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ADULT BRAIN

Hemorrhagic Posterior Reversible Encephalopathy Syndrome
as a Manifestation of COVID-19 Infection
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ABSTRACT
SUMMARY: We describe 2 hospitalized patients with conﬁrmed coronavirus 19 (COVID-19) infection in whom brain imaging showed
hemorrhagic posterior reversible encephalopathy syndrome, and we discuss the possible reasons for these ﬁndings and their relationship to the infection.
ABBREVIATIONS: ACE2 ¼ angiotensin-converting enzyme 2; COVID-19 ¼ coronavirus 19; PRES ¼ posterior reversible encephalopathy syndrome; SARS-CoV2 ¼ Severe Acute Respiratory Syndrome coronavirus 2

T

he current pandemic of Severe Acute Respiratory Syndrome
coronavirus 2 (SARS-CoV-2) coronavirus 19 (COVID-19) has,
to date, infected nearly 2 million people worldwide, resulting in
.120,000 deaths as of mid-April 2020, spreading across continents
with cases reported in 213 countries and territories.1 Thus far, the
scientific literature in terms of diagnosis and therapeutics has primarily focused on the respiratory status of affected individuals.2
Neurologic manifestations are becoming increasingly recognized3-5
and have been described in 78 of 214 (36.4%) patients in a study of
patients with severe and nonsevere conditions who are positive for
COVID-19. The findings can be, in part, attributed to the affinity of
SARS-CoV-2 coronavirus for the angiotensin-converting enzyme 2
(ACE2) receptor, which is a relatively common functional receptor
in both the respiratory and nervous systems. In fact, in some
patients, neurologic symptoms preceded respiratory illness by several days or were the only indicators of disease in otherwise asymptomatic COVID-19 carriers.5 Postmortem data have demonstrated
hyperemic and edematous brain parenchyma with associated neuronal degeneration in early postmortem studies of patients with
SARS-CoV-2,6 and similar neurologic manifestations have been
reported in related coronavirus infections such as SARS and Middle
East Respiratory Syndrome.7,8
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Case Reports

Patient 1. A 48-year-old male airline pilot was exposed to
COVID-19 on March 12, 2020, and then self-quarantined. With
the exception of obesity, the patient had no pertinent medical or
surgical history and was not on any medications.
He subsequently developed fever and cough on March 17,
had polymerase chain reaction testing positive for SARS-CoV-2,
and was admitted into a local hospital for medical care. Two days
later, the fever progressed to 105°F and he developed difficulty
breathing and was transferred to a tertiary medical center for intensive care unit care and was placed on mechanical ventilation.
On March 25, he developed shock with widely varying blood
pressures from 70/30 to 180/90 mm Hg during his intensive care
stay. On April 4, he was diagnosed with inflammatory cytokine
release syndrome (high D-dimer, lactate dehydrogenase, C-reactive protein, and ferritin values) and developed an altered mental
status. Noncontrast CT of the head was obtained and demonstrated focal vasogenic/cytotoxic edema in the posterior parietooccipital regions bilaterally, which was subcortical in distribution,
with a small right-sided hemorrhage (Fig 1); concurrently
obtained CT venogram findings were normal. The patient was
extubated and transferred to a medical floor on April 10, with
gradual improvement in his mental status. MR imaging of the
brain was performed on April 13 and confirmed vasogenic edema
in the posterior parieto-occipital regions with subacute blood
products suggestive of hemorrhagic posterior reversible encephalopathy syndrome (PRES). SWI revealed extensive petechial
hemorrhages diffusely distributed throughout the corpus callosum (Fig 2).
Patient 2. A 67-year-old woman with multiple comorbidities
and past medical history of hypertension, diabetes, coronary
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FIG 1. Axial noncontrast CT demonstrates edema in the posterior
parieto-occipital regions (black arrows) with a superimposed small
right-side hemorrhage (white arrow).

artery disease, gout, and asthma resided in a local rehabilitation
and skilled nursing center affected by the COVID-19 outbreak.
On March 25, she developed altered mental status, including
lethargy and confusion, and was transferred to our hospital. In the
emergency department, the patient was afebrile, with laboratory
values notable for Cr ¼ 1.65, blood urea nitrogen ¼ 23, lactate ¼
2.3, and mild hyponatremia. Arterial blood gases were normal, and
she denied cough, chest pain, and shortness of breath. The patient
had variations in blood pressure, ranging from 115/72 to 178/83
mm Hg at admission. Chest CT demonstrated bilateral multifocal
ground-glass opacities concerning for COVID-19 pneumonia
due to its high prevalence in the region. Findings of a polymerase
chain reaction test were positive for SARS-CoV-2 on March 27.
Noncontrast head CT demonstrated edema in the bilateral parietooccipital regions with associated mass effect and cortical sulcal
effacement (Fig 3). MR imaging of the brain performed on March
27 revealed multiple areas of restricted diffusion with associated
edema, most extensive in the posterior parieto-occipital lobes but
also in the right frontal lobe, basal ganglia, and cerebellar hemispheres. The SWI sequence demonstrated extensive superimposed
hemorrhages in the parieto-occipital region along with abnormal
enhancement (Fig 4). Findings of concurrently performed MR angiography of the head and neck were unremarkable: Specifically,
evaluation of the posterior circulation demonstrated a patent vertebrobasilar system. The patient remained afebrile with normal
respiratory status, including oxygen saturation; after gradual
improvement in her mental status, she was discharged.

DISCUSSION

FIG 2. Brain axial DWI (A), FLAIR (B), precontrast T1-weighted (C), postcontrast T1-weighted (D),
and susceptibility-weighted (E and F) images obtained 8 days after CT demonstrate a small infarct
in the right occipital region (arrow, A), persistent edema in the posterior parieto-occipital regions
(hollow black arrows, B), subacute blood products in the location of the infarction (solid white
arrow, C), and some contrast enhancement (hollow white arrow, D). There are diffuse petechial
hemorrhages on SWI throughout the corpus callosum (white arrows, E and F).
2

Franceschi

 2020

www.ajnr.org

PRES is a well-described phenomenon presenting clinically as an acute
neurologic syndrome with headache,
altered mental status, seizures, and/or
visual disturbances and accompanied
by fluctuations in blood pressure.9 It is
associated with conditions such as
eclampsia and preeclampsia and various autoimmune and rheumatologic
disorders, in the setting of cytotoxic and immunosuppressive treatments. The underlying pathophysiologic mechanism of PRES remains
controversial but is commonly attributed to alterations in the integrity of
the BBB, possibly due to loss of autoregulation and/or endothelial dysfunction. Dominant imaging features of
PRES include vasogenic edema predominantly in the parieto-occipital
lobes, though abnormalities may also
be seen in the watershed distributions, frontal lobes, inferior temporal
lobes, basal ganglia, brain stem, and
cerebellum. Furthermore, reports
have described hemorrhagic complications of PRES in 15%–20% of cases,
including both petechial hemorrhages

the offending pathogen and resulting in numerous clinical manifestations known commonly as cytokine release syndrome.14-16
Classic laboratory findings of cytokine release syndrome include
decreased T-cells and natural killer cells and, most important, an
increase in interleukin 6, leading to clinical symptoms of fever
and multiorgan dysfunction. This massive release of cytokines
may damage and result in breakdown of the BBB and is a mechanism that may explain the development of PRES in our patients
with COVID-19. Furthermore, hypoxia is a well-known trigger of
inflammation, both at the local and systemic levels.17,18 Both of
our patients had labile blood pressures, with the first patient rapFIG 3. Axial noncontrast CT images demonstrate vasogenic/cytotoxic
idly fluctuating from significant hypotension to severe hypertenedema in the parieto-occipital regions suggestive of PRES (arrows).
sion in a short time. This also is a commonly described risk factor
for the development of PRES and may
explain the neuroimaging findings. In
addition, the COVID-19 virus, by
means of the spike protein S1, has a
high affinity for the human ACE2
receptors, which are expressed on
numerous cells types, including the
capillary endothelium.5,19-22 Current
data suggest that engagement of the
endothelium by the virus can cause
damage to its lining and result in
increased permeability of the BBB.
This scenario can result in loss of
homeostatic regulation of blood flow
to the brain, increased susceptibility to
blood pressure changes, and, as in our
patients, brain edema. The presence of
superimposed hemorrhages may be
related to coagulopathy, which is also
a sequela of cytokine release syndrome
due to liver dysfunction and consumption of clotting factors as part of
the disseminated intravascular coagulation cascade.
It is suspected that endothelial damFIG 4. Brain axial DWI (A), FLAIR (B), precontrast T1-weighted (C), postcontrast T1-weighted (D)
and SWI (E and F) obtained after CT demonstrate bilateral posterior infarctions (white arrows, A),
age to the BBB precedes the actual invaedema in the posterior parieto-occipital regions (white arrows, B), and some contrast enhancesion of the virus into the brain. Once
ment (hollow white arrow, D; compare with C). Selected SWI shows extensive blooming artifacts
the virus accesses the brain, it may also
compatible with hemorrhages predominantly in the cortex (white arrows, E and F). Findings are
attack neurons, by virtue of the S1more pronounced on the right side.
ACE2 interaction. This may be the prelude to severe parenchyma destruction
seen in acute necrotizing encephalopathy.3,4,23-25 In this context, can COVID-19-mediated PRES be conand intraparenchymal hematomas, as was the case with our
sidered a gateway to COVID-19-mediated a cute necrotizing
patients. PRES-related intracranial hemorrhage has been associencephalopathy? Although the pathogenesis of postinfectious acute
ated with poor patient outcome.10-12 In addition, abnormal connecrotizing encephalopathy may be related to the same cytokine
trast enhancement may also be seen in some patients with PRES
storm that has been described in patients with COVID-19 and may
as the parenchymal insult becomes subacute. Occasionally,
also be responsible for some cases of PRES, a link between both is
patients may also develop cytotoxic edema, which is reflected by
still not well established.3,19,25 Acute necrotizing encephalopathy
restricted diffusion on MR imaging, such as was seen in our
9,13
typically involves different brain regions, including the thalami, a
patients.
finding not observed in our patients.4,23,24 Both of our patients
COVID-19-infected critically ill patients have a massive
inflammatory reaction that is proposed to be due to rapid accurecovered with medical management and did not develop more
mulation of T-cells and macrophages, resulting in release of a
ominous brain lesions, in line with described favorable clinical outcomes of most cases of non-COVID-19 PRES.
large number of cytokines into the bloodstream aiming to destroy
AJNR Am J Neuroradiol :

 2020

www.ajnr.org

3

CONCLUSIONS
We presented 2 patients with COVID-19 who demonstrated imaging findings compatible with hemorrhagic PRES. Although multifactorial, PRES in hospitalized patients with COVID-19 may be
explained by a combination of cytokine release syndrome and
direct SARS-CoV-2–mediated breakdown of the BBB, rendering
patients susceptible to developing PRES, particularly in the setting
of labile blood pressure. Despite significant brain abnormalities,
both patients survived and showed normal mental status following
the resolution of COVID-19-associated symptoms. PRES may be a
neurologic manifestation of COVID-19 infection.
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