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Introduction

Coronavirus disease 2019 (COVID-2019) caused by the 
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) is now a global pandemic. First reported as causing 
pneumonia, with acute respiratory distress syndrome 
(ARDS) and multiorgan dysfunction in severe cases, 
more data is becoming available on the extra-pulmonary 
manifestations of the disease. This article discusses 
the cardiovascular effects of COVID-19, the possible 
mechanisms of injury to the cardiovascular system and the 

implications for management. 

Lessons from the MERS and SARS

Two other coronaviruses were previously known to cause 
severe respiratory diseases in humans, the severe acute 
respiratory syndrome coronavirus (SARS-CoV) and the 
Middle East respiratory syndrome coronavirus (MERS-
CoV). The SARS-CoV-2 shares 79.6% genome identity 
with the SARS-CoV and both use angiotensin-converting-
enzyme 2 (ACE 2) as the cell entry receptor (1). 
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Hypotension and tachycardia were commonly reported 
among hospitalized patients with severe acute respiratory 
syndrome (SARS) (2,3). The tachycardia happened 
independent of fever or hypotension and was present 
in some patients even on follow up 4 weeks later (2). 
Myocardial infarction was reported as the cause of death 
in some patients with SARS (4). Acute myocarditis and 
acute-onset heart failure has been reported in MERS 
patients (5). Focal myocarditis has been reported on 
autopsies in SARS patients (6). A prospective study looking 
at echocardiography in the acute phase and 30 days later 
in SARS patients found evidence of subclinical diastolic 
impairment without systolic dysfunction (7). SARS may also 
have long term effects on the cardiovascular system with 
a study suggesting altered lipid metabolism 12 years after 
recovering from SARS (8).

Cardivascular manifestations of COVID-19

Though most patients with COVID-19 presented with 
fever and/or cough (9), palpitations and/or atypical chest 
pain have been reported as the initial symptoms in some 
patients (10-12). 

Acute cardiac injury defined as elevation of cardiac 
biomarkers (troponin-I or troponin-T) above the 99th 
percentile upper reference limit was prevalent in COVID-19 
patients and was associated with worse outcomes. In a single 
center series from Wuhan, China, 416 patients among 
645 consecutive cases of COVID-19 had high-sensitive 
troponin I measured and 82 patients (12.7%) had elevated 
troponin I levels (13). Lala et al. reported elevated troponin 
I in 985 patients (36%) among a series of 2,739 COVID-19 
patients admitted to the Mount Sinai Health System in 
New York City for whom troponin were measured (14). 
In a study of 100 patients who recently recovered from 
COVID-19 in Germany, high sensitive troponin were 
detectable in 71 patients and cardiac MRI was abnormal in 
78 including increased myocardial native T1 (n=73) or T2 
(n=60), myocardial late gadolinium enhancement (n=32), or 
pericardial enhancement (n=22) (15). 

 Cases of fulminant myocarditis has been reported with 
COVID-19 (16). Though the true incidence is unknown, 
the limited number of reported cases suggests it is relatively 
rare. Findings suggestive of myocardial interstitial edema 
were seen on T2 short tau inversion recovery images and 
extensive transmural late gadolinium enhancement were 
noted in these cases (17). In pediatric patients, cardiac 
involvement including myocarditis was reported as part 

of the COVID-19-related multisystem inflammatory 
syndrome in children (MIS-C), a disease resembling 
Kawasaki disease (18). COVID-19-related multisystem 
inflammatory syndrome in adults (MIS-A) is also increasing 
being reported with cardiac dysfunction being a prominent 
feature (19). COVID-19 has also been reported as a trigger 
for Takotsubo cardiomyopathy (20).

EKG changes associated with ischemia, such as ST-
segment elevation have been reported in COVID-19 
patients (21). In a series from New York City, 18 COVID 
patients has been identified as having ST-segment elevation, 
of whom 9 patients underwent coronary angiography and 
6 were found to have obstructive disease (21). Of the 18 
patients, all had elevations in d-dimer levels and 13 died (21). 

Arrhythmias such as atrioventricular blocks, atrial 
fibrillations, ventricular tachycardias and cardiac arrests 
have been reported in patients with COVID-19 (22). 
Fever has been known to increase the risk of ventricular 
tachycardia in patients with inherited arrhythmia syndromes 
(23,24). A case has been reported in which Brugada 
syndrome was unmasked by COVID-19 (25). Population 
based studies in Paris and the Lombardi region of Italy also 
showed an significant increase in out-of-hospital cardiac 
arrests coinciding with the onset of COVID-19 pandemic 
with significant portion of the patients having confirmed or 
suspected COVID-19 (26). 

COVID-19 may have also long-term effects on the 
cardiovascular system though long-term follow-up data are 
not yet available. Previous studies have shown increased 
cardiovascular risks up to 10 years after a hospitalization for 
pneumonia (27). A UK study offering cardiac MRI about a 
month after discharge for COVID-19 patients with acute 
cardiac injury found 45% of the patients who does not have 
coronary heart disease or pulmonary embolism (PE) had 
myocarditis-pattern late gadolinium enhancement without 
evidence of edema, suggesting possible permanent scars (28). 

Mechanism of cardiovascular injury

Hypoxia  secondary to lung disease  and systemic 
hypotension may cause cardiac ischemia, but several other 
mechanisms may be involved in cardiovascular injury.

SARS-CoV-2 may directed invade the heart. ACE 2, 
the cell entry receptor used by SARS-CoV-2 is widely 
expressed in the heart and is an essential regulator of heart 
function (1,29). In particular, pericytes in the heart have 
high expressions of ACE 2 and might act as the target 
cardiac cell for SARS-CoV-2 (30). ACE 2 expression in the 
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heart is upregulated in heart diseases such as myocardial 
infarction and heart failure (31,32), and preexisting 
coronary artery disease has been identified as a strong risk 
factor for mortality in COVID-19 patients (33). Early 
results from an in vitro study suggest that SARS-CoV-2 can 
affect and replicate in human pluripotent stem cell-derived 
cardiomyocytes, impairing their electrophysiological and 
contractile properties (34). In one autopsy series of 39 
COVID-19 patients from Germany, viral RNAs were 
detected in 24 patients (61.5%) (35). Other evidence, 
however, argues against direct viral invasion of the heart. 
SARS-CoV-2 cell entry depends on the serine protease 
TMPRSS2, which is not highly expressed in the human 
heart (36,37). In the German autopsy series, detection of 
viral RNA is not associated with an increase in inflammatory 
cell infiltrate into the myocardium (35). Ultimately, more 
data from in vitro studies and autopsies or endomyocardial 
biopsies are needed.

Down-regulation of angiotensin converting enzyme 
2 (ACE2) may play a role in COVID-19 related organ 
injuries. ACE2 is an cell surface enzyme that catalyzes the 
conversion of angiotensin II to angiotensin-[1–7] which 
acts on Mas receptors counteracting the effects of the 
angiotensin converting enzyme (ACE)-angiotensin II (Ang 
II)-angiotensin type 1 receptor (AT1R) axis (38). Down-
regulation of ACE2 activity in coronavirus infection may 
thus increase activity in the ACE-angiotensin II-AT1R 
axis, promoting inflammatory response, oxidative stress and 
fibrosis (38).

Deregulated immune response may be responsible 
for damage to organs including the heart in COVID-19 
patients with severe disease. Serum levels of inflammatory 
markers such as C reactive protein (CRP) and cytokines 
such as IL-1β, IL-6, IL-8 and TNF-α are significantly 
elevated in hospitalized COVID-19 patients in a state 
similar to sepsis (39).  This “cytokine storm” may 
directly cause cardiac dysfunction or cause cardiac injury 
through various other mechanisms including endothelial 
dysfunction, increased microvascular permeability, increased 
production of reactive oxygen species, and intravascular 
coagulation (40). In particular, TNF-α and IL-6 may play 
important roles in cytokine-induced cardiac dysfunction. 
TNF-α infusion caused cardiac dysfunction in animal 
models (41), and anti-TNF antibody can improve cardiac 
systolic function in patients with septic shock (42). IL-6 
have been shown to cause myocardial depression through 
the p38 mitogen-activated protein kinase pathway in 
children with meningococcal sepsis (43). 

Thrombosis may also represent a major mechanism for 
cardiovascular injury in COVID-19. Elevated D-Dimers 
values are common in patients with COVID-19 and 
thrombotic complications including PE and ischemic 
strokes have been reported in COVID-19 patients (10,44). 
Microthrombi is a prominent feature on autopsy of lungs 
in COVID-19 patients and extensive cardiac microthrombi 
without epicardial coronary artery obstruction were seen 
on autopsy of one COVID-19 patient who died after 
ST elevation myocardial infarction (45,46). Increased 
thrombosis in COVID-19 may be caused by direct platelet 
activation, activation of the coagulation cascade and 
inhibition of anticoagulant pathways by the inflammatory 
cytokines, and endothelial cell dysfunction. SARS-CoV-2 
can directly activate platelets by binding of Spike protein 
to platelet ACE2 (47). Viral infection and cytokines such 
as IL-1 and TNF-α can induce expression of tissue factor 
by endothelial cells and mononuclear cells, activating 
the extrinsic pathway of coagulation (48). COVID-19 
patients have been shown to have marked elevation in 
factor V activity, consistent with excessive activation of 
the coagulation pathway (49). Systemic inflammation also 
down-regulates physiological anticoagulant pathways, 
inhibits fibrinolysis, and activates platelets (50). Endothelial 
damage and dysfunction may play a key role in COVID-19 
related organ injuries including organs in the cardiovascular 
system. This is accomplished by recruiting neutrophils (51),  
promoting thrombus formation and disrupting the 
regulation of vascular tone and growth. Endothelial 
dysfunction may be caused by direct viral infection, hypoxia, 
and the dysregulated immune response. Both ACE2, the 
cell entry receptor for SARS-CoV-2 and TMPRSS2, a 
serine protease helping viral entry are expressed on vascular 
endothelial cells (52,53). Evidence of endothelial cell 
infection and endotheliitis have been shown in multiple 
organs on autopsy series of COVID-19 patients (46).  
Hypoxia can activate endothelial cells, promoting its interaction 
with neutrophils and its procoagulant properties (54).  
Inflammatory cytokines such as IL-1 and TNF-α can also 
induce changes in endothelial cells favoring enhanced 
leukocyte adhesion, vasodilation, increased permeability and 
thrombus formation (55). 

Medications used to treat COVID-19 may also 
adversely affect the heart. Various medications including 
glucocorticoids, hydroxychloroquine, azithromycin, 
remdesivir, tocilizumab, and traditional Chinese medicine 
have been used to treat patients with COVID-19. 
Azithromycin is known to prolong the QT interval and 
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has been reported to cause torsade de pointes (56). Long 
term use of hydroxychloroquine has been associated 
with prolonged-QT, ventricular arrhythmias,  and 
cardiomyopathies (57), while acute overdose may cause 
hypokalemia, hypotension, and ventricular tachyarrhythmias (58).  
Tocilizumab is associated with few cardiovascular side effects 
when used for rheumatoid arthritis, but it’s cardiovascular 
safety profile when used in this setting is less clear (59). Cases 
of atrial fibrillations and cardiac arrest have been reported 
in patients getting remdesivir though it was not clear if they 
were related to remdesivir (60). Certain herbal medicine has 
also been used in China to treat COVID-19 (61), and some of 
them may contain ephedra alkaloids which has been linked to 
hypertension and arrhythmias (62,63). 

The cardiovascular effects of COVID-19 and the main 
mechanisms are summarized in Figure 1, while the interplay 
between the immune system, vascular endothelium, platelet 
and coagulation system in causing COVID-19 related 
cardiovascular injury is shown in an simplified diagram in 
Figure 2.

Implications for management

Acute cardiac injury as manifested by elevated troponin 
is an import prognostic indicator of worse outcomes 
and may help us with risk stratification in COVID-19 
patients. In one study from Wuhan, risk stratification 

in COVID-19 patients with acute cardiac injury were 
found to have a much higher mortality (51.2% vs. 4.5%) 
and were more likely to require noninvasive mechanical 
ventilation (46.3% vs. 3.9%) and invasive mechanical 
ventilation (22.2% vs. 4.2%) (13). In the Mount Sinai series 
of COVID-19 patients for whom troponin were measured, 
even mildly elevated troponin I of 0.03–0.09 ng/mL  
were associated with death (HR 1.75, 95% CI, 1.37–2.24) 
and greater elevation of troponin I >0.09 ng/mL were 
associated with an even higher risk of death (HR 3.03, 95% 
CI, 2.42–3.80) (14). One study from China looking at risk 
factors for mortality in hospitalized COVID-19 patients 
report elevation in high-sensitive troponin I as the risk 
factor with the highest odds ratio of 80.07 (95% CI, 10.34–
620.36) among other risk factors such as older age, elevated 
d-dimer levels, and high SOFA scores (33). 

Targeting the dysregulated immune response can 
potentially reduce organ injury in COVID-19 and improve 
outcomes. Dexamethasone have been shown to reduce 
mortality in hospitalized COVID-19 patients requiring 
oxygen or mechanical ventilation (64). Though a recent 
trial failed to show any difference in outcomes with IL-6 
receptor blocker Tocilizumab for hospitalized COVID-19 
patients, trials for various other immunomodulators are still 
underway (65).

 Given the propensity for thrombotic complications, 
anticoagulation may be indicated for select COVID-19 

Figure 1 Summary of cardiovascular effects of coronavirus disease 2019 (COVID-2019) and potential mechanisms, red showed some 
medications used to treat COVID-19 and their targeting points.
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patients to prevent/treat thrombotic complications. 
One single center retrospective study in the US found 
anticoagulation to be associated with lower mortality and 
intubation risk among hospitalized COVID-19 patients (66) 
while another retrospective study in China have found an 
association between anticoagulation and lower mortality in 
severe COVID-19 patients with coagulopathy (67). 

Given the inflammatory and hypercoagulable state, 
patients with known coronary artery disease should be 
managed with rigorous plaque stabilizing therapy (e.g., 
antiplatelet agents, statins, beta-blockers) consistent with 
current guidelines.

The interplay between angiotensin-converting-enzyme 
inhibitors (ACEIs) or angiotensin-receptor blockers (ARBs) 
and COVID-19 is not completely clear at this moment. 
While some animal studies have found increased ACE2 
expression with ACEI/ARB use which could facilitate 
SARS-CoV-2 cell entry, other animal and human studies 
showed no significant change in ACE2 expression (68). 
Population based case-control studies in Denmark and 
Lombardi area of Italy failed to show any association 
between ACEI/ARB use and COVID-19 diagnosis (69,70) 
and multiple retrospective studies found no increase in 
mortality among COVID-19 patients who take ACEIs/
ARBs (70-72). Preliminary results from the yet to be 

published BRACE CORONA randomized controlled trial 
presented at the ESC showed no difference on morality 
between suspending and continuing ACEIs or ARBs in 
hospitalized COVID-19 patients. For now, the Heart 
Failure Society of America, American College of Cardiology 
and American Heart Association have recommended those 
who were taking an ACEI/ARB for the right indications 
continue to take it.

Cardiovascular risks should be taken into consideration 
when prescribing medications for COVID-19 patients. 
Careful monitoring of QT intervals is needed when 
medications with potentials to prolong the QT interval are 
used in COVID-19 patients. 

With many on-going studies, our knowledge of the 
effects of COVID-19 on the cardiovascular system and the 
underlying mechanisms will surely improve.

Acknowledgments

Funding: None.

Footnote

Peer Review File: Available at http://dx.doi.org/10.21037/
jxym-20-105

Figure 2 Simplified diagram of mechanism of coronavirus disease 2019 (COVID-2019) associated cardiovascular injury.
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