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ABSTRACT
Background COVID-19, caused by SARS- CoV-2, is a 
global pandemic that has been an immense burden on 
healthcare systems all over the world. These patients 
may be at higher risk for acute ischaemic stroke (AIS). We 
present our experience with AIS in patients with COVID-19.
Methods We reviewed all patients admitted to our hospital 
during a 6- week period with a positive nasopharyngeal 
swab test for SARS- CoV-2. Among these patients, we 
identified AIS. We reviewed the demographics, clinical, 
laboratory, imaging characteristics, treatments received 
and outcomes of AIS in patients with COVID-19.
Results We identified 683 patients admitted with 
COVID-19 during the study period, of which 20 patients 
had AIS. Large- vessel occlusion (LVO) was noted in 11 
patients (55%). Intravenous alteplase was administered in 
four patients (20%) and mechanical thrombectomy was 
performed in five patients (25%). Respiratory symptoms 
preceded the onset of AIS in most of the patients (70%) 
by 1 to 21 days. Mortality in patients with AIS was 50% 
compared with 26% of all COVID-19 admissions. Most of 
these patients died due to non- neurological causes (70%). 
Three patients with AIS had clinical and imaging findings 
consistent with COVID-19, but were negative for multiple 
nasopharyngeal swab tests.
Interpretation LVO was more common in patients with 
AIS and COVID-19. They had more severe disease and 
higher mortality rates. Most of the patients had respiratory 
symptoms preceding AIS by days to weeks. This could 
explain certain patients with clinical picture of COVID-19 
but negative nasopharyngeal swab tests.

INTRODUCTION
On 11 March 2020, the WHO declared 
COVID-19, the disease caused by SARS- CoV-2 
a global pandemic. COVID-19 has placed an 
immense burden on healthcare systems and 
has had a great impact on society. There are 
now over 3.5 million cases worldwide, with over 
one million cases in the USA.1 COVID-19 has 
largely been described as a respiratory illness, 
with the most common symptoms reported as 
cough, shortness of breath and fever.2 3 Recent 
literature has suggested that COVID-19 is not 
solely a respiratory disease but has the poten-
tial to affect multiple organs.4 5

There is emerging evidence supporting 
the development of severe coagulopathies 
among patients with COVID-19, as demon-
strated in a Dutch study by Klok et al, which 
showed that 31% of patients in the intensive 
care unit had thrombotic complications.6–8 
There are also increasing reports of acute 
ischaemic stroke (AIS), with a reported inci-
dence between 2.5% and 5.6% of patients 
with COVID-19.4 9 A recently published mini 
case series by Oxley et al10 found an increase 
in AIS due to large- vessel occlusion (LVO) 
among patients aged 50 years and younger 
with COVID-19. Emerging theories suggest 
that patients may be at risk for stroke due 
to multiple factors, including an excessive 
inflammatory response, hypercytokinaemia, 
prothrombotic state and endothelial dysfunc-
tion secondary to depletion of angiotensin- 
converting enzyme 2 (ACE2).8 11

We present our initial experience of AIS in 
patients with COVID-19 in a tertiary compre-
hensive stroke centre located in one of the 
COVID-19 hotspots in the USA.

METHODS
This is a retrospective, observational study, 
which was conducted at University Hospital 
in Newark, New Jersey, a designated compre-
hensive stroke centre. The first patient with 
confirmed COVID-19 was admitted to our 
hospital on 15 March 2020. We reviewed 
all patients admitted to our hospital from 
15 March 2020 through 30 April 2020. All 
patients with positive results for SARS- CoV-2 
reverse transcriptase PCR (RT- PCR) assay of 
nasopharyngeal swab were included for anal-
ysis. We further identified all patients with 
SARS- CoV-2 who had AIS by chart review and 
reviewed all stroke team consults during this 
period.

We investigated the electronic medical 
records, laboratory data and imaging 
studies for all patients with AIS and 
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laboratory- confirmed SARS- CoV-2 infection. We collected 
data on age, sex and risk factors for stroke, including a 
documented history of, or treatments for, hypertension, 
atrial fibrillation, diabetes mellitus, smoking, obesity, 
hyperlipidaemia and prior ischaemic stroke. We included 
chronic kidney disease, heart failure and systemic athero-
sclerosis in our data collection. We documented the prior 
use of antiplatelet agents and anticoagulants. For each 
patient, we recorded presenting symptoms, including 
respiratory, systemic and neurological symptoms. We 
documented the initial National Institute of Health 
Stroke Scale (NIHSS). We recorded the date of onset of 
respiratory symptoms (if present), in relation to the date 
of onset of AIS. Interventions, including administration 
of tissue plasminogen activator (tPA) and mechanical 
thrombectomy (MT), were reviewed for each patient. 
Inflammatory and coagulation markers, including plate-
lets, international normalised ratio, D- dimer, ferritin, 
fibrinogen and C reactive protein (CRP) were collected 
for each patient. Laboratory values collected closest to 
the time of stroke onset were used in our analysis. We 
reviewed all neuroimaging, as well as echocardiogram 
reports for each patient, if available. Severity of COVID-19 
infection was evaluated based on evidence of multiorgan 
dysfunction syndrome (MODS) and respiratory support 
required during hospital admission. We documented the 
outcomes for all patients, which included discharge to 
home, discharge to acute rehabilitation centre, discharge 
to skilled nursing facility or death.

Continuous variables, including laboratory values, are 
presented as means and SD for normally distributed 
data. Categorical variables are presented as counts and 
percentages. For factors determining outcomes, we calcu-
lated the p value using Z score and χ2 test.

RESULTS
We analysed a total of 683 patients admitted to the 
hospital with laboratory- confirmed COVID-19 between 
15 March 2020 to 30 April 2020. Twenty patients (2·9%) 
had documented AIS. We found three additional patients 
with large- vessel AIS, who had known exposure to 
COVID-19, elevated inflammatory markers and bilateral 
chest infiltrates suggestive of viral pneumonia. Multiple 
nasopharyngeal swab tests were negative for SARS- CoV-2 
in these patients; therefore, they were not included in our 
analysis.

Demographics and risk factors for patients with AIS
The mean age of the 20 patients included in our anal-
ysis was 63±10·7 (range: 37–78), and 14 (63%) were men. 
The most common risk factors identified were hyperten-
sion in 18 patients (90%), diabetes mellitus in 13 (65%) 
and obesity in 10 patients (50%). Other risk factors are 
summarised in table 1. All patients had at least one stroke 
risk factor, and nine patients (45%) had three or more 
risk factors.

Table 1 Characteristics of patients with COVID-19 and AIS

Patient characteristics n (%)

Risk factors

  Hypertension 18 (90)

  Diabetes 13 (65)

  Hyperlipidaemia 8 (40)

  Obesity 17 (85)

  Cancer 3 (15)

  Smoking 5 (25)

  Prior stroke 2 (10)

  Prior atrial fibrillation 1 (5)

Stroke characteristics

  LVO 11 (55)*

   M1 2

   M2 3

   A2 1

   ICA 1

   Basilar 2

   Vertebral 1

  Large- vessel stenosis 5 (25)

   M1 4

   Basilar 1

  Normal CTA 4 (20)

  CTA not done 1 (5)

Treatment

  IV tPA received 4 (20)

  IV tPA not received 16 (80)

   Delay in arrival 11

   Transfers for endovascular procedure 3

   Very low NIHSS for tPA 2

  Mechanical thrombectomy 4 (20)†

  Angioplasty 1 (5)

Cardiopathy

  Atrial fibrillation 2 (10)

   New onset 1

   Prior history 1

  Heart failure 3 (15)

   Acute on chronic 1

   New onset—acute 2

  Left atrial enlargement on echocardiography 
or electrocardiography

3 (15)

Presumed stroke mechanism

  Large artery atherosclerosis 5 (20)

  Cardioembolic 2 (10)

  Small vessel stroke 1 (5)

  Arterial dissection 1 (5)

  Cryptogenic 2 (10)

  Incomplete work up 9 (45)

Continued
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Stroke characteristics
Thirteen patients were diagnosed with AIS on presenta-
tion to the emergency room, four patients were diagnosed 
during their hospitalisation and three patients presented 
to outside hospitals with AIS and were transferred for 
endovascular intervention. The mean NIHSS on pres-
entation was 11.9±7.5 (range: 2–26). LVO was seen in 11 
patients (55%), and high- grade large- vessel stenosis was 
seen in 5 patients (20%), which includes one patient who 
had both and was therefore included in both categories. 
Four patients had a normal CT angiogram (CTA) and 
one patient did not complete a CTA before discharge 
(table 1). Fifty- five per cent of patients arrived outside the 
therapeutic window for intravenous (IV) tPA, while four 

patients (20%) received IV tPA. Endovascular procedures 
were performed in five patients (table 1), while six LVO 
patients were not candidates for MT (table 1). Two patients 
(10%) had recurrent strokes within 2 days of initial stroke 
(table 1). Five patients developed asymptomatic haem-
orrhagic conversion while on a single antiplatelet agent. 
One patient developed subarachnoid haemorrhage after 
internal carotid artery aneurysm rupture. This patient 
had not received IV tPA nor endovascular treatment but 
was treated with IV heparin for pulmonary embolism. 
One patient received IV heparin as part of a critical care 
protocol for elevated D- dimer. This patient did not have 
recurrent stroke or haemorrhage.

AIS mechanism was identified in nine patients. Large 
artery atherosclerosis was deemed to be responsible in 
five (25%) cases, atrial fibrillation in two (10%), small 
vessel in one and arterial dissection in one. One patient 
had known atrial fibrillation and one was newly diagnosed 
following AIS. Heart failure was seen in four patients, two 
of which were new in onset and two were acute exacerba-
tions of chronic illness. Atrial enlargement was present in 
three patients, one of which was identified on echocar-
diogram, and two were noted on ECG. The aetiology of 
AIS could not be determined in 11 patients by the time 
of discharge.

COVID-19 characteristics
The first patient with AIS with COVID-19 was admitted 
on 27 March 2020, 12 days after the first admission to 
our hospital for SARS- CoV-2 infection. We compared the 
demographics and outcomes of all COVID-19 admissions 
and COVID-19 admissions with stroke (table 2).

Fourteen patients (70%) had documented history of 
respiratory symptoms prior to AIS onset. Two patients 
(10%) who initially presented with AIS developed respi-
ratory symptoms during hospitalisation. Four patients 
(20%) did not have respiratory symptoms, though one 
of them had bilateral lung infiltrates consistent with 
viral pneumonia. The onset of respiratory symptoms in 
patients that were symptomatic on arrival ranged from 1 

Patient characteristics n (%)

Outcomes

  Recurrent strokes 2

   Same arterial territory 2

  Haemorrhagic conversion 5‡

Characteristics of COVID-19 infection in 
stroke patients

Reason for testing for SARS- CoV-2 
infection

  Respiratory symptoms at presentation 14

  CXR/CTA findings 4

  Screening for endovascular procedure 2

Intensive care admission 6

Highest oxygen requirement

  Mechanical ventilation 10 (DNI 
status—4)

  BiPAP/high flow 1

  Nasal canula/face mask/non- rebreather 
mask

5

  None 4

MODS 10

Outcomes

  Death 10 (50)

  Acute rehab 5 (25)

  Subacute rehab 1 (5)

  Home 3 (15)

  Hospice 1 (5)

*One patient had both LVO and high- grade stenosis and 
therefore was included in both categories.
†All interventions successful, except for one case of basilar 
thrombus with difficult access due to bilateral vertebral 
occlusion.
‡Asymptomatic HT1 and HT2 haemorrhage.
AIS, acute ischaemic stroke; BiPAP, Bilevel Positive Airway 
Pressure; CTA, CT angiogram; CXR, Chest X- ray; DNI, Do Not 
Intubate; HT, Hemorrhagic Transformation; ICA, internal carotid 
artery; IV, intravenous; LVO, large- vessel occlusion; MODS, 
multiorgan dysfunction syndrome; NIHSS, National Institute of 
Health Stroke Scale; tPA, tissue plasminogen activator.

Table 1 Continued

Table 2 COVID-19 admissions vs patients with COVID-19 
and AIS

All COVID-19 
patients (N=683)

COVID-19 
patients with 
AIS (N=20)

Age (mean±SD) 61.13±15.39 
(20–100)

63.05±10.7 
(37–78)

Male sex, % 58.1 63.16

Discharged (%) 438 (64) 10 (50)

Mortality (%) 177 (26) 10 (50)

Age deceased (mean±SD) 68.25±13.6 66.4±7.38

NIHSS score, median±SD 
(range)

· 11.9±7.5 (2–26)

AIS, acute ischaemic stroke; NIHSS, National Institute of Health 
Stroke Scale.
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to 21 days prior to AIS onset. Three patients had unde-
termined onset of respiratory symptoms. The reason for 
testing for SARS- CoV-2 virus is presented in table 1, with 
70% of patients being tested due to the presence of respi-
ratory symptoms. Ten patients (50%) required mechan-
ical ventilation, though it was deferred in four cases due 
to ‘Do not Intubate/Do not Resuscitate’ orders (table 1). 
Acquired respiratory distress syndrome (ARDS) was seen 
in 10 patients (50%), and MODS in 10 patients (50%), 
and 9 (45%) patients had both.

Laboratory findings
The coagulation and inflammatory markers at the time 
of AIS presentation are summarised in table 3. The 
mean values of all inflammatory markers, including 
D- dimer, ferritin and CRP, were elevated (online supple-
mentary table 1). The coagulation markers were normal 
in all patients at the time of AIS, except for one with 
prolonged activated partial thromboplastin time (aPTT) 
in the absence of therapeutic anticoagulation. The 
mean D- dimer could not be accurately calculated due to 
capping of the laboratory value at 7955 in our hospital, 
although 30% of our patients showed values of ‘>7955’.

Outcomes
Ten patients (50%) died during hospitalisation and one 
was discharged to hospice. The mortality in patients with 
AIS and COVID-19 was significantly higher than mortality 
in patients with COVID-19 without stroke (p value 0.01). 
The immediate cause of death was neurological in three 
patients, secondary to herniation. Patients who had ARDS 
or MODS had poor outcomes. We also noted that patients 
with very elevated D- dimer had higher mortality.

DISCUSSION
To the best of our knowledge, we present the largest case 
series of AIS in patients with COVID-19 from a single 
centre in the USA. Initial data presented in Mao et al,4 from 
three hospitals in Wuhan, China, reported AIS in 5.6% of 
214 patients with COVID-19. The incidence of AIS among 
our hospitalised patients with COVID-19 is 2.9%, which is 
similar to the 2.5% of 388 patients reported in Lodigiani 
et al9 from Italy. The mean age of patients with AIS was 
63 years, which approximates the mean age of patients 
with stroke(65 years) in our hospital over the past 3 years. 
Oxley et al10 described an increased incidence of LVO 
stroke in patients with COVID-19 younger than 50 years 
in a New York City hospital system. Our cohort includes 
three patients under 50 years who presented with LVO.

Almost all patients had multiple risk factors for stroke 
including old age, obesity, hypertension, diabetes, atrial 
fibrillation, hyperlipidaemia, cancer or prior strokes. 
It has been proposed that many of these conditions 
are associated with increased severity and mortality in 
COVID-19.12 13 Fifty- five per cent of our patients had LVO 
compared with the 27%–37% previously reported.14 15 
Multiple mechanisms regarding SARS- CoV-2 as a trigger 
for stroke have been proposed. Such mechanisms include 
an imbalance between angiotensin II and angiotensin 
1–7 via ACE2 sequestration producing a hypercoagulable 
state, cytokine release syndrome inducing plaque rupture, 
as well as direct and indirect cardiac effects.16–24 Given the 
increased incidence of LVO without intracranial athero-
sclerosis, we entertain the theory of cardioembolic causes 
including paroxysmal atrial fibrillation triggered by the 
infection. Ten per cent of our patients had recurrent 
strokes during the same hospitalisation compared with 
the 0.8% previously reported.25 An opinion by Elkind26 
describes the need to differentiate between stroke risk 
factors and stroke triggers. Based on our preliminary 
findings, we hypothesise that infection with SARS- CoV-2 
can potentially trigger hypercoagulable state, which can 
lead to AIS in a person with stroke risk factors.

In our analysis, 85% of patients had either respira-
tory symptoms or imaging findings consistent with viral 
pneumonia. While symptomatology varied, 70% demon-
strated respiratory symptoms at the time of AIS. We postu-
late that AIS may be a late complication of COVID-19, 
lagging behind respiratory symptoms by days to weeks. 
Mao et al4 suggested that most neurological symptoms 
in patients with COVID-19 present early except AIS and 
altered mental status, which are late presentations. As far 
as we know, this is the first study elucidating the timeline 
of respiratory symptoms in relation to AIS onset. It can 
be inferred that the timeline for AIS in COVID-19 may 
depend on stroke mechanism.

We would like to bring attention to patients with typical 
clinical characteristics of COVID-19, including find-
ings on lung imaging and inflammatory markers, who 
presented with AIS with multiple negative nasopharyn-
geal swab tests for SARS- CoV-2. In these patients, the onset 
of respiratory symptoms preceded stroke symptoms by as 
many as 3 weeks, while the peak positivity for nasopharyn-
geal swab test is thought to be 1 to 2 weeks after symptom 
onset. As this pandemic continues to progress, we should 
consider using additional confirmatory testing, such as 
RT- PCR testing from other sources or antibody testing 
to extend the window of confirmatory testing.27 The 
mortality in all patients with COVID-19 admitted during 
the study time period in our hospital was 26%, which is 
similar to 24.5% mortality reported among 5700 patients 
with COVID-19 hospitalised in New York City.28 A study 
from Wuhan reported 38% mortality among patients with 
COVID-19 who developed stroke.4 The mortality among 
our patients with AIS was 50%. In our hospital, ARDS, 
MODS and elevated D- dimer were independently associ-
ated with higher mortality in patients with AIS. The poor 

Table 3 Factors contributing to poor outcome

Death (N=10) Discharged (N=10) P value

ARDS 7 3 0.03
MODS 8 2 0.01

ARDS, acquired respiratory distress syndrome; MODS, 
multiorgan dysfunction syndrome.
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outcome of patients with AIS may be caused by the pres-
ence of underlying risk factors such as diabetes, hyper-
tension, cardiovascular disease and male sex, which are 
independently known to be associated with increased risk 
of death from COVID-19 infection.13 29

A 39% decrease in stroke imaging was noted after the 
announcement of the first COVID-19- related death in the 
USA.30 Approximately half of our patients were out of 
the window for therapeutic intervention, which may have 
contributed to a poorer outcome. Fear of contracting 
COVID-19 may have prevented them from seeking care 
in a timely manner.10

Limitations
Limitations of our study are small sample size and 
incomplete stroke workup in some patients. Due to the 
pandemic, there was decreased availability of diagnostic 
testing, such as echocardiogram and lower extremity 
Doppler. In addition, we recognise that prevalence of 
stroke may be underestimated in patients receiving 
critical care due to limited histories and bedside exam-
inations, haemodynamic instability preventing neuroim-
aging and paralytic use. Possibly inaccuracies of the infor-
mation extracted from medical records may have been an 
additional limitation, which is inherent in retrospective 
studies.

CONCLUSION
Higher mortality and severe disease were noted in our 
patients with AIS and COVID-19 compared with patients 
with COVID-19 without AIS. Factors contributing to 
mortality include severe ARDS and possibly an excessive 
inflammatory response. Although stroke seems to occur 
in almost all stages of the disease, it is most often seen 
after the first week of illness or later. This could explain 
why some patients who presented with stroke and were 
highly suspected to have a COVID-19 infection tested 
negative after multiple nasopharyngeal swabs. Larger 
studies are needed to prove the association of COVID-19 
and AIS and to identify the mechanisms causing throm-
boembolic phenomenon in these patients.
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