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Introduction

Currently, the world is experiencing a pandemic

of COVID-19 corona virus infection, which is still

evolving and the number of cases continue to rise at

an exponential rate. It is difficult to predict the future

course of this disease at this point in time.

Initial reports show that significant majority of the

patients (81%) with COVID-19 infection experience mild

symptoms like dry cough or a sore throat. About 14%

have severe symptoms with dyspnoea, desaturation,

tachypnoea, with significant (>50%) lung infiltrates and

only 5% have critical infection, which is defined as

having respiratory failure, septic shock and multiorgan

failure1. We are aware from the previous coronavirus

and influenza epidemics that apart from their predo-

minant respiratory involvement, there can be cardiac

involvement leading to cardiac complications such as

acute coronary syndromes2, arrhythmias3, and exacer-

bation of heart failure4. Although many cardiovascular

effects of COVID-19 are unfolding, their severity, extent,

short- and long-term effects are still unknown.

Comorbidities in patients with COVID-19

Cardiovascular diseases (CVD) were a common

comorbidity in previous corona virus infections namely,

severe acute respiratory syndrome (SARS) and middle

east respiratory syndrome (MERS) epidemics. In

SARS, diabetes and cardiovascular diseases were

seen in 11% and 8% of the patients respectively and

they had increased risk of death by twofold5. Whereas

in MERS diabetes and hypertension were seen in about

50% and cardiovascular diseases in 30% of patients6.
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The mechanisms of cardiac injury are likely to be

caused by increased stress on the heart by respiratory

failure and hypoxaemia, direct myocardial injury by

the virus and indirect injury due to systemic hyperin-

flammatory response (cytokine storm) (Figure 1).

Chronic cardiac diseases may become unstable due

to increased metabolic demand due to the viral

infection and the systemic inflammation in the setting

of a compromised cardiac reserve. Systemic inflam-

mation also produces a procoagulant state7 increasing

the risk of myocardial infarction and stent thrombosis

in patients who had recent coronary interventions.

Most data come from China, the birth place of
COVID-19 where in a cohort of 191 COVID-19 patients

almost half (48%) had comorbidities, which was
significantly more in non-survivors (67%). Hypertension

was seen in 30% (48% of non survivors), diabetes in
19% (31% of non survivors) and CVD 8% (31% of

non survivors)8 suggesting that these conditions are

associated with worse prognosis. In non-survivors the
high-sensitivity troponins (hs-cTI) and inflammatory

biomarkers (ferritin and Interleukin-6) were significantly
elevated and had higher incidence of heart failure (52%

vs 12% in survivors) and acute cardiac injury (59% vs

1% in survivors)8. These findings suggest high inflam-
matory burden and possibly, myocarditis contribute

to the poor prognosis. In another study, which analyzed
138 hospitalized COVID-19 patients also showed

similar results with hypertension in 31% (58% of those
in ICU care), diabetes in 10% (22% of those in ICU

care), and CVD in 15% (25% of those in ICU care)9.  A

meta-analysis of about 46,000 infected patients shows
that hypertension was the most prevalent comorbidity

(17±7%), followed by diabetes (8±6%), cardiovascular
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diseases (5±4%) compared to a remarkably low

underline respiratory diseases (2±0%)10. Weather the

observed high prevalence of hypertension is due to a

reaction to the illness or an underline co-morbid

condition is not clear.

Myocardial injury in COVID-19

Myocardial infiltration by mononuclear inflam-

matory cells in COVID-19 suggests that this virus

affects myocardium and cause myocarditis and

systolic dysfunction11. Myocardial injury (elevated

troponins) is highly prevalent (20%) in hospitalized

patients with COVID-19 infection who are more com-

monly men, older age, have comorbidities (hyper-

tension, coronary heart disease, cardiomyopathy and

chronic kidney disease) and among patients who are

more likely to develop complications such as acute

kidney injury and ARDS12,13. Furthermore, patients with

myocarditis are more likely to require both noninvasive

(46%) and invasive mechanical (22%) ventilation and

have higher risk of in-hospital mortality (51%). Another

study from China reported that 12% of patients without

any cardiovascular disease had evidence of myocarditis

suggested by elevated troponins or cardiac arrest

during hospital stay14. About half the non survivors

(46%) had raised high sensitivity troponin T as opposed

to 1% of survivors8. In another study regarding factors

associated with outcomes in hospitalized patients,

35% had CVD (hypertension coronary artery disease

or cardiomyopathy) and 28% had features of myo-

cardial injury (elevated troponin)13. The mortality was

very high (60%) in those with raised troponins when

compared to those with normal troponins (9%)13.

Patients with elevated troponins also showed higher

risks of ARDS, malignant arrhythmias, acute renal

injury and coagulopathy13.

There appears to be 2 patterns of myocardial injury

due to COVID-19. In those patients presenting with

typical symptoms, the hs-cTI were elevated (8.8 pg/L)

in non survivors on day 4 when compared to those of

survivors (2.5 pg/L)8. Thereafter, the troponins remained

more or less same (2.5-4.4 pg/L) in survivors but

continued to rise steadily to 290 pg/L on day 22 in

non-survivors8. There has been an associated rise of

inflammatory markers (e.g. D-dimer, ferritin, interleukin-6,

lactase dehydrogenase) suggesting the probability of

development of cytokine storm or a secondary haemo-

phagocytic lympohistiocytosis rather than a simple

myocarditis. The cytokine storm, or systemic hyper-

inflammation, is a feature of advanced stage (Figure

2) characterized by multiorgan dysfunction and

elevation of typical inflammatory markers. This can

result in fulminant myocarditis and acute respiratory

distress syndrome causing high mortality. Also,

profound hypoxia may induce excessive intracellular

COVID-19 and the Heart. Akbarshakh Akhmerov and Eduardo Marban. Originally published 7 Apr 2020 https://doi.org/

10.1161/CIRCRESAHA.120.317055 Circulation Research.

(HFpEF – heart failure with preserved ejection fraction, HFrEF – heart failure with reduced ejection fraction)

Figure 1. Mechanisms of cardiac injury and its consequences.
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calcium resulting in apoptosis of cardiac myocytes14.

The other pattern is suggested in patients presenting

with predominantly cardiac symptoms who develop an

isolated stress cardiomyopathy or viral myocarditis15.

NT-proBNP and COVID-19

It has been known that an elevated NT-proBNP is

a strong and independent predictor of mortality in

community-acquired pneumonia16. Furthermore, a

recent study has been shown that high plasma NT-

proBNP levels (> 88.64 pg/mL) is associated with

increased risk of in-hospital death in severe COVID-

19 patients17. They were mostly older patients with

increased levels of markers of cardiac injury and

systematic inflammation.

Arrythmias

COVID-19 can also cause tachyarrhythmias,

bradyarrhythmias and asystole. Palpitations occur in

about 7% and much higher percentage (17%) of

critically ill patients develop arrhythmia the character

of which is not yet described9,18.

There is a strong association between viral

respiratory infections and acute myocardial infarction

in influenza epidemics19 and SARS epidemics20. Acute

coronary syndromes and acute myocardial infarctions

Figure 2. Progression of the disease in acute COVID-19.
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can occur in COVID-19 patients although the incidence

of such complications are not yet known. However, it

is important know that the high incidence of acute

cardiac injury can be mistakenly diagnosed as ACS

due to the presence of the ECG abnormalities, troponin

elevations and chest pain in these patients.

ACEI and ARB in COVID-19

Angiotensin-converting enzyme 2 (ACE2) is seen

in lung alveolar cells, heart, kidney and gut. It converts

angiotensin II into angiotensin-(1-7), I, which is an

inactive form that diminishes vasoconstriction mediated

by the renin-angiotensin system. SARS-CoV spike

protein binds to this enzyme receptor ACE2 to enter

the alveolar cells and once enters it down regulates

the receptors resulting in increased levels of angiotensin

II, which causes myocardial dysfunction21. This can

be another mechanism of cardiac dysfunction in

COVID-19 infection. Also, as ACE2 receptors are highly

expressed in the heart, the virus can enter into

myocardium to cause myocardial infection in the same

manner. This phenomenon of viral entry to alveoli and

heart being facilitated by ACE2 has led to the con-

troversy regarding the use of angiotensin converting

enzyme inhibitors or angiotensin receptor blockers in

COVID-19 infected patients. Based on the theoretical

explanation it has been suggested that these drugs

could increase both the risk and the severity of infection.
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However, this assumption about the safety of these

drugs has not been based on any scientific evidence

to support its harmful effects. As such the Council on

hypertension of the European Society of Cardiology in

its latest position statement strongly recommend that

these drugs should be continued if the patient is already

taking and should not be discontinued because of the

COVID-19 infection22.

Thromboembolic complications

COVID-19 infection has a high risk of both venous

and arterial thromboembolism most likely due to

excessive inflammation, hypoxia, immobilization and

diffuse intravascular coagulation. Despite being on

standard thromboprophylaxis about 31% of patients,

in the intensive care units, developed thrombotic

complications (27% venous thromboembolism and

3.7% arterial thrombosis)23.

Long term effects of COVID-19

Cardiovascular complications are known to occur

during short term and long term (10 years) following

resolution of pneumonia due to persistence of systemic

inflammatory and procoagulant activity even after the

resolution of initial illness24,25. This can also be appli-

cable to patients who have recovered from COVID-19

infections as cardiovascular complications can still

occur during convalescence or in the long term. A report

from Italy describes a case of fulminant myocarditis

one week after recovery of respiratory symptoms

suggesting the persistence of inflammation after

recovery26. Follow up studies in those who have

recovered are therefore important.

Conclusions

Cardiovascular complications of COVID-19 are

common and have high risk of morbidity and mortality.

Preexisting cardiovascular disease and advanced age

contribute to adverse outcomes. Myocardial injury can

present as acutely, associated with cardiac dysfunction

at presentation, or can develop as the disease progress

to a stage, where the hyperinflammation or cytokine

storm develop, causing increased mortality. As the data

on COVID-19 is still evolving, some guidance can be

drawn on current knowledge of cardiovascular

complications of other similar viruses like influenza,

SARS and MERS. Follow up studies on survivors are

necessary to assess the long-term impact of this virus

on cardiovascular system.
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