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ARTICLE INFO ABSTRACT

Keywords: Background: Cardiovascular disease (CVD) can occur in COVID-19 and has impact on clinical course. Data on
COVID-19 CVD prevalence in hospitalized COVID-19 patients and sequelae in survivors is limited. Aim of this prospective
Echocardiography study carried out on consecutive unselected COVID-19 population, was to assess: 1) CVD occurrence among
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hospitalized COVID-19 patients, 2) persistence or new onset of CVD at one-month and one-year follow-up.
Methods: Over 30 days n = 152 COVID-19 patients underwent cardiovascular evaluation. Standard electrocar-
diogram (ECG), Troponin and echocardiography were integrated by further tests when indicated. Medical his-
tory, arterial blood gas, blood tests, chest computed tomography and treatment were recorded. CVD was defined
as the occurrence of a new condition during the hospitalization for COVID-19. Survivors attended a one-month
follow-up visit and a one-year telephone follow-up.

Results: Forty-two patients (28%) experienced a wide spectrum of CVD with acute myocarditis being the most
frequent. Death occurred in 32 patients (21%) and more frequently in patients who developed CVD (p = 0.032).
After adjustment for confounders, CVD was independently associated with death occurrence. At one-month
follow-up visit, 7 patients (9%) presented persistent or delayed CVD. At one-year telephone follow-up, 57 pa-
tients (48%) reported persistent symptoms.

Conclusion: Cardiovascular evaluation in COVID-19 patients is crucial since the occurrence of CVD in hospitalized
COVID-19 patients is common (28%), requires specific treatment and increases the risk of in-hospital mortality.

Abbreviations: ABG, arterial-blood gas; A&E, Accident & Emergency Department; CAD, coronary artery disease; CVD, Cardiovascular Diseases; CMR, Cardiac
Magnetic Resonance; COPD, chronic obstructive pulmonary disease; COVID-19, COronaVIrus Disease 19; COVID-ICU, COVID intensive care unit; CPAP, continuous
positive airway pressure; CT, chest computed tomography; ECG, electrocardiogram; FoCUS, Focus Cardiac UltraSound; HF, heart failure; hs-Trop, high sensitive
troponin; HTN, arterial hypertension; IMV, invasive mechanical ventilation; LAD, left anterior descending artery; LV, left ventricle; MI, myocardial infarction; NIV,
Non-invasive ventilation; PCI, percutaneous coronary intervention; RT-PCR, reverse-transcriptase-polymerase-chain reaction; RV, right ventricle; SARS-CoV-2, Se-
vere Acute Respiratory Syndrome CoronaVirus 2; STEMI, ST-Elevation Myocardial Infarction; 6MWT, 6 min walking test.
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Persistence or delayed presentation of CVD at 1-month (9%) and persistent symptoms at 1-year follow-up (48%)
suggest the need for monitoring COVID-19 survivors.

1. Introduction

The outbreak of COronaVIrus Disease 19 (COVID-19) caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is mainly
characterized by a pulmonary involvement. However, cardiovascular
complications can occur. During the first wave of the pandemic early
observations reported an increased level of Troponin in a proportion of
patients (10-12%) (1,2) associated with increased mortality (3). An
increasing number of sporadic cases reporting cardiovascular involve-
ment has been described afterwards, including Tako-Tsubo syndrome
(4), ST-segment elevation (5) and other cases generally reported as
myocarditis or myopericarditis (6,7).

Considering this growing evidence, studies based on echocardio-
graphic evaluation were carried out which reported a high prevalence of
cardiac involvement (8,9). However, these evaluations were limited to
echocardiography without further cardiac examinations in case of pos-
itive findings.

The wide spectrum of cardiovascular complication can be related to
the release of cytokines mediated by SARS-CoV-2, possibly causing
myocardial inflammation in addition to vascular inflammation and
plaque instability. Direct myocardial damage by the virus should also be
considered despite the fact that undisputable localization of SARS-CoV-2
within cardiomyocytes has been not proven among the limited number
of autopsies in COVID-19 (10-14). The presence of cardiovascular risk
factors or cardiac disease, both pre-existing and new, is related to poor
prognosis (15-18). Despite the detection of the new CVD appears of
paramount importance for in-hospital management and clinical course,
data from a systematic evaluation has been not reported yet.

In addition to acute cardiovascular involvement, data from preced-
ing Coronaviruses epidemics (severe acute respiratory syndrome coro-
navirus, SARS-CoV, and the Middle East respiratory syndrome - MERS)
suggested the possible persistence of pulmonary and cardiovascular
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damage (19-21). Currently there are only preliminary data on short-
term follow-up of COVID-19 survivors focused on cardiovascular eval-
uation (22-26).

The aims of this study conducted during the first wave of COVID-19
pandemic were to: 1) assess the occurrence of cardiovascular diseases
(CVD) in consecutive confirmed COVID-19 patients admitted to our
hospital over a 30 days period. The patients were studied by a clinical
evaluation including transthoracic echocardiography integrated by
further examinations when indicated, and 2) evaluate the persistence or
new onset of CVD at one-month and one-year follow-up.

2. Methods
2.1. Study design and patients

“Sapienza” University of Rome - Policlinico “Umberto I", is an aca-
demic hospital currently dedicated to COVID-19 patients in Rome
(Italy). The algorithm applied for the management of patients at
admission is shown in Fig. 1. In the Accident & Emergency Department
(A&E) suspected COVID-19 patients were evaluated and classified as
stable or unstable. COVID-19 diagnosis was based on SARS-CoV-2
nucleic acid detection in oro/nasopharyngeal swab by reverse-
transcriptase-polymerase-chain reaction (RT-PCR). COVID-19 stable
patients with mild symptoms or asymptomatic were discharged rec-
ommending home isolation and care. Based on the clinical assessment,
confirmed COVID-19 patients were admitted to dedicated COVID
intensive care unit (COVID-ICU) or to COVID inpatient ward. All pa-
tients underwent chest computed tomography (CT).

All consecutive confirmed COVID-19 patients admitted to both
COVID ICU and inpatient ward underwent cardiovascular evaluation by
two dedicated Cardiologists. Cardiac evaluation was performed within
48 h from admission between April 16th and May 15th 2020. The study

Fig. 1. Recruitment flow chart.

This flow chart illustrates the patient care pathway from A&E
admission to hospital ward assignment.

A&E: Accident & Emergency; ACS: Acute Coronary Syndrome;
CV: Cardiovascular; hs-cTnT: high-sensitivity cardiac troponin
T; ICU: Intensive Care Unit; PCI: Percutaneous Coronary
Intervention.
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was approved by the Ethic Committee of “Policlinico Umberto I" Hos-
pital - “Sapienza” University of Rome (number 109/2020 approved the
07th of April 2020).

2.2. Protocol

Cardiovascular evaluation comprised clinical evaluation, 12-lead
standard electrocardiogram (ECG), high sensitive troponin (hs-Trop)
and Focus Cardiac UltraSound (FoCUS) scan by portable ultrasound. At
the time of cardiovascular examination, demographic and baseline
characteristics, arterial-blood gas (ABG), blood tests, chest CT findings,
medical history, medical and non-medical treatment including invasive/
non-invasive ventilation were recorded. Cuf-off value for considering
positive hs-Trop was 0.014 ng/L.

FoCUS exam was performed by hand-held Lumify (Philips) at patient
bedside (27). Images were taken from three echocardiography views:
parasternal, apical and subcostal. Echocardiogram quality was classified
as optimal, fair, suboptimal, and poor. Only fair and optimal echocar-
diograms were considered (28). The presence of the following findings
was evaluated according to standard guidelines and protocols: dilated
left ventricle (LV) and/or right ventricle (RV), LV and/or RV systolic
dysfunction, presence of pericardial effusion, significant valve insuffi-
ciency and/or stenosis (grade > moderate). LV ejection fraction (LVEF)
< 50% was taken as cut-off for LV systolic disfunction, while a tricuspid
annular plane systolic excursion (TAPSE) < 16 mm for RV systolic
dysfunction. LV and RV dilatation, pericardial effusion and valve disease
were classified according to cut-offs from the American and European
guidelines (29,30).

According to cardiovascular findings, further examinations were
requested including Cardiac Magnetic Resonance (CMR) (31), coronary
angiography or CT pulmonary angiography.

CVD was defined as the occurrence of a new cardiovascular disease
during the hospitalization for COVID-19. The definition of each type of
CVD diagnosis was reported in the Supplements (32-37).

2.3. Follow-up

After one month from hospital discharge all patients were invited to
attend a follow-up evaluation at a dedicated “post-Covid-19 Outpatient
Clinic”. During the evaluation all patients underwent blood sample
collection, and pulmonary and cardiac assessment including ECG and
transthoracic echocardiography.

After a mean of 347 + 10 days from COVID-19 diagnosis all survivors
were contacted by phone-call in order to evaluate the occurrence of re-
hospitalization and if they experienced any symptoms from the discharge.

2.4. Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS Statistics for
Windows, Version 21.0.V.20). Variables were presented as mean +
standard deviation (SD) if normally distributed or median (interquartile
range) if not. Differences between groups were compared by Student's t-
test and Mann-Whitney for continuous variables and by y2 test (or Fisher
exact test where appropriate) for categorical variables.

Univariate logistic regression for categorical variables and univariate
linear regression for continuous variables were performed to explore
predictors of death. A p value <0.05 was used as entry criterion.

A stepwise forward conditional logistic regression analysis was per-
formed with death as dependent variable. The independent variables
included in the analysis were selected from a bivariate analysis, with a
0.10 level as a screening criterion for the selection of candidate vari-
ables. Correlations between independent variables were checked for
possible collinearity between variables (defined as rho >0.6). Adjusted
odds ratios (adjOR) and 95% confidence interval (CI) were calculated
from the logistic regression analyses. A two-tailed p value <0.05 was
considered significant.
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3. Results
3.1. Characteristics of the patients

Over an interval time of 30 days, 162 patients were recruited. Ten
(6.2%) patients were excluded due to poor or suboptimal echocardio-
gram quality. One hhundred and fifty-two patients were finally enrolled.
Characteristics of the study population are reported in Table 1. Mean age
was 70.5 years (IQR 56.2-80 and 86 patients (56.6%) were male. At
least one cardiovascular risk factor was present in 108 (71.1%) of the
patients. Half of the patients (n = 76) had an existing cardiac condition
including coronary artery disease (CAD), heart failure (HF), valvulop-
athy (grade > moderate), or a comorbidity including cancer, COPD and
asthma. In 10 patients (6.6%) diagnosis of arterial hypertension (HTN)
was made during the hospital stay.

Data regarding symptoms, CT findings and blood tests are reported in
Table S1 (Supplementary data) while data on clinical course and CV
findings are shown in Table S2 (Supplementary data).

The admission in ICU was necessary in 44 patients (28.9%). Chest CT
revealed ground glass appearance in 130 patients (85.5%) of patients,
consolidation in 116 (76.3%) and pleural effusion in 26 (17.1%).

3.2. Cardiovascular disease (CVD)

Cardiovascular disease, comprising a wide spectrum of conditions
(Fig. 2), was observed in 27.6% of the population studied (42 patients).
Specifically, two patients were admitted with anterior ST-Elevation-
Myocardial Infarction (STEMI). One of these had a total occlusion of
left anterior descending artery (LAD) due to thrombus and was treated
by percutaneous coronary intervention (PCI) and thrombus aspiration.
CMR showed an extensive anterior myocardial infarction (MI) with LV
dysfunction (Fig. 2: A1-A5). Other two patients presented with Tako-
Tsubo's syndrome. One had severe LV dysfunction with mid-apical
ballooning at left ventricular angiography and died after a few hours
from the procedure due to cardiogenic shock. Cardiac autopsy revealed
diffuse oedema, multiple foci of contraction band necrosis, interstitial
macrophages CD68+ and occasional presence of microthrombi in the

Table 1
Baseline characteristics of the population.
Parameter All patients (n = 152) p-value
CVD (n = 42) Non CVD (n = 110)
Male sex, n (%) 28 (66.7) 58 (52.7) 0.14
Age, y.0 * 68 (58-82) 71 (54-80) 0.98
Obesity n (%) 4 (9.5) 18 (16.4) 0.44
HTN, n (%) 18 (42.9) 64 (58.2) 0.10
HTN new diagnosis, n (%) 4 (9.5) 6 (5.5) 0.46
Diabetes, n (%) 12 (28.6) 12 (10.9) 0.01
Dyslipidemia, n (%) 10 (23.8) 24 (21.8) 0.83
At least 1 CRF-X, n (%) 28 (66.7) 80 (72.7) 0.55
CAD, n (%) 10 (23.8) 10 (9.1) 0.02
CABG, n (%) 2(4.8) 2(1.8) 0.30
PCI, n (%) 6(14.3) 6 (5.5) 0.09
AF, n (%) 6(14.3) 10 (9.1) 0.38
CRF, n (%) 8 (19.04) 12 (10.9) 0.19
HF, n (%) 6 (14.2) 6 (5.5) 0.09
Valvulopathy, n (%) 8 (19.04) 6 (5.5) 0.02
COPD, n (%) 4(9.5) 10 (9.1) 1
Asthma, n (%) 2(4.8) 2(1.8) 0.28
Cancer, n (%) 8(19.0) 18 (16.4) 0.81
Chemotherapy, n (%) 6 (14.3) 12 (10.9) 0.58
Radiotherapy, n (%) 2(4.8) 4 (3.6) 0.67

Unless specified, values are number of patients (%). * median (interquartile
range).

AF: atrial fibrillation, CABG: coronary artery bypass grafting, CAD: coronary
artery disease, CVD: cardiac disease, COPD: chronic obstructive pulmonary
disease, CRF: chronic renal failure, CRF-X: classical risk factors, HF: heart fail-
ure, HTN: hypertension, PCI: percutaneous coronary intervention.
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Fig. 2. Examples of cardiac events.

The figure shows examples of in-hospital CVD. Fig. A: patient presented with anterior STEMI (A1), with obstructed LAD (A2-A3), oedema (A4) and LGE (A5) at the
mid-apical anterior segments by CMR (A4-A5). Fig. B: patient presented with diffuse ST segment elevation (B1), unobstructed coronary arteries (B2-B4) and mid-
apical ballooning at the ventricular angiography (end-diastolic frame, B5, and end-systolic frame, B6). Autopsy revealed presence of contraction band in car-
diomyocytes (B7) and marked interstitial oedema and mononucleate cells, in absence of myocyte necrosis (B8). Fig. C1 (magnification in C2): patient with thrombi in
the segmental pulmonary arterial branches for the posterior and middle-basal segment of the right lower lobe while in D1 (magnification in D2) a patient with
intraluminal thrombus in the arterial branch for the lower right lobe.

Figs. E-G: three cases of CMR findings suggestive of myocarditis: non-ischemic LGE (sub-epicardial at the inferior wall and mid-myocardial at the inferior septum) (E);
sub-epicardial LGE areas at the lateral wall (breathing artefact in the image) (F); short axis high native T1 Mapping at the basal lateral wall (G1) and sub-epicardial
LGE at the same level (G2) in 3 chamber view. Fig. H: patient presenting with severe biventricular dysfunction, troponin raise, diffuse ECG changes (H1) and
unobstructed coronary arteries (H2—H3). Fig. I: patient with myocarditis with high native T1 Mapping (ROI in the anterior wall: 1133 ms, in the inferior wall: 1030
ms). Fig. L: non-ischemic LGE at the inferior RV insertion point. Multiple areas of increased signal in the cine (M1 end-diastolic frame and M2 end-systolic frame)
sequences at the subpericardial level in the anterior and inferior wall. Patient with acute pericarditis (N1-N2).

small coronary arteries (38). Molecular analysis did not detect SARS-
CoV-2 genome within the myocardium (Fig. 2: B1-B8). Four patients
had an acute pulmonary embolism and showed RV dysfunction (Fig. 2:
C1-C2 and D1-D2). Six patients with new onset of bi-ventricular
dysfunction underwent CMR showing findings suggestive of acute
myocarditis (Fig. 2: E, F, G1-G2) accordingly to the revised lake Louise
consensus criteria (33). Other two patients had a diagnosis of myocar-
ditis based on the onset of bi-ventricular dysfunction, troponin raise and

diffuse ECG changes in the absence of angiographically detectable cor-
onary artery disease. CMR in the above two cases was not performed due
to claustrophobia. In other five patients with isolated LV dysfunction
CMR findings were consistent with acute myocarditis (Fig. 2: I, L, M).
One patient had a final diagnosis of myocarditis based on the observa-
tion of isolated LV dysfunction, troponin raise and acute chest pain with
non- obstructive coronary arteries; CMR was not performed due to pa-
tient refusal. Other four patients presented acute pericarditis confirmed
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Table 2
Results of the logistic regression analyses with death as dependent variable.
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Dependent variable Logistic regression Independent variables adjoOR 95%CI P value Other variables (not selected by the model)
Death Overall p value <0.001 Age 1.03-1.10 0.001 Heparin, HTN

R%=0.272 CVD 1.30-8.13 0.011

Well classified = 82.9 MV 1.23-7.98 0.017

CVD: cardiovascular disease, HTN: arterial hypertension, IMV: Invasive mechanical ventilation.

by CMR in two cases (Fig. 2: N1, N2).

In addition to these cases, other four patients had biventricular
dysfunction, ten isolated LV dysfunction and two RV dysfunction. In
such cases, further evaluations were not performed due to unstable
condition or death (n = 12), acute renal failure (n = 2) or patient refusal
(n = 2). Pericardial effusion was identified in 36% of patients. Signifi-
cant (grade > moderate) valve disease was observed in n = 14 (9%) and
this was known prior the admission for COVID-19.

No differences were observed in terms of baseline characteristics,
symptoms at presentation, ABG, ECG and Chest CT findings between
patients who experienced CVD during hospital stay and those who did
not, except for diabetes (p = 0.01) and ischemic heart disease (p = 0.02)
which were more frequent in the CVD group (Table 1). Systolic blood
pressure at admission was lower in CVD compared to non-CVD (p =
0.023). No differences in term of laboratory tests were observed between
patients with CVD versus non-CVD except for LDH (p = 0.034) and C-
reactive protein (p = 0.02) being higher and calcium (p = 0.031) and
lymphocytes (p = 0.002) being lower in CVD. Furthermore, the pro-
portion of patients with troponin raise was greater in CVD compared to
non-CVD group (80.9% vs 25.5%, p < 0.001). A greater proportion of
patients with CVD required ICU admission (p < 0.001) and invasive
mechanical ventilation (IMV) compared to non-CVD (p < 0.001). On the
contrary, a greater percentage of the non-CVD group was treated by
oxygen therapy (p < 0.001). Differences in medical treatment between
the two groups were related only to loop diuretics (p < 0.001) and
heparin (p = 0.009) which were administered in a greater percentage to
CVD group compared to non-CVD. Death occurred more often in pa-
tients presenting with CVD compared to those patients who did not
experience CVD (p = 0.003). At univariate analysis, the occurrence of
CVD, age, and troponin raise were associated with all-cause death
(Table S4, Supplementary data). After adjustment for confounders, older
age, CVD occurrence and IMV were independently associated with death
(Table 2).

3.3. One-month follow-up

Among the COVID-19 survivors discharged from the hospital (n =
120, 78.9%), 78 patients (65%) attended the follow-up visit. Of the
remaining 42 patients: 20 (16.7%) could not be contacted, 10 (8.3%)
refused, 6 (5%) moved abroad and 6 (5%) were in rehabilitation clinic.

The patients who refused and those who moved abroad (n = 16) were
alive, reported to be healthy and did not have any re-hospitalization
(Fig. S2). Among the 78 patients who attended the follow-up visit,
sixteen had experienced a CVD during the hospital stay: 8 acute
myocarditis, 2 STEMI, 4 acute pulmonary embolism and 2 acute peri-
carditis. No one was re-hospitalized after hospital discharged. Echo-
cardiography results are reported in Table S3 (Supplementary data). No
significant differences in terms of dimension, systolic and diastolic
function were detected between patients who experienced CVD and
those who did not.

At follow-up visit, the patients who experienced anterior STEMI were
asymptomatic and showed an improvement in LV function. The four
patients who experienced acute pulmonary embolism were in NYHA
class II and presented a mixed ventilatory defect with reduced diffusing
capacity of the lungs for carbon monoxide (DLCO). Two of these showed

oxygen desaturation during 6MWT (6 min walking test). All had a
decreased extent of the pulmonary ground glass opacity and the disap-
pearance of the thrombo-embolic phenomena at follow-up chest CT. An
improvement in the RV function and a normal systolic pulmonary
arterial pressure on echocardiogram.

Among the 8 patients who experienced acute myocarditis, seven had
a normal bi-ventricular EF, while one of the two patients who did not
undergo CMR due to claustrophobia had a mildly impaired bi-
ventricular systolic function.

The patients who experienced acute pericarditis were asymptomatic
with normal value of C-reactive protein and with no pericardial effusion
on echocardiography.

Of the 62 patients without CVD during hospital stay who attended
the follow up visit only two patients appeared to have developed acute
pericarditis and an appropriate treatment was started. The remaining
patients did not report re-admission to hospital nor did they present any
new onset of CVD. Only two patients had pulmonary hypertension
secondary to pre-existing severe mitral stenosis.

3.4. One-year follow-up

Among COVID-19 survivors discharged from the hospital (n = 120,
78.9%), 118 patients (98.3%) were contacted by phone after a mean of
347 + 10 days from COVID-19 diagnosis. The remaining patients (n = 2,
1.6%) were not contactable.

Fifty-seven patients (47.5%) reported symptoms, with fatigue being
the most frequent (14.2%), followed by dyspnoea (10.8%), impaired
memory (5.8%), palpitations (4.2%), arthomyalgia (4.2%), cutaneous
manifestations (5%), chest pain (1.7%), ageusia (1.7%), gastrointestinal
symptoms (1.7%) and ocular manifestations (1.7%).

With regards to the patients who experienced CVD during hospital-
ization, the patient with myocarditis and persistent mildly impaired bi-
ventricular function at one month follow-up reported fatigue; another
patient with myocarditis and the four patients with pulmonary embo-
lism still reported being in NYHA class II; the two patients with delayed
onset of pericarditis at one month follow-up reported palpitations; the
remaining patients who experienced a previous CVD did not complain of
symptoms.

Furthermore, 9.3% (n = 11/118) of the patients had a re-
hospitalization: one of the patients reporting chest pain was hospital-
ized and underwent coronary angiography showing not significant
coronary artery disease. The remaining rehospitalizations were due to
urinary tract infections, acute renal failure or complications related to
known cancer.

4. Discussion

This study was designed during the first wave of the COVID-19
pandemic given the growing number of cases reporting cardiovascular
involvement. The main aim was to assess the prevalence of the new
onset of CVD in consecutive unselected hospitalized COVID-19 patients
based on a systematic cardiovascular evaluation. The major finding of
the present study is that the occurrence of new cardiovascular conditions
is common (28%) among patients admitted with severe COVID-19 dis-
ease. The conditions varied, ranging from acute myocarditis (more
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frequently) and pericarditis, MI, Tako-Tsubo's syndrome and acute
pulmonary embolism. This study was not designed to assess the asso-
ciation between the occurrence of CVD and prognosis. However, we
observed that CVD, older age and mechanical ventilation were inde-
pendently associated with death even after adjustment for confounders.
Specifically, the occurrence of CVD was associated with threefold in-
crease in the risk of death. This systematic cardiovascular evaluation in
COVID-19 patients allowed to identify patients with new onset of CVD
requiring further tests and specific management.

Cardiovascular involvement including myocarditis, MI, and exacer-
bation of HF have been described during the previous SARS-CoV and
MERS epidemic and contributed significally to mortality (39). In COVID-
19 patients growing evidence on the involvement of the cardiovascular
system has been accumulated with different and often coexisting
possible mechanisms: myocarditis, hypercoagulability, stress cardio-
myopathy and cytokine storm (40). However, there is limited evidence
and the true prevalence of cardiovascular conditions is still unclear due
to the lack of specific and uniform diagnostic algorithms. A large mul-
ticentric registry aimed to determine the frequency and pattern of car-
diac complications reported an overall incidence of cardiac
complications of 11.6% among 3011 hospitalized COVID-19 patients,
with atrial fibrillation being the most frequent complication. However,
the lack of central adjudication of events, missing data regarding cardiac
biomarkers and echocardiography limited the results at this stage (41).

Studies based on echocardiographic evaluation reported a high
prevalence of cardiac involvement (8,9,42) and results were different
from ours. In two studies (8,42), a high burden of RV involvement was
reported while in our cohort this was uncommon (4%) and related to
acute pulmonary embolism in four cases. Our different results possibly
reflect the fact that heparin was administered in 70% of our cohort,
while in the previous studies heparin was a variable part of the treat-
ment. A recent study performed in our centre showed that high dose
low-molecular-weight heparin for venous thromboembolism prophy-
laxis reduced the incidence of thrombotic complications without an
increase in bleeding events (43).

The other study (9) was a survey which included also presumed
COVID-19 cases and a clinical indication was the reason of the echo-
cardiographic evaluation. The aforementioned studies were limited to
detect echocardiographic abnormalities and no further examinations
were performed and a final diagnosis was then not reached.

In a multicenter retrospective cohort study of 305 patients, echo-
cardiographic abnormalities were present in two-thirds of patents with
myocardial injury. However, myocardial injury was defined as any
elevation in cardiac troponin. CMR was not performed and only a small
number of patients underwent cardiac catheterization (44).

In our study, patients with newly detected systolic dysfunction un-
derwent CMR, when feasible. Tissue characterization (including Map-
ping technique and LGE) revealed findings consistent with acute
myocarditis in thirteen cases. The patient who experienced a fatal Tako-
Tsubo syndrome did not present histopathological findings of myocar-
ditis. However, abundant macrophages CD68+ were observed in the
myocardial interstitium, in absence of myocyte necrosis (38). This
observation is in keeping with the finding of increased interstitial
macrophages recently reported by Basso et al. as the most common
feature in a series of 21 COVID-19 autopsies (13).

Patients with CVD were more often admitted in intensive care unit
and in most of the cases showed increased levels of troponins. Further
cardiovascular examinations were not feasible among 42% patients with
abnormal echocardiogram due to different reasons (critical condition/
death, refusal, acute renal failure).

In the present study we also present data on short and long term
follow up of previously hospitalized COVID-19 patients. Little is known
of the prevalence of cardiovascular sequelae in COVID-19 survivors, and
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there are no clear recommendations for follow-up of COVID-19 patients.
Some reports suggest that cardiac involvement is frequent during the
recovery phase or at short follow-up.

A six-weeks follow-up study on a limited number of patients (n = 33,
hospitalized but not severe) COVID-19 survivors, which included
echocardiography and respiratory functional assessment, reported
symptoms of fatigue with no pulmonary and cardiac impairments (22).

Another follow-up study performed after 6 weeks on eighty-one
patients reported residual symptoms (chest pain in 14% of patients),
no severe cardiac dysfunction and no new onset of arrhythmia during
24-h ECG-monitoring (23).

A cardiopulmonary evaluation performed at 60 and 100 days after
COVID-19 diagnosis reported a high rate of diastolic dysfunction, while
pulmonary hypertension and pericardial effusion was observed in a
smaller portion of the cohort; a reduced LVEF was described in only four
patients (24).

A different study focusing on CMR findings in the sub-acute disease
phase (2 weeks from diagnosis, absence of respiratory symptoms and
negative swabs) revealed a frequent cardiovascular involvement char-
acterized by acute tissue changes (25). More recently, a study reported
CMR abnormalities in half of severe COVID-19 survivors with troponin
elevation during hospital stay, even though these findings could be pre-
existing (26).

Despite these data seems to suggest a frequent cardiovascular
involvement, they are cross-sectional, heterogeneous in term of protocol
applied and study patients characteristics.

Our follow-up study was performed to evaluate the possible persis-
tence of the CVD diagnosed during the hospital stay or the delayed onset
of new condition. We performed a one-month follow-up visit and a one-
year follow-up by a phone-call interview to investigate the persistence of
any symptoms or the occurrence of re-hospitalizations. At one month
from discharge almost 9% had a persistent or a new onset cardiovascular
condition. These patients reported persistence of symptoms at one year
follow-up. Overall, a total of 48% of survivors complained of symptoms
at one year, with fatigue being the most frequent.

These preliminary data and the experience from previous Corona-
virus epidemics suggest the need for monitoring COVID-19 survivors.
However, further studies on long-term follow-up including greater co-
horts are needed.

The main limitations of this study are the single centre design and the
limited size of the study population. FoCUS scan was preferred to
standard echocardiography as recommended by international guidelines
(45,46), published at the beginning of pandemic, but this precluded
quantification of chamber dimension and function, as well as the
detection of subtle cardiac changes. In a proportion of patients, further
examinations were not performed due to patient related reasons with a
consequent underestimation of cardiac condition. Endomyocardial bi-
opsy was not performed since ESC Guidance for the Diagnosis and
Management of CV Disease during the COVID-19 Pandemic did not
recommend it in COVID-19 patients with suspected myocarditis (47).
Thus, the diagnosis of myocarditis relies only on clinical, serologic and
imaging findings (26).

Finally, follow-up was based on voluntary participation, possibly
introducing a selection bias. Our one-year follow-up was limited to a
telephone follow-up.

5. Conclusion

In conclusion, CVD occurrence in hospitalized COVID-19 patients is
common (28%) covering a wide spectrum of cardiac conditions, with
myocarditis being the most frequent. Acute cardiovascular event along
with older age and the need for mechanical ventilation increase the risk
of in-hospital mortality. Cardiovascular evaluation in COVID-19
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patients is crucial since it allows to identify patients who could benefit
from specific treatment with impact on prognosis.

Persistence or delayed presentation of CVD at 1-month (9%) and
persistent symptoms at 1-year follow-up (48%) suggest the need for
monitoring COVID-19 survivors.
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