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ABSTRACT

Several forms of cardiovascular involvement
have been described in patients with Coron-
avirus disease 19 (COVID-19): myocardial
injury, acute coronary syndrome, acute heart
failure, myocarditis, pericardial diseases,
arrhythmias, takotsubo syndrome, and arterial
and venous atherothrombotic and throm-
boembolic events. Data on long-term outcome
of these patients are still sparse, and the type
and real incidence of cardiovascular sequelae
are poorly known. It is plausible that myocar-
dial injury may be the initiator of an inflam-
matory cascade, edema, and subsequent
fibrosis, but also a consequence of systemic
inflammation. The extent and distribution of
ongoing inflammation may be the basis for
ventricular dysfunction and malignant
arrhythmias. Indeed, preliminary observational
findings seem to emphasize the importance of

close monitoring of COVID-19 patients with
myocardial injury after discharge. Residual
subclinical disease may be effectively investi-
gated by using second-level imaging modalities
such as cardiac magnetic resonance, which
allows better characterization of the type and
extension of myocardial damage, as well as of
the ongoing inflammation after the acute
phase. In patients with venous thromboem-
bolism, a very common complication of
COVID-19, the type and the duration of anti-
coagulation therapy after the acute phase
should be tailored to the patient and based on
the estimation of the individual thromboem-
bolic and hemorrhagic risk. Large randomized
clinical trials are ongoing to address this clinical
question. Whether the severity of cardiovascu-
lar involvement, the type of treatments adopted
during the acute phase, and the hemodynamic
response, may influence the long-term outcome
of patients recovered from COVID-19 is
unknown. An etiological diagnosis of myocar-
dial injury during the hospitalization is the first
step for an appropriate follow-up in these
patients. After discharge, the screening for
residual left and right ventricular dysfunction,
arrhythmias, residual thrombosis, and myocar-
dial scar should be considered on a case-by-case
basis, whereas an active clinical surveillance is
mandatory in any patient.
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Key Summary Points

Coronavirus disease 2019 (COVID-19)
may deteriorate the clinical status of
subjects with underlying cardiovascular
(CV) diseases and cause several de novo
CV complications, including heart failure,
myocardial infarction, myocarditis,
takotsubo syndrome, life-threatening
arrhythmias, and thromboembolic events.

Persistent subclinical cardiac damage after
COVID-19 resolution has been reported,
but whether this finding may affect long-
term outcome is still poorly understood.

Myocardial tissue fibrosis and ongoing
inflammation, mediated by several
mechanisms, may be responsible for
ventricular dysfunction and arrhythmias
during follow-up.

Correct etiologic diagnosis of myocardial
injury during hospitalization may allow
for more proper therapeutic and follow-up
strategies including second-level imaging
modalities. After the acute phase, active
surveillance is mandatory in any patient.

Although difficult to routinely perform
after COVID-19 recovery, cardiac
magnetic resonance should be considered
in subjects with high clinical probability
of cardiovascular sequelae at follow-up.

INTRODUCTION

Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is a human beta coronavirus,
discovered for the first time in Wuhan, China,
in December 2019, and recognized as the cause
of the coronavirus disease 2019 (COVID-19) [1].

This represents a public health emergency of
pandemic proportions, being responsible for
high rates of morbidity and mortality world-
wide [2].

COVID-19 is characterized by a wide spec-
trum of possible clinical presentations, ranging
from asymptomatic forms to severe respiratory
failure, multi-organ damage, and death. Most
people with SARS-CoV-2 infection are mini-
mally symptomatic, but approximately one-
fifth require hospitalization and may develop
severe disease.

Although pneumonia is the most common
clinical manifestation of SARS-CoV-2, COVID-
19 may affect all organs, structurally and func-
tionally, and precipitate a variety of systemic
complications involving kidneys, gut, and car-
diovascular (CV) apparatus [3].

A potential explanation must be searched in
angiotensin-converting enzyme 2 (ACE2), a
surface molecule that mediates the virus entry
into the cells through the interaction with the
viral spike protein [4]. ACE2 is expressed in a
variety of cells including pneumocytes, macro-
phages, enterocytes, cardiac myocytes, peri-
cytes, and endothelial cells [5].

COVID-19 may deteriorate the clinical status
of subjects with underlying CV diseases, repor-
ted in approximately 20% of the patients, and
cause de novo CV complications [6–8]. Several
forms of CV involvement have been described:
myocardial injury, acute coronary syndrome
(ACS), exacerbation of heart failure (HF),
myocarditis-like syndrome, pericardial diseases,
arrhythmias, takotsubo syndrome, and arterial
and venous atherothrombotic and throm-
boembolic events (Fig. 1).

For these conditions, several mechanisms
have been postulated: oxygen supply/demand
imbalance due to the hypoxic state, local and
systemic inflammatory response with cytokine-
mediated injury, virus-mediated cellular dam-
age, endothelial injury, plaque instability, and
prothrombotic status. Alone or in combination,
these conditions may be responsible for seque-
lae and CV adverse events after the infection
resolution, and affect patients’ outcomes in the
short and long term. Indeed, as the COVID-19
pandemic has progressed, several cases of
patients with persistent symptoms or
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complications occurred after the end of the
acute phase of the disease have been reported.
Owing to the potential clinical implications of
this so-called ‘‘long COVID’’ or ‘‘post-COVID-19
syndrome’’, the National Institute for Health
and Care Excellence in partnership with the
Scottish Intercollegiate Guidelines Network and
the Royal College of General Practitioners have
published guidelines for clinicians on the
management and care of people with long-term
effects of COVID-19 [9, 10]. Many other health
societies and institutions around the world are
involved in the development of shared docu-
ments for the management of this huge number
of subjects.

In a recent Italian study, 143 patients with
recent SARS-CoV-2 infection were enrolled after
testing negative with nasopharyngeal swab [11].
Data about the persistence of specific symptoms
potentially correlated with COVID-19 were
obtained using a standardized questionnaire
administered at enrollment. Patients were
assessed at a mean of 60 days after onset of the
first COVID-19 symptoms; at the time of the
evaluation, only 13% were completely free from
any COVID19–related symptom, while 32% had
one or two symptoms, and 55% had three or
more symptoms. A worsened quality of life was

observed among 44% of the patients. Symptoms
most reported were fatigue (53%), dyspnea
(43%), joint pain (27%), and chest pain (22%).

Previous clinical studies on patients with
pneumonia have documented a two- to eight-
fold increase in the risk of CV diseases within
the first 30 days from hospitalization; this risk
remained high even up to 10 years [12]. The
highest probability to develop adverse CV
events was observed during the first years,
independently from the severity of the respira-
tory infection [13].

A retrospective cohort study including
47,780 COVID-19 individuals discharged alive
from the hospital showed a high incidence of
new-onset multiorgan dysfunction and the
occurrence of CV events [composite of HF,
myocardial infarction (MI), stroke, and
arrhythmia] three times more frequently than
in the matched control group at a mean follow-
up time of 140 days [14].

These data, along with the uncertainty about
the course of the disease, emphasize the
importance of close monitoring of patients who
recovered, either partially or completely, from
COVID-19. To date, the need of long-term out-
come data remains unaddressed, and the type
and real incidence of CV sequelae after COVID-
19 is poorly known. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Myocardial Injury

Myocardial injury, defined as increased serum
troponin levels about 99th percentile of upper
reference limit, has been reported in up to
20–30% of the patients hospitalized with
COVID-19 at the time of admission or during
hospitalization. Multiple mechanisms poten-
tially responsible for myocardial injury, alone or
in combination, have been advocated: hypox-
emia, endothelial dysfunction, cytokine storm,
and direct virus-mediated damage. These factors
may induce diffuse myocardial tissue inflam-
mation, endothelial injury, and plaque insta-
bility, which favor procoagulant status and

Fig. 1 Cardiovascular involvement by SARS-CoV-2
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micro-and macro-vascular dysfunction (Fig. 2)
[15]. Patients with myocardial injury were gen-
erally older, with a higher prevalence of hyper-
tension, diabetes, coronary artery disease (CAD)
and HF [16]. Acute myocardial injury has been
associated with a higher risk of ventricular
arrhythmias, acute respiratory and kidney fail-
ure, coagulation disorders, higher inflammatory
biomarkers and, eventually, a higher rate of in-
hospital mortality [17, 18]. In the study by Yang
et al., myocardial injury was significantly
prevalent among critically ill patients (47%) as
compared to those moderately ill (12%) upon
admission, and in non-survivors (50%) as com-
pared to survivors (6%) [19].

Of note, COVID-19 patients were frequently
found without obstructive epicardial CAD on
coronary angiography [20], and showed
impairment of left ventricular myocardial con-
tractility by 2-D speckle-tracking

echocardiography mainly in the subepicardial
than in the subendocardial layers [21]. This
supports the hypothesis of inflammation-me-
diated damage beyond ischemia.

The long-term outcomes among hospitalized
patients with myocardial injury, type 1 MI and
type 2 MI, have been widely investigated in
previous studies [22]. At 5 years, Chapman and
colleagues reported a higher rate of all-cause
death in patients with myocardial injury
(72.4%) or type 2 MI (62.5%) as compared to
those with type 1 MI (36.7%) [23]. Patients with
myocardial injury or type 2 MI had a higher risk
of major adverse cardiovascular events (RR,
1.56; 95% CI 1.29–1.88) compared to patients
with type 1 MI. These data may be relevant for
patients that have recovered from COVID-19
and cardiac injury at hospitalization, especially
for those with post-COVID syndrome and/or

Fig. 2 Pathophysiology of myocardial injury during acute SARS-CoV-2 infection and potential long-term sequelae
following the recovery. MI myocardial infarction
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imaging evidence of persistent myocardial
damage.

Cardiac magnetic resonance (CMR) has the
unique ability to identify non-invasively the
inflammatory damage of myocardium, in
localizing the sites of inflammation or fibrosis,
and in assessing the presence and severity of
functional impairment [24–26]. Recent CMR
studies have shown that ongoing inflammation
and residual fibrosis may be detected after
COVID-19 resolution and subclinical myocar-
dial abnormalities are still detectable several
months after recovery.

Puntmann et al. published a prospective
observational study showing a high percentage
of abnormal CMR findings in recently recovered
COVID-19 patients [22]. Furthermore, in a
multicenter study including 148 patients with
COVID-19 and elevated serum troponin levels
at admission at six hospitals, CMR showed
myocardial damage in approximately half of the
patients up to 3 months from discharge [27].
Myocarditis-pattern injury was observed in 27%
of cases, ischemic pattern in 22%, and non-
specific LGE in 5% of patients. Combined
ischemic and non-ischemic late gadolinium
enhancement (LGE) was detected in 6% of
cases. Interestingly, in patients with myocardi-
tis-like scar, biventricular function was pre-
served and ongoing active myocardial
inflammation was also described in a significant
percentage of cases.

Whether these findings may influence the
patient’s clinical status and outcome is cur-
rently unknown and is the subject of ongoing
studies [28]. Another issue is the identification
and implementation of effective therapies dur-
ing the hospitalization of patients with
myocardial injury, taking into account the
long-term inflammatory and fibrotic sequelae as
measures of treatment effect.

Waiting for evidence from literature,
patients with myocardial injury during the
hospitalization should be referred for a dedi-
cated cardiology follow-up program including
the use of second-level CV imaging modalities.

Acute Coronary Syndrome

SARS-CoV-2 has also been considered a poten-
tial causative agent of ACS. The macrophage
hyperactivation, with collagenases secretion,
and subsequent degradation of the atheromasic
fibrous cap, may favor coronary plaque rupture
[29]. Furthermore, the systemic inflammatory
response of COVID-19 may cause a hyper-
adrenergic condition and augmented cardiac
work secondary to tachycardia. These condi-
tions, associated with a hypercoagulable state
and endothelial inflammation, are considered
the key players of plaque instability and
thrombosis involved in type 1 MI. On the other
hand, the hypoxemia secondary to COVID-19-
related pulmonary involvement might favor the
imbalance of myocardial oxygen supply/de-
mand and lead to type 2 MI. Vasospasm and
coronary artery dissection have also been
described in the pathogenesis of ACS in COVID-
19 [30, 31].

In a preliminary series of 18 patients with
COVID-19 and ST-segment elevation, poten-
tially related to MI, nine patients underwent
coronary angiography and only six were diag-
nosed with obstructive coronary disease. Of
these, five underwent percutaneous coronary
intervention (PCI) and one was treated with
fibrinolytic agents. In the remaining cases,
despite the absence of coronary angiography,
myocardial injury secondary to microvascular
dysfunction was hypothesized [32].

Stefanini et al., in an Italian multicenter
series of 28 COVID-19 patients with ST-segment
elevation MI (STEMI), reported ST-segment ele-
vation as the first sign of COVID-19 syndrome
in 24 patients and the angiographic evidence of
an infarct-related lesions requiring revascular-
ization in 17 cases (60.7%) [33].

Notably, despite the demonstrated associa-
tion between ACS and COVID-19, a reduction
in PCI rate for ACS has been reported in differ-
ent countries, including the US, Italy, and Spain
(38, 32, and 40%, respectively) during the peak
of the pandemic [34, 35]. These findings were
consistent with an extensive global survey by
the European Society of Cardiology involving
141 countries and 3101 cardiologists that
showed a reduction of hospitalization for
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MI[ 50% [36]. Similarly, the ISACS-STEMI
COVID-19 registry, which enrolled 6609
patients undergoing primary PCI in 77 centers
located in 18 countries, showed a significant
reduction in primary PCI procedures compared
with 2019 (incidence rate ratio: 0.811; 95%
confidence interval: 0.78 to 0.84; p\0.001).
Furthermore, the COVID-19 outbreak was
associated with significantly increased door-to-
balloon and total ischemia times, and these
data could explain the increased mortality
observed during the pandemic as compared to
the past years. The potential reasons may be
different, including the overwhelmed health-
care assistance and the lower rate of ACS hos-
pital admission secondary to fear of infection
[37]. At the same time, the incidence of out-of-
hospital cardiac arrest markedly increased dur-
ing the pandemic in Italy, being strongly asso-
ciated with the cumulative incidence of COVID-
19 cases [38].

In a previous study on 100 patients hospi-
talized for COVID-19, 78 showed cardiac
involvement at CMR and 12% had an ischemic-
type pattern of myocardial LGE [22]. Further-
more, in the subgroup with CAD, increased
native T1 measures were strongly associated
with worse CV outcomes.

In the study by Kotecha et al., two-thirds of
the patients that recovered from SARS-CoV-2
infection showed signs of myocardial ischemia
by CMR, albeit in absence of a previous history
of CAD [27]. Interestingly, seven out of 148
patients with evidence of MI had also additional
inducible ischemia on adenosine stress and 13
inducible ischemia without evidence of MI. This
suggests that COVID-19 patients with myocar-
dial injury or MI during the hospitalization who
did not undergo coronary angiography should
be evaluated for their CAD pre-test probability
to identify those requiring further investiga-
tions with non-invasive and invasive
techniques.

Among the long-term CV sequelae of MI in
COVID-19, a higher rate of uncommon post-
infarction mechanical complications is expec-
ted as a consequence of delaying or not per-
forming any revascularization procedures in
patients with clinical evidence of MI [39]. Pilato
et al., in an Italian single-center experience,

reported an increase of left ventricular free-wall
rupture from one case per year to five cases in
only 2 months during the COVID-19 pandemic
[40]. Similarly, a high number of left ventricular
(LV) pseudoaneurysms that could also develop
after weeks or months after MI has been repor-
ted [41]. Moreover, LV adverse remodeling,
increased diastolic filling pressures, and mod-
erate-to-severe functional mitral regurgitation
could all be potential long-term consequences
of MI underdiagnosis and undertreatment dur-
ing COVID-19 pandemic and may evolve
toward HF.

The occurrence of MI in patients with
COVID-19 as well as the delay/underdiagnosis
in the pandemic context may have a terrifying
impact on the number of patients with HF with
reduced ejection fraction (EF) and arrythmias in
the next months. Unfortunately, these data are
still poorly available, and dedicated studies are
strongly needed to plan adequate healthcare
strategies.

Myocarditis

Myocardial cells are a potential target of SARS-
CoV-2. Coronavirus-related myocarditis has
been reported in several single reports or small
series. In most cases, the diagnosis was formu-
lated as ‘‘clinically suspected’’ on the basis of
cardiac biomarkers, combined with electrocar-
diographic and echocardiographic data [42].
Although considered the gold standard to verify
the diagnosis of ‘‘clinically suspected
myocarditis’’, to characterize the infiltrates and
understand the underlying mechanisms at the
cellular level, CMR and endomyocardial biopsy
(EMB) have been seldomly performed [43].
Therefore, despite the description of several
clinical-based ‘‘myocarditis-like syndromes’’,
the real incidence of proven COVID-19-related
myocarditis may be under- or overestimated
[44].

In the work by Kawakami et al., the results of
prior studies published on 201 EMB samples in
the setting of COVID-19 infection were shown.
The investigators found evidence of myocarditis
of unclear extent and nature in only 4.5% of
cases [45].
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In contrast with histopathological findings
from lung specimens, SARS-CoV-2 RNA was not
found in the cardiomyocytes. Inflammatory
mononuclear infiltrate in autoptic hearts was
recognized, but without evidence of direct virus
replication in the myocardium [46]. This evi-
dence suggests that myocarditis may be caused
by an indirect damage related to the cytokine
storm rather than a direct SARS-CoV-2-medi-
ated cellular effect.

Three systematic reviews have summarized
the cases of COVID-19-induced myocarditis
reported so far in order to describe the main
clinical characteristics, diagnostic work-up, and
outcome [47–49]. Interestingly, in the meta-
summary by Ho et al., only 12 cases were diag-
nosed by CMR or histopathology while the
diagnosis of 39 cases of ‘‘reported’’ myocarditis
were based on cardiac biomarkers, electrocar-
diograms, and/or echocardiograms. These
patients were mostly young (median age
55 years), male (69%), without CV comorbidi-
ties, and reported fever as the most common
clinical presentation. The only outcome data
available referred to the in-hospital course; two
patients died whereas the others recovered and
were discharged. These observations support a
favorable in-hospital course, although the lim-
ited number of cases does not allow for defini-
tive conclusions.

Conversely, follow-up data are really poor
and the long-term consequences of recovered
SARS-CoV-2-related myocarditis are still
unknown [50]. The clinical picture of viral
myocarditis varies from asymptomatic or pau-
cisymptomatic forms to acute HF, pulmonary
edema, cardiogenic shock, and/or life-threat-
ening arrhythmias. After resolution, post-viral
cardiomyopathy with persistently reduced or
worsening EF may develop, usually within 6 to
12 months [51]. It is reasonable to think that
SARS-CoV-2-associated myocarditis may also
cause the same CV sequelae in the long term,
thus leading to an augmented risk of HF,
arrhythmic burden, and sudden cardiac death,
especially in the presence of residual inflam-
mation and LGE at CMR [52–56]. However, the
‘‘myocarditis-like syndrome’’ related to COVID-

19 seems to be related to indirect myocardial
damage rather than direct virus-mediated
myocardial cell injury, and its long-term out-
come may be more favorable than expected.

In one series of patients recovered from
COVID-19 and reporting symptoms suggestive
for cardiac involvement, CMR showed myocar-
dial edema and/or foci of LGE as well as
impaired right ventricular function (RV) in a
significant percentage of cases [57].

In the study by Puntmann et al., ongoing
myocardial inflammation was found in 60% of
patients, regardless of preexisting conditions,
severity and in-hospital course, and time from
COVID-19 diagnosis [22]. Moreover, compared
to the control group, the patients that recovered
from COVID-19 had lower LV EF, higher LV
volumes and LV mass, raised T1- and T2-
weighted images, as well as more frequent LGE
or pericardial enhancement. These preliminary
studies seem to support the possibility that,
even months after infection, chronic myocar-
dial inflammation persists and ventricular dys-
function may occur (Table 1).

Since subclinical persistent myocardial
involvement after COVID-19 resolution has the
potential to precipitate arrhythmias and sudden
cardiac death during moderate-to-high inten-
sity physical activity, medical concern has
already been raised in the athletic community.
During 2020, due to the growing acknowledg-
ment of COVID-19-induced cardiac injury in
professional athletes and raising evidence sug-
gesting higher-than-expected incidences of
myocardial inflammation in recovered nonath-
letic but also in athletic population, several
return-to-play recommendations for previously
infected athletes were published [22, 58–61].
Current recommendations suggest a prudent
exclusion of complications with a combination
of ECG, biomarkers, and echocardiography
[62–64]. Further examinations including CMR,
computed tomography, stress echocardiogra-
phy/cardiopulmonary exercise testing, and
nuclear/positron emission tomography should
be performed in the presence of persistent or
new-onset CV symptoms [64].
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The best follow-up strategy and secondary
preventive treatment after COVID-19-my-
ocarditis is currently unknown, and a careful
assessment on a case-by-case basis is highly
advisable.

Pericardial Diseases

Viral pathogens are involved in pericarditis
etiopathogenesis and, generally, they have a
benign clinical course. Only case reports have
been published on pericardial involvement in
COVID-19, namely acute pericarditis, cardiac
tamponade, or pericardial effusion, with or
without myocardial involvement. Sometimes
pericarditis may be the primary presentation of
SARS-COV-2 infection, even in the absence of
clear respiratory tract symptoms and/or other
systemic complications. The clinical expression
varies from minimal pericardial swelling to
severe effusion, potentially evolving toward
cardiac tamponade [65]. It has been hypothe-
sized that pericardial inflammation may depend
on cytotoxic or immune-mediated effect of
virus rather than from direct viral damage.
However, the mechanisms are not completely
elucidated, as well as the long-term clinical
consequences.

In a small series of patients with myocarditis-
like syndrome by COVID-19 referred for CMR, a
mild pericardial effusion was reported in 75% of
cases without evidence of pericardial thickening
[66]. Similarly, in 16 COVID-19 autopsy cases,
pericardial effusion was found in almost all
cases (94%), although generally mild (estimated
from 50 to 100 ml) [45]. In about 20% of
patients recently recovered from COVID-19
infection, emerging CMR data have shown
pericardial involvement with the evidence of
peri-epicardial LGE associated or not with peri-
cardial effusion [22]. These findings may be
attributed to fibrosis and/or edema due to an
ongoing active pericarditis after infection reso-
lution, which may constitute the basis for clin-
ical sequelae in the short and long term. Table 2
reports the main studies evaluating the associ-
ation of COVID-19 and pericardial diseases
published until March 2021. Past medical his-
tory, presenting symptoms, ECG, echocardio-
graphic findings, troponin level, and outcome
are detailed for each study. In most patients,
pericardial disease was associated with myocar-
dial involvement, as documented by troponin
elevation, and in a high percentage of cases (12/
25, 48%) pericardial effusion complicated by
cardiac tamponade was described. Only one

Table 1 In-hospital and potential late sequelae in
COVID-19 patients with myocarditis

Acute phase Potential late
sequelaeClinical

presentation
Instrumental
findings

Fever, chest

pain, dyspnea,

syncope

HF with normal

or dilated left

ventricle and

reduced EF

HF with normal

or dilated left

ventricle and

arrhythmias

Cardiogenic

shock

Sudden cardiac

death

Elevated troponin/

BNP/CRP/IL6

ECG: ST segment

abnormalities, T

wave inversion,

arrhythmias

Echocardiography:

normal-sized or

dilated left

ventricle with

normal or

reduced EF;

pericardial

effusion

CMR: global or

regional

anomalies of T2

signal, late

gadolinium

enhancement

Histology: immune

cell infiltrates,

fibrosis,

myocytolysis

Left/right

ventricular

dysfunction

Tachyarrhythmias

High degree of

heart block

Chronic

pericardial

effusion

Sudden cardiac

death

Recovery

EF ejection fraction, BNP brain natriuretic peptide, CMR
cardiac magnetic resonance, CRP C reactive protein, ECG
electrocardiogram, HF heart failure, IL6 interleukin 6
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death occurred, and that outcome data were
limited to the hospitalization period. Follow-up
data were unavailable for all the studies.

To date, it is unknown whether pericarditis
recurrence or a constrictive pathology may
occur after months of COVID-19 recovery.
Appropriate clinical and instrumental follow-up
of these patients should be considered based on
clinical judgement.

Venous Thromboembolism

Venous thromboembolism (VTE), which
includes deep vein thrombosis (DVT) and pul-
monary embolism (PE), is very common in
patients with SARS-CoV-2 infection. VTE has
been reported in approximately 27% of criti-
cally ill patients hospitalized with COVID-19
[67]. This high incidence, particularly for PE, is
significantly higher than previously reported in
critically ill patients with pneumonia caused by
other viruses, including H1N1 pneumonia and
severe acute respiratory syndrome [68]. Also,
the rate of VTE in hospitalized patients with
COVID-19 and acute respiratory distress syn-
drome (ARDS) has been reported to be two- to
ten-fold higher than those with ARDS sec-
ondary to other etiologies. VTE has been occa-
sionally reported also in COVID-19 patients
with mild symptoms [69].

Patients with PE and COVID-19 showed a
higher risk of death independently from other
indicators of disease severity, such as older age,
LV systolic dysfunction, ARDS, and cardiac
injury [70]. In these patients, the increased RV
afterload and the high pulmonary arterial
pressures led to RV dysfunction and, subse-
quently, to a worse outcome [71]. Indeed, RV
dysfunction emerged as one of the principal
determinants of early mortality during the
acute phase, particularly in the presence of pre-
existing chronic right HF conditions [72].

Interestingly, in patients that have recovered
from COVID-19, persistent RV involvement has
been reported at a median of 74 days after dis-
charge [73]. Impaired RV longitudinal strain
was found in 42% of cases and resulted signifi-
cantly lower compared to controls. This finding
was confirmed in a prospective observational
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single-center analysis that reported, in patients
recovered from moderate and severe COVID-19
pneumonia, subclinical RV dysfunction at
30 days after discharge, as suggested by lower
tricuspid annular plane systolic motion
(TAPSE), RV fractional area change and RV free
wall strain [74]. However, these studies lack
dedicated analysis on the long-term effects of
RV function in patients with VTE during
hospitalization.

COVID-19 is associated with coagulopathy
characterized by mild thrombocytopenia, high
levels of D-dimer, and fibrinogen degradation
products, slight prolongation of the prothrom-
bin time, and elevated levels of fibrinogen and
factor VIII [75]. Although the drivers of this
coagulopathy are uncertain, other proposed
mechanisms of VTE are endothelial dysfunc-
tion, inflammation, hypoxemia, as well as an
increase in platelet activation and aggregation
[76]. Russo et al. have investigated the clinical
impact of antithrombotic therapy at admission
in patients hospitalized with COVID-19,
demonstrating that neither antiplatelet therapy
nor anticoagulant therapy may reduce the risk
for ARDS and death in severe forms of SARS-
CoV-2 infection [77].

Antithrombotic therapy in COVID-19 is an
active area of investigation, with multiple
ongoing randomized clinical trials evaluating a
variety of regimens with antiplatelet, anticoag-
ulant, or their combinations. Antiplatelet and
anticoagulant agents have well-documented
anti-inflammatory and antithrombotic effects
and may deserve a remarkable role in the setting
of COVID-related endothelial injury and
thrombo-inflammation [78, 79]. However, the
selection of the proper antithrombotic regimen
in COVID-19 patients is an open clinical issue.
Controversial data remain on what is the best
anticoagulant agent and on the optimal dosing;
in the meantime, the current evidence seems to
suggest a careful assessment of ischemic and
bleeding risk, tailored to the individual patient.

The paucity of DVT in COVID-19 patients
with PE may suggest that in many cases an
in situ mechanism of thrombosis rather than an
embolic one is involved. This mechanism is
supported by a recent case series of autopsy
reports, which found an unusually high degree

of microthrombi in the lung arteries in the
context of a thrombotic microangiopathic pro-
cess [80]. Interestingly, in patients that died of
COVID-19, multiple thrombi were found not
only in the vessels of the lungs but also in those
of the liver, heart, and kidneys. Nonetheless, in
hospitalized patients with COVID-19, asymp-
tomatic DVT was also observed, suggesting that
emboli from lower extremities may also con-
tribute to the burden of PE [81]. In the paper of
Vlachou et al., PE episodes were observed up to
4 weeks after COVID-19 recovery, frequently
not associated with significant lung involve-
ment [82]. This highlights that thrombotic risk
in the pulmonary vasculature may persist after
hospital discharge. In a small cohort of COVID-
19 patients and PE observed at 3-month follow-
up, recurrent VTE was reported in only 1.6% of
cases, similar to that reported for the general
VTE population at short term [83, 84]. More-
over, a high prevalence (30%) of residual
thrombosis at computed tomography pul-
monary angiogram was found, albeit in the
absence of chronic thromboembolic pulmonary
hypertension. Conversely, Demelo-Rodrı̀guez
et al. found no VTE recurrence among 100
patients at long-term follow-up (90 days or
more) from diagnosis of COVID-19 and VTE
[85]. However, larger ongoing prospective
studies (e.g., CORONA-VTE, CISCO-19, and
CORE-19) will help to establish more definitive
rates of such complications.

Another important issue is the type and the
duration of thromboprophylaxis after the acute
phase. The estimation of the thrombotic and
hemorrhagic risk remains fundamental, espe-
cially after the discharge from the hospital, in
order to extend thromboprophylaxis for the
patients with elevated risk of recurrent VTE and
acceptable bleeding risk [76].

In the absence of evidence from large per-
spective studies, case-by-case considerations
should orient the choice in clinical practice for
these patients [86]. This topic is currently under
investigations by several active randomized
clinical trials [(NCT04508439, COVID-PRE-
VENT (NCT04416048), ACTIV4
(NCT04498273), and PREVENT-HD
(NCT04508023)].
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FUTURE PERSPECTIVES
AND CONCLUSIONS

COVID-19 is a novel disease, and many uncer-
tainties remain regarding its potential long-
term sequelae.

In patients that have recovered from COVID-
19, it is plausible that myocardial injury may be
the initiator of an inflammatory cascade,
edema, and subsequent fibrosis. The extent and
distribution of ongoing inflammation may be
the basis for adverse ventricular remodeling and
malignant arrhythmias.

Patients with clinical, laboratory, or imaging
evidence of cardiac involvement during the
acute phase may be at higher risk to develop
further complications and death due to CV
causes.

After infection resolution, residual subclini-
cal disease deserves attention and should be
investigated with second-level CV imaging
modalities. Particularly, the use of CMR has the
potential to improve the current knowledge on
subclinical myocardial damage and ongoing
inflammatory process after the acute phase.

Although not available in every center and
difficult to routinely use in all patients recov-
ered from COVID-19, CMR should be consid-
ered in those with high probability of
cardiovascular sequelae. CMR should comple-
ment the diagnostic work-up in patients with
persisting signs and/or symptoms suggestive for
cardiac involvement, in those with unexplained
reduction of LV EF or pericardial effusion by
transthoracic echocardiography, and in those
who developed myocardial injury during the
acute phase.

Although recovery from COVID-19 is gener-
ally reported within 12 weeks, the time required
for full recovery may vary for each individual.
All patients who experienced COVID-19 should
be informed about the most common symp-
toms following the acute phase, and a screening
questionnaire may help in detecting those with
ongoing or new-onset symptoms suggestive for
cardiovascular sequelae after the disease reso-
lution. Clinical and instrumental assessment
including ECG, laboratory testing, and first-
level cardiac imaging are warranted in these

patients to detect persistent or new signs of
cardiac damage and define tailored follow-up
strategies.

Despite no dedicated guidelines on profes-
sional athletes and highly physically active
adults are available, ECG, high-sensitivity tro-
ponin testing, and echocardiography have been
indicated by consensus. This is particularly
important for subjects who develop new car-
diovascular symptoms after return to play or
before return to play and, in any case, in all
subjects who experienced moderate-to-severe
forms of COVID-19 or required hospitalization
[64] CMR should be considered, as second-level
investigation, in case of abnormal testing in
order to confirm and characterize the nature
and extension of cardiac damage.

To date, it is unknown whether the severity
of cardiac injury, the type of treatments adop-
ted during the acute phase, the hemodynamic
response, or other host factors may influence
long-term outcome. Large registries, longer fol-
low-up, and randomized clinical trials should be
intended to answer the open questions on the
‘‘post-COVID-19 cardiac syndrome’’.

An etiological diagnosis of myocardial injury
during the hospitalization is the first step for an
appropriate follow-up of COVID-19 patients
with cardiovascular involvement. After dis-
charge, the screening for residual left and right
ventricular dysfunction, arrhythmias, residual
thrombosis, and myocardial scar should be
considered on a case-by-case basis, whereas an
active clinical surveillance is mandatory in any
case.
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