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SUMMARY: We present a series of 10 hospitalized patients with confirmed coronavirus 2019 infections who developed severe neu-

rovascular complications and discuss the possible reasons for these findings and their relationship to the novel Severe Acute

Respiratory Syndrome coronavirus 2 infection.

ABBREVIATIONS: ACE2 = angiotensin-converting enzyme 2; COVID-19 = coronavirus 2019; CRP = C-reactive protein; CSS = cytokine storm syndrome;
ICU = intensive care unit; LDH = lactate dehydrogenase; PCR = polymerase chain reaction; SARS-CoV-2 = Severe Acute Respiratory Syndrome coronavirus 2

C oronavirus disease 2019 (COVID-19) is a predominantly
acute respiratory disease caused by the novel Severe Acute
Respiratory Syndrome coronavirus 2 (SARS-CoV-2)." In addition
to progressive atypical respiratory system distress, other organ
systems including the CNS may be affected in part due to the
marked affinity of the virus for the angiotensin-converting
enzyme 2 (ACE2) receptors.”® Furthermore, a subgroup of
patients with severe COVID-19 develop cytokine storm syn-
drome (CSS), characterized by hyperinflammation due to rapid
accumulation of T-cells and macrophages, resulting in the release
of massive levels of cytokines into the bloodstream to eliminate
the offending pathogen, causing numerous clinical manifesta-
tions including atypical respiratory system distress and fever, pro-
gressing to widespread multiorgan dysfunction.*”

An increasingly recognized feature of COVID-19 infection is
a thromboembolic diathesis, often resulting in brain ischemia,
even in young patients despite anticoagulation/antiplatelet treat-
ment. The comorbidity of pneumonia and thromboembolic com-
plications in patients with COVID-19 may be explained, in part,
by a causal relationship of severe inflammation and infection as
precipitating factors.®™®

Here, we present the neurovascular complications in 10 hospi-
talized patients with COVID-19 infection at our institutions.
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Available neuroimaging studies including head CT, head and
neck CTA, and brain MR imaging were reviewed.

Case Reports

Patient 1. A 59-year-old woman with a medical history of hyper-
tension and morbid obesity was admitted with hypoxic respira-
tory failure requiring mechanical ventilation.

Initially, she experienced cough but no fever and went to an
emergency department and was advised to get a head CT but
left against medical advice. She drove to a different state and
developed weakness and difficulty moving her legs, increased
thirst, and dyspnea. She presented to our emergency depart-
ment with acute hypoxic respiratory failure, fever, acute renal
failure, and bilateral lung opacities on chest x-ray. She tested
positive for COVID-19 by polymerase chain reaction (PCR)
and was subsequently intubated and transferred to the intensive
care unit (ICU), where she developed septic shock and labile
blood pressures. Laboratory values included elevated D-dimer,
lactate dehydrogenase (LDH), C-reactive protein (CRP), and
ferritin levels, suggesting CSS. Chest CT demonstrated diffusely
scattered ground-glass opacities in the nondependent lung with
consolidation in the dependent lung parenchyma compatible
with atypical respiratory system distress in the setting of
COVID-19 infection. She developed a sudden right hemine-
glect, and head CT demonstrated focal low attenuation in the
left posterior frontal/anterior parietal lobes consistent with an
infarction (Fig 1). The patient did not improve and died 21 days
following admission.

Patient 2. A 37-year-old man with a history of hypertension and
morbid obesity presented to an outside hospital with fever and
difficulty breathing, initially attributed to influenza. PCR testing
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was performed and was positive for COVID-19, and he was
admitted for medical care.

He developed acute renal failure and required mechanical
ventilation with increasingly difficult oxygenation. Laboratory
findings were supportive of CSS with elevated D-dimer, LDH,
CRP, and ferritin levels. Chest CT revealed diffusely scattered
consolidative and ground-glass opacities in the nondependent
lung and consolidations in the dependent lung consistent with
atypical infection and atypical respiratory system distress.
After weaning from sedatives and paralytics, he was unre-
sponsive for several hours and again was transferred to the
ICU where he was noted to have no movement of the extrem-
ities and dilated, fixed pupils. Noncontrast CT of the head
showed intra-axial hemorrhages in the cerebellar hemispheres
and diffuse cerebral edema (Fig 2). A neurologist confirmed
brain death.

FIG 1. Axial noncontrast head CT demonstrates focal low attenuation
in the left posterior frontal/anterior parietal lobes in the region con-
sistent with an acute infarction.

FIG 2. Axial (A) and coronal (B) noncontrast CT demonstrates diffuse cerebral edema. There are
horizontally oriented intra-axial hemorrhages (arrows) in the cerebellar hemispheres on the coro-

nal view.

Patient 3. A 33-year-old man with no relevant medical
history presented following 12 days of self-treatment with
acetaminophen for respiratory symptoms. On the day of
admission, he developed sudden-onset left-sided weakness
and numbness. PCR testing was positive for COVID-19, and
he was admitted.

Chest CT revealed diffuse consolidative and ground-glass
opacities bilaterally. Laboratory values were concerning for
sepsis (lactate, 9.9 mm/L; CRP, 312 mg/L) and coagulopathy
(D-dimer, >50,000 ng/mL; ferritin, 1636 ng/mL). He devel-
oped septic shock requiring vasopressor support. He was
found to be in severe acute hypoxic respiratory failure (O,
saturation, 11%), was intubated, and was noted to have a right
forced-gaze deviation and left hemiparesis. He was treated
with IV tPA for suspected acute right MCA infarction and
placed on extracorporeal membrane oxygenation. Head CT
demonstrated subacute infarctions in the right frontal, right
parietal, and right parieto-occipital regions with edema and
mass effect resulting in subfalcine herniation and an associ-
ated small hemorrhage in the right parietal region (Fig 3).
CTA of the head and neck demonstrated no major vessel nar-
rowing or occlusion. The patient remains in the neurologic
ICU while on argatroban (direct thrombin inhibitor) drip and
a 3% hypertonic saline drip for cerebral edema.

Patient 4. A 71-year-old man with diabetes mellitus type 2, hyper-
lipidemia, and hypertension presented with altered mental sta-
tus and 2 days of fever and cough. Due to exposure to COVID-
19 from a family member, he was tested and was positive for
the disease.

Laboratory results showed hypoglycemia and acute renal fail-
ure. Noncontrast head CT and CTA findings were unremarkable.
MR imaging of the brain showed no acute findings. He
remained stable the first week and underwent a course of
hydroxychloroquine and an interleukin-2 receptor antagonist
with improvement in his respiratory status. On hospital day 8,
he developed acute encephalopathy and respiratory failure and
was intubated. His D-dimer level
spiked to 31,000 ng/mL, and chest
x-ray showed bilateral multifocal
pneumonia and pulmonary edema.
Noncontrast head CT was performed
and demonstrated a large left MCA
infarction with evolving low attenua-
tion in the left frontal, parietal, and
temporal lobes extending to the left
basal ganglia (Fig 4). He subse-
quently developed multiorgan failure
and died.

Patient 5. A 40-year-old man with
recently diagnosed diabetes mellitus,
hypertension, and hyperlipidemia
with a PCR positive for COVID-19
was discharged on supportive treat-
ment after a brief hospital stay for a
cough.
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FIG 3. Axial noncontrast CT demonstrates acute infarctions in the right frontal and parietal
regions. There is a subcentimeter hemorrhage (arrow) in the right parietal region.

FIG 4. Axial noncontrast CT demonstrates acute infarctions in the left frontal, parietal, and
temporal lobes extending to the left basal ganglia and insular cortex, with additional small
infarcts in the right anterior limb of the internal capsule and right frontal subcortical white
matter.

Thereafter, he developed altered
mental status, bilateral loss of vision,
and headache. Laboratory results were
notable for lymphocytosis and 1%
bands, hemoglobin and platelets ele-
vated at 17.6 g/dL and 762,000 respec-
tively, international normalized ratio
elevated at 1.39, and fibrinogen level
elevated at 902. His D-dimer level was
elevated at 3115 ng/mL, with the fol-
lowing values: lactate, 7.5 mm/L; blood
urea nitrogen/creatinine, 13 mg/dL/
1.37 mg/dL (baseline creatinine, 0.8
mg/dL); aspartate transaminase, slightly
elevated at 56 u/L; alanine aminotrans-
ferase, normal at 67u/L; and LDH, ele-
vated at 577u/L. He developed a
presumed CSS and was intubated and
moved to the ICU. Noncontrast head
CT showed low attenuation in the pari-
etal and temporal lobes compatible
with acute infarcts (Fig 5A). A head
CT venogram showed occlusion of
the right internal carotid artery
extending to the supraclinoid seg-
ment where there was reconstitution
of flow through collaterals (Fig 5B).
CTA of the neck demonstrated filling
defects in the distal common carotid
arteries extending to the bulbs and
external carotid arteries (Fig 5C).
There was occlusion of the right in-
ternal carotid artery at the C2 level.
CT venogram findings were normal.

The patient remains in critical con-
dition in the ICU on full-dose anticoa-
gulation without improvement in his
neurologic status.

FIG 5. Noncontrast CT (A) demonstrates low attenuation in the parietal and temporal lobes compatible with acute infarctions. Head CTV (B)
demonstrates occlusion of the cavernous segment of the right internal carotid artery (arrow). Neck CTA (C and D) shows extensive intraluminal
thrombi (arrows) in the distal common carotid arteries, extending to the carotid bulbs and external carotid arteries.
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FIG 6. Coronal and sagittal neck CTA (A) demonstrates nonocclusive intraluminal thrombus (arrows) extending from the left common carotid
artery to the proximal internal carotid artery. Axial DWI (B) demonstrates acute infarcts in the left frontal and parietal regions.

Patient 6. A 37-year-old woman with a medical history of morbid
obesity presented with right upper extremity weakness, slurred
speech, and headaches. She reported chest congestion for 1 week
prior, and a subsequently obtained PCR was positive for COVID-
19. She was admitted for hypoxic respiratory failure, but mechan-
ical ventilation was not required. Laboratory values including D-
dimer levels were within normal limits. Hypercoagulable work-
up revealed a weakly positive immunoglobulin M anticardiolipin
antibody with negative findings on a dilute Russell viper venom
time screen.

Noncontrast head CT and neck CTA showed intraluminal
thrombus extending from the left common carotid artery
into the proximal internal carotid artery (Fig 6A). Brain MR
imaging revealed areas of restricted diffusion in the left fron-
tal and parieto-occipital regions consistent with acute infarc-
tions (Fig 6B). She remained hemodynamically stable
throughout her hospital stay and was discharged on full-dose
anticoagulation.

Patient 7. A 71-year-old man with a medical history of asthma,
hypertension, and atrial fibrillation presented with fever, short-
ness of breath, and dry cough for 10 days, followed by a synco-
pal episode. PCR for COVID-19 was positive.

Chest CT revealed bilateral linear and ground-glass opacities
with a peripheral predominance. Abnormal laboratory values
included CRP, 25 mg/L; LDH, 474 mm/L; and serum ferritin, 602
ng/mL. He developed acute respiratory failure with hypoxia de-
spite O, supplementation and was intubated. He was enrolled in
an anti-interleukin 6 antibody treatment study and also received
hydroxychloroquine and a course of methylprednisolone, result-
ing in improvement in his respiratory status. He was extubated,
after which he was noted to be encephalopathic. Head CT
revealed focal low attenuation in the right centrum semiovale
and right frontal subcortical region, suggestive of infarctions

(Fig 7A, -B). Brain MR imaging demonstrated acute and subacute
infarcts in the frontal lobes (right greater than left), bilateral cen-
trum semiovale, right corona radiata, occipital lobes, and left cer-
ebellar hemisphere (Fig 7C-7E). Concurrently performed MRA
of the head and neck demonstrated no major vessel narrowing or
occlusion. He remains in the ICU and is able to follow simple
commands.

Patient 8. A 62-year-old woman with morbid obesity, diabe-
tes mellitus type 2, hypertension, and hyperlipidemia pre-
sented with cough and fever and an outside chest CT with
bilateral ground-glass opacities in a posterior and peripheral
distribution.

PCR for COVID-19 was twice negative. Laboratory values
were significant for elevated CRP, ferritin, and LDH, suggestive
of CSS. Her D-dimer level was 12,000 ng/mL. The patient’s oxy-
genation deteriorated, and she was intubated.

Ten days later, she developed altered mental status, and a
head CT demonstrated low attenuation in the left occipital lobe
(Fig 8A). Neck and head CTA findings were unremarkable. MR
imaging showed restricted diffusion in the left occipital and pari-
etal lobes. Pial enhancement was noted overlying the left occipital
infarct as well as diffuse dural enhancement. SWI showed numer-
ous microhemorrhages in the cerebral hemispheres, left cerebel-
lum, and left occipital lobe (Fig 8B-8E). She ultimately tested
PCR-positive for COVID-19. Her respiratory status improved,
and she was extubated. She was maintained on full-dose anticoa-
gulation with enoxaparin and was discharged to a rehabilitation

facility.

Patient 9. A 73-year-old man with no significant medical history
presented with fever and nonproductive cough for 1 week.
Given the local high-prevalence region, a PCR for COVID-19
was performed and was positive. Admission chest x-ray demon-
strated bilateral lung opacities. Abnormal laboratory results
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FIG 7. Noncontrast CT demonstrates focal low attenuation in the right frontal centrum semiovale and right frontal subcortical region (A) and a
wedge-shaped area of low attenuation in the right parietal region (B). DWI demonstrate small infarcts in the frontal lobes (C), both occipital
lobes (D), and the left cerebellum (E).

included the following values: elevated D-dimer, 27,000ng/mL;
CRP, 25 mg/L; lactate, 3.1 mm/; and pro-B-type natriuretic pep-
tide, 9550. He was intubated due to acute hypoxic respiratory
failure and treated with an interleukin-2 receptor antagonist,
steroids, and hydroxychloroquine.

Chest CT showed worsening pneumonia with diffuse, consoli-
dative, and ground-glass opacities throughout both lungs. He
then developed altered mental status and seizures, and a head CT
showed focal low attenuation in the occipital and right frontal
lobes, compatible with infarctions (Fig 9). CTA of the head and
neck was not performed due to the patient’s poor overall condi-
tion. During the next 2 days, his respiratory status deteriorated
and he died.

Patient 10. A 62-year-old woman with a medical history of
emphysema and lung cancer presented with acute encephal-
opathy and hypoxic respiratory failure requiring intubation
and ventilator support. A PCR for COVID-19 was positive.
Abnormal laboratory results included mild leukocytosis
(white blood cell count, 12 x 103/mm3); elevated D-dimer
level, 5628 ng/dL; elevated inflammatory markers (CRP and
ferritin); elevated troponins; and marked respiratory acidosis.
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A chest x-ray showed bilateral opacities. Head CT demon-
strated extensive low attenuation in the right frontal, tempo-
ral, and parietal regions consistent with infarction (Fig 10A).
There was also subtle high attenuation in the right MCA
(Fig 10B).

Head and neck CTA showed thrombus leading to occlusion
of the right internal carotid artery. Intracranially, there was occlu-
sion of the right internal carotid and middle cerebral arteries (Fig
10C, -D). Follow-up head CT on the same day revealed a right
middle cerebral artery territory acute infarction and areas of
low attenuation in the left temporal region and cerebellar
hemispheres (Fig 10E-10G).

Several days later, she developed profound refractory hypo-
tension and severe hypoxia despite high-dose vasopressors and
maximum ventilator support, and she died.

DISCUSSION

According to the World Health Organization, the ongoing
COVID-19 global pandemic has infected >3 million people
worldwide, resulting in nearly 218,000 deaths as of late April
2020, with cases reported in 213 countries, areas, and territo-
ries.! Various risk factors have been reported as predictors of



FIG 8. Noncontrast CT (A) demonstrates low attenuation in the left occipital lobe. DWI (B) confirms a left occipital infarction. Corresponding SWI (C)
shows confluent hemorrhages in the region of the acute infarction. SWI through the centrum semiovale (D) shows numerous bilateral microhemor-
rhages. Postcontrast Tl-weighted image (E) shows leptomeningeal enhancement overlying the left occipital infarction and diffuse dural enhancement.

FIG 9. Non-contrast CT axial (A) and coronal (B) views demonstrate focal low attenuation in the
parietal and right frontal lobes compatible with acute infarctions.

mortality and poor outcome, including advanced age, obesity,
pre-existing cardiovascular or cerebrovascular diseases, and

o . 9,10
underlying immunosuppression.

Given the propensity of COVID-
19 infection to involve the respiratory
system, initial scientific effort in diag-
nosis and therapeutics focused on the
respiratory aspects of the disease.'
There is increasing evidence that
thrombi are a major cause of multisys-
tem organ dysfunction, including re-
spiratory failure in severe cases of
infection. According to several publi-
cations, clotting plays a major role in
disease severity and mortality.'>'® In
addition to arterial clots, others have
observed high rates of venous throm-
boembolism in critically ill patients
who otherwise lack the classic risk fac-
tors for venous thromboembolism."’
A postmortem examination of 1 patient with severe COVID-19
disease revealed numerous pulmonary microthrombi. One fea-
ture of these diffuse capillary thrombi was the presence of
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FIG 10. Non-contrast CT demonstrates low attenuation suggestive of an acute right MCA territory infarction (A). There is subtle high attenua-
tion (arrow) in the right Sylvian fissure suggesting thrombus (B). Coronal and sagittal CTA views demonstrate long-segment thrombus resulting in
occlusion (arrow) of the right internal carotid artery (C). Head view (D) demonstrates occlusion of the right middle cerebral artery. Follow-up
head CT obtained on the same day as CTA reveals a right middle cerebral artery territory acute infarction and possible infarctions in the left pa-
rietal lobe and left temporal region (E and F). Cerebellar infarctions were also present (G).

megakaryocytes, platelets, fibrin, and inflammatory cells, eg, neu-
rophils.'* Similarly, postmortem examinations from the SARS
outbreak of the early 2000s demonstrated pulmonary thrombi,
pulmonary infarcts, and microthrombi in other organs.*”

Patients infected with COVID-19 may have a massive inflam-
matory reaction, presumably due to rapid accumulation of T-cells
and macrophages releasing cytokines into the bloodstream,
which aim to destroy the virus, resulting in CSS.** Laboratory
findings of CSS include decreased T-cells and natural killer cells
and an increase in interleukin 6. Hypoxia is a trigger of inflam-
mation and contributes to an intense proinflammatory state.'>'®
In addition, the COVID-19 virus has an affinity for ACE2 recep-
tors, which are found in the capillary endothelium.>* Data sug-
gest that engagement of the endothelium by the virus damages it,
increasing the permeability of the blood-brain barrier, resulting
in encephalopathy, encephalitis, and thrombosis and hemor-
rhage.'”'” Hemorrhages may be related to a coagulopathy due to
endothelial dysfunction as sequelae of CSS and/or liver dysfunc-
tion and consumption of clotting factors leading to disseminated
intravascular coagulation.

Neurologic manifestations are now recognized and, in 1 se-
ries, were present in 36.4% of patients.’>*' These findings may
be, at least in part, due to the affinity of COVID-19 for the
ACE2 receptors, which are relatively common in the respiratory
and nervous systems.”® Occasionally, CNS symptoms precede
other manifestations and may be the only indicators of the dis-
ease.”! Postmortem examinations have shown brain hyperemia
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and edema as well as neuronal degeneration in patients with
COVID-19.%

As in other series, most of our patients (8 of 10) had signifi-
cant comorbidities, more commonly hypertension (n = 6), mor-
bid obesity (n = 4), diabetes (n = 3), and cancer (n = 1). Obesity
is associated with a risk of stroke, not only due to the propensity
for comorbid diabetes, hypertension, and hyperlipemia, all inde-
pendent risk factors for cardiovascular disease, but also because
fatty tissues are inherently proinflammatory and hypofibrino-
Iytic.>® Being overweight is also a documented risk for poor out-
come in COVID-19 infection,”* and its link to an enhanced
inflammatory state and inherent prothrombotic state may also
explain the high prevalence of cerebral infarctions in these
patients. The number of cases herein described is too small to
determine whether specific comorbidities lead to specific CNS
manifestations. The high number of comorbidities in our patients
may explain why only 3 were older than 65 years when advancing
age has been a predisposing factor in other series.

We cannot speculate on the frequency of cerebral infarctions
in our patients with COVID-19 because the cases shown here
were specifically chosen to review these complications. In 1 large
series, slightly >36% of patients had CNS complications.”’ In
that same series, 88 of 214 patients had severe infections, and
they were the ones with CNS complications. Of these patients, 4
had ischemic strokes and 1 a cerebral hemorrhage. Most them
also had severe hypertension, which was present in most of our
patients. In a small series from France, 13 patients underwent



brain MR imaging and 3 showed cerebrovascular abnormalities,
which, by description, were small compared with the ones in our
series, and 8 showed leptomeningeal enhancement, which we saw
in only 1 patient.> One of our patients showed diffuse cerebral
edema, and it is unclear whether this was the result of anoxia
induced by lung disease or a different reason. It is notable that 6
of our patients had symptoms and laboratory values suggesting
CSS but their brain imaging findings varied widely, and none cor-
responded to findings described previously for this syndrome.*

Thus, it seems that the neurovascular complications of
COVID-19, as illustrated by our cases and those of others,2°3°
are common and varied, including multifocal infarctions, multi-
ple arterial occlusions, and/or intraluminal thrombi with or with-
out hemorrhages, which may be the result of a combination of
diffuse endothelial dysfunction, systemic hypercoagulability, and
hypoxic-ischemic damage from cardiopulmonary dysfunction.*'
Previously, we reported posterior reversible encephalopathy syn-
drome-like findings in 2 patients, whom we decided not to
include in these series.”’

CONCLUSIONS

We presented 10 hospitalized patients with COVID-19 who had
severe intracranial ischemic complications, and most had comor-
bidities, including hypertension, morbid obesity, and diabetes.
Although probably multifactorial, in many patients, neurovascu-
lar ischemic diathesis in the setting of COVID-19 infection may
be explained by a combination of cytokine release syndrome
resulting in severe inflammation, leading to endothelial dysfunc-
tion; a hypercoagulable state; and cardiopulmonary dysfunction
with hypoxia and hemodynamic insufficiency accentuated by
direct viral-mediated breakdown of the blood-brain barrier.
Although our study is a small observational series, it demon-
strates the wide range of ischemic brain lesions in patients with
COVID-19, and these should be kept in mind when imaging
such patients.
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