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Abstract \\
Introduction: Simultaneous occurrence of acute ischemic stroke and myocardial infarction is reported to have variable |
precipitating causes. This occurrence has been rarely reported in the literature and described only in very few case reports. During the
surge of coronavirus disease (COVID-19) in our region, we noted an increase in the simultaneous occurrence of cardio-cerebral
infarction. This led us to explore the possible mechanisms and pathophysiology that could contribute to this increase. The
retrospective nature of the study limited us from drawing any conclusion about causation. Rather, we aimed to formulate a hypothesis
for future, more rigorous studies.

Patient concerns: \We present an overview of 5 cases of simultaneous cardio-cerebral infarction that we encountered in our
emergency department within 1 month.

Diagnosis: In all cases, diagnosis was confirmed using an electrocardiogram, assessment of laboratory cardiac markers, and
imaging.

Interventions: |n all cases, dual antiplatelet therapy was started and thrombolysis was held, as the condition was considered high
risk in most of the patients. Cardiac catheterization lab was not activated either because the patient was unstable or the risk of
COVID-19 in staff outweighed the benefit added in patient treatment.

Outcomes: Two out of 5 patients died because of early complications that lasted for few days. The remaining 3 were discharged
from the hospital in moderate functionality for extensive therapy and rehabilitation.

Conclusion: Early recognition and immediate treatment is important in different scenarios leading to thrombosis as the outcome.
Additionally, addressing the unknown risks that could contribute to our traditional understanding of these causative mechanisms is
important. The hypothesis of exacerbated damage caused by inflammatory and immunological endothelial systemic damage should
further be explored to be able to delineate new possibilities in managing these conditions.

Abbreviations: ACE = angiotensin-converting enzyme 2, AHA/ASA = American Heart Association/American Stroke Association,
BBB = blood-brain barrier, CNS = central nervous system, COVID-19 = coronavirus disease, CT = computed tomography, MCA =
middle cerebral artery, NF-kB = Nuclear Factor-Kappa, NIHSS = National Institute of Health Stroke Scale, PCR = polymerase chain
reaction, RAAS = Renin-Angiotensin-Aldosterone System, ROS = reactive oxygen species, SARS-CoV-2 = severe acute respiratory

syndrome coronavirus 2, STEMI = ST-elevation myocardial infarction, TNF = tumor necrosis factor.
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1. Introduction

The simultaneous occurrence of acute ischemic stroke and
myocardial infarction is not very common. This occurrence has
been reported in the literature with variable precipitating
causes."™ In the Austrian stroke unit registry, the incidence
of myocardial infarction among patients with transient ischemic
attack or ischemic stroke during treatment in the stroke unit was
found to be 1%."%! During the coronavirus disease (COVID-19)
pandemic due to severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, a stronger association between COVID-
19 and venous and large vessel arterial thromboses has been
noted, with up to 25% in hospitalized patients.'*! This
association is not clearly defined, and further studies are needed
to determine whether this relationship exists. During the COVID-
19 pandemic, in our region, we noted an increase in cases with
rare, simultaneous cardio-cerebral events within a few weeks.
While we did not confirm the direct association with COVID-19
in these cases, we hypothesize that COVID-19 increased the risk
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of this presentation. We herein discuss in detail the possible
mechanisms and pathophysiology of thrombosis that can explain
this increase in the occurrence. Due to the retrospective study
design, which is a limitation of this case series, we hypothesize
that only COVID-19 could be a major contributing factor for the
increased occurrence. Any direct association remains yet open for
further studies. All cases presented here had a high score
suspicion for COVID-19 based on our national COVID-19 triage
criteria (Fig. 1). Four of 5 patients tested negative for COVID-19
by polymerase chain reaction (PCR) on their first sample. No
repeat testing was performed to confirm the results due to
different limitations. The option of immunoglobulin serology
was unavailable at our institution at the time of writing this
manuscript. PCR testing from the nasal swab has a 63%
sensitivity and the results should be carefully interpreted with
clinical and radiological presentation along with the viral
detection."”! The likelihood of COVID-19 in all cases was
based on the high triage score, clinical presentation, or history of
contact with a COVID-19-positive patient.

Medicine

2. Patient information

2.1. Case number 1

A 62-year-old man with a history of diabetes mellitus presented
to the emergency department with sudden-onset, right-sided
body weakness, and aphasia with no clear onset. According to the
family, he complained of only fever and dry cough at home 3 days
before presentation but denied any chest pain or other respiratory
symptoms. At presentation, his initial blood pressure (BP), heart
rate (HR), respiratory rate (RR), oxygen (O,) saturation, body
temperature, and blood glucose level were 141/83 mmHg; 119
beats per minute; 48 breaths per minute; 76 % at room air; 37°C;
and 252 mg/dL, respectively. He was immediately placed on 10L
oxygen which improved his saturation to 95%. At neurological
examination, he was confused and uncooperative. He showed
global aphasia, right sided weakness, right sided facial palsy, and
left sided gaze. His National Institute of Health Stroke Scale
(NIHSS) score was 22. An immediate stroke code activation was
initiated as per our institutional protocol, and an initial
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Figure 1. Triage checklist used to determine the risk of exposure.
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Case number 1

Figure 2. A. Unenhanced computed tomography and B. Brain perfusion scan revealing left middle cerebral artery (MCA) ischemic stroke.

unenhanced cranial computed tomography (CT) revealed left
middle cerebral artery (MCA) ischemic stroke (Fig. 2). CT
angiography showed left common carotid artery thrombosis,
which suggested the possible embolic nature of his stroke. He was
out of the window period, and the risk outweighed the benefit;
thus, he was not considered a candidate for thrombolytic therapy.
His chest x-ray revealed bilateral infiltrations that were
suggestive of COVID-19. An electrocardiogram was also
obtained and showed an ST-elevation consistent with infero-
lateral myocardial infarction (Fig. 3). His echocardiography

showed inferior wall motion abnormality, and no evidence of any
intracardiac thrombus or aortic dissection. An immediate
multidisciplinary discussion occurred with his family to decide
the best therapeutic approach to salvage the brain and
myocardial tissue. Cardiac angiography option was not feasible
at that time at our institution because of the COVID-19
pandemic. Thrombolytic therapy for myocardial infarction
was considered to be of moderate to high risk for developing
intracranial hemorrhage or alveolar hemorrhage. He was started
on double antiplatelet therapy (aspirin and clopidogrel) at full

Case number 1

Figure 3. Electrocardiogram showing ST- elevations consistent with inferolateral myocardial infarction.
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loading doses, followed by 100 mg aspirin and 75 mg clopidogrel.
Heparin (5000 units subcutaneous injection) was started the next
day as per the institution ST-elevation myocardial infarction
(STEMI) protocol. During his admission, the patient continued to
undergo worsening clinically, developing severe hypoxemia, not
responding to oxygen therapy, and requiring mechanical
ventilation. His code status was discussed with the family, as
he had a Glasgow coma scale of 3 with no sedation and no signs
of brain stem reflexes. Two days after his admission, he developed
asystolic cardiopulmonary arrest.

2.2. Case number 2

A 50-year-old man, with no previous medical history, presented to
the emergency department with a history of acute confusion and
agitation that started the day before presentation. He had a positive
history of non-documented fever at home and dry cough for 5 days
before presentation. He had no associated chest pain or other
respiratory symptoms. At initial assessment, his BP, HR, RR, O,
saturation, temperature, and blood glucose level were 127/99
mmHg; 101 beats per minute; 22 breaths per minute; 100% in
room air; 36.7°C; and 333 mg/dL, respectively. At neurological
examination, he was confused, not following commands; he was
aphasic, and had no facial asymmetry; and he withdrew from
painful stimuli except in the right arm, which showed clear
weakness. His NTHSS score was 21. The initial plain cranial CT
revealed multiple bilateral parietal, occipital, and cerebellar
ischemic infarctions (Fig. 4), which appeared to have an embolic
origin. Electrocardiography was performed after the CT and it
showed an ST-elevation consistent with antero-lateral myocardial
infarction (Fig. 5). Echocardiography showed a large apical
thrombus 5.3 x1.7cm in size (Fig. 6). The left ventricle was
severely dilated with regional wall abnormalities, left ventricular
wall and apical akinesia, mild inferior hypokinesia, mildly reduced
right ventricular systolic function, and ejection fraction of 30%.
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He also appeared to have diabetic ketoacidosis, which was
managed accordingly. His chest x-ray did not show any signs
of consolidation or pulmonary edema. He was started on
antiplatelet and anticoagulation therapies, although administra-
tion of thrombolytics was considered high risk. Two days later,
he developed intracranial hemorrhagic transformation, and
anticoagulation therapy was terminated; he was maintained on
a single antiplatelet therapy.

2.3. Case number 3

A 67-year-old woman with a medical history of hypertension, old
ischemic stroke, and atrial fibrillation, presented to our emergency
department with a history of neck and chest pain followed by left-
sided weakness and syncopal attack 2 hours before her presenta-
tion. Her initial vital signs, i.e., BP, HR, RR, and O, saturation,
were 198/181 mmHg; 70 beats per minute; 20 breaths per minute;
and 98% in room air. Her NIHSS score was 14. The stroke code
activation showed a hypodense area in the right external capsule
and in the left cerebellum (suggestive of encephalomalacia), with
both most likely related to her old ischemic insult (Fig. 7). There
were no other major intracranial findings. A CT angiogram
showed acute aortic dissection involving the ascending arch and
descending aorta along the lateral aspect with true (3 x 2cm) and
false (4.2 x 2.5 cm) lumen, representing Stanford type A. The aortic
dissection extended inferiorly from the aortic root all the way to the
bifurcation of the abdominal aorta with further extension into the
left common iliac, left external, and internal iliac arteries (Fig. 8).

There was a large filling defect seen at the base of the
brachiocephalic artery representing severe right common carotid
stenosis, and subsequent faint enhancement of the internal
carotid, and right cerebral circulation distal branches. There was
urgent consultation with the vascular surgery and cardiac surgery
teams, but the patient developed cardiac arrest before going to the
operation room (Fig. 9).

Case number 2

Figure 4. A and B unenhanced cranial computed tomography (CT) revealed multiple bilateral parietal, occipital, and cerebellar ischemic infarctions.
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Case number 2

Figure 5. An ST-elevation consistent with antero-lateral myocardial infarction.

2.4. Case number 4

A 56-year-old man, not known to have any medical illness,
presented to our emergency department after visiting another
facility for chest pain; he was diagnosed with non-STEMI in the
last 12 hours. When he presented at our institution, he had new
right-sided weakness and facial deviation. His NIHSS score was

12. His initial BP, HR, RR, O, saturation, and body temperature
were 130/73mmHg; 100 beats per minute; 20 breaths per
minute; 93% in room air; and 37°C, respectively.

Stroke code was activated as per our institution policy. Plain
CT brain demonstrated loss of the right insular ribbon with a
hyperdense MCA sign (Fig. 10). Large ischemic infarction in the

Case number 2
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Figure 6. Echocardiography showed apical thrombus 5.3 x 1.7.cm in size.
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Case number 3

Figure 7. Hypodense area in the right external capsule and in the left cerebellum.

right fronto-parietal-temporal lobes caused a mass effect on the  showed complete occlusion of the right internal carotid artery just
ipsilateral ventricle (Fig. 11). There was no evidence of a midline  after the bifurcation of the right common carotid artery, resulting
shift or any hemorrhagic transformation. A CT angiogram in complete non-opacification of the right MCA. There was

Case number 3

Figure 8. The aortic dissection extends inferiorly from the aortic root all the way to the bifurcation of the abdominal aorta.
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Case number 3
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Figure 9. Electrocardiogram showing her bradycardia just minutes before her collapse.

asymmetrical lack of flow within the right-sided tributaries and
superficial arteries. CT perfusion showed decreased cerebral flow
and volume representing core infarcts with lack of areas in the
penumbra (Fig. 10). The patient’s condition continued to worsen
over the next few days with a decreased level of consciousness.

His follow-up brain CT scan showed a progressive increase in
hypodense areas with leftward midline shift of up to 13 mm and
progressive mass effects. These caused subfalcine and uncal
herniation; however, we noted no evidence of hemorrhagic
transformation. He underwent craniotomy decompression, and

Case number 4

3\

Figure 10. A. Plain computed tomography (CT) brain demonstrated loss of the right insular ribbon with hyperdense middle cerebral artery (MCA) sign. B. CT
perfusion showed decreased cerebral flow and volume representing core infarcts with lack of areas of penumbra.
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Case number 4

Figure 11. Large ischemic infarction in the right fronto-parietal-temporal lobes, causing a mass effect on the ipsilateral ventricle.

his condition became reasonably stable. He was discharged home
after 3-week hospital stay with decreased functionally from his
admission.

2.5. Case number 5

A 50-year-old man, with a medical history of hypertension, was
referred to our institution because of ST-elevation and antero-
lateral myocardial infarction (Fig. 12). He was in a confused
state 10hours before his presentation at our emergency
department. He appeared to be confused at presentation, with
no notable neurological deficit. He was alert, responding to
simple commands but otherwise had difficulty in comprehension.
He moved all 4 limbs against gravity with slight weakness. His
plain CT brain showed a major left MCA, and posterior cerebral
artery territory infarction with effacement of the cortical sulci
(Fig. 13). His echocardiography showed a moderately sized left
ventricle (14mm x 14mm) apical thrombus with an ejection
fraction of 30% to 35% (Fig. 14). He remained hospitalized for 2
weeks and was discharged in good functional condition on
anticoagulation therapy.

2.6. Ethics statement

This manuscript has been reviewed and approved by the
institutional review board committee to ensure adherence and
compliance as per Declaration of Helsinki principles (IRB No.
20-496).

3. Discussion

The simultaneous occurrence of acute ischemic stroke and
myocardial infarction is rare but life-threatening. It is
challenging because both conditions require timely diagnosis

and management.'"!! The term “cardio-cerebral infarction” was
coined in 2010 by Omar et al,"?!' and it describes the
simultaneous occurrence of acute ischemic stroke and acute
myocardial infarction. According to the scientific statement of the
American Heart Association/American Stroke Association
(AHA/ASA), it is recommended to start intravenous alteplase
at a dose appropriate for cerebral ischemia, followed by
percutaneous coronary angioplasty when hyperacute simulta-
neous cardio-cerebral infarction occurs, and this approach is
considered reasonable.''3! Both conditions have a high risk of
mortality and a narrow therapeutic window. Delaying treatment
of one, over the other, may result in irreversible damage.['*! There
is no evidence-based guideline for the best treatment approach or
clinical studies to guide the management. The incidence is
reported to be 0.009%."*! Few case reports have been described
in the literature with simultaneous cardio-cerebral infarc-
tion.[*121415T Multiple mechanisms can be proposed as possible
causes for cardio-cerebral infarction. First, it could occur in the
presence of intracardiac thrombus with poor ventricular
function, which can simultaneously embolize the cerebral and
coronary arteries.''® Second, arterial thromboembolism caused
by atrial fibrillation is another cause for simultaneous cardio-
cerebral emboli. Cardiac emboli caused by atrial fibrillation are
usually large and can cause a massive infarct in the MCA.1”!
Third, type-I aortic dissection can cause simultaneous myocardial
infarction and ischemic stroke.'® Fourth, right ventricular
infarction with a patent foramen ovale can embolize to vascular
territories and cause an ischemic stroke.'?!

This case series describes 5 cases from the ongoing COVID-19
pandemic. We suggest that COVID-19 be considered a high-risk
factor for ischemic stroke, myocardial infarction, and systemic
thrombosis. Vascular endothelial dysfunction and coagulopathy
are the likely etiologies.!"”!
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Figure 12. ST-elevation and anterolateral myocardial infarction.

Case number 5

Figure 13. Plain computed tomography (CT) brain showed a major left middle cerebral artery (MCA), and posterior cerebral artery territory infarction with
effacement of the cortical sulci.
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Case number 5
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Figure 14. Echocardiography showing a left ventricle with a moderate sized (14 mm x 14 mm) apical thrombus.

The incidence of stroke in a retrospective study in Wuhan,
China, showed an incidence of 5% among hospitalized patients
infected with SARS-CoV-2.2") In a Dutch study, it was found
that 31% of COVID-19 patients admitted to the intensive care
unit had thrombotic complications. Of those, 3.7% were arterial
thrombotic events.!*'! The elevated levels of D-dimer and C
reactive protein indicate an increased inflammatory and an
abnormal coagulopathy state. The ischemic manifestations of
COVID-19 could be explained by this increase in the
inflammatory state, abnormal coagulopathy, cytokine storm,
viral-mediated disruption of the endothelium.*'=%3 These all
have been hypothesized to cause an increase in the risk of large
vessel arterial thrombosis in addition to the postulated increase in
venous thrombosis and COVID-19-related microangiopathy.!®’
The pathogenic mechanism of this relationship is still to be
determined in further studies.

In hospitalized patients in Wuhan, China, it was found that
36.7% of COVID-19 patients had neurological manifesta-
tions.**! It is proposed that SARS-CoV-2 enters the central
nervous system (CNS) through the hematogenous or retrograde
neuronal route, similar to other respiratory viruses.”* In one
case, SARS-CoV-2 was identified in the cerebrospinal fluid by
PCR."* Other reports were not able to identify the virus in the
cerebrospinal fluid despite positive COVID-19 PCR in nasal
swabs with concurrent neurological manifestations.?®!

The underlying neurotropic mechanisms of COVID-19 are yet
to be fully understood.*”! In previous SARS viruses, it has been
postulated that the SARS-CoV-1 can infect and invade the blood-
brain barrier (BBB) endothelial cells, allowing direct passage of
the virus across the BBB into the CNS.”®! Binding of the virus to
the angiotensin-converting enzyme 2 (ACE2) receptors expressed
in the capillary endothelium of the BBB has been proposed to
have a major role in the direct viral access into the CNS.272*!
Depletion of ACE2 receptors may play a major role in endothelial
damage and overexpression of angiotensin II because of the
unopposed ACE1 receptors. Accumulation of angiotensin II can
also activate the nuclear factor-kappa (NF-«kB)-signaling path-
way and the interleuking-6 (IL-6) pathway."*®! The activation of

10

the NF-kB pathway has an important role in the pathogenesis of
inflammatory diseases (Fig. 15).1*-32! This is accompanied by an
age-related decline in the ACE2 receptors and can lead to the
proinflammatory end-organ tissue damage and wide systemic
endothelial dysfunction and microangiopathic abnormalities
seen in COVID-19.1332% ACE2 receptor overexpression has
been established to play a protective role in ischemic stroke.[>>3¢!

Even though respiratory symptoms in COVID-19 are
predominant, neurological, and cardiovascular manifestations
in patients with pre-existing conditions have been noted to be
potentially responsible for worse outcomes. Multiorgan damage
has been noted more with increased viral replication, increased
cytokine release storm, and exaggerated inflammatory and
coagulopathic states.[>”38!

Increased pro-inflammatory cytokines (IL)-6, tumor necrosis
factor (TNF)-a, interferons (IFNs), and chemokines (CXC, CC, C,
and CX3C) are likely related to the extensive systemic inflamma-
tion and more severe multi-organ involvement (Table 1).3%#0!
Multiple risk factors have been suggested to increase the morbidity
and mortality and are linked to worsening outcome and multi-
organ involvement such as advanced age, prior medical illness, and
obesity.[1%H=431

The inflammatory damage by the renin-angiotensin-aldosterone
system (RAAS) is further exacerbated by the oxidative stress
caused by increased reactive oxygen species (ROS). Oxidative
stress, mainly Toll-like receptor 4 pathway, is thought to be
triggered by viral pathogens such as SARS-CoV-2, amplifying host
inflammatory response./** Even though the role of ROS has been
implicated in different pathologies such as cancer, atherosclerosis,
and neurodegenerative diseases; the brain is particularly sensitive
to oxidative stress and excessive production of ROS.M*! ROS
imbalance is further exacerbated by the endothelial disruption and
conformational changes that interrupts cell-to-cell adhesion
inducing BBB breakdown, viral invasion, and inflammatory
mediator infiltration.!*!

The oxygen-depleted ischemic cells have increased acidosis,
which will further exacerbate the conversion of superoxide
radical (O?7) into hydrogen peroxide (H,O,) and the more
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Figure 15. Proposed neurotropic mechanisms of the severe acute respiratory syndrome coronavirus (SARS-CoV-2). ACE2 = angiotensin-converting enzyme 2, C-
RP =C-reactive protein, IL-6=interleuking-6, NF- kB=nuclear factor kappa, ROS =reactive oxygen species, TNF=tumor necrosis factor.

reactive hydroxyl radical (OH)."*”! The different free radical
species affect many processes within the brain parenchyma and
can result in detrimental cellular effects such as lipid peroxida-
tion, affecting cellular signaling and initiating apoptosis./*%*°!
The activation of the NF-kB pathway have an important role in
the pathogenesis of inflammatory diseases.*!"*?! When stimulat-
ed by the release of TNFa, or other cell stressors, the BNF-k
pathway can have a neuroprotective or a proinflammatory role;
and influence cell regulation and survival based on the tissue
location and pathological state.*®! The binding of the COVID-19
virus to the ACE2 receptors can also activate BNF-k.I*!!
Angiotensin Il accumulation will lead to increased vasoconstric-
tion, increased oxidative stress, and inflammation.>?!

The unique features of COVID-19 pathophysiology make it more
challenging to tackle and make it an open area for further studies to
delineate the best modality of treatment. Immune modulatory
therapy is an area for further research because it is proposed to have
a major role in the COVID-19 pathophysiology. The inflammatory

Proposed mechanisms of Covid-19 pathophysiology.
Increased pro-inflammatory cytokines

Increased Chemokines

Increase oxidative status

Activation of NF-«B pathway

Imbalance of the RAAS System

NF-kB=Nuclear Factor-Kappa, RAAS =Renin-Angiotensin-Aldosterone System.
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dysregulation is further worsened with chronic conditions that
have similar immunological disruption such as diabetes mellitus
and dyslipidemia. This could explain the COVID-19 exacerbation
of existing chronic conditions with increasing incidence of COVID-
19-related thrombotic cardio-cerebral events.®3!

The proposed systemic viral endothelial disruption, inflamma-
tory dysregulation, cytokine storm, ROS imbalance, and RAAS
disturbance can all play a major role in macro-thrombosis
formation. The relation of COVID-19 with arterial thrombosis
should be further explored. The treatment approaches for
simultaneous STEMI and acute ischemic stroke are extremely
challenging with a high risk of morbidity and mortality even in the
regular circumstances and much more so in the COVID-19-related
settings. In the context of simultaneous cardio-cerebral infarction,
the AHA/ASA in 2018 recommended that intravenous alteplase
can be used at the same dose for cerebral ischemia, followed by
percutaneous coronary intervention.** Despite this recommenda-
tion, it is challenging to treat simultaneous cardio-cerebral
infarction because of different risks including time of presentation,
different dosing requirements, availability of endovascular therapy,
and the timing of fibrinolytic therapy required for the different
conditions. Individualized treatment approaches are recommended
to be considered according to the different operating factors.!' >

4. Conclusion

In the cases mentioned above, different treatment approaches
were considered based on the individual presentation and risk of
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bleeding. Cardio-cerebral infarction is challenging concerning
diagnosis, and treatment is not straightforward. If COVID-19
infection is to be considered, then this challenge is further
complicated, as pathophysiology and treatment approaches are
not yet fully determined. Despite the retrospective study design,
which is a limitation in our cases, COVID-19 should always be
considered and further testing strategies should be considered, if
available, because the pathophysiology is different and requires
different treatment modalities and strategies. To date, the testing
modalities and immunological effects of COVID-19 are not fully
understood. New treatment strategies such as antivirals,
antioxidants, anti-inflammatory agents, targeted immunomodu-
latory therapies, antifibrotics, and anticoagulants could prove
beneficial in these cases, and further research is warranted.
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