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Abstract

Novel coronavirus disease (COVID-19) was declared a global pandemic on March 1, 2020. Neurological manifestations are now
being reported worldwide, including emergent presentation with acute neurological changes as well as a comorbidity in hospi-
talized patients. There is limited knowledge on the neurologic manifestations of COVID-19 at present, with a wide array of
neurological complications reported, ranging from ischemic stroke to acute demyelination and encephalitis. We report five cases
of COVID-19 presenting to the ER with acute neurological symptoms, over the course of 1 month. This includes two cases of
ischemic stroke, one with large-vessel occlusion and one with embolic infarcts. The remainders of the cases include acute
tumefactive demyelination, isolated cytotoxic edema of the corpus callosum with subarachnoid hemorrhage, and posterior

reversible encephalopathy syndrome (PRES).
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SARS-CoV-2 Severe Acute Respiratory
Syndrome-coronavirus 2

COVID-19 Coronavirus disease 2019
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CSF Cerebrospinal fluid

IL1, IL-6 Interleukin 1,6

TNF o Tumor necrosis factor-alpha

tPA Tissue plasminogen activator
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Introduction

The novel SARS-CoV-2 was first identified on January 7,
2020, in a patient with atypical pneumonia and was declared
a global pandemic within 2 months of the first identified case.
Similar to other coronaviruses, SARS-CoV-2 primarily affects
the respiratory system and presents with respiratory distress.
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However, it is now well established that this is a multi-system
inflammatory process often presenting with acute cardiac
events like myocarditis, an acute renal event, and multi-
organ failure. Though uncommon, neurological manifesta-
tions in COVID-19 are increasingly being recognized.
Although a wide range of neurological manifestations have
been reported in the literature, ischemic stroke remains the
most common subset of neurological manifestations in
COVID, likely due to the associated hypercoagulable state.
The second subset of neurological presentation involves a
response to the cytokine storm and multi-system inflammation
including acute demyelination, vasculitis, necrotizing enceph-
alopathy, and posterior reversible encephalopathy syndrome.
We report five cases with neuroimaging findings in COVID-
19 positive patients, presenting to the ER. In at least three of
these, the primary presenting symptoms were neurological
rather than respiratory.

Clinical cases
Case 1: Ischemic stroke with large vessel occlusion

A 41-year-old female presented with acute onset right-sided
weakness and aphasia. Code stroke was activated with emer-
gent head CT revealing a moderate sized left middle cerebral
artery (MCA) territory infarct. CT angiogram showed occlu-
sion of the M1 segment of left MCA with poor distal recon-
stitution. Large ischemic penumbra was noted on the CT per-
fusion maps with high mismatch ratio (Fig. 1a—d). Mechanical
thrombectomy via a combination of aspiration and stent treat-
ment combined with aspiration was performed with successful
revascularization (Fig. 1e—f). The patient was incidentally test-
ed for COVID and was found to be positive. Chest radiograph
done on the same day showed minimal hazy bilateral infil-
trates. It was concluded that the ischemic stroke was likely
secondary to the dysregulation in the coagulation system and
the increased pro-inflammatory state. No other underlying
case for stroke could be identified. Over the course of the next
week, however, there was significant worsening of respiratory
symptoms and chest imaging findings with new pulmonary
infiltrates. The patient was transferred to the Tactical COVID
Unit (TCU) for further management and recovered.

Case 2: Ischemic stroke with embolic infarcts

A 78-year-old man with a history of prostate cancer, chronic
hypertension, and recent positive diagnosis of COVID-19 pre-
sented with altered mental status and hypoxia. There was a
strong clinical concern for stroke and venous thromboembolic
event. Given the positive D-dimer and altered mental status,
CT angiogram of the chest and MRI of the brain was recom-
mended. Although the chest CT angiogram was negative for
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pulmonary thromboembolism, there were multi-focal
consolidative and ground-glass pulmonary opacities, in a dis-
tribution consistent with COVID (Fig. 2a, b). Subsequent
MRI revealed multiple punctate acute infarcts in multiple vas-
cular territories suggesting underlying embolic source (Fig.
2c—e). Neurology was consulted for the abnormal MRI brain
results with potential etiologies including hypercoagulable
state in setting of active infection/inflammation versus under-
lying cardioembolic source. Over the next 2 weeks, his hos-
pital course was further complicated by the development of
shock liver, acute renal failure, and refractory cardiogenic
shock, eventually resulting in patient’s death.

Case 3: Acute tumefactive demyelination

A 33-year-old with morbid obesity and diabetes mellitus pre-
sented to the ER with hypoxemic respiratory failure secondary
to COVID-19 status post-emergent intubation. The patient
developed acute encephalopathy with extensor posturing.
MRI revealed extensive tumefactive foci of demyelination
with restricted diffusion and enhancement (Fig. 3a—f), most
prominently involving the corpus callosum and the
pericallosal white matter. The imaging findings were pre-
sumed to represent acute demyelinating injury from concur-
rent SARS-CoV-2 infection, given the monophasic appear-
ance of the lesions in the setting of encephalopathy. CSF anal-
ysis showed no signs of viral infection or inflammation. The
spectrum of clinicoradiological findings was consistent with
primary damage from COVID-induced metabolic disruption.
The patient completed a course of high-dose pulse steroids
with IV methylprednisolone (1 g x5 days) followed by a
prolonged taper with minimal clinical improvement.

Case 4: Cytotoxic lesion of the corpus callosum

A 41- year-old female with a past medical history significant
for diabetes, morbid obesity, and chronic kidney disease pre-
sented to the ER with respiratory failure secondary to SARS-
CoV-2 positive interstitial pneumonia. Following intubation,
she was started on remdesivir. She had internuclear
ophthalmoplegia and paralysiswith unequal pupils. Head CT
revealed edema involving the posterior body and splenium of
corpus callosum (Fig. 4a—c). Imaging findings were charac-
teristic of transient cytotoxic lesion of the corpus callosum
(CLOCC:s). The scan also showed minimal parietal convexity
subarachnoid hemorrhage (non-aneurysmal pattern) (Fig. 4d).
Neurosurgical consult was obtained, and it was assumed that
the SAH could be secondary to platelet dysfunction, seen in
COVID patients. Edema involving the corpus callosum was
assumed to be secondary to the COVID-related cytokine
storm. There was marked clinical decline overnight with
worsening acidosis and shock. She sustained cardiac arrest
with pulseless electrical activity the next morning.
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Fig. 1 Ischemic stroke with large vessel occlusion: Non-contrast head (a) penumbra. CT and catheter angiogram images depicting the left MCA
shows moderate size acute infarct in the left MCA territory. Cerebral thrombotic occlusion (d, e) with significant revascularization post me-
blood volume (CBV) map (b) shows corresponding acute infarct core chanical thrombectomy (f)

with Time to Peak (TTP) map (c) showing large area of ischemic

Fig. 2 Ischemic stroke with
embolic infarcts: Chest CT
images (a,b) reveal multi-focal
consolidative and ground-glass
pulmonary opacities, along with
areas of crazy paving suggesting
acute lung injury. Multiple
diffusion-weighted images (c—e)
show acute punctate embolic
infarcts (arrows)

@ Springer



750

Emerg Radiol (2020) 27:747-754

Fig. 3 Acute tumefactive
demyelination: Sagittal T1 (a),
sagittal T2-FLAIR (b), axial T2-
FLAIR (c), diffusion-weighted
image (d), axial (e), and coronal
(f) post-contrast images reveal
extensive foci of demyelination in
the supratentorial brain with
marked involvement of the corpus
callosum and pericallosal white
matter. Many of these lesions
show restricted diffusion and
patchy enhancement (arrows)

Fig. 4 Cytotoxic lesion of the
corpus callosum: Multiple CT
head images reveal edema with
hypodensity involving the
posterior body and splenium of
corpus callosum (white arrows).
Minimal subarachnoid
hemorrhage seen along right
parietal convexity (black arrow)
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Case 5: Posterior reversible encephalopathy
syndrome

A 27-year-old female presented to the ER with dizziness and
vertigo for the last week. Emergent chest CT (to rule out
pulmonary thromboembolism) and head CT were unremark-
able. She was transferred to the dedicated COVID ICU after
being found SARS-CoV-2 RT-PCR positive. In the mean-
time, patient had significant clinical deteriorating, became en-
cephalopathic, and developed rapidly worsening acute liver
failure. ID was consulted for recommendations in the setting
of possible liver transplant and COVID-19 positive status.
Subsequent MRI revealed subcortical white matter signal
changes characteristic of posterior reversible encephalopathy
syndrome (Fig. 5a—d). The underlying etiology for this was
assumed to be either the cytokine storm seen in COVID or
secondary to metabolic derangement as seen in acute liver
failure. Patient expired after 2 weeks due to cardiopulmonary
arrest in the setting of fulminant liver failure and shock.

Discussion

The HIN1 influenza flu of 1918, also known as Spanish flu,
was one of the worst pandemics known to mankind, wherein
more than 500 million people were infected [1]. More than a

Fig. 5 Posterior reversible
encephalopathy syndrome
(PRES): axial T2-FLAIR images
(a,b) and axial T2-spine echo
image (c) reveals near-symmetric
areas of subcortical signal
changes with edema and sulcal
effacement in the occipital lobes.
Apparent diffusion coefficient
(ADC) maps (d) show increased
signal representing facilitated
diffusion as seen in vasogenic
edema

century later, the world witnessed another major pandemic:
novel Severe Acute Respiratory Syndrome-coronavirus 2 pan-
demic, simply known as COVID-19.

The SARS-CoV-2 like other coronavirus primarily affects
the pulmonary system, with respiratory failure being the cause
for death in the majority of patients. The most established
pattern on chest imaging includes multi-focal areas of consol-
idation in a peripheral distribution pattern [2]. As our knowl-
edge about the disease is expanding, it has become clear that
other organ systems are also commonly involved, most prom-
inently, involving acute cardiac and renal complications.
Neurological complications are also relatively common rang-
ing from 30 to 45% depending upon the severity of the dis-
ease, as reported in one of the first studies on the subject by
Mao et al. [3] These symptoms could be fairly specific like
anosmia, ischemic, or hemorrhagic stroke or more nonspecific
like mental status changes, headache, and seizures.. A wide
range of neuroimaging manifestations have now been report-
ed, mainly in the form of case reports and case series.
Recently, some original research articles have also been pub-
lished. Mahammedi et al. [4] published a large study with 725
consecutive hospitalized COVID-19 patients, with 108 pa-
tients having neurological complications. To our knowledge,
this was the first study to systematically characterize neuro-
logical symptoms and neuroimaging findings in COVID-19
patients. Table 1 provides a summary of the most common
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Table 1 Spectrum of neuroimaging manifestations of COVID-19

Complication Number* Imaging findings

Authors

Hypercoagulable state

Ischemic stroke 34
Cerebral venous sinus 3
thrombosis

Neurotropism and other pro-inflammatory state complications

Diffuse leukoencephalopathy 11
with or without
microhemorrhages

Leptomeningitis 8

Encephalitis/Encephalopathy 22

Large vessel territorial, small-vessel and embolic infarcts

Symmetric confluent white matter T2 hyperintensity and restricted diffusion
with relative sparing of juxtacortical and infratentorial white matter, with or
without microhemorrhages

Leptomeningeal enhancement or FLAIR sulcal hyeritensity

T2 FLAIR hyperintensity within the bilateral medial temporal lobes, basal

Mahammedi et al. [4]

Occlusion of major dural venous sinuses with associated parenchymal changes Cavalcanti et al. [5]

Radmanesh et al. [6]

Helms et al. [7]
Scullen et al. [8]

ganglia and thalami with or without hemorrhage

Acute demyelination 4 Non-confluent multifocal white matter hyperintense lesions on FLAIR and Kremer et al. [9]
diffusion, with variable enhancement
Posterior reversible 2 Symmetric vasogenic edema within the occipital and parietal regions Franceschi et al. [10]
encephalopathy syndrome
(PRES)
Injury to the olfactory bulbs 5 Microbleeding or abnormal enhancement within the olfactory bulbs on MR Aragio [11]
Gullian—Barre syndrome 1 Thickening and contrast enhancement on the conus medullaris and the cauda ~ Zao [12]

equine nerve roots

Vasculitis pattern infarcts and/or vessel wall enhancement

Clinical and imaging progression of demyelinating plaques

Mahammedi et al. [4]
Hanafi et al. [13]

T2-FLAIR hyperintense lesions involving both middle cerebellar peduncles or Kremer et al. [9]

Mahammedi et al. [4]

Intracranial hemorrhage 6 Parenchymal or subarachnoid hemorrhage
Vasculitis
Transient cytotoxic edema 4
splenium of corpus callosum
Exacerbation of multiple 2
sclerosis

*n =number of cases reported in the series

neuroimaging manifestations reported to date. There are two
broad sets of neurological complications in COVID-19: (1)
vascular complications with stroke secondary to arterial or
venous thrombosis, related to the known hypercoagulable
state seen in COVID [4, 5, 14], and (2) much broader gamut
including diffuse leukoencephalopathy, acute demyelination,
posterior reversible encephalopathy syndrome (PRES), necro-
tizing encephalopathy, and focal cytotoxic edema, primarily
seen as a consequence of systemic inflammation and cytokine
storm seen with COVID-19 [6-13].

Hypercoagulable state

There is growing evidence and consensus that COVID-19
infection is associated with a pro-thrombotic state, leading to
an increased incidence of arterial and venous thrombosis and
microvascular coagulopathy [15]. The cumulative incidence
of venous thromboembolism (25-49%), acute ischemic stroke
(0.9-5%), and acute myocardial injury (up to 20%) further
underscore the coagulopathic effects of COVID-19 [3, 15,
16]. The increased thrombotic tendency is likely multifactori-
al. Immune hyperactivation and cytokine storm in severe
COVID-19 are now well recognized and likely result from
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the cytopathic effects of the virus. Cerebral arterial or venous
thrombosis is at present the most commonly reported neuro-
logical complication of COVID [4]. Acute ischemic stroke in
COVID-19 may be seen at presentation in the ER or during
the course of the hospitalization, generally seen in patients
with severe disease who often require intensive care. Stroke
may be the presenting symptom or reason for admission in up
to 44-46% of patients presenting with neurological complica-
tions [6]. Dural venous sinus thrombosis is also increasingly
being observed, with the largest series of three patients report-
ed by Cavalcanti et al. [5]

Arterial thrombi can involve medium and large-sized arter-
ies across the body. In a study, by Dane et al., 9 (11%) out of a
cohort of 82 patients had thromboembolic findings in the ab-
domen, pelvis, and lower extremities. [17] The etiology of
stroke is generally cryptogenic, with involvement of both the
anterior and posterior circulation vessels. Large-vessel anteri-
or circulation involvement is the most common observed pat-
tern of ischemic stroke in COVID patients. [6]

These patients are often put on empirical full dose of anti-
coagulants, given the significant hypercoagulability in
COVID-19. Interestingly, the incidence of ischemic strokes
in COVID-19 may be decreasing after the initial peak, possi-
bly due to routine anticoagulation protocols in critically ill
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patients with higher d-dimer levels [4, 17]. However, this may
be temporary, given the current trend and increasing number
of positive cases in the USA.

Neurotropism and other pro-inflammatory
state complications

Neurotropism of SARS-CoV-2 and the sensitivity and speci-
ficity of its detection in the CSF have not been well
established. The virus has been detected through RT-PCR in
CSF samples and also in brain tissue on autopsy, suggesting
high possibility that the virus can breach the blood brain bar-
rier. COVID has known affinity for ACE2 receptors, also
expressed by glial cells and neurons, making them potential
targets of the virus. [18, 19] Very recently, Aragao et al. re-
ported a series of five patients with hemorrhage or post-
contrast enhancement within the olfactory bulbs on MRI,
three of which presented with anosmia. This was proposed
to be secondary to trans-synaptic transfer of the virus through
the cribriform plate. [11]

The CNS manifestations could be due to the direct effect of
the virus on the brain or secondary to immune-mediated
changes as seen with other viral illnesses like HINI.
COVID-19 is known to cause a severe cytokine storm with
resultant pro-inflammatory state mediated predominantly by
IL1, IL-6, and TNF «. [18, 19] Acute monophasic demyelin-
ation, like acute disseminated encephalomyelitis; tumefactive
demyelination; and acute exacerbation of multiple sclerosis
have now been reported with COVID-19. The exact mecha-
nism is again unclear. [3, 4, 7] The wide spectrum of neuro-
logical complications includes conditions like Guillain—Barré
syndrome, cranial nerve enhancement, similar to other viral
neuropathies [12, 20]. Vasculitis or leptomeningits could
again be secondary to the cytokine storm or due to direct
infection and inflammation of these structures [7, 13]. In a
relatively large series, Radmanesh et al. reported COVID-
associated leukoencephalopthy (with our without
microhemorrhage) in 11 patients and proposed delayed post-
hypoxic insult as the underlying mechanism, similar to what is
seen in drug overdose and cardiac arrest [6]. This second set of
neurological complications in COVID-19 is less well defined
with a very wide spectrum and subject to multiple other over-
lapping causative factors. [4, 10]

Conclusion

The spectrum of neurological manifestations in COVID-19 is
very wide at present. Understanding the neurological manifes-
tations in COVID-19 is still at a very nascent phase. The most
common neurological presentation reported has been ische-
mic stroke, secondary to arterial or venous thrombosis,

because of the hypercoagulable state associated with
COVID-19. However, the neurological manifestation can be
quiet variable, as depicted in this paper.
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