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BACKGROUND AND PURPOSE: The 2019 novel coronavirus outbreak and its associated disease (coronavirus disease 2019
[COVID-19]) have created a worldwide pandemic. Early data suggest higher rate of ischemic stroke in severe COVID-19
infection. We evaluated whether a relationship exists between emergent large vessel occlusion (ELVO) and the ongoing
COVID-19 outbreak.

METHODS: This is a retrospective, observational case series. Data were collected from all patients who presented with ELVO
to the Mount Sinai Health System Hospitals across New York City during the peak 3 weeks of hospitalization and death from
COVID-19. Patients’ demographic, comorbid conditions, cardiovascular risk factors, COVID-19 disease status, and clinical
presentation were extracted from the electronic medical record. Comparison was made between COVID-19 positive and
negative cohorts. The incidence of ELVO stroke was compared with the pre-COVID period.

RESULTS: Forty-five consecutive ELVO patients presented during the observation period. Fifty-three percent of patients tested
positive for COVID-19. Total patients’ mean (£SD) age was 66 (£17). Patients with COVID-19 were significantly younger
than patients without COVID-19, 59413 versus 74£17 (odds ratio [95% CI], 0.94 [0.81-0.98]; A=0.004). Seventy-five
percent of patients with COVID-19 were male compared with 43% of patients without COVID-19 (odds ratio [95% CI], 3.99
[1.12-14.17]; P=0.032). Patients with COVID-19 were less likely to be White (8% versus 38% [odds ratio (95% CI), 0.15
(0.04-0.81); P=0.027]). In comparison to a similar time duration before the COVID-19 outbreak, a 2-fold increase in the
total number of ELVO was observed (estimate: 0.78 [95% ClI, 0.47—1.08], P<0.0001).

CONCLUSIONS: More than half of the ELVO stroke patients during the peak time of the New York City's COVID-19 outbreak
were COVID-19 positive, and those patients with COVID-19 were younger, more likely to be male, and less likely to be White.
Our findings also suggest an increase in the incidence of ELVO stroke during the peak of the COVID-19 outbreak.
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drome coronavirus-2 (SARS-CoV-2), and its associ-
ated disease, coronavirus disease 2019 (COVID-19),
started in December 2019 in Wuhan, China, and rap-
idly spread to >200 countries. On March 11, 2020, the
World Health Organization declared COVID-19 disease

The novel coronavirus, severe acute respiratory syn-

a pandemic; and as of June 27, 2020, >9.9 million con-
firmed cases have been identified worldwide.
COVID-19 is caused by a novel single-stranded envel-
oped RNA virus called SARS-CoV-2." The virus invades
cells by adhering to angiotensin-converting enzyme 2
receptors.? These receptors are prevalent throughout the
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Nonstandard Abbreviations and Acronyms

COVID-19 coronavirus disease 2019

ELVO emergent large vessel occlusion

IV r-tPA intravenous recombinant tissue-type
plasminogen activator

NYC New York City

SARS-CoV-2 severe acute respiratory syndrome

coronavirus-2

body, including pulmonary and intestinal epithelia, renal
cells, vascular endothelium, and myocardial cells, which
may explain the multi-organ dysfunction seen in severe
cases of COVID-192

The classic COVID-19 presentation includes fever, dry
cough, myalgia, and fatigue, although atypical presenting
symptoms, such as anosmia or nausea and diarrhea, have
been reported.* A recent report from China demonstrated
neurological manifestations in>36% of hospitalized COVID-
19 patients with a higher rate among severe patients with
COVID-19. The study also suggests an increased rate of
stroke among hospitalized patients with severe COVID-19
infection.® Here, we report our observations of emergent
large vessel occlusion (ELVO) acute ischemic stroke across
the largest health system in New York City (NYC) during the
peak weeks of NYC's COVID-19 outbreak.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

This retrospective, observational study was conducted
across the Mount Sinai Health System encompassing 8 hos-
pitals and receiving patients from all 5 boroughs of NYC. The
study was conducted under the auspices of Institutional Review
Board approval. The Institutional Review Board waived the
need for patient consent. On March 15, 2020, NYC announced
it would close public schools, on March 16 all bars and restau-
rants were closed (except delivery/take-out), and on March 20,
all nonessential businesses were closed. The following week
marks the beginning of the COVID-19 surge in NYC. We col-
lected data on all ELVO patients presenting to our hospitals
over the 3 weeks between March 21 to April 12, 2020, which
correlates with the peak number of hospitalizations and deaths
from COVID-19 in NYC (https://www1.nyc.gov/site/doh/
covid/covid-19-datapage). ELVO diagnosis required vascular
imaging confirmation of occlusion of an intracranial internal
carotid artery, M1 or M2 segments of a middle cerebral artery,
A1 or A2 segments of an anterior cerebral artery, intracranial
vertebral artery, basilar artery, or P1 or P2 segments of a poste-
rior cerebral artery, with concomitant acute neurological deficit.

Demographic information, preexisting cardiovascular risk
factors (hypertension, diabetes mellitus, hyperlipidemia, atrial
fibrillation, and congestive heart failure), initial National Institutes
of Health Stroke Scale score, treatments used (alteplase and
thrombectomy), and clinical outcome were obtained for every
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patient. Confirmed COVID-19 cases were defined as posi-
tive reverse-transcription polymerase chain reaction analysis
of nasal swab specimens. The timing of the SARS-CoV-2
swab test during the hospital course was extracted for each
patient. We also reviewed the lung apices on our standard
code-stroke neck computed tomography angiography for the
presence of abnormal findings in all ELVO patients. Findings
in the transthoracic echocardiography, including reduced ejec-
tion fraction (defined as ejection fraction <40%) and presence
of left ventricular thrombosis, were extracted for each patient.
Laboratory findings, including white blood cell and plate-
let counts, prothrombin time, D-dimer, fibrinogen, blood urea
nitrogen, and creatinine, were extracted. Baseline character-
istics, imaging findings, and laboratory values were compared
between patients with and without COVID-19 who presented
to the hospital during the above-mentioned 3-week period. We
repeated the statistical analysis after removing patients without
COVID-19 diagnostic tests from the study population to ensure
their presence did not influence the final findings.

In an exploratory analysis, we compared the prevalence and
demographic data of ELVO patients during the COVID-19 out-
break with ELVO patients before COVID-19. For that analysis,
we performed 2 separate reviews of our prospectively main-
tained ELVO database: the first was to obtain the number of
ELVO patients during exactly the same 3 weeks period in 2019
(March 21 to April 12) and the second, performed to minimize
sample bias, was to obtain the total number of ELVO patients
during consecutive 3-week periods from March 20, 2020,
backward to include the entire year of 2019. This created 21
consecutive 3-week periods before the outbreak.

The SAS 9.4 software (SAS Institute, Cary, NC) was used
for statistical analysis. We used 2 tailed tests for our analy-
sis. For categorical variables, the 2 test was used to test for a
significant difference between the COVID (+) and COVID (—)
groups, and the Fisher exact test was used if cell sizes were <b.
We used the Wilcoxon Mann-Whitney test for continuous vari-
ables. We performed linear regression analysis to detect trends
in the number of ELVO patients during 21 consecutive 3-week
periods before the COVID-19 outbreak. We then dichotomized
the data into pre-COVID time and COVID time and performed
Poisson regression analysis to compare the prevalence of
ELVO stroke during the 21 consecutive 3-week periods before
the COVID-19 pandemic with the 3-week period during the
peak time of the outbreak.

RESULTS

Forty-five consecutive patients with ELVO were identi-
fied during the 21-day period starting March 21, 2020,
of the study. The mean (£SD) age of the patients was
66 (£17); 38% were women, and 38% Black. Twenty-
four patients (53% [95% ClI, 39-68]) tested positive
for COVID-19. All the tested patients were tested for
COVID-19 within the first 24 hours from the time of
hospital arrival, except for one patient who was tested
at day 3. He tested negative and remained asymptom-
atic. Of note, the COVID-19 diagnostic test was not
performed in 7 patients. All of them presented during
the first week of the outbreak when testing was not
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provided to asymptomatic patients. They all remained
clinically asymptomatic during the hospital stay.

The mean (£SD) age for COVID-19 ELVO patients was
significantly lower than non-COVID-19 ELVO patients:
59413 versus 7417 (P=0.004). More COVID-19 ELVO
patients were male, 79%, as compared to non-COVID-19
ELVO patients, 43% (odds ratio [95% CI], 399 [1.12-
14.17]; P=0.032). COVID-19 ELVO patients were also
less likely to be White (8% versus 38%, odds ratio [95%
Cl], 0.14 [0.03-0.81]; P=0.027). The absence of car-
diovascular risk factors was seen in 46%, of COVID-19
ELVO patients versus 24% of non-COVID ELVO patients
(odds ratio [95% Cl], 2.71 [0.76-9.79]; P=0.12). Specifi-
cally, the prevalence of atrial fibrillation was substantially
lower among patients with COVID-19 (4% versus 24%,
P=0.05). Similarly, patients with COVID-19 had a signifi-
cantly lower prevalence of congestive heart failure in their
past medical history (O versus 19%, P=0.025). Trans-
thoracic echocardiography was performed in 72% of the
patients (62% of patients with COVID-19 and 81% of
patients without COVID; Table). A total of 4 patients were
found to have new-onset reduced ejection fraction; with no
history of prior cardiac disease; 3 of them were patients
with COVID-19. Notably, one patient was found to have
left ventricular thrombus with ejection fraction of 42%. She
was a 61-year-old with a history of hypertension; she was
found to have COVID-19 infection. No evidence of Central
Nervous System vasculopathy was seen among patients
with COVID-19 on cerebral digital subtraction angiography
or computed tomography angiography of head and neck.

Among the COVID-19 cohort, only 58% had typi-
cal COVID-19-related symptoms on presentation. Sixty
percent of previously asymptomatic COVID-19 patients
developed typical COVID-19 related symptoms during
hospitalization, while 4 patients remained asymptomatic
beyond stroke symptoms. Cough (37%), fever (29%), and
shortness of breath (29%) were the most observed symp-
toms for patients with COVID-19. Radiographic evidence of
apical lung abnormalities was reported in 75% of patients
with COVID-19 versus 19% of patients without COVID-19
(odds ratio [95% Cl], 12.74 [3.06-53.18]; ~=0.0005). One
patient who was not tested for COVID-19 had abnormal
findings in lung apices. This patient remained asymptom-
atic during hospital stay and was eventually discharged to
home with minimal residual neurological deficits. Forty-six
percent of patients with COVID-19 required mechanical
ventilation during hospitalization due to respiratory failure.
Two (10%) of the patients without COVID-19 required
intubation and ventilator support for airway protection; one
was intraprocedural (during endovascular thrombectomy);
and the other one later during hospital stay.

In an exploratory analysis, we compared the preva-
lence and demographic data of ELVO patients during the
COVID-19 outbreak to ELVO patients that presented dur-
ing the comparable time the year prior (March/April 2019).
The exact 3-week time span in 2019 demonstrated 23
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ELVO patients with mean (£SD) age 67 (+15) years, 52%
women, and 47% White. We also obtained the number
of ELVO strokes during 21 consecutive 3-week periods
before the outbreak, which includes a total of 441 days,
extending from January 2019 to March 2020, shown
in Figure 1. A 3-week average (£SD) of 21 (£4) ELVO
patients was identified during this extended period. The
mean (£SD) age 71 (£15) years and 49% women and
29% White. The linear regression analysis demonstrated
no statistically significant change in the number of ELVO
stroke patients during the 21 consecutive 3-week periods
from January 2019 to March 2020 (estimated slope of
0.14 [95% ClI, —0.14 to 0.42], P=0.33; Figure 2). Finally,
comparison of the 3-week period of the COVID-19
outbreak with the prior 21 consecutive 3-week periods
revealed a significant increase in the number of ELVO
cases (45 patients versus average 21 patients; estimate:
0.78 [95% Cl, 0.47-1.08], P<0.0001).

Of note, the rate of IV r-tPA (intravenous recombi-
nant tissue-type plasminogen activator) treatment for
patients with ELVO stroke during the COVID-19 out-
break was 33% which was not statistically different from
the rate of treatment before the outbreak (33% versus
249% [difference 11.4, 95% CI, —6.9 to 30.4, P=0.21]).
Similarly, the rate of endovascular thrombectomy for
patients with ELVO during the COVID-19 outbreak
was not different compared with the average treatment
rate before the outbreak (66% versus 449% [difference
21.6, 95% Cl, —5.3 to 47.8, P=0.11]; Figure 3).

DISCUSSION

Our findings suggest an association between COVID-
19 and large vessel ischemic stroke. Over 50% of ELVO
patients presenting during the NYC COVID-19 outbreak
tested positive, which is significantly higher than 19.9%
infection rate in the general population in NYC.® These
patients were younger, more likely to be male, and less
likely to be White. ELVO was the first presenting symptom
for over 40% of the COVID-19 positive ELVO patients.
We observed a 2-fold increase in the number of ELVO
patients presenting to our health system during the NYC
COVID-19 surge as compared to the same period the
year prior and in the past 15 months before the outbreak.
Our analysis which includes data on all ELVO stroke in our
health system from January 2019 to April 2020 shows
that the change in ELVO routing pattern implemented by
the Regional Emergency Medical Advisory Committee of
NYC in April 2019 (ELVO prehospital diversion to Throm-
bectomy Stroke Center and Comprehensive Stroke Cen-
ter)” did not have a significant impact on the total number
of patients seen in our health system. Furthermore, none
of the hospitals in Mount Sinai Health System in NYC
became a Comprehensive Stroke Center or Thrombec-
tomy Stroke Center since January 2019, which limits the
likelihood of the impact of other unrelated confounding
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Table. Demographic and Baseline Characteristics of Patients With Emergent Large Vessel Occlusion Stroke

ELVO Stroke During COVID-19 Outbreak

Total (n=45) COVID-19 (+) ELVO, n=24 | COVID-19 (-)* ELVO, n=21 P Value

Age, mean (£SD) 66+17 59+13 7318 0.001

<50 y-, n (%) 8(18) 5 (21) 3(14) 0.46
Gender, female, n (%) 17 (38) 5 (21) 12 (57) 0.012
Race/ethnicity 0.046

White, n (%) 10 (22) 2 (8) 8 (38)

Black, n (%) 17 (38) 9 (37) 8 (38)

Hispanic, n (%) 17 (38) 12 (50) 5 (24)

Others, n (%) 1(2) 1(4) 0
Past medical history

Hypertension, n (%) 22 (49) 10 (42) 12 (57) 0.31

Diabetes mellitus, n (%) 14 (31) 8 (33) 6 (29) 0.73

Atrial fibrillation, n (%) 6 (13) 1(4) 5 (24) 0.08

Hyperlipidemia, n (%) 9 (20) 4 (17) 5 (24) 0.71

Congestive heart failure, n (%) 4 (9) 0 4 (19) 0.04

None, n (%) 16 (35) 11 (46) 5 (24) 0.12
LKN to hospital arrival, min, mean (£SD) 4701390 528+414 406+375 0.13
Admission NIHSS score, median (IQR) 13 (9) 15 (8) 13 (8) 0.13
Baseline mRS score <1, n (%) 36 (80) 24 (100) 12 (57) 0.09
Laboratory findings

White blood cell count (x10%/uL) (£SD) 10.5 (£5.4) 11.5 (£5.1) 9.9 (£5.1) 0.39

Platelet count (x10%/uL) (SD) 284 (£144) 333 (+150) 2927 (+114) 0.008

Prothrombin time, sec (£SD) 16 (£5) 16 (+4) 16 (£6) 0.26

Fibrinogen, mg/dL N/A 459 (£169) N/A

D-dimer, pg/mL FEU (reference 0.00-0.50) N/A 10.7 (£7.9) N/A

BUN, mg/dL (+SD) 24.9 (£17.9) 26.9 (+16.4) 23.3 (£17.1) 0.76

Creatinine, mg/dL (£SD) 1.2 (£0.8) 1.4 (£1) 1.1 (£0.5) 0.72
Location of occlusion

Internal carotid artery, n (%) 15 (33) 12 (50) 3(14) 0.10

Middle cerebral artery, n (%) 26 (58) 10 (42) 16 (76) 0.08

Basilar artery, n (%) 2 (4) 1(4) 1(5) 1.0

Posterior cerebral artery, n (%) 2 (4) 1(4) 1 (5) 1.0
Intravenous r-tPA, n (%) 15 (33) 7 (29) 8 (38) 0.20
Endovascular thrombectomy, n (%) 20 (44) 11 (45) 9 (43) 0.68

BUN indicates blood urea nitrogen; COVID-19, coronavirus disease 2019; ELVO, emergent large vessel occlusion; IOR, interquartile range; LKN, last known normal;
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; and r-tPA, recombinant tissue-type plasminogen activator.

*A COVID-19 diagnostic test was not performed in 7 patients. All of them presented during first week of the outbreak and remained clinically asymptomatic during
their hospital stay. Similar analysis performed after excluding those 7 patients from the study population did not demonstrate any significant changes in the main findings

presented in this Table.

factors. Similarly, reviewing the prevalence of ELVO stroke
during the COVID-19 outbreak in March and April 2020
and monthly prevalence of ELVO stroke all of 2019, it is
unlikely to attribute this increase in the number of ELVO
patients during the COVID-19 outbreak to other factors
such as increased incidence of ischemic stroke in winter
and spring from seasonal variations in biological factors
such as blood pressure, lipid profile and hypercoagulable
state and influenza epidemics or other respiratory infec-
tions which has been reported in the past®

Notably, 256% of COVID-19 ELVO patients were 50
years old or younger, which is higher than previously

Stroke. 2020;51:2656-2663. DOI: 10.1161/STROKEAHA.120.030397

observed proportions of ELVO stroke in this age group.
The proportion of 50 years old or younger was only 10%
among non-COVID ELVO patients, which is consistent
with previous epidemiological literature on stroke.®°

The majority of COVID-19 ELVO patients were men,
whereas the non-COVID-19 cohort were more likely to
be women. Consistent with our observations, epidemio-
logical studies from China demonstrate a higher preva-
lence of COVID-19 (ranging from 54% to 62% of cases)
and possibly worse outcome among men.*''-'3

In a recently published retrospective observational
study from Wuhan, China, Mao et al® found neurological

September 2020 2659

$3IN3I1IS
NOILYINdOd ANY TVINITD



CLINICAL AND POPULATION

SCIENCES

020z ‘Gz snbny uo Aq Bio'sfeulnofeye//:dny wouy papeojumoq

Majidi et al ELVO Stroke During COVID-19 Outbreak
Prevalence of ELVO stroke

50

45

40

35
2
g 30
a
% 25
K
£ 20
=]
=

15

10

5

0

9 ) & &) 2 & ® @ o P

‘-:ra\ Ga.-p ’P @‘9 0:-1@ :>~ A \rg\r19\ q‘.-p" ;{b‘ ,5(19'\ 519\ TI'Q\ %.,g)‘ Ga'r“;\ Y '19 @@

i s N W », o W i & f;, f;,

& & ’\35' ‘g\é ?9 @:S" ‘@‘\ o N ?39 ?\)Q R Cf} o \g? Qé" 0@5‘ « Qev Qé? @g}‘ )
S n\b s> I 2 ‘}\ o F s q'\q}/ AR, o (:Sf 5 B S°
:"‘@Q‘@@'&@@@%5‘?3*‘5\379?9@“0“@5‘&0&06@@@0@0

o
&
\@‘
o
T
\&3}

Figure 1. Comparison of the prevalence of acute ischemic stroke from large vessel occlusion in 3-wk during coronavirus
disease 2019 (COVID-19) outbreak with consecutive 3-wk periods back to January 2019.

manifestations in 36% of hospitalized patients with
COVID-19. They reported a higher prevalence of neu-
rological symptoms among hospitalized patients with
severe disease. In their review of 88 patients with severe
COVID-19, 5.7% of patients had ischemic or hemor-
rhagic stroke. Remarkably, they found that the neuro-
logical symptoms can occur early in the course of the
disease and may be a presenting symptom. Similarly,
in our study, in 42% of the COVID-19 ELVO patients,
stroke was their presenting symptom. However, 79% of
these patients had radiographic findings consistent with
COVID-19 in their lung apices visualized on their code-
stroke neck computed tomography angiogram. Moreover,
90% of the COVID-19 cohort had markedly increased
D-dimer levels (mean [£SD]: 10.7 [£7.9] pg/mL FEU).
Elevated D-dimer has been demonstrated as an indica-
tor of severe COVID-19 disease in previous studies.*'
It is likely that markedly elevated D-dimer is associated
with an increased risk of thromboembolic complications
in patients with COVID-19, and ELVO can be the sole
clinical presentation in these patients.

The precise mechanism(s) of acute ischemic stroke
in patients with COVID-19 is not fully understood.
However, a hypercoagulable state, commonly seen in
severe forms of the disease, direct cardiac injury and
subsequent cardioembolic events, and de novo endo-
thelial injury from direct invasion of the virus via the
angiotensin-converting enzyme 2 receptors have been
suggested as potential culprits.>'® Additionally, direct
central nervous system invasion by the SARS-CoV-2

2660  September 2020

virus via a hematogenous or trans-synaptic neuronal
route is another important potential mechanism to be
considered. Previous versions of coronavirus including
SARS-CoV and Middle East respiratory syndrome—
related coronavirus have been isolated from the central
nervous system.'® Umapathi et al'” reported 5 cases of
severe stroke from ELVO in patients with severe SARS
infection during the SARS-CoV epidemic in Singapore
in 2003. We did not find obvious evidence of Central
Nervous System vasculopathy among patients with
COVID-19 in cerebral digital subtraction angiography
or computed tomography angiography of head and
neck in our patients. Of note, 3 patients with COVID-
19 were found to have a new-onset reduced ejec-
tion fraction on transthoracic echocardiography, and
one patient with COVID-19 was found to have a left
ventricular thrombus, with no history of prior cardiac
disease.

Finally, it is worth mentioning that the total number
of ischemic stroke presented to our Comprehensive
Stroke Center hospital during the months of March
(n=30) and April (n=34) this year which overlaps with
the COVID-19 outbreak was significantly lower than
the mean (£SD) monthly ischemic stroke patients
from January 2019 to February 2020 was 43 (+7.3).
There was only one patient in the entire month of
April this year who was treated with IV r-tPA, while
the median number of IV r-tPA treatment was 3 from
January 2019 to March 2020. The decreased number
of ischemic stroke and IV r-tPA treatment during the

Stroke. 2020;51:2656-2663. DOI: 10.1161/STROKEAHA.120.030397
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Figure 2. Linear regression analysis demonstrates no change in the trend of the number of emergent large vessel occlusion
(ELVO) stroke during the 21 consecutive 3-wk periods before the coronavirus disease 2019 (COVID-19) outbreak (estimated

slope of 0.14 [95% CI, —0.14 to 0.42], P=0.33).

Poisson regression analysis showed a statistically significant increase in the number of ELVO patients during the COVID outbreak (45 patients vs

average 21 patients; estimate: 0.78 [95% Cl, 0.47 to 1.08], P<0.0001).

COVID-19 outbreak may be explained by the reported
reluctance of the public to seek immediate medical
attention for mild symptoms due to the fear of leav-
ing home and coming to the hospital and contract-
ing the virus. It seems likely that mild and moderate
stroke patients were more willing to wait it out than to
present to emergency departments, given the general
fear of COVID-19. Some of these patients potentially
improved or slowly recovered without ever presenting
to an emergency department. Doubtless some also
substantially worsened and then either came to the
hospital or possibly passed on at home. In fact, dur-
ing this same period the Fire Department of the City
of New York reported an almost 4-times normal rate
of patients being dead on emergency medical service
arrival.'® While some of these deaths were likely from
COVID-19 many may also have been from reticent
myocardial infarction patients, subarachnoid hemor-
rhage or subdural hemorrhage patients, or large vessel
strokes (particularly of the posterior circulation). Last,
it is also reasonable that, as emergency departments
were overrun with COVID-19 they were less likely to
call stroke alerts for patients with mild symptoms.'™
Essentially, the threshold likely increased, thereby
enriching the population of ELVOs as compared to the
general stroke code population. These considerations

Stroke. 2020;51:2656-2663. DOI: 10.1161/STROKEAHA.120.030397

remain conjecture, but they are certainly plausible
considerations.

Our study has several limitations. First, due to rela-
tively small sample size, bias in clinical observation
cannot be fully excluded. Due to the retrospective
nature of our study, the information regarding COVID-
19-related symptoms and cardiovascular risk factors
were abstracted from the patients’ electronic medical
record, therefore, underestimation of the symptoms
and preexisting conditions, due to omissions in report-
ing, particularly if symptoms were relatively mild, cannot
be excluded. Since patients without COVID-19 did not
routinely have certain tests such as D-dimer or fibrino-
gen, a comparison between the 2 cohorts could not be
performed. The rate of transfer from peripheral hospi-
tals during the pandemic was slightly higher than prior
times. Although there was no report of any thrombec-
tomy capable hospital not accepting stroke patients for
thrombectomy during the COVID-19 outbreak in NYC,
the possible impact of overburdened hospitals during
the pandemic on the pattern of ELVO stroke transfers
and subsequently the total number of ELVO received in
our health system cannot be completely ruled out. How-
ever, as only 2 of the reported ELVO population came
from hospitals we do not usually receive strokes from,
it seems unlikely that such changes account for the
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Figure 3. The chart illustrates the rate of endovascular thrombectomy (EVT) and IV r-tPA (intravenous recombinant tissue-type
plasminogen activator) treatment during the coronavirus disease 2019 (COVID-19) outbreak and the time before that.

The Wilcoxon signed-rank test did not demonstrate statistically significant difference in the rate of IV r-tPA treatment between the COVID-19
outbreak and prior time (33% vs 24% [difference 8.4, 95% Cl, —6.9 to 30.4, ”~=0.21]). Similarly, no significant difference was seen in the rate of
EVT in emergent large vessel occlusion (ELVO) patients during COVID-19 outbreak and prior time (66% vs 44% [difference 21.6, 95% Cl, —5.3
to 47.8,, P=0.11]). (Y axis denotes the percentage of ELVO stroke patients.)

observed effects. Despite the above limitations, this is
among the first series of ELVO patients with COVID-19
disease, and it provides valuable insight into the nature
of stroke as a presenting manifestation of COVID-19,
as well as lending support for COVID-19 initiating a
prothrombotic state.

CONCLUSIONS

We report an unusual demographic and risk factor pro-
file in patients presenting with ELVO stroke during the
peak time of the NYC’s COVID-19 outbreak. More than
half of ELVO patients treated in our institution during
this period tested positive for COVID-19. COVID-19
ELVO patients were younger, and more likely to be
men and less likely to be White. Patients with COVID-
19 also were less likely to have past medical history of
heart failure than patients without COVID-19. Our find-
ings also suggest an increase in the incidence of ELVO
stroke during the peak of the COVID-19 outbreak. Cli-
nicians should consider SARS-CoV-2 infection in the
workup of acute ischemic stroke during periods of high
SARS-CoV-2 activity, particularly in patients without
typical cardiovascular risk factors.
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