
New Approaches for Systolic Heart Failure

Primary Care Update
January 26 & 27, 2017

Thomas Cimato, MD, PhD, FACC, FAHA 
Associate Professor
Division of Cardiovascular Medicine



Educational Goals:

• Review the definition, diagnostic 
criteria and medical therapy for 
congestive heart failure 

• Understand why sacubatril-valsartan is 
superior to ACE inhibitor therapy in 
chronic systolic heart failure

• Understand the benefits and adverse 
reactions of sacubatril-valsartan 
therapy in patients with systolic heart 
failure



Question 1:

Sacubatril-valsartan is recommended in 
patients with NYHA Class II-III systolic 
congestive heart failure who can tolerate 
an ACE inhibitor or ARB with prior 
hospitalization in the past 12 months?
A. True
B. False



Question 2:

Therapy with sacubatril-valsartan 
reduces hospitalization for congestive 
heart failure?
A. True
B. False



Question 3:
Which of the following statements 
regarding use of sacubatril-valsartan 
treatment are true?
A. It can cause angioedema
B. It cannot be given with an ACEi or ARB
C. It cannot be used in patients with 

systolic blood pressure < 100 mm Hg
D. It cannot be used in patients with 

eGFR < 30
E. All of the above



• A disorder of EITHER cardiac filling 
(diastole) or contraction (systole) 
resulting in symptoms of shortness of 
breath

• How do we know that the shortness of 
breath is due to heart failure and not 
another cause? What are the criteria for 
the diagnosis of heart failure?

Congestive Heart Failure-
Definition



Congestive Heart Failure-Definition

Yturralde and Gaasch (2005) Prog Cardiovasc Dis 47(5): 314-9 



BNP Levels in Diagnosis 
of Heart Failure

For personal use. Only reproduce with permission from The Lancet.

elderly or have comorbid disorders that mimic heart failure,
such as pulmonary disease or obesity. In early pilot studies,
raised concentrations of BNP distinguished heart failure
from other causes of dyspnoea more accurately than did
left-ventricular ejection fraction, ANP, and N-terminal
ANP, with a sensitivity of greater than 90% and a specificity
of 80–90%.42,43 These findings were supported by the results
of a series of small studies47,48 from a single centre using a
commercially available point-of-care BNP assay, and have
recently been validated in a multicentre study of 1586
patients presenting to the emergency room with dyspnoea.49

In this study, concentrations of BNP were highest in
patients with decompensated heart failure, intermediate in
those with known left-ventricular dysfunction but no acute
heart failure exacerbation, and lowest in those without heart
failure or left-ventricular dysfunction (figure 2). Using a
threshold of greater than 100 ng/L to diagnose heart failure,
BNP did better than all other clinical variables49 and the
clinical judgment of the emergency room physician,50 and
contributed explanatory power to a multivariable model
that incorporated diagnostic variables from the patient
history, examination, and chest radiograph.49 BNP was
especially useful for ruling out heart failure; at a BNP
threshold of 50 ng/L, the negative predictive value was
96%49 (table 2).

Asymptomatic left-ventricular systolic dysfunction
Asymptomatic left-ventricular dysfunction is at least as
common as symptomatic heart failure. A simple screening
test to identify this disorder might help to identify patients
at risk of developing heart failure who would benefit from
treatments that prevent progression to heart failure,
including angiotensin converting enzyme inhibitors and 
! blockers. Such screening could be targeted to patients at
high risk for left-ventricular dysfunction, such as those with
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Natriuretic peptides relax vascular smooth muscle, causing
arterial and venous dilation and leading to reduced blood
pressure and ventricular preload.30,31 ANP and BNP also
have important central and peripheral sympathoinhibitory
effects. Both hormones block cardiac sympathetic nervous
system activity, even when cardiac filling pressures fall.32,33

These hormones also inhibit the renin-angiotensin-
aldosterone axis: ANP infusion directly blocks secretion of
renin and aldosterone and further inhibits the stimulatory
effect of angiotensin II on release of aldosterone.30,34,35 BNP
has direct lusitropic (relaxing) properties in the
myocardium,36 and might have antiproliferative and
antifibrotic effects in vascular tissues.37,38 By contrast with
ANP and BNP, CNP does not function as a circulating
hormone,39 but acts locally in the vasculature as a
vasodilator and inhibitor of vascular cell proliferation,40 and
in the central nervous system, where it has several
functions.41

Natriuretic peptides as cardiac biomarkers
For a biomarker to be valuable in clinical practice, it should
be able to be measured rapidly and accurately at a
reasonable cost; add diagnostic or prognostic information
to available methods; and help to guide patient
management. BNP and N-terminal BNP fulfil most of
these criteria in patients with suspected heart failure. BNP
predicts disease state and prognosis better than ANP or N-
terminal ANP.42–45 Although adequately powered head-to-
head comparisons have not been done, N-terminal BNP
seems to provide much the same information as BNP,46 and
assays for N-terminal BNP are also now available
commercially.

Diagnostic use
Heart failure
Heart failure can be difficult to diagnose accurately,
because the signs and symptoms of this disorder are neither
sensitive nor specific.47 These limitations are especially
relevant when symptoms are mild or when patients are
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Figure 1: Natriuretic peptide hormone binding and clearance
GTP=guanosine triphosphate. GMP=guanosine monophosphate. Atrial
natriuretic peptide (ANP) and brain natriuretic peptide (BNP) bind to
natriuretic peptide receptor (NPR) A, a guanylyl cyclase receptor that
mediates the biological effects of these peptides. The peptide is cleared
via two mechanisms: binding to NPR-C and degradation by neutral
endopeptidase.

Renal Vascular Cardiac SNS/RAAS
↑ GFR ↓ Arterial tone Lusitropic ↑ Vagal tone
↓ Na+ resorbtion ↓ Venous tone Antifibrotic ↓ SNS activity

Antiproliferative Antiproliferative ↓ Renin release
↓ Aldosterone
release

GFR=glomerular filtration rate. SNS=sympathetic nervous system. RAAS=renin-
angiotensin-aldosterone system

Table 1: Actions of natriuretic peptides
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Figure 2: BNP concentrations in patients presenting with
dyspnoea and enrolled in the BNP multinational study
Data are median (IQR). Bars are highest and lowest values. Reproduced
with permission from Mosby Inc.49

Threshold Sensitivity Specificity PPV NPV Accuracy

50 ng/L 97% 62% 71 96 79%
80 ng/L 93% 74% 77 92 83%
100 ng/L 90% 76% 79 89 83%
125 ng/L 87% 79% 80 87 83%
150 ng/L 85% 83% 83 85 84%

Adapted from reference 49. PPV=positive predictive value. NPV=negative
predictive value

Table 2: Operating characteristics of BNP thresholds in the
multinational study



Guideline Directed Therapy 
for Congestive Heart Failure

Recommendations for Management of Stage B HF 

• Post-MI and reduced LVEF to prevent HF 
–ACE inhibitors or ARBs 
–Beta-blockers 
–Statins 

• Blood pressure control 

• Any reduced LVEF 
–ACE inhibitors 
–Beta-blockers (*I-C) 

To Prevent Sudden Cardiac Death 
• ICD for ischemic cardiomyopathy >40d post-MI, 

LVEF ≤30% and on GDMT 

 
 

Intensive Review of Cardiology 

Yancy et al, Circulation 2013 

I IIa IIb III 

To Prevent Heart Failure: 

I IIa IIb III 

Guideline-Directed Medical Therapy – “GDMT” 

Intensive Review of Cardiology 

Adapted from Yancy et al, Circulation 2013 

I IIa IIb III 



COMBINED NEPRILYSIN AND RAS 
INHIBITION FOR TREATMENT OF HEART FAILURE

JCHF. 2014;2(6):663-670. doi:10.1016/j.jchf.2014.09.001



Sacubatril-Valsartan Inhibits 
Degradation of BNP 
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• SOLVD	was	the	
Only	trial	in	HF
To	show	a	significant	
reduction	in	mortality
With	an	ACE	inhibitor
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Angiotensin–Neprilysin Inhibition versus Enalapril  
in Heart Failure
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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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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 
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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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Neprilysin Inhibition — A Novel Therapy for Heart Failure
Mariell Jessup, M.D.

The Food and Drug Administration (FDA) last 
approved a new oral drug (hydralazine–isosor-
bide dinitrate) for patients with heart failure and 
a reduced ejection fraction in 2005 — and this 
drug was recommended only for self-identified 
black patients who continued to have symptoms 
despite evidence-based treatment.1 The aldoste-
rone antagonist eplerenone was approved for the 
treatment of heart failure in 2003. (In 2012, the 
European Medicines Agency approved ivabradine, 
which has not received FDA approval.) Now, a 
novel drug, LCZ696, a dual inhibitor of angioten-
sin II receptor and neprilysin, may prove to be the 
first disruptive agent to the heart-failure treat-
ment algorithm, which has remained essentially 
unchanged for a decade.

In PARADIGM-HF (Prospective Comparison of 
ARNI [Angiotensin Receptor–Neprilysin Inhibitor] 
with ACEI [Angiotensin-Converting–Enzyme In-
hibitor] to Determine Impact on Global Mor-
tality and Morbidity in Heart Failure Trial), 
McMurray et al. report that LCZ696, as com-
pared with a target-dose enalapril-based regi-
men, significantly reduced the rates of death 
from any cause and from cardiovascular causes 
and the rates of hospitalizations for worsening 
heart failure in patients with a reduced ejection 
fraction. In addition, patients’ quality of life, as 
measured on the Kansas City Cardiomyopathy 
Questionnaire, was significantly improved.2

Who were the patients in this remarkable 
trial, and how do they compare with the patients 

Table 1. Mean Baseline Characteristics of Patients with Heart Failure and a Reduced Ejection Fraction in Five Trials.*

Trial Age
Left Ventricular 

Ejection Fraction NYHA Class Heart Rate
Systolic Blood 

Pressure Treatment

ACE 
Inhibitor  
or ARB

Beta-
Blocker

Mineralo-
corticoid 

Antagonist

ICD with 
or without 

CRT

yr % % of patients beats/min mm Hg % of patients

AHEFT 57 24 95 in class III NA 126 87 74 38 18

MADIT-CRT 65 24 85 in class II NA 122 97 93 31 100

SHIFT 60 29 49 in class II;  
50 in class III

79 121 91 89 60 5

EMPHASIS-HF 68 26 100 in class II 72 124 93 86 NA 20

PARADIGM-HF 64 <35 (in 88% of 
patients)

70 in class II;  
24 in class III

72 121 100 93 56 15

* Shown are approximate estimates of mean values at baseline, as calculated from the available data, unless otherwise indicated. ACE de-
notes angiotensin-converting enzyme, AHEFT African-American Heart Failure Trial,1 ARB angiotensin-receptor blocker, CRT cardiac re-
synchronization therapy, EMPHASIS-HF A Comparison of Outcomes in Patients in New York Heart Association (NYHA) Class II Heart 
Failure When Treated with Eplerenone or Placebo in Addition to Standard Heart Failure Medicines,3 ICD implantable cardioverter–defib-
rillator, MADIT-CRT Multicenter Automatic Defibrillator Implantation with Cardiac Resynchronization Therapy,4 NA not available, 
PARADIGM-HF Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure 
Trial,2 and SHIFT Systolic Heart Failure Treatment with the If Inhibitor Ivabradine Trial.5 The data for the MADIT-CRT study are from the 
 initial report, with an average follow-up of 2.5 years.
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enrolled in other noteworthy, successful trials 
in patients with heart failure (Table 1)3-5? The 
investigators included patients with New York 
Heart Association class II, III, or IV heart failure 
who had an ejection fraction of less than 40% 
(which was changed to 35% or less by an 
amendment to the protocol) and who were re-
ceiving the best available medical therapy. The 
patients who participated in PARADIGM-HF 
were similar to those in other studies involving 
patients with mild to moderately severe heart 
failure.1-5

Why did LCZ696 succeed in improving out-
comes so convincingly in this representative 
population of patients? Drugs that inhibit the 
renin–angiotensin–aldosterone system (RAAS) 
have been foundational to cardiovascular drug 
therapy for almost three decades. RAAS inhibi-
tors moderate vasoconstriction, myocyte hyper-
trophy, and myocardial fibrosis, an effect that 
has translated into clinically meaningful im-
provements in functional status and survival. 
Natriuretic peptides, which include atrial natri-
uretic peptide, B-type natriuretic peptide, and 
urodilatin, are secreted by the heart, vasculature, 
kidney, and central nervous system in response 
to increased cardiac-wall stress and other stim-
uli. Natriuretic peptides have potent natriuretic 
and vasodilatory properties, inhibit the RAAS, 
reduce sympathetic drive, and have antiprolifer-
ative and antihypertrophic effects as well.6 
Neprilysin inhibition results in an increased con-
centration of natriuretic peptides. Thus, the ben-
eficial effects of RAAS inhibition are likely to be 
augmented by the enhancement of natriuretic 
peptide activity. LCZ696 is a fixed-dose combi-
nation of valsartan and AHU-377 (a neprilysin 
inhibitor prodrug) in a 1:1 ratio and is the first 
and most clinically developed agent in a new 
class of compounds.

Before random assignment in PARADIGM-HF, 
all patients had been receiving an angiotensin-
converting–enzyme inhibitor or an angiotensin-
receptor antagonist, in addition to their three to 
seven other cardiovascular drugs. The run-in 
phase of the trial ensured that all patients could 
maintain the dosing regimen, with the successive 
administration of enalapril (at a dose of 10 mg 
twice daily) and LCZ696 (at a dose of 200 mg 
twice daily). The authors report that 200 mg of 
LCZ696 delivers the equivalent of 160 mg of 
valsartan. Predictably, 12% of patients withdrew 

during the run-in phase because of an adverse 
event; withdrawal was more likely when patients 
were receiving enalapril than when they were re-
ceiving LCZ696. Although heart-failure guide-
lines suggest a target twice-daily administration 
of either 10 mg of enalapril or 160 mg of valsar-
tan, numerous registries acknowledge that low-
er doses are commonly used in clinical practice. 
After randomization, fewer patients in the 
LCZ696 group than in the enalapril group 
stopped their study medication because of any 
adverse event (10.7% vs. 12.3%, P = 0.03). Thus, 
LCZ696 was at least as well tolerated as target 
doses of enalapril in PARADIGM-HF.

The investigators report that as compared 
with baseline values, the mean systolic blood 
pressure at 8 months was 3.2±0.4 mm Hg lower 
in the LCZ696 group than in the enalapril group. 
They propose that this difference in blood pres-
sure was not a determinant of the salutary ben-
efits of LCZ696. Interestingly, neprilysin inhibi-
tion alone does not cause clinically important 
reductions in blood pressure, possibly because 
of neprilysin-dependent breakdown of polypep-
tide vasoconstrictors, such as angiotensin II.7 In 
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Figure 1. Numbers of Patients with Heart Failure 
Who Would Need to Be Treated to Reduce Any-Cause 
Mortality in Seven Clinical Trials.

SOLVD-T denotes Studies of Left Ventricular Dysfunction–
Treatment.9 The data for the MADIT-CRT study are 
from the initial report, with an average follow-up of 
2.5 years.
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for heart failure more than once (a 29% reduction in the 
LCZ696 group, P=0.001). When all (including repeat) hos-
pitalizations were considered, the LCZ696 group had 15.6% 
fewer hospitalizations than the enalapril group for any reason 
(P<0.001), 16.0% fewer hospitalizations for a cardiovascu-
lar reason (P<0.001), and 23.0% fewer admissions for heart 
failure (P<0.001) than patients in the enalapril group (Table). 
The cumulative number of hospitalizations for heart failure 
per 100 patients is shown in Figure 2. The 2 groups were 
similar with respect to the average duration of each admission 
for heart failure, but, in comparison with the enalapril group, 
the patients in the LCZ696 group had 18% fewer stays in 
intensive care (P=0.005) and were 31% less likely to receive 
intravenous positive inotropic agents (P<0.001) and 22% less 
likely to have cardiac transplantation or implantation of a car-
diac device for heart failure (P=0.07). The number of patients 
who received a left ventricular assist device or underwent car-
diac transplantation was 23 in the enalapril group and 13 in 
the LCZ696 group.

Despite greater intensification of treatment and greater loss 
of more severely ill patients because of death in the enala-
pril group, a larger proportion of surviving patients in that 
group were considered by their physicians to be worse (by 
at least 1 NYHA class) than in the LCZ696 group; the dif-
ference between the 2 groups was significant at both 8 and 
12 months of follow-up (P=0.004 and P=0.023, respectively; 
Table). Moreover, fewer surviving patients considered them-
selves worse (by at least 5 points in the KCCQ total symptom 
score) in the LCZ696 group than in the enalapril group; the 
difference between the groups was significant at 4, 8, and 12 
months (P=0.002, P=0.001, and P=0.03, respectively; Table).

Effect on Biomarkers of Heart Failure Progression
Levels of urinary cyclic GMP and plasma BNP were 
higher during treatment with LCZ696 than with enalapril 

(Figure 3A), but circulating levels of NTproBNP and troponin 
were lower during treatment with LCZ696 than with enalapril 
(Figure 3B). The differences between groups were apparent 
within 4 weeks and were sustained at 8 months, P<0.0001 for 
the difference between groups at both time points.

Discussion
In patients with a reduced ejection fraction and mild-to-
moderate symptoms, combined inhibition of the angioten-
sin receptor and neprilysin with LCZ696 reduced the risk of 
developing worsening heart failure more than ACE inhibition 
with enalapril. Fewer patients in the LCZ696 group were con-
sidered to be worse by themselves or by their physicians, and 
fewer patients in the LCZ696 group had worsening symptoms 
requiring intensification of outpatient therapy or the use of 
medical or device treatments for advancing heart failure.

Not only was LCZ696 superior to enalapril in reducing the 
risk of a first emergency department visit or hospitalization 
for heart failure, but the drug was also more effective than 
ACE inhibition alone in decreasing the need for repeated 
emergency visits and hospitalizations for heart failure. These 
advantages were apparent even though (1) the enalapril group 
had a meaningfully higher mortality rate throughout the trial, 
leading to the preferential exclusion of high-risk enalapril-
treated patients with progressing symptoms from our analy-
ses; and (2) the enalapril group had greater intensification of 
background therapy, which would have been expected to ame-
liorate deleterious changes in clinical status. Therefore, the 
observed effect sizes reported in our analyses may underesti-
mate the true magnitude of the treatment difference. Despite 
the biases against the drug, LCZ696 was superior to enalapril 
in reducing the risk of symptom progression and exerting a 
favorable effect on the clinical course of surviving patients 
with mild-to-moderate heart failure.

Few trials have focused on the ability of new drugs to 
prevent worsening of clinical status in patients with mild-
to-moderate heart failure.27 Previous studies in such patients 
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• ARNI therapy (valsartan/sacubitril) is 
recommended in patients with NYHA Class 
II or III systolic congestive heart failure 
who can tolerate an ACE inhibitor or ARB 
as disease modifying therapy with:

• Elevated brain derived natriuretic peptide 
> 150 pg/mL or NT-pro-BNP > 600 pg/mL

• Elevated brain derived natriuretic peptide 
> 100 pg/mL or NT-pro-BNP > 400 pg/mL 
WITH a prior hospitalization for congestive 
heart failure in the past 12 months

Who should be treated with 
sacubatril-valsartan?



• ARNI should not be administered with 
ACE inhibitors or ARBs within 36 hours 
of the last dosage. 

• Valsartan/sacubitril is not intended for 
subjects with low systolic blood 
pressure < 100 mm Hg, eGFR < 30 
mL/min/1.73m2, or potassium > 5.2 
mmol/L.

• Hypotension and angioedema are 
potential effects of the drug. 

Who should be treated with 
sacubatril-valsartan?




