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Abstract: In December 2019, an unprecedented outbreak of pneumonia cases associated with acute respiratory
distress syndrome (ARDS) first occurred in Wuhan, Hubei Province, China. The disease, later named Coronavirus
disease 2019 (COVID-19) by the World Health Organization (WHO), was caused by the Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2), and on January 30, 2020, the WHO declared the outbreak of COVID-19 to
be a public health emergency. COVID-19 is now a global pandemic impacting more than 43,438,043 patients with
1,158,596 deaths globally as of August 26th, 2020. COVID-19 is highly contagious and has caused more deaths
than SARS in 2002-2003 or the Middle East Respiratory Syndrome (MERS) in 2012-2013 combined and represents
an unprecedented human affliction not seen since the influenza pandemic of 1918. COVID-19 has been associated
with several cardiac complications, including hypercoagulability, acute myocardial injury and myocarditis, arrhyth-
mias, and acute coronary syndromes. Patients with pre-existing cardiovascular disease (CVD) are at the highest
risk for myocardial injury and mortality among infected patients. The mechanism by which COVID-infected patients
develop cardiac complications remains unclear, though it may be mediated by increased ACE-2 gene expression.
Despite initial concerns, there is no evidence that angiotensin-converting enzyme (ACE) inhibitor or angiotensin re-
ceptor blocker (ARB) therapy increases risk for myocardial injury among those infected with COVID-19. In the current
report, we summarize the peer-reviewed and preprint literature on cardiovascular risks and complications associ-
ated with COVID-19, as well as provide insights into its pathogenesis and management.
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Introduction COVID-19 as a Public Health Emergency of In-
ternational Concern on January 30, 2020, and
subsequently declared COVID-19 as a pandem-
icon March 11, 2020. The transmission capac-
ity (especially from asymptomatic carriers), risk

of developing ARDS in healthy individuals, and

The novel coronavirus disease of 2019 (COVID-
19), caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), is a single-
stranded enveloped RNA virus first described

as a novel pneumonic disease frequently re-
sulting in acute respiratory distress syndrome
(ARDS) in Wuhan, China, on December 10,
2019 [1]. COVID-19 then spread exponentially
throughout China and the rest of the world
in a matter of weeks. Given the rapid spread
of SARS-CoV-2 and its global consequences,
the World Health Organization (WHO) declared

high mortality rate has made the prevention
and treatment of COVID-19 extremely challeng-
ing. Additionally, among patients with severe
COVID-19 infection, there is a significant risk for
cardiovascular complications including hyper-
coagulability, acute myocardial injury and myo-
carditis, arrhythmias, and acute coronary syn-
dromes. These complications are highly associ-
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Figure 1. The potential pathogenesis of SARS-CoV-2 infection-related cardiovascular diseases. A spike protein of
SARS-CoV-2 has high susceptibility in individuals who have increased ACE2 gene expression (e.g., pre-existing CVD),
leading a downregulation of ACE2. ACE2 downregulation could result in the upregulation of inflammatory cytokines
(e.g., IL-6), a reduction in the degradation of angiotensin I, and decreased angiotensin 1-7. Decreased angiotensin
1-7 could lead to subsequent decreased activation of Mas receptors on platelets which in combination of inflam-
matory cytokine upregulation (e.g. IL-6, IFN-, MCP-1) may result in acquired platelet dysfunction and intravascular
thrombosis. Additionally, increased angiotensin Il mediated AT1 receptor activation may have multiple physiologic
effects including myocardial hypertrophy and dysfunction, interstitial fibrosis, endothelial dysfunction, enhanced
inflammation, increased endothelin-1 expression and decreased NO release which can manifest as cardiac injury,
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ated with in-hospital mortality. In this review,
we summarize the peer-reviewed and preprint
literature on cardiovascular risks and complica-
tions associated with COVID-19, as well as pro-
vide insights into its pathogenesis and mana-
gement.

Pathogenesis

The pathogenesis of SARS-CoV-2 and SARS-
CoV are similar in some aspects. Several stud-
ies have suggested that histopathologic fea-
tures in COVID-19 deaths are similar to those
seen in SARS-CoV and MERS-CoV infections
[2-7]. Until comparable evidence from studies
of SARS-CoV-2 is available, the pathogenesis
of SARS-CoV-2 remains largely unknown. How-
ever, the experience with SARS-CoV and MERS-
CoV might provide the essential clues to the
pathogenesis of SARS-CoV-2. There are 4 main
speculative pathogenic steps based on the
sequence similarities of the receptor-binding
motif between SARS-CoV-2, SARS-CoV and
CoV-NL63. The first step in SARS-CoV-2 infec-
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tion is likely caused by binding of the viral sur-
face spike protein to the human angiotensin-
converting enzyme-2 (ACE2) receptor in Type I
alveolar cells in the lung, resulting in predomi-
nant pulmonary symptoms with complete re-
spiratory failure in some cases [8]. The ACE2
receptor is also expressed in the coronary vas-
cular endothelium, smooth muscle cells, cardi-
ac fibroblasts, epicardial adipocytes, and car-
diac myocytes, suggesting this pathway as the
mechanism for cardiac injury. Figure 1 sum-
marizes the pathogenesis of COVID-19-related
cardiovascular disease. In animal models, acu-
te inflammatory processes or myocardial in-
farction may activate ACE2 gene expression
[9]. The main function of ACE2 is the degrada-
tion of angiotensin Il to angiotensin 1-7. ACE2
downregulation could result in the upregula-
tion of inflammatory cytokines, a reduction in
the degradation of angiotensin Il, and decre-
ased angiotensin 1-7. This could lead to decre-
ased activation of Mas receptors on platelets,
leading to acquired platelet dysfunction and
intravascular thrombosis [10-12]. Moreover, in-
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creased angiotensin Il could cause myocardial
hypertrophy and dysfunction, interstitial fibro-
sis, endothelial dysfunction, enhanced inflam-
mation, oxidative stress [13-15]. This finding
could support the theory that patients with
pre-existing cardiovascular disease (CVD) who
develop COVID-19 are at a higher risk of myo-
cardial injury due to increased ACE2 gene ex-
pression [13] and in high BMI individuals who
have an increased amount of epicardial adi-
pose tissue [16].

The second pathogenic step may involve the
spike protein priming by the activation of trans-
membrane protease serine 2 for the SARS-
CoV-2 virion to fuse between the viral and cel-
lular membranes before entering the host cell
[17]. The third step might involve the SARS-CoV-
virion releasing a single-stranded RNA into the
Type Il alveolar cell which initiates cellular tr-
anslation using the host cell ribosome. An es-
sential product of this translation is the RNA-
dependent RNA polymerase, as this is the cri-
tical machinery for RNA synthesis and viral
genome replication in SARS-CoV-2.

Finally, damaged Type Il alveolar cells activate
macrophages which release multiple inflamma-
tory cytokines (e.g., IL6, IFNy), leading to T-
helper-1 (Th1) and Th2 cell responses, alveolar
edema, hypoxemia, and acute respiratory fail-
ure [18, 19]. Theoretically, recombinant ACE2,
blocking angiotensin Il or ACE2 receptor, Ang
1-7 analogs, Mas receptor agonists, blocking
the spike protein priming (camostat mesylate),
regulating Th1 and Th2 response, blocking RNA-
dependent RNA polymerase (e.g., Remdesevir),
and preventing cell activation (e.g., protease
inhibitors) should all be considered for targeted
interventions and drug repurposing therapy.
Although SARS-CoV-2 and SARS-CoV are simi-
lar, our knowledge of the pathogenesis of SA-
RS-CoV-2 remains limited. Therefore, according
to the research results of SARS-CoV, it might
not be rigorous to infer the pathogenesis of
SARS-CoV-2. Further research in the pathogen-
esis of SARS-CoV-2 is urgently needed.

Association between cardiovascular risk fac-
tors and COVID-19 infection

It is unclear whether pre-existing CVD is a risk
factor for acquiring COVID-19, however some
research suggests that pre-existing CV disease
and risk factors for CV disease such as smok-
ing, hypertension or diabetes can potentially
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upregulate ACE-2 expression [20, 21]. Studies
have reported that COVID-19 patients had risk
factor incidence rates as follows: smoking from
10%, hypertension from 6% to 31.2%, diabet-
es from 10.1% to 22%, stroke from 1.4% to
22% [22-25]. Additionally, studies show that
hypertension, diabetes, and smoking are as-
sociated with a higher likelihood of severe
COVID-19 and adverse outcomes of COVID-19.
Patients with a history of cardiovascular dis-
ease, hypertension, and diabetes are more
likely to have elevated troponins than patients
without these risk factors [26]. A meta-analysis
of 11 studies reported a pooled odds ratio
(OR) of 2.49 (95% confidence interval (Cl): 1.98-
3.12; I? = 24%) for severe disease in the pres-
ence of hypertension [27]. Despite initial con-
cerns that use of ACE inhibitors (ACEI) or angio-
tensin-receptor blockers (ARB) could result in
severe disease due to ACE2 upregulation, bas-
ed on currently available data from both experi-
mental and clinical data, there is no evidence
that ACEIl and ARB therapy increases risk for
myocardial injury among those infected with
COVID-19 [28]. Previously, a study from Guo et
al. [29] have reported outcomes associated
with ACEI or ARB use and found no significant
survival difference in this series. More recently,
one study showed no difference in the risk of
severe COVID-19 disease or mortality in COVID-
19 using ACEls or ARBs [30]. Conversely, a
recent study suggested that use of ACEI or ARB
may be associated a reduction in the risk of all-
cause mortality [31]. Two clinical trials of losar-
tan as additional treatment for COVID-19 are
underway (e.g., NCT04311177, NCT043120-
09). Table 1 summarizes the cardiovascular
society recommendations for COVID-19.

Cardiovascular complications associated with
CoviD-19

Currently, the cardiac manifestations in pa-
tients infected with COVID-19 include hyperco-
agulability, acute myocardial injury and myocar-
ditis, arrhythmias, and acute coronary syndr-
omes. Below, we further discuss each cardio-
vascular manifestation and summarize the cur-
rently available literature.

Hypercoagulability

Features of hypercoagulability, including dis-
seminated intravascular coagulation (DIC) and
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Table 1. Cardiovascular society guideline for COVID-19

Cardiovascular Society

Key Recommendations

The American College of Cardiology

The American Heart Association

The European Society of Cardiology

The Chinese Society of Cardiology

The ACC'’s Interventional Council and SCAI

The Heart Failure Society of America

The ESC Council on Hypertension

The Canadian Cardiovascular Society

e CV-specific plans should be developed in collaboration with hospital-wide infectious disease response plans and in close collaboration with other medical
specialties

e Cardiovascular care team members with limited experience and/or training in personal protective equipment (PPE) donning, usage, and doffing should be
trained immediately

e Clinical leadership may need to assess the risk-benefit ratio of acute Ml intervention against nosocomial infection risk

e Emphasis on the need to modernize our public health efforts and engage audiences on these social media platforms

@ |t needs to be clear that “don’t come to hospital” does not apply to STEMI or other acute syndromes

e Emphasis on training the staff in donning and doffing

e Staff wellbeing

o Minimize aerosolization, intubation if needed prior cath lab

e Plan for discharge medication telephone follow-up in post-PCl patients

e Continuation of NSAIDs and ACEI/ARBs for patients who are currently taking them until rigorous evidence emerges to the contrary
e Do not take chloroquine for prophylaxis

e All patients with severe emergent cardiovascular diseases complicated by fever should be first evaluated in the fever clinic of the local hospital, and transferred
to the COVID-19-designated hospital for further treatment

e |t is recommended that all patients should undergo lung CT examination to evaluate for imaging features typical of COVID-19

e An optimized medical therapy strategy should be prioritized for patients with severe emergent cardiovascular diseases who cannot be ruled out for COVID-19

e The decision to pursue an invasive strategy for STEMI or life-threatening NSTEMI, all the following conditions should be met, 1) assuming failure of optimized,
goal-directed, medical therapy; 2) taking place in a hospital designated for COVID-19; 3) cath lab with negative-pressure ventilation followed by strict
peri-procedural precautions; 4) third-grade protection is adopted; 5) approval by the local health commission

e Patients with COVID-19 or suspected COVID-19 requiring intubation should be intubated prior to arrival to the catheterization laboratory

e For known COVID-19 positive patients, restriction of cases to a dedicated laboratory may be of value

® COVID-19 and hemodynamically stable NSTEMI or type 2 MI conservative therapy should be considered

e Continuation of ACEI/ARBs for patients who are currently taking them for indications (e.g., heart failure, hypertension, or ischemic heart disease)

e There is no clinical or scientific evidence to suggest that treatment with ACEi or ARBs should be discontinued because of the COVID-19 infection

e There is evidence from studies in animals suggesting that ACEI/ARBs might be rather protective against serious lung complications in patients with COVID-19
infection, but to date there is no data in humans

e Continuation of ACEi, ARB, and ARNI therapy is strongly recommended in COVID-19 patients
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pulmonary embolism, are highly prevalent in
COVID-19. Patients with COVID-19 have been
shown to have significantly higher levels of D-
dimer, fibrin degradation products (FDP), and
fibrinogen when compared with healthy con-
trols [32]. DIC, which propagates multiorgan
dysfunction and bleeding, has additionally
been associated with thrombosis of coronary
arteries, focal myocardial necrosis, and severe
cardiac dysfunction [33]. Notably, a retrospec-
tive, multicentre cohort study demonstrated
that D-dimer > 1 pg/mL on admission was
associated with a greater odds of in-hospital
death (OR: 18.4, 95% Cl: 2.6 to 128.6, P =
0.003) [34]. As such, many hospitals have insti-
tuted anticoagulation protocols with some insti-
tutions investigating the use of tissue plasmin-
ogen activator (tPA).

Acute myocardial injury and myocarditis

Myocardial injury is common among patients
with COVID-19 with estimates between 7.2-17%
of cases, and the presence of myocardial injury
correlates with disease severity. Studies have
generally defined myocardial injury as the ele-
vation of high-sensitivity cardiac troponin (hs-
cTn) above the 99th percentile of its upper limit
of normal or evidence of new electrocardio-
graphic or echocardiographic abnormalities
[35]. Importantly, the rate of rise and degree of
elevation both carry prognostic implications.
These findings suggest that cardiac troponin
levels should be monitored in patients with
severe disease and may portend a worsening
of disease in those with mild symptoms.

Potential causes of myocardial injury include
plaque rupture, coronary spasm, hypoxic injury,
microthrombi, direct endothelial or vascular
injury, or cytokine storm. Severe forms of myo-
cardial injury can manifest as acute and fulmi-
nant myocarditis and portends a poor progno-
sis for survival. Importantly, it can develop even
with mild or absent respiratory symptoms [36].
While the mechanism remains unclear, there is
thought that fulminant myocarditis may be
mediated by a cytokine storm caused by hyper-
induction of proinflammatory cytokines, includ-
ing interleukin-1, interleukin-6, T helper 1 cyto-
kine interferon-gamma, and tumor necrosis
factor-alpha [37]. These cytokines may acutely
depress myocardial function through activation
of the neural sphingomyelinase pathway and
subacutely via nitric oxide-mediated blunting of
beta-adrenergic signaling [38]. As such, similar

483

to cardiac troponin levels, obtaining a screen-
ing echocardiogram may be an important con-
sideration among critically ill COVID-19 pa-
tients.

Arrhythmias

Infections and systemic illnesses are associat-
ed metabolic derangements, inflammation,
and activation of the sympathetic nervous sys-
tem - all of which predispose to cardiac arrhyth-
mias which include supraventricular tachycar-
dias and atrial fibrillation, heart block, ventricu-
lar tachycardia, and ventricular fibrillation.
Published studies describe a significant preva-
lence of cardiac arrhythmias among COVID-19
patients which increases with the degree of ill-
ness among ICU patients and those with elevat-
ed cardiac troponin levels and myocarditis [23].
Moreover, use of antibiotics and anti-inflamma-
tory agents such as hydroxychloroquine, which
have QT-prolonging properties, may further
increase the predisposition for cardiac arrhyth-
mias. Close monitoring is an important aspect
of care for hospitalized COVID-19 patients.
Additionally, further study regarding utility of
outpatient monitors among infected patients is
needed.

Acute coronary syndromes

The association of COVID-19 infection and
acute coronary syndromes remains unclear.
Plaque rupture and thrombus formation, result-
ing in both ST-elevation and non-ST-elevation
myocardial infarction, has been described with
severe viral infection, including SARS and influ-
enza [39, 40]. Bangalore et al. described
patients with COVID-19 who presented with
ST-segment elevation to have a variable pre-
sentation with high prevalence of non-obstruc-
tive disease and poor overall prognosis [41].
However, nationally, the overall number of
patients presenting with STEMI has markedly
decreased [42].

Differentiating between Type | and Type Il myo-
cardial infarction in this population remains dif-
ficult. The mechanism by which severe COVID-
19 infection may cause Type | myocardial
infarction remains poorly defined, though may
be related to high pericyte expression of ACE2
levels. As such, patients may develop microvas-
cular inflammation contributing to myocardial
infarction with non-obstructive coronary arter-
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Figure 2. COVID-19 and Cardiac phenotypes. Patients with acute ST-elevation myocardial infarction (STEMI) requir-
ing intubation should be intubated prior to arrival to the catheterization laboratory. If no dedicated catheterization
laboratory is available, thrombolysis should be considered. Patients with severe cardiac phenotypes should be
admitted to the coronary care unit (CCU) for close monitoring, and should be considered for ECMO support as well
as referred to the cath lab for an invasive strategy or surgery. High risk patients with non-severe cardiac phenotypes
should be hospitalized at the very least. Low risk patients with non-severe cardiac phenotypes should be discharged
for self-isolation and followed up closely with telehealth platforms.

ies (MINOCA). As such, case-by-case analysis
with consideration of clinical presentation,
ECG, and echocardiogram can be used to
determine which patients should be managed
invasively versus conservatively.

Management

Patients with preexisting CVD who present with
non-severe symptoms of COVID-19 should be
monitored closely in an isolation room on the
medical floor. Below, we further discuss man-
agement of the cardiovascular manifestations
of COVID-19 and summarize the principles of
treatment (Figure 2).

Hypercoagulability

There is a high incidence of hypercoagulable
state, venous thromboembolism and both mac-
rovascular and microvascular thrombosis in
COVID-19 infected patients which has been
decribed to involve multiple organs [43]. A re-
cent study showed a 31% incidence of throm-
botic complications in COVID-19 patients. A
case-series of 107 COVID-19 patients showed
the frequency of PE in COVID-19 period was
twice as high than during the control period
(patients hospitalized in the ICU during the
same time interval in 2019, absolute increase
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risk of 14.4%, 95% Cl 6.1 to 22.8%) [44].
Anticoagulation could potentially be an impor-
tant component of management, particularly in
severe COVID-19 patients with markedly elevat-
ed D-dimer, while non-severe COVID-19 pati-
ents would require at least DVT prophylaxis.
Severe COVID-19 infection often causes devel-
opment of RV failure perhaps due to progres-
sion of prothrombotic states within the pulmo-
nary artery. A recent study showed that right
ventricular longitudinal strain is a powerful pre-
dictor of higher mortality in patients with COVID-
19 [45], and routine bedside echo may be
needed in severe COVID patients. If RV failure
occurs without evidence of PE, RV mechanical
support may be needed. Venovenous extracor-
poreal membrane oxygenation (VV-ECMO)
should be considered in severe refractory ARDS
with a low cardiac risk, while venoarterial or
VA-ECMO should be considered in severe
refractory ARDS with RV failure, refractory ven-
tricular arrhythmia, profound cardiac depres-
sion or cardiac arrest.

Acute myocardial injury and myocarditis
SARS-CoV2-associated immune or proinflam-
matory cytokines can induce myocardial inflam-

mation, myocardial injury or myocarditis, which
may cause acute heart failure and potentially
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lead to cardiogenic shock. In COVID-19 pati-
ents who present with acute heart failure with-
out cardiogenic shock, current guideline-direct-
ed medical therapy for heart failure should be
considered [46]. At this time, professional soci-
eties recommend continuing ACE inhibitors or
ARBs [47]. A point and transthoracic echocar-
diogram should be considered to evaluate left
ventricular function in COVID-19 patients with
abnormal cardiac biomarkers. Although endo-
myocardial biopsy can be helpful for the defini-
tive diagnosis of myocarditis, there remains no
clear role for endomyocardial biopsy in COVID-
19 patients.

In COVID-19 patients who present with cardio-
genic shock, right heart catheterization should
be considered to guide the use of inotropes,
vasopressors or mechanical support and EC-
MO. The utility of temporary mechanical circula-
tory support, such as intra-aortic balloon pump,
TandemHeart or Impella in COVID-19 patients
is limited but should be considered in patients
with cardiogenic shock in a case-by-case basis
with consideration to age, comorbidities, and
potential for recovery. VV-ECMO should be con-
sidered in COVID-19 patients who have COVID
cardiomyopathy and cardiogenic shock, while
VV-ECMO should be considered in those with
isolated pulmonary manifestation with refrac-
tory hypoxemia despite advanced ventilator
management and proning [48]. Veno-arterio-
venous (VAV) or veno-veno-arterial (VVA) ECMO
strategies should be considered if patients ma-
nifest with both cardiogenic shock and ARDS.
Currently, a trial investigating the use and out-
comes associated with ECMO in COVID-19 pa-
tients (NCTO4383678) is underway.

Arrhythmias

Telemetry should be considered for those with
QT prolongation obtained on initial electrocar-
diogram, particularly if they are placed on QT-
prolonging agents for treatment. Similarly, the
QTc interval should be monitored closely when
using COVID related QT-prolonging agents, par-
ticularly in those who take antiarrhythmic drugs
(e.g., sotalol). Patients with severe symptoms of
COVID-19 should be closely monitored in an
intensive care unit. Ambulatory ECG monitoring
or wearable technologies should be considered
as alternative options for home monitoring or
telemetry in stable COVID-19 patients who ha-
ve high risk of arrhythmias. Antiarrhythmic dr-
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ugs (e.g., procainamide, lidocaine and mexi-
letine) and overdrive pacing should be consid-
ered in COVID-19 patients with tachyarrhyth-
mias. Temporary cardiac pacing should be con-
sidered in COVID-19 patients with reversible
bradyarrhythmias. Synchronized electrical car-
dioversion should be performed in VF and un-
stable VT. Amiodarone, intravenous lidocaine
or esmolol should be in the event of VT storm
and recurrent VF. The choice of permanent
pacemaker for COVID-19 patients with bradyar-
rhythmias should be considered based on an
individual basis. To date, no clinical evidence
has suggested that COVID-19 could cause atri-
al fibrillation.

Acute coronary syndromes

All patients presenting with an acute coronary
syndrome should be considered for possible
COVID-19 infection. CT imaging of the chest
may be reasonable in patients with low-to-in-
termediate suspicion for COVID. For patients
with COVID-19 who present with unstable angi-
na or NSTEMI, conservative therapy may be
considered. Moreover, for patients who present
with STEMI, fibrinolysis may be selectively con-
sidered with percutaneous coronary interven-
tion performed as part of a rescue strategy or
a pharmaco-invasive strategy. Fibrinolytic str-
ategies may mitigate delays in reperfusion due
to pending COVID-19 test results and addition-
al time needed for the personal protection of
the catheterization laboratory team. A rescue
strategy can be considered once COVID-19
has been ruled out. Figure 3 summarizes the
management of STEMI in COVID-19 patients.
However, ST elevations in the case of COVID-
19 have been described in the presence of
myopericarditis. In these cases, a primary fib-
rinolytic strategy may not be the best strategy
and may lead to harm.

Cardiovascular outcomes

Age, coexisting conditions, CD4 T cell count
and severe pneumonia are associated with
severe disease, poor prognosis and ICU admis-
sion [24]. Patients with preexisting CVD risks
are associated with a higher risk of developing
severe COVID-19 disease [23]. Some studies
suggested that myocardial injury has a signifi-
cant association with fatal outcomes of COVID-
19, while the prognosis of patients with under-
lying CVD but without myocardial injury appe-
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Figure 3. Proposed STEMI management in the COVID-19 era. Patients with acute ST-elevation myocardial infarction
(STEMI) should be tested for COVID-19. If the rapid test is negative, and the patient is not a person under inves-
tigation (PUI), then primary percutaneous coronary intervention (PCl) should be considered. Primary PCl should
be considered in a PUI with hemodynamic instability, myocarditis or a ventricular arrhythmia. Fibrinolytic strategy
should be considered in a PUl who is hemodynamically stable. Primary PCI should be considered once COVID-19
has been ruled out. In patients with confirmed COVID-19 cath lab or rescue PCl may be needed if fibrinolytic strategy

has failed.

ars relatively favorable [23, 29]. Several meta-
analyses found that underlying CVD may be a
risk factor severe illness and elevated troponin
levels may be associated with a poor prognosis
[49, 50Q]. Preliminary data from the Mount Sinai
COVID Informatics Center showed that, after
adjustment for covariates, compared to pati-
ents with troponin levels in the reference ran-
ge, patients with mildly elevated troponin levels
(0.03-0.09 ng/dL) and moderately elevated tro-
ponin (> 0.09 ng/dL) had higher mortality rate;
HR: 1.77, 95% Cl 1.39-2.26 and HR: 3.23, 95%
Cl 2.59-4.02, respectively [26].

African American paradox

The typical biochemical profile in an African
American individual with hypertension consists
of a low or suppressed plasma renin activity
or direct renin concentration, and suppressed
angiotensin | and Il activity [51]. Whether this
downregulated activity of RAS extends to ACE2
is currently unknown. The reason for this is
most likely multifactorial and a downregulated
RAS system may simply be one pebble in the
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mosaic. Notably, recent data from New Orleans
and Detroit have shown a devastating pul-
monary outcome of COVID-19 in the African
American population. However, this may well be
due to the excessive prevalence of co-morbidi-
ties (e.g., hypertension, diabetes, renal disease
and obesity) and lower access to care in this
population.

Conclusion

The management decisions involved in COVID-
19 patients with preexisting CVD should be
carefully considered on a case-by-case basis.
Routine bedside echo may be needed in severe
COVID patients. Patients with preexisting CVD
who present with either severe or non-severe
symptoms of COVID-19 should be monitored
closely. Mechanical support should be consid-
ered in COVID-19 patients with severe cardiac
complications. Preventative strategies, such as
traditional measures (e.g., regular exercise, op-
timal nutrition, and sleep hygiene) and social
distancing should be universally advised.
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