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Neurologic complications of COVID-19 infection have been recently described and include dizziness, headache,
loss of taste and smell, stroke, and encephalopathy. Brain MRI in these patients have revealed various findings
including ischemia, hemorrhage, inflammation, and demyelination. In this article, we report a case of critical
illness-associated cerebral microbleeds identified on MRI in a patient with severe COVID-19 infection and discuss the potential etiologies of these neuroimaging findings.

1. Introduction

illness-associated cerebral microbleeds in a patient with severe COVID19 infection and discuss the potential etiologies of these neuroimaging
findings.

Severe acute respiratory distress syndrome due to novel coronavirus
(SARS-CoV-2), which was first diagnosed in Wuhan, China in December
2019, is known for its typical clinical manifestations of fever, cough,
and fatigue [1]. However, recent studies have described clinical neurological manifestations of coronavirus disease 2019 (COVID-19),
which include dizziness, headache, taste and smell impairment, acute
cerebrovascular disease, impaired consciousness, seizure, encephalopathy, confusion, agitation, and corticospinal tract signs [1,2]. Neurological symptoms have been identified more commonly in those with
severe or critical infection [1], with a prevalence ranging from 15% to
36.4% [3]. Reported neuroimaging features have included infarcts,
hemorrhages, parenchymal (cortical and/or white matter) T2 FLAIR
hyperintensity with or without restricted diffusion, cerebral venous
thrombosis, acute hemorrhagic necrotizing encephalopathy, leptomeningeal enhancement, and demyelinating lesions [2–6]. In critically ill
patients, hypoxemia and respiratory failure have been associated with
the presence of cerebral microbleeds [7], which are typically identified
as small hypointense foci on T2*-weighted imaging [such as gradient
recalled echo (GRE) and susceptibility weighted imaging (SWI)], an
MRI sequence that is sensitive to the susceptibility effects of iron within
blood products [8]. Of the T2*-weighted sequences, SWI is more sensitive and reliable than GRE for detecting microbleeds, owing to higher
signal contrast and spatial resolution [8]. On histopathology, these
microbleeds have been shown to contain focal accumulations of hemosiderin-laden macrophages [9]. Herein, we report a case of critical

2. Case report
A male in his mid-forties presented to the emergency room with
cough, shortness of breath, and intermittent fever for two weeks. He
quickly became hypoxic with an oxygen saturation of 84% and was
subsequently intubated and admitted to the intensive care unit for
higher care. Initial tests for influenza, SARS-CoV-2, and other viruses
were negative; however, given high clinical suspicion, he was re-tested
for SARS-CoV-2 on day 2 of hospital admission and was confirmed to be
positive. The patient developed increasing FIO2 requirements and was
placed on extracorporeal membrane oxygenation (ECMO). After continued respiratory and ventilation management, he slowly improved
with discontinuation of ECMO and extubation by day 23. However, he
remained confused and disoriented, and a brain MRI was obtained. MRI
revealed diffuse microhemorrhages in the bilateral subcortical white
matter, basal ganglia, corpus callosum, brainstem, and cerebellum
without corresponding signal abnormality on T2 FLAIR or diffusionweighted imaging (DWI) (Fig. 1). Based on his initial and follow-up
laboratory tests over the span of five days, he did not meet criteria for
overt disseminated intravascular coagulation (DIC) [10], with only
slightly increasing D-dimer (0.32 to 3.01 mg/L) and decreasing fibrinogen (847 to 490 mg/dL) but normal prothrombin time and platelets. He also had a normal CRP of 46.7 mg/dL. Lumbar puncture was
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Fig. 1. MRI shows diffuse microbleeds in the bilateral subcortical white matter, basal ganglia, corpus callosum, and brainstem on two-dimensional gradient recalled
echo (GRE) (A–C), without any corresponding signal abnormality on T2 FLAIR (D) or diffusion-weighted (E) images.

not performed. Supportive treatment was continued, and the patient's
respiratory status and neurological exam improved. He was discharged
to a skilled nursing facility on day 41.

Supportive measures used in patients with severe hypoxic respiratory failure may also contribute to the development of microhemorrhages. Cerebral gas embolism has been proposed as a cause of
microhemorrhages in patients on venoarterial ECMO; this explanation
is supported by the presence of microbleeds in the cerebral borderzone
or watershed territories, often found in the right hemisphere, a finding
suggestive of an embolic phenomenon [14]. Patients requiring ECMO
therapy are also at an increased risk of bleeding complications due to
heparin coating of the ECMO equipment and systemic anticoagulation
usually with unfractionated heparin [13]. Furthermore, ECMO can lead
to increased cerebral venous pressures, possibly related to positioning
of the cannulae within the internal jugular vein, which can cause increased blood flow to the right atrium of the heart and, consequently,
increased central venous pressure [13].
Endothelial dysfunction and immune response may be another
cause of cerebral microhemorrhages. SARS-CoV-2 can directly enter
endothelial cells by binding to the Angiotensin Converting Enzyme 2
receptor (ACE2), which is found in arterial and venous endothelial cells
in a variety of human tissues including the brain, and can induce endotheliopathy, hypercoagulability, and microvascular leak [15–17].
Patients with severe COVID-19 infection have shown elevated levels of
pro-inflammatory cytokines, such as IL-2 and IL-6, which can bind to
receptors on endothelial cells and induce capillary leakage and dysfunction, potentially leading to coagulation dysregulation, complement
and platelet activation, thrombus formation, and potentially DIC [15].
These mechanisms may help to explain the predisposition of COVID-19
patients to arterial and venous thromboembolism. In fact, acute
ischemia was the most common imaging finding in COVID-19 patients
who underwent brain imaging in recent retrospective studies from Italy
and New York [3,16]. However, despite being the most common
COVID-19 related neuroimaging finding, acute stroke was still only
found in 1.1% of 3218 hospitalized COVID-19 patients in the New York
study [16].
Immune cell activation within the central nervous system can further lead to acute or chronic inflammation and brain damage. Infectious
toxic encephalopathy, a reversible brain dysfunction syndrome due to

3. Discussion
Critical illness-associated cerebral microbleeds have been reported
in patients with high altitude cerebral edema (HACE), acute respiratory
failure, and in those requiring ECMO [7,11,12]. They can extensively
involve the juxtacortical white matter and corpus callosum (often the
splenium) and less frequently involve the cortex and deep and periventricular white matter [7]. The etiology of these microbleeds is likely
related to one or more of the following processes: 1) hypoxia-induced
effects on the blood-brain barrier resulting in extravasation of blood, 2)
potential side effects of ECMO therapy such as gas embolism or coagulopathy, and 3) disseminated intravascular coagulation [7,11].
Hypoxia is a common factor for the development of microbleeds in
patients with acute respiratory failure [7,11,12]. The likely pathogenesis is a hydrostatic- or chemical-related disruption of the blood-brain
barrier, which leads to extravasation of red blood cells [7]. The presence of cerebral venous hypertension, which is also suspected to play
an important role in HACE, may further contribute to increased capillary stress and permeability [12,13]. HACE is a life-threatening illness
due to hypoxemia at high altitudes and is characterized by severe ataxia
and altered consciousness; consequently, it can result in death within
24 to 48 hours from vasogenic cerebral edema and brain herniation
[12,13]. Neuroimaging in patients with HACE include microhemorrhages in the juxtacortical white matter and corpus callosum, often in a
splenial distribution [12,13]. Similarly, brain MRIs in patients without
HACE but with severe acute respiratory distress syndrome (including
those with morphine intoxication and chronic obstructive pulmonary
disease on mechanical ventilation) have shown disseminated microhemorrhages in the same distribution [13]. In the setting of patients
with severe or critical COVID-19 infection, small case series have shown
a similar pattern of isolated or extensive cerebral microbleeds in the
white matter and corpus callosum [5,6].
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systemic factors from acute infection, has been described in patients
with COVID-19 and confirmed in autopsy reports [18]. Recently,
Poyiadji et al. described a case of acute hemorrhagic necrotizing encephalopathy occurring in a patient with COVID-19 [4]. While the exact
pathomechanism for this entity has not been elucidated, it is thought to
be most likely related to the development of an intracranial “cytokine
storm”, as a complication of viral infection (rather than direct viral
invasion), causing blood-brain barrier breakdown, which can be detected on MRI as areas of edema, hemorrhage, and contrast enhancement [4].
Damage to the central nervous system can be related to direct viral
invasion. Viral encephalitis caused by SARS-CoV-2 was recently confirmed with the detection of the virus in the cerebrospinal fluid of patients with COVID-19 by genome sequencing by a research team in
China [18]. Furthermore, infection of neuronal pathways by viruses
may help to explain the symptoms of anosmia (where there is presumed
involvement of the olfactory tract between the nasal epithelium and
olfactory bulb) experienced by a subset of patients with COVID-19 infection [17,18].
Given the multiple potential causes of critical illness-associated
cerebral microbleeds, the exact etiology for the microbleeds in our
patient is not entirely clear, but it is most likely multifactorial and related to hypoxia, ECMO-related complications, and/or a coagulopathy
disorder. Although the patient's coagulation labs were not entirely
normal, he did not meet the criteria for overt disseminated intravascular coagulation [10]. In addition, the absence of brain edema or
acute infarcts on T2 FLAIR and DWI on MRI, respectively, argued
against direct viral invasion, encephalitis, or other acute inflammatory,
demyelinating, or ischemic processes. Although brain MRI can be
normal in viral encephalitides [19], the clinical absence of an acute
exacerbation of neurologic symptoms and lack of focal neurologic
deficit in our patient did not support an acute infectious or inflammatory process of the brain parenchyma or meninges. Nonetheless,
the correlation between cerebral microbleeds and neurocognitive impairment and disability in these patients is unclear [9]. While elevated
inflammatory serum markers such as D-dimer levels and the occurrence
of acute strokes have been associated with poor prognosis in COVID-19
patients [16], prior reports of patients with acute respiratory distress
syndrome treated with ECMO, including those with H1N1 influenza
infection, had favorable clinical outcomes [11,20]. At this time, the
long-term clinical significance of cerebral microbleeds in patients with
severe or critical COVID-19 infection remains to be seen. Therefore, it is
important for radiologists and clinicians to recognize this entity in order
to diagnosis and manage patients appropriately and to exercise caution
when prognosticating patients based on these neuroimaging findings.
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