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Abstract: Coronavirus disease 2019 (COVID-19) first emerged in a group of patients who present-
ed with severe pneumonia in Wuhan, China, in December 2019. A novel virus, now called SARS-
CoV-2 (Severe Acute Respiratory Syndrome Coronavirus-2), was isolated from lower respiratory
tract samples. The current outbreak of infection has spread to over 100 countries and killed more
than 340,000 people as of 25" May, 2020.

The predominant clinical manifestation of COVID-19 is a respiratory disease- ranging from mild
flu-like symptoms to fulminant pneumonia and Acute Respiratory Distress Syndrome (ARDS).
Patients with pre-existing cardiovascular risk factors are considered more susceptible to the virus,
and these conditions are often worsened by the infection. Furthermore, COVID-19 infection has
led to de novo cardiac complications, like acute myocardial injury and arrhythmias.

In this review, we have focused on the cardiovascular manifestations of COVID-19 infection that
have been reported in the literature so far. We have also outlined the effect of pre-existing cardio-
vascular disease as well as risk factors on the clinical course and outcomes of COVID-19 infection.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) first emerged in
a group of patients who presented with severe pneumonia in
Wuhan, China. A novel virus, now called SARS-CoV-2 (se-
vere acute respiratory syndrome coronavirus-2), was isolat-
ed from lower respiratory tract samples. The current out-
break of infections has spread to over 100 countries and
killed more than 340,000 people as of 25" May, 2020.

Coronaviruses are enveloped positive-sense single-s-
tranded RNA viruses, ranging in size from 80-220 nm in di-
ameter. Whole genome sequencing of COVID-19 reveals
that it is a novel beta-coronavirus distinct from SARS-CoV
[1]. Guidelines from the National Health Commission of Chi-
na suggest that droplets and close contact are the main
routes of transmission, but the spread is also possible
through aerosol-generating procedures in a closed environ-
ment for long periods [2]. The predominant clinical manifes-
tation of COVID-19 is a respiratory disease- ranging from
mild flu-like symptoms to fulminant pneumonia and Acute
Respiratory Distress Syndrome (ARDS). Patients with pre-
existing cardiovascular risk factors are considered more sus-
ceptible to the virus, and these conditions are often wors-
ened by the infection [3]. Furthermore, COVID-19 infection
has led to de novo cardiac complications like acute myocar-
dial injury and arrhythmias.
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In this review, we have focused on the cardiovascular
manifestations of COVID-19 infection that have been report-
ed in the literature so far. We have also outlined the effect of
pre-existing cardiovascular disease as well as risk factors on
the clinical course and outcomes of COVID-19 infection.

2. MATERIALS AND METHODS

A literature search was conducted using the PubMed/
MEDLINE database. Original and review articles and recom-
mendations from professional organizations published since

December 2019 have been included. Keywords
“COVID-19” and “coronavirus” were used in conjunction
with “cardiac”, “cardiovascular”, “arrhythmia”, “myocardial
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injury”, “troponin” and “heart failure” and “coagulopathy”.
A total of 413 results were found. Out of these, 56 were ex-
cluded, based on relevance. The final number of articles in-
cluded was 357.

3. DISCUSSION

3.1. Pre-existing Cardiovascular Disease Risk Factors

Pre-existing cardiovascular disease has been shown to be
a risk factor for disease severity and poor outcomes in
COVID-19 infection [3]. In a study of patients with severe
symptoms, 58% of the population was hypertensive, with
cardiovascular diseases and arrhythmias being present in
25% and 44% of the subjects, respectively [4]. According to
the National Health Commission of China, 35% of patients
had a history of hypertension and 17% had a history of coro-
nary heart disease [2]. Out of 1527 patients included in a me-
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ta-analysis of six studies, the incidences of hypertension and
diabetes were twice as higher in patients requiring ICU ad-
mission as opposed to those who did not [3].

Increased BMI can also lead to increased vulnerability
and mortality from COVID-19, as has been documented
with viral diseases in the past [5]. In the setting of
COVID-19, increased BMI has been associated with the
severity of infection [6]. In an analysis by Peng ef al., a high-
er proportion of non-survivors (88.2%) had a BMI > 25
kg/m’, than the survivors (18.9%) (p<0.001) [7].

Longitudinal monitoring of the cardiometabolic health
of patients with these risk factors will be helpful. In a 12
year follow-up of patients who recovered from SARS-CoV
infection, it was found that dysregulation of lipid and glu-
cose metabolism led to diabetes and cardiovascular disease
[8]. Since SARS-CoV-2 is structurally similar to SARS-
CoV, there is a need for cardiovascular protection for infect-
ed patients [9].

3.2. Acute Myocardial Injury

Acute myocardial injury in COVID-19 has been defined
primarily as an elevation in serum myocardial markers
above the 99" percentile upper reference range [10]. While
hs-cTnl concentration is marginally elevated in all patients
with COVID-19 infection, values exceeding the 99" percen-
tile of the upper reference limit (URL) are observed in
8-12% of positive cases [11]. It is the most commonly report-
ed cardiac abnormality found in patients with COVID-19 in-
fection. Myocardial injury biomarker levels have been found
to be significantly higher in patients requiring ICU admis-
sion than those who did not (median creatine kinase-MB lev-
el 18 U/l vs. 14 U/l; P<.001; and high-sensitivity cardiac
troponin I [hs-cTnl] level 11.0pg/mL vs. 5.1 pg/mL;
P=.004) [4].

The exact conditions leading to acute myocardial injury
are still unclear but have frequently been linked to acute my-
ocarditis caused by COVID-19. Sporadic autopsy cases have
suggested mononuclear infiltration of the myocardium [12].
Acute myopericarditis with severe left ventricular dysfunc-
tion (EF=35%) [13] as well as fulminant myocarditis with
cardiogenic shock, with associated atrial and ventricular ar-
rhythmias, have been described [14-16]. A rare case of life-
threatening cardiac tamponade complicating myopericarditis
associated with SARS CoV-2 infection has also been report-
ed [17]. Myocardial injury and lung edema are hypothesized
to arise from prompt and severe downregulation of myocar-
dial and pulmonary ACE2 pathways [18]. Another contribu-
tory mechanism is hyper inflammation triggered by the inap-
propriate activation of cell-mediated immunity and the asso-
ciated cytokine storm [9].

A study conducted by Chen ef al. demonstrated that age,
male gender, elevated NT-proBNP, c¢Tnl, hs-CRP, serum cre-
atinine, hypertension, and coronary heart disease were signif-
icantly correlated with critical disease status (all P<0.05)
[19]. In a study of 334 patients from China, 82 patients
(19.7%) had a myocardial injury. Greater proportions of pa-
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tients with myocardial injury required a form of mechanical
ventilation (either invasive or non-invasive) but those with-
out myocardial injury did not. The mortality rate was higher
in patients with myocardial injury than in those without it
(42 of 82 [51.2%] vs. 15 0f 334 [4.5%]; P <.001) [20].

3.3. Type 1 and Type 2 Myocardial Infarction

It has been documented in the literature that viral infec-
tions can lead to adverse cardiovascular events either by in-
creased metabolic demand in the setting of the limited cardi-
ac reserve (Type 2 MI) or by precipitating plaque rupture in
the setting of inflammation and a prothrombotic state (Type
1) [21]. Severe respiratory infection, with both influenza and
non-influenza viruses, has been identified as a risk factor for
acute myocardial infarction [22]. As of April 2020, there
have been no reported cases of acute coronary syndromes
(ACS) (Type 1 M]) in the setting of COVID-19 [23].

A case of spontaneous coronary artery dissection (S-
CAD) has been reported in France [24].

The pattern of myocardial injury in COVID-19 patients
is different from the usual rise and fall observed post-is-
chemia. Here, troponin levels have been observed to rise
throughout the illness [25] and, in some cases, even go be-
yond what is typically observed in type Il myocardial infarc-
tion [26]. Such patients also have higher levels of C-reactive
protein (CRP), which appears to increase parallel to the tro-
ponin similar to what is seen with pro-brain natriuretic pep-
tides. These observations suggest that a hyperinflammatory
state contributes to non-ischemic myocardial injury [27].

3.4. Heart Failure

In a study of COVID-19 associated myocardial injury,
23% of patients were noted to have heart failure out of 191
inpatients. Heart failure was present in 52% of those who
died and in 12% of those who recovered and were
discharged. Heart failure was more common in non-sur-
vivors (52%, n = 28) vs. survivors (12%, n=16) [28]. In a
study of patients from Washington State, heart failure was
observed in 33% (n = 7/21) of ICU patients [29]. Reports of
fulminant cardiomyopathy and cardiogenic shock are limit-
ed. Chronic heart failure has been associated with an in-
creased risk of acute myocardial injury [20].

3.5. Thrombosis, Coagulopathy and Stroke

In a study of hematological parameters of COVID-19 pa-
tients, mild thrombocytopenia was observed in 20% (n =
13/65) of the patients [30]. Zhou et al. defined Coagulopa-
thy as a 3-second extension of PT or a 5-second extension of
aPTT and reported this in 19% of subjects (n = 37) [28]. In
another study, Coagulopathy was present in 34.1% of pa-
tients (n = 42) [25]. Antiphospholipid antibodies were detect-
ed in 3 patients with Coagulopathy and thromboembolic
manifestations, as reported in a case report from China [31].

The incidence of thrombosis in COVID-19 patients has
not yet been determined. About 50% of COVID-19 patients'
disease progression is accompanied by an increase in D-
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dimer levels. The level of D-dimer in severe patients is signi-
ficantly higher than that in mild cases [32].

Elevated D-dimer levels (>1g/L) have been associated
with in-hospital death (adjusted OR 18.4, p=0.003). In the
same cohort, coagulopathy was present in 50% (n = 27) of
non-survivors vs. in 7% (n = 10) of survivors (p <0.001)
(28). In another report, disseminated intravascular coagula-
tion was present in 71.4% (n = 15) of non-survivors vs.
0.6% (n = 1) of survivors [33].

Some investigators have evaluated the occurrence of ve-
nous and arterial thrombotic events, including deep vein
thrombosis (DVT), pulmonary embolism (PE), ischemic
stroke, myocardial infarction, and systemic arterial events in
COVID-19 patients.

In a study of 184 ICU patients on standard thrombopro-
phylaxis, the combined incidence of thrombotic events was
31%. Venous thromboembolic events were the most com-
mon (27%) with the majority being PEs. Factors that were
predictive of thrombotic events include increased age and
evidence of Coagulopathy on screening tests- (prothrombin
time [PT] > 3 s above the upper limit of normal [ULN]), acti-
vated partial thromboplastin time [APTT]>5 s above the
ULN) [34].

In another study of patients with Sepsis-induced coagulo-
pathy score (SIC)>4, administration of Low-molecular
weight heparin (LMWH) for 7 days or longer was associated
with a lower 28-day mortality rate [35].

In a cohort of 150 COVID-19 patients with ARDS, 25
(16.7%) developed Pulmonary embolism. Circuit clotting
was observed in 28 out of 29 (96.6%) patients on renal re-
placement therapy, while thrombotic circuit occlusions oc-

Table 1. Summary of cardiovascular complications.
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curred in 2 out of 3 patients on extracorporeal membrane
oxygenation (ECMO). It was also reported that patients with
COVID-19-associated ARDS did not develop DIC and had
markedly elevated levels of Von Willebrand factor (VWF)
antigen, VWF activity, and factor VIII circulating in the
blood [36].

Cases of stroke have also been reported as a complica-
tion of COVID-19 infection. Large-vessel stroke was report-
ed as a complication in some cases of the 2004 SARS-CoV-
-1 outbreak in Singapore [37]. In a retrospective study from
China, the incidence of stroke was 5%. The youngest patient
was 55 years old [38]. A case series from New York de-
scribed 5 cases of severe large vessel stroke (Mean NIHSS
score=17) in patients younger than 50 years of age. The age
group of patients ranged from 33 to 49 years. Only one pa-
tient had a prior history of stroke [39].

3.6. Arrhythmias

In a study of presenting symptoms for COVID-19 infec-
tion, palpitations were reported in 7.2% of patients. (n = 10)
[40]. In a study from China, the incidence of arrhythmias
was 16.7% overall (n = 23/138); Arrhythmia rate was also
more frequent in ICU patients (44.4% vs. 6.9%; P <.001).
Further details of these manifestations were not provided but
included atrial fibrillation, conduction disturbances, ventricu-
lar tachycardia, and ventricular fibrillation [4].

In another report, ventricular tachycardia/ventricular fib-
rillation was reported in 5.9% of patients (n = 11/187). Dur-
ing hospitalization, patients with elevated TnT levels devel-
oped VT/VF arrhythmias more frequently (1.5% vs 17.3%,
p<0.001) [25].

Acute Myocardial Injury

-Defined as an Elevation of Myocardial Injury Markers >99" Percentile of URL
-Incidence Ranges from 8% to 28%

-Autopsy studies have yielded mononuclear infiltration

Myocarditis -Most likely mechanism is severe downregulation of myocardial and pulmonary ACE
-Has been reported in association with cardiogenic shock and cardiac tamponade
Type 1 MI -No report of association yet
Type 2 MI -Viral illne.sseé I?ave been do.cumented to cause increased metabolic demand in tl.‘le setting (.)f limited cardiéc resefve.
-Myocardial injury pattern in the case of COVID-19 appears to be due to hyperinflammation rather than ischemia.
- Palpitations and chest tightness have been reported as symptoms
Arrythmias -More frequent in ICU patients

-Includes atrial fibrillation, conduction disturbances, ventricular fibrillation, and ventricular tachycardia

Coagulopathy and Stroke

-Venous thromboembolic events documented in many patients, with pulmonary embolism being the most common
- Mild thrombocytopenia and APLA antibodies have been reported in some patients
-Increased D-dimer levels correlate with in-hospital mortality
-Anticoagulation of hospitalized patients has been shown to reduce the 28-day mortality rate
-Large vessel stroke has been reported, with some patients <40 years of age

Heart Failure

- Incidence has ranged from 23% to 33%
-Associated with increased risk of myocardial injury
-Associated with increased risk of mortality
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Experts recommend a deeper understanding of arrhyth-
mogenic risk in patients in all phases of illness, especially in
recovery where hypoxia and electrolyte abnormalities often
surface. This is essential to guide the need for arrhythmias
monitoring (e.g., mobile cardiac telemetry) post discharge,
and to determine if an implantable (ICD) or wearable car-
dioverter defibrillator will be needed in those with impaired
left ventricular function thought secondary to COVID-19
[41].

3.7. Angiotensin-Converting Enzyme Inhibitors (ACEI)
and Angiotensin Receptor Blockers (ARBs)

It has been postulated that SARS CoV-2 enters host cells
via ACE2 receptors, with a much higher affinity than
SARS-CoV [42]. This has led to concerns about the use of
ACE inhibitors and ARBs in affected patients because they
can potentially upregulate the expression of ACE2 and in-
crease susceptibility for viral entry [43].

Expert committees have now recommended that discont-
inuing these medications is not appropriate as they have sig-
nificant cardiovascular and renal benefits. Despite the upreg-
ulation of the Renin-Angiotensin system, there is no evi-
dence to support the theory of increased risk of viral entry or
worse outcomes [44-46].

A recent article explored the possibility of using ARBs
as tentative therapy prior to the development of acute respira-
tory distress syndrome [47]. There is a hypothesized down-
regulation of ACE2 expression upon viral entry, which leads
to unopposed local angiotensin II/ AT1R activity, which me-
diates acute inflammation of the lung. RAS inhibitors might
exert a protective effect by decreasing angiotensin II/ ATIR
activity and preventing the internalization of ACE-2 [48].

CONCLUSION

There are myriad cardiovascular effects from infection
with COVID-19, most notably including acute myocardial
injury and arrhythmias. Predominant manifestations have
been summarized in Table 1. These findings portend worse
outcomes and, along with respiratory failure, may account
for the cause of death among infected patients. Further re-
search is needed to elucidate the epidemiology, pathophysiol-
ogy, and management of cardiovascular diseases associated
with COVID-19 infection.
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