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Case Report
Acute Cerebrovascular Disorders and Vasculopathies
Associated with Significant Mortality in SARS-CoV-2 Patients

Admitted to The Intensive Care Unit in The New York Epicenter
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The current Coronavirus pandemic due to the novel SARS-Cov-2 virus has proven
to have systemic and multi-organ involvement with high acuity neurological condi-
tions including acute ischemic strokes. We present a case series of consecutive
COVID-19 patients with cerebrovascular disease treated at our institution including
3 cases of cerebral artery dissection including subarachnoid hemorrhage. Knowl-
edge of the varied presentations including dissections will help treating clinicians at
the bedside monitor and manage these complications preemptively.
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Introduction

The current Coronavirus pandemic due to the novel
SARS-Cov-2 virus has proven to have systemic and multi-
organ involvement alongside typical respiratory
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symptoms.1 Among neurological manifestations, multiple
reports reflect emerging evidence for neurotropism of the
novel SARS-CoV-2 virus, including frequent complaints
of anosmia, seizures and less common reports of acute
inflammatory demyelinating polyneuropathy, acute nec-
rotizing encephalitis etc.2 A hypercoagulable state has
also been reported in many patients, characterized by
thrombocytopenia, elevated fibrinogen and d-dimer lev-
els leading to unusual cases of multifocal pulmonary
thrombosis as well as acute ischemic strokes.3�6 SARS-
CoV-2 virus has also been implicated in autoimmune and
auto-inflammatory disease leading to a vasculopathy
and/or vasculitides1 among mounting reports of sponta-
neous coronary artery and cerebral artery dissection in
COVID-19 patients without any history of antecedent
trauma or connective tissue disorder.7�11 Here, we
describe a subset of consecutive COVID-19 patients with
acute cerebrovascular disease (CVD) including 3 unique
cases of spontaneous cerebral artery dissection. As our
knowledge of the different afflictions of this virus grows,
it is important for clinicians to be aware of the far reaching
), 2021: 105429 1
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Table 1. Demographics, Comorbidities and Symptomatology

of Covid-19 Patients with Acute Cerebrovascular Disorders

Male: Female 3:5

Hypertension � no. (%) 5 (63%)

Type II Diabetes Mellitus � no.

(%)

3 (38%)

Coronary Artery Disease/Cardio-

vascular Disease � no. (%)

1 (13%)

History of Malignancy � no. (%) 2 (25%)

Chronic Kidney Disease � no.

(%)

1 (13%)

Fever � no. (%) 4 (50%)

Cough � no. (%) 7 (88%)

Acute Ischemic Stroke � no. (%) 7 (88%)

Subarachnoid Hemorrhage 2 (25%)

Sinus Thrombosis � no. (%) 1 (13%)

Stroke Etiology � Extracranial

Dissection � no. (%)

3 (38%)

Stroke Etiology � Intracranial

Dissection � no. (%)

2 (25%)

Stroke Etiology � ESUS � no.

(%)

5 (63%)

Median NIHSS 8

Median GCS 13

Required Intubation � no. (%) 5 (63%)

Severe ARDS � no. (%) 5 (63%)

Headache � no. (%) 1 (13%)

Altered Mental Status � no. (%) 6 (75%)

Ataxia � no. (%) 2 (25%)
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clinical consequences they may be faced with while pro-
viding optimal care to our patients. To our knowledge,
this is the largest number of reported cases of cerebral
artery dissection among COVID-19 patients from a single
center.

Methods

We report a prospectively followed cohort of all hospi-
talized cases with confirmed COVID-19 infection (SARS-
CoV-2 RT-PCR positive) and CVD (ischemic and hemor-
rhagic stroke) between March 26th and April 12th, 2020
treated at our comprehensive stroke center located in the
New York City Metropolitan area. Diagnosis of CVD was
confirmed on neuroimaging with CT, CTA and/or MRI
of the brain. Baseline demographics, clinical, laboratory,
diagnostic and imaging findings were extracted by a
board-certified or board-eligible neurologist. Stroke etiol-
ogy, according to the TOAST criteria for ischemic stroke,
was determined based on available workup.

Results/case series

We cared for approximately 600 COVID-19 patients
between March 26th and April 12th, 2020, of whom 127
were admitted to the ICU. We admitted a total of 48
patients with acute ischemic stroke during the study
period, 8 of whom had concomitant COVID-19 and were
managed in the COVID Intensive care unit.

Ischemic stroke patients

Of the eight COVID-19 positive patients, seven (87%)
patients presented with acute ischemic stroke (AIS)
(Table 1,2). Five patients were adjudicated to have
embolic stroke of undetermined source (ESUS) as defined
by the Cryptogenic Stroke/ESUS International Working
Group consensus 2014 statement outlining the diagnostic
guidelines to ischemic strokes without clear etiology.
With regards to infarct location, all of the ESUS strokes
had bilateral middle cerebral artery involvement and
either anterior or posterior cerebral artery territory infarc-
tions. One of the ESUS patients also developed cerebral
venous thrombosis (CVT) involving the right transverse
sinus and jugular bulb. Of note, all of these patients expe-
rienced their neurological symptoms within 4-10 days of
the onset of their respiratory symptoms (Table 2).

Cerebral artery dissections

Three of the eight COVID-19 positive patients were
found to have extracranial and/or intracranial dissections
seen on CTA/MRA and confirmed with diagnostic cere-
bral angiography. Two patients had extracranial dissec-
tions involving the cervical segment of the internal
carotid artery, and one had concomitant dissection of the
supraclinoid segment of the internal carotid artery with
associated diffuse subarachnoid hemorrhage. One of these
patients had presented with a non-aneurysmal convexity
subarachnoid hemorrhage and was found to have con-
comitant dissections of the middle cerebral artery and
extracranial V2 segment of the vertebral artery. This
patient subsequently developed delayed ischemic injury
due cerebral vasospasm (Table 1, 2). None of the patients
with cerebral dissections had any known risk factors such
as connective tissue disorders, vasculopathy, recent his-
tory of trauma or cervical manipulations to explain the
dissections.

APACHE IVa score and disease severity

The average age, presenting APACHE IVa scores as
well as severity of the COVID-19 in patients with cerebro-
vascular disorders was similar to those with no cerebro-
vascular disorders (Table 3). The average APACHE IVa
Score for ICU deaths of the COVID-19 patients with no
cerebrovascular involvement compared to COVID-19
patients with cerebrovascular involvement was similarly
high in both groups (97.5 vs 89.5). One patient was dis-
charged from the intensive care unit, and five patients
(63%) required intubation with mechanical ventilation per
the ARDSNet protocol. None of the COVID-19 patients
with cerebrovascular involvement were extubated com-
pared to a 19% (25/127) extubation rate in the COVID-19
ICU patients with no cerebrovascular involvement. Of the



Table 2. Clinical and laboratory characteristics of the Patients COVID-19 and acute cerebrovascular syndromes.

Characteristics Patient-1 Patient-2 Patient-3 Patient-4 Patient-5 Patient-6 Patient-7 Patient-8

Age 31 57 81 72 67 47 60 72

Acute Cerebrovas-

cular Syndrome

Characteristics

RCVS with Con-

vexity SAH in

setting of intra-

cranial and extra-

cranial Dissection

Large vessel occlu-

sion stroke sec-

ondary to

extracranial dis-

section with sta-

tus post

mechanical

thrombectomy

Extracranial and

intracranial dis-

section with dif-

fuse subarachnoid

hemorrhage

Embolic stroke of

undetermined

source (ESUS)

followed by acute

onset cerebral

venous thrombo-

sis (CVT) in the

right transverse

sinus and jugular

bulb.

Embolic stroke of

undetermined

source (ESUS)

Embolic stroke of

undetermined

source (ESUS)

Embolic stroke of

undetermined

source (ESUS)

Embolic stroke of

undetermined

source (ESUS)

Gender Female Female Male Female Female Male Male Female

WBC 7.2 13.8 7.4 0.2 11.4 10.1 6.4 8.6

Neutrophils 59 15.7 86.7 85 84 70.9 52.9 65.4

Lymphocytes 29.8 76.4 6.9 10 6 17.4 32 22.3

Platelets 242 270 205 9 406 323 262 124

C- Reactive Protein 1.5 38 17 34 <0.1 5.2

Creatinine 0.79 0.72 2.26 0.85 2.19 1.87 0.81 0.68

BUN 22 10 49 71 85 25 18 17

Creatine Kinase 66 62 173 189 1561 270 1919

LDH 316 527 334 779 896 303

AST 17 64 16 139 461 57 33 33

ALT 13 23 10 189 534 55 73 19

D-Dimer 1.27 7.79 >35 >35 >35 0.19

Ferritin 151.4 4311.3 772.8 10941 77.6 773.9

Covid19 Severity Mild Severe Severe Severe Mild Mild Severe Severe

Procalcitonin Negative 0.93 Negative Negative 7.85 Negative Negative Negative

Fibrinogen 491 732 440 856 836 666 499 519

WBC (White Blood Cells) RCVS (Reversible cerebral vasoconstriction syndrome); SAH (Subarachnoid Hemorrhage); ESUS (Embolic stroke of undetermined source); ALT (alanine aminotran-

saminase); AST (aspartate transaminase); LDH (lactate dehydrogenase).
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Table. 3. Comparison between All COVID patients and Covid-19 Patients with Acute Cerebrovascular Disorders admitted to the

ICU

COVID positive ICU pts All COVID-19 Patients COVID Patients with Acute

Cerebrovascular Disorders

COVID positive ICU pts (n) 127 8

Avg ICU LOS (days) 8.1 5.1

Avg MV Duration for vented pts (days) 10 4

Avg Age 62 60

Median Age 61 67

Average APACHE IVa Score for ICU deaths 97.5 89.5

Pts successfully extubated (n) 25 0

Pts died (n) 31 3

Pts discharged home/ transferred alive (n) 44 5
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COVID-19 patients with cerebrovascular disease, 3(37.5%)
died in the ICU while on mechanical ventilation, while the
other 4(50%) could not be weaned off mechanical ventila-
tion and were transferred to long term care facilities with
tracheostomy on ventilators.

Outcomes and ICU mortality

Of the 8 patients with COVID-19 with cerebrovascu-
lar involvement, 3 patients progressed to a Glasgow
Coma Scale of 3 with evidence of cerebral edema as
well as severe ARDS and eventually died. One patient
was discharged home independent while the other 4
were discharged to long term care facility on mechani-
cal ventilation needing full time care. In addition, the
average duration to progression to a modified Rankin
Score (mRS) of 5/6 was 2 days with an average length
of stay of 5.1 days for the COVID-19 patients with
CVD compared to 8.1 days for the patients with no
cerebrovascular symptoms. The rate of mortality or
end-of-life in the ICU in the COVID-19 patients with
CVD was 37.5% (3/8), compared to 24% (31/127) in
the COVID-19 patients with no cerebrovascular
involvement.

Discussion

As the incidence of COVID-19 exponentially multi-
plies around the world, there is mounting evidence for
its association with cerebrovascular disease as well as a
predisposition for a hypercoagulable state secondary to
a DIC-like condition and alteration of the coagulation
pathways.4,12 Our COVID-19 patients with spontaneous
dissections and SAH or AIS fared worse than others
which further added to the morbidity and mortality of
these patients already dealing with multi-organ failure.
While the mechanism of action leading to a vasculop-
athy remains multifactorial, our case series adds impor-
tant literature to the growing volume of case reports
describing spontaneous coronary,8,9 aortic10 and
carotid11 dissections among patient afflicted with
COVID-19. Viral illnesses have been linked to cranial
and cervical dissections in prior studies with viral repli-
cation causing direct vascular injury or vascular dam-
age as a result of immune response activation
secondary to proinflammatory cytokines, free radicals,
and proteases.12,13 SARS-COVID-2 causes damage to
endothelial cells, activating inflammatory and throm-
botic pathways.14 It can be postulated that a vasculitic
process similar to that seen with varicella zoster virus,15

in which viral replication in the cerebral arterial wall
triggers local inflammation may be responsible for caus-
ing spontaneous dissections.15�17 Additionally, virus
binding to the CNS ACE II receptors may lead to dis-
ruption of its autoregulatory function causing blood
pressure elevations leading to vessel wall damage pre-
disposing to dissections.18,19

Implicated mechanisms for ischemic stroke in COVID-
19 patients include inflammation, prothrombotic coagul-
opathy and endothelial injury. The strong inflammatory
response alongside elevated D-dimer levels and often
noted anti-phospholipid antibodies leads to high rates of
coagulopathy leading to embolic strokes which fits with
the stroke sub-type seen in our patient cohort.3�5 Empiric
low dose anticoagulation has been considered to be effec-
tive in preventing strokes in critically sick patients with
COVID-19.20

As our understanding of the multiple pathways of
action of COVID-19 continues to improve, knowledge
and awareness of these added complications will help
clinicians to pro-actively monitor and perhaps manage
these conditions better.
There are several limitations to these observations. This

is a single center report and while it may not be generaliz-
able, our study represents the first series of reported dis-
sections among COVID-19 patients. While it is possible
that the association of severity of COVID and cerebral dis-
sections may or may not be a direct one, further reporting
of cases and larger cohort registries will help elucidate the
natural history of these spontaneous infectious dissections
and add to the literature.
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Conclusion

In conclusion, based on the presumption that the infection
with the COVID-19 virus results in a hyperinflammatory
cascade, and consequently hypercoagulability, intensivists
should have a high index of suspicion for cerebrovascular
complications in the setting of this pandemic. Our institu-
tion’s preliminary experience suggests a higher incidence
and mortality of acute cerebrovascular disease in COVID-19
patients admitted to the ICUs. Further studies exploring the
use of antiplatelets early in the course of COVID-19 related
cerebrovascular disorders and specifically cerebrovascular
dissections are needed as this contributes to a significant per-
centage of the overall ICUmortality.
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