HEART FAILURE UNIVERSITY

A Treatment Approach for Patients With
Chronic Systolic Heart Failure

Barry H. Greenberg, MD
Department of Medicine, Cardiology Division, University of California-San Diego, La Jolla, CA

The treatment of heart failure with reduced ejection (HFrEF) is changing rapidly.
Advances over the past several decades have focused on blocking the adverse effects
of neurohormonal activation. This approach has resulted in marked improvement in
outcomes in the HFrEF population. Despite these advances, however, mortality and
morbidity remain high and HFrEF patients have poor quality of life. New approaches to
therapy now offer additional benefits. Combined neprilysin inhibition and angiotensin
receptor blockade using sacubitril-valsartan (LCZ696) has been shown to be superior to
an angiotensin-converting enzyme inhibitor in HFrEF patients. Compared with enalapril,
treatment with LCZ696 was associated with significant reductions in the composite of
cardiovascular mortality and heart failure hospitalization, both components of this com-
posite endpoint and all-cause mortality. Another approach that has been shown to be
effective is the use of ivabradine, an agent that blocks /, channels in the sinus node to
reduce heart rate. When added to standard therapy (that included a p-blocker in 89%
of patients) in symptomatic HFrEF patients who were in sinus rhythm, ivabradine sig-
nificantly reduced combined cardiovascular mortality and heart failure hospitalizations.
Death from heart failure, all-cause hospitalization, and heart failure hospitalization
were also significantly reduced when ivabradine was added to the medical regimen.
Thus, both LCZ696 and ivabradine represent significant advances in the therapy of
HFrEF. Utilization of these drugs in the growing HFrEF population will benefit millions of
patients around the world.
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A Treatment Approach for Patients With Chronic Systolic Heart Failure

eart failure is a common
H disease and its prevalence

is increasing around the
world."* In the United States alone,
nearly 6 million people have this
condition.?> Moreover, the number
of heart failure patients is expected
to increase substantially over the
next several decades. In the United
States and other developed coun-
tries, the expected increase in prev-
alence is related to better survival of
patients with coronary artery dis-
ease and myocardial infarction, as
well as the overall aging of the pop-
ulation. In developing nations, the
reason is more complex; substantial
increases in longevity, reduction in
infectious disease mortality, and
an increase in cardiovascular risk
factors all play a role. Once mani-
fest, heart failure is associated with
increased likelihood of hospitaliza-
tion, reduced survival, and one of
the lowest quality of life measure-
ments for patients with any chronic
disease. The burden on patients and
their families, and on health care
systems, is considerable.

Patients who develop heart fail-
ure with reduced ejection fraction
(HFrEF) comprise approximately
50% of the overall heart failure
population in the United States,
although there is some indication
that number may be shrinking,
as the prevalence of heart failure
with preserved ejection fraction
(HFpEF) appears to be growing.!
Over the past several decades there
has been considerable progress
in treating HFrEF patients.”!" In
2015 alone, the US Food and Drug
Administration (FDA) approved
two additional new agents that
improve heart failure outcomes.'>"
Although there are several prom-
ising agents in development for
treating HFpEF patients, cur-
rent therapies are focused on con-
trolling symptoms, because no
available drug has been shown
to improve either morbidity or

mortality outcomes.'*"> This article
reviews currently available thera-
pies for treating chronic HFrEF
with a focus on newer agents that
are being incorporated into the
treatment armamentarium.

Cornerstones of Therapy

Recognition of the adverse effects
of prolonged neurohormonal acti-
vation in the setting of heart failure
led to the development, testing, and
eventual incorporation of drugs

MRAs are given a similar
endorsement in ACCF/AHA heart
failure guidelines for patients who
remain symptomatic.** Notably,
this latter class of drugs is also
of benefit in maintaining serum
potassium levels, which are often
reduced by diuretic therapy. As
a result of their propensity for
increasing potassium levels above
the upper limit of normal, there
are caveats in the guidelines cau-
tioning clinicians to avoid their
use in patients who have more

( ... neurohormonal blocking agents have become the cornerstone

of therapy for HFrEF.

that blocked this maladaptive
response into the treatment strategy
for HFrEF."® This approach has been
so effective that neurohormonal
blocking agents have become the
cornerstone of therapy for HFrEF.
The use of angiotensin-converting
enzyme (ACE) inhibitors, angio-
tensin receptor blockers (ARBs),
mineralocorticoid receptor antago-
nists (MRAs), and p-blockers has
been shown to improve clinical out-
comes, including reduced hospital-
ization rate and increased survival,
in HFrEF patients.’"" These drugs
have a variety of beneficial effects,
including vasodilation, natriure-
sis, and diuresis. They also inhibit,
and in some cases even reverse,
pathologic cardiac remodeling.'”'®
Progressive remodeling of the heart
involving dilatation, hypertrophy,
and increases in interstitial fibro-
sis of the left ventricle and other
chambers has been shown to play
a key role in the pathogenesis of
HFrEE" Consequently, the use
of ACE inhibitors or ARBs and
B-blockers has been given strong
recommendations (Class I, Level
of Evidence A) in the American
College of Cardiology Foundation/
American  Heart  Association
(ACCF/AHA) guidelines for heart
failure management (Figure 1).%°

severe renal dysfunction (serum
creatinine level > 2.0 Meq/L for
women and 2.5 Meq/L for men), in
patients who already have evidence
of hyperkalemia, and in patients in
whom follow-up with repeat mea-
surement of serum electrolytes may
be problematic. Although the exact
incidence of hyperkalemia that
limits therapy with MRAs (and
also ACE inhibitors or ARBs) is not
precisely known, clinical experi-
ence suggests that it is substantial.
The recent development of safe and
effective drugs for treating hyper-
kalemia offers a potential solution
that may allow continuation of
drugs that target the renin-angio-
tensin-aldosterone system (RAAS)
activation ~when hyperkalemia
develops. One of these agents, pati-
romer, has already been approved;
a second, zirconium silicate, is
currently under FDA review.'*
Preliminary data suggest that their
use in patients with underlying
chronic kidney disease increases
the percentage of patients who can
tolerate RAAS blockers.

In addition to the neurohormonal
blocking agents just described,
patients who remain congested
should be treated with diuretics
(Figure 1). Loop diuretics are usu-
ally selected for this purpose due to
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A Treatment Approach for Patients With Chronic Systolic Heart Failure continued

HFrEF Stage C
NYHA Class HV
Treatment:

Class I, LOE A
ACEI or ARB AND
Beta Blocker

For all volume overload,
NYHA class II-1V patients

For persistently symptomatic
<> African Americans, >
NYHA class llI-IV

For NYHA class II-IV
patients. Provided estimated
creatinine >30 mL/min and
K+ <5.0 mEq/dL

Class I, LOE C
Loop Diuretics

Class I, LOE A
Hydral-Nitrates

Class I, LOE A
Aldosterone
Antagonist

Figure 1. Summary of Class | recommendations for medical therapy of patients with HFrEF from the
2013 American College of Cardiology Foundation/American Heart Association guidelines. ACEI,

angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker;

HFrEF, heart failure with

reduced ejection fraction; LOE, level of evidence; NYHA, New York Heart Association. Reprinted with per-

mission from Yancy CW et al.?°

their greater potency than thiazide
diuretics. On occasion, a combina-
tion of loop and thiazide diuretics is
used to treat patients who are refrac-
tory to a single diuretic alone. This
approach, however, requires careful
attention to electrolyte abnormali-
ties (involving both potassium and
sodium) that occur commonly with
combined diuretic therapy. The
ACCF/AHA guidelines also recom-
mend the use of a combination of
hydralazine and long-acting nitrate
in African-American patients,?
as there is good evidence that
this combination, in patients on
good background neurohormonal
therapy, provides considerable
benefit (including a reduction in
mortality).”

Other Drugs to Consider

Through the 1970s, digoxin was
used in most HFrEF patients. Since
that time, there has been a steady
erosion in the number of patients

treated with this agent; recent clini-
cal trial data suggest that between
20% and 30% of the HFTEF popu-
lation is currently being treated
with digoxin. There are several
reasons for the lower utilization
rate of digoxin in HFrEF patients.
Widespread utilization of the
neurohormonal blocking agents
described here that favorably affect
survival has led some clinicians to
conclude that digoxin no longer
has any value in the HFrEF popu-
lation. Studies using data from
administrative databases reporting
worsening outcomes with digoxin
have further called the value of
this agent into question. Although
digoxin does not appear to improve
survival in HFrEF patients, clinical
trial results show that it does reduce
heart failure hospitalizations.?
Use of digoxin at doses designed
to achieve lower serum levels than
in the past is an important way of
maximizing benefits while mini-
mizing risk.” Patients who remain
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symptomatic with more severe
heart failure are the most likely to
benefit from use of this drug.?®

Patients with HFrEF who develop
atrial fibrillation will almost always
require anticoagulants to protect
against the risk of thromboem-
bolic complications.” Whereas
warfarin was the standard therapy
employed for this purpose due to
its greater efficacy compared with
antiplatelet agents, the availability
of non-vitamin K antagonist oral
anticoagulants (NOACs) has con-
siderably altered the therapeutic
options. These drugs appear to be
as—or even more—effective than
warfarin in protecting against
thromboembolic ~ complications,
and they have an overall safety pro-
file that is at least comparable with
that of warfarin.*® The fact that
the NOACs do not require regu-
lar monitoring of anticoagulation
is an important benefit. Although
the absence of agents to reverse the
anticoagulant effects has been a
concern, the availability of agents
that can reverse the effects of at
least some of the NOACs should
help reduce the likelihood of seri-
ous bleeding events.

New Strategies for

Treating HFrEF Patients
Combined Neprilysin
Inhibition and Angiotensin
Receptor Blockade

Evidence of widespread neurohor-
monal activation in heart failure
patients led to the recognition that
not all of the systems that were
upregulated had deleterious effects.
Although the adverse effects of
peptides such as angiotensin II,
aldosterone, and the catechol-
amines have been well described,
other peptides appear to have coun-
ter-regulatory effects that would be
expected to modulate the adverse
effects of the vasoconstricting pep-
tides.’** The counter-regulatory
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peptides promote vasodilation,
and salt and water excretion in
the urine. In addition, they act to
inhibit maladaptive cardiac remod-
eling. The most carefully studied
of these peptides in heart failure
patients are the natriuretic pep-
tides, including atrial natriuretic
peptide, B-type natriuretic peptide,
and C-type natriuretic peptide.”
Others include bradykinin, adreno-
medullin, and apelin. Neprilysin, an
ectoenzyme released into the circu-
lation, is involved in the breakdown

prematurely when it became appar-
ent that patients randomized to the
LCZ696 arm were having fewer
events than were the patients who
were randomized to the enalapril
arm. The overall risk reduction for
the primary endpoint was 20%, as
shown in Figure 2. LCZ696 proved
superior to enalapril in reduc-
ing both of the components of the
primary endpoint and in reduc-
ing all-cause mortality. Subgroup
analysis for the primary endpoint
showed remarkable consistency of

The rationale for the use of neprilysin inhibition is that this strategy
benefits heart failure patients by enhancing levels of these counter-

regulatory vasoactive peptides.

of the natriuretic peptides and other
vasoactive peptides.** The rationale
for the use of neprilysin inhibition
is that this strategy benefits heart
failure patients by enhancing levels
of these counter-regulatory vasoac-
tive peptides. However, neprilysin
also breaks down angiotensin II;
inhibition of this enzyme without
inhibiting the effects of this main
effector molecule of the RAAS is
problematic.

LCZ696 is a molecule that con-
tains drugs that can inhibit nepri-
lysin and also block angiotensin
receptors.” Once ingested, the mol-
ecule separates into two distinct
drugs: sacubitril, a prodrug that is
quickly converted to a neprilysin
inhibitor, and valsartan, an ARB.
The efficacy and safety of LCZ696
was assessed in the Prospective
Comparison of ARNI with ACE-I
to Determine Impact on Global
Mortality and Morbidity in Heart
Failure (PARADIGM-HF) study.?
The primary hypothesis of this
clinical trial, which included over
8400 patients, was that LCZ696
was superior to enalapril in reduc-
ing the composite endpoint of
tirst occurrence of cardiovascu-
lar death or heart failure hospi-
talization. The study was stopped

the benefits of LCZ696 in virtually
all subgroups of patients. Overall,
the side-effect profile of LCZ696
compared with enalapril demon-
strated that the new agent had an
acceptable safety and tolerability
profile. ~Symptomatic hypoten-
sion, however, was more common
with LCZ696, as was the risk of
angioedema, particularly in black
patients. Based on these results,
LCZ696 is likely to replace ACE
inhibitors and ARBs in the treat-
ment of a large number of HFrEF
patients.

Selective I, Channel Inhibitors
to Slow Heart Rate

Resting heart rate has been identi-
fied as a potent risk factor for both
cardiovascular and all-cause mor-
tality in heart failure patients. In
an analysis from the Framingham
study, each standard deviation of
increase in heart rate above base-
line increased mortality risk by
17% over a follow-up period that
extended for nearly two decades.®>*
This relationship was independent
of comorbidities and activity level.
Support for the concept that low-
ering heart rate favorably affects
the clinical course of heart fail-
ure patients comes from B-blocker

trials that show that the greater the
heart rate reduction, the greater
the reduction in mortality. A meta-
analysis of 23 [-blocker trials
reported that for every reduction of
5 beats/min in heart rate there was
a corresponding 18% risk reduction
in mortality.”” However, whether
the beneficial effects of p-blockers
on the clinical course of heart fail-
ure patients was due to a slowing in
heart rate per se, or to some effect
of these agents that resulted in a
secondary heart rate reduction, was
uncertain.

Ivabradine is a novel therapeu-
tic agent that blocks the hyper-
polarization-activated cyclic
nucleotide-gated channels that
are responsible for the current
through the I “funny” chan-
nels.*** The net effect is slowing
of phase 4 depolarization in sino-
atrial node pacemaker cells, which
results in a reduction in heart rate
if the patient is in sinus rhythm.
Based on its distinct mechanism
of action, the effects of ivabradine
are almost solely confined to heart
rate slowing, whereas p-blockers
have a variety of other effects on
cardiovascular and other tissues
throughout the body. Evidence
that the heart rate-slowing
effect of ivabradine might ben-
efit HFrEF patients came from the
Morbidity-Mortality ~ Evaluation
of the I Inhibitor Ivabradine in
Patients with Coronary Disease
and Left Ventricular Dysfunction
(BEAUTIFUL) trial. This trial ran-
domized 10,917 coronary artery
disease patients with an ejection
fraction of = 0.40% and a rest-
ing heart rate > 60 beats/min to
ivabradine or placebo in addition to
standard therapy (which included
B-blockers in 84% of the patients).*
Although the results showed no
significant effect on all-cause mor-
tality, heart failure hospitalization,
or hospitalization for myocardial
infarction or wunstable angina,
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A. Primary End Point

B. Death from Cardiovascular Causes

C. Hospitalization for Heart Failure
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Figure 2. Kaplan-Meier curves for the primary composite outcome in the Prospective Comparison of ARNI with ACE-l to Determine Impact on Global Mortality and
Morbidity in Heart Failure (PARADIGM-HF) study, its components, and all-cause mortality. ACE-l, angiotensin-converting enzyme inhibitor; ARNI, angiotensin receptor-
neprilysin inhibitor; Cl, confidence interval. Reprinted with permission from McMurray JJ et al."?

predefined subgroup analysis in
the patients whose resting heart
rate was > 70 beats/min found
that ivabradine was associated
with decreases in hospitalizations
for unstable angina or myocardial
infarction and for coronary revas-
cularization. Neither heart failure
admissions, all-cause mortality,
nor cardiovascular mortality, how-
ever, were significantly affected.
The Systolic Heart Failure
Treatment With the I Inhibitor
Ivabradine Trial (SHIFT) tested
whether heart rate reduction by
the selective sinus node inhibi-
tor ivabradine favorably affected
outcomes in symptomatic HFrEF
patients with an ejection fraction

= 0.35 who were in sinus rhythm
with a resting heart rate = 70 beats/
min.” Patients were on stable
background therapy, including a
B-blocker, if tolerated. The study
randomized 6558 patients to either
placebo or ivabradine, which was
uptitrated to a maximum dose of
7.5 mg twice daily. The primary
endpoint of SHIFT was the com-
posite of cardiovascular death or
hospitalization for worsening heart
failure. As shown in Table 1, back-
ground therapy was excellent in
the SHIFT population. In particu-
lar, B-blockers were being used in
89% of the patients randomized to
ivabradine and 90% of the patients
in the placebo group. In both study
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groups, 56% were at = 50% of their
target dose and 26% were on target
B-blocker dose.

The mean dose of ivabradine in
SHIFT was 6.4 = 1.6 mg twice daily
at 28 days and 6.5 * 1.6 mg twice
daily at 1 year. Placebo-corrected
reductions in heart rate were
10.9 beats/min and 9.1 beats/min
on the average at 28 days and 1 year,
respectively. The primary endpoint
of cardiovascular death or hospi-
tal admission for worsening heart
failure occurred in 793 (24%) of
ivabradine-treated patients and 937
(29%) of placebo-treated patients,
a reduction of 18% (P < .0001)
(Figure 3). Although ivabradine did
not significantly reduce all-cause
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TABLE 1

Background Therapy in the Systolic Heart Failure Treatment With the

I Inhibitor lvabradine Trial

B-blocker

- At target dose

- At = 50% target dose
ACE Inhibitor

ARB

Diuretics
Anti-aldosterone agents

Cardiac glycosides

Ivabradine
(n = 3241)
2897 (89%
7431 (26%
1581 (56%
2565 (79%
455 (14%)
2719 (84%)
1981 (61%)
706 (22%)

)
)
)
)

Placebo

(n = 3264)
29231 (90%)
745 (26%)
1600 (56%)
2551 (78%)
472 (14%)
2695 (83%)
1941 (59%)
710 (22%)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

mortality, which occurred in 552
(17%) placebo-treated patients
and 503 (16%) ivabradine-treated
patients (P .092), death from
heart failure, which occurred in
151 placebo-treated patients com-
pared with 113 ivabradine-treated
patients, was significantly reduced
by 26% (P = .014) with ivabra-
dine. All-cause hospital admis-
sion, which occurred in 1356 (42%)
placebo-treated patients as com-
pared with 1231 (38%) ivabradine-
treated patients, was reduced by 11%
(P = .003), whereas hospital admis-
sion for worsening heart failure,
which went from 672 in the placebo
group (21%) to 514 in the ivabra-
dine group (16%), was reduced by
26% (P < .0001). Subgroup analysis
including age, sex, use of B-blockers,

Figure 3. Kaplan-Meier curves for the primary composite outcome in the Systolic Heart Failure Treatment With the / Inhibitor Ivabradine Trial (SHIFT) and its two
components. Cl, confidence interval; HR, hazard ratio. Reprinted with permission from Swedberg K et al.'
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cause of heart failure (ischemic vs
nonischemic), New York Heart
Association class, diabetes history,
hypertension, and baseline heart
rate demonstrated no significant
interaction between the efficacy
of ivabradine and these subgroups
for all the variables studied except
for heart rate. Patients with a heart
rate under 77 beats/min demon-
strated only a 7% reduction in the
primary composite endpoint com-
pared with a 25% reduction in
patients whose baseline heart rate
exceeded 77 beats/min (P = .029
for the interaction). Overall, tol-

B-blockers in 89% of patients).
There was a slight excess of atrial
fibrillation (9% vs 8%; P = .012)
in the ivabradine group com-
pared with the placebo group.
Phosphenes, defined as transient
enhanced brightness in a restricted
area of the visual field, occurred in
3% of ivabradine-treated patients
compared with 1% of placebo-
treated patients (P < .0001), but the
drug was withdrawn in only seven
drug-treated patients as compared
with three placebo-treated patients.
Based on these findings, ivabradine
has been approved in the United

... ivabradine has been approved in the United States for treating
symptomatic HFrEF patients who are receiving optimal medical
therapy, including B-blockers (as tolerated), and are in sinus rhythm
with a heart rate of 70 beats/min or above.

erability of ivabradine was good
with bradycardia recorded in 10%
of the population. Excessive slow-
ing of the heart resulted in with-
drawal from the drug in only 1%
(despite background therapy with

States for treating symptomatic
HEFrEF patients who are receiving
optimal medical therapy, including
B-blockers (as tolerated), and are in
sinus rhythm with a heart rate of
70 beats/min or above.

Conclusions

HFrEF is a growing clinical prob-
lem throughout the world. Despite
advances in treatment over the past
several decades, outcomes for this
population are not favorable.
However, recently available agents
added to guideline-recommended
therapy have been shown to further
improve outcomes in HFrEF. Both
LCZ696 and ivabradine were
shown in large-scale clinical trials
to reduce combined morbidity and
mortality. Use of these agents in

appropriate patients is recom-
mended. u
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