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A B S T R A C T

BACKGROUND AND PURPOSE: Covid-19, initially described as a respiratory system’s infection, is currently more and
more recognized as a multiorganic disease, including neurological manifestations. There is growing evidence about a potential
neuroinvasive role of SARS-CoV-2. The purpose of this study is to describe new findings, in the form of cerebral microbleeds
affecting different brain structures, observed in MRIs of critically ill patients.
METHODS: For this purpose, the MR images of 9 patients with a common pattern of abnormal findings (2 women/7 men;
55-79 years of age; mean age: 67.7 years) were depicted. All patients were tested positive for SARS-CoV-2 and presented with
delayed recovery of consciousness or important agitation, requiring brain MRI.
RESULTS: All patients had suffered from severe (5/9) or moderate (4/9) acute respiratory distress syndrome, requiring
prolonged stay in the intensive care unit. Their common MRI finding was the presence of microbleeds in unusual distribution
with a specific predilection for the corpus callosum. Other uncommon locations of microbleeds were the internal capsule (5/9),
as well as middle cerebellar peduncles (5/9). Subcortical regions were also affected in the majority of patients.
CONCLUSIONS: Brain MRI raised evidence that Covid-19 or its related treatment may involve the brain with an unusual pattern
of microbleeds, predominantly affecting the corpus callosum. The mechanism of this finding is still unclear but the differential
diagnosis should include thrombotic microangiopathy related to direct or indirect—through the cytokine cascade—damage by the
SARS-CoV-2 on the endothelium of brain’s vessels, as well as mechanisms similar to the hypoxemia brain-blood-barrier injury.
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Introduction
There is currently a severe global public health concern due to
a rapidly growing worldwide pandemic of a novel Coronavirus
(SARSCoV-2), which has been first isolated in China after a
local outbreak of severe respiratory system viral infection.1 As
more and more people are getting infected worldwide, a variety
of extrapulmonary manifestations is being described, includ-
ing gastrointestinal involvement,2 cutaneous manifestations,3

as well as atypical manifestations from the sensorial system,
specifically anosmia and ageusia.4 Symptoms, such as confu-
sion, dizziness, and ataxia, have also been described, but were
initially considered as the result of the inflammatory status and
the hypoxemia resulting from the Covid-19 pneumonia. After
the description of a case of acute hemorrhagic necrotizing en-
cephalopathy in a Covid-19 positive patient,5 as well as cases of
meningitis,6 there is currently increasing research interest about
the potential neuroinvasive role of SARS-CoV-2.

Our institution, being the regional reference center for the
disease, treats a significant number of Covid-19 patients, some
of them presenting with neurological symptoms requiring brain

imaging, especially during weaning from ventilator support. We
report nine cases of patients suffering from SARS-CoV-2 infec-
tion who underwent brain MRI, which was significant for mi-
crobleeds with atypical distribution.

Methods
In this brief report, the MR images of 9 patients (2 women/7
men; 55-79 years of age; mean age: 67.7 years) were depicted.
Informed and written consent was obtained for all patients, as
well as approval from the regional ethical standards commit-
tee. All patients had positive polymerase-chain-reaction assay
for SARS-CoV-2 of nasopharyngeal swab and presented with
various neurological symptoms requiring brain MRI. Images
were obtained either in 1.5T Ingenia MRI (Philips) or 3T Skyra
MRI (Siemens) machine, with a protocol, including diffusion
weighted imaging, T2WI, T1WI before and after contrast me-
dia, fluid-attenuation-inversion-recovery (FLAIR), and suscep-
tibility weighted imaging (SWI). All images were analyzed in
consensus by two neuroradiologists.
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Fig 1. Multiple hypoattenuating foci involving the subcortical white matter (white arrows in A-C), as well as the corpus callosum (white ellipse
in A and B), the anterior limb of the internal capsule (black arrow in B) and both middle cerebellar peduncles (not shown here), observed
in susceptibility weighted imaging of the brain MRI of a 56-year-old woman. Interestingly, some of the lesions present a more linear shape,
opening a differential diagnosis of microthrombi within vessels (black ellipse in B).

Fig 2. Brain MRI findings of a 66-year-old man include multiple microbleeds, involving the corpus callosum (white ellipse in A and B), the
anterior limb of the right internal capsule (white arrow in B), the left middle cerebellar peduncle (black arrow in C), the basal ganglia (black
ellipse in B), subcortical white matter (black star in A), as well as one left frontal macrobleed (white star in A). Similarly to the previous patient,
some of the lesions appear linear (black ellipse in B).

Results
All patients had suffered from severe (5/9) or moderate (4/9)
acute respiratory distress syndrome (ARDS), requiring neuro-
muscular blockade, deep sedation, and mechanical ventilation
with an average stay in the intensive care unit (ICU) of 15.8
days (range: 8-27 days). They received a combination of sup-
portive care and antibiotic/antiviral agents. The most common
symptoms at presentation were fever, cough, and dyspnea. The
indication for MRI performance was either a delayed recovery
of consciousness after cessation of deep sedation, without spe-
cific explanation (3/9 patients), either an important psychomo-
tor agitation (resembling a frontal syndrome), unexplained by
metabolic disturbance or a withdrawal syndrome from seda-
tion and benzodiazepines (6/9 patients). Their common MRI

finding was the presence of microbleeds in unusual distribu-
tion, with a specific predilection for the corpus callosum (CC).
Other uncommon locations of microbleeds were the anterior
or posterior limbs of internal capsule (five patients), as well as
middle cerebellar peduncles (5/9 patients). Subcortical regions
were also affected in the majority of patients (7/9). These lesions
could only be depicted in SWI sequence as hypoattenuating foci
with or without “blooming artifact” (Figs 1 and 2), while T2WI,
FLAIR, and T1WI after Gadolinium injection sequences were
unrevealing, apart from two patients who also had MRI findings
consistent with acute ischemic lesions in the deep or subcortical
white matter. Demographical, clinical characteristics, as well as
type and duration of treatment and MRI findings of those pa-
tients are summarized in Table 1.
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Discussion
With this report, we want to draw attention to a potential
new radiological manifestation of the Covid-19 or its related
treatment, observed in the brain of critically ill patients. This
observation was made in brain MRIs of Covid-19 patients,
performed in our institution for two different neurological
patterns: agitation or delayed recovery of consciousness, when
patients were withheld from sedation after severe or moderate
ARDS. In all nine patients, microbleeds were present in
atypical locations, including the CC, internal capsule, middle
cerebellar peduncles, as well as in more typical locations, such
as the subcortical white matter.

These findings are a distinct entity from the most com-
mon causes of brain microbleeds, hypertension, and amyloid
angiopathy, because of the atypical involvement of CC in
these two entities, as well as because of nonconsistent demo-
graphical and clinical data. Furthermore, during the ICU stay
monitoring, only short episodes of acute hypertension (up to
180 mmHg) were registered in 2/9 patients, rapidly and suc-
cessfully treated with antihypertensives. Although our knowl-
edge about the physiopathology of the Covid-19 is still lim-
ited, a hypothetic mechanism to explain our findings could be
a direct damage of the SARS-CoV-2 to the endothelium of
the brain vessels, as already suggested by Li et al7 and Baig
et al.8 According to the latter, an interaction of the viral par-
ticles with the angiotensin-converting enzyme 2 receptors on
the capillary endothelium of the brain could lead to blood-
brain-barrier damage and bleeding within the brain tissue. Fur-
thermore, there are some recent papers suggesting a poten-
tial propensity of the SARS-CoV-2 for the central nervous sys-
tem (CNS), based on its structural similarity with the SARS-
CoV, which has already been described as neurotropic,9 as
well as description of other viruses causing brain hemorrhage.10

Some of the lesions had a linear shape, resembling to a ves-
sel, which could alternatively represent microthrombi within
small vessels. This is consistent with the hypercoagulable
status of all our patients, as well as recent findings of mi-
crothrombi within pulmonary vessels in autopsy of Covid-19
patients.11

On the other hand, this distribution of microbleeds has been
described as the result of diffuse axonal injury or fat embolism,12

as well as in patients who have been treated with extracorporeal
membrane oxygenation (ECMO),13 but none of our patients
had a history of brain trauma, bone injury, or ECMO treatment.
The common clue of all our patients was the severe hypoxemia,
secondary to ARDS, which required a prolonged mechanical
ventilation and administration of various antiviral and antibi-
otic agents. These findings closely resemble to the findings of
Fanou et al,12 who described a series of critically ill patients,
who were treated with mechanical ventilation and in whom the
same characteristic microbleed phenomenon was observed, as
well as the CC involvement in patients with ARDS described
by Riech et al.14 Fanou et al12 suggested a possible pathogenetic
mechanism related to the hypoxemia blood-brain-barrier dam-
age, similarly to the damage related to high-altitude exposure
or alternatively a damage related to diffuse intravascular coagu-
lation (DIC). However, none of our patients suffered from DIC
or compensated DIC. On the contrary, our patients presented a
hyperfibrinemic state as well as septic/inflammatory coagulopa-
thy, as already reported in Covid-19 patients.15 Of note, all of
the patients have received anticoagulation treatment in prophy-

lactic (7/9 patients) or therapeutic (2/9 patients) doses. Finally,
we have found no data about brain hemorrhage due to hydrox-
ychloroquine or azithromycin administration, received by all of
our patients.

Our study has certain limitations, being a retrospective study
in a limited number of patients. Brain MRI was performed
only in severally ill patients presenting with atypical neurolog-
ical symptoms and not as a systematic imaging surveillance of
Covid-19 patients, due to the workload of our hospital during
the pandemic, as well as difficulties in performing MRI in venti-
lated Covid-19 patients, related to their fragile health status and
the risk of contamination. Furthermore, our study only included
patients presenting with severe neurological manifestations and
not patients with milder encephalopathies or other neurological
alterations, such as dysexecutive syndrome, frontal syndrome,
or delirium per se, which could also be related to lesions of the
CC, the anterior limb of the internal capsule, or the subcor-
tical regions, as those seen in our study. Finally, considering
the pandemic situation, neuropsychological evaluation was not
available for these patients to assess their mental status before
their intubation, which can also be a caveat for our study.

Although microbleeds and/or microthrombi’s etiology re-
mains unclear, this observation could highlight a potential brain
involvement during the course of the Covid-19 infection or
relative to its treatment and explain some of the neurolog-
ical manifestations observed in these patients. In particular,
the alterations of consciousness have been reported in callosal
injuries,16 while the anterior limb of the internal capsule in-
volvement could explain the frontal signs, also observed in
some of the patients. Indisputably, our knowledge about the
disease is still limited and further research is required, as well
as pathologic studies to confirm and better understand those
findings in the brain and other organs of Covid-19 patients. A
timely understanding of the relationship between the SARS-
CoV-2 and the CNS is of great importance for an optimal ap-
proach of the disease.
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