
ventricle (FSLV, 28.5%) and 21 a functional single right ventricle (FSRV, 60%); 4
patients had undetermined single ventricle (11.5%). Total cavo-pulmonary connection
(TCPC) with intracardiac lateral tunnel was performed in 7 patients (20%, N¼ 7),
whereas 28 patients had TCPC with external conduit (80%). Data from echocardio-
graphic evaluation showed a medium EF established with Simpson’s method of 60% in
patients with FSLV; patients with a FSRV or undetermined single ventricle had a me-
dium FAC of 41.1%, with 15.1% having a reduced FAC< 35%. No FSLV patients had an
EF< 50%. When using creatinine-based formula, data about renal function in our
population showed a stage 2 chronic kidney disease (eGFR: 60–89ml/min 1.73 mq) in
11% of total population (N¼ 4), that became 26% when using cystatin C-based equa-
tion (N¼ 9), with one patient showing a moderate reduced loss of kidney function
(eGFR: 40–59ml/min 1.73 mq). Urinalysis showed 29% (N¼ 10) of patients having
microalbuminuria (microalbumin/creatinine ratio between 30 and 300mg/g).
Statistical analysis demonstrated a negative correlation between systolic function
(TAPSE for FSRV) and cystatin C blood levels (Pearson’s R �0.428, P¼ 0.053), and be-
tween systolic function (FAC and Simpson) and microalbuminuria (Pearson’s R �0.414
with P¼ 0.049 and Pearson’s R �0.754 with P¼ 0.019, respectively). Transient elas-
tography reported 10 patients (29.4%) with abnormal hepatic stiffness for Fontan
patients. That condition appeared to be more frequent in patients with higher grade
of AV valve insufficiency (P< 0.05).
Conclusions: Our population showed an higher prevalence of FSRV Fontan patients,
with an expected lower systolic function compared with FSLV. 2D evaluation of sys-
tolic function showed a linear inverse correlation with renal function, suggesting
that Fontan patients need a closer renal monitoring. Hepatic stiffness, which is a
warning sign of potential hepatic cirrhosis need to be monitored in all Fontan
patients, especially those with a worse AV valve insufficiency.

613 Fontan associated nephropathy: does diastolic function play a role?
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Aims: In Fontan patients, the pathophysiology of diastolic function and its relation-
ship with systemic complications are still not well understood.
Methods and results: This is a prospective study including patients who underwent
Fontan completion in our centre between 1993 and 2016. We excluded patients with
major congenital renal anomalies, those who underwent cardiac transplantation and
redo-Fontan patients. All the subjects underwent clinical evaluation, laboratory
exams with complete renal and hepatic function, transient hepatic elastography, and
complete cardiac evaluation. We used Schwartz equation for estimating glomerular
filtration rate in patients younger than 18 years, and CDK-EPI equation for adult
patients. We enrolled 35 patients, 46% female (N¼ 16), and 54% male (N¼ 19).
Medium age was 17 years old (range: 10–31 years old). Medium time from Fontan
completion was 160months (range: 57–340months). Ten patients had a functional
single left ventricle (FSLV, 28.5%) and 21 a functional single right ventricle (FSRV,
60%); four patients had an undetermined single ventricle (11.5%). Data from renal
function assessment showed a prevalence of stage 2 chronic kidney disease (eGFR:
60–89ml/min 1.73 mq). Of those, 11% with creatinine-based equation and 26%
(N¼ 9) when using cystatin C-based equation, with one patients showing a moderate
reduced loss of kidney function (eGFR: 40–59ml/min/1.73 mq). Most of the patients
with reduced eGFR measured with cystatin C were FSRV (89%). None had laboratory
markers of acute tubular damage, but four patients had signs of chronic tubular dys-
function with elevation of beta 2 microglobulin (13%). Echocardiographic evaluation
of diastolic function showed two patients with baseline E/A< 1 (6%, tot N¼ 33) and
11/33 (33%) pts with abnormal E/E0 (>12). All of them were FSRV patients (100%).
Interestingly, statistical correlation between diastolic parameters and renal function
showed a significant association between tubular damage parameters, such as alfa1-
microglobulin and beta2microglobulin, and E/E0 (Pearson’s R 0.4 and 0.48,
respectively, P< 0.05), both for FSLV and FSRV patients. Diastolic function appeared
to be associated also with glomerular filtration: we found a statistically significant
direct correlation between diastolic pulmonary wave deceleration time (dt D wave)
and creatinine value (Pearson’s R 0.49, P< 0.05). Supporting the role of diastolic
function in Fontan systemic complications is the linear correlation we found with he-
patic tests: higher values of aspartate aminotransferase and of gamma-
glutamyltransferase were associated with worse diastolic ventricular filling (longer
dt D wave and E wave deceleration time, lower TDI early diastolic wave; Pearson’s R
0.45, 0.5, and �0.41, respectively, P< 0.05).
Conclusions: Fontan-related nephropathy is associated with worsening diastolic func-
tion, which was more represented in FSRV patients. Diastolic function is also

associated with liver disease in Fontan patients. Those data suggest renal and liver
function should be closely monitored in patients with impaired diastolic function.

198 Intrapulmonary shunt assessment in pulmonary arterial hypertension
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Claudia Malerba, Annalisa Caputo, Giulia Manguso, Francesca Adamo, Giorgia Serino,
Mauro Schina, Roberto Badagliacca, Susanna Sciomer, and Carmine Dario Vizza
Sapienza Università di Roma, Italy

Aims: Pulmonary arterial hypertension (PAH) is a rare, progressive disease with a
poor prognosis. It is characterized by the presence of mean pulmonary arterial pres-
sure (mPAP) �25mmHg along with a pulmonary arterial wedge pressure (PAWP)
�15mmHg and pulmonary vascular resistance (PVR) >3 Wood units at right heart
catheterization, in the absence of other causes of pre-capillary PH such as PH due to
lung diseases, chronic thromboembolic PH, or other rare diseases. Hypoxaemia is a
frequent finding in patients with PAH and could be related to ventilation–perfusion
mismatch, reduced diffusing capacity, decreased cardiac output, or the opening of
intrapulmonary (IP) or intracardiac shunt. Purpose of the present study is to detect
IP shunts in PAH patients and its determinants.
Methods and results: We retrospectively enrolled 29 PAH patients, collecting clinical
parameters, haemodynamic and blood gas analysis at baseline and after specific
therapies at follow-up. Shunt fraction was calculated by the formula (Cc—Ca)/(Cc—
Cv) during oxygen supplementation (FiO2 100%). Intracardiac defects were excluded
by echo contrast examination. As expected, after treatments our results showed a
significant decrease of PAPm (�7.26 11.6mmHg) and a significant decrease of PVR
(�2.16 3.9 WU). However, it was reported a statistically significant decrease in Hb
value (�1.26 1.7 g/dl), in SpO2 (�2.16 3.8%) and in the alveolar–arterial oxygen
gradient (a-ADO2) (þ54.56 113.1mmHg). 6MWT and NYHA decreased at follow-up
but not statistically significance was detected. IP shunt increase was detected at
follow-up after specific treatments (delta Shunt þ6.96 6.5%). At multivariate analy-
sis delta PVR remains the only independent determinants of delta Shunts with a
significative increment of shunts when PVR are reduced by more than three WU.
Conclusions: Specific PAH treatments determine a decrease of PVR, but a reverse
correlation with IP shunt was noticed. Increase of IP shunt could be not a favourable
clinical feature. In fact high IP shunt fraction could determine hypoxaemia and the
need of a chronic oxygen supply therapy. Although a not statistically significant de-
crease of 6MWT and NYHA was found, it is reasonable that a long-standing
hypoxaemia could reduce the aerobic function capacity. Ours results unfortunately
were deeply influenced by the loss of a great part of elective patients during the
pandemic, with the most part of data coming from patients needing hospitalization.
This could explain why the delta shunt fraction is higher than expected.

353 SARS-CoV-2 pulmonary vasculitis and Takotsubo myocarditis syndrome.
Hypoxia, endothelial dysfunction, and inflammation are the trigger?

Walter Serra, Federico Barocelli, and Francesco Di Spigno
Cardiology Division, University Hospital of Parma, Italy

Aims: Nowadays the spread of respiratory infection caused by SARS-CoV-2 results in a
global pandemic. The World Health Organization (WHO) declared about 450 000
deaths in more than 200 countries, until June 2020. SARS-CoV-2 pneumonia develops
a stress condition through systemic hypoxygenation with activation of adrenergic
pathways. Takotsubo syndrome is characterized by a temporary wall motion abnor-
mality of the left ventricle (LV) and has common features with acute coronary
syndrome (ACS), representing a form of myocardial infarction without coronary ar-
teries thrombosis. Among possible causes there are several stress conditions,
including physical, psychological, and illnesses, for example interstitial pneumonia.
Methods and results: A 54-years-old man, previous smoker, was admitted to emer-
gency room (ER) complaining of dyspnoea and fever, initially treated with
ceftriaxone. Physical examination was characterized by tachypnoea (respiratory rate
30 acts/min), tachycardia and hypotension (arterial pressure 90/60mmHg), and
hypoxaemia at transcutaneous saturation (Sat O2 85%). High-resolution computed to-
mography (HRCT) showed bilateral interstitial pneumonia with ground glass opacities
(visual involvement of 80% of pulmonary parenchymal) (Figure 1). Nasopharyngeal
swab was positive for SARS-CoV-2 and ECG revealed Atrio-Ventricular Nodal
Reentrant Tachycardia (AVRNT) with heart rate of 140 b.p.m., partially responsive to
Valsalva manoeuver (Figure 2). Echocardiogram showed severe ventricular dysfunc-
tion [ejection fraction (EF): 30–35%] with hypokinesia of apical region associated
with hyperkinesia of medio-basal segments, mild mitral regurgitation, and slight
pericardial effusion (Figure 2). Laboratory tests were TnI hs 10 ng/l first detection –
26 ng/l second detection (normal range: 2.3–17.8 ng/l), PCR >250mg/l (normal range
0.5–5mg/l), D-dimer 1893 ng/ml (normal range: <500 ng/ml), PCT 3.10 ng/ml (normal
range: 0–0.5 ng/ml). The worsening of clinical condition needed an orotracheal intu-
bation and a transfer to Intensive Care Unit (ICU). The patient was treated with
many antiviral drugs (darunavir, ritonavir), tocilizumab, steroid therapy, colchicine,
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and plasmapheresis. We observed a progressive clinical and echocardiography im-
provement, evidenced by partial recovery of EF (45%). CT scan revealed a normal
coronary tree. The patient underwent cardiac magnetic resonance (CMR) that
showed typical Takotsubo cardiomyopathy characterized by thinning and hypo-
akinesias of apical wall of left ventricle (‘apical ballooning’) and normokinesis of
basal/medium segments; no late gadolinium enhancements (LGEs); no oedema in T2
weighted images (Figure 3). Follow-up echocardiogram confirmed recovery of EF
(50%) associated with mild hypokinesia of apical segments. Acute myocardial injury,
as evidenced by elevated levels of cardiac biomarkers or electrocardiogram abnor-
malities, was observed in 7–20% of patients with COVID-19 in early studies in China
(4). In a multicentre cohort study of 191 patients with COVID-19, 33 patients (17%)
had acute cardiac injury, of whom 32 died. Whether typical clinical features of myo-
carditis were present in patients, who had elevated levels of cardiac troponins
during the course of COVID-19 is unclear because most of the early studies did not in-
clude echocardiography or MRI data. By contrast, several case reports have
described typical signs of myocarditis in patients with COVID-19. A woman aged
53 years with myocardial injury, as evidenced by elevated levels of cardiac bio-
markers and diffuse ST segment elevation on the electrocardiogram, had diffuse
biventricular hypokinesis on cardiac MRI, especially in the apical segments, in addi-
tion to severe LV dysfunction (LVEF¼ 35%). MRI data also revealed marked
biventricular interstitial oedema, diffuse LGE and circumferential pericardial effu-
sion, features that are consistent with acute myocarditis. Furthermore, in a man
aged 37 years with chest pain and ST segment elevation, echocardiography revealed
an enlarged heart. The Lake-Louise Criteria gave good diagnostic accuracy in
patients with suspected myocarditis, evaluating the principle tissue targets in myo-
carditis, including: myocardial oedema, using T2-based imaging; hyperaemia and
capillary leak, using early gadolinium enhancement (EGE) imaging; and myocyte ne-
crosis and fibrosis, using LGE imaging [14]. The presence of myocardial injury was
associated with a significantly worse prognosis. In the initial report of 41 patients
with COVID-19 in Wuhan, five patients had myocardial injury with elevated levels of
high-sensitivity cardiac troponin I (>28 pg/ml), and four of these five patients were
admitted to an ICU. Histological evidence of myocardial injury or myocarditis in
COVID-19 is also limited. An autopsy of a patient with COVID-19 and ARDS who died
of a sudden cardiac arrest showed no evidence of myocardial structural involvement,
suggesting that COVID-19 did not directly impair the heart. By contrast, another case
report described a patient with low-grade myocardial inflammation and myocardial
localization of coronavirus particles (outside of cardiomyocytes), as measured by
endomyocardial biopsy, suggesting that SARS-CoV-2 might infect the myocardium di-
rectly. In this case report, CMR showed typical Takotsubo cardiomyopathy (with
hypokinesis of apical wall of left ventricle and normokinesis of basal/medium seg-
ments), but it showed no oedema in T2-weighted images, no hyperaemia nor
capillary leakage (no myocardial EGE), no signs of necrosis or fibrosis (no LGE), no
pericardial effusion. This case-report CMR images demonstrated the absence of typi-
cal myocardial injury caused by myocarditis, evidenced by the absence of the main
tissue markers.
Conclusions: Therefore, the ventricular dysfunction, presented with Takotsubo syn-
drome typical pattern, could hypothetically be secondary to systemic
hypoxygenation and stress condition caused by the systemic inflammation and endo-
thelial dysfunction developed by SARS-CoV-2 interstitial pneumonia. About the
current diagnostic possibilities, CMR is a valuable option for the assessment of in-
flammatory heart diseases.

364 Pulmonary hypertension: survival and prognostic factors by subgroups
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Aims: The definition of pulmonary hypertension (PH) requires the documentation of
mean pulmonary arterial pressure (PAPm) �20mmHg at rest, assessed by right car-
diac catheterization. This condition can characterize multiple clinical conditions
with different pathophysiological and haemodynamic aspects. Specifically, in pulmo-
nary arterial hypertension (IAP) (Group 1), the increase in PAP is due to an intrinsic
pathology of the pulmonary microcirculation; Group 2 includes the forms of IP associ-
ated with a pathology of the left heart; Group 3 includes all pathologies of the
pulmonary parenchyma and/or hypoxic conditions that lead to a secondary impair-
ment of the small circulation; Group 4 identifies patients with chronic
thromboembolic pulmonary heart (CPCTE); finally, Group 5 includes rare clinical con-
ditions in which IP is linked to direct involvement or ab extrinsic compression of the
pulmonary vessels.
Methods and results: To examine the number of deaths and the differences between
the various subgroups, we analyzed the follow-up of approximately 76 patients
(64.306 13.20 years, 37% male) enrolled in the Pulmonary Hypertension Clinic of the
San Giovanni AOU Dio and Ruggi d’Aragona of Salerno from 2014 to 2020 excluding
patients with IP under definition and those ‘screened’ who did not show pulmonary
hypertension at rest. At each visit, the patients were subjected to anamnestic data
collection, physical examination, measurement of blood pressure, heart rate, arte-
rial saturation, transthoracic cardiac echo color Doppler at rest, attribution of the

functional class NYHA, evaluation of functional capacity by performing the test of
the 6-min walk test (6MWT) and possible programming of right cardiac catheteriza-
tion. From the data analysis it was found that 26 patients (34.21%,
55.816 13.90 years, 27% males) were affected by IP group 1; 15 patients (19.48%,
74.126 6.26 years, 20% male) were affected by IP group 2; 14 patients (18.18%,
63.346 11.52 years, 71% male) were affected by IP group 3; 12 patients (15.58%,
67.226 11.53 years, 33% male) were affected by IP group 4; 2 patients (2.60%,
71.576 12.48 years, 0% male) were affected by IP group 5; 7 patients (9.09%,
70.076 8.27 years, 57% male) were affected by group 2–3 mixed IP. Analysing the
number of deaths, of the 76 patients, 17 deaths were recorded in total (22.37%). All
patients in group 1 had been treated with specific therapy and survival was 88% at
3 years. Of the three deaths (12%) in this group, one patient had idiopathic PAH non-
responder to pulmonary vasoreactivity test, one patient belonged to the IAP sub-
group associated with congenital heart shunt but with concomitant lung disease, and
the third patient belonged to the IAP subgroup associated with connective tissue dis-
ease (specifically Takayasu’s arteritis). From the analysis of the idiopathic IAP
subgroup it emerged that the patients were all women, with an average age of
50.816 3.98 years, and that the deceased patient was distinguished at the first visit
from the other patients for: a history of arterial hypertension, dysthyroidism, and
obesity; worst NYHA class (III vs. II), elevated heart rate (102 vs. 70.006 7.07
b.p.m.) and blood pressure (SBP: 150.00 vs. 127.506 10.61; DBP 90.00 vs.
75.006 7.07mmHg) at rest at the clinic visit. Transthoracic echocardiography
revealed elevated PAPs values (100.00 vs. 42.506 20.51mmHg), low TAPSE values
(20.00 vs. 26.506 3.54mm), reduced pulmonary acceleration time (ACT 60ms), en-
largement of the right atrium (area 22 cm2), worst exercise tolerance parameters
(6MWT 300m and 86% final SO2 vs. 427.506 74.25m and 96.506 0.71% final SO2).
Conclusions: The percentage of deaths in the different groups appears very hetero-
geneous, especially if we consider the six deaths (42.86%) in group 3 and three
deaths (42.86%) in patients with mixed IP groups 2 and 3. In these two groups, age
and advanced NYHA class were the most representative prognostic factors. On the
other hand, analysing patients belonging to the idiopathic IAP subgroup, a worse
prognosis is entrusted to the negativity of the vasoreactivity test, to the presence of
cardiovascular comorbidities (arterial hypertension and dysthyroidism in our case),
to worse echocardiographic values (PAPs, TAPSE, ACT, atrial area right) and reduced
functional capacity at the 6MWT. However, early treatment and innovative drugs to-
gether with a careful strategy have been allowed.

372 Machine learning and pulmonary hypertension
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Aims: Pulmonary hypertension (IP) characterized by an average resting pulmonary
pressure �20mmHg can sustain various clinical conditions that differ in physiopatho-
logical, haemodynamic, and therefore therapeutic aspects. The goal of our work was
to apply a machine learning algorithm that could accurately distinguish pre- and
post-heart pulmonary hypertension through non-invasive methods (medical history,
clinical, and echocardiographic data).
Methods and results: In order to achieve our goal we used the ‘decision tree’ machine
learning algorithm implemented in the C5.0 package of the R development environ-
ment. The first step was the preparation of the data. The dataset of patients with IP
was composed of 85 patients divided into XX precapillary IP (1) and YY postcapillary (2).
Each patient is described by 11 features: some comorbidities (arterial hypertension and
atrial fibrillation), BMI, right axial deviation on ECG, DLCO, and some echocardiographic
measurements (e/e0, right atrial area, S wave at TDI, acceleration time on the pulmo-
nary, inferior vena cava, diameters of the right ventricle). The dataset was divided into
a data.train training subset (45 patients) and an evaluation subset (40 patients), main-
taining the proportion between classes. Starting from the training dataset, the C5.0
algorithm generated the decision tree shown in Figure 1. The root node was made up
of the mitral pattern e/e0, followed by the right axis deviation on the ECG and the ac-
celeration rate on the lung that the algorithm considered the best discriminated
features. The model was then validated in the validation dataset and through the Caret
package and the Confusion matrix function we calculated the performance metrics of
the algorithm obtaining an accuracy of 0.87, a kappa statistic of 0.742, a sensitivity of
0.913, and a specificity of 0.823. The true positive rate was 0.87 while the true nega-
tive rate was 0.87. The performance of the model was also measured using the ROC
curve, obtaining an area under the curve of 0.916.
Conclusions: Our results show that the ‘decision tree’ algorithm starting from echo-
cardiographic data and the ECG has a good ability to discriminate between the
precapillary and postcapillary IP. In particular, the decision chain consisting of: mitral
pattern and / and ratio �8, right axial deviation on the ECG and acceleration time
on the lung �80ms seems to predict the IP class with reasonable accuracy. Our
results confirm that the probability of prediction and the prediction itself depend,
however, on what degree of purity the partitions learned during the decision tree
construction process are made up. To improve the estimation of the algorithm’s per-
formance and thus generalize the results obtained, we believe to evaluate this
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