
BRIEF/TECHNICAL REPORT
ADULT BRAIN
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ABSTRACT

SUMMARY: Coronavirus disease 2019 (COVID-19) is a viral infection caused by the Severe Acute Respiratory Syndrome coronavirus
2 (SARS-CoV-2), which spreads rapidly from person to person and manifests in most symptomatic patients as a respiratory illness,
similar to prior SARS viruses. Neurologic manifestations of COVID-19 are uncommon; those so far reported include encephalopathy,
stroke from large-vessel occlusion, and polyneuropathy. We report a unique neurologic complication of COVID-19 in a patient who
had extensive cerebral small-vessel ischemic lesions resembling cerebral vasculitis in a characteristic combined imaging pattern of
ischemia, hemorrhage, and punctuate postcontrast enhancement. Also, a characteristic lower extremity skin rash was present in our
patient. Our observation lends support to the increasingly suspected mechanism of “endotheliitis” associated with this novel
coronavirus.

ABBREVIATIONS: ACE2 ¼ angiotensin converting enzyme 2; COVID-19 ¼ coronavirus disease 2019; SARS-CoV-2 ¼ Severe Acute Respiratory Syndrome coronavi-
rus 2

Coronavirus disease 2019 (COVID-19) has now spread to the
whole world following an outbreak in China in late 2019.1

The virus is so highly contagious that the World Health
Organization has declared COVID-19 a pandemic, with close
to 3.5 million confirmed cases and 250,000 fatalities world-
wide at the time of this report (May 1, 2020).1,2 Similar to
other coronaviruses, the Severe Acute Respiratory Syndrome
coronavirus 2 (SARS-CoV-2) virus primarily targets the respi-
ratory system. In symptomatic patients, the most common
symptoms are fever, fatigue, cough, headache, and shortness
of breath. Severely symptomatic patients may present with
pneumonia, acute respiratory distress syndrome, acute car-
diac dysfunction from myocarditis, and multiorgan failure.3-5

Several mild neurologic manifestations of COVID-19 have
now been reported, which include hyposmia or anosmia.6-8

More severe neurologic complications have also been recently

reported, which may possibly be associated with COVID-19,
including acute hemorrhagic necrotizing encephalopathy,9

acute transverse myelitis and Guillain Barré syndrome,10 and
meningitis.11

We report herein a unique neurologic complication of
COVID-19 with extensive ischemic lesions resembling CNS
vasculitis.

Case Report
A 65-year-old man presented to the emergency department
with a 5-day history of fatigue, fever, and cough. Initial blood
work showed an inflammatory syndrome with an elevated C-
reactive protein (60mg/L), bicytopenia (normocytic anemia
and thrombocytopenia), and lymphopenia. The patient was
admitted to the medical ward for further evaluation. Non-
contrast chest CT showed ground-glass opacities characteristic
of COVID-19 infection. The diagnosis was confirmed by
reverse transcription polymerase chain reaction detection of
SARS-CoV-2 from a nasopharyngeal swab.

The following day, the patient had a high fever and chills. A
lower extremity skin rash was noted. Severe hypoxemia (56mm
Hg) and low oxygen saturation (90.6%) prompted oxygen ther-
apy with a high-concentration mask (15L/min) and antibiotic
therapy (spiramycin, amoxicillin, and clavulanic acid). Because
oxygen saturation continued to drop to 88%, with worsening of
skin rash and tachypnea, the patient was admitted to the pulmo-
nary intensive care unit.
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Rapid stabilization of pulmonary function was obtained
with oxygen and care in the intensive care unit; however, the
patient remained drowsy and unarousable despite discontin-
uation of sedation. CT and MR imaging of the brain were
performed to look for possible neurologic complications such
as hypoxic-ischemic injuries or encephalitis. CT showed mul-
tiple white matter, basal ganglia, and cerebellar hypodensities
and bilateral globus pallidus hyperdensities (Fig 1), sugges-
tive of hemorrhage confirmed on T2*-weighted MR imaging
(Fig 2).

Brain MR imaging showed extensive ischemic lesions
with restricted diffusion (Fig 3), involving the centrum
semiovale, corpus callosum, basal ganglia, and cerebellum

(Fig 4), with patchy/punctuate enhancement (Fig 5).
Coronal 3D reconstruction MRA of supra-aortic arteries
showed no detectable abnormality of large intra- or extrac-
ranial vessels (Fig 6).

DISCUSSION
Neurologic complications are definitely associated with COVID-
19, though the mechanism of neurologic injury remains specula-
tive. Encephalopathy, ischemic stroke from large-vessel occlu-
sion,7-9,12 Guillain-Barré syndrome,10 and reversible cranial nerve
injuries (Miller Fisher syndrome)13 have all been reported with
no evidence thus far that the SARS-CoV-2 can cross the blood-
brain barrier.12,13

In our patient, hypoxic-ischemic injury was considered an
unlikely mechanism of injury because the patient had
remained responsive throughout the period of low oxygen sat-
uration, and only deteriorated several hours after successful
stabilization of oxygen saturation; in addition, the patient
did not have cardiac arrest. Also, imaging studies showed
sparing of the striatum and cortical structures throughout.

FIG 1. Noncontrast brain CT of presumptive COVID-associated small-vessel injury. Note deep white matter (A), basal ganglia (B), and cerebellar
(C) hypodensities (arrows). Bilateral globus pallidus hemorrhage is also present (B, arrows).

FIG 2. T2*-weighted MR imaging demonstrates bilateral globus pal-
lidus susceptibility, consistent with microhemorrhage (arrows).

FIG 3. Diffuse deep white matter ischemic injuries. DWI shows
numerous focal ischemic lesions within the hemispheric deep white
matter (A, white arrow), the corpus callosum (A, red arrow), the basal
ganglia, the middle cerebellar peduncles, and the cerebellar hemi-
spheres (B, white arrows).
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Similarly, a pro-thrombotic state
was not considered a likely causative
factor because thorough coagulation
panel findings (including the anti-
phospholipid antigen) were normal.

Neuroimaging findings in our
patient suggest the possibility of
injury to the small intracranial vascu-
lature in the distribution of distal per-
forating arteries. The association of
ischemic and hemorrhagic lesions to
the “patchy/punctate” enhancement
pattern is highly suggestive of vasculi-
tis.14 The punctate enhancement pat-
tern has been reported to be char-
acteristic of disease processes that
progress from endoluminal (angio-
centric lymphoma), vessel wall (vas-
culitis), or perivascular (progressive
multifocal leukoencephalopathy) cel-
lular proliferation.15

SARS-CoV-2 infects the host
through its CoV spike glycoprotein,
which binds to the angiotensin con-
verting enzyme 2 (ACE2) receptor,
which is expressed in the lungs, heart,
and kidney (the most frequenty tar-
geted organs in COVID-19), but also
endothelial cells.16 Endothelial cell
involvement with COVID-19 has
recently been demonstrated across
vascular beds.17 The expression of the
ACE2 receptor in neurons and cere-
bral endothelial cells indicates a high
level of invasiveness for the SARS-
CoV-2 in comparison with other coro-
naviruses (SARS and Middle East
Respiratory Syndrome).18 Such an en-
dothelial mechanism of injury (en-
dotheliitis) has been convincingly
demonstrated in severe cases of car-
diac injury in humans.19 Histologic
evidence of COVID-19–induced vas-
culitis has also been reported in several
other organs including the lung, liver,
kidney, or skin.20,21 The concomitance
of a characteristic skin rash with a
“mottled” appearance and such a pat-
tern of CNS lesions in our patient
would lend support to a mechanism of
virus-related endothelial injury.

CONCLUSIONS
COVID-19–related neurologic com-
plications remain poorly understood.
We report a patient whose clinical pre-
sentation and neuroimaging findings

FIG 4. Diffuse ischemic lesions on FLAIR imaging. Axial (A–C) and coronal (D) FLAIR images show
hyperintense ischemic lesions within the periventricular white matter, basal ganglia, cerebellar
peduncles (white arrows), and the corpus callosum (A, red arrow).

FIG 5. Patchy/punctate postcontrast enhancement pattern with consistent small vessel involve-
ment. Postcontrast T1 MR imaging shows intense patchy enhancement of all lesions, in particular
the globus pallidus bilaterally (A, white arrows), with a punctuate pattern in the middle cerebellar
peduncles and cerebellar hemispheres (B, arrow).
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are supportive of a mechanism of SARS-CoV-2–induced vasculi-
tis/endotheliitis.
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FIG 6. Coronal 3D reconstruction MRA of the supra-aortic
arteries shows no detectable abnormality of large intra- or
extracranial vessels.
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