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Background—Clinical trials in heart failure have focused on the improvement in symptoms or decreases in the risk of death and 
other cardiovascular events. Little is known about the effect of drugs on the risk of clinical deterioration in surviving patients.

Methods and Results—We compared the angiotensin-neprilysin inhibitor LCZ696 (400 mg daily) with the angiotensin-
converting enzyme inhibitor enalapril (20 mg daily) in 8399 patients with heart failure and reduced ejection fraction 
in a double-blind trial. The analyses focused on prespecified measures of nonfatal clinical deterioration. In comparison 
with the enalapril group, fewer LCZ696-treated patients required intensification of medical treatment for heart failure 
(520 versus 604; hazard ratio, 0.84; 95% confidence interval, 0.74–0.94; P=0.003) or an emergency department visit for 
worsening heart failure (hazard ratio, 0.66; 95% confidence interval, 0.52–0.85; P=0.001). The patients in the LCZ696 
group had 23% fewer hospitalizations for worsening heart failure (851 versus 1079; P<0.001) and were less likely to 
require intensive care (768 versus 879; 18% rate reduction, P=0.005), to receive intravenous positive inotropic agents 
(31% risk reduction, P<0.001), and to have implantation of a heart failure device or cardiac transplantation (22% risk 
reduction, P=0.07). The reduction in heart failure hospitalization with LCZ696 was evident within the first 30 days after 
randomization. Worsening of symptom scores in surviving patients was consistently more common in the enalapril group. 
LCZ696 led to an early and sustained reduction in biomarkers of myocardial wall stress and injury (N-terminal pro–B-
type natriuretic peptide and troponin) versus enalapril.

Conclusions—Angiotensin-neprilysin inhibition prevents the clinical progression of surviving patients with heart failure 
more effectively than angiotensin-converting enzyme inhibition.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01035255. (Circulation. 2015;131:54–61. 
DOI: 10.1161/CIRCULATIONAHA.114.013748.)

Key Words: heart failure ◼ neprilysin ◼ receptors, angiotensin

Although heart failure increases the risk of death, nonfatal 
worsening of symptoms is the most common problem 

encountered by patients, who experience progressive impair-
ment of functional capacity and quality of life.1 Nonfatal 
worsening may require intensification of oral medications or 
it can necessitate emergent treatment, including hospitaliza-
tion, intensive care, or expensive medical or surgical interven-
tions.1,2 Therefore, in addition to prolonging survival, a major 
goal in the management of chronic heart failure is mainte-
nance of the clinical stability of patients, specifically by pre-
venting nonfatal worsening of heart failure with its attendant 
consequences.

Editorial see p 11 
Clinical Perspective on p 61

The activation of detrimental neurohormonal pathways con-
tributes to the clinical progression of heart failure.3 However, 
despite the use of angiotensin-converting enzyme (ACE) 
inhibitors, β-blockers, and mineralocorticoid receptor antago-
nists patients remain at high risk of worsening heart failure.4 
Such progression may be related to inadequate activation of or 
a diminished response to the compensatory actions of endog-
enous adaptive neurohormonal systems.5–7 Several peptides 
(ie, natriuretic peptides, bradykinin, and adrenomedullin) can 
attenuate vasoconstriction and sodium retention, and retard 
cardiac and vascular hypertrophy and remodeling, and thus act 
to ameliorate many of the pathophysiological abnormalities 
of heart failure.8–10 Neprilysin is the key enzyme responsible 
for the breakdown of these peptides, and its activity may be 
increased in heart failure.11 Inhibition of neprilysin enhances 
the effects of these beneficial vasoactive substances and exerts 
favorable effects in patients with heart failure, when combined 
with existing agents that act on detrimental neurohormonal 
systems.12 Concurrent inhibition of angiotensin synthesis or 

action is particularly important, because neprilysin inhibition 
alone is accompanied by the activation of the renin-angiotensin 
system, possibly because angiotensin itself may be a substrate 
for neprilysin.13,14 Although the actions of angiotensin may be 
attenuated by inhibition of the ACE, simultaneous blockade 
of ACE and neprilysin can lead to serious angioedema.15,16 
Therefore, the preferred approach to parallel modulation of 
these neurohormonal systems is the combined use of a nepri-
lysin inhibitor with an angiotensin receptor blocker.17

The PARADIGM-HF (Prospective comparison of ARNI 
with ACEI to Determine Impact on Global Mortality and mor-
bidity in Heart Failure) trial compared the long-term effects of 
LCZ696—a complex of the neprilysin inhibitor sacubitril and 
the angiotensin receptor blocker valsartan—with enalapril in 
patients with heart failure with mild-to-moderate symptoms.18 
The trial demonstrated the superiority of LCZ696 over enala-
pril on both death from any cause, and on death from cardio-
vascular causes.12 Here, we describe the incremental effects 
of LCZ696 over enalapril on the nonfatal progression of heart 
failure in surviving patients.

Methods
The design and primary results of the PARADIGM-HF trial have 
been previously described.12 The institutional review board of each 
of the 1043 participating institutions (in 47 countries) approved the 
protocol, and all patients gave written, informed consent.

Study Patients
Patients had New York Heart Association (NYHA) class II to IV 
symptoms, an ejection fraction of ≤40% (changed to ≤35% by 
amendment), and a plasma B-type natriuretic peptide (BNP) ≥150 
pg/mL (or N-terminal pro-BNP [NTproBNP] ≥600 pg/mL). Patients 
with lower levels of natriuretic peptides were eligible if they had 
been hospitalized for heart failure within 12 months.12 Patients tak-
ing any dose of ACE inhibitors or angiotensin receptor blockers were 

 by guest on April 14, 2016http://circ.ahajournals.org/Downloaded from 

http://www
http://circ.ahajournals.org/content/131/1/11.full.pdf+html
http://circ.ahajournals.org/


56  Circulation  January 6, 2015

considered for enrollment, but were required to tolerate the equiva-
lent of enalapril 10 mg daily for at least 4 weeks before screening 
along with stable doses of a β-blocker (unless contraindicated or not 
tolerated) and a mineralocorticoid antagonist (if indicated). Among 
the exclusion criteria,12 patients were not eligible for the trial if they 
had a history of intolerance of ACE inhibitors or angiotensin receptor 
blockers.

Study Procedures
On trial entry, ongoing therapy with an ACE inhibitor or angiotensin 
receptor blocker was stopped, but other treatments for heart failure 
were continued. Patients first received enalapril 10 mg twice daily for 
2 weeks (single-blind) and then LCZ696 (single-blind) for an addi-
tional 4 to 6 weeks, initially at 100 mg twice daily and then 200 mg 
twice daily. To minimize the potential for angioedema, enalapril was 
withheld a day before starting LCZ696, and LCZ696 was withheld a 
day before starting randomized therapy. Patients tolerating both drugs 
at target doses were randomly assigned in a 1:1 ratio to double-blind 
treatment with either enalapril 10 mg twice daily or LCZ696 200 mg 
twice daily. The dose of enalapril was selected based on its effect to 
reduce the risk of death in the Studies of Left Ventricular Dysfunction 
(SOLVD) Treatment Trial19; higher doses have not been more effec-
tive or well tolerated during long-term treatment.20–22 Following ran-
domization, patients were maintained on the highest tolerated doses 
of the study medication. Surviving patients underwent periodic evalu-
ation of NYHA functional class, symptoms of heart failure (measured 
by using the Kansas City Cardiomyopathy Questionnaire [KCCQ]),23 
and, in approximately 27% of randomized patients, biomarkers of 
neprilysin inhibition and heart failure progression. Worsening heart 
failure was treated by adjusting the doses of any concomitant drug 
and using any interventions that were clinically indicated.

Statistical Analysis
The trial was designed to recruit ≈8000 patients and continue until the 
occurrence of 1229 cardiovascular deaths and 2410 cardiovascular 
deaths or first hospitalizations for heart failure. However, an inde-
pendent Data and Safety Monitoring Board recommended early ter-
mination of the study (approximately 50 months after the first patient 
was randomized) when the boundary for overwhelming benefit for 
cardiovascular mortality had been crossed.

The principal analyses for this article focused on (1) worsening 
NYHA functional class, as assessed by the physician; (2) worsening 
KCCQ total symptom score, as assessed by the patient; (3) worsen-
ing heart failure requiring an increase in the dose of diuretic for >1 
month, the addition of a new drug for heart failure, or the use of intra-
venous therapy (prospectively defined in the protocol as a treatment 
failure); (4) worsening heart failure leading to an emergency depart-
ment visit (without subsequent hospitalization); (5) worsening heart 
failure requiring hospitalization, with a prespecified analysis at 30 
days after randomization; (6) the use of interventions for advancing 
heart failure; and (7) changes in biomarkers reflecting cardiac injury, 
wall stress, and the effects of neprilysin inhibition. All deaths and 
all hospitalizations possibly related to heart failure were adjudicated 
blindly according to prespecified criteria by a clinical-events com-
mittee, which had no knowledge of the patient’s drug assignment. Of 
the 4 biomarkers of interest, plasma NTproBNP and troponin T were 
measured by using the Roche Elecsys proBNP and high-sensitivity 
Troponin T assays (Roche Diagnostics GmbH, Germany); plasma 
BNP was measured by using the Advia Centaur assay (Siemens, 
USA); and cGMP was measured in first-morning-void urine samples 
by using an enzyme-linked immunosorbent assay (R & D Systems, 
USA). Data on all outcome measures were collected prospectively, 
and their analyses were prespecified as end points of interest.

Cox proportional hazards regression models (with treatment and 
region as fixed-effect factors) were used to evaluate between-group 
differences in time-to-event end points and to estimate hazard ratios, 
95% confidence intervals, and P values. Negative binomial models 
(with treatment and region as fixed factors and logarithm of the dura-
tion of follow-up as the offset),24 Wilcoxon rank-sum test, and Fisher 

exact test were used to assess the significance of differences in the 
number, rate and duration of hospital admissions and emergency 
department visits; of the use of medical and device interventions for 
advancing heart failure; and of clinical worsening by ≥1 NYHA func-
tional class and ≥5 points in the KCCQ total symptom score (based 
on the magnitude of change considered to be clinically relevant).21

The rate of total hospitalizations for heart failure was calculated by 
the Nelson-Aalen estimate,25 ignoring death as a potential informative 
dropout. Ignoring death as a potential informative dropout may lead 
to underestimation of the magnitude of the treatment effects in our 
analysis, because heart failure morbidity and mortality are strongly 
associated, and thus, the censoring of patients at the time of death 
can be expected to minimize estimates of the rate of worsening heart 
failure events in the group with a poorer survival.26 Nevertheless, all 
analyses were performed on data available at each time point; no 
imputation was applied to patients who died or had missing data.

Results
Study Patients and Study Drug Administration
A total of 10 521 patients at 1043 centers in 47 countries 
entered the run-in period, of whom 8399 patients were ran-
domly assigned and prospectively included in the intention-
to-treat analysis (4187 to LCZ696 and 4212 or enalapril). 
As previously reported,12 the 2 groups comprised primarily 
patients with mild-to-moderate symptoms who were well 
treated with diuretics, β-blockers, and mineralocorticoid 
receptor antagonists and were balanced with respect to base-
line characteristics. Excluding patients who died, 87% of both 
the LCZ696 and enalapril groups were receiving the target 
dose of the study drug at 8 months; and 76% and 75%, respec-
tively, were maintained at the target dose at the end of the 
study.

Effect on Death or Hospitalization for Any Reason
There were 835 patients in the enalapril group and 711 in the 
LCZ696 group who died for any reason, corresponding to 
annualized rates of 7.5% and 6.0%, respectively. These dif-
ferences reflected a 16% incremental reduction in the risk of 
death (hazard ratio, 0.84; 95% confidence interval [CI], 0.76–
0.93, P=0.0009). There were 2093 patients who died or who 
were hospitalized for any reason in the enalapril group and 
1892 such patients in the LCZ696 group, corresponding to 
annualized rates of 30.3% and 26.3%, respectively. These dif-
ferences reflected a 12.6% lower risk as a result of treatment 
with LCZ696 instead of enalapril (hazard ratio, 0.87; 95% CI, 
0.82–0.93; P<0.0001).

Effect on Occurrence of Clinical Worsening
In comparison with enalapril-treated patients, there were 
fewer LCZ696-treated patients who had worsening heart fail-
ure requiring the addition of a new drug, intravenous therapy, 
or an increase in the daily dose of diuretic for >1 month (520 
versus 604; hazard ratio, 0.84; 95% CI, 0.74–0.94; P=0.003). 
Fewer patients in the LCZ696 group than in the enalapril 
group were evaluated and treated for worsening heart failure 
in the emergency department but discharged without hospital 
admission (102 versus 150; hazard ratio, 0.66; 95% CI, 0.52-
0.85; P=0.001; Table). When all (including repeat) emergency 
department evaluations for heart failure were considered, the 
LCZ696 group had 30% lower rate of such visits than the enala-
pril group (P=0.017).
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Table.  Measures of Nonfatal Worsening Heart Failure in the Enalapril and LCZ696 Groups

Enalapril
(n=4212)

LCZ696
(n=4187)

Hazard/Rate Ratio (95% CI)
P Value

Patients with worsening heart failure leading to intensification of outpatient 
therapy, n (%)

604 (14.3) 520 (12.4) 0.84 (0.74–0.94)
0.003

Patients with worsening NYHA functional class (≥1 class)

    In patients surviving at 4 mo, n (%) 218 (5.5) 186 (4.7) 0.113

    In patients surviving at 8 mo, n (%) 266 (7.0) 205 (5.4) 0.004

    In patients surviving at 12 mo, n (%) 271 (7.4) 225 (6.1) 0.023

Patients with worsening KCCQ total symptoms score (≥5 points)

    In patients surviving at 4 mo, n (%) 1012 (28.3) 899 (25.1) 0.002

    In patients surviving at 8 mo, n (%) 1087 (31.8) 974 (28.2) 0.001

    In patients surviving at 12 mo, n (%) 1029 (31.5) 964 (29.0) 0.03

Patients with ED visit for heart failure, n (%) 150 (3.6) 102 (2.4) 0.66 (0.52–0.85)  
0.001

    Patients with 1 ED visit for heart failure, n (%) 111 (2.6) 78 (1.9) 0.003

    Patients with 2 ED visits for heart failure, n (%) 27 (0.6) 15 (0.4)

    Patients with ≥3 ED visits for heart failure, n (%) 12 (0.3) 9 (0.2)

Total number of ED visits for heart failure 208 151 0.70 (0.52–0.94)*
0.017

Patients hospitalized for heart failure, n (%) 658 (15.6) 537 (12.8) 0.79 (0.71–0.89)
<0.001

    Patients with 1 admission for heart failure, n (%) 418 (9.9) 367 (8.8)

<0.001
    Patients with 2 admissions for heart failure, n (%) 143 (3.4) 110 (2.6)

    Patients with 3 admissions for heart failure, n (%) 53 (1.3) 33 (0.8)

    Patients with ≥ 4 admissions for heart failure, n (%) 44 (1.0) 27 (0.6)

Total number of hospitalizations for heart failure 1079 851 0.77 (0.67–0.89)*
<0.001

Number of days in the hospital per admission per patient 9.7±9.5 10.8±17.5 0.86

Number of patients requiring intensive care 623 549 0.87 (0.78–0.98)
0.019

Total number of stays in intensive care 879 768 0.82 (0.72–0.94)*
0.005

Patients receiving IV positive inotropic drugs, n (%) 229 (5.4) 161 (3.9) 0.69 (0.57–0.85)
<0.001

Patients requiring cardiac resynchronization, ventricular assist device 
implantation, or cardiac transplantation, n (%)

119 (2.8) 94 (2.3) 0.78 (0.60–1.02)
0.07

Patients hospitalized for cardiovascular reason, n (%) 1344 (31.9) 1210 (28.9) 0.88 (0.81–0.95)
<0.001

Total number of hospitalizations for cardiovascular reason 2537 2216 0.84 (0.76–0.92)*  
<0.001

Patients hospitalized for any reason, n (%) 1827 (43.4) 1660 (39.7) 0.88 (0.82–0.94)
<0.001

Total number of hospitalizations for any reason 4053 3564 0.84 (0.78–0.91)* 
<0.001

CI indicates confidence interval; ED, emergency department; IV, intravenous; KCCQ, Kansas City Cardiomyopathy Questionnaire; and NYHA, New York Heart Association. 
*Asterisk denotes rate ratio estimated from a negative binomial model; ratios without an asterisk are hazard ratios derived by using the Cox proportional hazards 

model. 

Fewer patients in the LCZ696 group than in the enalapril 
group were hospitalized for heart failure (hazard ratio, 0.79; 
95% CI, 0.71–0.89; P<0.001), for a cardiovascular reason 
(hazard ratio, 0.88; 95% CI, 0.81–0.95; P<0.001) or for any 
reason (hazard ratio, 0.88; 95% CI, 0.82–0.94; P<0.001; 
Table). The between-group difference in the risk of hospital-
ization for heart failure was statistically significant as early 

as 30 days following randomization (hazard ratio at 30 days, 
0.60; 95% CI, 0.38–0.94; P=0.027; Figure 1).

In comparison with enalapril, patients treated with 
LCZ696 were not only less likely to be hospitalized for heart 
failure at least once, but were also less likely to be hospital-
ized multiple times; 240 patients in the enalapril group but 
only 170 patients in the LCZ696 group were hospitalized 
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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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have primarily reported improvements in exercise tolerance 
or functional class or decreases in the risk of hospitaliza-
tion for heart failure.28–30 In the few trials that have reported 
worsening of symptoms, quality of life, or functional class, 
active treatments produced a meaningful reduction in the risk 
of clinical worsening only when missing data were imputed 
or when patients who died were included in the analysis 
and assigned the worst possible score.29,31–33 In contrast, the 
PARADIGM-HF study is among the first trials to demon-
strate a reduction of clinical worsening of surviving patients, 
which is not only of paramount importance to those afflicted 
with the disease and their families, but also to the physicians 

who care for them and the insurers who pay for the intensifi-
cation of treatments. The advantage of LCZ696 over enalapril 
in preventing clinical deterioration was apparent early in the 
trial and persisted for the duration of double-blind therapy.

Our clinical findings are supported by the effects on 
biomarkers measured in surviving patients in the trial. As 
expected from neprilysin inhibition,34 levels of both urinary 
cyclic GMP and plasma BNP were higher during treatment 
with LCZ696 than with enalapril; the increases in cyclic 
GMP reflect the fact that the peptides whose levels are 
enhanced by neprilysin inhibition act through enhancement 
of cyclic GMP.35–37 In contrast, in comparison with enalapril, 
patients receiving LCZ696 had consistently lower levels of 
NTproBNP (reflecting reduced cardiac wall stress) and tro-
ponin (reflecting reduced cardiac injury) throughout the trial. 
The contrasting effects of LCZ696 on the 2 types of natri-
uretic peptides represents an important finding, because the 
levels of the 2 peptides characteristically parallel each other 
during the course of heart failure.38 However, because BNP 
(but not NTproBNP) is a substrate for neprilysin,39 levels 
of BNP will reflect the action of the drug, whereas levels of 
NTproBNP will reflect the effects of the drug on the heart. 
Furthermore, although differences in the levels of troponin 
between the 2 treatment groups were small, even very low 
levels of troponin release are believed to reflect ongoing myo-
cardial injury (possibly related to increased wall stress),40 and 
even small increases in the levels of troponin reflect a higher 
risk of disease progression in heart failure.41,42

In conclusion, in comparison with guideline-recommended 
doses of an ACE inhibitor, combined inhibition of both the 
angiotensin receptor and neprilysin was more effective not 
only in reducing all-cause and cardiovascular mortality,12 but 
also in reducing the risks and rates of multiple manifestations 
of clinical deterioration of surviving patients with heart fail-
ure. The effect of LCZ696 to stabilize the course of heart fail-
ure is likely to have important ramifications for both quality of 
life and resource utilization in this disorder.
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Figure 3. A, Median values for N-terminal pro-BNP and 
troponin T at entry and during single-blind run-in and double-
blind periods. Medians are shown in circles, and 25%/75% 
interquartile ranges are shown in bars, where patients in the 
LCZ696 group are shown in white circles and white bars and 
patients in the enalapril group are shown in black circles and gray 
bars. P values designate the significance of difference between 
the 2 treatment groups. Troponin T was not measured at the end 
of the enalapril phase of the run-in period. B, Median values for 
B-type natriuretic peptide and urinary cyclic GMP at entry and 
during single-blind run-in and double-blind periods. Medians are 
shown in circles, and 25%/75% interquartile ranges are shown 
in bars, where patients in the LCZ696 group are shown in white 
circles and white bars and patients in the enalapril group are 
shown in black circles and gray bars. P values designate the 
significance of the difference between the 2 treatment groups. 
Urinary cyclic GMP was not measured at the end of the enalapril 
phase of the run-in period. BNP indicates B-type natriuretic 
peptide; ENL, end of the enalapril phase of the run-in period; and 
LCZ, end of the LCZ696 phase of the run-in period.

 by guest on April 14, 2016http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


60  Circulation  January 6, 2015

References
 1. Butler J, Braunwald E, Gheorghiade M. Recognizing worsening chronic 

heart failure as an entity and an end point in clinical trials. JAMA. 
2014;312:789–790.

 2. Cleland JG. How to assess new treatments for the management of heart 
failure: composite scoring systems to assess the patients’ clinical journey. 
Eur J Heart Fail. 2002;4:243–247.

 3. Packer M. Evolution of the neurohormonal hypothesis to explain the pro-
gression of chronic heart failure. Eur Heart J. 1995;16(suppl F):4–6.

 4. Krum H, Shi H, Pitt B, McMurray J, Swedberg K, van Veldhuisen DJ, 
Vincent J, Pocock S, Zannad F; EMPHASIS-HF Study Group. Clinical 
benefit of eplerenone in patients with mild symptoms of systolic heart 
failure already receiving optimal best practice background drug therapy: 
analysis of the EMPHASIS-HF study. Circ Heart Fail. 2013;6:711–718.

 5. Tsutamoto T, Kanamori T, Morigami N, Sugimoto Y, Yamaoka O, 
Kinoshita M. Possibility of downregulation of atrial natriuretic peptide 
receptor coupled to guanylate cyclase in peripheral vascular beds of 
patients with chronic severe heart failure. Circulation. 1993;87:70–75.

 6. Cugno M, Agostoni P, Mari D, Meroni PL, Gregorini L, Bussotti M, 
Anguissola GB, Donatelli F, Nussberger J. Impaired bradykinin response 
to ischaemia and exercise in patients with mild congestive heart failure 
during angiotensin-converting enzyme treatment. Relationships with 
endothelial function, coagulation and inflammation. Br J Haematol. 
2005;130:113–120.

 7. Jougasaki M, Heublein DM, Sandberg SM, Burnett JC Jr. Attenuated 
natriuretic response to adrenomedullin in experimental heart failure. J 
Card Fail. 2001;7:75–83.

 8. Cataliotti A, Tonne JM, Bellavia D, Martin FL, Oehler EA, Harders GE, 
Campbell JM, Peng KW, Russell SJ, Malatino LS, Burnett JC Jr, Ikeda Y. 
Long-term cardiac pro-B-type natriuretic peptide gene delivery prevents 
the development of hypertensive heart disease in spontaneously hyperten-
sive rats. Circulation. 2011;123:1297–1305.

 9. Tonduangu D, Hittinger L, Ghaleh B, Le Corvoisier P, Sambin L, 
Champagne S, Badoual T, Vincent F, Berdeaux A, Crozatier B, Su JB. 
Chronic infusion of bradykinin delays the progression of heart failure and 
preserves vascular endothelium-mediated vasodilation in conscious dogs. 
Circulation. 2004;109:114–119.

 10. Nakamura R, Kato J, Kitamura K, Onitsuka H, Imamura T, Cao Y, 
Marutsuka K, Asada Y, Kangawa K, Eto T. Adrenomedullin administra-
tion immediately after myocardial infarction ameliorates progression of 
heart failure in rats. Circulation. 2004;110:426–431.

 11. Knecht M, Pagel I, Langenickel T, Philipp S, Scheuermann-Freestone 
M, Willnow T, Bruemmer D, Graf K, Dietz R, Willenbrock R. Increased 
expression of renal neutral endopeptidase in severe heart failure. Life Sci. 
2002;71:2701–2712.

 12. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, 
Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR; PARADIGM-HF 
Investigators and Committees. Angiotensin-neprilysin inhibition versus 
enalapril in heart failure. N Engl J Med. 2014;371:993–1004.

 13. Margulies KB, Perrella MA, McKinley LJ, Burnett JC Jr. Angiotensin inhi-
bition potentiates the renal responses to neutral endopeptidase inhibition 
in dogs with congestive heart failure. J Clin Invest. 1991;88:1636–1642.

 14. Shaltout HA, Westwood BM, Averill DB, Ferrario CM, Figueroa JP, Diz 
DI, Rose JC, Chappell MC. Angiotensin metabolism in renal proximal 
tubules, urine, and serum of sheep: evidence for ACE2-dependent process-
ing of angiotensin II. Am J Physiol Renal Physiol. 2007;292:F82–F91.

 15. Kostis JB, Packer M, Black HR, Schmieder R, Henry D, Levy E. 
Omapatrilat and enalapril in patients with hypertension: the Omapatrilat 
Cardiovascular Treatment vs. Enalapril (OCTAVE) trial. Am J Hypertens. 
2004;17:103–111.

 16. Packer M, Califf RM, Konstam MA, Krum H, McMurray JJ, Rouleau 
JL, Swedberg K. Comparison of omapatrilat and enalapril in patients 
with chronic heart failure: the Omapatrilat Versus Enalapril Randomized 
Trial of Utility in Reducing Events (OVERTURE). Circulation. 
2002;106:920–926.

 17. Hegde LG, Yu C, Renner T, Thibodeaux H, Armstrong SR, Park T, 
Cheruvu M, Olsufka R, Sandvik ER, Lane CE, Budman J, Hill CM, Klein 
U, Hegde SS. Concomitant angiotensin AT1 receptor antagonism and 
neprilysin inhibition produces omapatrilat-like antihypertensive effects 
without promoting tracheal plasma extravasation in the rat. J Cardiovasc 
Pharmacol. 2011;57:495–504.

 18. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, 
Rouleau J, Shi VC, Solomon SD, Swedberg K, Zile MR; PARADIGM-HF 
Committees and Investigators. Dual angiotensin receptor and neprilysin 
inhibition as an alternative to angiotensin-converting enzyme inhibition 

in patients with chronic systolic heart failure: rationale for and design of 
the Prospective comparison of ARNI with ACEI to Determine Impact on 
Global Mortality and morbidity in Heart Failure trial (PARADIGM-HF). 
Eur J Heart Fail. 2013;15:1062–1073.

 19. The SOLVD Investigators. Effect of enalapril on survival in patients with 
reduced left ventricular ejection fractions and congestive heart failure. N 
Engl J Med. 1991;325:293–302.

 20. CONSENSUS Trial Study Group. Effects of enalapril on mortal-
ity in severe congestive heart failure. Results of the Cooperative North 
Scandinavian Enalapril Survival Study (CONSENSUS). N Engl J Med. 
1987;316:1429–1435.

 21. Nanas JN, Alexopoulos G, Anastasiou-Nana MI, Karidis K, Tirologos A, 
Zobolos S, Pirgakis V, Anthopoulos L, Sideris D, Stamatelopoulos SF, 
Moulopoulos SD. Outcome of patients with congestive heart failure treated 
with standard versus high doses of enalapril: a multicenter study. High 
Enalapril Dose Study Group. J Am Coll Cardiol. 2000;36:2090–2095.

 22. The NETWORK Investigators. Clinical outcome with enalapril in 
symptomatic chronic heart failure; a dose comparison. Eur Heart J. 
1998;19:481–489.

 23. Spertus J, Peterson E, Conard MW, Heidenreich PA, Krumholz HM, 
Jones P, McCullough PA, Pina I, Tooley J, Weintraub WS, Rumsfeld 
JS; Cardiovascular Outcomes Research Consortium. Monitoring clinical 
changes in patients with heart failure: a comparison of methods. Am Heart 
J. 2005;150:707–715.

 24. Hilbe JM. Negative Binomial Regression. Cambridge, UK: Cambridge 
University Press; 2007.

 25. Lawless JF, Nadeau JC. Nonparametric estimation of cumulative mean 
functions for recurrent events. Technometrics. 1995;37:158–168.

 26. Wei LJ, Glidden DV. An overview of statistical methods for multiple fail-
ure time data in clinical trials. Stat Med. 1997;16:833–839.

 27. Kleber FX, Niemöller L, Doering W. Impact of converting enzyme inhibi-
tion on progression of chronic heart failure: results of the Munich Mild 
Heart Failure Trial. Br Heart J. 1992;67:289–296.

 28. Brown EJ Jr, Chew PH, MacLean A, Gelperin K, Ilgenfritz JP, Blumenthal 
M. Effects of fosinopril on exercise tolerance and clinical deterioration 
in patients with chronic congestive heart failure not taking digitalis. 
Fosinopril Heart Failure Study Group. Am J Cardiol. 1995;75:596–600.

 29. Hjalmarson A, Goldstein S, Fagerberg B, Wedel H, Waagstein F, Kjekshus 
J, Wikstrand J, El Allaf D, Vítovec J, Aldershvile J, Halinen M, Dietz 
R, Neuhaus KL, Jánosi A, Thorgeirsson G, Dunselman PH, Gullestad 
L, Kuch J, Herlitz J, Rickenbacher P, Ball S, Gottlieb S, Deedwania P. 
Effects of controlled-release metoprolol on total mortality, hospitaliza-
tions, and well-being in patients with heart failure: the Metoprolol CR/XL 
Randomized Intervention Trial in congestive heart failure (MERIT-HF). 
MERIT-HF Study Group. JAMA. 2000;283:1295–1302.

 30. Rogers JK, McMurray JJ, Pocock SJ, Zannad F, Krum H, van Veldhuisen 
DJ, Swedberg K, Shi H, Vincent J, Pitt B. Eplerenone in patients with sys-
tolic heart failure and mild symptoms: analysis of repeat hospitalizations. 
Circulation. 2012;126:2317–2323.

 31. Rogers WJ, Johnstone DE, Yusuf S, Weiner DH, Gallagher P, Bittner 
VA, Ahn S, Schron E, Shumaker SA, Sheffield LT. Quality of life among 
5,025 patients with left ventricular dysfunction randomized between pla-
cebo and enalapril: the studies of left ventricular dysfunction. J Am Coll 
Cardiol. 1994;23:393–400.

 32. O’Meara E, Solomon S, McMurray J, Pfeffer M, Yusuf S, Michelson E, 
Granger C, Olofsson B, Young JB, Swedberg K. Effect of candesartan on 
New York Heart Association functional class. Results of the Candesartan 
in Heart failure: Assessment of Reduction in Mortality and morbidity 
(CHARM) programme. Eur Heart J. 2004;25:1920–1926.

 33. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky 
J, Wittes J. The effect of spironolactone on morbidity and mortality in 
patients with severe heart failure. Randomized Aldactone Evaluation 
Study Investigators. N Engl J Med. 1999;341:709–717.

 34. Charles CJ, Espiner EA, Nicholls MG, Richards AM, Yandle TG, Protter 
A, Kosoglou T. Clearance receptors and endopeptidase 24.11: equal 
role in natriuretic peptide metabolism in conscious sheep. Am J Physiol. 
1996;271:R373–R380.

 35. Rosenkranz AC, Hood SG, Woods RL, Dusting GJ, Ritchie RH. B-type 
natriuretic peptide prevents acute hypertrophic responses in the diabetic 
rat heart: importance of cyclic GMP. Diabetes. 2003;52:2389–2395.

 36. Hamid SA, Totzeck M, Drexhage C, Thompson I, Fowkes RC, Rassaf T, 
Baxter GF. Nitric oxide/cGMP signalling mediates the cardioprotective 
action of adrenomedullin in reperfused myocardium. Basic Res Cardiol. 
2010;105:257–266.

 by guest on April 14, 2016http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


Packer et al  Angiotensin Neprilysin Inhibition in Heart Failure  61

 37. Pham I, Gonzalez W, Doucet J, Fournie-Zaluski MC, Roques BP, Michel 
JB. Effects of angiotensin-converting enzyme and neutral endopeptidase 
inhibitors: influence of bradykinin. Eur J Pharmacol. 1996;296:267–276.

 38. Alehagen U, Svensson E, Dahlström U. Natriuretic peptide biomarkers as 
information indicators in elderly patients with possible heart failure fol-
lowed over six years: a head-to-head comparison of four cardiac natri-
uretic peptides. J Card Fail. 2007;13:452–461.

 39. Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E, Shi 
V, Bransford T, Takeuchi M, Gong J, Lefkowitz M, Packer M, McMurray 
JJ; Prospective comparison of ARNI with ARB on Management Of heart 
failUre with preserved ejectioN fracTion (PARAMOUNT) Investigators. 
The angiotensin receptor neprilysin inhibitor LCZ696 in heart failure with 
preserved ejection fraction: a phase 2 double-blind randomised controlled 
trial. Lancet. 2012;380:1387–1395.

 40. Fertin M, Hennache B, Hamon M, Ennezat PV, Biausque F, Elkohen M, 
Nugue O, Tricot O, Lamblin N, Pinet F, Bauters C. Usefulness of serial 

assessment of B-type natriuretic peptide, troponin I, and C-reactive pro-
tein to predict left ventricular remodeling after acute myocardial infarction 
(from the REVE-2 study). Am J Cardiol. 2010;106:1410–1416.

 41. Jungbauer CG, Riedlinger J, Buchner S, Birner C, Resch M, Lubnow 
M, Debl K, Buesing M, Huedig H, Riegger G, Luchner A. High-
sensitive troponin T in chronic heart failure correlates with severity of 
symptoms, left ventricular dysfunction and prognosis independently 
from N-terminal pro-B-type natriuretic peptide. Clin Chem Lab Med. 
2011;49:1899–1906.

 42. Masson S, Anand I, Favero C, Barlera S, Vago T, Bertocchi F, Maggioni 
AP, Tavazzi L, Tognoni G, Cohn JN, Latini R; Valsartan Heart Failure 
Trial (Val-HeFT) and Gruppo Italiano per lo Studio della Sopravvivenza 
nell’Insufficienza Cardiaca–Heart Failure (GISSI-HF) Investigators. 
Serial measurement of cardiac troponin T using a highly sensitive assay in 
patients with chronic heart failure: data from 2 large randomized clinical 
trials. Circulation. 2012;125:280–288.

CLINICAL PERSPECTIvE
The PARADIGM-HF (Prospective comparison of ARNI with ACEI to Determine Impact on Global Mortality and morbidity 
in Heart Failure) trial compared the angiotensin receptor-neprilysin inhibitor LCZ696 (400 mg daily) with the angiotensin-
converting enzyme inhibitor enalapril (20 mg daily) in 8399 patients with heart failure and reduced ejection fraction in a dou-
ble-blind trial. In a previous report, patients in the LCZ696 group had a 20% lower risk of cardiovascular death and a 16% 
lower risk of death for any reason (both P<0.0001). This article reports on the effect of treatment on the clinical progression 
of heart failure in surviving patients. When compared with enalapril, fewer LCZ696-treated patients required intensification 
of medical treatment for heart failure (P=0.003) or an emergency department visit for worsening heart failure (P=0.001). 
The patients in the LCZ696 group also had 23% fewer hospitalizations for worsening heart failure (P<0.001) and were 18% 
less likely to require intensive care (P=0.005), 31% less likely to receive intravenous positive inotropic agents (P<0.001), 
and 22% less likely to have implantation of a heart failure device or cardiac transplantation (P=0.07). The reduction in heart 
failure hospitalization with LCZ696 was evident within the first 30 days after randomization. Worsening symptoms of heart 
failure were consistently more common in the enalapril group. LCZ696 led to an early and sustained reduction in biomark-
ers of myocardial wall stress and injury (N-terminal pro–B-type natriuretic peptide and troponin) versus enalapril. These 
findings demonstrate that LCZ696 prevents the clinical progression of surviving patients more effectively than enalapril and 
provides further support for the use of this new approach to replace the current use of inhibitors of the renin-angiotensin 
system in chronic heart failure.

Go to http://cme.ahajournals.org to take the CME quiz for this article.
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