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Abstract

Heart failure with preserved ejection fraction (HFpEF) is a major and growing public health problem. Epidemiologic studies
demonstrated that heart failure (HF) can be clinically diagnosed in patients with normal or preserved left ventricular ejection
fraction. These patients are therefore termed as having HFpEF. In the past, this was often called diastolic HF. Because of the
permanent increase of the prevalence of HFpEF during the past decades, HFpEF now accounts for more than 50% of the total
HF population. There are uncertainties and debates regarding the definition, diagnosis, and pathophysiology with the conse-
guence that all outcome trials performed so far used criteria for inclusion and exclusion that were not consistent. These trials
also failed to document improved prognosis. Recent smaller proof-of-concept or Phase Il clinical trials investigating different
pathophysiological approaches with substances such as the neprilysin inhibitor—angiotensin receptor blocker— combination
(LCZ 696), ranolazine, or ivabradine were successful to improve biomarkers, haemodynamics, or functional capacity. Future
trials will need to document whether also prognosis can be improved.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) is a ma-
jor and growing public health problem. Epidemiologic studies
demonstrated that heart failure (HF) can be clinically diag-
nosed in patients with normal or preserved left ventricular
ejection fraction (LVEF)." These patients are therefore termed
as having HFpEF. Because of the permanent increase of the
prevalence of HFpEF during the past decades, HFpEF now ac-
counts for more than 50% of the total HF population.”> In con-
trast to heart failure with reduced ejection fraction (HFrEF),
outcomes in HFpEF remained unchanged over the last years.>?
In a recent meta-analysis, the mortality rate in HFpEF was 121
[95% confidence interval (Cl): 117 to 126] deaths per 1000
patient-years, which is underscoring the need for effective
therapies in this highly relevant condition.® However, there
are uncertainties regarding the definition, diagnosis, and path-
ophysiology with the consequence that all outcome trials per-
formed so far failed to improve prognosis in this condition.”

Recent smaller proof-of-concept or Phase Il trials investigating
different pathophysiological approaches with substances such
as the neprilysin inhibitor—ARB— combination, ranolazine, and
ivabradine were successful to improve biomarkers, hemody-
namics, or functional capacity.

Pharmacological Treatment of heart
failure with preserved ejection fraction

Current HF guidelines of the ESC acknowledge the complete
lack of evidence in the prognostic management of HFpEF."
Only the use of diuretic agents to relieve breathlessness
and oedema is recommended. Furthermore, supported by ex-
pert opinion, a focused management of important underlying
or concomitant conditions such as hypertension, myocardial
ischemia, and to control heart rate and to preserve sinus
rhythm can be recommended. The following therapeutic
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concepts were investigated in proof-of-concept, larger paral-
lel group, or outcome studies.

Beta-blockers and calcium-channel blockers

The role of beta-blockers remains to be investigated more
comprehensively. Nebivolol was investigated in n=2128
elderly patients with a history of HF or known LVEF <35% in
the Study of the Effects of Nebivolol Intervention on Out-
comes and Rehospitalisation in Seniors with Heart Failure
(SENIORS).® There was a 14% reduction in the primary
composite outcome [all-cause mortality or cardiovascular
(CV) admission]. A similar benefit was observed in patients
with ‘preserved’ LVEF (LVEF > 35%). However, the cut-off of
LVEF was 35%, wherefore no extrapolation of the results to
patients with really preserved LVEF can be drawn from this
analysis. In the Effects of Long-term Administration of
Nebivolol on the clinical symptoms, exercise capacity, and left
ventricular function of patients with Diastolic Dysfunction
trial, a randomized, double-blind, multicenter, parallel group,
placebo-controlled trial designed to investigate the effects of
Nebivolol in patients with HFpEF. Nebivolol did not positively
affect signs and symptoms in HFpEF.” In contrast, a direct
correlation between the decrease in peak heart rate and
the decrease in peak oxygen consumption in the Nebivolol
group could be observed. Although data regarding the
calcium-channel blocker verapamil from a very small study
suggested improvements of signs and symptoms of HF as well
as of exercise capacity in these patients, no sufficient evi-
dence for the benefit of beta-blockers or verapamil in HFpEF
is available.®

Ivabradine
In a recent trial, n=61 patients with HFpEF and increased

heart rate were randomized to ivabradine 5mg b.i.d. or pla-
cebo.’ The follow-up was for 7 days. Exercise capacity was

placebo. The ongoing PrEserveD left ventricular ejectlon frac-
tion chronic heart Failure with ivabradine studY (EDIFY) study
(effect of ivabradine vs. placebo on cardiac function, exercise
capacity, and neuroendocrine activation in patients with
chronic HF with preserved LVEF; EUDRA CT no. 2012
002742-20) will prospectively enrol n=400 patients with
HFpEF and will more comprehensively investigate the effect
of ivabradine on diastolic function, exercise capacity, and on
N-terminal pro brain natriuretic peptide (NT-proBNP) plasma
levels after 8 months follow-up.

Digitalis

In the Digitalis Interaction Group trial, n=988 patients
(LVEF > 45%) were randomized to digoxin or placebo. After
37 months follow-up, no differences were observed in all-
cause, HF, or CV mortality, as well as in the composite out-
come of HF death or hospitalization.™®

Angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers

The Perindopril for Elderly People with Chronic Heart Failure
trial prospectively included n=850 elderly patients with HF,
preserved LVEF (LVEF>40%), and echocardiographic evi-
dence of diastolic dysfunction.'® After the mean follow-up
of 26.2 months, no significant reduction in all-cause mortality
or HF hospitalization (primary composite endpoint) was ob-
served in the perindopril group (Table 1). The Candesartan
in Heart failure Assessment of Reduction in Mortality and
morbidity trial prospectively included n=3023 patients with
HF and preserved LVEF (LVEF>40%).*> They were random-
ized to receive candesartan or placebo. As shown in Table 1,
there was no significant benefit on CV mortality (primary out-
come). In contrast, a significant reduction in HF hospitaliza-
tions in the candesartan group was observed. The
Irbesartan in HF with Preserved Systolic Function trial pro-

significantly improved by ivabradine when compared with spectively enrolled n=4128 elderly HF patients with
Table 1. Outcome trials in heart failure with preserved ejection fraction
PEP-CHF"" CHARM—preserved'? I-PRESERVE'> TOPCAT'®

Patients, n= 850 3.023 4.128 3.445
Study drug Perindopril Candesartan Irbesartan Spironolactone
Mean follow-up 2.1 3.0 4.1 3.3
(years)
Primary endpoint All-cause death/ CV death/HF All-cause CV death/aborted

HF hospitalization hospitalization death/CV cardiac arrest/HF

Hazard ratio
P-value

0.92 (0.70-1.21)
0.54

0.89 (0.77-1.03)
0.12

hospitalization
0.89 (0.77-1.04)
0.14

hospitalization
0.95 (0.86-1.05)
0.35

PEP-CHF, Perindopril for Elderly People with Chronic Heart Failure; CHARM, Candesartan in Heart Failure Assessment of Reduction in Mor-
tality and Morbidity; I-PRESERVE, Irbesartan in HF with Preserved Systolic Function; TOPCAT, Treatment of Preserved Cardiac Function
Heart Failure with an Aldosterone Antagonist Trial; HF, heart failure; CV, cardiovascular.
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preserved LVEF (LVEF>45%)."® They were randomized to re-
ceive irbesartan or placebo. Again, no significant reduction in
the primary composite outcome (death from any cause or
hospitalization for a cardiovascular cause—heart failure,
myocardial infarction, unstable angina, arrhythmia, or stroke)
or in major secondary outcome measures could be observed
(Table 1).

Neprilysin inhibitors combined with angiotensin
receptor blockers

LCZ 696 is an angiotensin receptor neprilysin inhibitor that
combines an inhibitory effect of neprilysin together with an
angiotensin receptor blocker. In the Prospective Comparison
of Arni With ARB on Management of Heart Failure with Pre-
served Ejection Fraction Trial, LCZ 696 was compared with
valsartan in n=301 patients with HFpEF patients.** The
follow-up period was 36 weeks. The primary endpoint was
the change of NT-proBNP (24 weeks). LCZ 696 significantly
lowered the plasma level of NT-proBNP compared with
valsartan. Interestingly, the effect on NT-proBNP was not re-
producible after the total follow-up period of 36 weeks. The
Efficacy and Safety of LCZ 696 Compared with Valsartan, on
Morbidity and Mortality in Heart Failure Patients with Pre-
served Ejection Fraction trial is ongoing and will investigate
whether LCZ 696 is of prognostic relevance in this condition
(ClinicalTrials.gov identifier: NCT01920711).

Mineralocorticoid receptor antagonists

Smaller studies suggested that mineralocorticoid receptor an-
tagonists such as spironolactone and eplerenone might posi-
tively affect cardiac function in patients with HFpEF. In the
Aldosterone receptor Blockade in Diastolic Heart Failure trial,
n=422 patients with HFpEF (LVEF>50%) were randomized to
receive spironolactone 25 mg/day or placebo.*® The follow-
up period was 12 months. Diastolic function assessed by the
left ventricular filling index E/e’ ratio on Doppler echocardi-
ography was significantly improved by spironolactone, along
with reduction in LV mass and NT-proBNP. No change was
observed in maximal exercise capacity (co-primary endpoint),
patient signs and symptoms, or quality of life.

In the Treatment of Preserved Cardiac Function Heart Failure
with an Aldosterone Antagonist trial, randomized n =3445 pa-
tients with symptomatic heart failure and a preserved LVEF
(LVEF >45%) to receive spironolactone or placebo.*® The mean
follow-up was 3.3 years. The primary outcome was a composite
of death from cardiovascular causes, aborted cardiac arrest, or
hospitalization for the management of HF. The primary out-
come occurred in n=320 of n=1722 patients in the
spironolactone group (18.6%) and 351 of 1723 patients in the
placebo group (20.4%) (Hazard ratio, 0.89; 95% Cl, 0.77 to

1.04; P=0.14). Only hospitalization for HF had a significantly
lower incidence in the spironolactone group than in the
placebo group [206 patients (12.0%) vs. 245 patients (14.2%);
hazard ratio, 0.83; 95% Cl, 0.69 to 0.99, P=0.04]. Neither total
deaths nor hospitalizations for any reason were significantly
reduced by spironolactone (Table 1).

Phosphodiesterase-5 inhibitors

A small clinical trial demonstrated that sildenafil improved LV
diastolic function, lowered LV hypertrophy, and reduced pul-
monary pressures after 12 months in HFpEF patients and pul-
monary hypertension.?” These effects could not be confirmed
by the RELAX trial including n=216 elderly patients with
HFpEF.*® After the follow-up period of 24 weeks, no effects
of sildenafil on exercise capacity (primary endpoint: change
in peak VO02), on clinical status, quality of life, LV
remodelling, or diastolic function were noted.

Soluble guanylate cyclase stimulators

The Phase lla Acute Haemodynamic Effects of Riociguat in
Patients with Pulmonary Hypertension Associated with
Diastolic Heart Failure study investigated the hemodynamic
effects, safety, and pharmacokinetics of different dosages of
riociguat in patients with HFpEF and pulmonary hyperten-
sion.'® There was no significant change in the primary end-
point (peak change in mean pulmonary artery pressure
(mPAP) from baseline to 6 h) due to riociguat compared with
placebo. In the Soluble Guanylate Cyclase stimulator Heart
Failure Studies—preserved trial, the new oral soluble
guanylate cyclase stimulator (BAY1021189) will be further in-
vestigated in hospitalized patients with HFpEF (clinicaltrials.
gov identifier: NCT01951638).

Ranolazine (selective inhibitor of the late sodium
(INa+) current)

The RALI DHF trial was a small trial that included n=20 pa-
tients with HFpEF.?° After i.v. administration, some hemody-
namic improvements were noted. However, after further
2 week oral treatment, no effects on echocardiographic pa-
rameters, NT-proBNP, or exercise performance could be
detected.

New concepts

Whether other treatment approaches such as the use of
statins, advanced glycation end-products cross-link breakers,
calcium-cycling modulators, the replacement or blockade of
specific micro-RNAs, or an i.v. iron therapy are beneficial in
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HFpEF needs to be investigated in adequate powered ran-
domized controlled trial (RCTs).

There is an ongoing discussion regarding the disappointing
results of all outcome trials. First of all, the definition of pa-
tients with HFpEF was considered as problematic because
signs and symptoms of HF in patients with preserved or nor-
mal LVEF are unspecific and are heavily influenced by other
conditions than HF. Furthermore, there is no real consensus
on the definition (HF guidelines and clinical trials) of pre-
served or normal LVEF (40%, 45%, or 50%). Finally, there is
no consensus on the verification of a cardiac abnormality
such as an invasive or non-invasive confirmation of the pres-
ence of LV diastolic function (E/e’ ratio, left atrial enlarge-
ment, LV hypertrophy, or increased natriuretic peptide
plasma levels) to validate the diagnosis of HFpEF. Also,
trial-related problems need to be considered. Most of the
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