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Abstract

Introduction

The novel coronavirus known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has made its presence known
on the centerstage of worldwide healthcare in 2020. Although it is
widely known about its pulmonary presence and ensuing complications, evidence is emerging that there are other organ systems
including the cardiovascular and cerebrovascular systems that may
be damaged by this virus. There have been reports of large vessel
stroke occurring in coronavirus disease 2019 (COVID-19) positive patients, with very few reported in the age group less than 50
years. In this case, we describe a previously healthy 49-year-old
male who presented with signs of stroke, and was found to have the
novel coronavirus as he had been suffering from upper respiratory
tract symptoms for 3 weeks. He subsequently developed further
large vessel stroke while in the hospital despite being started on
antiplatelet therapy. He was also found to have new onset cardiomyopathy. He was started on anticoagulation and discharged with
follow-up for cardiomyopathy testing outpatient. This case begs
the question on which anticoagulation to utilize in COVID-19 positive patients to be effective in preventing thrombotic events. It is
postulated that a pro-inflammatory state induced by the virus and
the virus’ affinity for angiotensin converting enzyme-2 receptors
in the cerebral vasculature are predispositions to cause a stroke.
The virus also directly damages cardiac myocytes causing a number of cardiac complications including cardiomyopathy. It is crucial
that guidelines on anticoagulation choice and indications for when
to start anticoagulation be developed in order to prevent the more
devastating consequences of thrombosis and embolism and their
subsequent clinical sequelae.

The rapidly evolving clinical scene of the coronavirus disease
2019 (COVID-19) pandemic is demonstrating to us new ways
the virus is manifesting itself. The virus that causes COVID-19
has been named severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), a member of the coronavirus family [1]. It
is widely known to cause pulmonary complications including
respiratory failure. There is now emerging evidence that this
infection is associated with thromboembolic complications,
including stroke in a small percentage of patients affected [24]. Even more troubling is that this ischemic complication has
been noted in a small number of patients less than 50 years
of age. Another manifestation of the novel coronavirus now
being identified is cardiomyopathy. We describe a case of a
49-year-old male with no medical problems other than a history of hypertension who presented to our emergency department with symptoms of a stroke and subsequently developed
cardiomyopathy. He was tested for the novel coronavirus and
sure enough, was found to be positive.
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Case Report
A 49-year-old male presented to the emergency room with expressive aphasia and right facial droop noticed by his wife.
His last known normal neurological status was 1 h prior to
arrival to the hospital. He had also been experiencing cough,
shortness of breath, diarrhea and abdominal pains for about
3 weeks. He had gone to a different emergency room 1 week
ago and was diagnosed with an upper respiratory tract infection and was advised over the counter cough medicine after
obtaining a chest X-ray that was normal. His past medical
history included possible hypertension for which he was on
medication at one point, but currently off medication. He is a
non-smoker. His blood pressure was 131/86 mm Hg, heart rate
was 120 beats per minute, temperature was 36.4 °C, respiratory rate of 15 breaths per minute, and pulse oxygenation was
99% on room air. His neurological examination was consistent
with expressive aphasia with right sided facial weakness. His
sensation and motor function was intact in all four extremities
with no ataxia. His other physical examination was unremark-
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Table 1. Initial Laboratory Results of the Patient
Laboratory test

Result

Reference range

Hemoglobin

16.1 g/dL

13.2 - 17.5 g/dL

Hematocrit

51.9%

40.0 - 53.0 %

White blood cells

5.4 ×

103/µL

4.5 - 11.0 × 103/µL

Platelets

244 × 103/µL

140 - 450 × 103/µL

Sodium

135 mmol/L

135 - 145 mmol/L

Potassium

4.2 mmol/L

3.5 - 5.2 mmol/L

Chloride

100 mmol/L

96 - 110 mmol/L

Bicarbonate

25 mmol/L

24 - 31 mmol/L

Blood urea nitrogen

16 mg/dL

5 - 25 mg/dL

Glucose

99 mg/dL

70 - 99 mg/dL

Calcium

8.5 mg/dL

8.5 - 10.5 mg/dL

Creatinine

1.58 mg/dL

0.61 - 1.24 mg/dL

INR

1.18

0.88 - 1.15

PTT

27 s

26 - 39 s

D-dimer

1,221 ng/mL

< 500 ng/mL

Hemoglobin A1c

5.8%

< 5.7%

Cholesterol

191 mg/dL

< 200 mg/dL

Triglycerides

242 mg/dL

0 - 150 mg/dL

HDL

25 mg/dL

39 - 79 mg/dL

LDL

107 mg/dL

< 100 mg/dL

Ferritin

523 ng/mL

24 - 336 ng/mL

INR: international normalized ratio; PTT: partial thromboplastin time;
HDL: high-density lipoprotein; LDL: low-density lipoprotein.

able. His lab work (Table 1) including complete blood count
and comprehensive metabolic panel were normal except for
a creatinine of 1.58 mg/dL (normal: 0.61 - 1.24 mg/dL). His
international normalized ratio (INR) was 1.18 (normal: 0.88 1.15), partial thromboplastin time (PTT) was 27 s (normal: 26
- 39 s), D-dimer was 1,221 ng/mL (normal: < 500 ng/mL). His
hemoglobin A1c was 5.8% (normal: < 5.7%), total cholesterol

was 191 mg/dL (normal: < 200 mg/dL), triglycerides were
242 mg/dL (normal: 0 - 150 mg/dL), high-density lipoprotein
(HDL) was 25 mg/dL (normal: 39 - 79 mg/dL), and low-density lipoprotein (LDL) was 107 mg/dL (normal: < 100 mg/dL).
In the emergency room, he received 325 mg of aspirin, and
was assessed by a code stroke team. He was not recommended
tissue plasminogen activator (tpA) by the tele-neurologist as
he had inconsistent symptoms. His chest X-ray was normal,
carotid ultrasound showed no stenosis, and computed tomography of the head showed subtle area of diminished attenuation in the right cerebellar hemisphere and left frontoparietal
lobe for which a subtle area of infarction could not be excluded.
Magnetic resonance imaging (MRI) of the brain completed the
following day revealed acute to subacute infarcts in the right
cerebellum and left and right frontoparietal cortical regions. He
was started on aspirin 81 mg daily and atorvastatin 40 mg daily.
He was also tested for COVID-19 and his test result came
back with a positive SARS-CoV-2 PCR. He was started on
azithromycin, zinc, and vitamin C. He had an echocardiogram
of the heart which revealed an ejection fraction of 26-30% (normal: 55-60%) with abnormal left ventricular diastolic function,
mildly increased left ventricular wall thickness, mild mitral
regurgitation, and moderate global hypokinesis. A cardiologist
evaluated him and deemed that he needed to have a transesophageal echocardiogram and left heart catheterization to determine
the etiology of the newly diagnosed cardiomyopathy once he is
recovered from his acute ischemic event and COVID-19.
On hospital day 4, he was found to have new global aphasia and left upper extremity weakness. He received a stat computed tomography of the brain (Fig. 1), which revealed a new
right middle cerebral artery (MCA) infarction involving the
right frontoparietal lobe and insular cortex. At that point, he
was loaded with 600 mg of clopidogrel and transferred to the
neuro-intensive care unit. It was decided that since he failed
antiplatelet therapy, that the antiplatelet medications aspirin
and clopidogrel would be stopped and full-dose anticoagulation was commenced with enoxaparin.
He had hypercoagulability testing done, including antithrombin III, homocysteine, antinuclear antibody, beta-2-glycoprotein, cryoglobulin, and functional protein C, all of which
were negative. He did have further testing of lupus anticoagu-

Figure 1. Computed tomography perfusion scan of head on hospital day 4 showing decreased perfusion within the cerebral
hemispheres bilaterally (right image) appearing new within the right frontal region (left image) since the previous MRI. MRI:
magnetic resonance imaging.
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lant which was positive; however, this test was not reliable as
he had it done after being started on anticoagulation, which
invalidates the reliability of the result.
For his cardiomyopathy, he was placed on a beta-blocker,
angiotensin receptor blocker, and a diuretic. He had workup
done for non-ischemic cardiomyopathy including human immunodeficiency virus (HIV), thyroid function tests, hepatitis
serologies, and ferritin levels which were all within normal
limits except for slightly elevated ferritin of 523 ng/mL (normal: 24 - 336 ng/mL), which was not high enough to cause cardiomyopathy. He remained in normal sinus rhythm throughout
the hospital stay. He was advised to have repeat echocardiogram done on an outpatient basis along with ischemic workup
including left heart catheterization.
He recovered from the symptoms of COVID-19 including
shortness of breath and cough and on the day of discharge, he
was saturating 98% on room air and was stable from a pulmonary standpoint.
His hospital course was further complicated by dysphagia
requiring a gastric feeding tube, healthcare-associated pneumonia, and staphylococcus bacteremia requiring prolonged
antibiotics. He was discharged on the novel oral anticoagulant
apixaban and advised repeat hypercoagulability testing in 3
months. He went to a rehabilitation center.

Discussion
The novel coronavirus has rapidly transformed the landscape
of the healthcare system in the year 2020. It has overshadowed
and affected almost every aspect of the system from the outpatient world to the elective procedures world to the inpatient
world. The virus is primarily known for its pulmonary involvement and its dreaded complications of respiratory failure and
death [5]. What is now surfacing is the fact that the virus is
now associated with ischemic strokes and cardiomyopathy in a
small number of patients.
The virus has been shown to cause ischemic strokes in a
small group of patients [1-5]. Whittaker et al did a review of
neurologic complications identified to date and found a small
study describing five patients identified with ischemic stroke
in association with the novel coronavirus [1]. It is thought that
these neurologic complications manifest themselves in patients with more severe disease [1]. This is unlike our patient
who had mild symptoms of COVID-19 and whose respiratory
status remained stable throughout hospitalization. Goldberg et
al described a case of large vessel ischemic stroke arising in a
patient who was previously diagnosed with SARS-CoV-2, and
who required intubation for respiratory failure almost immediately upon arrival to the emergency department [2]. Worryingly, patients younger than 50 years of age have demonstrated
to have this ischemic complication [2-4]. In a review of neurologic manifestations associated with COVID-19, there were
three cases of ischemic stroke in which the patient was found
with the stroke on imaging that was done for encephalopathy
but without the typical sensory-motor symptoms of an ischemic event [3]. Again, neurologic manifestations were more
commonly found in patients of severe COVID-19 illness [3].
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Tunc et al described four cases in Turkey of COVID-19 patients found with either small or large vessel ischemic stroke,
one patient of which was under the age of 50. They also had
elevated D-dimer levels and C-reactive protein, both markers
of inflammation [4]. There was also a similar case described
of a patient with history of hypertension who presented with
large vessel stroke and COVID-19, he was found to have elevated D- dimer levels and was eventually discharged with aspirin and statin medications [5]. In our patient’s case, he continued to have further strokes while on aspirin/statin therapy,
and he was switched to full dose anticoagulation. Viguier et
al described a case of acute cerebral ischemia precipitated by
a common carotid artery thrombus [6]. This gives some evidence of hypercoagulable state in COVID-19 illness directly
causing an acute ischemic event.
By now, it is established that the novel coronavirus infection is associated with thrombotic events. One study of 184
patients who were critically ill in the intensive care unit with
COVID-19, found thrombotic events in 75 of them, five of
whom with ischemic stroke [7]. It has been discovered that
the virus has an affinity for angiotensin converting enzyme-2
(ACE2) receptors and attaches to them in the alveoli, as well
as other locations including the brain vascular endothelial cells
[8-10]. This in turn leads to the commencement of a pro-thrombotic state with elevated levels of D-dimer, fibrinogen, ferritin
and other pro-inflammatory markers. Therefore, the virus may
induce cerebral ischemia through a direct effect on ACE2 receptors and through a general pro-inflammatory state. A report
from China of more than 200 patients pinpointed 6% of those
patients to have an acute cerebral event [9]. Zhou et al commented that cerebral ischemia may occur up to 2 weeks after
initial COVID-19 symptoms, similar in degree to our patient
who presented 3 weeks after symptom onset. Patients may be
treated with tPA or mechanical thrombectomy if they present
within the window of time, so a high level of suspicion should
be present for stroke in a patient presenting with stroke symptoms and evidence of possible SARS-CoV-2 infection [9, 10].
Providers caring for patients presenting with stroke during this
pandemic should be keenly wary of any possible COVID-19
symptoms, and any suggestion of the virus should necessitate
prompt testing and isolation for the virus [11]. The question
remains for what the optimal antithrombotic therapy is to administer to patients of stroke induced by the novel coronavirus
infection. The fact that our patient suffered another ischemic
event after being started on antiplatelet therapy suggests that
this is not sufficient. After being started on enoxaparin, the patient did not suffer any more ischemic events throughout his
hospital stay. However, there have been reports of developing stroke in COVID-19 patients despite them being on full
dose anticoagulation. Beyrouti et al described a patient with
the novel coronavirus who was on full dose low-molecularweight heparin for a pulmonary embolism, who subsequently
developed posterior cerebral artery infarction [12]. Another
patient who was taking warfarin for atrial fibrillation with an
INR of 3.6 developed cerebral infarcts despite this [12]. There
was a patient as young as 36 with COVID-19 who presented
with cerebral infarction and ascending aortic thrombus [13]. It
is alarming how thrombogenic the virus can be and therefore,
we need proper guidelines on effective antithrombotic therapy
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and to initiate prophylactic versus therapeutic anticoagulation.
Perhaps even more concerning, is the fact that patients are not
presenting for stroke care as the numbers have dropped, this is
likely due to the reluctance of patients to enter the healthcare
system during this pandemic as to avoid exposure to the novel
coronavirus [14]. An analysis study of 27,676 patients from
54 institutions found a prevalence of acute ischemic stroke of
1.3% of patients with COVID-19 versus 1.0% of patients without COVID-19 [15]. The patients with stroke and COVID-19
had much higher prevalence of risk factors like diabetes, hypertension, hyperlipidemia, and atrial fibrillation [15]. This is
in contrast to our patient who was without risk factors and had
a normal blood pressure on arrival despite possibly having hypertension in the past.
Also, of note, our patient had new onset cardiomyopathy
with an ejection fraction of 26-30%. There have been few reports of different types of cardiomyopathy associated with
COVID-19. One case described a 17-year-old male who died
of cardiac arrest after having symptoms of COVID-19, postmortem specimens identified eosinophilic myocarditis and he
tested positive for SARS-CoV-2 [16]. There were also reported instances of takotsubo cardiomyopathy in association with
COVID-19 [17-20]. There are a number of cardiac complications that may arise with severe and later disease stage including
arrhythmias, heart failure, atrioventricular block and cardiomyopathy [21, 22]. There was even a report of two women developing cardiomyopathy in pregnancy associated with SARS-CoV-2
infection [23]. It is postulated that the ACE2 receptors are key
in the viral damage that occurs to myocytes, along with a rise in
inflammatory markers and cytokine damage [24-26].
It is possible that our patient’s stroke was a sequela of
cardiomyopathy-induced cardio embolism. It is also possible
that his stroke occurred by the mechanisms we know induce
a hypercoagulable state in the novel coronavirus infection.
Lastly, it is again possible that the stroke occurred from the
direct toxic effects that the virus can have on cerebral vascular
endothelium.
Conclusions
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