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Abstract

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), is a global
pandemic with a wide spectrum of clinical signs and symptoms. Neurologic manifestations are relatively common, with severe
cases often demonstrating striking findings on neuroimaging. Because the neuroradiologic findings may be the first evidence of
COVID-19, the emergency radiologist has a critical role to play in not only the detection and management of the disease but also
in the safety of other patients and hospital staff. Therefore, radiologists, especially those who specialize in emergency radiology,
need to be aware of the neuroradiologic manifestations of COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), is a global
pandemic that began in December 2019 in Wuhan, China [1].
Since the initial outbreak, COVID-19 has spread rapidly across
over 200 countries, resulting in over 18 million confirmed cases
and over 700,000 deaths [2]. In the USA, there have been cases
reported in all 50 states, resulting in over 4.7 million confirmed
cases and over 150,000 deaths [2]. Although typical symptoms
are mild, including fever, cough, dyspnea, diarrhea, and
myalgies, severe disease often results in pneumonia and subse-
quent acute respiratory distress syndrome (ARDS) [3].
Pulmonary disease is the most common source of morbid-
ity and mortality in severely affected COVID-19 patients, but
there is a substantial body of literature indicating that a variety
of neurologic manifestations also characterize this disease. In
a study of 214 COVID-19 patients in Wuhan, China, for ex-
ample, 36% had neurologic manifestations [4]. These
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neurologic manifestations were more common in severely af-
fected patients, tended to occur early in the disease course, and
could be the initial, presenting clinical evidence of COVID-19
[4]. There are a variety of reported neurologic signs and symp-
toms of COVID-19, ranging from mild to severe. These in-
clude, most commonly, dizziness, headache, delirium, and
impaired consciousness [4, 5].

Because the neuroradiologic findings may be the first evi-
dence of COVID-19, the emergency radiologist has a critical
role to play in not only the detection and management of the
disease but also in the safety of other patients and hospital
staff. Therefore, radiologists, especially those who specialize
in emergency radiology, need to be aware of the
neuroradiologic manifestations of COVID-19.

This review article will focus on these neurologic manifes-
tations (with neuroradiologic correlates), which tend to pres-
ent with more severe signs and symptoms. We have catego-
rized these neurologic manifestations by presumed patho-
physiologic processes, especially cerebrovascular disease
and inflammatory disease. It should be noted, however, that
COVID-19 is a new disease, and all research that is currently
available is inherently limited in size, scope, and duration.
Therefore, at this point, definitive understanding of disease
mechanisms and causal relationships are limited.
Furthermore, the underlying pathophysiologic processes
may be concurrent and related, rather than distinct and inde-
pendent; for example, a marked inflammatory response may
be the cause of the observed cerebrovascular disease.
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Notably, there are almost certainly neurologic manifesta-
tions of COVID-19 without imaging correlates, including
mild symptoms, such as headache and dizziness. Even severe
neurologic problems associated with COVID-19, including
encephalopathy, may show no acute abnormality on brain
imaging [6]. Longer term studies are needed to determine if
there will be chronic neuroradiologic sequelae.

Cerebrovascular disease

A study of 214 patients from Wuhan, China, reported an in-
cidence of stroke in 5.7% of severely affected COVID-19
patients [4]. More recently, in a study of 108 hospitalized
COVID-19 patients who underwent neuroimaging, 31% dem-
onstrated acute ischemia [7]. In a retrospective study of 73
COVID-19 patients with neurologic symptoms, 23% had is-
chemic lesions [8]. A report from a large medical system in
New York City reported a 0.9% incidence of acute ischemic
stroke (AIS) in 3556 hospitalized COVID-19 patients in the
spring of 2020 [9]. Notably, in the New York study, the pa-
tients’ stroke (not respiratory) symptoms were the reason for
admission in 44% of the stroke cases [9]. The authors of the
New York study noted that because severely affected COVID-
19 patients are often intubated and sedated, the presence of
stroke can be overlooked, and therefore, its reported incidence
could be spuriously low. In another case series of 64 patients
with severe COVID-19, 3 out of 13 patients who underwent
brain MRIs demonstrated evidence of ischemic stroke [10]. In
another case series from New York, five patients with
COVID-19, all under the age of 50 years, presented with large
vessel AIS over a 2-week period; this represented an almost 7-
fold increase in frequency of large vessel stroke seen in pre-
vious patients in this age group [11].

Based on the reported cases in the medical literature,
strokes that occur in COVID-19 tend to be severe, with high
NIH stroke scale (NIHSS) scores [11-13]. Yaghi et al. report-
ed a mortality of 64% in COVID-19 stroke patients, with the
majority of survivors having a clinical outcome of “critically
ill.” The case series by Oxley et al. with five stroke patients
had no deaths, perhaps related to the younger age of this co-
hort [11].

Typical imaging findings of AIS on non-contrast CT of the
head (NCCT) have been reported in the setting of COVID-19
[12]. These findings are similar to those in non-COVID-19
patients, including abnormal hypoattenuation of the brain pa-
renchyma, loss of gray-white differentiation, and sulcal ef-
facement (Fig. 1). Intracranial angiographic imaging in some
of these patients has revealed extensive vascular occlusive
disease, including large vessel occlusions (LVO) [11, 12].
Markedly reduced flow has been demonstrated on CT angi-
ography, even in the absence of LVO (Fig. 1) [12]. Based on
limited case reports, there is a suggestion that thrombosis of
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the extracranial carotid arteries may play a causative role for
stroke in some COVID-19 patients [12, 14, 15].

How does one explain this apparent association between
AIS and COVID-19? Although larger scale studies are need-
ed, there is strong evidence that infection with COVID-19,
especially in severe disease, leads to a hypercoagulable,
prothrombotic state. D-dimer, a product of fibrin clot degra-
dation and an indicator of recent or current clot formation, has
been studied in COVID-19 patients. Specifically, D-dimer
levels of > 1 pug/mL (normal < 0.5 ug/mL) were found to be
associated with an 18-fold increase in death in a study of 191
hospitalized patients with COVID-19 [3]. Other studies have
also confirmed increased D-dimer levels in COVID-19 pa-
tients; higher values were disproportionately seen in severe
cases [16—18]. Moreover, in a study of 183 patients with
COVID-19, Tang et al. found that D-dimer levels were signif-
icantly higher in non-survivors compared with survivors [19].
This evidence of a prothrombotic state correlates positively
with the observed increase in complications of hypercoagula-
bility, including pulmonary embolism and deep vein throm-
bosis [3, 10, 20].

Another potential mechanism of AIS and COVID-19 in-
volves the antiphospholipid syndrome (APS), an autoimmune
disorder resulting in recurrent arterial and venous thromboses.
In a case series of 3 patients with severe COVID-19, each of
whom had multiple cerebral infarcts, researchers identified the
APS as likely contributing to the coagulopathy seen in these
patients [21].

Damage, inflammation, and/or dysfunction of the endothe-
lium, the layer of cells lining blood vessels, are also likely to
be responsible for the development of thrombotic events ob-
served in COVID-19, including cerebral ischemia [22, 23].
Angiotensin-converting enzyme 2 (ACE2) receptors are the
host cell receptors for SARS-Cov-2 [24]. ACE2 receptors are
present in a variety of organs, including the lung and heart.
Notably, ACE2 is also expressed by vascular endothelium,
and the virus is known to infect cells via binding of its spike
protein to the ACE2 receptors [25]. Varga et al. showed that
infection with SARS-CoV-2 resulted in not only direct viral
infection of the endothelium but also endothelial inflamma-
tion and endothelial cell death [23]. These events result in
greater vasoconstriction and the development of a
prothrombotic state [23].

In addition, large vessel strokes were also reported in the
2004 SARS epidemic; SARS was due to an outbreak of the
virus, SARS-CoV-1, a member of the same Betacoronavirus
genus as SARS-CoV-2 [26].

Another cerebrovascular manifestation of COVID-19 may
be the development of cerebral venous thrombosis (CVT),
which has been widely reported as a complication of
COVID-19-associated coagulopathy, resulting in multisystem
organ failure [19, 22, 27]. Specifically, several researchers
have raised the possibility of an association between cerebral
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Fig. 1 a NCCT of the head in a COVID-19 patient demonstrates findings
of AIS, including hypoattenuation of the brain parenchyma, loss of gray-
white differentiation, and sulcal effacement. b Axial CTA of the head in
the same patient demonstrates reduced vascular filling in branches of the
right middle cerebral artery (arrowheads) and bilateral anterior cerebral

venous thrombosis and COVID-19 [28-32]. Once again, this
potential association is based on a small number of patients, so
a definitive, causal relationship has yet to be established, al-
though it is suspected. Based on a case series of three patients,
another case series of two patients, and three individual case
reports, several apparently common features of CVT in
COVID-19 have been observed [28-32]. All eight patients
in these studies presented with neurologic complaints, ranging
from mild to severe, including headache, confusion, aphasia,
altered mental status, seizure, and hemiparesis. In all cases,
respiratory symptoms were initially mild or non-existent, de-
spite abnormal findings on chest imaging in seven out of eight
patients that were consistent with COVID-19. In all eight pa-
tients, NCCT revealed edema and hemorrhage, consistent
with cerebral hemorrhagic venous infarction; in two of those
cases, hyperdensity was identified within intracranial veins,
representing intravascular thrombosis (Fig. 2).

On venography, thromboses were seen in the dural venous
sinuses, deep cerebral veins, and cortical veins. Notably, the
internal cerebral veins are thrombosed in four out of eight
cases (Fig. 3). In one case, the researchers speculated that
the source of hemorrhagic venous infarct was thrombotic mi-
croangiopathy due to compromised flow in deep medullary
veins [28]. In the 6 cases in which mortality was reported, the
death rate was 67%. This high mortality rate is in contradis-
tinction to a reported CVT mortality rate of 4-8% in non-
COVID-19 cases. The higher mortality rate seen in these
COVID-19 patients may be related to the involvement of the
deep venous system and/or non-neurologic complications of
COVID-19 [33, 34]. The predilection for thrombosis of the
deep venous system is also striking—in a large, international,
prospective multicenter study of CVT in non-COVID-19

arteries (arrows). Reference: Goldberg MF, Goldberg MF, Cerejo R,
Tayal A. Cerebrovascular Disease in COVID-19. American Journal of
Neuroradiology. 2020. doi:https://doi.org/10.3174/ajnr.a6588.
(Permission granted)

patients, thrombosis of the deep venous system occurred in
only 10.9% of cases [34].

There has been a single case report of an acute, severe intra-
cranial hemorrhage due to a ruptured pericallosal aneurysm in a
patient with COVID-19 [35]. The authors of this report ac-
knowledge that it is impossible to know whether concomitant
COVID-19 infection caused the formation and/or rupture of the
aneurysm. However, they propose that systemic inflammation
could have led to instability of the wall of the aneurysm.

Thrombotic microangiopathy

Nicholson et al. published a case series of four critically ill
COVID-19 patients, three of whom were on extracorporeal
membrane oxygenation (ECMO) [36]. These four patients
underwent neuroimaging due to changes in neurologic status.
In these patients, brain imaging demonstrates several different
types of hemorrhages, including parenchymal hemorrhage, dif-
fuse petechial hemorrhage, and subarachnoid hemorrhage
(Fig. 4). Although the authors acknowledge the inherent limita-
tions of a small case series in drawing causal relationships, they
refer to the extensive, early literature of hypercoagulability and
endothelial dysfunction associated with COVID-19. Therefore,
they hypothesize that the intracranial hemorrhage seen in their
case series could be due to a diffuse thrombotic microangiopa-
thy with both arterial and venous involvement. Although other
studies have demonstrated definitive, pathologic evidence of
microthrombi and endothelial dysfunction in other organ sys-
tems, this study did not include any pathologic/autopsy analyses
[22, 37]. Lastly, the authors note that ECMO alone (in the ab-
sence of SARS-CoV-2 infection) is a risk factor for intracranial
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Fig.2 a NCCT of'the head in a COVID-19 patient shows hemorrhage in
the anterior right temporal lobe. b Axial FLAIR image from brain MRI in
the same patient shows hemorrhage and edema, most consistent with
hemorrhagic venous infarct. ¢ Intracranial MR venography in the same
patient demonstrates absence of flow-related enhancement in the right

hemorrhage, further limiting the generalizability of this small
case series. Notably, however, in a case series of nine patients
with COVID-19 (none of whom were on ECMO), Fitsiori et al.
described cerebral microbleeds in unusual distributions, includ-
ing involvement of the internal capsule, corpus callosum, and
middle cerebellar peduncles [38].

In two recent retrospective, observational studies of COVID-
19 patients who underwent brain MRI, intracranial
microhemorrhages were identified with a frequency of 28%
and 5% in articles by Chougar et al. and Kremer et al., respec-
tively [8, 39].

Fig. 3 Sagittal reconstruction of an intracranial CT venogram in a patient
with COVID-19 shows filling defects in the vein of Galen (short arrow)
and internal cerebral veins (long arrow), consistent with thromboses of
the deep cerebral venous system. Reference: Cavalcanti DD, Raz E,
Shapiro M, et al. Cerebral Venous Thrombosis associated with
COVID-19. American Journal of Neuroradiology. 2020;41(8).
doi:https://doi.org/10.3174/ajnr.a6644. (Permission granted)
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transverse and sigmoid sinuses, consistent with dural venous sinus throm-
boses. Reference: Hemasian H, Ansari B. First case of Covid-19 present-
ed with cerebral venous thrombosis: A rare and dreaded case. Revue
Neurologique. 2020. doi:https://doi.org/10.1016/j.neurol.2020.04.013.
(Permission granted)

Infectious and inflammatory disease

The delayed onset of manifestations of severe COVID-19 raises
the possibility of a maladaptive host response to infection [40].
Specifically, the cytokine storm syndrome has been raised as a
possible culprit in the morbidity and mortality of COVID-19
[41]. This hyperinflammatory response can result in fever, cyto-
penias, coagulopathy, ARDS, multiorgan failure, and death
[41]. This syndrome could explain, in part, the hypercoagulabil-
ity, endothelial dysfunction, and breakdown of the blood-brain
barrier (BBB) that are thought to occur in severe COVID-19. In
turn, these events could explain some of the neurologic sequelae
(and their neuroimaging correlates) observed in severe COVID-
19. Furthermore, the breakdown of the BBB might allow direct
entry of the SARS-CoV-2 into the brain [42].

The neuroinvasive potential of SARS-CoV-2 is an impor-
tant consideration when attempting to understand the under-
lying mechanisms of the myriad neurologic complications that
appear to be associated with COVID-19. SARS-CoV-2, along
with severe acute respiratory syndrome-CoV-1 (SARS) and
Middle East respiratory syndrome (MERS), is a member of
the Betacoronavirus genus, whose species are thought to be
neuroinvasive [43, 44]. Both SARS and MERS have been
associated with neurological symptoms. For example, a study
of 23 MERS patients at one hospital showed that almost 20%
of patients had neurological complications, including enceph-
alitis, Guillain-Barre syndrome, weakness, and neuropathy
[45]. Both SARS and MERS have shown neurotropic fea-
tures, including the ability to infect neuronal and glial cells
[46—48]. But, how would a respiratory virus, like SARS-CoV-
2, get access to the central nervous system (CNS)? The two
most likely theories of accessing the CNS include hematoge-
nous spread and neuronal retrograde spread [44, 46].
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Fig.4 a.NCCT ofthe head in a COVID-19 patient demonstrates numer-
ous punctate foci of hyperdensity (arrowheads), consistent with petechial
hemorrhage. b Axial susceptibility-weighted image (SWI) from a brain
MRI of the same patient demonstrates extensive foci of hypointensity,
consistent with susceptibility artifact from hemorrhage. Findings were

In the theory of hematogenous spread, the body’s intense
inflammatory response may disrupt the BBB, and/or the virus
may directly infect endothelial cells, thereby accessing the
CNS. In the theory of neuronal retrograde spread, the airborne
viral particles access the brain via peripheral nerve endings of
cranial nerves, possibly including the olfactory nerve and tri-
geminal nerve [46, 47]. In support of the theory of neuronal
retrograde spread, a recent case report of a COVID-19 patient
with anosmia demonstrated abnormal signal in the olfactory
bulbs [49]. Regardless, prior studies that evaluated neuroim-
aging findings of patients infected with other members of the
Betacoronavirus genus have also demonstrated significant ab-
normalities, including intracranial hemorrhage and evidence
of acute disseminated encephalomyelitis (ADEM), which
could represent sequelae of inflammatory response and/or di-
rect CNS infection [50, 51].

Acute hemorrhagic necrotizing
encephalopathy

Poyiadji et al. published a case report of a COVID-19 patient
presenting with cough, fever, and altered mental status [52].
NCCT revealed hypoattenuation in the bilateral thalami. Brain
MRI showed enhancing hemorrhagic lesions bilaterally with-
in the medial temporal lobes, subinsular regions, and thalami
(Fig. 5). Based on these findings, the diagnosis was COVID-
19-related acute hemorrhagic encephalopathy. The authors
based their diagnosis on not only the above-described imaging
features but also on the known association between acute nec-
rotizing encephalopathy (ANE) and other viral infections, in-
cluding influenza [52]. As mentioned above, cytokine storm

consistent with thrombotic microangiopathy. Reference: Nicholson P,
Alshafai L, Krings T. Neuroimaging Findings in Patients with COVID-
19. American Journal of Neuroradiology. 2020;41(8). doi:https://doi.org/
10.3174/ajnr.a6630. (Permission granted)

syndrome has been strongly associated with COVID-19 and
other severe infections, and this may be the likely underlying
etiology for ANE, with resultant breakdown in the BBB [41].

Hemorrhagic posterior reversible
encephalopathy syndrome

Hemorrhagic posterior reversible encephalopathy syndrome
(PRES) has recently been described in the setting of
COVID-19 [42]. In a small case series, Franceschi et al. de-
tailed similar imaging findings in two patients with COVID-
19 who underwent neuroimaging after the development of
altered mental status. In a 48-year-old male, a NCCT demon-
strates subcortical edema in the bilateral parieto-occipital re-
gions with a small component of hemorrhage (Fig. 6). The
NCCT on the second patient, a 67-year-old female, also dem-
onstrated edema in the bilateral parieto-occipital regions. A
follow-up brain MRI showed more extensive edema, includ-
ing not only the bilateral parieto-occipital regions but also the
right frontal lobe, basal ganglia, and cerebellar hemispheres.
Hemorrhage was also seen in the right parieto-occipital re-
gion. No evidence of arterial or venous thromboses was iden-
tified in either patient. Imaging findings were considered to be
consistent with PRES complicated by hemorrhage [53].

One case of non-hemorrhagic PRES in a COVID-19 pa-
tient has been reported in a case series of hospitalized patients
in Italy, and two cases have been reported in a retrospective
study from France [7, 8].

The precise pathophysiology of PRES remains unknown,
and assessing the potential relationship between COVID-19
and PRES on the basis of a small case series is challenging.

@ Springer


https://doi.org/10.3174/ajnr.a6630
https://doi.org/10.3174/ajnr.a6630

742

Emerg Radiol (2020) 27:737-745

Fig. 5 a NCCT of the head in a COVID-19 patient shows symmetric
edema within the bilateral thalami (arrows). b Axial FLAIR image from
brain MRI in the same patient shows edema and mass effect in the bilat-
eral thalami (arrows). ¢ Axial SWI from a brain MRI of the same patient
demonstrates susceptibility artifact, confirming the presence of hemor-
rhage (arrows). The bilateral medial temporal lobes also demonstrated

However, Franceschi et al. propose several potential mecha-
nisms for PRES in the setting of COVID-19, including break-
down of the BBB, either indirectly due to cytokine storm
syndrome and/or directly via endothelial dysfunction from
binding of the SARS-CoV2 to endothelial-expressed ACE2
receptors. Notably, the two patients in their case series had
labile blood pressure, and the authors acknowledge that the

o

Fig. 6 NCCT of the head in a COVID-19 patient demonstrates edema in
the bilateral occipital lobes, consistent with PRES. Within the edema of
the right occipital lobe, there is a small, superimposed parenchymal hem-
orrhage (arrow). Reference: Franceschi A, Ahmed O, Giliberto L,
Castillo M. Hemorrhagic Posterior Reversible Encephalopathy
Syndrome as a Manifestation of COVID-19 Infection. American
Journal of Neuroradiology. 2020. doi:https://doi.org/10.3174/ajnr.
a6595. (Permission granted)
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edema and hemorrhage (not shown), and findings were consistent with
acute hemorrhagic necrotizing encephalopathy. Reference: Poyiadji N,
Shahin G, Noujaim D, Stone M, Patel S, Griffith B. COVID-19-associ-
ated Acute Hemorrhagic Necrotizing Encephalopathy: CT and MRI
Features. Radiology. 2020:201187. doi:https://doi.org/10.1148/radiol.
2020201187. (Permission granted)

PRES identified in both patients may have been due to this
elevated blood pressure, a well-known risk factor for PRES.

White matter disease
Diffuse Leukoencephalopathy

In two recent retrospective studies, 2—6% of COVID-19 pa-
tients who underwent brain MRI demonstrated multifocal
and/or confluent white matter lesions [8, 39].

In another case series of COVID-19 patients who
underwent brain MRI for depressed mental status, over 33%
demonstrated diffuse, confluent, and symmetric T2
hyperintensities and restricted diffusion of the bilateral deep
and subcortical white matter [54]. Findings were consistent
with diffuse leukoencephalopathy. Notably, all of the patients
with these findings were critically ill and had been on mechan-
ical ventilation for an average of 26.5 days. Based on the
imaging characteristics and late onset, the authors hypothe-
sized that the etiology of the diffuse leukoencephalopathy
was delayed post-hypoxic insult with subsequent demyelin-
ation. So, in this case, the neurologic sequelae and associating
neuroimaging findings likely represent an indirect, rather than
direct, inflammatory response to COVID-19.

Acute disseminated encephalomyelitis and other
demyelinating diseases

As mentioned above, ADEM has been reported in the past in a
patient infected with coronavirus OC43, which, like SARS-
CoV2, is a member of the Betacoronavirus genus [51].
ADEM is a demyelinating disease that affects the CNS,
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usually in the pediatric and young adult population. Notably,
it often occurs after a viral illness, commonly including a
respiratory infection. Clinical signs and symptoms are vari-
able but can include encephalopathy, seizure, weakness, and
visual changes.

Since the outbreak of COVID-19, there have been two case
reports of patients with presumptive ADEM due to COVID-
19 [55, 56]. In each case, the COVID-19 patient presented
with acute, multifocal neurological changes. The brain MRIs
performed on each patient demonstrated lesions in the
periventricular, deep, and juxtacortical white matter, which
showed variable enhancement. In one case, lesions were also
identified in the cervical and thoracic spinal cord [55].
Although the findings in each of these cases were non-specif-
ic, the authors felt that other etiologies, including other demy-
elinating diseases, were unlikely, especially given the clinical
history of COVID-19.

In a case report by Zanin et al., a COVID-19 adult patient
with seizures underwent brain MRI, which demonstrated non-
enhancing lesions of the periventricular white matter; spine
MRI revealed lesions of the cervical and thoracic spinal cord
[57]. As this patient had a history of normal brain MRIs and
had complained of recent anosmia and dysgeusia, the authors
felt that a demyelinating process had been initiated due to an
immune-mediated response to SARS-CoV-2 infection. The
authors did not mention ADEM in their article as a possible
diagnosis.

Multiple sclerosis, as a result of an immune response to
SARS-CoV-2 infection, has also been described in one case
report [58]. In this report, Palao et al. describe a 29-year-old
female presenting with decrease in visual acuity in the right
eye and an orbital MRI consistent with right-sided optic neu-
ritis. The MRI of the brain also demonstrated demyelinating
lesions of the periventricular white matter with variable en-
hancement. Although the patient’s SARS-CoV-2 PCR analy-
sis from nasopharyngeal swab was negative, the authors as-
sumed that she had had a recent infection due to (1) positive
IgM and IgG on immunological testing, (2) complaints of
anosmia and dysgeusia 2-3 weeks prior to her visual com-
plaints, and (3) the patient’s cohabitation with a person with
confirmed SARS-CoV-2 infection. The authors suggest that
the patient’s multiple sclerosis likely predated her infection,
but that the body’s immune response to SARS-CoV-2 could
have acted as an exacerbating factor in triggering her initial
presentation of her previously undiagnosed multiple sclerosis.

Conclusion

Although initially considered a respiratory disease, COVID-
19 actually affects a wide range of organ systems, including
the CNS. Importantly, the neurologic manifestations are rela-
tively common, and their neuroradiologic correlates may be

the first signs of infection. Radiologists, especially those who
practice in the emergency setting, therefore play a critical role
in evaluating COVID-19 patients and protecting other patients
and hospital staff.
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