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specified that three interim efficacy analyses 
should be conducted after the accrual of one 
third, one half, and two thirds of the events, and 
the statistical stopping guideline for a compel-
ling benefit required a one-sided nominal P value 
of less than 0.0001 at the first analysis and less 
than 0.001 at the second and third analyses in 
favor of LCZ696 for both death from cardiovas-
cular causes and the primary end point. On 
March 28, 2014, at the third interim analysis 
(after enrollment had been completed), the com-
mittee informed the two coprincipal investiga-
tors that the prespecified stopping boundary for 
an overwhelming benefit had been crossed. The 

executive committee voted to stop the trial and 
selected March 31, 2014, as the cutoff date for 
all efficacy analyses; the sponsor accepted this 
decision.

We included data from all patients who had 
undergone a valid randomization in the analyses 
of the primary and secondary outcomes, accord-
ing to the intention-to-treat principle. A sequen-
tially rejective procedure was used for analysis of 
the secondary efficacy end points, with the first 
two secondary end points at the highest level of 
the testing sequence. (For details, see the statisti-
cal analysis plan in the Supplementary Appendix.) 
Time-to-event data were evaluated with the use 

Enalapril

Enalapril
Enalapril

Enalapril

Cu
m

ul
at

iv
e 

Pr
ob

ab
ili

ty

1.0

0.4

0.6

0.5

0.3

0.2

0.1

1.0

0.4

0.6

0.5

0.3

0.2

0.1

1.0

0.4

0.6

0.5

0.3

0.2

0.1

1.0

0.4

0.6

0.5

0.3

0.2

0.1

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

C Hospitalization for Heart Failure

A Primary End Point

Hazard ratio, 0.80 (95% CI, 0.73–0.87)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

3922
3883

3663
3579

3018
2922

2257
2123

1544
1488

896
853

249
236

Cu
m

ul
at

iv
e 

Pr
ob

ab
ili

ty

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

B Death from Cardiovascular Causes

Hazard ratio, 0.80 (95% CI, 0.71–0.89)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

4056
4051

3891
3860

3282
3231

2478
2410

1716
1726

1005
994

280
279

Cu
m

ul
at

iv
e 

Pr
ob

ab
ili

ty

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

Hazard ratio, 0.79 (95% CI, 0.71–0.89)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

3922
3883

3663
3579

3018
2922

2257
2123

1544
1488

896
853

249
236

Cu
m

ul
at

iv
e 

Pr
ob

ab
ili

ty

0.0
0 180 360 540 900720 1080 1260

Days since Randomization

D Death from Any Cause

Hazard ratio, 0.84 (95% CI, 0.76–0.93)
P<0.001

No. at Risk
LCZ696
Enalapril

4187
4212

4056
4051

3891
3860

3282
3231

2478
2410

1716
1726

1005
994

280
279

LCZ696

LCZ696
LCZ696

LCZ696

AUTHOR:

FIGURE:

ARTIST:

OLF:Issue date:

AUTHOR, PLEASE NOTE: 
Figure has been redrawn and type has been reset.

Please check carefully.

McMurray

2 of 3

ts

09-11-14 8/30-9/3

Figure 2. Kaplan–Meier Curves for Key Study Outcomes, According to Study Group.

Shown are estimates of the probability of the primary composite end point (death from cardiovascular causes or first hospitalization for 
heart failure) (Panel A), death from cardiovascular causes (Panel B), first hospitalization for heart failure (Panel C), and death from any 
cause (Panel D).
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Background
We compared the angiotensin receptor–neprilysin inhibitor LCZ696 with enalapril 
in patients who had heart failure with a reduced ejection fraction. In previous stud-
ies, enalapril improved survival in such patients.

Methods
In this double-blind trial, we randomly assigned 8442 patients with class II, III, or 
IV heart failure and an ejection fraction of 40% or less to receive either LCZ696 (at 
a dose of 200 mg twice daily) or enalapril (at a dose of 10 mg twice daily), in addi-
tion to recommended therapy. The primary outcome was a composite of death from 
cardiovascular causes or hospitalization for heart failure, but the trial was designed 
to detect a difference in the rates of death from cardiovascular causes.

Results
The trial was stopped early, according to prespecified rules, after a median follow-
up of 27 months, because the boundary for an overwhelming benefit with LCZ696 
had been crossed. At the time of study closure, the primary outcome had occurred 
in 914 patients (21.8%) in the LCZ696 group and 1117 patients (26.5%) in the 
enalapril group (hazard ratio in the LCZ696 group, 0.80; 95% confidence interval 
[CI], 0.73 to 0.87; P<0.001). A total of 711 patients (17.0%) receiving LCZ696 and 835 
patients (19.8%) receiving enalapril died (hazard ratio for death from any cause, 
0.84; 95% CI, 0.76 to 0.93; P<0.001); of these patients, 558 (13.3%) and 693 (16.5%), 
respectively, died from cardiovascular causes (hazard ratio, 0.80; 95% CI, 0.71 to 
0.89; P<0.001). As compared with enalapril, LCZ696 also reduced the risk of hospi-
talization for heart failure by 21% (P<0.001) and decreased the symptoms and 
physical limitations of heart failure (P = 0.001). The LCZ696 group had higher pro-
portions of patients with hypotension and nonserious angioedema but lower pro-
portions with renal impairment, hyperkalemia, and cough than the enalapril group.

Conclusions
LCZ696 was superior to enalapril in reducing the risks of death and of hospitaliza-
tion for heart failure. (Funded by Novartis; PARADIGM-HF ClinicalTrials.gov num-
ber, NCT01035255.)
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Mortality in patients with heart failure and reduced ejec-
tion fraction (HFrEF) has improved over time because 

of the step-wise introduction of a variety of pharmacological 
treatments. For years, recommended treatments for patients 
with HFrEF included the combination of an angiotensin-con-
verting enzyme inhibitor (ACEI; or an angiotensin II receptor 
blocker [ARB] if an ACEI is not tolerated), a β-blocker (BB), 
and a mineralocorticoid receptor antagonist (MRA).1 Despite 
these recommended treatments being evidence based, the 
mortality rate for patients with HFrEF remains high.2–4

Sacubitril/valsartan, a first-in-class angiotensin receptor–
neprilysin inhibitor (ARNI), was recommended as a new treat-
ment option for patients with HFrEF in the 2016 European 
Society for Cardiology guidelines5 and the 2016 American 
College of Cardiology/American Heart Association guide-
lines.6 These recommendations were based on the results of 

the PARADIGM-HF trial (Prospective Comparison of ARNI 
With ACE to Determine Impact on Global Mortality and 
Morbidity in Heart Failure), which showed sacubitril/valsar-
tan to be superior to enalapril in reducing the risks of car-
diovascular and all-cause mortality when added to a BB (in 
most patients) and a MRA (in many), as well as a diuretic and 
digoxin.7

See Clinical Perspective

There are now 5 types (ACEI, ARB, BB, MRA, and 
ARNI) of life-saving pharmacological therapies available to 
treat patients with HFrEF. Given that most trials in HFrEF 
have compared newer agents to placebo, which has included 
alternative background treatments as recommendations have 
evolved, there is a need to understand how the efficacy of these 
individual treatments and various combinations compare in 

Original Article

© 2017 The Authors. Circulation: Heart Failure is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This 
is an open access article under the terms of the Creative Commons Attribution Non-Commercial-NoDervis License, which permits use, distribution, and 
reproduction in any medium, provided that the original work is properly cited, the use is noncommercial, and no modifications or adaptations are made.
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Background—Treatments that reduce mortality and morbidity in patients with heart failure with reduced ejection fraction, 
including angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), β-blockers (BB), 
mineralocorticoid receptor antagonists (MRA), and angiotensin receptor–neprilysin inhibitors (ARNI), have not been 
studied in a head-to-head fashion. This network meta-analysis aimed to compare the efficacy of these drugs and their 
combinations regarding all-cause mortality in patients with heart failure with reduced ejection fraction.

Methods and Results—A systematic literature review identified 57 randomized controlled trials published between 1987 
and 2015, which were compared in terms of study and patient characteristics, baseline risk, outcome definitions, and the 
observed treatment effects. Despite differences identified in terms of study duration, New York Heart Association class, 
ejection fraction, and use of background digoxin, a network meta-analysis was considered feasible and all trials were 
analyzed simultaneously. The random-effects network meta-analysis suggested that the combination of ACEI+BB+MRA 
was associated with a 56% reduction in mortality versus placebo (hazard ratio 0.44, 95% credible interval 0.26–0.66); 
ARNI+BB+MRA was associated with the greatest reduction in all-cause mortality versus placebo (hazard ratio 0.37, 
95% credible interval 0.19–0.65). A sensitivity analysis that did not account for background therapy suggested that ARNI 
monotherapy is more efficacious than ACEI or ARB monotherapy.

Conclusions—The network meta-analysis showed that treatment with ACEI, ARB, BB, MRA, and ARNI and their 
combinations were better than the treatment with placebo in reducing all-cause mortality, with the exception of ARB 
monotherapy and ARB plus ACEI. The combination of ARNI+BB+MRA resulted in the greatest mortality reduction.   
(Circ Heart Fail. 2017;10:e003529. DOI: 10.1161/CIRCHEARTFAILURE.116.003529.)

Key Words: drug combinations ■ drug therapy ■ heart failure ■ mortality ■ network meta-analysis

Received August 23, 2016; accepted December 15, 2016.
From the Mapi, Health Economics and Outcomes Research, Dundas, Canada (H.B.); Mapi, Health Economics and Outcomes Research, Boston, MA 

(A.E.); Department of Cardiology, University of Groningen, The Netherlands (A.A.V.); Cardiovascular Department, Hospital Papa Giovanni XXIII, 
Bergamo, Italy (M.S.); British Heart Foundation Cardiovascular Research Centre, University of Glasgow, UK (J.J.V.M.); Global Patient Access, Novartis 
Pharma AG, Postfach, CH-4002 Basel, Switzerland (C.D.); and Mapi, Health Economics and Outcomes Research, Toronto, Canada (S.C.).

The Data Supplement is available at http://circheartfailure.ahajournals.org/lookup/suppl/doi:10.1161/CIRCHEARTFAILURE.116.003529/-/DC1. 
Correspondence to Heather Burnett, MSc, 4 Innovation Dr, Dundas, Ontario L9H 7P3, Canada. E-mail hburnett@mapigroup.com

Thirty Years of Evidence on the Efficacy of Drug Treatments 
for Chronic Heart Failure With Reduced Ejection Fraction
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Our results provide insight regarding the comparative effi-
cacy of treatments for which no head-to-head trials exist and 
suggest that ARNI+BB+MRA and ACEI+BB+MRA are the 
most efficacious treatment combinations in terms of reduc-
ing all-cause mortality. These findings validate global guide-
lines, which recommend first-line treatment of HFrEF with 
ACEI+BB (ARB+BB for those unable to tolerate ACEI), fol-
lowed by the addition of an MRA as second-line therapy and 
ARNI to replace ACEI in patients able to tolerate ACEI (or 
ARB) that remain symptomatic.5,6

Our findings also illustrate the step-wise reductions in 
mortality made possible by the incremental use of combina-
tions of disease-modifying therapies. The NMA results sug-
gest that ARNI+BB+MRA is the most efficacious therapy, 
reducing all-cause mortality by 63% compared with placebo. 
The magnitude of this benefit represents substantial progress 

in terms of treatments developed over the last 30 years (since 
the first report of an ACEI treatment). Although this finding 
depends on a single trial, PARADIGM-HF was the largest 
trial in the network, representing 18 898 patient-years of treat-
ment exposure.7 It is also important to note that although BB 
monotherapy is included in the network and, therefore, can be 
compared with other monotherapies using NMA, data to sup-
port this comparison are based on 2 small, short-duration trials 
(CIBIS III [Cardiac Insufficiency Bisoprolol Study III]46 and 
CARMEN trial [Carvedilol and ACE-Inhibitor Remodelling 
Mild Heart Failure Evaluation]47). The majority of available 
evidence regarding the efficacy of BB therapy is based on stud-
ies where patients were also receiving an ACEI (and MRA in 
more recent trials).

Our study is the result of a comprehensive and detailed 
NMA performed jointly by clinicians and methodologists. The 

ARNI + BB + MRA 0.37 (0.19, 0.65)
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0.44 (0.26, 0.66)
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0.47 (0.23, 0.86)
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0.0 0.5 1.0 1.5
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Hazard ratio <1 favors treatment 

Figure 5. Results of random effect net-
work meta-analysis for all-cause mortal-
ity: hazard ratios for intervention versus 
placebo for all-cause mortality and 95% 
credible intervals. ACEI indicates angio-
tensin-converting enzyme inhibitor; ARB, 
angiotensin-II receptor blocker; ARNI, 
angiotensin receptor-neprilysin inhibitor; 
BB, beta blocker; and MRA, mineralocor-
ticoid receptor antagonist.

Table 2. Results of Random Effect Sensitivity Analysis Network Meta-Analysis for All-Cause 
Mortality Rates: Difference in Intervention Versus the Comparator, 95% Credible Intervals (CrI), and 
Probability That the Intervention Is Better Than the Comparator [P(better)]

Intervention

Comparator

PLBO ACEI ARB ARNI

PLBO

    Estimate (95% CrI) 1 (1–1) 1.191 (0.995–1.537) 1.131 (0.856–1.545) 1.410 (0.854–2.558)

    P(better) NA 0.03 0.15 0.06

ACEI

    Estimate (95% CrI) 0.840 (0.651–1.005) 1 (1–1) 0.947 (0.699–1.234) 1.188 (0.716–1.967)

    P(better) 0.97 NA 0.69 0.15

ARB

    Estimate (95% CrI) 0.884 (0.647–1.169) 1.056 (0.810–1.430) 1 (1–1) 1.252 (0.719–2.279)

    P(better) 0.85 0.31 NA 0.13

ARNI

    Estimate (95% CrI) 0.709 (0.391–1.170) 0.842 (0.508–1.396) 0.799 (0.439–1.390) 1 (1–1)

    P(better) 0.94 0.85 0.87 NA

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin-II receptor antagonist; ARNI, angiotensin receptor-
neprilysin inhibitor; and PLBO, placebo.
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E’ importante raggiungere e mantenere la 
dose target

Angiotensin receptor neprilysin inhibitor and heart failure 1233

Figure 2 (A) Kaplan–Meier curves showing primary outcome events censored at dose reduction by treatment assignment. Individuals taking
sacubitril/valsartan had fewer events compared with the enalapril group [hazard ratio (HR) 0.79, 95% confidence interval (CI) 0.71–0.88].
(B) Kaplan–Meier curves showing primary outcome events following dose reduction by treatment assignment. Individuals randomized to
sacubitril/valsartan had fewer events relative to enalapril after dose reduction (HR 0.80, 95% CI 0.70–0.93).

Figure 3 Hazard ratios (HR; sacubitril/valsartan relative to
enalapril) of the primary outcome measure by time-updated mean
dose post-randomization. Participants taking lower than target
sacubitril/valsartan doses had a lower risk of the primary event
compared with those taking lower than target doses of enalapril.
CI, confidence interval.

Metoprolol CR/XL Randomized Intervention Trial in Heart failure
(MERIT-HF), patients unable to achieve target doses of metopro-
lol had a higher event rate but a similar benefit from beta-blockade
compared with patients who were successfully titrated to target
doses.11 In the Carvedilol Or Metoprolol European Trial (COMET)
study, target doses of carvedilol and metoprolol tartrate were
reached in 75% and 78% of participants, respectively. Failure to
achieve target doses was associated with worse outcomes, but the
benefit of carvedilol relative to metoprolol in lowering all-cause
mortality was maintained at lower doses of beta-blocker.12 Data
from several heart failure registries show that despite guideline ..
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.. recommendations, less than half of patients are treated with tar-

get doses for both ACE inhibitors and beta-blockers.9,13 Thus,
despite the very large number of patients achieving target doses
in PARADIGM-HF, the number of patients who will achieve these
targets in a real-world setting will probably be lower. Neverthe-
less, our data suggest that even if dose reduction is indicated,
sacubitril/valsartan remains effective compared with enalapril at
reducing the composite of cardiovascular death or heart failure
hospitalizations.

This analysis was post-hoc and thus needs to be interpreted
with caution. In particular, our comparison of patients who had
dose reductions was a post-randomization comparison; yet it is
noteworthy that the baseline characteristics of the patients who
underwent a dose reduction in the two treatment arms were
similar. Furthermore, in earlier studies exploring achieved dose,
MERIT-HF and COMET, patients received subtarget doses of the
study medication because they failed to be successfully up-titrated
during the first few weeks of the trial, and, thus, such a failure
may have been a reflection of patient frailty. In the PARADIGM-HF
trial, only patients demonstrated to be able to tolerate target
doses of the study medications could be randomized. Despite
this, a substantial proportion of patients did require dose reduc-
tions following months of sustained treatment. Yet, the reasons
for post-randomization dose reduction in patients taking sacubi-
tril/valsartan or enalapril were similar to the reasons for intoler-
ance of target doses of these drugs during the run-in period. If
dose reduction resulted in any diminution of the advantage of sacu-
bitril/valsartan over enalapril, we found no evidence for this in the
patients studied in the PARADIGM-HF trial.

In conclusion, in patients with heart failure with reduced EF
enrolled in the PARADIGM-HF trial, dose reductions of study
medications were frequent, but the efficacy of sacubitril/valsartan
relative to enalapril was maintained even among participants taking

© 2016 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

Vardeny O et al. Eur J Heart Fail 2016
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Cambiamenti della Qualita’ della vita KCCQ 
Differenze tra sacubitril/valsartan and enalapril 

P change score             0.59            0.15              0.10          0.029            0.027          0.042           0.007 0.001          <0.001        0.002
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Relationship between Age and Physical and Social 
Activities and Effect of Sacubitril/Valsartan
Randomization to Sacubitril/Valsartan Equivalent to Approximately 9 Years of age

Chandra A et al. JAMA Cardiol 2018



Seferovic JP et al. The Lancet Diabetes & Endocrinology 2017 

Glycaemic control
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F igure 1A : Change in estimated G F R stratified for random treatment assigment  

 

Mean (+/- 95% CI) of change in eGFR. Abbreviations: eGFR: estimated glomerular filtration 

rate.  

 

  

Damman K et al. JACC HF 2018
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PRIME study:
Effetti del sacubitril/valsartan sull’insufficienza mitralica e 
sul ventricolo sx

Kang D-H et al. Circulation 2019



Costo-efficacia del sac/val in Italia
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Figure 1 Incremental costs (€) and quality-adjusted life years (QALYs) gained in comparisons of sacubitril/valsartan with enalapril in the base
case analysis and in the alternative scenario analyses. The dotted line represents the willingness-to-pay (WTP) threshold. Each scenario under
the dotted line has an incremental cost-effectiveness ratio below €40 000 per QALY gained and is considered cost-effective. NYHA, New York
Heart Association.

Conflict of interest:L.S.D’A. has received
speaking honoraria from Angelini S.p.A
in areas other than cardiology. P.A.C. has
received speaking honoraria from Pfizer.
Inc and Bristol-Myers Squibb Company in
areas other than cardiology. C.P. and D.R.
are employed by Novartis Farma SpA. L.G.M.
has received honoraria from and has served
as a consultant and on the speakers’ bureau
for Bayer AG in areas other than cardiology,
consults for Hoffmann-La Roche and has
received grants from Novartis International
AG, MSD Italia Srl and Janssen - Cilag Spa
in areas other than cardiology. M.S. has
received consulting fees from Novartis Inter-
national AG, Bayer AG, Merck and Abbott
Vascular.

Lucia S. D’Angiolella1,2,
Paolo A. Cortesi1,2∗ , Claudia Pitotti3,
Daniela Ritrovato3,
Lorenzo G. Mantovani1, and
Michele Senni4

1Research Centre on Public Health (CESP),
University of Milan Bicocca, Monza, Italy;
2Fondazione Charta, Milan, Italy; 3Novartis
Farma SpA, Origgio, Italy; and 4Cardiology
Division, Cardiovascular Department,
Hospital Papa Giovanni XXIII, Bergamo, Italy

*Corresponding author. Research Centre on Public
Health (CESP), University of Milan-Bicocca, Via G.
Pergolesi 33, 20900 Monza, Italy. Tel: +39 039 233 097,
Fax: +39 02 6448 8169,
Email: paolo.cortesi@unimib.it

References

1. Senni M, Gavazzi A, Oliva F, Mortara A, Urso R,
Pozzoli M, Metra M, Lucci D, Gonzini L, Cirrin-
cione V, Montagna M, Di Lenarda A, Maggioni
AP, Tavazzi L; IN-HF Outcome Investigators.
In-hospital and 1-year outcomes of acute heart
failure patients according to presentation (de
novo vs. worsening) and ejection fraction. Results
from IN-HF Outcome Registry. Int J Cardiol
2014;173:163–169.

2. Maggioni AP, Orso F, Calabria S, Rossi E, Cinconze
E, Baldasseroni S, Martini N; ARNO Observatory.
The real-world evidence of heart failure: findings
from 41 413 patients of the ARNO database. Eur J
Heart Fail 2016;18:402–410.

3. Gaziano TA, Fonarow GC, Claggett B, Chan WW,
Deschaseaux-Voinet C, Turner SJ, Rouleau JL, Zile
MR, McMurray JJ, Solomon SD. Cost-effectiveness
analysis of sacubitril/valsartan vs enalapril in
patients with heart failure and reduced ejection
fraction. JAMA Cardiol 2016;1:666–672.

4. Sandhu AT, Ollendorf DA, Chapman RH, Pear-
son SD, Heidenreich PA. Cost-effectiveness of
sacubitril–valsartan in patients with heart failure
with reduced ejection fraction. Ann Intern Med
2016;165:681–689.

5. King JB, Shah RU, Bress AP, Nelson RE, Bellows
BK. Cost-effectiveness of sacubitril–valsartan com-
bination therapy compared with enalapril for the
treatment of heart failure with reduced ejection
fraction. JACC Heart Fail 2016;4:392–402.

6. van der Pol S, Degener F, Postma MJ, Vemer P.
An economic evaluation of sacubitril/valsartan for
heart failure patients in the Netherlands. Value
Health 2017;20:388–396.

7. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz
MP, Rizkala AR, Rouleau JL, Shi VC, Solomon SD,
Swedberg K, Zile MR; PARADIGM-HF Investiga-
tors and Committees. Angiotensin–neprilysin inhi-
bition versus enalapril in heart failure. N Engl J Med
2014;371:993–1004.

8. Kristensen SL, Martinez F, Jhund PS, Arango JL,
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• SC acuto

• Run-in

• De-novo

PARADIGM-HF trial fantastico ma …



TRANSITION study design

Treatment epoch 
10 weeks’ duration starting at randomization

Open-label
Sac/val 50 mg bid à 100 mg bid à 200 mg bid
or
Sac/val à 100 mg bid à 200 mg bid
as per label and on investigator discretion

Open-label
Sac/val 50 mg bid à 100 mg bid à 200 mg bid
or
Sac/val à 100 mg bid à 200 mg bid
as per label and on investigator discretion

OMT continued throughout the study (excluding ACEI/ARB)

Any OMT 
as per 

treating 
physician OMT continued throughout the study (excluding ACEI/ARB)

Patient stabilized 

3 strata

OMT but 
ACEI/ARB 
naïve pts

PRE-discharge initiation

POST-discharge initiation

max. 2 weeks

36 h ACEI
washout

Hospital 
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for ADHF

ACEI + OMT 

ARB + OMT 

R
an

do
m

iz
at

io
n 

to
 P

R
E-

or
 P

O
ST

-d
is

ch
ar

ge

36 h ACEI
washout O

pe
n-

la
be

l s
ac

/v
al

at
 to

le
ra

te
d 

do
se

1–3 days’
screening epoch

16 weeks’ 
follow-up epoch

Discharge 

Down-titration or temporary discontinuation of sac/val is allowed in all groups at any time

Pascual-Figal et al. ESC Heart Fail 2018;5(2):327–368

Any OMT as per 
treating  physician

993 patients
EF<40%
BP >110 mmHg
Stable therapy
(oral diuretics from 24h)



TRANSITION: 
Primary and secondary endpoints

Pr
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n 
of
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(%

)

Primary endpoint
On target dose 200 mg bid 

of sac/val at Week 10 

Achieved and maintained 100 
mg and/or 200 mg bid of 
sac/val or at least 2 weeks 

leading to Week 10

Achieved and maintained 
any dose of sac/val for at 
least 2 weeks leading to 

Week 10

Permanently discontinued
sac/val due to AE

RRR 0.89 (0.78, 1.02)
P=0.092

RRR 0.92 (0.84, 1.01)
P=0.071

RRR 0.97 (0.93, 1.02)
P=0.262

RRR 1.29 (0.69, 2.39)
P=0.424

Pre-discharge
initiation (N=493)

Post-discharge
initiation (N=490)

Wachter R, Senni M et al. Presented at ESC Congress 2018, Munich Germany



ENTRESTO
97/103 mg twice daily*

Enalapril
10 mg twice daily*vs

In-hospital initiation

Hospitalised with acute decompensated 
HF with reduced EF

Stabilised

Study drug for 8 weeks
Evaluate biomarker surrogates of 

efficacy 
Evaluate safety and tolerability

Explore clinical outcomes

PIONEER-HF
Study design 

Valazquez EJ et al. NEJM 2018

881 patients
NTproBNP >1600
EF<40%
BP >100 mmHg
Stable therapy
(including i.v. diuretics)



PIONEER-HF
Primary endpoint: Changes in NTproBNP concentration 

Valazquez EJ et al. NEJM 2018



PIONEER-HF
Subgroup analysis of changes in NTproBNP level

Valazquez EJ et al. NEJM 2018



PIONEER-HF 
Secondary endpoints: efficacy

Valazquez EJ et al. NEJM 2018



PIONEER-HF 
Secondary endpoints: safety

Valazquez EJ et al. NEJM 2018

Permanent discontinuations Sacubitril/Valsartan                  Enalapril

51 (11.5%)                     45 (10.1%) 



Pazienti De-novo nel TRANSITION trial

Senni M et al. (submitted)



ESC Guidelines
Therapeutic algorithm for a patient with symptomatic HFrEF

Ponikowski et al. Eur J Heart Fail 2016

Diuretics to relieve symptoms
and sign of congestion

If LVEF≤35% or a history of
VT/VF, implant ICD

Patient with symptomatic HFrEF

Therapy with ACE-i
Up titrated to maximum tolerated

evidence-based dose

Therapy with beta-blocker
Up titrated to maximum tolerated

evidence-based dose

Still symptomatic
and LVEF≤35% 

Add MR antagonist
Up titrated to maximum tolerated evidence-based dose

Still symptomatic
and LVEF≤35% 

Able to tolerate
ACE-i or ARB 

Sinus rhytm
QRS duration≥130 msec

Sinus rhytm
HR ≥70 bpm

These above treatment may be combined if indicated

No further action required
Consider reducing diuretic dose

IvabradineEvaluate
need for CRT

Resistant symptoms

Consider digoxin or H-ISDN or 
LVAD or heart transplantation

yes

yes

yes no

no

no

CLASS I

CLASS IIa

ARNI
to replace ACE-i

ARNI
to replace ACE-i



Prima linea di trattamento dello SC: 
Caratteristiche

• Requisiti Classe I and livello di evidenza A
• Corretto comparatore
• Miglioramento della Qualita’ della vita
• Ridotti eventi avversi seri
• Facilitare l’uso di terapia «certe»
• Utilizzo nei pazienti de-novo 



Ponikowski et al. Eur J Heart Fail 2016

Diuretics to relieve symptoms
and sign of congestion

If LVEF≤35% or a history of
VT/VF, implant ICD

Patient with symptomatic HFrEF

Therapy with ACE-i
Up titrated to maximum tolerated

evidence-based dose

Therapy with beta-blocker
Up titrated to maximum tolerated

evidence-based dose

Still symptomatic
and LVEF≤35% 

Add MR antagonist
Up titrated to maximum tolerated evidence-based dose

Still symptomatic
and LVEF≤35% 

Able to tolerate
ACE-i or ARB 

Sinus rhytm
QRS duration≥130 msec

Sinus rhytm
HR ≥70 bpm

These above treatment may be combined if indicated

No further action required
Consider reducing diuretic dose

IvabradineEvaluate
need for CRT

Resistant symptoms

Consider digoxin or H-ISDN or 
LVAD or heart transplantation

yes

yes

yes no

no

no

CLASS I

CLASS IIa

ARNI
to replace ACE-i

ARNI
to replace ACE-i

ESC Guidelines
Therapeutic algorithm for a patient with symptomatic HFrEF



Pascual Figal D, Senni M et al. Presented at AHA Congress 2018, Chicago

Effetti su NT-proBNP e hs-troponin

* Change from baseline is <0.05

TRANSITION
Trial

PIONEER
Trial



Storia naturale del paziente con SC

PIONEER

TRANSITION

Admission Improving Discharge Keep improved

In-Hospital

Stabilization

PARADIGM-HF

Out Patient



Altre recenti certezze ?

Terapia dello Scompenso Cardiaco



MitraFR e COAPT trials nell’insufficienza mitralica funzionale
Contraddittori o Complementari ?

18.8%

23.2%
HR 0.79 (0.56-1.13)

P<0.001



Differenze tra COAPT trial e MITRA FR: 
Criteri di inclusione

VARIABLE COAPT
(N=614)

MITRA FR
(N=304)

Etiology Ischemic and non ischemic
cardiomyopathy

Ischemic and non ischemic
cardiomyopathy

NHYA II-IV despite a stable OMT II-IV despite a stable OMT

LVEF (%) 20-50 15-40

LVESD (mm) < 70 NA

Severity of MR Moderate to severe (3+) or 
severe (4+)

ERO > 20 mm2 or RV > 30 ml

Previous HF 
hospitalization and/or
BNP values

At least one HHF within 12 
months and/or BNP > 300 pg/ml 
or NT-proBNP > 1500 pg/ml

At least one HHF within 12 
months, BNP not required



• Heart Team: COAPT comitato centrale di elegibilita’

• Selezione della popolazione: COAPT maggiore (annual rate 1,66)
• Potenza statistica del trial: COAPT 614 - MitraFR 304 (sottogruppi pre-specificati) 

• “Qualita’ di conduzione” del trial
- echo missing (MitraFR: 19% alla dimissione, 25% a 1 anno f-up)

- cambiamenti nella terapia dello SC: (solo riportati nel COAPT)

• Grado dell’IM: COAPT ERO 41+15 – MitraFR ERO 31+10

• Volumi VSx: COAPT VTD 101+34 – MitraFR VTD 135+35 
• MitraClip risultati:  - IM 3+ periop COAPT 5%, MitraFR 9%
• - Complicazioni periop COAPT 8.5%, MitraFR 14.6%

• - IM 3+ 1 anno COAPT 5%, MitraFR 17%

Differenze tra COAPT e MITRA FR: 
Ragioni



“Treatment of functional mitral regurgitation in chronic heart failure: 
Can we get a “proof of concept” from the MITRA-FR and COAPT trials?”
Michele Senni MD, Marianna Adamo MD, Ottavio Alfieri MD, Alec Vahanian MD 

(Eur J Heart Fail, in press)



1.  Accurata valutazione della OMT, prima e dopo l’intervento

2.   Presenza di una severa IM (EROA >30 mm2 e RV >45 mL)

3.   Assenza di:

Ø cardiopatia avanzata, (severa dilatazione e riduzione della FE)

Ø NYHA class IV

Ø disfunzione ventricolare dx 
Ø severa insufficienza tricuspidale

Importanza dell’Heart Team

Scelta del Timing per la correzione dell’IM

Criteri per la selezione del paziente



1. Certezze

2. Nuovi orizzonti

Terapia dello Scompenso Cardiaco



Terapie promettenti 
nel trattamento dello scompenso cardiaco

Sacubitril/valsartan nello SC a frazione di eiezione preservata
Attivatori della Guanilato ciclasi (vericiguat)
SGLT-2 inibitori (empaglifozin, dapaglifozin) 
Ferro carbossimaltosio
Agenti inotropi



Myocyte hypetrophy
LV stiffness
Fibroblast proliferation

Fibroblast proliferation
Diuresis and natriureis

Endothelial dysfunction
Fibroblast proliferation
Arterial stiffness

NPs

ADM
CGRP

BK

Sac/vals meccanismi di azione nel HFpEF
Substrates

ET-1
ALD

AT I-II 

Multiorgan
beneficial effect

Inhibited by 
RAAS inhibitors

Myocardium action

Volume overload

Improvement of 
arterial ventricular
coupling

LVEDP 
rest/effort

HF signs
and symptoms

Neprilysin inhibition NPs

Gori M, D’Elia E, Senni M. 
Int J Cardiol 2018



PARAMOUNT: NT-proBNP con LCZ696 a 12 settimane

*p=0.005, LCZ696 vs valsarta

NT-proBNP at 4, 12 and 36 weeks
1,000

900
800
700
600
500
400
300
200

0 5 10 15 20 25 30 35 40
Weeks post randomization

N
T-

pr
oB

N
P 

(p
g/

m
L)

LCZ696
Valsartan

Week 4 Week 12 Week 36

*

§ Reduction in NT-proBNP from baseline was sustained to Week 36 with LCZ696, although the difference between 
treatment groups was no longer significant (p=0.20) due to further reduction in NT-proBNP with valsartan

Solomon S et al. Lancet 2012



PARAMOUNT: 
variazione dei parametri ecocardiografici

Articles

1392 www.thelancet.com   Vol 380   October 20, 2012

particularly loop diuretics, was greater in the valsartan 
group during the trial, although β-blocker use was similar. 
In the LCZ696 group, 22 patients (15%) had one or more 
serious adverse events, including one death; in the val-
sartan group, 30 patients (20%) had one or more serious 

adverse events, including two deaths (table 4). The number 
of patients with hypotension, renal dysfunction, or 
hyperkalaemia did not diff er between groups. Over 
36 weeks, eGFR decreased to a greater extent in the 
valsartan group (LCZ696, –1·6 mL/min per 1·73 m² vs 
valsartan, –5·2 mL/min per 1·73 m²; p=0·007) and urinary 
albumin creatinine ratio increased to a greater extent in 
the LCZ696 group (LCZ696, 1·9 mg/mmol at baseline, 
2·9 mg/mmol at week 36; valsartan, 2·0 mg/mmol at 
baseline, 2·0 mg/mmol at week 36; p=0·02). Angio-
oedema occurred in one patient on LCZ696, who did not 
need admission to hospital, and no patients on valsartan.

Discussion
We found that in patients with heart failure with preserved 
ejection fraction, the angiotensin receptor neprilysin 
inhibitor LCZ696 reduced NT-proBNP to a greater extent 
than did valsartan after 12 weeks of treatment (panel). The 
reduction in NT-proBNP in patients receiving LCZ696 
became evident at 4 weeks and appeared to be sustained to 
36 weeks, although the between-group diff erence was no 
longer signifi cant. Additionally, we noted a reduction in 
left atrial size, indicative of reverse left atrial remodelling, 
in patients randomly assigned to LCZ696 after 36 weeks 
compared with those assigned to valsartan. NYHA class 
improved signifi cantly at 36 weeks in patients on LCZ696 

12 weeks 36 weeks

LCZ696 Valsartan p value LCZ696 Valsartan p value

n Baseline Δ from 
baseline

n Baseline Δ from 
baseline

n Baseline Δ from 
baseline

n Baseline Δ from 
baseline

Ejection fraction 114 58·2% 
(7·6)

1·06% 
(5·0)

118 58·0% 
(8·0)

1·04% 
(4·9)

0·85 94 58·3% 
(7·7)

2·7% 
(6·5)

111 58·1% 
(8·0)

3·07% 
(5·9)

0·69

Lateral mitral annular relaxation velocity (e�; cm/s) 97 7·7 
(2·7)

0·57 
(1·7)

106 7·2 
(2·9)

0·55 
(1·5)

0·56 84 7·6 
(2·7)

0·55 
(2·3)

96 7·3 
(2·8)

0·92 
(2·0)

0·40

Mitral infl ow velocity to mitral annular relaxation 
velocity ratio (E/e�)

96 12·6 
(8·4)

–1·3 
(3·4)

106 13·0 
(7·3)

–1·3 
(4·3)

0·71 83 12·3 
(5·5)

–1·3 
(3·1)

95 12·7 
(6·2)

–1·0 
(4·7)

0·42

Early to late mitral infl ow velocity ratio (E/A) 72 1·1 
(0·56)

–0·09 
(0·36)

78 1·1 
(0·66)

–0·08 
(0·67)

0·90 60 1·1 
(0·51)

–0·05 
(0·39)

68 1·1 
(0·65)

–0·03 
(0·61)

0·43

Left atrial width (cm) 116 3·7 
(0·42)

–0·07 
(0·25)

114 3·7 
(0·53)

–0·02 
(0·22)

0·07 99 3·7 
(0·43)

–0·15 
(0·31)

108 3·7 
(0·53)

–0·08 
(0·30)

0·03

Left atrial volume (mL) 113 67·0 
(23·2)

–3·2 
(12·2)

119 68·1 
(28·1)

–1·3 
(12·5)

0·18 96 65·3 
(22·5)

–4·6 
(13·7)

112 68·3 
(29·3)

0·37 
(15·9)

0·003

Left atrial volume index (mL/m²) 110 35·9 
(12·5)

–0·98 
(7·6)

118 36·5 
(14·4)

–0·41 
(6·8)

0·45 90 35·0 
(11·7)

–2·6 
(7·3)

106 36·8 
(14·8)

0·31 
(9·3)

0·007

Left ventricular end-diastolic volume (mL) 114 110·3 
(26·4)

–2·90 
(10·5)

118 113·1 
(31·3)

–3·27 
(12·3)

0·99 94 111·8 
(26·3)

–10·4 
(14·4)

111 114·3 
(31·5)

–12·7 
(17·3)

0·39

Left ventricular end-systolic volume (mL) 114 46·5 
(15·7)

–3·3 
(6·5)

118 48·5 
(20·9)

–2·7 
(8·9)

0·97 95 46·9 
(15·8)

–6·9 
(9·1)

111 48·8 
(20·6)

–8·70 
(11·0)

0·31

Left ventricular mass index (kg/m²) 112 77·4 
(20·7)

–1·2 
(13·0)

112 78·8 
(21·5)

–4·2 
(11·8)

0·10 91 76·6 
(19·8)

–2·8 
(14·0)

100 79·5 
(22·7)

–1·9 
(19·2)

0·35

Relative wall thickness 116 0·38% 
(0·09)

–0·002% 
(0·045)

114 0·37% 
(0·07)

0·001% 
(0·033)

0·76 98 0·37% 
(0·07)

0·01% 
(0·06)

107 0·37% 
(0·07)

0·01% 
(0·06)

0·96

Tricuspid regurgitant velocity (m/s) 45 2·5 
(0·36)

0·008 
(0·25)

42 2·5 
(0·33)

0·09 
(0·33)

0·19 35 2·6 
(0·44)

–0·01 
(0·24)

42 2·52 
(0·34)

0·06 
(0·35)

0·38

Data are mean (SD). Baseline data are presented for follow-up values.

Table 3: Changes in echocardiographic measures at 12 weeks and 36 weeks 
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NYHA=New York Heart Association.
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PARAGON-HF
Target patient population: ~4,300 patients with symptomatic HF (NYHA Class II–IV) and LVEF ³45%

up to 2 weeks ~240 weeks

Valsartan 160 mg BID

LCZ696 200 mg BID
LCZ696 
100 mg BID

On top of optimal background medications for co-
morbidities (excluding ACEIs and ARBs)

Primary outcome: CV death and total (first and recurrent) HF 
hospitalizations (anticipated ~1,721 primary events)

Valsartan 
80 mg BID*Screening

3–8 weeks

Active run-in period

Double-blind treatment period
Randomization 1:1



Via NO/cGMP

Myocardial
function

Vascular
function

Ranolazine inhibits the increased lateNa+ current, amechanismthat
mayminimize intramyocyteNa+ accumulation and the resultant Ca2+

overload. Reduced diastolic tension was observed in failing human
heart ventricular tissue after exposure to ranolazine.41 Ranolazine
improved diastolic function in non-infarcted ischaemic myocardium,42

in isolated myocardium from failing human hearts,41 and in chronic
stable angina.43 It is hypothesized that ranolazine may have similar
effects in HF-PEF, a condition associated with substantial alterations
of themicrocirculation even in the absenceof coronaryartery stenosis.
The Ranolazine for the Treatment of Diastolic Heart Failure

(RALI-DHF) study was a proof-of-concept trial that evaluated the
effect of ranolazine vs. placebo on haemodynamics, measures of dia-
stolic dysfunction, andbiomarkers in 20patientswithHF-PEFanddia-
stolic dysfunction.44 After 30 min of infusion, significant decreases
from baseline were observed in LV end-diastolic pressure (LVEDP)
and pulmonary capillary wedge pressure (PCWP) in the ranolazine
group, but not in the placebo group.45 Although invasively deter-
mined relaxationparameters and the non-invasiveE/e′ ratiowereun-
altered, these limited data justify additional studies of ranolazine in
HF-PEF (Table 3).

Targeting fibrosis as a phenotype
Left ventricular fibrosis occurs early in the evolution to HF-PEF and
represents a worthy therapeutic target in the syndrome. Fibrosis
comprises both the heart and vascular system and impacts on both
diastolic and systolic function. Fibrosis will lead tomyocardial stiffen-
ing, impede both suction and filling, and the loss of early diastolic
suctionmayhavemajor deleterious effects on impairedexercise cap-
acity in HF-PEF.46 Fibrosis is mediated by alterations in the amount
and composition of collagen within the extracellular matrix.47–49

Collagen synthesis is enhanced in the setting of increased load or ac-
tivation of the renin–angiotensin–aldosterone system (RAAS).47,48

Down-regulationof enzymes that degradecollagenoccurs inpatients
with HF-PEF.47,49–52 It is important to note that elevated myocardial
collagen is present in many, but not all patients,53 clinical tools to
identify it are only evolving in practice settings, and the reliability of
serum markers to reflect cardiac processes is uncertain. Neverthe-
less, recent research has suggested galectin-3 as an emerging bio-
marker with potential utility in identifying patient subgroups that
may specifically respond to anti-fibrotic therapy.54

Mineralocorticoid receptor antagonists
Aldosterone mediates vascular and cardiac remodelling. It binds to
the mineralocorticoid receptor (MR), stimulates cardiac fibroblasts,
and increases collagen synthesis and deposition. These events lead to
myocardial fibrosis and increased LV stiffness.55–61 Inflammation and
oxidative stress are also involved in aldosterone-mediated fibrosis.62

Aldosterone stimulates the expression of several profibrotic mole-
cules [e.g. transforming growth factor-1 (TGF-1), plasminogen acti-
vator inhibitor-1 (PAI-1), and endothelin-1] that contribute to the
pathogenesis of fibrosis.62 Animal studies showed that MR antago-
nists (MRA) prevent collagen synthesis and remodelling.63–67 Small
studies inHF-PEF patients showed improvement in diastolic dysfunc-
tion parameters after treatment with an MRA.68,69

The Aldo-DHF study was a randomized, double-blind, placebo-
controlled trial of spironolactone 25 mg/day or placebo in 422
patients with chronic NYHA class II or III HF, LVEF ≥50%, and
grade ≥1 diastolic dysfunction.18,70 The co-primary endpoint E/e′

was reduced in the spironolactone group, whereas it increased
from baseline in the placebo group. The difference between groups

Figure 3 Role of the nitric oxide–cyclic guanosine monophosphate–protein kinase G pathway in the cardiomyocyte. Cardiomyocyte signalling
pathways involved in regulating cardiac titin stiffness. ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; CNP, c-type natriuretic peptide;
NO, nitric oxide; PDE5, phosphodiesterase-5; pGC, particulate guanylyl cyclase; sGC, soluble guanylyl cyclase. Adapted with permission from the
Journal of Molecular and Cellular Cardiology 2009;46:490–498.
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% change from baseline

-24.5% -23.3% -27.4% -29.8% -41.0%

p=0.048 p=0.15

-33.1%
Primary endpoint
} Primary analysis: 
NTproBNP reduction in 
pooled 2.5/5/10 mg dose 
groups > reduction in 
placebo (NS, p=0.1506)
} Secondary analyses: 

NT-proBNP reduction in 10 
mg group > placebo 
(p=0.0483; pre-specified 
pairwise comparison, 
exploratory only)

Change in NT-proBNP at 12 weeks (per protocol analysis)

SOCRATES-REDUCED: vericiguat

L.IT.MA.05.2017.2516



mean values
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42

placebo 10 mg

LV
EF

 (%
)

BASELINE WEEK 12

Full analysis set
mean ± standard deviation (SD)

Parameter

Placebo 1.25 mg 2.5 mg 2.5 to 5 mg 2.5 to 10 mg

Baseline Change at 
wk 12 Baseline Change at 

wk 12 Baseline Change at 
wk 12 Baseline Change at 

wk 12 Baseline Change at 
wk 12

LVEF (%) 28.6 + 1.5 29.5 + 2.8 29.2 + 2.7 31.5 + 2.1 29.3 + 3.7
LVEDV (mL) 174 - 7 173 -6 174 -10 177 -17 161 -7
LVESV,(mL) 127 - 7 125 -9 126 -11 125 -15 120 -11

SOCRATES-REDUCED: funzione sistolica

P<0.05

LVEF, left ventricular ejection fraction; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume L.IT.MA.05.2017.2516



VICTORIA Trial
Studio di fase III - NYHA II-IV - HFrEF

•Primary objective: To study the efficacy and safety of vericiguat vs. placebo on a background of 
usual care in HFrEF patients
•Target enrollment of approximately 4800 patients with the following:

• HFrEF (EF < 45%)
• NYHA II-IV on standard therapy
• Prior HF hospitalization (6 months) or IV diuretic (3 months)
• Elevated natriuretic peptides
• Not taking long-acting nitrates

• Primary outcome:  composite endpoint of cardiovascular (CV) mortality or HF hospitalization
• Secondary outcomes include: 
• Time to the First Occurrence of CV Death
• Time to the First Occurrence of HF Hospitalization
• Time to Total HF Hospitalizations (including first and recurrent events)
• Time to First Occurrence of Composite Endpoint of All-cause Mortality or HF Hospitalization
• Time to All-cause Mortality 

L.IT.MA.05.2017.2516



I possibili meccanismi di azione dei SGLT2 inibitori

Verma, McMurray & Cherney JAMA Cardiol 2017



EMPA-REG Outcome trial



EMPEROR trial
HF Hospitalizations in patients with or without HF

Fitchett et al. Eur Heart J 2016



SGLT2 inhibitors in heart failure 7

Table 1 Ongoing trials with sodium–glucose co-transporter 2 inhibitors

Drug Cohort Primary endpoint
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Canagliflozina Chronic HF Change from baseline aerobic exercise capacity at 12weeks
Change from baseline ventilator efficiency at 12weeks

Dapagliflozina Chronic HF Time to first occurrence of CV death or hospitalization for
HF or urgent HF visit

CKD Time to first occurrence of ≥50% sustained decline in
eGFR or reaching ESRD or CV death or renal death

Empagliflozina HFpEF Time to first adjudicated CV death or adjudicated
hospitalization for HF

HFrEF
CKD Composite CV death and renal disease progression

Luseogliflozin HFpEF Change in BNP at 12weeks
Ertugliflozin N/A N/A
Sotagliflozin N/A N/A

BNP, B-type natriuretic peptide; CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HF, heart failure;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; N/A, not applicable.
aCurrently approved by the Food and Drug Administration and European Medicines Agency.

One unifying hypothesis is that the dominant mechanism of
action of empagliflozin is a glucouretic effect without the usual
adverse effects of conventional diuretics. In the EMPA-REG OUT-
COME trial, the early, sizeable and persistent effect of empagliflozin
in raising haematocrit and serum albumin, a drop in blood pres-
sure, and a decrease in body weight may be interpreted as the
effect on plasma volume and haemoconcentration, resulting from
a benign ‘smart’ or ‘diabetes-directed’ diuretic effect. Indeed, this
glucouretic effect is a striking variance with those observed with
all other diuretics. The apparently adverse effects inherently associ-
ated with the pharmacology of the conventional loop diuretics and
thiazides used in HF may counter and/or dampen their potential
survival benefits. Still, other mechanisms such as changes in car-
diac metabolism by SGLT2 inhibitor treatment may also contribute
to beneficial effects in HF. In addition to clinical trials, further lab-
oratory experimental data are warranted to further elucidate the
underlying mechanisms of cardioprotection.

Class effect of sodium–glucose
co-transporter 2 inhibitors
While empagliflozin proved effective in reducing cardiovascular
death and HF hospitalization risks, these analyses need to be
replicated with other SGLT2 inhibitors before it can be ascertained
if this is a class effect or a drug-specific effect. In the near
future, studies with canagliflozin and dapagliflozin will also report
cardiovascular outcome results, shedding further light on this
issue.88,89

Future direction
The EMPA-REG OUTCOME trial was designed to study high-risk
T2DM patients. This trial was not designed to assess the benefits
of empagliflozin in patients with HF. Only a distinct minority of .
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. these patients (∼10%) had a history of HF. Secondary analyses

of the HF subgroup provides interesting hypotheses for potential
benefits of this drug in HF; however, the strength of evidence is
not sufficient to recommend its use for the treatment of patients
with HF and none of the HF guidelines currently recommend
it for HF treatment. There have been examples in the past of
cardiovascular drugs that have benefited patients with T2DM and
CVD and were also shown to be of benefit in observational studies
in HF. However, when dedicated adequately powered HF trials
were done, no benefit was seen in improving HF outcomes.

A full characterization of the HF population, including infor-
mation regarding left ventricular ejection fraction was not per-
formed in the EMPA-REG OUTCOME trial, as this was not a
HF study. None of the therapies shown to improve survival
in patients with HFrEF, such as angiotensin-converting enzyme
inhibitors or beta-blockers or mineralocorticoid receptor antag-
onists, have been conclusively demonstrated to improve outcomes
in patients with HFpEF. Thus, outcomes related to HF therapies
should be tested in specific populations. Also, while the EMPA-REG
OUTCOME trial was performed in patients with T2DM, the phar-
macodynamic effects of empagliflozin lends itself to potentially also
benefit patients with HF who do not have diabetes.

Based on these reasons, it is imperative to study this drug
in adequately designed and powered dedicated HF clinical tri-
als. This is of particular importance considering the increasing
prevalence of patients with both HF and T2DM concomitantly.
While this possibility remains, further studies to better under-
stand the pharmacodynamic effects of SGLT inhibitors in patients
with HF, including those without diabetes, are warranted. Impor-
tantly, larger outcomes trials are needed with these agents. These
should of course also determine the safety of these agents, assess-
ing in particular rates of genital infection and ketosis.21 There are
currently several phase III outcomes trials planned and just start-
ing with empagliflozin and dapagliflozin. Empagliflozin will be stud-
ied in patients with HFpEF (EMPEROR-Preserved)90 and HFrEF

© 2017 The Authors
European Journal of Heart Failure © 2017 European Society of Cardiology

Butler J et al. Eur J Heart Fail 2017
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Omecamtiv mecarbil: attivatore selettivo
della miosina



Omecamtiv mecarbil in HFrEF: 
COSMIC-HF

Teerlink JR et al. 
Lancet 2016
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FCM improved self-reported PGA scores at week 24
Odds ratio for better rank: 2.51 (95% CI 1.75,3.61), P<0.0001

Endpoint primario 1:
Patient Global Assessment a 24 settimane

FCM
Placebo

50% vs 27%

Anker S et al, NEJM 2009

459 HFrEF patients, LVEF<45%



Endpoint primario 2:
classe NYHA a 24 settimane

FCM
Placebo

FCM improved NYHA functional class at week 24
Odds ratio for improvement by 1 class: 2.40 (95% CI 1.55,3.71), P<0.0001*

47% vs 30%

Anker S et al, NEJM 2009



FCM improved 6MWT at week 24

FCM vs placebo: 33 ± 11 m (least squares mean ± SE)

P=0.002
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CONFIRM-HF: endpoint primario
6-minutes walking distance a 24 settimane

300 HFrEF patients, LVEF<45%

Ponikowski P et al. Eur Heart J. 2015



-2
-1,5

-1
-0,5

0
0,5

1
1,5

2

-200
-150
-100

-50
0

50
100
150
200 Treatment Difference:

21 (-34 to 76) ml/min
P = 0.46

D
Pe

ak
 V

O
2

m
l/m

in

D
Pe

ak
 V

O
2 

m
l/k

g/
m

in

Oral Placebo
Iron

Oral Placebo
Iron
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Lewis GD et al., IRONOUT-HF – JAMA 2017

Baseline peak VO2 (IQR) 13.3           12.9
(11.4–15.8)  (10.5–15.6)   

Ironout-HF
300 patients, LVEF<40%



Studi in corso di Mortalita‘ e Morbidita‘con terapia
marziale e.v.
Study AFFIRM AHF1 FAIR HF22 HEART FID3 IRONMAN4

Design Prospective, double-blind, 
randomised, parallel-group, 

placebo  controlled 

Prospective, double-blind, 
randomised, parallel-group, 

placebo  controlled 

Prospective, double-blind, 
randomised, parallel-group, 

placebo  controlled 

Prospective, single-blind, 
parallel group, randomized, 

open-label, multicentre

Population Patients (N=1100) admitted 
with acute HF and stabilized, 

and iron deficiency

Patients (N=1200) with CHF 
(or acute HF) and iron 

deficiency

Patients (N=3014) with CHF
and iron deficiency

Patients (N=1300) with 
HFrEF and iron deficiency

i.v. iron Ferric carboxymaltose Ferric carboxymaltose Ferric carboxymaltose Iron (III) isomaltoside

Primary 
endpoint

Effect on the composite of 
recurrent HF hospitalizations 
for worsening HF and CV 
death up to 52 weeks after 
randomization

Combined rate of recurrent 
hospitalizations for HF and of 
CV death after at least 12 
months of follow-up

Treatment response over 12 
months for incidence of death, 
incidence of hospitalization for 
heart failure and change in 6 
MWT

CV mortality or 
hospitalization for worsening 
HF (analysis will include first 
and recurrent 
hospitalisations). Minimum 
2.5 years follow-up from last 
patient  recruited



Sebbene siano stati ottenuti grandi risultati nel
trattamento dello scompenso cardiaco, la strada
d’avanti a noi e’ ancora lunga.
Farmaci promettenti e nuovi approcci alla terapia
(personalizzazione) potranno migliorare i risultati
anche in aree dove non abbiamo ad oggi
nessuna terapia basata sull’evidenza (HFpEF).

Conclusione



“Now, this is not the end. 
It is not even the beginning of the end. 
But it is, perhaps, the end of the beginning.”

Sir Winston Churchill, 1942


