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Aims: Several risk factors have been identified to predict worse outcomes in patients
affected by SARS-CoV-2 infection. Prediction models are needed to optimize clinical
management and to early stratify patients at a higher mortality risk. Machine learn-
ing (ML) algorithms represent a novel approach to identify a prediction model with a
good discriminatory capacity to be easily used in clinical practice.
Methods and results: The Cardio-COVID is a multicentre observational study that in-
volved a cohort of consecutive adult Caucasian patients with laboratory-confirmed
COVID-19 [by real time reverse transcriptase—polymerase chain reaction (RT-PCR)]
who were hospitalized in 13 Italian cardiology units from 1 March to 9 April 2020.
Patients were followed-up after the COVID-19 diagnosis and all causes in-hospital
mortality or discharge were ascertained until 23 April 2020. Variables with more than
20% of missing values were excluded. The Lasso procedure was used with a k¼ 0.07
for reducing the covariates number. Mortality was estimated by means of a Random
Forest (RF). The dataset was randomly divided in two subsamples with the same per-
centage of death/alive people of the entire sample: training set contained 80% of
the data and test set the remaining 20%. The training set was used in the calibration
procedure where a RF models in-hospital mortality with the covariates selected by
Lasso. Its accuracy was measured by means of the ROC curve, obtaining AUC, sensi-
tivity, specificity, and related 95% confidence interval (CI) computed with 10 000
stratified bootstrap replicates. From the RF the relative Variable Importance
Measure (relVIM) was extracted to understand which of the selected variables had
the greatest impact on outcome, providing a ranking from the most (relVIM¼ 100) to
the less important variable. The model obtained was compared with the Gradient
Boosting Machine (GBM) and with the logistic regression, where the predictions were
cross validated. Finally, to understand if each model has the same performance in
sample (training) and out of sample (test), the two AUCs were compared by means
of the DeLong’s test. Among 701 patients enrolled (mean age 67.26 13.2 years,
69.5% males), 165 (23.5%) died during a median hospitalization of 15 (IQR, 9–24)
days. Variables selected by the Lasso were: age, Oxygen saturation, PaO2/FiO2,
Creatinine Clearance and elevated Troponin. Compared with those who survived, de-
ceased patients were older, had a lower blood oxygenation, a lower creatinine
clearance levels and higher prevalence of elevated Troponin (all P< 0.001). Training
set included 561 patients and test set 140 patients. The best performance out of
sample was provided by the RF with an AUC of 0.78 (95% CI: 0.68–0.88) and a sensi-
tivity of 0.88 (95% CI: 0.58–1.00). Moreover, RF is the unique methodology that
provided similar performance in sample and out of sample (DeLong test P¼ 0.78). On
the contrary, prediction model was less accurate by using GBM and logistic regres-
sion. The relVIM ranked the variables from the most to the less important in
predicting the outcome as follows: clearance creatinine, PaO2/FiO2, age, oxygen sat-
uration, and elevated Troponin.
Conclusions: In a large COVID-19 population, we showed that a customizable ML-
based score derived from clinical variables, is feasible and effective for the predic-
tion of in-hospital mortality.
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Aims: Most patients who had COVID-19 are still symptomatic after many months post
infection, but the long-term outcomes are not yet well-defined. The aim of our pro-
spective/retrospective study was to define the cardiac sequelae of COVID-19
infection.
Methods and results: This monocentric cohort study included 160 consecutive
patients (64 females, 60þ 12 years) who had been discharged from the ward or from

the outpatient clinic after a diagnosis of COVID-19 and subsequently referred for a
follow-up visit. Clinical features as well as lab and instrumental data about the acute
phase of the disease, such as haemodynamic instability (HI), cardiac biomarkers, D-
dimer, C-reactive protein (CRP), high resolution CT (HRCT) score along with informa-
tion about the follow-up visit, including ECG and Conventional and Doppler Tissue
Echocardiographic (DTE) parameters, were recorded. The median follow-up time af-
ter symptom onset was 5months. At follow-up visit, the majority of the patients
reported dyspnoea and asthenia. Moreover, echocardiography showed morpho-
functional changes of both right (RV) and left (LV) ventricles, such as RV dilation, in-
creased pressure in the pulmonary circulation, and by-ventricular systolic–diastolic
dysfunction. When examined using multivariate analysis, independent of age, sex,
and co-morbidities, RV and LV changes were significantly associated (P< 0.05) with
HRCT score and HI and with CRP, respectively.
Conclusions: Our results suggest that COVID-19 may impact RV and LV differently.
Notably, the extent of the pneumonia and HI may affect RV, whereas the inflamma-
tory status may influence LV. A long-term follow-up is warranted to refine and
customize the most appropriate therapeutic strategies.
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Aims: Sex-differences have been demonstrated in the acute phase of COVID-19 infec-
tion; females (f) were found to be less prone to develop a severe disease than males
(M), but few studies have assessed sex-differences in Long-COVID-19 syndrome.
Methods and results: The aim of this prospective/retrospective study was to charac-
terize the long-term consequences of this infection from a sex-perspective. For this
purpose, we enrolled 223 patients (89 F and 134 M) who experienced a SARS-CoV-2
infection. In the acute phase of the illness, females reported more frequently than
males: weakness, dysgeusia, anosmia, thoracic pain, palpitations, diarrhoea, and my-
algia without significant differences in breathlessness, cough, and sleep disturbance.
After a mean follow-up time of 5months after the acute phase, females were signifi-
cantly more likely than males to report weakness, thoracic pain, palpitations, and
sleep disturbance but not myalgia and cough. At the multivariate logistic regression,
women were statistically significantly likely to experience persistent symptoms such
as dyspnoea, fatigue, chest pain, and palpitations. On the contrary, myalgia, cough
and sleep disturbance were not influenced by sex.
Conclusions: We demonstrated that females were more symptomatic than males not
only in the acute phase but also at follow-up. Sex was found to be an important de-
terminant of Long-COVID syndrome because it is a significant predictor of persistent
symptoms in females, such as dyspnoea, fatigue, chest pain, and palpitations. Our
results suggest the need for long-term follow-up of these patients from a sex-
perspective in order to implement early preventive and personalized therapeutic
strategies.
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SARS-CoV-2 vaccination is associated with potential side effects, particularly follow-
ing second vaccine dose. Recent case series have reported a potential association
between SARS-CoV-2 vaccination and acute myocarditis, predominantly in young
males. We hereby describe a previously healthy 17-year-old man, with no past car-
diac history, who presented to the emergency department with persistent chest pain
and fever (up to 38 �C). The patient had received the first dose of Cominarty
(BioNTech/Pfizer) vaccine 10 days before symptom onset and reported flu-like symp-
toms and conjunctivitis involving both eyes one week before administration of the
first vaccine dose. On that occasion, no COVID test was performed and the patient
was treated with anti-inflammatory drugs and antibiotic eye drops. On admission,
laboratory tests were performed (Troponin-I D 19 500–23 270 ng/l. CRP 23mg/dl, ESR
43 s, WBC 17 570 cell/mm3) as well as COVID-19 PCR, Serological tests and
Autoimmune disorders panel all resulting negative. CT coronary angiogram did not re-
veal any spontaneous coronary artery dissection or anomalous origin of coronary
arteries and Calcium Score was 0. Transthoracic echocardiography showed a de-
pressed LVEF (36%) with concomitant posterior and inferior wall as well as posterior
and anterior basal interventricular septum hypokinesia. Endomyocardial biopsy
revealed multifocal lymphocytic myocarditis with sub-endomyocardial and intersti-
tial fibrosis. CMR was also performed (1-week after presentation) demonstrating
mildly depressed systolic function (LVEF 47%), with hypokinesia of the posterior and
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