
Neurohormonal players in heart failure

• Vasoconstrictor systems
sympathetic 
renin–angiotensin
aldosterone
endothelin
vasopressin

• Vasodilator systems
bradykinin
nitric oxide
prostacyclin

natriuretic
peptides

Powerful  neurohormonal vasoconstrictor forces dominate



Clinical uses of BNP

• diagnosis
• rule out symptomatic LV dysfunction 
• staging
• risk stratification 
• monitor/titrate therapy 
• admission/discharge decisions

• therapy



Conventional Treatments of 
Acute Heart Failure

Rev Cardiovasc Med. 2001;2:7

Diuretics

Reduce
fluid

volume

Vasodilators

Decrease
preload
and/or

afterload

Inotropes

Augment
contrac-

tility



Nesiritide:
present and future

roles in HF management
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BNP storage and secretion

76–108

Pro-BNP

1–76
Cardiac tissue

N-terminal BNP BNPPlasma

Receptor-mediated 
biological effects

response to sustained increases in 
ventricular wall stretch, volume and 
pressure overload



BNP mechanism of action

NP-C
(Clearance 

receptor)

NP-A

Vascular smooth muscle cell

BNP

Biological 
effects

GTP

cGMP

Guanylate
cyclase

GTP GTP

Nakao, et al. Can J Physiol Pharmacol 1991; 69:1500–1506



BNP clearance

NP-C
(Clearance 

receptor)

NP-A

Vascular smooth muscle cell

Nakao, et al. Can J Physiol Pharmacol 1991; 69:1500–1506

BNP

Biological 
effects

GTP

cGMP

Guanylate
cyclase

Clearance pathway

Neutral
endopeptidase

No need to adjust dosage
with renal dysfunction



BNP

• endogenous BNP is an 
adaptive response to 
pressure and volume 
overload

vasodilation
diuresis
natriuresis
neurohumoral inhibition
coronary vasodilation

• relief of dyspnoea 
and oedema



Why isn’t endogenous BNP enough?

• Downregulated NP receptors
• Increase in clearance receptors
• Augmented NEP system
• Cleavage failure
• Decreased delivery of sodium to glomerulus and tubules

Pharmacotherapy 2002;22:27–42



Pharmacological not     

physiological doses         

of BNP

Therapeutic strategy



BNP plasma concentrations 
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Nesiritide: recombinant DNA process

Bacterium

Plasmid

Human cell

DNA

Human gene
for BNP

Plasmid cut
with

enzymes

Plasmid
reintroduced Engineered 

bacteria multiply 
and produce 

BNP

Reconstituted
purified

BNP

Plasmid
containing

human BNP gene
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J Card Fail 2004;10:2:115

SC ADMINISTRATION OF BNP IN HEART FAILURE



Nesiritide - Clinical Studies

• nesiritide has been studied in 10 clinical 
pre-FDA approved studies

941 Acute Decompensated Heart Failure 
patients requiring hospitalisation

NYHA class: II-III (61%), class IV (36%)
Mean age: 60 years



N Engl J Med 2000;343:246–253

Nesiritide Efficacy Trial: 
Effect of Nesiritide on PCWP
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1. N Engl J Med 2000;343:246–253
2. Data on file, Scios Inc

Nesiritide Efficacy Trial: Effects of Nesiritide on 
Urine Output1 and Diuretic Use2
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Nesiritide Efficacy Trial: 
Clinical Outcomes

N Engl J Med 2000;343:246–253
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*p < 0.05 nesiritide vs nitroglycerin

VMAC Investigators. JAMA 2002;187:1531–1540
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Adverse Events During Treatment
Standard Care Plus Nesiritide or IV Nitroglycerin

Most Common Adverse Events
through 24 Hours (VMAC trial)

Nesiritide
(n = 273)

Nitroglycerin
(n = 216)

Symptomatic hypotension 4% 5%
Asymptomatic hypotension 8% 8%
Ventricular tachycardia (VT) 3% 5%
Nonsustained ventricular 
tachycardia 3% 5%

Headache 8%* 20%
Abdominal pain 1%* 5%
Nausea 4% 6%
* p < 0.05, compared to nitroglycerin VMAC Investigators. JAMA 2002;187:1531–1540



PRECEDENT: Nesiritide vs. Dobutamine
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Nesiritide Better

Nesiritide Initial dose:

0.01 mcg/kg/min

0.015 mcg/kg/min

0.03 mcg/kg/min

Odds Ratio (95% confidence intervals)

0 1 2

Nesiritide Worse

3 4 5

Odds Ratios Of SCr increase >0.5 mg/dL by 
Nesiritide Initiation Dose

Includes data from 5 studies: Mills et al., Efficacy, Comparative, PRECEDENT, and VMAC (n = 1,222)

J Card Fail 2005;11(6):S156. Abstract 248

p = 0.17

p = 0.02

p = 0.001

Creatinine increase
not associated with
worse outcomes



Unadjusted 30-day mortality by treatment in
3 randomized trials

JAMA 2005; 293:1900-1905

Randomized trial Nesiritide 
(%)

Control 
(%)

RR (95% CI)

Nesiritide Study Group Efficacy Trial 
(NSGET) (n=127)

7.1 4.8 1.48
(0.31-7.03)

Vasodilatation in the Management of 
Acute Congestive Heart Failure 
(VMAC) (n=498)

8.6 5.5 1.56
(0.80-3.04)

Prospective Randomized Outcomes 
Study of Acutely Decompensated 
Congestive Heart Failure Treated 
Initially in Outpatients with Natrecor
(PROACTION) (n=237)

4.2 0.9 4.88
(0.58-41.1)

Combined 7.2* 4.0 1.74
(0.97-3.12)**p=0.059 



30-Day Mortality Hazard Ratios

2
1 100.1

704.311
704.325
704.326
704.329
704.339
704.341
704.348

NAPA (A014)

Hazard Ratio (95% Confidence Interval)

9

Study Number

VMAC
PROACTION

FUSION I

PRECEDENT

Efficacy
Com parative

Mills et al.

2

NATRECOR® Control
N (Percentage) N (Percentage)

•Note:  Arrow s depict studies included in JAM A publication

Reference: NATRECOR® Full Prescribing Inform ation. 

Pooled (6 Studies)*

.

Pooled (8 Studies)**

2/74 (2.7%) 2/29 (7.5%)

5/85 (5.9%) 2/42 (4.8%)
14/203 (6.9%) 5/102 (4.9%)

6/163 (3.7%) 5/83 (6.1%)

22/273 (8.1%) 11/216 (5.1%)
7/120 (5.9%) 1/117 (0.9%)

2/141 (1.4%) 2/69 (2.9%)

4/141 (2.8 %) 8/138 (5.9%)

56/918 (6.2%)  26/589 (4.4%)
62/1200 (5.2%) 36/796 (4.6%)



30-Day Mortality 
All nesiritide controlled trials with 30-day mortality data

Nesiritide Control
Mills et al. (311) 2.7% (2/74) 

5.9% (5/85) 

6.9% (14/203)

3.7% (6/163) 

8.1% (22/273)

4.2% (5/120)

1.4% (2/141)

Pooled (6 studies) 5.9% (54/918) 4.4% (26/589) 

Pooled (7 studies) 5.3% (56/1059) 4.3% (28/658) 

7.5% (2/29) 

Efficacy (325) 4.8% (2/42) 

Comparative (326) 4.9% (5/102)

PRECEDENT (329) 6.1% (5/83) 

VMAC (339) 5.1% (11/216) 

PROACTION (341) 0.9% (1/117) 

FUSION I (348) 2.9% (2/69) 



180-Day Mortality: 
All nesiritide controlled trials with 180-day 

mortality data

Nesiritide Control
Efficacy (325) 23.1% (19/85)

20.8% (42/203)
16.3% (26/163)
25.1% (67/273)

Pooled (4 studies) 21.7% (56/1059) 21.5% (28/658) 

19.3% (8/42)
Comparative (326) 23.5% (24/102)
PRECEDENT (329) 22.2% (18/83)
VMAC (339) 20.8% (44/216) 

NATRECOR® Full Prescribing Information 



Expert Panel Report
Chaired by Professor Eugene Braunwald on June 8, 2005

• Effect of Nesiritide on Renal Function:

– The mechanism and clinical significance of nesiritide’s renal effects are 
unclear

– There is no evidence that nesiritide improves renal function
• Effect of Nesiritide on Mortality:

– Completed trials show a trend toward increased mortality at 30 days
– There are potentially important imbalances in baseline characteristics and in 

other treatments received concomitantly and the trials differ with respect 
to the treatments with which nesiritide was compared

– No increased hazard is observed at 180 days
• Regarding Nesiritide Clinical Trials:

– The panel strongly recommends continued enrollment in ongoing clinical trials
– The panel endorses Scios’ plan to conduct a large outcomes trial



ADHERE
In-Hospital Mortality and Use of IV Vasoactive 
Medications 180,000 hospital admissions

J Am Coll Cardiol 2005;46:57-64

00 11 22
Adjusted Odds Ratio

(95% Confidence Intervals)

Nitroglycerin
n=5,668

Milrinone
n=1,534

Dobutamine
n=3,301

Favors Nesiritide Favors Other Agent

0.94  (0.77 - 1.16)

0.59  (0.48 - 0.73)

0.47  (0.39 - 0.56)



Identifying the Appropriate Patient

• Nesiritide is appropriate for IV treatment 
of patients with acutely decompensated 
congestive heart failure severe enough to 
require hospitalization  

Natrecor® Prescribing Information, April 2005 



Contraindications
• Nesiritide should not be used as primary therapy 

for patients with cardiogenic shock or in patients 
with a systolic blood pressure < 90 mm Hg

Warnings
• Should be avoided in patients suspected of 

having low cardiac filling pressures
• may cause hypotension and blood pressure should 

be monitored closely
• associated with a dose dependent increase in 

serum creatinine

Natrecor® Prescribing Information, April 2005 



The Cleveland Clinic

Center for Continuing
Education



Ongoing Clinical Trials with Nesiritide

Trial Intent Size (n)

FUSION II Follow-Up Serial Infusions of Nesiritide
in patients with chronic decompensated HF 920

TMAC Transplant-eligible HF Patients with Continuous 
Infusion of Nesiritide or Placebo (28 days) 120



Planned Clinical Trial with Nesiritide

Trial Intent Size (n)

Outcomes
Trial

Efficacy and Safety of Nesiritide vs. 
Placebo in the Management of Patients 
with Acute Decompensated Heart Failure

7000

FPI
Q1 2007



Ideal Agent for Acute Heart Failure

• Vasodilation 
• Rapidly decreases ventricular filling pressures
• Rapidly decreases symptoms of congestion 
• Does not increase HR or myocardial oxygen demand
• Not proarrhythmic
• No tachyphylaxis
• Provides neurohormonal suppression 
• Promotes diuresis/natriuresis
• Conveniently dosed
• Well tolerated



Summary: 
Nesiritide Mortality Data

• Studies were not designed or powered to 
address mortality

• Total number of events is small
• Confidence intervals for hazard ratios are wide
• Baseline imbalances in risk factors influence 

mortality rates
– Data confounded by presence of co-existing multiple 

risk factors

J Card Fail 2005;11(6):S169. Abstract 298



Decompensated Acute
heart failure             myocardial 

infarction

Hospitalisations (1997 US) 957,000 800,000
Mortality High High
Readmission rate High Low
Consensus definition No Yes
Guidelines for therapy Yes Yes
Guidelines for risk stratification No Yes
Large randomized trials No Yes
MEDLINE citation (1997-2001) 180     5080

Am Heart J 2003;145(Suppl.2):S18–S25    

We know a lot more about managing acute

MI than decompensated heart failure

Update 2006??????



VMAC Baseline Imbalances
NesiritidNesiritid

ee
(n = 273)(n = 273)

ControlControl
(n = 216)(n = 216) p p valuevalue

Sex, maleSex, male 73%73% 64%64% .04.04
Any ACS in prior 7 daysAny ACS in prior 7 days 10%10% 16%16% .05.05
History of anginaHistory of angina 14%14% 7%7% .04.04
History of arrhythmiaHistory of arrhythmia 42%42% 34%34% .08.08
History of AICD/PM, sudden History of AICD/PM, sudden 
death, or ventricular fibrillationdeath, or ventricular fibrillation

31%31% 24%24% .09.09

History of ventricular tachycardiaHistory of ventricular tachycardia 31%31% 22%22% .03.03
DobutamineDobutamine/dopamine use at   /dopamine use at   
baselinebaseline

21%21% 10%10% .001.001

InotropeInotrope use prior to study druguse prior to study drug 24%24% 14%14% .01.01

Abraham WT.Abraham WT. J Card FailJ Card Fail 2005;11(6):S175. Abstract 3202005;11(6):S175. Abstract 320



NAPA Trial
Nesiritide Administered Peri-Anesthesia
in Patients Undergoing Cardiac Surgery

HebelerHebeler RF et al. RF et al. CirculationCirculation May 30, 2006. Abstract 292May 30, 2006. Abstract 292

ObjectiveObjective

PatientPatient
PopulationPopulation

Explore the impact of nesiritide on postoperative 
renal function, hemodynamics, clinical 
outcomes, and safety in patients undergoing 
CABG surgery utilizing CPB

N = 279 N = 279 with advanced HF, EF < 40%with advanced HF, EF < 40%
–– NYHA Class IV, or Class III & NYHA Class IV, or Class III & CrClCrCl < 60 < 60 
–– 2 hospitalizations within past year2 hospitalizations within past year



To evaluate the efficacy and safety of To evaluate the efficacy and safety of 
nesiritide administered as serial nesiritide administered as serial 
outpatient infusionsoutpatient infusions

N = 900 N = 900 with advanced HF, EF < 40%with advanced HF, EF < 40%
–– NYHA Class IV, or Class III & NYHA Class IV, or Class III & CrClCrCl < 60 < 60 
–– 2 hospitalizations within past year2 hospitalizations within past year

Yancy CW et alYancy CW et al. Heart Fail Rev. Heart Fail Rev 2004;9:2092004;9:209--216216

ObjectiveObjective

PatientPatient
PopulationPopulation

FUSION II TrialFUSION II Trial
FFollowollow--UUp p SSerial erial IInfusions nfusions OOf f NNesiritideesiritide



TMAC Trial
Transplant-eligible MAnagement of Congestive Heart Failure

ObjectiveObjective

PatientPatient
PopulationPopulation

AAssess the safety and efficacy of nesiritide 
administered as a 28-day continuous 
infusion in cardiac transplant candidates 
receiving dobutamine or milrinone

N = 120N = 120
Patients with UNOS Status 1B criteriaPatients with UNOS Status 1B criteria



Hemodynamic Effects of Nesiritide
in Heart Failure Patients

J Cardiac Failure 1998;4:37-44
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Rate of SCr Increases > 0.5mg/dL in  
Nesiritide Clinical Trials

Control Control NesiritideNesiritide
Mills et al. (311)Mills et al. (311) 10% (3/29)10% (3/29)

2% (1/41)2% (1/41)
5% (5/99)5% (5/99)
11% (9/81)11% (9/81)

VMAC (339)VMAC (339) 21% (45/212)21% (45/212) 27% (73/268)27% (73/268)
NAPA (A014)NAPA (A014) 23% (31/134)23% (31/134) 7% (10/137)7% (10/137)
All 6 studies pooledAll 6 studies pooled 16% (94/596)16% (94/596) 17% (161/923)17% (161/923)

11% (8/74)11% (8/74)
Efficacy (325Efficacy (325)) 14% (12/85)14% (12/85)
Comparative (326)Comparative (326) 15% (30/197)15% (30/197)
PRECEDENT (329)PRECEDENT (329) 17% (28/162)17% (28/162)

ElkayamElkayam U. U. CirculationCirculation 2005;112(suppl):II2005;112(suppl):II--675675--676676
HebelerHebeler RF et al. RF et al. CirculationCirculation May 30, 2006. Abstract 292May 30, 2006. Abstract 292 Data on file, Scios IncData on file, Scios Inc



Unadjusted and Adjusted
Mortality Hazard Ratios

Adjusted for   Adjusted for   
significant significant 
predictors of predictors of 
mortality:mortality:

•• CrClCrCl ≤60 mL/min≤60 mL/min

•• SBP ≤100 mm HgSBP ≤100 mm Hg

•• Dopamine or Dopamine or 
dobutaminedobutamine prior  to prior  to 
study drugstudy drug

•• History of  History of  V.TachV.Tach

* Analyses do not * Analyses do not 
include 2 additional include 2 additional 
3030--day deaths day deaths 
identified after identified after 
completion of the completion of the 
PROACTION PROACTION 
studiesstudies

J Card Fail 2005;11(6):S169. Abstract/poster 298

3030--Day (7 trials)*Day (7 trials)*
n = 1717n = 1717 UnadjustedUnadjusted

AdjustedAdjusted

3030--Day (6 trials)*Day (6 trials)*
n = 1507n = 1507 UnadjustedUnadjusted

AdjustedAdjusted

66--Month (4 trials) Month (4 trials) 
n = 1167n = 1167 UnadjustedUnadjusted

AdjustedAdjusted

00

1.27 (0.81 1.27 (0.81 –– 2.01)   2.01)   pp = 0.30= 0.30

1.12 (0.71 1.12 (0.71 –– 1.78)   1.78)   pp = 0.63= 0.63

1.34 (0.84 1.34 (0.84 –– 2.15)   2.15)   pp = 0.22= 0.22

1.18 (0.74 1.18 (0.74 –– 1.90)   1.90)   pp = 0.49= 0.49

1.05 (0.81 1.05 (0.81 –– 1.36)   1.36)   pp = 0.73= 0.73

0.98 (0.75 0.98 (0.75 –– 1.26)   1.26)   pp = 0.85= 0.85

11 22 33 44
Hazard Ratio (95% Confidence Interval)Hazard Ratio (95% Confidence Interval)



30-Day Mortality Hazard Ratios

2
1 100.1

704.311
704.325
704.326
704.329
704.339
704.341
704.348

NAPA (A014)

Hazard Ratio (95% Confidence Interval)

9

Study Number

VMAC
PROACTION

FUSION I

PRECEDENT

Efficacy
Comparative

Mills et al.
2/74 (2.7%) 2/29 (7.5%)
5/85 (5.9%) 2/42 (4.8%)
14/203 (6.9%) 5/102 (4.9%)
6/163 (3.7%) 5/83 (6.1%)
22/273 (8.1%) 11/216 (5.1%)
7/120 (5.9%) 1/117 (0.9%)
2/141 (1.4%) 2/69 (2.9%)
4/141 (2.8 %) 8/138 (5.9%)

56/918 (6.2%)  26/589 (4.4%)
62/1200 (5.2%) 36/796 (4.6%)

NATRECOR® Control
N (Percentage) N (Percentage)

•Studies 704.311, 704.325, 704.326, 704.329, 704.339, and 704.341
** Studies 704.311, 704.325, 704.326, 704.329, 704.339, 704.341, 704.348, and A014

Reference: NATRECOR® Full Prescribing Information. 

.

Pooled (6 Studies)*

.

Pooled (8 Studies)**



Outcomes Trial

• 7000 patients with adHF
• Global study
• Symptom – relief (dyspnea, well-being), 

rehospitalisation, mortality renal effects, 
quality of life, pharma-economics

• Independent ARO
• Enrollment to start Q1 2007



Pharmacological actions of human BNP

Neurohormonal
aldosterone
endothelin-1
noradrenaline

Haemodynamic
veins
arteries
coronary arteries

Cardiac
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anti-fibrotic
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Rev Cardiovasc Med. 2001;2(suppl 2):S2–S6

Powerful  neurohormonal vasoconstrictor forces
dominate

ANP
BNPEndothelin

Aldosterone

Vasopressin
Angiotensin II

Norepinephrine



• Nesiritide may cause hypotension and blood 
pressure should be monitored closely

• If symptomatic hypotension occurs, infusion rate 
should be immediately decreased or discontinued

• At the recommended dose of nesiritide the 
incidence of symptomatic hypotension (4%) was 
similar to that of IV nitroglycerin (5%)

• Nesiritide is associated with a dose dependent 
increase in serum creatinine

Natrecor® Prescribing Information, April 2005

NATRECOR® (nesiritide) 
Important Safety Information



180-Day Mortality Hazard Ratios

2
1 100.1

9

Study Number

704.325

704.326

704.329

704.339

704.348*

NAPA (A014)

Hazard Ratio (95% Confidence Interval)

FUSION I

PRECEDENT

Efficacy

Comparative

19/85 (23.1%)    8/42 (19.3%)

42/203 (20.8%)    24/102 (23.5%)

26/163 (16.3%)    18/83 (22.2%)

67/273 (25.1%)    44/216 (20.8%)

24/120 (20.6%)   20/117 (17.5%)

13/141 (9.4%)     9/69 (13.5%)

8/141 (6.6%) 17/138 (14.7%)

178/844 (21.5%)  115/560(20.7%)

NATRECOR® Control
N (Percentage) N (Percentage)

*Data collected through week 16

**Studies 704.325, 704.326, 704.329, 704.339, 704.341, 704.348, and A014

Reference: NATRECOR® Full Prescribing Information. 

PROACTION 704.341

Pooled (5 Studies)**

VMAC



Low-dose BNP infusions in normal subjects

Placebo

BNP

0
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J Clin Endocrinol Metab 1993;76:91–96
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