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Preamble

• CHF and AF are not a specific disease
• Rather, they represent the common final evolution of several clinical and 

electrical conditions
• As a consequence, histopathological and electrophysiological substrates 

may differ considerably among patients
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Preamble

• Combining AF and CHF in a reproducible model for prescription of therapy 
delivery represents an oversimplification 
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Quando Ricorrere alla Ablazione Transcatetere?

Quale Fibrillazione Atriale? Quale Scompenso Cardiaco?

Quale Tecnica di Ablazione?
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Rationale for AF Ablation in CHF

• AF has proven as an independent predictor of outcome in patients 
with CHF

• Strategies aimed at restoring and maintaining sinus rhythm over time 
may contribute to prolong patient survival
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With a recurrence rate of 50% in the study group at 60 months FU
With 63% of patients in the study group presenting with stable sinus rhythm between 48 and 60 months FU 

Marrouche et al, 2018
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Wilber et al, 2010

Methodological adv.

- Multi-center

- Prospective

- Randomized

- Reproducible ablation

design (PV isolation)

- Paroxysmal AF

- Outcome judged by 

external referee

committee

67%
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Efficacy model for ablation in CASTLE-AF
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• Success rates at catheter ablation of persistent and long-standing 
persistent AF
– 67% in 1/3 of pts
– 38% in 1/3 of pts
– 27% in 1/3 of pts

• Role of follow-up in favoring AF recurrences after catheter ablation
• Role of sinus rhythm in determining clinical outcome

44% mean success rate in the aggregate population!
during 9 months FU!!!
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In paroxysmal AF!!
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• Identification of a combined universal model of AF in CHF represents 
an over(over over over…)-simplification (a wishful thinking!)

• Therefore, such model is not amenable to a universal strategy for 
catheter-based restitution to stable sinus rhythm

• Studies in the literature provide elusive methodology and unrealistic 
data to be extrapolated to a general population

• Too much enthusiasm may lead to an excess procedural risk exposure
• Selected patients (at best those with tachymyopathy) may be 

considered for AF ablation 
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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.

Circ Heart Fail is available at http://circheartfailure.ahajournals.org DOI: 10.1161/CIRCHEARTFAILURE.116.003529

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

A Network Meta-Analysis

Heather Burnett, MSc; Amy Earley, BSc; Adriaan A. Voors, MD, PhD; Michele Senni, MD;  
John J.V. McMurray, MD; Celine Deschaseaux, MSc; Shannon Cope, MSc

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

 by guest on N
ovem

ber 11, 2017
http://circheartfailure.ahajournals.org/

D
ow

nloaded from
 

9  Burnett et al  NMA of the Efficacy of Drug Treatments for HFrEF 

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)

ARB

ACEI

0.44 (0.26, 0.66)

0.52 (0.31, 0.80)

0.57 (0.35, 0.91)

0.47 (0.23, 0.86)

0.83 (0.51, 1.24)

0.57 (0.41, 0.72)

0.57 (0.33, 0.94)

0.88 (0.61, 1.26)

0.83 (0.66, 1.01)

ACEI + BB + MRA

ACEI + ARB + BB

ACEI + MRA

ARB + BB

ACEI + ARB

ACEI + BB

BB

0.0 0.5 1.0 1.5
Hazard ratio (95% Credible Interval) for Treatments vs. Placebo

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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Heart failure: definition

• Clinical syndrome characterized by typical symptoms (e.g. breathlessness, 
ankle swelling and fatigue) that may be accompanied by signs (e.g. 
elevated jugular venous pressure, pulmonary cracklers and peripheral 
oedema) caused by and/or functional cardiac abnormality, resulting in a 
reduced cardiac output and/or elevated intracardiac pressures at rest or 
during stress
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AF-CHF

AF-CHF: secondary endpoints
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A rhythm control strategy was not 
associated with better outcomes in 

patients with AF and CHF, even when 
analysis was performed to consider 

efficacy in sinus rhythm maintenance
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Ablation technique
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