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Abstract: Pharmacotherapy of chronic heart failure with mildly reduced (HFmrEF) and preserved
ejection fraction (HFpEF) remains challenging. We aimed to assess whether combined neuro-humoral
modulation (NHM) (renin–angiotensin system inhibitors, betablockers, mineralocorticoid receptor
antagonists) was differentially associated with outcome according to phenotype and age groups.
Between 1999 and 2018 we recruited in a nationwide cardiology registry 4707 patients (HFmrEF
n = 2298, HFpEF n = 2409) from three age groups: <65, 65–79 and 80+ years old. We analyzed
clinical characteristics and 1 year all-cause mortality/cardiovascular hospitalization according to
none/single, any double, or triple NHM. Prescription rates of no/single and triple NHM were
25.1% and 26.7% for HFmrEF; 36.5% and 17.9% for HFpEF patients, respectively. Older age was
associated with higher prescription of no/single NHM in HFmrEF (ptrend = 0.001); the reverse
was observed among HFpEF (ptrend = 0.005). Triple NHM increased over time in both phenotypes
(all p for trend < 0.0001). Compared to no/single NHM, triple, but not double, NHM was associated
with better outcomes in both HFmrEF (HR 0.700, 95%CI 0.505–0.969, p = 0.032) and HFpEF (HR 0.700,
95%CI 0.499–0.983, p = 0.039), with no interaction between NHM treatment and age groups (p = 0.58,
p = 0.80, respectively). In a cardiology setting, among HF outpatients with EF > 40%, triple NHM
treatment increased over time and was associated with better patient outcomes.
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1. Introduction

Population ageing and the increasing prevalence of comorbidities concur with the
projected increase in the absolute number of hospital admissions for patients with heart
failure (HF) with mildly reduced (HFmrEF) and preserved ejection fraction (HFpEF) in the
future [1].

Sodium–Glucose Cotransporter-2 Inhibitors (SGLT2-i) are the first drug class asso-
ciated with improved outcomes in patients with left ventricular ejection fraction (LVEF)
>40% [2]. Further to the documentation of efficacy in large randomized controlled trials,
SGLT2i now have a class IIA guideline recommendation for the treatment of HFmrEF and
HFpEF patients. Unfortunately, due to regulatory delays, it is not yet possible to prescribe
these drugs for this indication in many countries, at least in patients not affected by diabetes
mellitus. Conversely, drugs effecting neuro-humoral modulation (NHM), including RASI,
BB, MRA, and angiotensin receptor neprilysin inhibitors (ARNI) have some suggestion
of efficacy in decreasing cardiovascular hospitalization or mortality only in patients with
HFmrEF, but not HFpEF, from post-hoc analyses of HF trials and have been included in
the guidelines with a weaker class of evidence (IIB) [3–8]. Thus, nowadays there is still an
unmet need to find effective pharmacological strategies in HFmrEF and HFpEF.

Contemporary HF guidelines for HFmrEF and HFpEF issue a class I recommenda-
tion for loop diuretics as clinically needed, together with physical training, appropriate
lifestyle, nutritional changes, and the treatment of cardiac and non-cardiac comorbidi-
ties [7,8]. In this respect, renin–angiotensin system inhibitors (RASI), betablockers (BB),
and mineralocorticoid receptor antagonists (MRA) are recommended for the treatment of
cardiac conditions, including hypertension, chronic coronary syndrome, post-myocardial
infarction, and rate control in atrial fibrillation.

Whether the combination of two or three agents realizing double or triple NHM might
be effective in HFmrEF and/or HFpEF, overall and according to age, remains unclear.

We aimed to assess whether various NHM levels were differentially associated with all-
cause mortality/cardiovascular hospitalization among HF patients with EF > 40% enrolled
in a nationwide cardiology registry.

2. Materials and Methods

This report is a sub-analysis of patients with HFmrEF (LVEF 41–49%) and HFpEF
(LVEF ≥ 50%), who were enrolled between 1999 and 2018 in the IN-HF registry, comprising
a total of 150 centers geographically distributed over the whole country, as previously
described [9,10], Appendix A.

The investigation conforms with the principles outlined in the Declaration of Helsinki.
The protocol was approved by the Institutional Review Board of each participating center.
All patients provided informed consent for scientific use of their clinical data collected in
an anonymous way.

The diagnosis of HF was based on the presence of typical symptoms/signs with
documented systolic and/or diastolic cardiac dysfunction [9,10]. Patients were enrolled
upon their first presentation to the participating cardiology center, irrespective of disease
stage and duration of HF history. Clinical management was based on the judgment of the
attending physicians, who were not asked to do anything out of what they felt useful for
the individual patient. For each patient, demographics, clinical history (including previous
hospital admissions for HF), NYHA class and primary etiology of chronic HF, as previously
defined [9,10], were entered in the database.

In the present analysis we have considered, as NHM, three classes of drugs, namely
BB, RASI, and MRA. NHM is categorized as a treatment with none/a single one of the
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above agents, any combination of two NHM, or triple therapy. Non-NHM polypharmacy is
defined as the daily intake of more than five drugs, excluding from the computation NHM.

Data on mortality and hospital admissions were obtained from hospital discharge
ICD codes and primary-care physicians, complemented by information from patients and
relatives when necessary. Although no provision was made for endpoint validation, spe-
cific training to uniform data collection was imparted at the beginning of the study [11].
The primary endpoint of our analysis was the combination of all-cause mortality or hos-
pitalization for CV causes, which were coded as worsening chronic HF, ischemic events,
arrhythmias, syncope, thromboembolism or stroke. Since HFpEF is a syndrome with a great
burden of non-CV deaths, the combination of CV events (including HF) and all-cause death
(including the non-CV part) could be considered as the most informative in this population.

The present analysis focuses on patients who had echocardiographic documenta-
tion of an LVEF > 40% at recruitment and prospective follow-up information at 1 year
since enrolment.

Based on age at the time of recruitment, we classified patients into 3 categories (<65,
65–79, and ≥80 years old) according to the WHO definition [12]. Furthermore, to evaluate
changes in prescription rates over epochs, we divided our population into 3 cohorts
according to the time of recruitment (1999–2005, 2006–2011, and 2012–2018).

Statistical Analysis

Categorical variables are reported as number and percentages, and compared by the
Chi-squared test, whereas continuous variables were reported as means and standard
deviations (SD), and compared by analysis of variance (ANOVA), if normally distributed,
or by Kruskall–Wallis test, if not. There were no missing data for clinical variables. Trends
for NHM therapy levels with respect to age categories and to study cohorts were tested by
Cochran-Armitage test for binary variables.

The relation of NHM with the primary study end-point was separately assessed in
the HFmrEF and HFpEF groups by Cox regression, adjusting the model for the following
variables: age category, sex, ischemic etiology, HF history >6 months, body mass index,
systolic blood pressure, heart rate, NYHA class, HF admissions in the previous year, history
of hypertension, history of atrial fibrillation, diabetes, stroke/transient ischemic attack,
furosemide, and non-NHM polypharmacy. Furthermore, the same multivariable analysis
was performed, inserting into the model the interaction term between age category and
number of NHM drugs.

Direct, adjusted Kaplan Meier curves for all-cause mortality or cardiovascular hospi-
talization according to NHM therapy were obtained by a stratified Cox analysis, adjusting
the model for age categories; a simultaneous p value was also obtained to test the null
hypothesis of no difference among the curves.

All tests were two-sided; a p value < 0.05 was considered statistically significant. All
the analyses were performed with SAS system software, version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

3. Results
3.1. NHM Prescription and Distribution

During the study period, we recruited 2298 patients with HFmrEF and 2409 sub-
jects with HFpEF. NHM prescription rates were 25.1% for none/single, 48.2% for double,
and 26.7% for triple NHM in the HFmrEF group (Table 1), while they were 36.5% for
none/single, 45.6% for double, and 17.9% for triple NHM among HFpEF patients, respec-
tively (Table 2). An older age was associated with a higher prescription of no/single NHM
among HFmrEF patients (ptrend = 0.001); the reverse was observed among HFpEF patients
(ptrend = 0.005). Prescription of triple NHM increased over time in both phenotypes (all
p for trend < 0.0001).
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Table 1. Characteristics of HFmrEF patients according to conventional NHM.

LVEF 41–49% All
2298

No-Single
578 (25.1)

Double
1107 (48.2)

Triple
613 (26.7) p Value

Age (mean ± SD) 67 ± 14 68 ± 15 67 ± 13 67 ± 13 0.009
Age < 65 854 (37.2) 181 (31.3) 436 (39.4) 237 (38.7) 0.003
Age 65–79 1057 (46.0) 285 (49.3) 485 (43.8) 287 (46.8) 0.09
Age 80+ 387 (16.8) 112 (19.4) 186 (16.8) 89 (14.5) 0.08
Female Sex 663 (28.9) 164 (28.4) 320 (28.9) 179 (29.2) 0.95
Epoch 1999–2005 782 (34.0) 299 (51.7) 381 (34.4) 102 (16.6) <0.0001
Epoch 2006–2011 572 (24.9) 128 (22.1) 302 (27.3) 142 (23.2) 0.04
Epoch 2012–2018 944 (41.1) 151 (26.1) 424 (38.3) 369 (60.2) <0.0001
HF admissions (previous year) 752 (32.7) 195 (33.7) 313 (28.3) 244 (39.8) <0.0001
HF history >6 months 1396 (60.8) 314 (54.3) 670 (60.5) 412 (67.2) <0.0001
History of hypertension 1349 (58.7) 309 (53.5) 667 (60.3) 373 (60.9) 0.01
Atrial fibrillation 665 (28.9) 166 (28.7) 293 (26.5) 206 (33.6) 0.007
Ischemic etiology 908 (39.5) 235 (40.7) 453 (40.9) 220 (35.9) 0.10
At least one cardiac comorbidity
with an indication for NHM # 1839 (80.0) 456 (78.9) 901 (81.4) 482 (78.6) 0.29

Diabetes 665 (28.9) 163 (28.2) 313 (28.3) 189 (30.8) 0.48
Previous stroke/TIA 163 (7.1) 46 (8.0) 82 (7.4) 35 (5.7) 0.27
Body mass index 27.2 ± 4.8 26.6 ± 4.7 27.1 ± 4.5 28.1 ± 5.3 <0.0001
LVEF% 44.6 ± 2.2 44.9 ± 2.3 44.6 ± 2.1 44.2 ± 2.1 <0.0001
Systolic blood pressure 130 ± 20 133 ± 21 130 ± 21 125 ± 18 <0.0001
Heart rate 70 ± 14 72 ± 15 70 ± 14 69 ± 13 <0.0001
NYHA class III–IV 307 (13.4) 103 (17.8) 126 (11.4) 78 (12.7) 0.001
Furosemide 1603 (69.8) 350 (60.6) 715 (64.6) 538 (87.8) <0.0001
Non-NHM polypharmacy 418 (18.2) 101 (17.5) 187 (16.9) 130 (21.2) 0.07

Data are presented as n (%) or mean ± SD. NHM Neuro-Humoral Modulation. # history of HF/atrial fibrilla-
tion/ischemic etiology.

3.2. Clinical Characteristics According to NHM

Clinical characteristics of HFmrEF patients according to NHM are presented in Table 1.
When compared to subjects on no/single or double NHM, patients on triple NHM were
younger and had more commonly a longer history of HF, recent HF admission, pre-existing
hypertension, history of atrial fibrillation, furosemide prescription, and enrolment in recent
epochs. Patients on triple NHM had a higher body mass index, and a lower systolic blood
pressure, heart rate, and LVEF values than those receiving no/single or double NHM.
Overall, the proportion of subjects who had at least one of the cardiac comorbidities for
which an NHM agent may be indicated (history of hypertension; atrial fibrillation; ischemic
etiology) was 80%. Specifically, this proportion was 79% in patients on no/single NHM,
and 81% and 79% among those on double and triple NHM respectively (p = 0.29).

Clinical characteristics of HFpEF patients according to NHM are presented in Table 2.
Again, patients on triple NHM had more commonly been enrolled in recent epochs, hospi-
talized in the previous year, and received more often furosemide. Moreover, they had more
often pre-existing hypertension, a history of atrial fibrillation, an ischemic etiology, higher
body mass index, lower systolic blood pressure, and lower LVEF values than those on
no/single or double NHM. However, HFpEF patients on triple NHM were also older than
both the other age groups. Overall, the proportion of subjects who had at least one of the
cardiac comorbidities for which an NHM agent may be indicated was 81% and specifically
74% in patients on no/single NHM, and 85% and 87% among those on double and triple
NHM, respectively (p < 0.0001).
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Table 2. Characteristics of HFpEF patients according to conventional NHM.

LVEF ≥ 50% All
2409

No-Single
880 (36.5)

Double
1099 (45.6)

Triple
430 (17.9) p Value

Age (mean ± SD) 70 ± 14 69 ± 16 71 ± 14 72 ± 13 0.007
Age < 65 701 (29.1) 281 (31.9) 309 (28.1) 111 (25.8) 0.04
Age 65–79 1017 (42.2) 372 (42.3) 458 (41.7) 187 (43.5) 0.81
Age 80+ 691 (28.7) 227 (25.8) 332 (30.2) 132 (30.7) 0.06
Female Sex 1097 (45.5) 388 (44.1) 511 (46.5) 198 (46.1) 0.55
Epoch 1999–2005 668 (27.7) 347 (39.4) 279 (25.4) 42 (9.8) <0.0001
Epoch 2006–2011 631 (26.2) 231 (26.3) 311 (28.3) 89 (20.7) 0.01
Epoch 2012–2018 1110 (46.1) 302 (34.3) 509 (46.3) 299 (69.5) <0.0001
HF admissions previous year 803 (33.3) 261 (29.7) 366 (33.3) 176 (40.9) 0.0003
HF history >6 months 1589 (66.0) 562 (63.9) 727 (66.2) 300 (69.8) 0.10
History of hypertension 1504 (62.4) 467 (53.1) 730 (66.4) 307 (71.4) <0.0001
Atrial fibrillation 986 (40.9) 337 (38.3) 449 (40.9) 200 (46.5) 0.02
Ischemic etiology 513 (21.3) 161 (18.3) 247 (22.5) 105 (24.4) 0.02
At least one cardiac comorbidity
with an indication for NHM # 1951 (81.0) 650 (73.9) 929 (84.5) 372 (86.5) <0.0001

Diabetes 624 (25.9) 215 (24.4) 283 (25.8) 126 (29.3) 0.17
Previous stroke/TIA 182 (7.6) 70 (8.0) 87 (7.9) 25 (5.8) 0.32
Body mass index 27.1 ± 5.0 26.7 ± 4.9 27.2 ± 4.9 27.5 ± 5.3 0.01
LVEF% 57.1 ± 6.3 58.1 ± 6.7 56.8 ± 6.1 55.8 ± 5.6 <0.0001
Systolic blood pressure 130 ± 21 132 ± 21 130 ± 21 127 ± 19 0.001
Heart rate 72 ± 15 72 ± 15 71 ± 15 71 ± 14 0.24
NYHA class III–IV 473 (19.6) 184 (20.9) 217 (19.8) 72 (16.7) 0.20
Furosemide 1694 (70.3) 528 (60.0) 781 (71.1) 385 (89.5) <0.0001
Non-NHM polypharmacy 470 (19.5) 161 (18.3) 214 (19.5) 95 (22.1) 0.27

Data are presented as n (%) or mean ± SD. NHM Neuro-Humoral Modulation. # history of HF/atrial fibrilla-
tion/ischemic etiology.

3.3. NHM and Outcome

At one year follow-up, overall, 335 patients with HFmrEF (14.6%) and 356 with
HFpEF (14.8%) met the primary end-point. Among patients with HFmrEF, death or CV
hospitalization occurred in 102 (17.7%) on no/single NHM, 158 (14.2%) on double and
75 (12.2%) on triple therapy, respectively. Among patients with HFpEF, 139 (15.8%) on
no/single NHM, 163 (14.8%) on double and 54 (12.6%) on triple therapy died or were
hospitalized for CV causes.

Age-adjusted Kaplan–Meier curves on all-cause mortality or CV hospitalization ac-
cording to NHM are presented in Figure 1 (HFmrEF) and Figure 2 (HFpEF). A significant
difference among NHM groups was observed in HFmrEF patients (p = 0.041).

After multivariable adjustment, taking as reference no/single-NHM, triple NHM
treatment was associated with a lower risk of the combined end point, both in the HFmrEF
(HR 0.700 95% CI 0.505–0.969, p = 0.032) and in the HFpEF group (HR 0.700 95% CI
0.499–0.983, p = 0.039). Double therapy was not linked to patient outcome either in patients
with HFmrEF (HR 0.889, 95%CI 0.683–1.156) or in those with HFpEF (HR 0.946, 95%CI
0.746–1.199). When the interaction term between NHM and age groups was entered in the
model, no significant interaction was observed, either for HFmrEF (p = 0.58) or for HFpEF
(p = 0.80).
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4. Discussion

In a nationwide cardiology registry, a substantial proportion of patients with HFmrEF
(26.7%) and HFpEF (17.9%) enrolled over two decades were prescribed triple NHM treat-
ment, the cornerstone of guideline-recommended HFrEF treatment. Patients with HFmrEF
and HFpEF who received triple NHM had similar characteristics: they were sicker, had a
higher comorbidity burden and a longer history of HF, and had been enrolled in more re-
cent epochs than subjects on no/single or double NHM. Both HFmrEF and HFpEF patients
on triple NHM had better outcome, compared to those with none/single or double NHM.

4.1. NHM Prescription in HF with EF > 40%

Until recently, randomized controlled trials have failed to demonstrate significant
benefits of NHM in both HFmrEF and HFpEF patients, and current European guidelines
underline the lack of life-saving therapies in this setting [2,13–15]. The most accepted expla-
nation for these frustrating results has been the heterogeneity of patients with “preserved”
EF (EF > 40% or >45% according to enrolment criteria of HFpEF trials), mostly related to
comorbidities frequently encountered in these patients [16–19].

However, treatment of comorbidities is a class I recommendation for HFpEF and
HFmrEF in the latest European and US HF guidelines [2,3]. Most of our patients with
HFmrEF (80%) and HFpEF (81%) had at least one condition for which NHM agents might
be indicated. Additionally, in the HFpEF group, the proportion of patients who had a
cardiac comorbidity requiring a NHM drug was significantly higher among patients on
double, and particularly on triple, NHM than in those on no/single NHM.

Although we have no information on HF course before our patients were enrolled in
the registry, we speculate that triple NHM prescription might have been a carry-on effect
linked to previous evidence of LVEF values < 40% in the patient’s history, since temporal
changes in LVEF are common among HF patients [20]. This might represent the most
likely explanation for triple NHM prescription, especially in patients with HFmrEF [20,21].
Evidence of a high relapse rate after NHM withdrawal in HFrEF patients with improved
LVEF (HFimpEF) likely underlies clinicians’ reluctance to stop these agents [22]. The lower
LVEF values observed in both our HFmrEF and HFpEF patients on triple NHM with respect
to those on double/single/no NHM might support this hypothesis.

Importantly, in both HFmrEF and HFpEF groups, triple NHM became more commonly
prescribed in recent years (2012–2018), compared to previous epochs. This trend may reflect
clinicians’ deep-rooted convincement that NHM could provide some benefit also in patients
with EF > 40%, as supported by the baseline therapeutic findings in patients enrolled in
DELIVER [23]. In fact, approximately 70–80% of patients in this contemporary HFpEF trial
were on RASI, 60–70% were on BB, while 30% received MRA. Changing demographics
over the last two decades is another possible explanation, with an overall longer life of HF
patients that commonly entails more comorbidities, which may benefit from RASI, BB, or
MRA [24].

Finally, post hoc analyses of randomized clinical trials (RCT), such as TOPCAT,
PARAGON-HF, and CHARM Preserved [5–8,25] have suggested that NHM might be
important, at least in HFmrEF, and current guidelines recommend the different NHM
drugs with a IIB class of evidence in this phenotype [2,3]. Thus, trial results and expert
opinions might have influenced increasing NHM prescriptions in the most recent epoch [8].

4.2. Factors Underlying Benefits of Combined NHM in HF with LVEF > 40%

One key finding of our study is the association of triple NHM with better outcomes
in both HFmrEF and HFpEF. A possible explanation is the high prevalence (81%), in the
triple NHM subgroup, of cardiac conditions for which a NHM agent is indicated, a cue to
the prognostic importance of the strict management of comorbidities. Conversely, in the
HFmrEF group, a higher prevalence of HFimpEF among patients on triple NHM might
underlie the lower incidence of death and CV hospitalization [21], although we cannot
provide proof of this statement from the history prior to enrolment.
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Patients on triple NHM, as compared to no/single or double NHM, had lower heart
rates and blood pressure levels, which is another possible explanation for better out-
comes [26,27]. Patients with HFmrEF and HFpEF generally have higher blood pressure
values than those with HFrEF, hence they are more likely to tolerate triple NHM.

Furthermore, patients on triple NHM presented markers of more severe disease, such
as more common HF hospitalization in the previous year and higher furosemide use, which
posed them at higher risk of events [28]. This patient subset might gain the most from a
combined therapeutic regimen, both in HFmrEF and HFpEF. In fact, while differences in
age-adjusted Kaplan–Meier curves on all-cause mortality or CV hospitalization according to
NHM were significant only in HFmrEF patients, after multivariable adjustment, including
markers of disease severity and complexity, triple NHM treatment was associated with
a better outcome, both in HFmrEF and in HFpEF patients. Importantly, even if double
NHM therapy was not as effective as triple NHM in improving patient outcomes, a clear
trend of a possible beneficial effect was present even with double treatment at least in
HFmrEF (HR 0.889, 95% CI 0.683–1.156). Thus, further studies with larger populations
might provide some insights regarding the possible role of specific combinations of double
NHM therapies in this setting.

Of note, the potential benefits from a combination of BB, RASI, and MRA among
patients with LVEF above 40% is indirectly supported by a recent post-hoc comparison
of multiple RCTs [29], which considered the theoretical benefit provided by the adminis-
tration of a triple therapy comprising ARNI, MRA, and SGLT2i. However, ARNIs are not
recommended for HFpEF treatment and EMA has not approved them even in patients
with HFmrEF. Additionally, SGLT2i drugs have been effective in trials, considering pa-
tients already treated with BB and/or RASI (approximately 70–80% of patients), while 30%
were on MRA [23]. Our findings add to this trial evidence, representing the real-world
setting, which is often quite different from trial populations. Moreover, RCTs are normally
designed to test the effectiveness of a specific drug, while they usually do not formally
assess whether a combination of therapies might prove useful. This is an unmet need in
HFpEF and HFmrEF, and registry data might indeed help to provide an answer to this
important question.

Limitations of our analysis should be noted. Since dose levels for every NHM agent
were not available for all patients, we did not test the achievement of target doses. Thus, we
can only underscore the importance of receiving all the three drug classes, but whether this
is relevant at high or low doses remains uncertain. However, a recent publication suggests
that having on board a higher number of different compounds is even more important than
receiving less drugs at target doses [30]. Although we adjusted the impact of NHM for
multiple covariates, residual confounding remains an important issue in this type of study.
Patients were enrolled in a cardiology outpatient setting; further data in other community
settings are needed to confirm our findings. Finally, laboratory data were consistently
collected only in the two most recent cohorts, while natriuretic peptides were not system-
atically available even in them. Thus, HF diagnosis was based on signs/symptoms and
echocardiographic data.

In conclusion, in a cardiology outpatient setting, triple NHM therapy was associated
with better patient outcomes in both HFmrEF and HFpEF when compared to no/single
NHM. These data inform the potential benefits of using a combination of BB, RASI, and
MRA among patients with LVEF above 40%.
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Carigi (Rimini), Luisa De Gennaro (Bari), Piero Gentile (Milano), G. Leonardi (Catania),
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Piemonte Ciriè (M.C. Orlando, G. Senatore), Ivrea (E. Pelissero), Moncalieri (F. Raba-

joli), Orbassano (L. Montagna, M.G. Perrelli), Torino Ospedale Mauriziano Umberto I
(I. Parrini), Torino Ospedale San Giovanni Bosco (C. Calcagnile, P. Noussan), Lombardia
Bergamo ASST Papa Giovanni XXIII (V. Duino), Brescia ASST Spedali Civili (A. Ravera),
Brescia Ist. Osp. Fond. Poliambulanza (L. Caprini, C. Cuccia), Busto Arsizio (R. Grassini),
Crema (C. Pedrinazzi), Gavardo (M. Pernigo), Legnano (C. Inserra, M. D’Urbano), Lumez-
zane (E. Zanelli, S. Scalvini), Merate (S. Maggiolini), Milano ASST Osp. Metropolitano
Niguarda Cardiologia 1—Emodinamica (A. Sacco, F. Oliva), Milano ASST Osp. Metropoli-
tano Niguarda Cardiologia 2—Insuff. Card. e Trapianto (A.F. Giglio, M. Frigerio), Mi-
lano ASST Osp. Metropolitano Niguarda Diagnosi e Cure Terr. Malattie Cardiache
(G. Mombelli, A. Alberti), Milano ASST Santi Paolo e Carlo—PO San Carlo (O. Agostoni,
A. Mafrici), Milano Osp. San Raffaele (G. Galati), Milano Centro Cardiologico Monzino
(L. Salvini), Montescano (G. Guazzotti, E. Traversi), Monza Osp. San Gerardo (A. Vin-
cenzi), Monza Policlinico (A. Mortara, P. Delfino), Pavia Fond. IRCCS Policl. San Matteo
(L. Scelsi, L. Oltrona Visconti), Pavia Istituti Clinici Scientifici MAUGERI IRCCS sede di
Pavia (M. De Salvo, G. Forni), Rho—frazione Passirana (A. Frisinghelli), Rozzano (D. Pini,
B. Reimers), Saronno (D. Nassiacos, S. Meloni), Seriate (A. Cafro), Treviglio (D. Belloli,
P.C. Sganzerla), Varese Osp. di Circolo e Fondazione Macchi (F. Morandi), Vizzolo Pred-
abissi (P. Quorso), Veneto Arzignano (C. Paolini, C. Bilato), Chioggia (G. Vianello), Feltre
(F. De Cian), Mirano (A. Zanocco, S. Saccà), San Bonifacio (G.M. Frigo, M. Anselmi), Tre-
viso Ospedale Ca’ Foncello (S. Giacomelli), Friuli Venezia Giulia Pordenone (E. Loiudice,
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Genova Osp. Villa Scassi (F. Mainardi, P. Rubartelli), Genova Osp. Padre Antero Mi-
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Osp. Santa Maria Nuova (F. Grossi, M. Milli), Firenze Osp. San Giovanni Di Dio (C.
Minneci), Firenze AOU Careggi (A. Pratesi, A. Ungar), Pescia (L. Garritano), Pisa FTGM—
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Stabilimento di Pisa (R. Poletti), Pistoia (M. Parigi), Poggibonsi (G. Scopelliti, A. D’Arpino),
Siena (F.A. Pagliaro, S. Valente), Umbria Assisi (G. Bardelli, R. Panciarola), Città di Castello
(D. Severini, A. Murrone), Perugia Azienda Ospedaliera (E. Carluccio, G. Ambrosio), Pe-
rugia Ex Ospedale Grocco (L. Filippucci, C. Martino), Marche Ancona Ospedali Riuniti
(I. Battistoni, G.P. Perna), Ascoli Piceno Osp. Gen.le Prov.le C.G. Mazzoni (F. Travaglini),
Fermo (E. Savini, D. Gabrielli), Lazio Anzio (L. Prosseda, N. Di Belardino), Ariccia (P. Midi,
G. Pajes), Pomezia (M. Lo Presti), Roma Policl. Umberto I (M. Mancone), Roma Osp. San
Camillo (G. Pulignano, M. Uguccioni, F. Albi), Roma AO San Giovanni Addolorata (V.
Rizzello, A. Battagliese, N. Pagnoni), Roma Ospedale Santo Spirito (A.B. Scardovi), Roma
P.O. San Filippo Neri-ASL Roma1 (S.A. Di Fusco, F. Colivicchi), Roma Policl. Casilino (C.
Tota), Roma Clinica Città di Roma (S. Refice, T. Nejat), Abruzzo Teramo (L.L. Piccioni, C.
Napoletano), Campania Avellino (V. Palmieri), Battipaglia (L. Tedesco), Eboli (L. Lardo),
Frattamaggiore (C. Lirato, F. Piemonte), Napoli AOU Federico II (M.A. Losi, D. Bonaduce),
Salerno AOU S. Giovanni di Dio-Ruggi D’Aragona (A. Gigantino, G. Padula), Santa Maria
Capua a Vetere (G. Cicia), Puglia Bisceglie (M. Liotino), Brindisi (A. De Castro), Foggia
Ospedali Riuniti (N.D. Brunetti), Calabria Vibo Valentia (F. Sturniolo), Sicilia Augusta
(C. Ruperto), Avola (M.T. Giannone), Catania P.O. Garibaldi Centro (M.B. Zisa, S. Felis),
Catania Az. Osp. Cannizzaro (M. Catalano, F. Amico, S. Giubilato), Catania Policl. Rodolico
(G. Leonardi, G. Montana), Catania P.O. Garibaldi-Nesima (G.M. Francese, M.M. Gulizia),
Cefalù (D. Armata, T. Cipolla), Lentini (S. Arcidiacono, V. Crisci), Messina Policlinico G.
Martino (F. Napoli, A. Saitta), Palermo AOR Villa Sofia-Cervello PO Villa Sofia (A.M. Flo-
resta, F. Ingrillì), Ragusa Ospedale Giovanni Paolo II (G. Iabichella, A. Nicosia), Sardegna
Cagliari Azienda Osp. G. Brotzu (M. Corda), Nuoro Ospedale San Francesco (V. Orrù).
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