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KEY POINTS

� Pre-existing cardiovascular comorbidities significantly increase the risk of hospitalization and death
secondary to COVID-19 infection.

� Cardiovascular manifestations of COVID-19 include acute coronary syndromes, arterial and venous
thrombosis, acutely decompensated heart failure (HF), myopericarditis, stress-induced cardiomy-
opathy, and arrhythmia.

� COVID-19 vaccination-related cardiac adverse events have been reported, but these occur far less
frequently than cardiovascular and other complications related to SARS-CoV-2 infection.
INTRODUCTION times higher in unvaccinated individuals than
The Coronavirus 2019 (COVID-19) pandemic,
caused by the Severe Acute Respiratory Syn-
drome Coronavirus-2 (SARS-CoV-2) virus, has
resulted in unprecedented morbidity and mortality
worldwide. Since March 2020, there have been
more than 80 million cases, 4 million hospital ad-
missions, and approximately 980,000 deaths in
the US alone.1 The US Food and Drug Administra-
tion’s (FDA) emergency use authorization (EUA) of
3 COVID-19 vaccines (Pfizer BioNTech, Moderna,
and Janssen/Johnson & Johnson) has led to more
than 500 million vaccinations, with 83% of the US
population partially and 71% fully vaccinated at
the time of writing.2 COVID-19 vaccines offer
immense protection, both in reducing the contrac-
tion of disease and in reducing the risk of severe
illness requiring hospitalization. The risks of testing
positive and of dying from COVID-19 are 4 and 15
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among those who are vaccinated, respectively.
While COVID-19 typically presents as viral pneu-

monia, cardiovascular manifestations including
acute myocardial injury and acute coronary syn-
dromes (ACS), venous and arterial thrombosis,
cardiomyopathy, and arrhythmia have all been
observed (Fig. 1). Herein we review the relation-
ship between cardiovascular risk factors and
COVID-19 outcome, and the cardiovascular man-
ifestations of COVID-19.

ASSOCIATION BETWEEN CARDIOVASCULAR
COMORBIDITIES AND COVID-19 OUTCOMES

Observational studies published early in the
pandemic have suggested that underlying cardio-
vascular comorbidities and risk factors, including
coronary artery disease (CAD), heart failure (HF),
hypertension (HTN), and diabetes mellitus (DM),
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Fig. 1. Cardiovascular manifestations of COVID-19. Patients with COVID-19, particularly those with underlying co-
morbidities, are at significant risk for both acute and postrecovery cardiovascular complications.
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were associated with worse outcomes in patients
diagnosed with COVID-19 infection.3–6 In an
observational study of 1590 patients admitted
with COVID-19 in China, DM [hazard ratio (HR)
1.59 (95% confidence interval (CI):: 1.03–2.45),
P 5 .037], HTN [HR 1.58 (95% CI: 1.07–2.32),
P 5 .022], and the presence of 2 or more pread-
mission comorbidities [HR 2.59 (95% CI: 1.61–
4.17), P < .001] significantly increased the risk of
intensive care unit (ICU) admission, invasive venti-
lation, or death.3 In an analogous observational
study of 5700 patients hospitalized with COVID-
19 in the New York City area, 56% had HTN,
42% were obese, 11% had CAD, and 7% had un-
derlying HF.6 In a large multicenter database
analyzing 132,312 patients with a history of HF
who were hospitalized from April 2020 to
September 2020%, 6.4% were hospitalized with
COVID-19 infection. Nearly 1 in 4 patients with
HF hospitalized with COVID-19 died during hospi-
talization.7 Other cohort studies have also corre-
lated an increased likelihood of ICU level of care4

and worse survival5 among those with overt car-
diovascular disease at baseline.
CARDIOVASCULAR MANIFESTATIONS OF
COVID-19
Myocardial Injury

The FourthUniversal Definition ofMyocardial Infarc-
tion defines acute myocardial injury as a rise and/or
fall of cardiac troponin with at least one value > 99th
percentile of the upper reference limit without other-
wise meeting the criteria for an acute myocardial
infarction (symptoms of myocardial ischemia, new
ischemic ECG changes, development of pathologic
Qwaves, imagingevidencesuggesting lossofviable
myocardium, or the identification of coronary
thrombus).8 Given that myocardial injury can occur
in the setting of acute stressors such as infection,
hypoxemia, anemia, hypotension/shock, acute kid-
ney injury, and congestive HF, it is unsurprising that
patients admitted with COVID-19 are frequently
found to have myocardial injury.9–11 The prevalence
of myocardial injury in patients hospitalized with
COVID-19 ranges from 5% to 38%, with an overall
crude prevalence of approximately 20%.12

Myocardial injury occurs with relatively higher fre-
quency in patients with COVID-19 who have under-
lying cardiovascular disease. In a retrospective
case series of 187 patients from Wuhan City, China
hospitalized with COVID-19, patients with elevated
Tn-T levels were more likely to have HTN, CAD, or
cardiomyopathy at baseline, compared to those
without elevated troponin.9 Similarly, in a cohort of
416 patients admitted with COVID-19, cardiac
injury was associated with chronic HTN, DM,
CAD, and cerebrovascular disease. In both of the
above reports, patients with myocardial injury
were more likely to present with abnormal labora-
tory results including higher elevations in white
blood cell counts, C-reactive protein, procalcitonin,
N-terminal pro-B-type natriuretic peptide, and
creatinine, and with lower levels of platelets and al-
bumin, all of which suggests that those with
myocardial injury are more critically ill.9,10

The presence of myocardial injury in those with
COVID-19 has also been associated with a
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significant increase in mortality. Guo and col-
leagues9 observed markedly higher in-hospital
adverse events including death, acute respiratory
distress syndrome (ARDS), malignant arrhythmias,
acute coagulopathy, and acute kidney injury in pa-
tients with elevated Tn-T levels compared with pa-
tients with normal Tn-T. Shi and colleagues10

similarly found that patients with myocardial injury
experienced higher rates of mortality, both from
time of symptom onset and from index admission
date. Additionally, in a study of 179 patients with
COVID-19 pneumonia, elevated troponin-I (Tn-I)
was a predictor of mortality.11 The presence of
myocardial injury in patients hospitalized for
COVID-19 suggests critical systemic illness, and
these patients fare poorly even if the criteria for
myocardial infarction are absent.
Acute Coronary Syndromes

Acute viral infections, such as SARS-CoV-2, are
associated with the activation of inflammatory,
prothrombotic, and procoagulant cascades,13

which likely play an important role in the increased
risk of ACS through coronary plaque instability and
thrombosis.13 At the onset of the pandemic, signif-
icant reductions in hospitalizations for chest pain
and ACS14,15 and an increased incidence of out-
of-hospital cardiac arrest were noted.16 Although
uncertain, these observations were likely in part
related to containment measures implemented to
help mitigate the spread of COVID-19 and patient
fears of nosocomial COVID-19 infection.

Among patients who did present to hospitals
with ST-elevation myocardial infarction (STEMI)
during this time, comorbid conditions, including
dyslipidemia, DM, and tobacco use disorder,
were more common, and patients were more likely
to present with cardiogenic shock.17 While primary
PCI remained the gold standard for the treatment
of ACS, strained hospital resources, perceived
risk to catheterization laboratory personnel, and
system delays negatively impacting door-to-
balloon time prompted conversations about the
use of fibrinolytics for patients presenting with
STEMI.18,19 In a large observational study evalu-
ating in-hospital mortality in patients hospitalized
with STEMI, fibrinolytics were used more
frequently as reperfusion therapy in patients with
COVID-19 than in patients without COVID-19
(0.2% vs 1.9%; P < .001), but their use was still
much less common than that of primary percuta-
neous coronary intervention.20

Patients with STEMI and COVID-19 have
increased in-hospital mortality. In a retrospective
analysis of 28,189 patients with STEMI in China
between December 27, 2019 – February 20,
2020, a higher likelihood of in-hospital mortality
[odds ratio (OR): 1.21; (95% CI: 1.07–1.37);
P 5 .003] was observed in those with versus
without COVID-19.21 Similarly, in a retrospective
cohort study of 80,449 US patients from the Vizient
Clinical Database admitted between January 1,
2019 and December 31, 2020, rates of in-
hospital mortality among patients propensity
matched on the likelihood of COVID-19 were
higher in those who were COVID-19 positive than
COVID-19 negative both for out-of-hospital
(15.2% vs 11.2%, P5 .007) and in-hospital STEMI
(78.5% vs 46.1%; P < .001).20 Additionally, the
composite outcome of death, stroke, or MI and
the composite outcome of death or stroke were
both more frequently observed in the in- and out-
of-hospital STEMI cohorts.20 Reassuringly, the
mortality rate among patients with STEMI without
COVID-19 were similar during the pandemic
when compared with 2019, suggesting that alter-
ations in systems of care were not to blame for
the increased mortality.20
Thrombotic Complications

Complex interactions between SARS-CoV-2 and
platelets, viral-mediated microvascular trauma,
proinflammatory cytokine release, and endothelial
dysfunction results in micro- and macrovascular
complications.22–24 Markers of systemic inflam-
mation and hypercoagulability are elevated in pa-
tients with severe COVID-19, particularly those
requiring ICU level of care,4,25 and an elevated
D-dimer has been shown to independently predict
the likelihood of developing an arterial thrombotic
event.26 Furthermore, baseline elevations and
up-trending D-dimer levels throughout a patient’s
hospital course have been associated with
increased mortality risk.4,5,27

Studies have noted a variable but elevated inci-
dence of venous thromboembolism (VTE) among
patients hospitalized with COVID-19.27–31 The
risk of VTE seems to be significantly higher in hos-
pitalized than ambulatory patients with COVID-
19.29 In a meta-analysis of 48 studies with a total
pooled sample of 18,093 patients, the overall
pooled incidence of VTE, deep vein thrombosis
(DVT) and pulmonary embolism (PE) was 17.0%
(95% CI: 13.4–20.9), 12.1% (95% CI: 8.4%–
16.4%), and 7.1% (95% CI: 5.3%–9.1%), respec-
tively.32 The incidence of VTE is significantly higher
among patients cared for in the ICU compared
with a medical ward (27.9% vs 7.1%).32 Other
venous thromboses have been reported, including
catheter-associated thrombosis,31 renal replace-
ment therapy (RRT) filter thrombosis,33 and portal
and mesenteric vein thromboses.34
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Arterial thromboembolism including acute
ischemic stroke, ACS, acute limb ischemia (ALI),
mesenteric, renal, and splenic infarcts have all
been documented in patients with COVID-
19.26,27,33,35,36 In a study of patients with COVID-
19 presenting with STEMI, those with COVID-19
were more likely to have multivessel coronary
thrombosis, stent thrombosis and more likely to
require adjunctive glycoprotein IIb/IIIa inhibitor
agents, aspiration thrombectomy, and multivessel
PCI compared with patients without COVID-19.37

Furthermore, grade 2 to 3 myocardial blush sug-
gesting improved myocardial perfusion was more
common in patients without than with COVID-
19.37 An observational study from the Lombardi
region of Italy noted a significant rise in cases of
ALI during a 3-month period compared with the
prior year (16.3% vs 1.8%, P < .001).38 Notable
predictors of ALI included greater than 50% lung
involvement on CT scan, elevated D-dimer, and
low fibrinogen.26 Furthermore, in-hospital death
was significantly higher in patients with COVID-
19 and an acute thrombotic event than in those
with COVID-19 but without a thrombotic event
(40% vs 16.2%, P 5 .002); relatedly, those with
both a thrombotic event and COVID-19 had a
higher in-hospital mortality rate than those with a
thrombotic event in the absence of concomitant
COVID-19 infection (40% vs 3.1%, P < .001).26

Acute ischemic stroke secondary to large vessel
occlusion has also been documented in patients
hospitalized with COVID-19.36 In a retrospective,
self-controlled case series of 5119 patients with
COVID-19 in a Danish hospital, the incidence of
ischemic stroke was approximately 10 times higher
(incidence ratio 12.9 [95% CI: 7.1–23.5; P < .001)]
when compared with patients during a pre–
COVID-19 control time interval.36 A higher rate of
stroke has been observed in hospitalized patients
with COVID-19 than influenza.39 Importantly, how-
ever, in a retrospective study of 8163 patients, only
1.3% with symptomatic COVID-19 and 1.0% of
asymptomatic COVID-19 developed an acute
ischemic stroke, suggesting that while the relative
risk of stroke is significantly increased, the absolute
risk remains low.40 Nonetheless, in this cohort, in-
hospital mortality was significantly higher following
acute ischemic stroke in those with COVID-19 than
without COVID-19 (19.4% vs 6.2%, P < .0001%).40
Heart Failure and Cardiogenic Shock

Patients with chronic HF are particularly vulnerable
to SARS-CoV-2 infection. Early in the pandemic,
reductions in ED visits and hospitalizations for
acute decompensated HF were noted.41,42

Despite these reductions, chronic HF remained
an important risk factor for admission in patients
with COVID-19.43

In-hospital complications including death were
more frequently observed in patients with underly-
ing HF admitted for COVID-19.44,45 In a study of
6439 patients admitted with COVID-19, the risk of
ICU admission [adjusted OR: 1.71; (95% CI: 1.25–
2.34); P5 .001], intubation and mechanical ventila-
tion [adjusted OR: 3.64; (95% CI: 2.56–5.16);
P < .001, and in-hospital mortality [adjusted OR:
1.88; (95% CI: 1.27–2.78); P 5 .002] were signifi-
cantly higher in patients with than without pre-
existing HF.44 Notably, risk was similar irrespective
of whether patients had HF with reduced ejection
fraction (HFrEF) or HF with preserved ejection frac-
tion (HFpEF).44 In a meta-analysis of 18 studies,
mortality in patients with both COVID-19 and pre-
existing HF was significantly higher than in patients
with COVID-19 without pre-existing HF [OR: 3.46;
(95% CI: 2.52–4.75); P < .001].45

Myocarditis with or without pericardial involve-
ment (myopericarditis) is an uncommon but well-
documented complication of viral infection and
can result in hospitalization, HF, arrhythmia, and
sudden death.46 Myocarditis has been reported
secondary to influenza47 andMiddle Eastern respi-
ratory syndrome coronavirus (MERS-CoV)48 in pre-
viously healthy patients. Pathologic mechanisms
responsible for viral myocarditis are hypothesized
to include a postviral autoimmune reaction, anti-
genic mimicry, and direct immune injury with cyto-
kine storm.49,50 Presenting signs and symptoms of
acute myocarditis are nonspecific (dyspnea, chest
pain, palpitations, peripheral edema, presyncope/
syncope) and can delay diagnosis. In patients
with suspected acute myocarditis, diagnostic stra-
tegies should include the assessment of cardiac
biomarkers, inflammatory markers, and echocar-
diographic evaluation of ventricular function.
There have been many reports of COVID-19-

associated myocarditis since the onset of the
pandemic.51 Using a large, US hospital-based
administrative database from more than 900 hos-
pitals, the Center for Disease Control (CDC)
assessed the association between COVID-19
and myocarditis and observed that patients with
COVID-19 were approximately 15 times more
likely to be diagnosed with myocarditis than those
without COVID-19.52 COVID-19-related myocar-
ditis seems to have a male predominance and
can occur irrespective of comorbid conditions.53

Furthermore, myocardial injury, reductions in left
ventricular (LV) systolic function, pericardial effu-
sions with or without tamponade physiology, and
cardiogenic shock have all been documented.53,54

Stress-induced (“Takotsubo”) cardiomyopathy
with apical ballooning has also been documented
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in patients with COVID-19. Case reports have
described this complication in both male and fe-
male patients with and without pre-existing
comorbidities.55 Proposed etiologic mechanisms
are similar to those of acute myocarditis including
an exaggerated immune response with cytokine
storm, overstimulation of the sympathetic nervous
system, and microvascular dysfunction.55 Docu-
mented complications of stress-induced cardio-
myopathy include LV dysfunction, cardiogenic
shock, LV thrombus, dynamic LV outflow tract
obstruction, QT prolongation, atrial and ventricular
arrhythmias, pericardial effusions, and death.56
Cardiac Arrhythmias

Both atrial and ventricular arrhythmias are
commonly observed in patients with COVID-19.
Palpitations have been reported as the presenting
symptom in 10% of patients,57 and sinus tachy-
cardia has been documented as the most com-
mon cardiac rhythm disturbance, likely as a
physiologic compensation mechanism to acute
illness.58 An early report from China noted that
17% of their total cohort and 44% of patients
requiring ICU level of care had documented
arrhythmia4; however, in a larger cohort of 700 pa-
tients admitted to a Pennsylvania hospital with
COVID-19, no cases of heart block, sustained ven-
tricular tachycardia (VT), or ventricular fibrillation
(VF) were noted, and only 9 episodes of clinically
significant bradyarrhythmia resulting in hypoten-
sion, 25 incidents of atrial fibrillation requiring
amiodarone and diltiazem, and 10 nonsustained
VT episodes were observed.59

Atrial fibrillation and flutter (AF) are the most
commonly encountered cardiac dysrhythmias in
the United States60 and are associated with an
increased risk of stroke, transient ischemic attack
(TIA), and other arterial emboli. Both the risk of
mortality61 and thromboembolic complications62

are higher among patients with COVID-19 who
also have preexisting AF. In a large systematic re-
view and analysis of 19 studies totaling 21,653 pa-
tients hospitalized with COVID-19, the pooled
prevalence of AF was 11%. In subgroup analysis,
patients � 60 years old exhibited a 2.5-fold higher
prevalence, and patients with severe COVID-19
had a 6-fold higher prevalence of AF compared
with younger and less critically ill patients, respec-
tively.63 The use of pre-admission oral anticoagu-
lation (OAC) with either a direct oral
anticoagulant (DOAC) or vitamin K antagonist
(VKA) in patients with AF admitted with COVID-
19 has been associated with lower composite
rates of in-hospital death or thrombotic events,
and less severe COVID-19. These observations,
while hypothesis generating, may suggest that
subclinical and clinical thrombosis are prevented
by the use of pre-admission OAC.64

The initial EUA of hydroxychloroquine for the
treatment of COVID-19 sparked concern
regarding the risk of QT prolongation and Torsade
de Pointes. However, subsequent studies
observed modest QT/QTc prolongation, with low
rates of major ventricular arrhythmia rates and
no-arrhythmia-related deaths. Furthermore, in
retrospective studies65 and prospective random-
ized controlled trials,66 the use of hydroxychloro-
quine with or without azithromycin did not
improve clinical status or mortality. As a result,
hydroxychloroquine has fallen out of favor.
COVID-19 VACCINES

COVID-19 vaccine-induced complications have
been described following the release of COVID-19
and adenoviral-vector vaccines. Cases of pre-
sumed vaccine-induced pericarditis and myocar-
ditis confirmed by cardiac MRI have been
observed in otherwise healthy adolescents and
young adults within days of vaccination.67,68 Large
observational studies subsequently confirmed a
very low incidence of vaccine-associated myocar-
ditis, seen more commonly among White
males.69,70 Other cardiovascular complications af-
ter COVID-19 adenoviral vector vaccines (eg, Astra-
Zeneca and Janssen/Johnson & Johnson) have
been reported including immune thrombotic throm-
bocytopenia (TTS),71 cerebral venous sinus throm-
bosis,71 VTE, TIA and stroke, acute myocardial
infarction, arrhythmia, and large-vessel vasculitis
including Kawasaki disease.72 Nonetheless, these
complications are rare and occur much less
commonly than following SARS-CoV-2 infection.73
LONG-TERM CONSEQUENCES OF COVID-19

The long-term cardiovascular effects of SARS-
CoV-2 infection have not been fully established
and remain a focus of ongoing studies. Using a na-
tional cohort of 153,760 patients from the US
Department of Veterans Affairs, Xie and col-
leagues74 observed that prior infection with
COVID-19 was associated with an increased inci-
dence of cerebrovascular disorders, dysrhyth-
mias, pericarditis, myocarditis, ischemic heart
disease, HF, and thromboembolic events 1 year
after infection, when compared with both contem-
porary and historical control groups. Notably, the
increase in cardiovascular complications was
observed regardless of whether patients had a his-
tory of prior cardiovascular disease and regardless
of whether they required hospitalization or ICU
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admission during active infection. Nevertheless,
the severity of initial SARS-CoV-2 infection was
associated with the likelihood of postinfection car-
diovascular complications.74

Long-COVID, a term used to describe persistent
symptoms after recovery from acute COVID-19
infection, is also being closely investigated. Symp-
toms including fatigue, sleep disturbances,
nonspecific chest pain, dyspnea, and gastrointes-
tinal upset have all been reported. Quantitative
findings supportive of multi-organ involvement
have been documented, including abnormalities
in liver enzymes, acute kidney injury, reductions
in circulating T and B lymphocytes, and elevated
troponin.75 Long-term follow-up of patients with
long-COVID is needed to better understand the
consequences of COVID-19 infection.

SUMMARY

The COVID-19 pandemic has resulted in signifi-
cant morbidity and mortality worldwide. There
has been increasing progress in understanding
and defining cardiovascular manifestations of
COVID-19 illness. Patients hospitalized with
COVID-19, particularly those with underlying car-
diovascular comorbidities, are at high risk for
developing serious cardiovascular manifestations
such as acute myocardial injury and ACS, HF
and cardiogenic shock, systemic thromboembo-
lism, and arrhythmia. A thorough understanding
of these complications may better prepare clini-
cians and improve patient outcomes.

CLINICS CARE POINTS
� Patients with cardiovascular risk factors and
overt cardiovascular disease are more likely
to be hospitalized, have more severe disease,
and experience poorer outcomes in the
setting of COVID-19.

� COVID-19 vaccination is essential among pa-
tients with cardiovascular risk factors and
overt disease to ameliorate these risks.76
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