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Abstract
Objective: To analyze the coronavirus disease-2019 (COVID-19) patients presenting with acute stroke by determining their clinical characteristics, hospitalization course and prognosis. The common and conventional stroke risk
factors in these patients were assessed with the aim of determining the role
and contribution of the COVID-19 infection to stroke pathogenesis. Methods:
Retrospective observational study involving 24 patients from a single tertiary
care center over a time period of three months. Risk factors such as Age, Hypertension, Diabetes Mellitus, smoking status and underlying cardiac history were
analyzed. COVID-19 relevant laboratory and radiological data were documented.
Results: 87.5% of patients had ischemic stroke, with 58.3% of total patients
being younger than 55 years. An equal incidence of both Diabetes Mellitus
and Hypertension (37.5%) was identified. 29.2% were completely asymptomatic for COVID-19, of which 85.7% had no chest X-ray changes on admission. Eight patients (61.5%) developed pneumonia during admission despite an
initially normal chest X-ray. Conclusion: Patients without COVID-19 symptoms and with normal chest radiography presenting with stroke does not rule
out a possible underlying COVID-19 infection. Such patients may be positive
for the virus and may go on to develop pneumonia shortly after suffering from
strokes. This could suggest that stroke in COVID-19 patients is a possible initial
presenting feature and consequence of the inflammatory state triggered by the
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) infection. It
is imperative to analyze the association of COVID-19 and stroke, and to maintain a high index of suspicion of COVID-19 infection in stroke patients, to
enhance early detection and reduce transmission.
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1. Introduction
Stroke is a well-studied clinical entity and a significant cause of mortality and
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morbidity, with well-recognized risk factors contributing to its pathogenesis. The
Coronavirus disease of 2019 (COVID-19) caused by Severe Acute Respiratory
Syndrome-Coronavirus-2 (SARS-CoV-2) is primarily a respiratory illness but
multisystem involvement is being increasingly reported, including neurological
system. A spectrum of neurological symptoms in COVID-19 patients including
dizziness, headache and impairment of taste and smell has been demonstrated,
with 5.7% of patients with severe infection and 0.8% with mild disease reporting
acute cerebrovascular accidents [1]. Case series from New York [2] and Dubai,
United Arab Emirates [3] have also reported stroke as a presenting feature of
COVID-19. We report another series from the same center in Dubai with a different perspective to carry forward our interest in COVID-19 patients presenting
with acute stroke.
Through this study, we aim to analyze COVID-19 patients presenting with
acute stroke by determining their clinical characteristics, hospitalization course
and outcome, and to evaluate the contribution of the conventional risk factors in
causing stroke in these patients.

2. Methods
2.1. Study Design
This was a retrospective observational study from a single tertiary center caring
for COVID-19 patients. Data was collected from the electronic medical records
system during July-September 2020. The study was comprised of 24 patients
admitted with a diagnosis of acute stroke and found to be COVID-19 positive
within 24-48 hours of admission; over a time period of three months (July-September, 2020). Patients were included on the basis of World Health Organization (WHO) case definition of COVID-19 [4] with laboratory confirmation of
SARS-CoV-2 by real-time polymerase chain reaction (RT-PCR) of nasopharyngeal swabs or endotracheal aspirates. Excluded participants were COVID-19
positive patients who developed a stroke 48 hours or more after admission and
stroke patients who underwent thrombolysis or thrombectomy shortly after presenting. Stroke was defined on the basis of clinical presentation and imaging studies such as computed tomography of the brain.

2.2. Study Variables
Risk factors such as Age, Hypertension, Diabetes Mellitus, smoking status and
underlying cardiac history were analyzed to determine their contribution to stroke
pathology. These risk factors in particular were selected as they are known to influence the occurrence of strokes in individuals. In addition to classic stroke
symptoms, presence of any pre-existing COVID-19 features were also recorded.
Laboratory data including markers of inflammation and pro-thrombotic state
such as C-reactive protein (CRP), D-Dimer, Ferritin, Lactate Dehydrogenase
(LDH) and Liver enzymes, and radiological data were documented. COVID-19
related and stroke-related complications during hospital stay were analyzed to
provide a better reflection of patient outcome.
DOI: 10.4236/ijcm.2020.1112055
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3. Standard Protocol Approvals, Registrations and Patient
Consents
This study was carried out in Rashid Hospital, Dubai, UAE and approved by the
Dubai Ethical and Research Committee.

Data Access Statement
The data underlying this research paper was obtained with the permission of the
ethical committee of Dubai Health Authority and cannot be made openly available due to confidentiality reasons. All relevant data supporting the study can be
found in this paper.

4. Results
Out of the 24 patients who presented with stroke, 87.5% were ischemic (70.8%
thrombotic and 16.6% embolic), while 12.5% were hemorrhagic strokes. The
mean age was 53 years with a range of 30 - 77 years. 58.3% of patients were
younger than 55 years, but had at least one other known contributory factor for
stroke. 66.6% had dyslipidemia, 37.5% had hypertension and/or Diabetes Mellitus. Only one patient had no known stroke risk factors.
58.3% of the patients had elevated Procalcitonin (PCT) and D-dimer, while
45.8% had a raised CRP and 25% had ferritin levels above 300 ng/mL. 29.2% of the
patients presented solely with stroke features and reported no prior COVID-19
symptoms. 45.8% of the patients had abnormal chest x-rays on admission,
showing either consolidations or infiltrates. Eight patients, with normal chest
X-ray on admission developed pneumonia during admission. Average duration
of hospital stay was 15 days with 75% of patients demonstrating improvement in
clinical status and 4 patients died due to COVID-19 related complications.
Table 1 compares our study population in terms of socio-demographics and
stroke risk factors. Amongst both sets of patients in the table, most patients were
males from the Indian subcontinent and overweight. The main differences between the two groups of patients shown in the table was that patients who presented without initial pneumonia had much less past history of smoking and less
Table 1. Socio-demographics and risk factors.
Pneumonia on initial CXR No Pneumonia on initial CXR
11 total patients
13 total patients
(as a % of pneumonia
(as a % of patients
patients)
without pneumonia)
Mean Age

56 years

50 years

Male

9 (81.8%)

12 (92.3%)

Female

2 (18.2%)

1 (7.7%)

8 (72.2%)

10 (76.9%)

Sex

Nationality
From the Indian Subcontinent
(India/Pakistan/Bangladesh)
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Philippines

2 (18.2%)

1 (7.7%)

Other nationalities

1 (9.1%)

2 (15.4%)

Stroke Risk Factors
Body mass index (BMI) less than 25

2 (18.2%)

6 (46.2%)

BMI more than/equal to 25

9 (81.8%)

7 (53.8%)

Diabetic

6 (54.5%)

2 (15.4%)

Hypertensive

5 (45.5%)

6 (46.2%)

Dyslipidemic

8 (72.7%)

8 (61.5%)

Ischemic heart disease patient

2 (18.2%)

2 (15.4%)

Current/Previous smoker

1 (9.1%)

3 (23.1%)

Never smoker

4 (36.4%)

8 (61.5%)

Previous stroke patient based on CT

2 (18.2%)

5 (38.5%)

No risk factors for stroke

0

1 (7.7%)

Table 2. The clinical characteristics, laboratory and radiological parameters of patients with and without pneumonia on admission.
Pneumonia on initial CXR
11 total patients
(as a % of pneumonia patients)

No Pneumonia on initial CXR
13 total patients
(as a % of patients without pneumonia)

Fever

4 (36.4%)

1 (7.7%)

Cough

4 (36.4%)

1 (7.7%)

Dyspnea

2 (18.2%)

1 (7.7%)

No prior symptoms suggesting infection
(asymptomatic COVID-19)

1 (9.1%)

6 (46.2%)

Treated with COVID-19 targeted therapy

10 (90.9%)

7 (53.8%)

Most common symptoms prior to stroke

Chest X-Ray
Abnormal CXR on admission
- had either infiltrations or consolidations
New pneumonia developed during admission
- admitted with normal CXR

11 (100%)

0

0

8 (61.5%)

Laboratory Findings
Elevated white blood cells (WBCs)

2 (18.2%)

2 (15.4%)

Elevated PCT

7 (63.6%)

7 (53.8%)

Elevated CRP

7 (63.6%)

4 (30.8%)

High platelet count

1 (9.1%)

0

Low platelet count

0

2 (15.4%)

Elevated ferritin

3 (27.3%)

3 (23.1%)

Elevated D-dimer

6 (54.5%)

8 (61.5%)

Elevated prothrombin time (PT)

11 (100%)

12 (92.3%)

Elevated activated partial thromboplastin time (APTT)

1 (9.1%)

1 (7.7%)

International normalized ratio (INR)

3 (27.3%)

4 (30.8%)
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diabetes. Table 2 compares the clinical characteristics, laboratory and radiological parameters of our study population. Many of the participants between both
groups had elevated inflammatory markers and almost every single patient had
an elevated prothrombin time. Additionally, the majority of patients who had
pneumonia on presentation gave prior history of symptoms suggesting possible
infection. Furthermore, even though most of our patients did not present with
pneumonia on initial chest X-ray, more than half of these patients went on to
develop pneumonia during hospital admission.

5. Discussion
Inflammatory conditions including acute respiratory infections are well-recognized
triggers of cardiovascular events and stroke, and SARS-CoV-2 may act as a precipitating factor producing a pro-coagulant state either by inflammation, inducing a state of dehydration, development of antiphospholipid antibodies or due to
large vessel vasculitis [5] [6].
Cardiovascular and cerebrovascular diseases share the same set of risk factors,
and are important prognostic factors for poor outcome in COVID-19 infections
[7]. South Asians have a higher risk of stroke compared to Whites with a younger age of onset and higher incidence of atherosclerotic risk factors such as Diabetes Mellitus and Hypertension [8]. Hypertension is also one of the five risk
factors accounting for more than 80% of the global risk of all strokes [9]. Only
38% of our patients were known to be hypertensive, with all except one taking
anti-hypertensives. The absence of lacunar infarcts (87%), small vessel changes
(71%) or features of left ventricular hypertrophy on electrocardiogram (EKG)
(87.5%) in the rest of the patients suggest the absence of chronic undiagnosed
hypertension in these patients, that otherwise could have been considered as the
underlying risk factor. Although age is one of the well-recognized conventional
risk factors for stroke, more than half of the patients in our study were below the
age of 55. Other relevant stroke risk factors such as Diabetes Mellitus and Dyslipidemia were noted in 37.5% and 66.6% of patients respectively.
Stroke-related symptoms such as motor weakness (83.3%) and speech impairment (70.8%) were the primary reason that led to our patients seeking medical attention, and SARS-CoV-2 was then diagnosed, in-hospital by RT-PCR
testing. 85.7% of patients who were asymptomatic for COVID-19 had no chest
X-ray changes on admission vs 14.3% who had pneumonia on admission despite
being asymptomatic, which supports the idea that COVID-19 patients could present with stroke, much earlier than respiratory involvement can be objectively
demonstrated. 61.5% of patients who presented with a normal chest X-ray went on
to develop Pneumonia during hospital stay, which strongly suggests that stroke
in COVID-19 patients could be the consequence and the first feature of an inflammatory state triggered by SARS-CoV-2.
SARS-CoV-2 has also been strongly associated with increased risk of venous
and arterial thrombosis [10]. The COVID-19 associated coagulopathy was well
DOI: 10.4236/ijcm.2020.1112055
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reflected in our patients by raised D-Dimer levels in 58.3% and a modest increase in Prothrombin time in 95.8%. Raised inflammatory markers such as
CRP, Procalcitonin and Ferritin, question the presence of inflammatory cytokines and their role in disrupting the blood brain barrier and resulting in neuro-inflammatory states that can precipitate cerebrovascular accidents, altered
mental status, ataxia and seizures [11]. More than half of our patients presented
with a raised procalcitonin on admission, while elevated levels of CRP and Ferritin was noted in 45.8% and 25% of patients respectively.
Our study was limited by the sample size of 24 patients, as it limited the diversity of clinical characteristics to be studied. In addition, due to logistical reasons
including infection control policies and transfer of patients to other hospitals,
complete stroke workup including transthoracic echo and carotid Doppler ultrasound could not be done in our facility; which could have added to the accuracy of number of thrombotic vs embolic sources of stroke.

6. Conclusion
Stroke is a well-studied clinical entity with various established risk factors and
conventional clinical picture. However, during this pandemic increasing numbers of patients with COVID-19 infection are presenting with stroke and who
either have no conventional risk factor or have apparently well controlled risk
factors. It is imperative to consider the neurological impact of SARS-CoV-2 and
its potential as a stroke risk factor, as stroke may be the presenting feature of
COVID-19.
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