxic leukoencephalopathy; however, basal gan-
glia involvement also prompted consideration of encephalitis and
metabolic encephalopathy. Postviral demyelination is less likely
given the diffuse symmetric MR findings.

FIG 3. An axial MR imaging of the brain of a 35-year-old woman with COVID-19 who presented
with decreased alertness (case 3). A, A gradient recalled-echo (GRE) image demonstrates numer-
ous small foci of susceptibility in the peripheral subcortical WM (arrows). B, A more inferior GRE
image shows numerous small foci of susceptibility throughout the corpus callosum, particularly
the splenium (arrows). C, A FLAIR image demonstrates confluent bilateral hyperintensity that
involves the splenium (arrows).

FIG 4. An axial MR imaging of the brain of a 48-year-old man with COVID-19 and with acute flac-
cid paralysis of the bilateral lower extremities (case 4). A, DWI demonstrates multiple diffusion-
restricting foci in the WM, including right greater than left corona radiata (arrows). B, A T2 FSE
image shows a “halo” appearance of a dominant right corona radiata lesion (inset), suggestive of
demyelination. C, A T2 FSE image demonstrates a focal lesion in the right lateral column of the
spinal cord at C1 (arrow), which corresponds to a diffusion-restricting focus on MR imaging of the
brain.
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DISCUSSION
The 5 cases presented illustrate varying imaging presentations of
acute encephalopathy in patients with COVID-19. There is a
scarcity of data on COVID-19–related MR findings of encephal-
opathy. Differential considerations in all cases included potential
complications of the SARS-CoV-2 virus. All 5 patients demon-
strate WM signal abnormalities and areas of diffusion restriction.
Three of 5 patients demonstrated large confluent and symmetric
diffusion restriction in the cerebral WM, with sparing of subcorti-
cal U-fibers. This pattern can be seen with delayed post–hypoxic
leukoencephalopathy, which is a leading consideration in 2
patients in whom MR imaging was obtained 1–4weeks after
hypoxic events; however, encephalopathy was noted even before
hypoxia in 2 of 3 patients with this confluent WM abnormality.
Clinically significant hypoxic burden is reported with 5%–25% of
patients with COVID-19 and who require ventilation,10,13 and
even more are presumed to have silent hypoxia before presenta-
tion.14 This is a confounding variable because hypoxia can result
in varying MR findings, for example, those seen in delayed post–
hypoxic leukoencephalopathy12 and high-altitude cerebral
edema.11 Given the clinically significant hypoxia encountered in
patients with COVID-19, we believe that the MR findings in
some cases are multifactorial, with a likely frequent component
of post–hypoxic leukoencephalopathy.10

Results of a few recent studies have suggested COVID-19–
related neuroimaging findings in patient with encephalop-
athy.8,9,15 Our findings differed from those of Kandemirli et
al,8 which showed GM involvement in most cases. Radmanesh
et al9 reported findings of diffuse leukoencephalopathy and
microhemorrhages, which are also present in our series. In
addition, there are several important novel findings in our
study that may help to understand the broad spectrum of
COVID-19–related MR imaging findings. Basal ganglia 2
patients) and pontine (1 patient) involvement of edema and
diffusion restriction have not been described in association
with COVID-19 in previous studies. In addition, COVID-19–
related postviral demyelination of the brain and spinal cord is
a novel finding.

Viral encephalitis is a sequela of direct viral neuroinvasion and
is typically dictated by the receptor binding domain of the virus.
Studies in SARS-CoV, whose genomic sequence closely resembles
SARS-CoV-2 of COVID-19,16 suggest that the pathology involves
a cytokine cascade through angiotensin-converting enzyme 2 re-
ceptor binding, which leads to blood-brain barrier breakdown.17

Angiotensin-converting enzyme 2 is widely expressed in the glial
cells and in the brain stem nuclei regulating the cardiorespiratory
systems.18 Moreover, this cytokine cascade and the direct cyto-
pathic damage by the virus was proposed to cause neurologic dis-
ease, such as encephalitis, in susceptible individuals19 and was
recently described in a subset of patients with COVID-19.20 Viral
entry into the CNS may result from either hematogenous dissemi-
nation or retrograde peripheral nerve propagation within the
brain, with the latter appealing for the explanation of anosmia in
the COVID-19 population.21

Two patients in this case series demonstrated splenial edema,
which has also been previously reported in Middle East
Respiratory Syndrome coronavirus encephalitis.22 The patients in
our cases also demonstrated microhemorrhages within subcorti-
cal regions and corpus callosum, one extensive and the other
mild. This distribution has been described in high-altitude cere-
bral edema and also in patients who are critically ill11,12 and was
also described by Radmanesh et al9 as a potential COVID-19–
related finding. Additional consideration for this appearance
includes hemorrhagic leukoencephalitis, possibly even a forme
fruste of acute hemorrhagic leukoencephalitis, the autoimmune
process that typically has a more fulminant course. In addition,
cytokine cascade has been shown to lead to thromboembolic phe-
nomena as a result of a hypercoagulable state,23 which could then
cause small vessel thromboses and microhemorrhages within the
brain. Hemorrhagic foci are also seen in acute necrotizing ence-
phalopathy; however, the patients in our cases show the absence
of necrosis and dissimilar distribution. CSF analysis was unre-
markable in all cases of suspected possible viral encephalitis in
this case study, perhaps not surprising given the low utility of the
viral analysis in CSF where levels are typically very low.24

However, a negative viral assay does not rule out the diagnosis.
A case of suspected postviral demyelination is included in this

case series, presumed to be related to recent COVID-19 infection.
Postviral encephalomyelitis or acute disseminated encephalomy-
elitis is an immune-mediated inflammatory demyelinating disor-
der that occurs within days to weeks of viral infection. The age of
onset remains young in the adult population, with a mean age in
the 40s.25 Acute disseminated encephalomyelitis is not the result
of tissue invasion by the microbes themselves, unlike in viral en-
cephalitis. Demyelination is often in the cerebral WM and spinal
cord, although it may also involve the GM. CSF analysis is non-
specific in patients with acute disseminated encephalomyelitis
and may be normal in up to one-third of patients.26 Although
this series includes the presumptive first report of postviral
demyelinating encephalomyelitis from COVID-19, MR imaging
features are typical of this entity, and this mechanism would par-
allel other coronavirus subtypes in which acute disseminated en-
cephalomyelitis has also been described.27

A comprehensive delineation of post–hypoxic leukoence-
phalopathy, postviral autoimmune encephalitis, and infectious

FIG 5. An axial MR imaging of the brain of 41-year-old man with
COVID-19 and with persistent disorientation and decreased alertness
1 week after extubation (case 5). A, A FLAIR image demonstrates
hyperintensity throughout the cerebral WM (arrowheads). B, A
more-inferior FLAIR image demonstrates hyperintensity of the globi
pallidi bilaterally (arrows).
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leukoencephalitis is not possible given our small sample size.
Symmetric confluent leukoencephalopathy favors a component
of post–hypoxic leukoencephalopathy, and more focal WM
lesions (particularly if the spinal cord or the posterior fossa is
involved) may suggest postviral autoimmune demyelination.
Basal ganglia involvement can raise suspicion for encephalitis in
the absence of known causative factors. In addition, we
acknowledge that silent hypoxia is associated with COVID-19
infection and would be difficult to measure because the patient
would be asymptomatic and not seek medical attention at the
time. However, only 1 patient had clinically significantly low
oxygen saturation (,90%) at the time of presentation, which
suggests that encephalopathy may have preceded hypoxia.

Whether these imaging appearances are the sequelae of direct
infectious encephalitis, postviral encephalitis, hypoxia, or simply
critical illness–related encephalopathy remains under investigation.
In some patients with COVID-19, encephalopathy may be multi-
factorial. This case series serves to raise awareness of varying pre-
sentations of presumed encephalitis that may be seen in patients
with COVID-19. Knowledge of these neuroimaging features may
aid in the detection and early management of neurologic complica-
tions in this patient population.
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