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Abstract
SARS-CoV-2 infection determines a disease that predominantly affects lungs. However the cytokines storms, determined by 
the huge immune response to the infection, could affect also other organs and apparatus such as heart and vessels. Beyond 
the acute inflammation itself also hypercoagulative status has been linked to SARSCoV-2 infection and this surely relates to 
the increase seen in prevalence of pulmonary embolism and myocardial infarction. A number of cardiac abnormalities and 
pathologies have been observed, with special attention to cardiac arrhythmias and myocardial involvement. Furthermore, 
indirect damages determined by the reduction in acute and chronic cardiovascular care, results in a strong mortality and 
morbidity outcomes in cardiological patients. In this review we will summarise current knowledge on both direct and indirect 
cardiovascular damages determined by the SARS-CoV-2 pandemia.
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1  Introduction

SARS-CoV-2 appeared in the Chinese province of Hubei 
and rapidly spread around the world. The World Health 
Organisation qualified it as the sixth public health emer-
gency of international interest. Although this new corona-
virus principally determines a respiratory disease (severe 
Acute Respiratory Distress Syndrome—ARDS), the clini-
cal picture is more complicated and it is characterised by 
the involvement of many systems at the same time. The 
large spectrum of organ involvement (e.g., kidney disease, 

thrombosis and pulmonary embolism, cerebrovascular 
events) during SARS-CoV2 infection is linked to the tar-
get damage of the endothelium, one of the largest organs 
in the human body. SARS-CoV2 accesses host cells using 
the protein angiotensin-converting enzyme 2 (ACE2), well 
represented in the endothelium [1].

Among this, also the Cardio-Vascular (CV) system can be 
severely damaged [2]. It is now clear that both patients with 
classic CV risk factors (diabetes mellitus, arterial hyperten-
sion, obesity) and patients with established CV disease rep-
resent a vulnerable population in terms of greater morbidity 
and mortality [3]. However this topic have been extensively 
studied and reviewed and its discussion is beyond the pur-
pose of the present paper.

Beside this, SARS-CoV-2 is able to determine CV direct 
complications such as Acute Coronary Syndrome (ACS), 
Pulmonary Embolism (PE), myocarditis and the develop-
ment of arrhythmia. Finally, SARS-CoV-2 pandemic has 
determined also a reduction in acute and chronic CV care 
that has leads to an increase in CV morbidity and mortality 
(indirect effects). This review will be focused on the direct 
and indirect CV effect of SARS-CoV-2 (summarised in 
Table 1).
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2 � Direct CV Effects

CV complication during SARS-CoV-2 infection have been 
reported since the beginning of the pandemia. Acute myo-
cardial injury, myocarditis, PE, ACS and arrhythmia have 
been described with a possible role for direct viral contribu-
tion. A clear role for a direct viral damage, further reinforced 
by the cytokines storm in the severe form of the infection, 
have been clearly depicted for PE and hypercoagulation 
[4–7]. However, the direct role of the virus in the other CV 
manifestation have been recently questioned by the results 
of newer studies. Since the role of SARS-CoV-2 infection in 
hypercoagulability and PE have been extensively reviewed 
[8, 9] it will not be treated in the present paper that will focus 
on the other possible CV direct damages.

First of all, we would like to highlight that the same 
direct CV effects could lead to different outcomes accord-
ing to the patient’s comorbidities. Chronic diseases, such 
as diabetes mellitus, chronic kidney disease, chronic 
obstructive pulmonary disease and heart failure (HF) 
could exponentially raise mortality, even after adjust-
ment by age. Charlson comorbidity index score therefore 
predicts unfavorable outcomes in COVID-19 patients but 
also identifies people who may benefit from more intense 
preventive or treatment strategies. In this setting hyperten-
sion was not found to be a significant factor influencing 
clinical outcome [10]. Staying on hypertension issue the 
issue related to drugs acting on renin angiotensin system 
(RAS) need to be discussed. In the first phase of the pan-
demic it was suggested that these drugs might detrimen-
tally influence COVID-19 prognosis by promoting ACE2 
expression, the gate SARS-CoV-2 uses to enter and infect 
the host. This issue received much attention from mass-
media and influenced patient behaviour, leading some 
of them to withdraw these agents (ACE-inhibitors and 
angiotensin receptor blockers—ARB). Subsequent well-
designed population studies [11], as well as one specific 
trial [12], clarified that the use of these drugs does not 
modify susceptibility to COVID-19 neither represent a 
significant risk factor for death in infected patients. At the 
opposite, it could be beneficial with respect to in-hospital 

CV outcomes in hypertensive patients [10, 11, 13], prob-
ably also due to the fact that their suspension leads to an 
increase in CV events.

Among patients with chronic CV disease more prone to 
COVID-19 related outcomes, a particular population is the 
one with congenital heart disease. While pediatric popula-
tion is relatively spared by SARS-CoV2 infection due to 
a lesser expression of ACE2, Grown-Up Congenital Heart 
(GUCH) patients are at greater risk, especially those with 
residual cardiac problems despite surgical and/or catheter 
interventions. Patients with unrepaired cyanotic heart dis-
ease or severe pulmonary hypertension with Eisenmenger 
syndrome shows chronic hypoxemia due to a right-to-left 
shunt and to severe abnormalities of the pulmonary tis-
sue and vascular bed. Severe COVID-19 could exacerbate 
hypoxemia by increasing right-to-left shunting trough the 
rise in pulmonary vascular resistance [14, 15].

The acute myocardial injury is defined as a sudden raise 
in the troponin levels over the 99th percentiles and has been 
associated with higher mortality both in SARS-CoV-2 infec-
tion [16–18] and in acute condition other than CoronaVIrus-
associated Disease (COVID) [19, 20]. Possible mechanisms 
underlying myocardial injury in sepsis, and particularly dur-
ing SARS-CoV-2 infection, has been summarised in Fig. 1.

As already mentioned, mortality is greater in patients 
who has comorbidities, because these individuals have 
fewer ability to face a severe illness [21]. At the same time, 
patients with a stronger inflammatory response, i.e. higher 
levels of Interleukin-6, C-reactive protein, procalcitonin, fer-
ritin, D-dimer, also presents negative outcomes [16, 17, 22].

Similarly, also the acute myocardial injury during 
COVID-19 correlate with a worse outcome and higher tro-
ponin levels are found in those patients that have demon-
strate to be at higher risk, in particular males, older, and with 
CV comorbidities [16–18, 22, 23].

However, whether the myocardial injury is due to a direct 
action of the virus over the heart and the vessels or it’s a 
consequence of the severe generalised impairment during 
viral sepsis, is still matter of debate.

At the beginning of the pandemic, the virus was thought 
to be able to directly damage the CV system and many cases 

Table 1   SARS-CoV-2 and 
cardiovascular disease

COVID-19 and cardiovascular disease

Direct effects Indirect effects

Acute myocardial injury [16–25] Discontinuation of cardioprotective drugs [10, 11]
Pericardial and valvular involvement [26–28] Deferring interventional procedures [37–40]
Arrythmias [29–31] Outpatients visits interruption [41]
Autonomic dysfunction [32, 33] Decrease and delayed hospital presenta-

tion for ACS and HF
[42–45, 53, 54]

Kawasaki-like disease [34]
Takotsubo syndrome [35, 36] Increase of complicated ACS [46, 47, 49–51]
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of myocarditis with severe left ventricular impairment were 
described. However, some new findings questioned this idea. 
In fact, Basso et al. [24] have analysed the myocardial tis-
sue of 21 patients deceased for COVID-19, the presence 
of myocarditis, as defined by the presence of multiple foci 
of inflammation with associated myocyte injury, was deter-
mined, and the inflammatory cell composition analysed by 
immunohistochemistry. The typical histological picture 
attributable to a myocarditis, with lymphocyte infiltrate, 
was present only in few cases (3, 14%). In the majority of 
patients, the autopsy study reveal a diffuse inflammatory 
infiltrate formed by monocytes and macrophages without a 
direct cardiomyocytes injury. This pattern is not a pathog-
nomonic finding for viral myocarditis while it’s a frequent 
finding during cardiac inflammatory involvement due to 
critical illness. So, it is more probably attributable to inflam-
matory heart damage during severe sepsis than to direct viral 

tropism suggesting that myocardial damage may be multifac-
torial in the course of a critical clinical disease.

So, myocardial injury would seem to be secondary to 
the multiple events that occur during the massive inflam-
matory response triggered by the COVID-19 infection, as 
the cytokine storm [22], the endothelial and microvascular 
damage [25], the hypercoagulabily state and the increase in 
metabolic demands in face a reduced supply [16, 24].

In another really interesting study the myocardial involve-
ment observed during COVID-19 infection was compared 
to that observed during critical bacterial pneumonias. Myo-
cardial damage prevalence is less frequent in SARS-CoV2 
pneumonias than in pneumonia of other aetiology (78.1 vs 
96.4%, p = 0.004) with similar rate of left ventricular sys-
tolic dysfunction and in-hospital mortality (38.2 vs. 51.3%, 
p = 0.142). Also these results reinforce the hypothesis that 
myocardial damage during SARS-CoV-2 infection is not a 

Fig. 1   Possible mechanisms underlying myocardial injury in sepsis, and particularly during SARS-CoV-2 infection
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pathognomonic event triggered directly by the virus per se, 
but it depends on the severe systemic inflammatory state and 
the severity of the clinical condition [23].

Furthermore, other cardiac structure besides cardiomyo-
cytes, could be involved by the infection. In fact, cardiopul-
monary serosal layers involvement has been reported rang-
ing from asymptomatic pericardial involvement to clinical 
pericarditis and pericardial effusion till life threatening car-
diac tamponade [26]. Similarly to myocardial damage, even 
if a study demonstrated the presence of COVID-19 in the 
pericardial fluid [27], it remains unclear whether pericar-
ditis represents a primary viral involvement or it is part of 
a more generalized multisystemic inflammatory syndrome. 
With regards to treatment, high dose NSAIDs, colchicine 
and glucocorticoids could be used for acute pericarditis, 
even in the setting of SARS-CoV2 infection.

Valvular apparatus could also be involved and Khanduri 
et al described a case of mitral valve regurgitation compli-
cated by pulmonary oedema and respiratory failure second-
ary to direct valvular damage from COVID-19 infection 
[28]. The evaluation of the valve shown myxomatous degen-
eration with an inflammatory infiltrate of T lymphocytes 
and histiocytes. ACE2 receptors has been detected in endo-
myocardial tissue, especially on cardiac valves, giving us a 
possible explanation to primary valvular damage.

The arrhythmic risk related to COVID is still under 
evaluation [29, 30]. The most common arrhythmia related 
to SARS-Cov-2 infection is sinus tachycardia, with palpita-
tions as the principal clinical presentation [31]. However, 
also other arrhythmia such as high grade atrioventricular 
block, atrial fibrillation, polymorphic ventricular tachycar-
dia and pulseless electrical activity cardiac arrest has been 
described, highlightening the importance of appropriate 
rhythm monitoring in these patients. Some of this compli-
cation are surely related to proinflammatory state, cytokine 
storm and electrolytic abnormalities, such as atrial fibrilla-
tion, or hypercoagulative state (pulseless electrical activity 
related to PE) while a direct role for virus per se has never 
been demonstrated. Furthermore, also QT-prolonging due 
to side effects of drugs commonly used during the first pan-
demic wave, such as azithromycin and hydroxychloroquine, 
has been described.

Another possible direct damage of the virus could be 
at the level of the autonomic system leading to what has 
been called long-COVID. It is defined as the permanence of 
symptoms beyond the acute phase of the disease for a period 
of about 3 weeks, instead, the prolongation of symptoms 
for over 12 weeks is called chronic-COVID. Patients more 
frequently complain dyspnoea, palpitations, asthenia, fatigue 
and orthostatic hypotension. Although, the long-term effects 
of COVID-19 infection are still unknown and very few stud-
ies have been published, it has been hypothesized that some 
of these symptoms (at least orthostatic hypotension and 

tachycardia) may result from a dysfunction of the autonomic 
nervous system. Autonomic dysfunction could result from 
direct viral damage to the autonomic nervous system or sec-
ondary to an autoimmune mechanism [32, 33]. However, 
more studies are necessary to better understand this issue.

Despite being less affected, children are not totally spared 
by COVID-19. In fact, Verdoni et al described ten cases of 
a Kawasaki-like disease occurring in Bergamo (Italy), as a 
consequence of SARS-CoV2 infection with a monthly inci-
dence 30-fold higher. Clinical features were similar to that of 
classical Kawasaki disease but patients were older and had a 
higher rate of cardiac involvement and macrophage activa-
tion syndrome, often requiring high dose corticosteroids in 
addition to intravenous immunoglobulin [34].

The last consequence of SARS-CoV2 pandemic may be 
considered both a direct and an indirect effect. During the 
pandemic several studies reported an increased incidence 
of takotsubo syndrome, both in the general population and 
in infected patients. According to Jabri et al. [35], during 
pandemic 7.75% of patients presenting with acute coronary 
syndrome revealed to be stress-induced cardiomyopathy, 
opposite to only 1,5% before the pandemic.

Mechanisms are mainly linked to the cytokine storm, 
the increased sympathetic responses and the microvascular 
dysfunction in infected patients, while psychosocial distress 
(due to social distancing, economic concerns, fear of con-
tracting the virus) plays a central role in the general popula-
tion [36].

3 � Indirect CV Damages

The COVID-19 pandemic had strong implications on 
CV diseases also without the direct involvement of the 
SARS-CoV-2.

Throughout the medical emergency, many hospitals were 
forced to reset their organisation by moving bedsides and 
employees in order to receive SARS-CoV-2 infection cases. 
That caused several difficulties in hospital routine activities, 
including cardiology services. According to the ESC guide-
lines for the diagnosis and management of cardiovascular dis-
ease during the pandemic [37], non-urgent procedures were 
suspended; at least 95% of the elective coronarographies in 
patients with a positive stress test were reduced or completely 
stopped. Obviously, also other interventional procedures such 
as valve implantation at the aortic or mitralic levels incurred 
in a considerable decrease [38]. As a consequence, a higher 
mortality has been reported and it could be possible that a 
subsequent increase in chronic complications (principally HF 
due to left ventricular dysfunction) will emerged in the near 
future [39, 40]. Similarly, outpatient visits were interrupted 
for a long time, especially at the beginning of the pandemic, 
and despite the great impetus given to telemedicine systems 
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[41] (i.e. telephone and video-assisted consultations), follow-
up of many cardiologic patients was discontinued.

In addition, lifestyle changes have been made mandatory 
by governments in order to reduce the spread of the infection, 
including limitations of contacts through social distancing, 
restrictions to many activities and in extreme cases through 
a complete lockdown. In the same period, there was a drastic 
reduction in the number of patients referring to hospital for 
non-COVID-19 symptoms due to the fear of being infected 
in the emergency department or during hospitalization [42, 
43]. Regarding cardiological condition, data collected by a 
multicentric observational study on March 2020 revealed a 
48.4% reduction of the admissions to hospital for ACS com-
pared with the equivalent days in 2019 [44]. These results were 
almost similar in other countries as evidence of a general trend 
towards avoiding emergency departments because consid-
ered as major outbreaks of infection [45]. At the same time, 
a 58% increase on out-of-hospital cardiac arrest was reported 
in Lombardy during the first 40 days of the COVID-19 out-
break in comparison to the same period of the year before [46]. 
Although the real prevalence of out-of-hospital cardiac arrest 
in the setting of an ACS is unknown, it is estimated that up to 
75% of mortality occurs before medical contact [47]. Whether 
it remains to be ascertained, it is likelihood to assume the exist-
ence of a link between reluctance to access medical assistance 
and the increase in out-of-hospital cardiac arrest.

At the same time, also the amount of late-presenter ACS 
raised during the pandemic outbreak. Data collected from Hong 
Kong showed an extension in median time from symptoms 
onset to first medical contact from 82.5 to 318 min, and an 
increase in median door-to-balloon time from 84.5 to 110 min 
[48]. Another German study revealed a 21% increase in delayed 
presentation (defined as > 72 h from symptoms onset) in ACS 
patients compared to the pre-SARS-CoV-2 pandemic [49]. As 
well known, ischemia duration is one of the major determinant 
of subsequent complication in ACS and is directly related to 
short- and long-term survival [50]. Beside this, also lack of or 
delayed access to reperfusion treatment lead to an increase in 
short-term ACS complications. In fact, many studies [49, 51] 
described a significant growth in mechanical complications, left 
ventricular systolic dysfunction, intraventricular thrombus and a 
higher rate of subsequent CV events (cardiac arrest, cardiogenic 
shock, and life-threatening arrhythmias).

Similar data were also reported regarding arrhythmias. 
In the nationwide Danish registries, during the first 3 weeks 
of COVID-19 lockdown, the incidence of new-onset atrial 
fibrillation (AF) was lower (− 47%) compared with the cor-
responding weeks in 2019 [52]. Patients diagnosed with AF 
during the lockdown were younger and had a higher preva-
lence of cancer history, HF, and vascular disease as compared 
with those diagnosed in the previous year. This result is prob-
ably determined by the fact that those patients are subjected 
to a stronger surveillance and so an increasing chances of 

undergoing physical exam or ECG and discover AF. Similarly 
to what happen to ischaemic cardiac disease, also ischaemic 
stroke and all-cause death related to registered new-onset AF 
seemed to increase following lockdown, though no statisti-
cally significant difference was reached [52].

The same was also observed for HF hospitalization. In the 
period between March and April a 29% decline was observed 
in HF hospitalizations in comparison with the same period 
of 2019 [53]. Also an increase in mortality of patients hospi-
talized for HF was observed probably determined by a delay 
in presentation with worst clinical condition at admission. 
Again, this phenomenon could also be explained by the fact 
that a lot of patients, scared by the risk of contagion during 
hospitalization, avoided to go to the hospital despite symp-
toms or access emergency department with delay [54].

4 � Perspective

The year after the outbreak of SARS-CoV-2, with the sub-
sequent unprecedented health emergency, was a very hard 
time for health systems, health workers and patients too. 
The difficulties faced must be turned into positive lessons 
and perspective for the future for all the health system and 
for CV disease too.

SARS-CoV2 pandemic has upset healthcare systems all 
around the world, highlighting many challenges that we have 
been dealing with. An example could be the prevention (in 
general and in the CV field) that was too often forgotten 
and affected by economic cuts despite being a cornerstone 
in achieving a healthy population. Greater investments in 
primary prevention could reduce the number of "vulnerable" 
patients, often frail elderly with multiple chronic diseases, 
and reduce the slice of population at greater risk of mortality 
in an emerging pandemic disease like COVID-19. In addi-
tion to primary prevention, aimed at preventing the onset of 
disease, the SARS-CoV2 pandemic has also further required 
the need of investing in secondary prevention, aimed at pro-
tecting patients that already experienced a CV event. In this 
sense, the empowerment of the out-of-hospital network of 
general practitioners, nurses, health assistants and pharma-
cies would allow not only a better management of second-
ary prevention and frailty, but also a greater attention to the 
prevention of chronic diseases and a lower need for access 
to the hospital.

The importance of telemedicine was then rediscovered 
as a fundamental tool during the pandemic to maintain a 
"safe distance" without giving up visits and health checks. 
Information technologies are getting more and more refined 
and could represent in the future an essential tool for remote 
management of therapy, compilation of therapeutic plans 
and transmission of vital parameters directly collected by 
the patient himself.
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Furthermore, a correct communication of information 
played a fundamental role during the pandemic. The mass 
spreading of informations, through television, newspapers 
and, particularly, social media have become a tool for health 
education and they should be used in the future to increase 
adherence to vaccinations and mass screening but also to 
primary and secondary prevention of CV diseases.

The last lesson that COVID-19 could leave us is about 
vaccinations. Vaccinations against SARS-CoV2 represent 
in this moment the only way to overcome the actual pan-
demic. Our hope is that this disease leaves in the population 
a greater trust in vaccinations, a fundamental strategy of 
primary prevention, also in CV patients.
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