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Combination Therapy of Renin Angiotensin
System Inhibitors and b-Blockers
in Patients with Heart Failure
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Abstract

Renin-angiotensin-aldosterone system
(RAAS) and sympathetic nervous system
play crucial roles in heart failure with reduced
ejection fraction (HFrEF). Clinical trials pro-
vide strong evidence of prognostic benefits for
combination therapy with angiotensin-
converting enzyme inhibitor (ACEI) and
β-blocker in the treatment of HFrEF. Angio-
tensin receptor blocker (ARB) is not superior
to ACEI in improving mortality and an alter-
native for patients who are intolerant to ACEI.
Prognostic evidence for triple therapy which
combined angiotensin receptor blocker (ARB)
and ACEI in addition to β-blocker therapy, is
still controversial in HFrEF. Moreover, a
recent clinical trial showed that triple therapy
did not provide additional benefit compared with
ACEI or ARB therapy alone in mildly symptom-
atic HFrEF. Of note, the triple therapy can even
cause harm and renal dysfunction in HF with a
history of hypertension. Direct renin inhibitor
(DRI) has the theoretical benefit of upstream
RAAS inhibition at the point of pathway activa-
tion. However, the results from clinical trials do
not support upstream renin inhibition by DRI in
addition to standard therapy with ACEI in

patients with HFrEF. Angiotensin receptor-
neprilysin inhibitor (ARNI) which combines a
neprilysin inhibitor and ARB valsartan have a
unique mode of action targeting both RAAS and
the natriuretic peptide systems. In contrast to the
evidence in HFrEF, clinical value of combina-
tion therapy with RAAS inhibitors and β-blocker
is not well established in HF with preserved EF
(HFpEF). The heterogeneity of diagnostic
criteria and baseline characteristics of HFpEF
need further evidence for the combination ther-
apy. However, a recent clinical trial of LCZ696
showed promising results in reducing
NT-proBNP in patients with HFpEF.

Keywords

Angiotensin receptor blocker · Angiotensin
receptor-neprilysin inhibitor · Angiotensin-
converting enzyme · Direct renin inhibitor ·
Ejection fraction · Heart failure ·
Mineralocorticoid receptor antagonist ·
Prognosis · Renin-angiotensin-aldosterone
system · β-blocker

1 Introduction

The renin-angiotensin-aldosterone system
(RAAS) is a signaling pathway responsible for
regulating blood pressure and fluid balance (Garg
and Yusuf 1995; Yusuf et al. 2003; Paul et al.
2006; Kobori et al. 2007). (Fig. 1) The RAAS
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plays a crucial role in heart failure with reduced
ejection fraction (HFrEF). Blocking RAAS by
angiotensin-converting enzyme inhibitor
(ACEI), angiotensin receptor blocker (ARB) and
mineralocorticoid receptor antagonist (MRA)
improve prognosis in HFrEF and are
recommended by professional guidelines
(Writing Committee et al. 2013; Ponikowski
et al. 2016a) β blocker has ability to reverse the
neurohumoral effects of the sympathetic nervous
system (Eichhorn et al. 1991) and lowers plasma
renin levels (Holmer et al. 1998) with ensuing
symptomatic and prognostic benefits, and thus
attained recommendation by the guidelines
(Writing Committee et al. 2013; Ponikowski
et al. 2016a). This section summarizes evidence
of combination use with RAAS inhibitors and
beta blockers in HF, especially in HFrEF.

2 ACEI in HFrEF

The first study demonstrating prognostic benefit
by ACEI in HFrEF patents was the CONSENSUS
(Cooperative North Scandinavian Enalapril Sur-
vival Study) in 1987 (Group CTS 1987;
Swedberg and Kjekshus 1988). The CONSEN-
SUS demonstrated that, in 253 HFrEF patients
with NYHA (New York Heart Association)
class IV, treatment with enalapril (2.5-40 mg/
day) significantly reduced the risk of mortality at
6-month (26% in enalapril vs. 44% in placebo)
and 1-year (36% vs. 52%). In the CONSENSUS,
the reduction in mortality by enalapril was
attributed to significantly lower risk of mortality
resulting from progression of HFrEF (a reduction
of 50%) (Group CTS 1987). The findings from
the CONSENSUS was confined to severe HFrEF
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patients and no data on prognosis were available
for patients with mildly symptomatic HF. Follow-
ing the accomplishment of the CONSENSUS, the
SOLVD (Studies of Left Ventricular Dysfunc-
tion) trial showed that treatment with enalapril
over a mean of 41.4 months reduced the risk of
death by 16% (95% confidence interval; 5–26%)
among HFrEF patients with mild-to-moderate
symptoms (SOLVD Investigators et al. 1991;
The SOLVD Investigators 1990). Align with the
CONSENSUS, the beneficial effect of enalapril
for prognosis in the SOLVD was due to reduction
of death from progression of HF. Besides survival
benefits, patients receiving enalapril experienced
hypotension more frequently than those receiving
placebo in both the CONSENSUS and SOLVD.

3 ARB in HFrEF

ARBs (angiotensin II receptor blockers) are
antagonists of angiotensin II type I receptor,
which have less side effects, such as coughs
and angioedema, as compared with ACEIs. Evi-
dence of ARB in HFrEF is still limited. Head-
to-head comparison between ACEI and ARB
was conducted in the ELITE (Evaluation of
Losartan in the Elderly) II trial enrolling 3,152
HFrEF (EF � 40%) patients age 60 years or
older with NYHA class II-IV. The results of
ELITE II demonstrated no significant differ-
ence in mortality between ARB losartan and
ACEI captopril (Pitt et al. 2000; Willenheimer
2000). In addition, the investigators observed
significant fewer adverse event rates in losartan
group (Pitt et al. 2000; Willenheimer 2000).
Furthermore, the CHARM (Candesartan in
Heart failure Assessment of Reduction in Mor-
tality and morbidity)-Alternative trial showed
that an ARB candesartan comparing placebo
was generally well tolerated and reduced car-
diovascular mortality and morbidity in 2,028
HFrEF (EF < 40%) patients who are intolerance
to ACE inhibitors (Granger et al. 2003). Based
on these results, professional guidelines
recommended ARB is considered as an alterna-
tive for patients who cannot tolerate ACEI due

to cough or angioedema which are adverse
effects of ACEI (Writing Committee et al.
2013; Ponikowski et al. 2016a).

4 MRA in HFrEF

Increasing evidence suggested that ACEI did not
effectively suppress the production of aldosterone
based on the pathophysiological observations
(Borghi et al. 1993; Staessen et al. 1981; Struthers
2004; Andrew 2002). Hence, the RALES trial
was initialized to evaluate the role of MRA in
addition to ACEI in the treatment of advanced
HFrEF (Pitt et al. 1999; Weber 1999). Specifi-
cally, the RALES (Randomized Aldactone Eval-
uation Study) aimed to determine whether
spironolactone would reduce mortality in patients
with advanced HF and an EF < 35%, who were
already on standard medical therapy (ACEI, if
tolerated, and diuretics). The RALES clearly
demonstrated that adding 25 mg of
spironolactone to standard therapy reduced
all-cause mortality in HFrEF (EF < 35%) patients
(Pitt et al. 1999). The success of the RALES with
severe HFrEF patients prompted the subsequent
EMPHASIS-HF trial (Zannad et al. 2011) which
investigated MRA eplerenone in the treatment of
moderate HFrEF with mild symptoms,
reinforcing the benefits of MRA in HFrEF. Evi-
dence from these trials established ACEI (ARB if
in non-tolerated to ACEI) (Writing Committee
et al. 2013; Ponikowski et al. 2016a; Cohn and
Tognoni 2001) and MRA as standard therapies in
HFrEF.

5 β-Blocker in HFrEF

β-blockers have ability to reverse the neurohu-
moral effects of the sympathetic nervous system
(Eichhorn et al. 1991) and lowers plasma renin
levels (Holmer et al. 1998) with ensuing symp-
tomatic and prognostic benefits with recommen-
dation by the guidelines (Writing Committee
et al. 2013; Ponikowski et al. 2016a). In 1974,
Finn Waagstein et al. first reported that practolol
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dramatically improved patient’s clinical status in
a 59-year woman with HFrEF and suggested
benefits of a β-blocker, practolol in patients with
HFrEF (Waagstein et al. 1974; Waagstein and
Rutherford 2017). A subsequent study from his
group demonstrated the clinical benefits of the
β-blocker in patients with HFrEF (Waagstein
et al. 1974, 1975; Waagstein and Hjalmarson
1976).

6 Combination Therapy
with ACEI and β-Blocker
in HFrEF

Since angiotensin II increase the sympathetic
drive, which was proven to be harmful in patients
with HF. Combining ACEI/ARB with β blocker
could provide summed blockage to the sympa-
thetic nervous system with additional benefit.
(Fig. 1) The prognostic value of the combination
therapy with ACEI and β-blocker was
demonstrated by the US Carvedilol trial (Packer
et al. 1996). In NYHA II-IV HFrEF (EF < 40%)
patients receiving ACEI, a mean daily dose of
45 � 27 mg of carvedilol had a 65% lower risk
of death than those given placebo during follow-
up of 6.5 months and of extended 15 months.
(Table 1) The results from the US Carvedilol
were clear in terms of survival benefit by
carvedilol. However, since carvedilol exerts phar-
macologic effects atypical of and in addition to its
action on adrenergic receptors, (Yoshikawa et al.
1996; Foody et al. 2002) it was not clear that all
β-blockers would prolong survival in HFrEF
patients. The beneficial effects of other
β-blockers were confirmed in the CIBIS-II (Car-
diac Insufficiency Bisoprolol Study II; bisoprolol)
and MERIT (Metoprolol CR/XL Randomised
Intervention Trial in Congestive Heart Failure;
mrtoprolol) (Packer et al. 1999a, b). The value
of carvedilol was further confirmed in severe
HFrEF by the COPERNICUS (Carvedilol Pro-
spective Randomized Cumulative Survival) trial,
which enrolled 2,289 HFrEF (EF < 25%) patients
with HF symptom at rest or on minimal exertion
(Packer et al. 2001). In the COPERNICUS, the
addition of carvedilol to ACEI, diuretics, and

digitalis for a mean of 10.4 months decreased
the rate of death by 35% (95%CI; 19–48%,
P < 0.001) and the rate of death or hospitalization
by 24% (13–33%, P < 0.001). (Table 1) The
COPERNICUS provided further evidence that
suppressing the neurohormonal axis can delay
the progression of HF in HFrEF and improve
survival in the acute setting.

Along with recognition of improved prognosis
in HFrEF by combination therapy with β-blocker
and ACEI, one question arose on the order of
treatments, β-blocker first or ACEI first? To
answer this, the CIBIS-III trial was designed com-
paring initial monotherapy with either bisoprolol
or enalapril for 6 months followed by their com-
bination for 6–24 months on mortality and hospi-
talization (Willenheimer et al. 2005). Regardless
of order of initiation treatment, the combination
use of a β-blocker to an ACE inhibitor further
reduces mortality. Of note, the investigators
observed the bisoprolol-first arm was associated
with numerically increased risk of worsening HF
(HR 1.25 [95%CI 0.87–1.81], P¼ 0.23). The risk
of worsening HF in bisoprolol-first strategy, how-
ever, could be improved with greater experience
of up titration of the β-blocker.

7 Triple Therapy of ACEI, ARB
and β-Blocker in HFrEF

There is no study to test specifically prognostic
impact of triple therapy, such as ARB add-on
therapy to ACE inhibitor and β-blocker in the
large clinical HF trial. However, the role of triple
therapy in HF patients has also been evaluated in
three trials, the Val-Heft (Valsartan Heart Failure
Trial), the CHARM (Candesartan in Heart failure
Assessment of Reduction in Mortality and
Morbidity)-Added, and the SUPPORT (supple-
mental benefit of ARB in hypertensive patients
with stable heart failure using olmesartan) (Cohn
and Tognoni 2001; McMurray et al. 2003; Sakata
et al. 2015). (Table 2) In 2001, the Val-Heft
evaluated the long-term effects of the addition of
an ARB valsartan to standard therapy (approxi-
mately 93% in ACEI use; 35% in β-blocker use)
in 5,010 HFrEF (EF < 40%) patients with NYHA
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II-IV who randomly assigned to receive ARB
valsartan or placebo. Mortality was similar in
the two treatment groups. However, a post-hoc
analysis of the Val-Heft revealed that patients
who received triple therapy of ACEI, ARB and
β-blocker had a significantly increased mortality
(P ¼ 0.009), and a trend toward an increase in the
composite endpoint defined as cardiac arrest with
resuscitation, hospitalization for HF, or adminis-
tration of intravenous inotropic or vasodilator
drugs for 4 h or more without hospitalization
(P¼ 0.10) (Cohn and Tognoni 2001). In contrast,
in the CHARM-Added which enrolled 2,548
HFrEF (EF < 40%) patients with NYHA II–IV,
triple therapy (56% in β-blocker use) was
associated with a reduction in the composite of
cardiovascular death or HF hospitalization (0�85
[95% CI 0.75–0.96], P ¼ 0.011), when compared
to placebo. In addition, there was no difference in
all-cause death (HR 0�88 [0.72–1.08], P ¼ 0.22)
(McMurray et al. 2003; Swedberg et al. 1999).

Given the different results between Val-Heft
and CHARM-added, the value of ARB add-on
therapy to ACEI was controversial. In 2015, the
SUPPORT, which investigated whether an addi-
tive treatment with an ARB olmesartan, reduces
the mortality and morbidity in 1,147 HF patients
with a history of hypertension (7% in NYHA
class III; 72% in β-blocker use; 81% in ACEI
use; 19% of EF � 40%), provided additional
information of triple therapy (Sakata et al. 2015;
Sakata et al. 2013). The composite event rates of
all-cause death, non-fatal acute myocardial
infarction, non-fatal stroke, and hospitalization
for worsening HF were not different between
olmesartan and control groups (HR 1.18
[0.96–1.46], P ¼ 0.112), whereas renal dysfunc-
tion developed more frequently in the olmesartan
group (HR 1.64 [1.19–2.26], P¼ 0.003). Further-
more, a post-hoc analysis of the SUPPORT trial
suggested that triple therapy may be harmful in
patients with HF: among patients already receiv-
ing an ACEI and β-blocker, adding olmesartan
was associated with increased incidence of the
primary endpoint (HR 1.47 [1.11–1.95],
P ¼ 0.006), all-cause death (HR 1.50
[1.01–2.23], P ¼ 0.046), and renal dysfunction
(HR 1.85 [95% CI 1.24–2.76], P ¼ 0.003)

(Sakata et al. 2015). The results of the SUPPORT
and Val-Heft indicate no benefit of triple therapy,
which is in contract to what was observed in the
CHARM-added trial (Cohn and Tognoni 2001;
McMurray et al. 2003; Danser and van den
Meiracker 2015). This discrepancy could be
explained by the differences in patients’
demographics; the majority of the patients in the
CHARM-Added had NYHA class III (73%), in
contrast to 38% in the Val-Heft, and 7% in the
SUPPORT. Thus, although the routine use of
triple therapy may be avoided in mildly symp-
tomatic HF with a history of hypertension, it
remains to be examined whether the triple combi-
nation therapy could be beneficial for HF patients
with severe symptoms. A large trial comparing
ARB added on to ACEI, β-blocker, and MRA
(quad therapy) has not been performed yet
(Table 3).

8 Comprehensive Blockade
with Direct Renin Inhibitor,
Aliskiren, ACEI and β-Blocker
in HFrEF

The pathophysiological concept of a complete
RAAS blockade was further tackled by direct
renin inhibitor (DRI) (Rahuel et al. 2000; Wood
et al. 2003). DRI provides another pharmaco-
logically distinct means of suppressing the
RAAS, with the theoretical advantages of
blocking an enzyme with only one known sub-
strate, angiotensinogen, providing the theoretical
benefit of upstream RAAS inhibition at the point
of pathway activation. (Fig. 1) Adding Aliskiren,
a first-in-class orally active DRI on ACEI and
β-blocker has shown favorable neurohumoral
effects in terms of reducing plasma BNP (brain
natriuretic peptide) levels compared with placebo
in the ALOFT (Aliskiren Observation of Heart
Failure Treatment) study (McMurray et al. 2008)
which included HFrEF patients with NYHA
II-IV, current or past history of hypertension,
and plasma BNP > 100 pg/mL who had been
treated with an ACEI and β-blocker (mean age
68 years; mean EF 31%; NYHA II 62%). Further-
more, aliskiren was associated with a significant

Combination Therapy of Renin Angiotensin System Inhibitors and b-Blockers. . . 23



Ta
b
le

3
C
om

bi
na
tio

n
of

A
lis
ki
re
n
w
ith

A
C
E
I
in

he
ar
t
fa
ilu

re
an
d
re
du

ce
d
ej
ec
tio

n
fr
ac
tio

n

T
ri
al

N
A
ge

W
om

en
M
ea
n
E
F

A
C
E
I/

A
R
B

β
bl
oc
ke
r

H
R
fo
r

al
l-
ca
us
e

de
at
h

H
R
fo
r
C
V

de
at
h

H
R
fo
r

H
F
ho

sp
.

C
om

po
si
te

re
na
l
ou

tc
om

e

A
S
T
R
O
N
A
U
T

(2
01

3)
1,
63

9
64

.6
22

.8
%

27
.9
%

84
.2
%

82
.5
%

0.
99

(0
.7
8–

1.
24

)
p
¼

0.
92

0.
92

(0
.6
8–

1.
26

)
p
¼

0.
60

0.
90

(0
.7
2–
1.
12

)
p
¼

0.
35

N
A

A
T
M
O
S
P
H
E
R
E

(2
01

6)
4,
67

6*
63

.3
(E
)/
62

.4
(A

+
E
)

21
.4
%

(E
)/
21

.1
%

(A
+
E
)

28
.3
%

(E
)/
28

.5
%

(A
+
E
)

10
0%

(A
C
E
I)

91
.9
%

(E
)/

92
.0
%

(A
+
E
)

0.
91

(0
.8
2–

1.
02

)
p
¼

0.
12

0.
93

(0
.8
2–

1.
05

)
p
¼

0.
23

0.
93

(0
.8
2–
1.
06

)
p
¼

0.
29

2.
17

**
(1
.2
4–
3.
79

)
p
¼

0.
00

7

A
bb

re
vi
at
io
ns
;
E
en
al
ap
ri
l,
A
+
E
al
is
ki
re
n
an
d
en
al
ap
ri
l

*
E
xc
lu
de

th
e
al
is
ki
re
n
gr
ou

p
(n

¼
2,
34

0)
*
*
R
ef
er
en
ce

¼
T
he

en
al
ap
ri
l
gr
ou

p

24 K. Nochioka et al.



reduction in urinary aldosterone excretion,
supporting the hypothesis that a DRI strategy
may reduce aldosterone escape with prognostic
benefit. However, the results of the ASTRO-
NAUT (AliSkiren TRial ON Acute heart failure
oUTcomes) and ATMOSPHERE (Aliskiren Trial
to Minimize OutcomeS in Patients with HEart
failuRE) trials did not support this hypothesis in
terms of prognosis (Gheorghiade et al. 2013;
McMurray et al. 2016). In the ASTRONAUT,
HFrEF (EF � 40%,) patients with
BNP � 400 pg/mL (or N -terminal pro-BNP
[NT-proBNP] �1,600 pg/mL), and signs and
symptoms of fluid overload were randomized to
aliskiren or placebo. Patients assigned aliskiren
experienced a significant and sustained drop in
blood levels of NT-proBNP through 12 months
follow-up (Gheorghiade et al. 2013). However,
no statistical difference was observed in the event
rates for composite of cardiovascular death or HF
hospitalization (aliskiren, 35.0% vs. placebo
37.3%; HR 0.93; 95%CI [0.79–1.09], P ¼ 0.36)
at 12 months. In addition, hyperkalemia, renal
dysfunction and hypotension were reported
more frequently in the aliskiren group. Given by
the non-beneficial impact with greater side effect
by aliskiren, the ASTRONAUT trial implies that
there might be a ceiling to the benefit with RAAS
modulation, and further inhibition beyond ACEI
does not provide any incremental benefit. This
argument was reinforced by the results from the
ATMOSPHERE trial. The ATMOSPHERE trial
randomized 2,336 patients with NYHA II-IV and
elevated BNP to receive enalapril alone, 2,340 to
receive aliskiren, and 2,340 to receive combina-
tion therapy with aliskiren and enalapril (combi-
nation therapy) (McMurray et al. 2016; Krum
et al. 2015). The primary composite outcome of
all-cause death and HF hospitalization occurred
in 32.9% of the combination therapy group, in
34.6% in the enalapril group (HR 0.93; 95%CI
[0.85–1.03], P ¼ 0.17) and in 33.8% in the
aliskiren group (vs. enalapril, 0.99 [0.90–1.10],
P ¼ 0.91). Adverse event rates for aliskiren alone
group were similar to those of enalapril alone.
However, like the ASTRONAUT trial, in the
ATMOSPHERE trial, there was a higher risk of
hypotensive symptoms in the combination

therapy group than in the enalapril alone group
(13.8% vs. 11.0%, P¼ 0.005), and higher risks of
an elevated serum creatinine level (4.1%
vs. 2.7%, P ¼ 0.009) and an elevated potassium
level (17.1% vs. 12.5%, P < 0.001). The results
from the ASTORONOUT and ATMOSPHERE
do not support upstream renin inhibition in addi-
tion to standard therapy with ACEI in patients
with HFrEF.

9 Comprehensive Blockade
for RAAS and Natriuretic
Peptide System in HFrEF

LCZ696 (sacubitril/valsartan) is a new class of
agents called angiotensin receptor-neprilysin
inhibitors (ARNIs) which combines a neprilysin
inhibitor and an ARB valsartan. LCZ696 has a
unique mode of action targeting both RAAS and
the natriuretic peptide systems because sacubitril
inhibits the neprilysin, which increases the level
of natriuretic peptides rather than leading to addi-
tional blockage. (Fig. 1) Recent data from the
PARADIGM-HF (Prospective Comparison of
Angiotensin Receptor-Neprilysin Inhibitor with
Angiotensin-Converting Enzyme Inhibitor to
Determine Impact on Global Mortality and Mor-
bidity in Heart Failure) trial suggests more com-
prehensive RAAS modulation with other RAAS
axis blocking agents may have led to clinical
benefit in HF patients and reduced EF (McMurray
et al. 2014; McMurray et al. 2013). The
PARADIGM-HF randomized 8,399 NYHA
II-IV HFrEF (�40% and �35% were used at
different time points in the trial) patients to
LCZ696 or enalapril. With a median follow-up
of 27 months, the trial was stopped early due to a
positive interval efficacy analysis. The LCZ696
added to standard therapy with 93% of patients
already taking β-blocker and 54% taking MRA
led to a reduction in the primary composite out-
come of cardiovascular death or HF hospitaliza-
tion (21.8% vs. 26.5%; HR 0.80 95%CI
[0.73–0.87], P < 0.001) as well as each of the
individual components of the composite outcome.
Of note, LCZ696 had a significant reduction in
all-cause death (17.0% vs. 19.8%; HR 0.84 95%
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CI [0.76–0.93], P < 0.001). LCZ696 was gener-
ally well tolerated except for a higher rate of
hypotension and there was no difference in the
rates of angioedema. Following the
PARADIGM-HF, the US Food and Drug Admin-
istration approved LCZ696 for the treatment of
HF. Furthermore, professional HF guidelines
endorse LCZ696 as a class I recommendation
for the management of symptomatic HFrEF
(Ponikowski et al. 2016b; Jessup et al. 2016).
Although this high-quality clinical study is the
largest and the most globally represented trial in
HFrEF patients, concerns have been raised
regarding the generalizability of the trial results
in real-world HF population due to inclusion/
exclusion criteria, run-in period and lower dose
of enalapril in the control arm (Yandrapalli et al.
2017; Yancy et al. 2017).

10 RAAS Inhibitor, β-Blocker
and Those Combination in HF
and Preserved EF (HFpEF)

Approximately half of HF patients have an EF of
50% or higher (heart failure and preserved ejec-
tion fraction; HFpEF) (Owan et al. 2006). The
randomized trials with RAASI [ACEI (Cleland
et al. 2006) or ARB (Massie et al. 2008)]
monotherapy failed to show prognostic benefits
in HFpEF patients. For instance, a prespecified
subgroup analysis of I-PRESERVED (Irbesartan
in Heart Failure with Preserved Ejection Fraction
Study) suggested that ARB monotherapy did not
provide beneficial impact on prognosis in HFpEF
(HR0.87[0.75–1.02], P for interaction of ARB to
β-blocker ¼ 0.14) Moreover, the effect of
β-blockers monotherapy has not been evaluated
in an adequately powered study with HFpEF
patients (Conraads et al. 2012; Liu et al. 2014;
van Veldhuisen et al. 2009; Yamamoto et al.
2013). In addition, evidence of combination ther-
apy of RAAS inhibitor and β-blocker is predomi-
nant in HFrEF. However, several data exist on
combination therapy for prognosis in HFpEF by
three large clinical trials; CHARM-preserved,
I-PRESERVED, and SUPPORT (Yusuf et al.
2003; Massie et al. 2008; Miura et al. 2016).

The CHARM-Preserved enrolled 3,025
patients with HFpEF (EF > 40%) and NYHA
II-IV, and a history of hospitalization for a cardiac
reason. In the CHARM-Preserved, there was no
difference in the primary outcome of cardiovas-
cular death or HF hospitalization between the
candesartan and placebo groups (22% vs. 24%;
HR 0.89 [95%CI 0.77–1.03], P ¼ 0�118) (Yusuf
et al. 2003). However, a signal was observed
toward lower event rate for HF hospitalization in
candesartan (0.85 [0.72–1.01], P ¼ 0�072). Simi-
lar results were observed in the I-PRESERVED
including 4,128 symptomatic HF (NYHA II-IV)
patients with HFpEF (EF � 45%) who were
60 years or older (Massie et al. 2008; Carson
et al. 2005). In the I-Preserved, ARB Irbesartan
did not improve the outcome defined by the com-
posite of death from any cause or hospitalization
for a cardiovascular cause (heart failure,
myocardial infarction, unstable angina, arrhyth-
mia, or stroke) in HFpEF. Post-hoc analysis from
the SUPPORT, in HFpEF, the addition of
olmesartan to β-blocker was significantly
associated with lower event rate for all-cause
death (HR 0.32 [0.12–0.90] P ¼ 0.03), whereas
addition to ACEI (1.85 [0.87–3.96], P ¼ 0.11) or
that to combination of ACEI and β-blocker (1.65
[0.93–2.94], P ¼ 0.09) was not (Miura et al.
2016). In 2014, the TOPCAT (Treatment of Pre-
served Cardiac Function Heart Failure With an
Aldosterone Antagonist) trial including patients
with EF �45%, who had to have either a HF
hospitalization within 12 months before randomi-
zation or, if not, an elevated brain natriuretic
peptide (BNP; BNP �100 pg/mL or N-terminal
pro-BNP �360 pg/mL) within 60 days before
randomization, showed no difference between
MRA spironolactone and placebo groups in the
primary composite outcome of cardiovascular
death, aborted cardiac arrest, or HF hospitaliza-
tion (Pitt et al. 2014; Desai et al. 2011). However,
in post-hoc analysis of the TOPCAT trial,
spironolactone was associated with a significant
reduction in the primary outcome for those in the
United States, Canada, Brazil, and Argentina but
not those in Russia/Georgia (Pfeffer et al. 2015).
These lines of evidence call for further trials to
assess clinical effect of combination therapy of
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RAAS inhibitor and β-blocker in HFpEF (Desai
and Jhund 2016). To assess efficacy and safety of
LCZ696 in HFpEF, the PARAMOUNT (Pro-
spective comparison of ARNI with ARB on Man-
agement Of heart failUre with preserved ejectioN
fracTion) trial was conducted in HFpEF (�45%)
patients with NYHA II-III, and
NT-proBNP>400 pg/mL comparing LCZ696
(200 mg) with valsartan (160 mg) for 36 weeks
(Solomon et al. 2012). NT-proBNP was signifi-
cantly reduced at 12 weeks in the LCZ696 group
compared with the valsartan group suggesting
that LCZ696 may improve prognosis in HFpEF
(Solomon et al. 2012). In near future,
PARAGON-HF (Prospective Comparison of
ARNI with ARB Global Outcomes in HF With
Preserved Ejection Fraction) trial (Solomon et al.
2017; Filippatos et al. 2015) will provide evi-
dence of whether LCZ696 is prognostically supe-
rior to ARB alone in patients with chronic
symptomatic HFpEF (EF � 45%).

11 Conclusions

With concrete evidence, RAAS blockade by com-
bination with ACEI and β-blocker is a gold stan-
dard in the treatment of HFrEF. ARB clearly
represent an alternative of treatment for patients
who are intolerant to ACEI. Triple therapy with
ACEI, ARB and β-blocker does not provide addi-
tional benefit in mildly symptomatic HFrEF. Fur-
thermore, triple therapy can even cause harm and
renal dysfunction in HF with a history of hyper-
tension. Sacubitril inhibits the neprilysin which
increases the level of natriuretic peptides rather
than leads to additional blockage, and reduces
NT-proBNP levels greater than an ARB in
HFpEF. Whether this effect would translate into
improved outcomes, is tested by PARAGON-HF
trial. Given by the heterogeneity of diagnostic
criteria and baseline characteristics of HFpEF,
clinical benefit of combination therapy with
RAASIs and β-blocker is controversial, and we
need further evidence in HFpEF.
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