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Cardiovascular aspects of COVID-19
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Summary

Coronavirus disease 2019 (COVID-19) is primarily a pul-
monary disease, but also affects the cardiovascular sys-
tem in multiple ways. In this review, we will summarise
and put into perspective findings and debates relating
to the diverse aspects of cardiovascular involvement of
COVID-19. We will review evidence for the role of the
renin-angiotensin-aldosterone system (RAAS), the risk of
pre-existing cardiovascular disease in COVID-19 suscep-
tibility and course, and the mechanism of acute and long-
term myocardial injury.

The severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) uses membrane-bound angiotensin con-
verting-enzyme-2 (ACE2) as a receptor for cell entry.
ACE2 is part of an important counter-regulatory circuit an-
tagonising the harmful effects of angiotensin II on lung and
heart. Modulation of ACE2 may therefore affect disease
susceptibility and disease course. However, observational
clinical studies and one randomised trial have so far not
yielded evidence for harmful or beneficial effects of block-
ers of the RAAS during COVID-19. Age, gender, and mul-
ti-morbidity all increase susceptibility to SARS-CoV-2. In
contrast, pre-existing cardiovascular diseases do so only
minimally, but they may aggravate the disease course.

Direct SARS-CoV-2 infection of the heart tissue and my-
ocytes is rare. Nevertheless, COVID-19 may lead to my-
ocarditis-like acute cardiac injury, characterised by my-
ocardial oedema, but lacking extensive myocyte loss and
lymphocytic infiltration. Independent of this, increases in
cardiac biomarkers (troponin, N-terminal pro-brain natri-
uretic peptide, D-dimer) are frequent, especially in the
phase of severe systemic inflammation and acute respira-
tory distress syndrome, and quantitatively associated with
poor outcome. The pulmonary infection may result initial-
ly in right ventricular dysfunction, but in cases with se-
vere systemic infection hypoxia, hyperinflammation and
cytokine storm heart failure may eventually ensue.

Unlike other infections and inflammatory states,
COVID-19 does not appear to trigger acute coronary syn-
dromes. In children, even mild COVID-19 can induce a
multisystem inflammatory syndrome with Kawasaki-like
symptoms frequently accompanied by cardiogenic shock.
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Introduction

The pandemic infection known as coronavirus disease
2019 (COVID-19), caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), currently domi-
nates all of our lives, of both those who work in medical
institutions and the general population. To date, over 50
million people have become infected worldwide, resulting
in over 1.2 million deaths. The numbers for Switzerland
at the time of writing were 25,000 infections and >3000
deaths attributed to COVID-19 [1]. After a first peak in the
spring of 2020 and a subsequent respite during the sum-
mer, the pandemic has returned in many European coun-
tries, with a second wave beginning in September 2020,
and with Switzerland transiently suffering one of the high-
est per capita infection rates in the world. However, this
second wave has differed in many aspects from the first.
Whereas the first wave showed particularly high infection
rates in the regions of Switzerland bordering with Italy and
France, the second wave hit the whole country more ho-
mogenously, with many rural regions being intensely af-
fected. Furthermore, owing to more widespread testing,
many more cases in mildly symptomatic, younger patients
have been identified, resulting in an overall decrease in
case fatality rates.

Although COVID-19 predominately affects the respiratory
tract, the cardiovascular system may also be involved in a
number of ways. Since SARS-Cov-2 enters the cell via the
angiotensin converting-enzyme-2 (ACE2), there initially
was controversy about the role of the renin-angiotensin-al-
dosterone system (RAAS) for infection susceptibility and
infection course. There was uncertainty about the danger
of pre-existing cardiovascular disease, the possible delete-
rious effect of direct myocardial and vascular infection and
the trigger of acute coronary syndromes by COVID-19.
More recently, concern about lasting damage to the heart
came into the forefront. A plethora of publications, some
of them rather anecdotal and some of them contradictory,
was published within a few months. In this review, we will
try to summarise and put into perspective the current un-
derstanding of what is known, and also what is not yet
known, regarding cardiovascular aspects in COVID-19.
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Clinical manifestations of COVID-19

SARS-CoV-2 is the seventh coronavirus known to be path-
ogenic to humans. Four Coronaviridae (229E, OC43,
NL63 and HKU1) manifest as a “common cold”, whereas
the other three are more pathogenic and may lead to severe
pneumonia and death. The SARS-CoV virus was responsi-
ble for the severe acute respiratory syndrome (SARS) epi-
demic of 2002 and the MERS-CoV virus for the Middle
East respiratory syndrome (MERS) of 2012. Just like
SARS-CoV and MERS-CoV, SARS-CoV-2 is thought to
have originated in bats and to have been transferred to
humans via an intermediate host [2, 3]. SARS-CoV-2 in-
teracts with two surface proteins on human cells in order
to gain entry into the cell, one being the transmembrane
proteinase serine 2 (TMPRSS2), the second being ACE2
[4]. TMPRSS2 activates the spike protein of SARS-CoV-2,
which subsequently binds to ACE2 and allows fusion of
the viral and cellular membranes [4]. The SARS-CoV-2
spike protein / ACE2 complex then enters the cell through
endocytosis. ACE2 is expressed in high levels in the upper
airway (ciliated epithelial cells, goblet cells), the lungs
(alveolar type II epithelial cells), but also in the heart (car-
diofibroblasts, cardiomyocytes, endothelial cells, peri-
cytes, epicardial adipose tissue), the vasculature (endothe-
lial cells, migratory angiogenic cells, vascular smooth
muscle cells), the gastrointestinal epithelium, the kidneys
(glomerular endothelial cells, podocytes, proximal tubular
endothelial cells), the liver (cholangiocytes, hepatocytes),
the nervous system, the testis and the eye, explaining in
part the multi-organ dysfunction present in severe cases of
COVID-19 [5, 6].

Infection occurs via the respiratory tract as droplet or
aerosolised transmission, similarly to influenza [7]. The in-
cubation time ranges from 2–13 days (median 4–7 days).
The time period of infectivity is uncertain, as is the rate
of transmission by asymptomatic patients and the time pe-
riod during which an individual remains contagious [2, 8,
9]. The viral RNA levels in specimens of the respiratory
tract appear to be the highest at the time of symptom onset
[2, 8]. Although infected individuals may remain conta-
gious for up to 42 days [9], reassuringly the virus can no
longer be detected in >90% of patients after 10 days [10].
There is a huge variability in the clinical manifestations of
COVID-19, and there is an age-dependent association with
disease severity [2].

The frequency of clinical symptoms of COVID-19 are
summarised in table 1. Fever (80–90%), dry cough
(60–70%) and shortness of breath (53–80%) are the most
common early symptoms [11]. Fatigue and myalgia are al-
so frequent. In contrast, rhinorrhoea occurs in only about
5% of patients. Loss of taste and smell is also prevalent
among COVID-19 patients (88% and 86%, respectively)
[12], and may be the sole presenting symptom [11]. Com-
mon laboratory abnormalities among patients requiring
hospitalisation include lymphopenia, elevated C-reactive
protein and abnormal coagulation parameters (elevated D-
dimer, thrombocytopenia, low fibrinogen) [13].

To understand the disease course three clinical stages of
COVID-19 have been proposed [14]. The clinical stage I is
the stage of early infection of the patient with mild respi-
ratory and systemic symptoms. Stage II is the pulmonary
phase, characterised by viral multiplication and localised

inflammation of the lungs. Cough, fever and hypoxia are
the leading symptoms. Laboratory findings in this stage
may include lymphopenia, increased liver enzymes and
low procalcitonin. Clinical stage III is termed the hyper-
inflammation phase, during which markers of systemic
inflammation are elevated, particularly inflammatory cy-
tokines, C-reactive protein and D-dimer. Systemic organ
involvement such as kidney failure and myocardial injury
manifest during this stage [14]. Many clinical trials have
been performed or are ongoing to investigate potentially
beneficial antiviral medications or anti-inflammatory inter-
ventions, a selection of which is summarised in table 2.
Of course, disease control will ultimately only be possible
with a potent vaccine.

Table 1: Frequency of clinical symptoms of COVID-19.

Fever 80–90%

Dry cough 60–70%, productive cough 30–40%

Fatigue 40–60%

Loss of appetite 30–40%

Myalgia 20–30%

Dyspnoea 20–30%

Headache 10–20%

Sore throat 10–20%

Chills 10–20%

Diarrhea 5–15%

Palpitations, thoracic oppression 5–15%

Nausea/emesis 5–10%

Nasal congestion 5%

Table 2: Drugs under evaluation for COVID-19 treatment.

Drug Mechanism

Disease modulating

Camostat mesylate Blocks TMPRSS2

Inhibits entry of SARS-CoV-2 into the
cell

Hydroxychloroquine Changes endosomal pH
Reduces fusion of the virus with the
cell

Recombinant human ACE2
(APN01)

Enzymatic cleavage of angiotensin-
II. Production of angiotensin-(1–7)
Reduces pulmonary injury

Losartan AT1 receptor blocker
Reduces pulmonary and myocardial
injury

Interferon Immune activator

Methylprednisolone Anti-inflammatory

Tocilizumab
Sarilumab

Anti-interleukin-6 receptor antibody
Anti-inflammatory. Improves ARDS

Antiviral action

Lopinavir//ritonavir Lopinavir = protease inhibitor
Ritonavir blocks CYP3A
Anti-HIV drugs

Remdesivir RNA-polymerase inhibitor
Anti-Ebola drug

Ribavirin Nucleotide analogue, virostatic
Anti-hepatitis C drug

Favipiravir RNA-polymerase inhibitor
Anti-influenza drug

ACE = angiotensin converting-enzyme; ARDS = acute respiratory
distress syndrome; AT1 = angiotensin-II type 1 receptor; HIV = hu-
man immunodeficiency virus; TMPRSS2 = transmembrane pro-
teinase serine 2

Review article: Biomedical ntelligence Swiss Med Wkly. 2020;150:w20417

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 2 of 10



COVID-19 and the renin-angiotensin-aldos-
terone system

Early reports demonstrated an increased prevalence of
COVID-19 among patients with hypertension and cardio-
vascular disease (17% and 5% of infected patients, respec-
tively), and that hypertensive patients were at increased
risk for severe disease [15]. In the large registry report in-
cluding 72,314 cases from the “Chinese Centre for Dis-
ease Control and Prevention”, the case fatality rate was 6%
among hypertensive patients and 10.5% in patients with
cardiovascular disease, compared to 2.3% in the whole co-
hort [16]. These observations and the frequent use of an-
giotensin converting-enzyme inhibitors (ACE-Is) and an-
giotensin-receptor blockers (ARBs) [16] in these high-risk
subgroups, coupled with the fact that SARS-CoV-2 uses
the ACE2 protein to enter the cell, led to concerns that
these drugs might increase susceptibility and disease sever-
ity through upregulation of ACE2 [17]. Some scientists
even suggested stopping the use of ACE-Is and ARBs to
slow pandemic spreading, an idea that was quickly taken
up by the lay press and received wide publicity [18, 19].
However, other experts have taken a contrary position,
suggesting that these drugs might be protective [20, 21].
Both are reasonable hypotheses considering the complexi-
ty of the RAAS, with regulative and endogenous counter-
regulative measures present at multiple levels. An in-
creased expression of membrane bound ACE2 might
increase infection susceptibility and on the other hand an
increased or preserved ACE2 function might be protective
against RAAS-mediated damage in the course of the dis-
ease [22].

What is the evidence that chronic ACE-I or ARB treatment
increases infection susceptibility toward SARS-CoV-2 by
increasing ACE2 expression? In cell cultures and animal
models ACE-Is and ARBs have shown mixed effects and
thus there is no consistent evidence on the upregulation
of ACE2 expression by RAAS inhibitors [20, 23]. In hu-
mans there is insufficient evidence for an upregulation of
ACE2 by RAAS inhibitors [20, 23]. In fact, recent stud-
ies found that RAAS inhibitors were associated with lower,
not higher, soluble ACE2 [24, 25] and lower ACE2 expres-
sion in the lung [26]. Furthermore, four large population-
based case-control and/or retrospective studies in humans
have found no increased risk of SARS-CoV-2 infection in
patients on RAAS inhibitors [27–30]. Similarly, there is no
evidence from retrospective studies that RAAS inhibitor
use is associated with increased disease severity or mortal-
ity in COVID-19 [23]. Continuing ACE-I/ARB treatment
in COVID-19 patients similarly did not cause harm in two
studies [31, 32] and one study showed a tendency for a
benefit [33]. So far, only one randomised controlled trial
has tested whether continuation of RAAS blockers or their
suspension is beneficial in COVID-19 patients [34]. The
primary endpoint was days alive and out of the hospital at
30 days and was not different among the 659 randomised
patients [34].

In order to better understand the role of RAAS and the po-
tential beneficial effect of angiotensin-(1–7) in COVID-19,
we need to keep in mind its complex nature (fig. 1). In-
flammation can stimulate the RAAS and increase an-
giotensin-II. Angiotensin-II binds to the angiotensin-II
type 1 (AT1) receptor resulting in vasoconstriction, in-

creased vascular permeability, fibrosis, cell proliferation,
and subsequently acute pulmonary injury and negative my-
ocardial remodelling. These effects of angiotensin-II on the
AT1 receptor are balanced by two counteractive circuits.
First, angiotensin-II also activates the AT2 receptor, which
– although less abundant – triggers opposing effects such
as vasodilation and anti-proliferation [36]. Second, ACE2
is a potent counter-regulatory enzyme that degrades an-
giotensin-II to angiotensin-(1–7), which opposes the ef-
fects of angiotensin-II by binding to the MAS1 receptor.
Activation of MAS1 by angiotensin-(1–7) triggers antifi-
brotic, antihypertrophic, vasodilatory, anti-inflammatory
and antioxidant effects [22]. During SARS-CoV-2 infec-
tion, angiotensin-(1–7) may exert beneficial effects by re-
ducing alveolar cell apoptosis, endothelial activation and
pulmonary oedema, and limiting the production of pro-
inflammatory and profibrotic cytokines [35]. However,
SARS-CoV-2 infection might reduce ACE2 expression
and activity by endocytosis and by shedding of membrane-
bound ACE2 [6, 35]. The reduction of ACE2 results in an
imbalance between ACE2/angiotensin-1–7/MAS receptor
and angiotensin-II/AT1 receptor that aggravates the viral
pneumonia or lung injury [23].

In the SARS epidemic of 2002, the protective effect of
ACE2 and angiotensin-(1–7) was recognised as crucial to
the disease course [37]. Therefore, it would not be surpris-
ing to find beneficial effects of ACE2 upregulation dur-
ing COVID-19 [20, 22]. Indeed, in animal models virus
infection was shown to induce loss of ACE2 in the cell
membrane, and the subsequently increased angiotensin-II
activity contributed to local tissue damage [37]. This neg-
ative effect could be experimentally attenuated by treat-
ment with ARBs [37]. Furthermore, in preliminary studies
recombinant ACE2 reduced lung injury after influenza
H5N1 infections and in acute respiratory distress syndrome
[38]. Currently, trials investigating the effect of the ARB
losartan and of recombinant human ACE2 in COVID-19
patients are ongoing (table 2) [39].

In summary, there is currently insufficient evidence to sup-
port the withdrawal of ACE-Is or ARBs, and as yet – de-
spite promising preclinical data – no controlled trials indi-
cating a therapeutic benefit from their use.

Pre-existing cardiovascular disease and
COVID-19

Early reports from China indicated that pre-existing car-
diovascular disease is a common comorbidity in
COVID-19 [9, 10, 15–17, 40–42]. When patients with mild
or moderate disease were compared with patients with se-
vere or critical illness, cardiovascular disease, specifical-
ly hypertension, diabetes, coronary artery disease and heart
failure, were associated with worse prognosis [9, 10, 16,
41]. This prompted health authorities to declare any per-
son with pre-existing cardiovascular disease high risk for
COVID-19 with respect to susceptibility as well as to a
worse course of the disease. With respect to susceptibil-
ity to a SARS-Cov-2 infection, the data remain debated.
In a meta-analysis of seven early studies from China com-
prising 1576 infected patients, the prevalence of hyperten-
sion was 21.1%, diabetes 9.7%, and cardiovascular disease
8.4% [15]. In the adult Chinese population the prevalence
of hypertension is 23.2% and that of diabetes 10.9% [43,
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44]. Therefore, these data do not support the notion of an
increased susceptibility of patients with hypertension and/
or diabetes for COVID-19. In an Italian study comparing
a large number of COVID-19 patients with an unaffected
population group with similar risk profile, pre-existing car-
diovascular disease was not associated with increased risk
for COVID-19 (hazard ratio 1.01, 95% confidence interval
0.91–1.10). In the same study, patients were scored accord-
ing to the presence or absence of 31 diseases. Not surpris-
ingly, the higher the number of pre-existing comorbidities,
the higher was the odds ratio for contracting COVID-19.

The studies reporting a worse hospital course with hyper-
tension, diabetes and pre-existing cardiovascular disease
were unadjusted for other clinical characteristics, most no-
tably age. In a study in severely ill patients, the age dif-
ference between survivors and non-survivors was 17 years
[40]. In a small study of 201 patients examining risk fac-
tors for the development of acute respiratory distress syn-
drome (ARDS) and progression to death, the age differ-
ence between the groups was 10.5 years and unadjusted
comparisons showed hypertension and diabetes to be as-
sociated with development of ARDS [41]. In a bivariate
Cox model, hypertension and diabetes were still associated
with development of ARDS, but were not independent risk
factors for death [41]. Similarly, in a study examining the
role of clinical characteristics on mortality, coronary dis-
ease, hypertension and diabetes were all associated with in-

creased risk of death in a univariate comparison, but not
after multivariate analysis [42]. Age, sequential organ fail-
ure assessment (SOFA) score (a mortality prediction score
used in the intensive care unit based on the degree of dys-
function of six organ systems), lymphopenia and increased
D-dimer levels were associated with higher risk of in-hos-
pital mortality [42]. In summary, evidence suggests that
hypertension, diabetes or coronary disease alone probably
do not increase susceptibility for COVID-19, albeit mul-
tiple pre-existing comorbidities might play a certain role.
With regard to disease course, age, grade of inflammation
and pro-thrombotic state are the best predictors of mul-
ti-organ failure, whereas pre-existing cardiovascular mor-
bidities can be regarded as modulating factors.

Myocardial injury during COVID-19

Myocardial injury, defined as an increase in myocardial en-
zymes such as troponin and/or decrease in pump function
of the heart, can be caused by several putative mechanisms
(fig. 2). The myocardial injury may be categorised into two
groups: direct myocardial infection or myocardial damage
secondary to effects of the pulmonary and systemic infec-
tion. In addition, there have been reports of COVID-19
triggering tako-tsubo myopathy [45, 46].

Figure 1: Role of angiotensin converting-enzyme-2 (ACE2) in the renin-angiotensin-aldosterone system (RAAS). The main metabolic
pathway of the RAAS is driven by the angiotensin-converting enzyme ACE and the main effects are exerted by angiotensin II (AngII) via the
angiotensin II type 1 receptor (AT1). The effects can be inhibited by ACE inhibitors (ACEI) or by AT1 receptor blockers (ARB). The effects of
Ang II are balanced (1) by a simultaneous stimulation of Ang II type 2 receptors (AT2), which exert regulatory effects and (2) by ACE2 that
cleaves Ang II into angiotensin-(1–7) (Ang-(1–7)) which exerts its effects via the MAS receptor (MAS). The biological effects of this second ax-
is through ACE2/Ang-(1–7)/MAS counteract or modulate the effects of the classical axis [35].
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Myocarditis-like acute cardiac injury
ACE2 is expressed in the heart [5] and therefore a direct
infection resulting in myocarditis is possible (fig. 2). Cur-
rently we do not know the invasiveness of SARS-Cov-2 in
human hearts, neither do we know which cells in the hu-
man heart are preferentially infected. Cell types that car-
ry ACE2 are cardiomyocytes, pericytes, cardiofibroblasts,
endothelial cells and epicardial adipose cells [6, 47–49]. In
addition, in the vasculature, endothelial cells, smooth mus-
cle cells and migratory angiogenic cells express ACE2 [6].

A direct infection of cardiomyocytes would result in acute
myocarditis. An early report form Wuhan, China reported
clinical myocarditis being present in 7% of COVID-19
deaths [50]. Of 10 patients with “myocarditis-like acute
cardiac syndrome” undergoing cardiac magnetic resonance
imaging (MRI), eight were diagnosed as having myocardi-
tis according to the 2018 Lake Louise criteria [51]. In-
terestingly, myocarditis in COVID-19 is characterised by
unusual features, most notably the lack of widespread my-
ocyte damage [49, 51]. A few cases with a predominant
clinical picture of myocarditis, suggesting a direct myocar-
dial infection, have been reported [52–57].

In pathology studies, some level of viral RNA could be
detected in 5/12 (42%) and in 24/39 (61%) autopsies of
COVID-19 victims [58, 59]. Despite the high prevalence
of viral genome, no patient had acute myocarditis and the
virus was assumed to be present in the interstitial space and
in macrophages [58]. Studies examining which cells of the
myocardium carry the virus are sparse [60]. In an 11-year-
old boy who presented with multi-system inflammatory
syndrome (MIS-C) and died of cardiac failure, electron
microscopy detected viral particles in myocytes, endothe-
lial cells and fibroblasts of the heart [52]. In one patient
with rapid onset of myocardial damage caused by SARS-
CoV-2 infection, the myocardial biopsy showed viral par-
ticles in the interstitial tissue, but not in the myocytes [57].
In a study of an acute lymphocytic myocarditis, molecu-
lar analysis showed absence of the SARS-CoV-2 genome

within the myocardium [46], whereas in another study of
two patients with myocarditis 4 weeks after COVID-19 in-
fection, SARS-CoV-2 genome was found in the heart [61].
In three COVID-19 patients widespread endotheliitis was
found, but no lymphocytic myocarditis [49]. In an interna-
tional multicentre study examining heart tissue from autop-
sies of 21 consecutive patients only 3 (14%) showed lym-
phocytic myocarditis, whereas 18 (86%) showed increased
macrophage infiltration [62]. The summed findings of 277
cardiac autopsies from 22 published studies revealed that
myocarditis is rare in COVID-19, occurring in 7.2% of
cases when myocarditis was defined as any nonspecif-
ic inflammatory infiltrates and in 1.4% when defined as
lymphocytic infiltrates [63]. This low incidence of pathol-
ogy-confirmed myocarditis contrasts with the dramatical-
ly high incidence of 60% myocarditis and 78% of car-
diac abnormalities in MRI studies of COVID-19 patients
2 months after the infection [64] or of 26% myocarditis,
11% perimyocarditis and 3% pericarditis in another as yet
unreviewed MRI study in 139 healthcare workers late af-
ter COVID-19 infection [65]. It is difficult to reconcile
the findings of pathology studies with the MRI studies,
with the first being reassuring and the latter worrisome
with respect to lasting damage to the heart in recovered
COVID-19 patients.

Indirect myocardial Injury
Cardiac injury as evidenced by an increase in cardiac bio-
markers, such as high sensitivity (hs) troponin, is present
in up to 27% of COVID-19 patients and portends a poorer
prognosis. Except in the rare cases of acute myocarditis,
a biphasic pattern of troponin elevation was usually ob-
served. An early and mild elevation of hs-troponin during
the early and pulmonary phases (stage I and II) is followed
by a marked increase in troponin in the case of further de-
terioration and a hyperinflammatory course (stage III) of
the disease [9, 14, 42, 66]. An elevation of cardiac tro-
ponin has been observed in other infections with myotrop-
ic viruses such as influenza or coxsackie [67, 68] and in

Figure 2: Potential mechanisms of SARS-CoV-2-mediated myocardial injury. Myocardial injury might occur secondary to the infection of
the myocardium or secondary to mechanisms related to the pulmonary and systemic infection. These mechanisms include hypoxia induced
decrease of oxygen supply to the heart, right ventricular pressure and volume overload, infectious damage of the macro-and microvasculature,
and cytokine-induced injury. See text for details.
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pneumonia [69]. The modest increase in troponin levels
frequently found in COVID-19 is probably not due to vi-
ral infection of the heart, as outlined above. Furthermore,
increased troponin levels do not correlate with deteriora-
tion of systolic left ventricular function, even in the event
of massive troponin increase or clinical deterioration [70,
71]. In a systematic echocardiographic study of COVID-19
patients at different levels of disease severity, elevated tro-
ponin levels were associated with right ventricular dys-
function, suggesting that the most common mechanism of
increased troponin is acute right ventricular overload sec-
ondary to parenchymal or vascular lung disease result-
ing in subendocardial damage of the right ventricular my-
ocardium (fig. 2) [71]. In a pathology study, high levels of
troponin were associated with right ventricular myocardial
injury most probably resulting from right ventricular strain
[62]. In that study, 19% of deceased COVID-19 patients
had histological signs of right ventricular strain [62]. In-
terestingly, clinical deterioration, including haemodynamic
instability and further increase in cardiac troponins, seems
to only rarely lead to left ventricular pump failure, whereas
in most cases it is accompanied by a further deterioration
of right ventricular function and increased right ventricle
dilatation [70, 71].

Similar to troponin, increased levels of N-terminal pro-b-
type natriuretic peptide (NT-proBNP) have been associat-
ed with disease severity and poor prognosis [9]. NT-proB-
NP and b-type natriuretic peptide (BNP) levels are markers
of myocardial wall stress. Although there is a weak cor-
relation with troponin levels, a substantial number of pa-
tients will manifest with increased BNP/NT-proBNP lev-
els at normal or minimally increased troponin levels [9,
40, 42, 66]. This may be explained by pre-existing heart
failure or predominant increase in right ventricular wall
stress increasing BNP levels, but inducing only minimal
troponin increase. On the other hand, high levels of BNP/
NT-proBNP are known to occur in the setting of sepsis
and other syndromes of systemic inflammation in non-car-
diac patients, strongly predicting both short- and long-term
mortality [72]. Several reports have documented a sharp
increase in troponin levels with worsening disease and
mortality [9, 40, 42, 66]. It is important to note that about
one third of severely ill COVID-19 patients develop acute
kidney failure, often necessitating haemodialysis. In these
patients, troponin levels are unpredictably elevated owing
to the lack of proper renal clearance of troponin, weaken-
ing their diagnostic use in the assessment of cardiac injury.

Nevertheless, cardiac injury in addition to right ventricular
failure can occur. Several mechanisms may contribute to
this injury and are summarised in figure 2. First, as out-
lined above, in rare cases viral myocarditis may directly
damage the heart. Second, COVID-19 is primarily a pul-
monary disease and subsequent ARDS results in profound
hypoxia. Pulmonary function might be further impaired
through occurrence of pulmonary emboli or microthrombi
and may contribute to right ventricular overload. A pro-
thombotic state, as evidenced by increased levels of D-
dimer, is common and portends a poor prognosis [41, 42,
73, 74]. Pulmonary emboli are a feared complication of
COVID-19. Currently several clinical trials are ongoing to
test anticoagulation strategies to prevent embolic events in
COVID-19. In addition, widespread vascular thrombosis,

microangiopathy, and occlusion of alveolar capillaries are
distinctive features of pulmonic pathology in COVID-19
patients [75, 76] and might further decrease oxygen sat-
uration. Oxygen demand of the myocardium is increased
in severely ill COVID-19 patients secondary to the tachy-
cardia, increased cardiac output and increased afterload
of the right ventricle. Decreased oxygen supply will re-
sult in decreased adenosine-triphosphate (ATP) hydroly-
sis and in the case of severe energy depletion lead to
cell membrane damage, intracellular acidosis and mito-
chondrial damage, which further decrease ATP synthesis.
(fig. 2). The resulting imbalance of increased oxygen de-
mand and reduced supply might well result in subendocar-
dial ischaemia. Such supply-demand ischaemia will induce
diastolic dysfunction followed by systolic dysfunction, a
scenario fitting with the findings of systemic echocardio-
graphic studies in COVID-19 patients [71]. In the event
of pre-existing coronary disease or heart failure supply-de-
mand ischaemia will occur earlier, i.e., at higher oxygen
levels than in hearts without pre-existing conditions. Third,
even in cases without pre-existing cardiovascular disease,
COVID-19 associated endotheliitis and pro-thrombotic
state might cause macro- and microvascular damage, mi-
crothrombi and myocardial ischaemia, which in conjunc-
tion with hypoxia results in myocardial damage [49, 75].
Viral and bacterial infections can trigger a systemic inflam-
matory response syndrome or a cytokine storm [77]. Cy-
tokine storm leads to profound hypotension and multior-
gan failure. In the heart, extravasation of leucocytes and
proteins may lead to tissue oedema and impede mechan-
ical cardiac function [14, 78, 79]. The hyperinflammato-
ry response in COVID-19 has several features that distin-
guish the observed “cytokine storm” from that of bacterial
infections. These distinctive features are: modest increase
of cytokine levels, most notably of interleukin-6, coagu-
lation abnormalities, activation of endothelial cells rather
than macrophages, exhaustion of lymphocytes and T-cell
deficiency [80–82]. The lack of a distinct cytokine increase
has advanced the notion that, instead of a hyperinflamma-
tory response, COVID-19 may be accompanied by a viral
sepsis [81].

Myocardial infarction and COVID-19

Inflammatory syndromes and active infections are known
triggers of acute coronary syndromes. Contrary to expecta-
tions, there have been no reports of excess myocardial in-
farctions in the setting of COVID-19. Intriguingly, many
centres performing acute coronary interventions even no-
ticed a sudden drop in the frequency of ST-elevation my-
ocardial infarction (STEMI) during the first weeks of the
pandemic. Mafham et al. reported a 40% drop in the week-
ly rate of myocardial infarction admissions in the United
Kingdom during the first wave of the pandemic compared
with the weekly rate during 2019 [83]. Similarly, a large
cohort analysis of myocardial infarction admissions in the
United States also observed an initial decline during the
first weeks of the pandemic, which returned to normal lev-
els after several weeks. This was associated with higher
than expected myocardial infarction mortality rates, espe-
cially for STEMI [84]. In our institution, compared with
our year-round average, the weekly STEMI rate decreased
by 39% in the first 2 weeks after “lockdown” procedures
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began. This worldwide phenomenon was interpreted to
be due primarily to patient’s fear of leaving their homes,
or even coming to the emergency rooms because of the
media reports of hospitals being flooded with COVID-19
patients. A study from Hong Kong clearly demonstrated
that patient delay in STEMI (time from symptom onset
to first medical contact) was increased >300% during the
COVID-19 pandemic [85]. Interestingly, the system delay
component of STEMI treatment (time from hospital ad-
mission to reperfusion / stent implantation) was also sig-
nificantly increased, suggesting protocol changes made in
the emergency room to manage the pandemic were impair-
ing other diagnostic and treatment algorithms. The theo-
ry that other factors such as decreased air pollution and
lifestyle changes such as stress reduction brought about by
the “lockdown” enforced by most governments may have
also contributed to a worldwide drop in the risk of my-
ocardial infarction seems less likely, but will need further
evaluation. During the second COVID-19 wave of autumn
2020, a similar decrease in STEMI hospitalisation rates has
so far not been reported.

Multisystem inflammatory syndrome in chil-
dren (MIS-C)

In children, SARS-CoV-2 infection in general results in
a mild form of COVID-19. However, it may lead to a
post-infection multi-system inflammatory state with der-
matological, mucocutaneous and gastrointestinal manifes-
tations associated with myocardial injury and acute heart
failure [86–93]. Children presented with fever or chills,
tachycardia, asthenia, gastrointestinal symptoms, adenopa-
thy, skin rashes and mucosal changes. Many of the affected
children developed cardiogenic shock necessitating vaso-
pressor support, and some even required veno-arterial ex-
tracorporeal membrane oxygenation. The occurrence and
severity of cardiac injury seems to be age dependent. In
adolescents (age 12–20 years), the majority showed severe
cardiac failure or myocarditis [88]. About one third of the
children in the various reports had Kawasaki disease-like
clinical features and a substantial percentage also showed
dilatation of coronary arteries similar to Kawasaki disease
[86, 88, 89]. Kawasaki disease, or atypical or incomplete
Kawasaki disease were more common in young children
(age 0–5 years) [88, 89]. In contrast to Kawasaki disease,
where cardiogenic shock is observed in about 5% [94], the
hyperinflammation state after COVID-19 in children was
associated with cardiogenic shock in at least 50% [86, 88,
89]. Treatment included intravenous immunoglobulin, in-
travenous steroids and immunomodulators. In most cases
this treatment resulted in recovery of the cardiogenic shock
and also left ventricular ejection fraction [86]. Whether in-
flammatory damage or indirect injury by myocardial stun-
ning and oedema causes the acute heart failure in MIS-C
remains unresolved [86].

Conclusions

The worldwide COVID-19 pandemic is currently leading
to hundreds of thousands new infections daily, resulting in
significant morbidity in 5–10% of these patients. A vast in-
ter-individual variation in response to the infection is ob-
vious, and still many aspects of its transmission, patho-
genesis and treatment remain unclear. The initial fear of a

detrimental effect of RAAS inhibitors has been ruled out.
Similarly, COVID-19 does not seem to trigger type-1 my-
ocardial infarction. Patients with pre-existing cardiovascu-
lar disease are at increased risk for a more serious disease
course and death. Acute SARS-CoV-2 myocarditis is rare,
but myocardial injury is observed in many sicker patients,
through a variety of mechanisms. Worries remain relating
to late cardiac damage in children (MIS-C) and in adults in
view of the widespread, subclinical abnormalities found in
cardiac MRI studies.
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