
Vol:.(1234567890)

Clinical Research in Cardiology (2020) 109:1446–1459

https://doi.org/10.1007/s00392-020-01656-3

1 3

REVIEW

Coronavirus Disease 2019 (COVID‑19) and its implications 
for cardiovascular care: expert document from the German Cardiac 
Society and the World Heart Federation 

Michael Böhm1 · Norbert Frey2 · Evangelos Giannitsis3 · Karen Sliwa4 · Andreas M. Zeiher5

Received: 17 April 2020 / Accepted: 24 April 2020 / Published online: 27 May 2020 

© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Coronavirus diseases 2019 (COVID-19) has become a worldwide pandemic affecting people at high risk and particularly at 

advanced age, cardiovascular and pulmonary disease. As cardiovascular patients are at high risk but also have dyspnea and 

fatigue as leading symptoms, prevention, diagnostics and treatment in these patients are important to provide adequate care 

for those with or without COVID-19 but most importantly when comorbid cardiovascular conditions are present. Severe 

COVID-19 with acute respiratory distress (ARDS) is challenging as patients with elevated myocardial markers such as 

troponin are at enhanced high risk for fatal outcomes. As angiotensin-converting enzyme 2 (ACE2) is regarded as the viral 

receptor for cell entry and as the Coronavirus is downregulating this enzyme, which provides cardiovascular and pulmonary 

protection, there is ongoing discussions on whether treatment with cardiovascular drugs, which upregulate the viral receptor 

ACE2 should be modified. As most of the COVID-19 patients have cardiovascular comorbidities like hypertension, diabetes, 

coronary artery disease and heart failure, which imposes a high risk on these patients, cardiovascular therapy should not 

be modified or even withdrawn. As cardiac injury is a common feature of COVID-19 associated ARDS and is linked with 

poor outcomes, swift diagnostic management and specialist care of cardiovascular patients in the area of COVID-19 is of 

particular importance and deserves special attention.
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COVID‑19 and cardiovascular care

After the first cases of respiratory illness were reported in 

December 2019, a novel coronavirus, designated as severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 

was identified to cause the so-called coronavirus disease 

(COVID-19), which meanwhile has become a worldwide 

pandemic [1, 2]. In general, three distinct phases charac-

terize progression of COVID-19: an initial infection phase 

followed by a respiratory distress phase and finally culmi-

nating in a severe hyperinflammation state with more than 

80% of SARS-CoV-2 infections showing only mild or even 

absent symptoms [3]. The characteristics from the COVID-

19 outbreak reported from China [3] provided important 

lessons with respect to cardiovascular involvements both 

as a primary target as well as a comorbidity. The infection 

phase marks virus infiltration and proliferation of the epi-

thelium and lung parenchyma accompanied by mild symp-

toms and monocyte / macrophage activation as the initial 

immune response. The ensuing inflammatory processes like 
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vasodilation, endothelial leakiness and leukocyte extravasa-

tion lead to pulmonary distress with pulmonary damage, 

fluid extravasation and hypoxemia, which in turn augments 

cardiovascular stress. Finally, further amplification of the 

host inflammatory response will essentially culminate in 

systemic inflammation up to eliciting a cytokine storm [4].

Importantly, the cardiovascular system emerges as both a 

primary target as well as the most important secondary co-

morbidity factor during all three of the COVID-19 progres-

sion phases (Fig. 1). There is accumulating evidence that the 

heart itself might be a direct target for viral infection with 

SARS-CoV-2 [5]. Previous studies examining the cardio-

vascular effects of viral respiratory infections during influ-

enza epidemics revealed a profound up to sixfold increased 

incidence ratio for acute myocardial infarction within 7 days 

of infection, in part due to the heightened prothrombotic 

activity leading to intracoronary thrombotic events [6]. 

Hypotension and tachycardia will further imbalance the 

metabolic demand of a diseased heart. Exaggerated systemic 

inflammation with profoundly increased circulating levels 

of prototypical inflammatory markers such as IL-6, IL-2, 

TNFalpha; MCP-1 or CRP are well established to contribute 

to cardiac injury irrespective of the presence of hypoxemia. 

Indeed, some of these biomarkers were shown to be asso-

ciated with high mortality in retrospective clinical series 

of COVID-19 patients hospitalized in China [7], indicating 

potential serious bystander effects on other organs, including 

the heart. In support of such collateral damage to the heart, 

increased inflammatory markers do correlate with elec-

trocardiographic abnormalities and biomarkers of cardiac 

injury [8]. Finally, elevation of cardiac biomarkers docu-

menting cardiac involvement is not only a prominent feature 

in COVID-19, but is also associated with a profoundly worse 

clinical outcome [9, 10]. Myocardial damage and heart fail-

ure contributed to almost 40% of deaths in a critically ill 

cohort hospitalized in Wuhan [11]. Cox regression analyses 

revealed that the mortality risk associated with acute cardiac 

damage was significantly higher than age, chronic pulmo-

nary disease or prior history of cardiovascular disease [8, 9]. 

Thus, both direct and indirect mechanisms of cardiovascular 

injury most likely play a pivotal role for the deleterious con-

sequences of SARS-CoV-2 infection in addition to the severe 

acute respiratory distress syndrome (ARDS).

Last, patients with underlying cardiovascular disease are 

more likely to be infected with SARS-CoV-2, are more likely 

to develop severe symptoms, if infected with SARS-CoV-2, 

and may also be more vulnerable to adverse cardiotoxic 

effects of treatment with antiviral drugs. A most recent anal-

ysis from the LEOSS registry [12] displaying the prevalence 

of co-morbidities in COVID-19 patients in Germany dis-

closed that in all classes of disease severity more than 50% 

of the patients suffered from cardiovascular co-morbidity, 

Fig. 1  Summary of consequences of SARS-Cov2 infection on the cardiovascular system summarizing primary targets (left) and secondary 

comorbidities (right)
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which was by far the most prominent co-morbidity associ-

ated with COVID-19 (Fig. 2).

Taken together, cardiovascular involvement is both 

highly prevalent and of significant prognostic importance 

in COVID-19. Therefore, it is not only important to fully 

involve cardiologists for managing cardiovascular com-

plications in severe cases of COVID-19, but also to pay 

particular attention to cardiovascular protection of patients 

at risk to develop COVID-19. It will be essential to allo-

cate sufficient resources for cardiovascular diagnostic and 

therapeutic procedures, even at times when the health 

care systems are globally overwhelmed and hospitals are 

guided by measures to contain and treat this infectious 

disease. We need to advice patients that cardiovascular 

emergencies like STEMI, decompensated heart failure or 

life-threatening arrhythmias need immediate attention and 

treatment and emergency calls should not be delayed out 

of fear for being admitted to a hospital with the potential to 

acquire COVID-19. We do need to set-up emergency treat-

ment strategies for non-COVID-19 patients in-hospital 

and assure protection of these patients from SARS-CoV-

2-infected patients. Additionally, we need to make sure 

to that hospital staff and health care workers in general 

are adequately protected and diagnostic and interventional 

procedures in COVID-19 patients are guided by clinical 

necessity. Fortunately, all major cardiovascular profes-

sional societies are meanwhile in the process of publish-

ing guidance for various aspects of cardiovascular care in 

COVID-19 patients, including how and in whom to per-

form diagnostic and therapeutic interventions. Some of 

these guidance publications will be referenced to in the 

following chapters of this article. This will without any 

doubt lead to greater awareness of the immediate cardio-

vascular implications of this infectious disease.

Nevertheless, we should not stop here. Hospitalization 

for pneumonia was previously shown to be associated with 

a significantly increased risk of cardiovascular disease up 

to 10 years of follow-up [13]. It is very likely that SARS-

CoV-2 infections with respiratory impairment will also 

lead to similar long-term adverse events. We need to moni-

tor COVID-19 patients with acutely elevated markers of 

cardiac damage with respect to long-term consequences 

on cardiac function, including definite proof of SARS-

CoV-2-induced myocarditis by myocardial biopsy. Like-

wise, it will be important to assess potential long-term 

cardiotoxic effects of antiviral therapy. Thus, cardiovas-

cular care during the COVID-19 pandemic should already 

implement strategies to capture longer-term implications 

by prolonged clinical follow-up.
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COVID and low‑middle income countries

COVID-19 has spread to almost all countries of the world. 

Unexplained is the different impact of the disease in dif-

ferent countries. There has been a slow increase in infec-

tions in Africa and South-East Asia with a surprisingly 

low fatality rate. 14th April 2020 South Africa had 2272 

infections with 27 deaths despite a detailed surveillance 

system (www.coron aviru s.jhu.edu accessed 14th April 

2020). It is currently unknown why there has been so far 

a slower than expected rise in cases and case mortality in 

low-to-middle income countries. The population demo-

graphics and underlying co-morbidities are vastly different 

in those countries. The mean age of many low-to-mid-

dle income countries is more than 2 decades lower than 

in higher income countries. For example in Uganda the 

life expectancy at birth for males and females is 60 and 

65 years (www.who.org), 48.5% of the population is in 

the age range of 0–14 years old with just 2% of the popu-

lation being older than 60 years. This age pyramid influ-

ences the current Uganda cardiovascular health challenges 

which does include hypertension and coronary artery dis-

ease, mainly in urban areas, but rheumatic heart disease 

(RHD) and heart failure due to cardiomyopathies remain 

enormous challenges. Most of the patients do not have 

access to balloon valvotomy or surgery [14]. Untreated 

symptomatic patients with rheumatic heart disease have a 

mortality rate of 20% per annum leaving very few patients 

being able to live beyond their 40 years of age [15]. How-

ever, there are other factors which might have an impact. 

The country-by-country difference in COVID-19 morbid-

ity and mortality could possibly be explained by national 

policies on Bacillus Calmette Guerin (BCG) vaccination. 

BCG is a live attenuated strain derived from an isolate 

of myocobacterium bovis used widely across the world 

as a vaccine for tuberculosis, with many low-to-middle 

income countries but also some high-income countries 

such as Japan having a universal BCG vaccination policy 

in newborns. BCG vaccinations have been shown to pro-

duce non-specific immune effects leading to an improved 

response against other non-myocardial pathogens. Another 

possible protective mechanism could be the high number 

of people living with HIV/AIDS on anti-retroviral therapy. 

South Africa has a population of 57 million with > 12% 

being HIV-infected. SA has the world’s largest antiretrovi-

ral therapy (ART) program, subsidized by the government 

and provided free-of-charge. Only time will tell if low-to 

middle income countries will ‘catch up’ on the pandemic 

in 2020 and 2021 or remain relatively spared [16].

The World Heart Federation has published a briefing 

on prevention: Coronavirus Disease 2019 in low-income 

countries [17]. This includes six easy rules to reduce the 

risk of corona virus transmission. From staying at home 

and avoiding large gathering to a total shut down of a 

country had so far the biggest impact in a lower number 

of infections and early case detection.

Hypertension

The role of the renin–angiotensin–aldosterone 
system in COVID-19

The renin–angiotensin–aldosterone system (RAAS) regu-

lates blood pressure and is also involved in cardiovascular 

endorgan damage like myocardial hypertrophy, interstitial 

myocardial fibrosis, atherosclerosis and plaque rupture in 

acute coronary syndromes. Therefore, blockers of the RAAS 

are recommended for the use in hypertension to prevent car-

diovascular events and heart failure [18, 19]. The protease 

renin cleaves angiotensin to angiotensinogen I (Ang 1–10), 

which then is processed to angiotensin II (Ang 1–8) by the 

angiotensin-converting enzyme (ACE) [20]. Angiotensin 

II stimulates AT1-receptors, which results in adverse car-

diovascular effects like vasoconstriction, cell proliferation 

and hypertrophy [21]. In contrast, the AT2-receptor medi-

ates vasodilation, anti-proliferative actions and apoptosis 

and has been suggested to be involved in anti-proliferative 

effects upon binding of angiotensin II [22]. Angiotensin II 

[1–8] is cleaved by the angiotensin-converting enzyme 2 

(ACE2) into angiotensin (1–7, 23), which exerts directly 

a stimulation of the so called “MAS-receptor”, mediating 

vasodilation, anti-proliferative effects and anti-inflammatory 

responses [24]. It is now well established that the CORONA 

virus family binds via its spike protein to ACE2 [25, 26] 

with well characterized binding residues [27]. After pro-

teolytic modification of ACE2 [28] and the coronavirus 

spike protein [11, 12] by a membrane-bound proteinase 

(ADAM17), the virus is internalized by clathrin-coated pits 

and, after trypsin cleavage, viral RNA is released into this 

cellular cytoplasm causing SARS infection [28, 29]. ACE2 

is degraded and shedfrom the cell membrane into the circu-

lation after cleavage by ADAM17 [28, 30]. As a result, there 

is a downregulation of ACE2 by the CORONA virus itself 

[31]. The role of ACE2 in CORONA virus infection is scru-

tinized by the fact that several animals cannot be infected 

by the CORONA virus when there is a knockout of ACE2, 

which renders them resistant to infection [32]. The role of 

ACE2 is not specific for the CORONA virus as ACE2 is also 

used by the respiratory syncytial (RS) virus and some types 

of influenza viruses [33, 34].

ACE2 can also be regulated in several cardio-pulmonary 

disease conditions like COPD, pulmonary hypertension, 

asthma and after viral infections with influenza H1N1, 

H5N1, H7N9 as well as in sepsis [35]. ACE2, potentially 

http://www.coronavirus.jhu.edu
http://www.who.org
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by degrading maladaptive angiotensin II and stimulating 

anti-inflammatory responses through the MAS receptor [24], 

has been shown to improve lung injury after viral infections 

of clinical injuries [36]. Furthermore, ARDS is not promi-

nent after RS virus infections, when the ACE2 is knocked 

out [33]. In addition, recombinant human ACE2 has been 

tested in a pilot study in human ARDS and has been shown 

to reduce circulating interleukin-6 concentrations accom-

panied by increases of Ang 1–7 and reductions of angioten-

sin II [37]. Therefore, ACE2 might be crucial for the entry 

of CORONA viruses into the cells and, hence, infectivity 

[25–30]; however, it might also mediate beneficial effects on 

pulmonary complications after infection [36, 37]. The fact 

that the major risk factor for adverse outcomes in COVID-19 

is age, and ACE2 is downregulated in the aging population, 

argues in favor of its role in poor outcome of that risk group 

[35]. Furthermore, drugs like chloroquine and indometazine 

[35] as well as ACE inhibitors and ARBs [38–40] have been 

shown to upregulate ACE2 in the human heart and in the 

systemic as well as pulmonary vasculature [40] with associa-

tion to outcomes in heart failure [41], atrial fibrillation [42] 

and pulmonary hypertension [43]. These findings highlight 

the complex interaction of COVID-19 and ACE2 inhibition. 

We would thus raise the hypothesis that pathophysiological 

conditions or drugs enhancing ACE2 expression might lead 

to greater infectivity, but, at the same time potentially reduce 

mortality due to lung complications (Fig. 3).

Is hypertension a risk factor for COVID-19?

Arterial hypertension is the most prevalent risk factor in 

cardiovascular disease, in particular in China [44]. In several 

early trials of COVID-19 populations, hypertension is the 

most prevalent cardiovascular risk factor and comorbidity is 

amounting to approximately 30–40% in the overall popula-

tion of diseased individuals in China [7, 45, 46] and Italy 

[47]. In those patients, who have complications or even died, 

hypertension is more prevalent as was diabetes, coronary 
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Fig. 3  Hypothetical scheme for the interaction of the CORONA virus 

and angiotensin converting enzyme-2 (ACE2). The CORONA virus 

binding with its spike protein to ACE2, which is processed by the 

proteinase ADAM17 leading to the internalization of the CORONA 

virus and ACE2 into the cell where the viral genome is released. The 

internalization as well as the shedding of ACE2 from the cell surface 

and its release into the circulation reduces membrane-bound ACE2. 

Furthermore, ACE2 is reduced by pathological conditions like pul-

monary fibrosis, asthma, COPD, pulmonary hypertension, smoking 

and old age [17]. On the contrary, membrane-bound ACE2-concen-

trations are higher following treatment with ACE-inhibitors, AT1-

blockers and potentially ibuprofen, and ACE2 is more abundantly 

expressed in childhood and at young age. As ACE2 forms more Ang 

1–7 from angiotension-II to stimulate the MAS-receptor mediating 

anti-proliferative, anti-inflammatory action, hypothetically enhanced 

ACE2-expression might cause more infection by acting as a recep-

tor for viral cell entry and protect from pulmonary complications. In 

conditions where is downregulation of ACE2, less infection might 

occur, but severity of COVID-19-related ARDS can be more severe. 

This hypothesis fits with the higher likelihood of pulmonary compli-

cations in certain disease conditions and in aging. Notably, these data 

are derived from experimental and observational data, but not from 

controlled clinical studies and need to be scrutinized in clinical condi-

tions
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artery disease, chronic obstructive lung disease or malignan-

cies [9]. As hypertension is the comorbidity with the highest 

prevalence in deceased patients, it has been claimed to be 

a risk factor for COVID-19. However, this would only be 

the case, if there is a deviation from the overall prevalence 

of hypertension in the Chinese population. In China, the 

prevalence of hypertension is high. By comparing Chinese 

populations age-matched to those in reports on COVID-

19 (approximately 55–74 years), it becomes clear that the 

overall prevalence in hypertension is 44% with a further 

increase in populations at higher age [48]. Therefore, the 

prevalence of the comorbidity hypertension in COVID-19 

patients is lower and does not exceed the overall prevalence 

in the relevant populations in China. Therefore, there is no 

evidence that hypertension increases the likelihood to suffer 

from COVID-19. Cardiovascular risk factors and comorbidi-

ties are elevated in patients who have fatal outcomes after 

COVID-19 [9]. Therefore, all cardiovascular comorbidities 

in concert add to myocardial injury, which has been shown 

to be closely associated with death as measured from cardiac 

troponin levels [9].

The next question arises of whether cardiac treatments 

and treatments with the renin-angiotensin system inhibitors 

(RASi), in particular ACE-inhibitors (ACE-I) or angiotensin 

receptor blockers (ARBs) are associated with a differential 

outcome in COVID-19. The Guidelines for the Manage-

ment of Hypertension of the European Society of Cardiol-

ogy [18], but also Chinese guidelines [49] and Guidelines 

of the American College of Cardiology (ACC) and Ameri-

can Heart Association (AHA) [19] recommend ACE and 

ARBs for the treatment of hypertension as these drugs have 

been shown to be effective in secondary prevention, heart 

failure and protection against adverse renal outcomes. In 

Germany, as in other countries in Europe, the prescrip-

tion rate of ACE and ARBs are higher than all prescribed 

daily doses of other anti-hypertensive drugs combined [50]. 

However, adequate blood pressure control in China in the 

age group, where COVID-19 is most prevalent, was only 

34.9–35.6% [51] according to the 2010 Chinese guidelines 

[49] and 15,2–16,0% according to the 2017 ACC/AHA 

guidelines [19]. In particular, the frequency of ACE-inhib-

itor treatment is particularly low in an Asian population (in 

particular in females), because the ACE-induced coughing 

is more prevalent than in other populations [51]. Therefore, 

the low density of treatment with RASi does not argue in 

favor of a significant role of these drugs in the likelihood of 

COVID-19. The upregulation of ACE2 by RASi does not 

allow to argue in favor or against the use of RAS-inhibitors 

in hypertension as recently expressed in various short com-

munications and letters causing a lot of discussion and media 

attention [52–58]. Although, a large body of evidence has 

been generated in cell models, animal models and observa-

tional studies, further data are necessary to scrutinize the 

definite role of ACE2 in infection frequency and causation 

of pulmonary complications after CORONA infections. At 

this moment, there is thus no compelling evidentiary back-

ground to change RASi therapy for hypertension or other 

cardiovascular conditions.

COVID‑19 and myocardial injury

The cardiac manifestations of SARS-CoV-2 infection 

include acute myocardial injury, heart failure, myocarditis, 

and ventricular tachyarrhythmias [59]. Along with ARDS, 

acute myocardial injury was identified as an important inde-

pendent predictor of outcomes, associated with a 3.4-fold 

higher risk of death [9]. In a cohort of 416 hospitalized 

patients, the prevalence of cardiac injury-based on the pres-

ence of elevated hs-cTnI values above the 99th percentile 

of a healthy reference population—was 19.7%, and the risk 

of death increased with the magnitude of myocardial injury, 

expressed as multiples of the reference value of hs-TnI [9]. 

Unequivocally, other cohorts investigating the prevalence 

and prognostic implications of myocardial injury during 

the COVID-19 outbreak in Wuhan, China, reported very 

similar rates of acute myocardial injury ranging between 

7.2% [45], 12% [10], 17% [7] and 27.8% [8] at presentation 

based on elevations of hs-cTn above the ULN. In a report 

on 138 patients hospitalized with COVID-19 [45], patients 

who received care in the intensive care unit were more 

likely to have cardiac injury than non-ICU patients (22.2% 

vs 2%). ´Consistently, in another study on 41 admitted hos-

pital patients with laboratory-confirmed COVID-19 [10], 

the proportion of patients requiring care on the intensive 

care unit (ICU) was significantly higher among patients with 

evidence of acute myocardial injury (31% vs 4%). Several 

studies demonstrate an association between acute myocar-

dial injury and mortality [7, 9]. In a study on 187 patients 

with COVID-19 that evaluated the role of hs-cTnT rela-

tive to the presence of cardiovascular disease [8], mortality 

rates were highest among patients with elevated hs-cTnT 

above ULN and history of cardiovascular disease and lowest 

among those with normal hs-cTn, irrespective the presence 

or absence of CV disease [8]. In a survey on 416 hospital-

ized patients in Wuhan [9], only 26.2% of patients (22 of 

82 patients) received an ECG, particularly during periods 

of elevation of cardiac biomarkers while imaging tests such 

as echocardiography were not reported. Consistently other 

reports [7, 60] did not report on rates of ECG or other imag-

ing tests, except lung CT, at all. Hence, the limited diagnos-

tic workup and selection bias precludes any speculations on 

the etiology of hs-cTnI elevation.

Discordant to the recommendations of the 4th version of 

the universal myocardial infarction (MI) definition (UDMI) 

[61], the investigators of the Wuhan studies used a different 
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definition for acute myocardial injury and did not differenti-

ate acute from chronic myocardial injury by a concentration 

change (“rise and/or fall”) of hs-cTnI. Acute myocardial 

injury was rather defined as blood levels of high sensitiv-

ity troponin T or I above the 99th percentile upper limit of 

normal (upper limit of normal (ULN) > 28 ng/L), or new 

abnormalities shown on electrocardiography and echocardi-

ography [10]. The investigators did not report on rates and 

subtypes of acute myocardial infarction based on criteria 

of the 4th version of the UDMI [61]. Interestingly, hs-cTn 

values increased during serial monitoring in patients with a 

fatal outcome whereas persistently low values were observed 

among survivors allowing to speculate whether monitoring 

of hs-cTn might be useful even in the absence of a suspected 

acute coronary syndrome [7].

Overall, the presence of myocardial injury in ED popu-

lations is not uncommon, occurring in as many as 20% of 

consecutive patients presenting with chest pain, dyspnea, 

or less specific symptoms [62]. However, only a fraction 

of elevations was ultimately attributed to a type 1 or type 2 

MI and the majority of cases were unrelated to myocardial 

ischemia, often multifactorial, or the exact reason remained 

unsettled [61]. In stable or asymptomatic cardiovascular or 

ischemic heart disease, cardiac troponin elevation may be 

explained by the presence of underlying structural heart dis-

ease, stable CAD, and chronic kidney disease [63]. Accord-

ingly, in Western countries, the presence of hs-cTn above 

the 99th percentile ULN has been reported in as many as 

20% of asymptomatic patients with or without cardiovas-

cular disease presenting for routine outpatient visits [63], 

and across different sub-specialities in patients hospitalized 

for reasons other than an acute coronary syndrome [64, 65]. 

Regardless the underlying reason or acuity of clinical pres-

entation, the presence of myocardial injury as indicated by 

hs-cTn above the 99th percentile is uniformly associated 

with adverse long-term outcomes and patients with elevated 

hs-cTn at baseline have a higher risk to die acutely during 

the precipitating event due to their cardiovascular morbidity 

[63]. Accordingly, the data from the pandemia in Wuhan, 

confirm current knowledge but do not provide fundamental 

new information to our interpretation of troponin elevations.

Acute myocardial injury related to COVID-19

Based on findings from Corona and Influenza infections in 

the past, it has been speculated that acute myocardial injury 

might be triggered or facilitated in COVID-19 infection [59, 

66]. A previous study on the incidence of myocardial infarc-

tion after the outbreak of Influenza infections in Ontario 

reported a sixfold higher incidence ratio of AMI within 

6 days after a positive Influenza test as compared to a nega-

tive test during the same time frame [66]. It was hypoth-

esized that an exaggerated inflammatory response mediated 

by viral infection with Influenza A or B, respiratory syncytial 

virus (RSV) or other virus had the potential to trigger acute 

plaque rupture. In addition, anecdotal evidence from spo-

radic case reports raised the suspicion of acute myocarditis, 

although a direct SARS-CoV-2 infiltration of the heart has 

not been confirmed in the absence of histological confirma-

tion by endocardial biopsy, or by detection of viral genome 

in myocardial tissue, yet [67]. Previously, a decline in left 

ventricular ejection fraction (LV-EF) and a highly prevalent 

reversible, subclinical diastolic left ventricular impairment 

that was reported in acute SARS-CoV-2 infection and was 

attributed to the cytokine storm syndrome that is character-

ized by an uncontrolled and dysfunctional immune response 

[68]. Finally, cardiotoxic effects of antiviral therapies have 

been reported [69].

Acute myocardial injury not directly related 
to COVID-19

Acute myocardial injury may occur independently from 

COVID-19 and may manifest as type 1 myocardial infarction 

(STEMI or NSTEMI), type 2 MI in the absence of plaque 

rupture or intracoronary thrombus, or as an acute myocardial 

injury independent of myocardial ischemia (Fig. 4). Cases of 

acute MI on autopsy during hospitalization for COVID-19 

have been reported [7] but a systematic evaluation is lack-

ing. Given the paucity of data on the exact prevalence and 

reasons for an acute myocardial injury during COVID-19, 

our interpretation of hs-cTn elevations has to be discussed 

on knowledge previously derived from other acute critical 

conditions, foremost severe infections causing sepsis or sep-

tic shock [70]. In an investigation on hs-cTnT in setting of 

severe infection, median concentrations of hs-cTnT were 

found to increase from 14.4 ng/L in sepsis to 52.6 ng/L in 

severe sepsis and 64.1 ng/L in septic shock [70]. Likewise, 

the prevalence of hs-cTnT > ULN increased from 51.6% 

in sepsis to 80.4% % in septic shock [70]. Very similar to 

COVID-19, mild elevations of hs-cTnT were associated 

with a high mortality rate at 30 days [71]. However, the risk 

associated with myocardial injury at baseline persisted over 

5 years after the index event suggesting a major prognostic 

role of pre-existing structural heart disease on long-term out-

comes. Similar to SARS-CoV-2 infection, an impairment of 

right and left ventricular function on echocardiography was 

common during other severe infections and there was a clear 

association between myocardial injury, cardiac overload or 

hemodynamic stress as indicated by natriuretic peptides and 

inflammatory response [72]. Significant elevations of hs-

cTn have been demonstrated following rapid atrial pacing, 

irrespective the presence of inducible myocardial ischemia 

[73]. In an experimental human model that utilized the 

trans-cardiac production of lactate for objective evidence of 

myocardial ischemia, hs-cTnT increased in the absence of 
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CAD and lactate suggesting that tachycardia itself is capable 

to induce an acute myocardial injury. Likewise, adminis-

tration of catecholamines was found to release hs-cTnT in 

healthy volunteers [74]. Other mechanisms that have been 

related to the release of cTn include respiratory failure due 

to severe hypoxemia, sepsis, acute kidney failure, hyperten-

sion or hypotension, bradycardia, fever, anemia and many 

other causes [61, 63].

Practical considerations for patients presenting 
with suspected or con�rmed COVID-19 infection 
and suspected Type I Myocardial Infarction (T1MI)

Acute MI with or without COVID-19 represents a life-

threatening condition that requires adjunctive medical 

therapies such as potent antiplatelet drugs and monitoring 

to anticipate complications. However, the enhanced infec-

tious potency in humans [75] mandates a fundamental risk 

assessment to carefully weigh the relative advantages against 

disadvantages of treating cardiovascular disease while pre-

venting the risk of SARS-CoV-2 transmission.

In patients with suspected ACS without ST-segment ele-

vation, or in the absence of hemodynamic or rhythm insta-

bility and when COVID-19 cannot be ruled-out due to suspi-

cious clinical presentation, the personal recommendation of 

the author is to obtain nasopharyngeal swabs for real-time 

reverse transcriptase-polymerase chain reaction (RT-PCR) 

assay and, if available, to perform a CT lung scan while 

waiting for the PCR result. COVID-19-associated pneumo-

nia provides a typical picture that is characterized by bilat-

eral lung infiltrates, glass ground opacities, consolidation, 

reticular pattern and the so-called crazy paving pattern [10, 

60]. The sensitivity of CT is reported as high as 97–99% 

and is superior that of RT-PCR [76]. The CT scan could 

ideally be performed as a multi-detector CT angiography 

providing additional information on coronary anatomy and 

on the presence of pulmonary embolism since elevations of 

D-Dimer are not uncommon [7, 60] and values exceeding the 

two–sixfold of the ULN are associated with high mortality 

[45, 60, 76, 77].

Regarding the measurement of cardiac biomarkers, the 

American College of Cardiology (ACC) has released state-

ments against the liberal use of troponin in COVID-19 [78]. 

Given the frequency and non-specific nature of abnormal 

troponin results among patients with COVID-19, clinicians 

are advised to measure cardiac troponin only if acute myo-

cardial infarction is suspected on clinical grounds [78]. The 

European Society of Cardiology (ESC) expands these rec-

ommendations by restricting the measurement of cardiac 

troponin T/I concentrations to patients with suspected Type 

1 MI, because this infarct type is more likely to benefit from 

adjunctive antiplatelet therapies and early revascularization 

therapies (personal communication, paper under revision).

Moreover, in order to reduce the length of stay in an ED, 

and to dedicate monitoring capacities for other critically dis-

eased patients, accelerated rapid rule-out and/or rule-in of 

Fig. 4  Manifestations of 

myocardial injury and potential 

pathomechanisms of release 

of cardiac troponin during 

COVID-19 infection
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MI seem to be particularly helpful [79]. Real world evidence 

suggests that patient disposition may be completed within 

2–3 h without an increase of adverse outcomes compared to 

standard protocols [80, 81]. Use of echocardiography or cor-

onary angiography should be restricted to those patients in 

whom these procedures would be expected to meaningfully 

affect outcomes [78]. Timing of invasive coronary angiog-

raphy depends on individual estimation of anticipated risk 

of death, heart failure or other infarct-related complications. 

Factors that are supposed to favor an immediate or early 

coronary angiography under full protection of medical staff 

include STEMI, high risk non-ST segment elevation MI as 

suggested by either unstable hemodynamics, dynamic ST 

segment changes, rhythm instability, or a very high clini-

cal score as recommended in 2015 ESC guidelines [79]. 

Cardiac troponin values should be interpreted as continu-

ous variables since risk of death and benefits from an early 

invasive strategy incline with increasing values [82, 83]. It 

is unclear whether the benefit of revascularization outweighs 

the potential disadvantages of contamination of medical staff 

in patients with small-to-intermediate elevations of hs-cTn, 

or whether a yet unsettled, more refined risk stratification 

is required to identify those patients who are likely to ben-

efit most [83]. Hence, patients with NSTEMI at lower risk 

should be managed according to local expertise and capa-

bility to deliver echocardiography and invasive procedures 

effectively to the patient without exposing the medical staff 

to an increased risk of contamination [84–87].

Heart failure and COVID‑19

Is heart failure a risk factor for COVID-19?

It has long been known that patients with chronic heart fail-

ure (CHF) are at increased risk for adverse consequences 

of seasonal influenza [88] and other causes of pneumonia 

[89]. Conversely, infections and in particular pneumonia are 

frequent triggers of heart failure exacerbations [90]. Of note, 

influenza vaccination decreases mortality in CHF patients 

and the beneficial effects of repetitive influenza vaccinations 

may even exceed those of guideline-directed pharmacother-

apy [91]. Severe coronavirus infections such as with SARS-

CoV-2 have been shown to result in a more severe course of 

disease in patients with preexisting cardiovascular disease, 

including heart failure [92]. Thus it is not surprising that 

COVID-19 is associated with higher morbidity and mortality 

in patients with cardiovascular comorbidities [7, 93]. Yet, 

likely due to the lower prevalence of (known) CHF in China, 

there is still limited specific information on patients with 

preexisting heart failure. Nevertheless, some early reports 

[9] indicate that COVID-19 associated myocardial injury 

(s. below) is more frequent in patients with heart failure and 

other cardiovascular comorbidities.

Myocardial injury in COVID‑19

Up to 30% of hospitalized COVID-19 patients [8, 9] reveal 

elevated troponin levels as a marker of myocardial injury. 

While the precise mechanisms for myocardial necrosis in 

the context of SARS-CoV-2 is unknown (s. below), troponin 

elevations are potent predictors of an adverse outcome. Shi 

et al. [9] reported that increased troponin levels were asso-

ciated with a higher likelihood for mechanical ventilation, 

development of ARDS and acute kidney failure. Remark-

ably, 42 of 82 patients with myocardial injury died (51.2%), 

whereas only 15 of 334 troponin negative patients had a 

lethal outcome. Similarly, Guo et al. [8] showed that an 

elevated troponin predicted ARDS, ventricular arrhythmias 

such as VTs VFib and death. Interestingly, a continuous 

increase in NT-proBNP and troponin T and was observed in 

those patients that ultimately died, while survivors revealed 

constant levels. Of note, troponin elevations appear to be 

more predictive of prognosis than the presence of comor-

bidities as patients with higher troponin levels but without 

preexisting cardiovascular or pulmonary disease have a sig-

nificantly worse prognosis than troponin negative patients 

with cardiovascular comorbidities (Guo). It seems likely 

that myocardial injury is not only a marker of an adverse 

outcome but also a direct cause. This notion is supported 

by data that show that COVID-19 non-survivors frequently 

develop heart failure (52%) and shock (70%) [7]. Similarly, 

Ruan et al. [11] reported that in 68 patients who died of 

COVID-19, myocardial dysfunction was the sole or a con-

tributing factor for death in 40% of the cases.

Potential mechanisms for myocardial injury 
in COVID-19

An obvious reason for an elevated troponin level could be 

acute coronary syndrome that obviously may also occur in 

COVID-19 patients, and which is likely to be underdiag-

nosed due to reluctance for invasive management (s. above). 

However, the high proportion of typically rather moderately 

increased high sensitive troponin levels in hospitalized 

COVID-19 patients renders other explanations more likely, 

including acute myocarditis due to SARS-CoV-2 or myocar-

dial damage due to proinflammatory cytokines (“cytokine 

storm”). ACE2 as a potential receptor for Coronavirus infec-

tion (s. above) is highly expressed in cardiomyocytes and in 

vascular pericytes [94]. Thus, it seems plausible that SARS-

CoV-2 may directly cause viral myocarditis with associated 

cell death and subsequent myocardial injury as measured 

by increased troponin levels. Indeed, the first still anecdotal 
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autopsy and endomyocardial biopsy reports describe evi-

dence for an acute lymphocytic myocarditis [95, 96]. How-

ever, the SARS-CoV-2 genome could not be detected in the 

myocardium of several of these early cases, indicating that 

other mechanisms of myocardial injury must be involved, at 

least in a subset of patients with myocardial injury.

Hyperin�ammatory myocardial injury (“cytokine 
storm”)

Another attractive hypothesis how myocardial injury in the 

context of COVID-19 may be explained is a hyperinflam-

matory state where dysregulated cytokines mediate cardio-

myocyte stress and ultimately cell death. Such a “cytokine 

storm” is a well-known [97] while underappreciated syn-

drome complicating sepsis in up to 4% of cases [98]. Its 

clinical characteristics include multiorgan failure associated 

with persistent fever and lymphopenia as well as high levels 

of ferritin and several cytokines such as interleukin-6. For 

example, elevated interleukin-6 (IL-6) levels closely cor-

relate with mortality in sepsis and IL-6 has been shown to 

directly impair contractile function of cardiomyocytes [99]. 

Similarly, lymphopenia and excessively elevated ferritin and 

interleukin-6 levels have been demonstrated in severe cases 

of COVID-19 which also revealed myocardial injury with 

increased high sensitive troponin.

Speci�c treatment of the “cytokine storm” and heart 
failure in COVID-19?

Multiple clinical trials are underway which test antiviral 

agents potentially effective against SARS-CoV-2, such as 

remdesivir and several antivirals previously shown to be 

effective eg in HIV infections (reviewed in [100]. As myo-

cardial injury is associated with a dramatically worsened 

outcome in COVID-19, the question arises whether ther-

apy should also be specifically aimed at the prevention of 

myocardial damage and/or hyperinflammation. Indeed, the 

limited experience with inhibition of the cytokine storm 

by immunosuppression points towards this possibility. For 

example, interleukin-1 blockade by anakinra has been shown 

to reduce mortality in sepsis with hyperinflammation [101]. 

Similarly, tocilizumab, an interleukin-6 receptor blocking 

antibody, shows early promise in COVID-19: In a non-ran-

domized trial involving 20 patients, CRP levels and oxy-

gen levels were almost normalized within a few days [102]. 

Other promising targets include JAK inhibitors such as 

baricitinib [103], immunoglobulins, or fingolimod. Finally, 

it has even been proposed that angiotensin receptors block-

ers eg. losartan may not only be not harmful (s. above) in 

COVID-19, but in fact beneficial as they upregulate ACE2, 

which could ameriolate tissue damage due to SARS-CoV-2 

[104]. Data on removal of cytokines by adsorbent polymer 

beads (“Cytosorb”) are sparse.

Perspectives

Coronavirus disease 2019 (COVID-19) is a pandemic after 

an outbreak of pneumonia caused by the novel coronavirus 

occurred in Wuhan, China. Meanwhile it has spread through-

out the world and is associated with mortality rates between 

1 to about 5%. Cardiovascular disease is an important risk 

indicator for adverse outcomes and COVID-19 might affect 

the cardiovascular system directly. Angiotensin-converting 

enzyme 2 (ACE2) has been shown to be a coreceptor for 

viral entry downregulating ACE2 with cardiovascular con-

sequences. Cardiovascular disease with dyspnea as a prime 

symptom like in heart failure, myocardial ischemia or hyper-

tensive emergency is an important differential diagnosis, 

should not be ignored in COVID-19 and needs to be rec-

ognized as an important indicator of poor outcome. While 

there is no evidence for changing cardiovascular therapy, a 

complete cardiovascular workup is necessary in COVID-19 

patients and, in particular, in patients with cardio-respiratory 

symptoms and even in acute respiratory distress syndrome. 

In turn, cardiopulmonary symptoms should not distract phy-

sicians from an unbiased work-up of cardiovascular con-

ditions as these patients could suffer from life-threatening 

cardiovascular conditions in the absence of COVID-19. 

Healthcare providers in high, middle and low income coun-

tries need to be aware of the importance of cardiovascular 

disease in patients with SARS and COVID-19 infections by 

providing optimal cardiovascular care.
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