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Introduction

Brain natriuretic peptide (BNP) is a member of the natri-

uretic peptide family which also include atrial natriuretic

peptide (ANP), C-type natriuretic peptide (CNP) and

urodilatin.  It was first isolated from porcine brain and

subsequently found in human brain, heart and other or-

gan [1-5].  Although it is secreted by both atrial and ven-

tricular myocytes, the ventricles are the predominant site

of synthesis and secretion in human.  The misleading

nature of the nomenclature leads to the adoption of the

new name - B-type natriuretic peptide, which reflects the

current view of it as a cardiovascular and not a neural

factor.

When first secreted, BNP is a 108 amino acid pre-

cursor protein (pro-BNP).  Pro-BNP is cleaved into the

biologically active 32 amino acids carboxyl-terminal pep-
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Abstract

B-type natriuretic peptide (BNP) is a 32 amino-

acids peptide that is synthesized and released predomi-

nantly from the ventricular myocardium.  The trig-

gers for BNP release are increased ventricular preload

and/or afterload.  Circulating BNP possesses several

physiological activities including vasodilation, inhibi-

tion of the renin-angiotensin-aldosterone system

(RAAS), inhibition of sympathetic nervous activity as

well as promoting natriuresis and diuresis.  Together

these activities not only counteract the deleterious ef-

fects of the RAAS and sympathetic system in heart fail-

ure but also reduce the ventricular preload and

afterload.  The potential therapeutic effect of BNP was
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tested when a recombinant hBNP (nesiritide) was re-

leased.  The outcomes of nesiritide therapy in heart

failure have so far been positive.  BNP has also been

promoted as a diagnostic tool for cardiac failure.   Given

the wide range of cardiac diseases encountered in the

intensive care setting, and the recent observations that

BNP levels could be affected by age and gender, its use

as a diagnostic tool for cardiac dysfunction in this par-

ticular setting should however be cautioned.  Never-

theless, this should not discourage the use of BNP in

the intensive care unit, in particularly the potential use

of nesiritide in acute heart failure and the use of plasma

BNP as an index in guided therapy.
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tide (BNP), and a 76 amino acid amino-terminal frag-

ment (N-terminal BNP).  BNP contains a 17 amino acid

ring structure which is common to all the natriuretic pep-

tides and is highly conserved in the family.  This ring

structure is necessary for the binding to its receptors (Fig-

ure 1). The BNP gene contains the destabilizing
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FIGURE 1.  STRUCTURE OF BNP.
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“ TATTTAT” sequence, suggesting a high turnover rate

of the BNP mRNA, and spontaneous synthesis of BNP,

in response to physiological stimuli.  This gene sequence

also implies rapid degradation of the mRNA after the loss

of stimuli [6].

Physiology

Physiologic effects

The main physiological stimuli for BNP secretion is vol-

ume expansion and pressure overload of the ventricles

[7, 8].  In contrast to ANP, where secretion is effected by

exocytosis of storage granules, the secretion of BNP is

controlled at the transcription level in response to the

stimuli.  Once secreted and cleaved into the active form,

BNP binds to the natriuretic peptide receptor A (NPR-A)

and natriuretic peptide receptor B (NPR-B) [9].  These

receptors are coupled to guanylate cyclase, via a protein

kinase moiety, and lead to the formation of the second

messenger cyclic guanosine monophosphate (cGMP).  A

NPR-C type receptor is also present on cell surface but is

believed to be responsible for the clearance of the natri-

uretic peptides (Figure 2) [10].

BNP plays an important role in the maintenance of

circulatory homeostasis and serves to protect the cardio-

vascular system from volume overload.  This is brought

forth mainly by vasodilation (including both venous and

arterial trees) and promoting natriuresis and diuresis (Fig-

ure 3).  BNP has been recognized to be one of the protec-

tive mediators against the deleterious effects of prolonged

activation of the renin-angiotensin-aldosterone system

(RAAS), partly due to its inhibitory actions on renin or

aldosterone release [11,12].   The inhibition of the

endothelin and noradrenaline may also contribute to a

favourable hemodynamic response [13].  The release of

BNP has been shown to be associated with an improve-

ment in cardiovascular hemodynamics, including reduc-

tions in both cardiac preload and systemic vascular resis-

tance, which occur without an associated reflex tachy-

cardia [14].  The resulting vasodilatory effect has been

shown to be beneficial to the coronary circulation, and

may improve oxygen supply to the myocardium [15].

FIGURE 2.  SIGNAL TRANSDUCTION PATHWAY FOR BNP.  BNP BINDS EITHER TO THE

NATRIURETIC PEPTIDE TYPE A  OR TYPE B RECEPTOR (NPR-A/B) AND ACTIVATES THE

GUANYLATE CYCLASE WHICH IN TURN CATALYSES THE CONVERSION OF GTP TO CYCLIC GMP

(CGMP).  BNP CLEARANCE IS EFFECTED BY BINDING TO THE TYPE C (NPR-C) RECEPTOR,

WHICH LEADS TO INTERNALISATION AND DEGRADATION OF THE PEPTIDE.
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vous system.  Although the activation of both systems

help providing a short term favourable haemodynamic

response in these patients, their activations unfortunately

also promote the symptoms and progression of the dis-

ease.  Tachycardia, increased peripheral resistance, and

Neurohumoral maladaptation in heart failure and

BNP

The low output state of heart failure (HF) leads to the

adaptive activation of the RAAS and the sympathetic ner-

FIGURE 3.  ACTIONS OF BNP.  IN RESPONSE TO CARDIAC STRESSES, THE VENTRICULAR MYOCARDIUM SYNTHESIZES AND SECRETES BNP.

BNP CAUSES (A) VASODILATATION; (B) INHIBITION OF THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM (RAAS), ENDOTHELIN-1 (ET)

RELEASE AND THE SYMPATHETIC SYSTEM; AND (C) PROMOTION OF DIURESIS AND NATRIURESIS.  AS A RESULT, THE VASCULAR RESISTANCE AND

CARDIAC PRELOAD IS REDUCED.
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volume overload are common amongst the HF popula-

tion and are due in part to the activation of the RAAS and

the sympathetic system.  Other deleterious effects include

rendering patients refractory to diuretics as a result of

angiotensin II-induced increased Na+ reabsorption, down

regulation of cardiac β1-adrenoceptor which leads to re-

duced contractility, tachycardia-induced cardiomyopathy,

and myocardial remodeling [16-18].  Numerous studies

have shown that blocking of the RAAS and the sympa-

thetic effects by angiotensin-converting enzymes inhibi-

tors and by β-blockers, respectively, are accompanied by

an improvement in clinical outcomes in HF patients [19,

20].

It is now believed that the activation of the natri-

uretic peptide systems (ANP and BNP) is an intrinsic

mechanism to counter-regulate the maladaptive response

of the RAAS and sympathetic system.  This notion is

supported by studies which demonstrate that natriuretic

peptide antagonism promotes RAAS activation and Na+

retention [21].  A recent animal model study also dem-

onstrated inhibition of natriuretic peptide degradation

improves renal hemodynamic and tubular responses,

whereas administration of a natriuretic peptide receptor

antagonist attenuated such responses in mild HF [22].

The beneficial effects of the natriuretic peptides are

partly effected via their abilities to decrease renin re-

lease, inhibit endothelin-1 response to angiotensin II,

inhibit sympathetic activity and decrease aldosterone

production [23-25].

Applications of BNP measurement

BNP as a diagnostic tool

The increased release of BNP in response to cardiac over-

load stress has encouraged the use of BNP as a diagnos-

tic tool of heart failure. Such application of BNP was

made possible with the release of a commercial portable

BNP meter, which provides results within 20 minutes [26].

The use of BNP in the diagnosis of heart failure has been

proven to be useful in the outpatient as well as in the

emergency settings [27, 28].  BNP levels were found to

be proportional to New York Heart Association class [28].

In the Breathing Not Properly (BNP) study, which was

conducted in the emergency setting, it was found using a

plasma BNP cutoff of 100 pg/ml yielded a sensitivity of

90% and a specificity of 76% in diagnosing of heart fail-

ure [29].  It has also been demonstrated that BNP was

significantly more accurate than clinical judgement and

traditional diagnostic methods in identifying HF patients

[30].  BNP has also been used for the diagnosis of left

ventricular hypertrophy and diastolic dysfunction [31-33].

BNP has also been found to be increased in the in-

tensive care setting [34].  The mean plasma BNP con-

centration is found to be higher in the intensive care pa-

tients than the normal population.  The BNP concentra-

tion is significantly higher in patients with cardiac dys-

function (Figure 4).  At a cutoff value at 144 pg/ml, BNP

offers a 92% sensitivity and 86% specificity in predict-

FIGURE 4.  DIFFERENCES IN THE BNP LEVELS IN INTENSIVE CARE PATIENTS WITH AND WITHOUT CARDIAC

DYSFUNCTION (N = 121).
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ing the presence of cardiac dysfunction.  Of note, BNP is

increased in a variety of cardiac abnormalities and may

include left ventricular systolic and/or diastolic dysfunc-

tion, hypertrophy, right ventricular volume or pressure

overload, arrhythmias and valvular lesions.  As there are

substantial overlaps of plasma BNP concentrations be-

tween different classes of cardiac abnormality, the attempt

to use BNP to diagnose and differentiate different types

of cardiac abnormality will be futile in the intensive care

settings.  Instead, an increased BNP concentration should

alert the intensivist and initiate further cardiac investiga-

tions, such as echocardiography.

Plasma BNP concentration is found to be affected by

other confounding factors, the most important ones ap-

pear to be age and gender, which together can account

for 30% of the variations in BNP concentrations [35].  A

positive correlation is seen with age and is higher in fe-

male than in male. The cutoffs for male and female are

100 pg/ml and 200 pg/ml, respectively, for diagnosis of

cardiac abnormality.  The results imply that different cut-

offs may be required for different age group.  However,

the findings do not preclude the use of BNP as a guide

for therapy or monitoring cardiovascular progress in pa-

tients.

Other sources or conditions are claimed to be respon-

sible for an increase in plasma BNP in some situations,

for example in brain disorders/injury (e.g. subarachnoid

haemorrhage) and renal failure, which are common in

the intensive care setting.  An earlier study involving sur-

gical critical care patients showed that brain disorder pa-

tients exhibited higher BNP levels and speculated that

this was due to the release of BNP from damaged brain

cells [36].  However, it is now known that although BNP

is expressed in the brain, the level of gene transcripts are

at least 1 to 2 orders of magnitude less than the cardiac

ventricles and makes if fairly impossible to sustain the

high plasma BNP concentrations observed [37]. Other

studies instead support the notion that BNP was mainly

of cardiac origin as a results of brain injury-induced myo-

cardial depression [38-40].

BNP levels are often elevated in chronic renal failure

[41].  Although it is believed that such increase is due to

decreased renal clearance, so far there is no direct evi-

dence available to prove the notion.  On the other hand,

the lack of correlation between BNP and creatinine in

non-cardiac intensive care patients suggests strongly that

renal clearance plays a minor role, if any, in elevating

plasma BNP levels [35]. Further, BNP levels are only

elevated in renal failure patients with cardiac dysfunc-

tion [35,42,43].  These results suggest that the elevation

of BNP level in renal disease is, at least in part, mediated

via its effect on the cardiovascular system.  For example,

renal dysfunction may lead to LV hypertrophy and even-

tually to LV diastolic dysfunction, both of which are ca-

pable of increasing BNP concentration.

BNP as a marker for guided therapy

BNP is known to fall rapidly on treatment of patients

with heart failure [44].  Although preliminary data have

suggested that treatment with vasodilator can be titrated

against plasma BNP concentrations in patient with mild

to moderate heart failure, the monitoring of therapy by

measuring BNP level is in fact complicated by the wide

variation of BNP concentrations in the patients [45].  This

has made the titration to a ‘target’ plasma level of BNP

difficult. That said, the use of BNP as a guide in com-

bined ACE inhibitor-diuretics therapy for symptomatic

heart failure has demonstrated some benefits.  Fewer car-

diovascular events resulted in the group of patients whose

treatments were guided by plasma BNP levels [46]. At

present, there is insufficient data available to support the

use of BNP as a guide in therapy, especially where the

target level remains arbitrary.  However, rising BNP con-

centrations should alert the clinician to decompensation.

BNP therapy

Decompensated heart failure (DHF) commonly refers to

the worsening of chronic heart failure or exacerbation of

heart failure by an acute incident.  The clinical presenta-

tion of DHF ranges from sudden onset of dyspnoea to

cardiogenic shock.  Current pharmacological treatment

options for DHF include diuretics, vasodilators, and/or

inotropic agents.  While diuretics and vasodilators may

provide effective symptomatic relief, inotropes are re-

quired to stabilize the patient and provide short term symp-

tomatic and haemodynamic improvements.  The pro-

longed use of classic inotropes, such as dobutamine, is

discouraged due to the long term adverse mortality [47,

48].

Although BNP in elevated in such patients, the con-

centrations is often not enough to offers the necessary

protective effects.  Recombinant hBNP (nesiritide) has

recently been used to treat DHF with success.  In the

early phase II trials, nesiritide therapy (intravenous = 24

hours infusion) was associated with dose-dependent re-

duction in pulmonary capillary wedge pressure, systemic

vascular resistance, pulmonary artery pressure and in-

creased cardiac index [49].  Unlike dobutamine, the in-

crease in cardiac index is not associated with tachycardia

or proarrhythmias [23, 50, 51].  The outcomes for pa-

tients treated with dobutamine, in terms of readmission

rate and 6-month mortality, also compare unfavourable



Crit Care & Shock 2004 Vol. 7, No. 3122

References

1. Sudoh T, Kangawa K, Minamino N,

Matsuo H (1988) A new natriuretic pep-

tide in porcine brain.  Nature 332:78-81

2. Saper CB, Hurley KM, Moga MM, Holmes

HR, Adams SA, Leahy KM, Needleman P

(1989)  Brain natriuretic peptides:  Differ-

ential localization of  a new family of neu-

ropeptides.  Neurosci Lett 96:29-34

3. Kambayashi Y, Nakao K, Mukoyama M,

Saito Y, Ogawa Y, Shiono S, Inouye K,

Yoshida N, Imura H (1990) Isolation and

sequence determination of human brain

natriuretic peptide in human atrium.  FEBS

Lett 259:341-345

4. Yoshimura M, Yasue H, Okumura K,

Ogawa H, Jougasaki M, Mukoyama M,

Nakao K, Imura H (1993)  Different secre-

tion patterns of atrial natriuretic peptide and

brain natriuretic peptide in patients with

congestive heart failure. Circulation

87:464-469

5. Ortego J, Coca-Prados M (1999) Functional

expression of componenets of the natriuretic

peptide system in human ocular nonpig-

mented ciliary epithelial cells. Biochem

Biophys Res Commun 258:21-28

6. Nakagawa O, Ogawa Y, Itoh H, Suga S,

Komatsu Y, Kishimoto I, Nishino K,

Yoshimasa T, Nakao K (1995) Rapid tran-

scriptional activation and early mRNA

turnover of brain natriuretic peptide in

cardiocyte hypertrophy.  Evidence for brain

natriuretic peptide as an ‘emergency’ car-

diac hormone against ventricular overload.

J Clin Invest 96:1280-1287

7. Yasue H, Yoshimura M, Sumida H, Kikuta

K, Kugiyama K, Jougasaki M, Ogawa H,

Okumura K, Mukoyama M, Nakao K

(1994)  Localization and mechanism of

secretion of B-type natriuretic peptide in

comparison with those of A-type natriuretic

peptide in normal subjects and patients with

heart failure. Circulation 90:195-203

8. Maeda K, Tsutamoto T, Wada A, Hisanaga

T, Kinoshita M (1998)  Plasma brain natri-

uretic peptide as a biochemical marker of

high left ventricular end-diastolic pressure

in patients with symptomatic left ventricu-

lar dysfunction.  Am Heart J 135:825-832

9. Suga S, Nakao K, Hosoda K, Mukoyama

M, Ogawa Y, Shirakami G, Arai H, Saito

Y, Kambayashi Y, Inouye K, et al. (1992)

Receptor selectivity of natriuretic peptide

family, atrial natriuretic peptide, brain natri-

uretic peptide, and C-type natriuretic pep-

tide. Endocrinology 130:229-239

10. Almeida FA, Suzuki M, Scarborough RM,

Lewicki JA, Maack T (1989) Clearance

function of type C receptors of atrial natri-

uretic factor in rats. Am J Physiol  256:

R469-R475

11. Kalra PR, Anker SD, Coats AJS (2001)

Water and sodium regulation in chronic heart

failure: the role of natriuretic peptides and

vasopressin.  Cardiovasc Res 51:495-509

with low-dose nesiritide treatment [52].  Therefore,

nesiritide is an effective and safe agent for improving

haemodynamic profiles and symptoms in acute DHF

patients.  Whether or not its use could be extended to

more severe form of DHF or other pathology such as

sepsis remains to be investigated.

Prediction of future cardiac events

The synthesis and release of BNP is acute in response to

cardiac stress.  Theoretically, the increase in plasma BNP

level should take precedent before any adverse changes

in the cardiovascular system.  If this is true, then the mea-

surement of BNP in ICU may provide a promising pre-

dictive tool for future cardiac events.

Conclusion

BNP is now recognized as a protective agent against the mal-

adaptation of the RAAS and the sympathetic system in heart

failure.  The latter two systems, if left unchecked, would be

deleterious to the patients with cardiovascular overloading.
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which results in vasodilation, natriuresis and diuresis. As a

consequence there is a reduction in vascular resistance and

cardiac preload.  BNP can inhibit the release of vasoconstric-

tors and aldosterone in addition to inhibiting sympathetic ac-

tivity which also contribute to its beneficial effects.
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The prompt change in plasma BNP levels in response

to cardiac overload stress renders it a thermometer that

reflects the á la mode cardiovascular condition.   The

potential of BNP as a marker for guided therapy in ICU

setting deserve further investigations.  Although prelimi-

nary results are promising, the great variability of baseline

BNP levels amongst the patients remains an obstacle be-
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Given the relative low cost and less time-consuming
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tive tool for screening cardiac dysfunction.  However,

BNP measurement interpretation should not be taken out

from the clinical context.



Crit Care & Shock 2004 Vol. 7, No. 3 123

12. Holmes SJ, Espiner EA, Richards AM,

Yandle TG, Frampton C (1993) Renal, en-

docrine, and hemodynamic effects of hu-

man brain natriuretic peptide in normal

man.  J Clin Endocrinol Metab 76:91-96

13. Jensen KT, Carstens J, Pedersen EB (1998)

Effect of BNP on renal hemodynamics, tu-

bular function and vasoactive hormones in

humans.  Am J Physiol 274:F63-F72

14. Abraham WT, Lowes BD, Ferguson DA,

Odom J, Kim JK, Robertson AD, Bristow

MR, Schrier RW (1998) Systemic hemo-

dynamic, neurohormonal, and renal effects

of a steady-state infusion of human brain

natriuretic peptide in patients with hemo-

dynamically decompensated heart failure.

J Card Fail 4:37-44

15. Okumura K, Yasue H, Fujii H, Kugiyama

K, Matsuyama K, Yoshimura M, Jougasaki

M, Kikuta K, Kato H, Tanaka H, et al.

(1995) Effects of brain (B-type) natriuretic

peptide on coronary artery diameter and

coronary hemodynamic variables in humans:

comparison with effects on systemic hemo-

dynamic variables. J Am Coll Cardiol 25:

342-348

16. Ikram H, Chan W, Espiner EA, Nicholls

MG (1980)  Haemodynamic and hormone

responses to acute and chronic frusemide

therapy in congestive heart failure. Clin Sci

59:443-449

17. Shinbane JS, Wood MA, Jensen DN,

Ellenbogen KA, Fitzpatrick AP, Scheinman

MM (1997)  Tachycardia-induced cardi-

omyopathy: a review of animal models and

clinical studies.  J Am Coll Cardiol 29:709-

715.

18. Tsutamoto T, Wada A, Maeda K, Mabuchi

N, Hayashi M, Tsutsui T, Ohnishi M,

Sawaki M, Fujii M, Matsumoto T, Matsui

T, Kinoshita M (2001) Effect of spirono-

lactone on plasma brain natriuretic peptide

and left ventricular remodeling in patients

with congestive heart failure.  J Am Coll

Cardiol 37:1228-1233

19. Konstam MA, Kronenberg MW, Rousseau

MF, Udelson JE, Melin J, Stewart D, Dolan

N, Edens TR, Ahn S, Kinan D, et al. (1993)

Effects of the angiotensin converting in-

hibitor enalapril on the long-term progres-

sion of left ventricular dilatation in patients

with asymptomatic systolic dysfunction.

SOLVD (Studies of Left Ventricular Dys-

function) Investigators.  Circulation

88:2277-2283

20. Groenning BA, Nilsson JC, Sondergaard

L, Fritz-Hansen T, Larsson HB,

Hildebrandt PR (2000) Antiremodeling ef-

fects on the left ventricle during beta-block-

ade with metoprolol in the treatment of

chronic heart failure.  J Am Coll Cardiol

36:2072-2080

21. Stevens TL, Burnett JC Jr, Kinoshita M,

Matsuda Y, Redfield MM (1995) A func-

tional role for endogenous atrial natriuretic

peptide in a canine model of early left ven-

tricular dysfunction.  J Clin Invest 95:1101-

1108

22. Chen HH, Lainchbury JG, Matsuda Y,

Harty GJ, Burnett JC Jr (2001) Endogenous

natriuretic peptides participate in renal and

humoral actions of acute vasopeptidase in-

hibition in experimental mild heart failure.

Hypertension 38:187-191

23. Abraham WT, Lowes BD, Ferguson DA,

Odom J, Kim JK, Robertson AD, Bristow

MR, Schrier RW (1998) Systemic hemo-

dynamic, neurohumoral, and renal effects

of a steady-state infusion of human brain

natriuretic peptide in patients with hemo-

dynamically decompensated heart failure.

J Card Fail 4:37-44

24. Brunner-La Rocca HP, Kaye DM, Woods

RL, Hastings J, Esler MD (2001) Effects

of intravenous brain natriuretic peptide on

regional sympathetic activity in patients

with chronic heart failure as compared with

healthy control subjects.  J Am Coll Cardiol

37:1221-1227

25. Aronson D, Burger AJ (2002)  Intravenous

nesiritide (human B-type natriuretic pep-

tide) reduces plasma endothelin-1 levels in

patients with decompensated congestive

heart failure. Am J Cardiol 90:435-438

26. Fischer Y, Filzmaier K, Stiegler H, Graf J,

Fuhs S, Franke A, Janssens U, Gressner

AM (2001)  Evaluation of a new, rapid bed-

side test for quantitative determination of

B-type natriuretic peptide. Clin Chem

47:591-594

27. Cowie MR, Struthers AD, Wood DA, Coats

AJ, Thompson SG, Poole-Wilson PA,

Sutton GC (1997)  Value of natriuretic pep-

tides in assessment of patients with pos-

sible new heart failure in primary care.

Lancet 350:1349-1353

28. Maisel AS, Krishnaswamy P, Nowak RM,

McCord J, Hollander JE, Duc P, Omland

T, Storrow AB, Abraham WT, Wu AH,

Clopton P, Steg PG, Westheim A, Knudsen

CW, Perez A, Kazanegra R, Herrmann HC,

McCullough PA; Breathing Not Properly

Multinational Study Investigators (2002)

Rapid measurement of B-type natriuretic

peptide in the emergency diagnosis of heart

failure.  N Engl J Med 347:161-167

29. Maisel AS, McCord J, Nowak RM, Hol-

lander JE, Wu AH, Duc P, Omland T,

Storrow AB, Krishnaswamy P, Abraham

WT, Clopton P, Steg G, Aumont MC,

Westheim A, Knudsen CW, Perez A, Kamin

R, Kazanegra R, Herrmann HC,

McCullough PA; Breathing Not Properly

Multinational Study Investigators (2003)

Bedside B-type natriuretic peptide in the

emergency diagnosis of heart failure with

reduced or preserved ejection fraction.  Re-

sults from the Breathing Not Properly Mul-

tinational Study. J Am Coll Cardiol 41:

2010-2017

30. McCullough PA, Nowak RM, McCord J,

Hollander JE, Herrmann HC, Steg PG, Duc

P, Westheim A, Omland T, Knudsen CW,

Storrow AB, Abraham WT, Lamba S, Wu

AH, Perez A, Clopton P, Krishnaswamy P,

Kazanegra R, Maisel AS (2002) B-type

natriuretic peptide and clinical judgement

in emergency diagnosis of heart failure:

analysis from Breathing Not Properly

(BNP) Multinational Study. Circulation

106:416-422

31. Luchner A, Burnett JC Jr, Jougasaki M,

Hense HW, Heid IM, Muders F, Riegger

GA, Schunkert H (2000) Evaluation of

brain natriuretic peptide as marker of left

ventricular dysfunction and hypertrophy in

the population. J Hypertens 18:1121-1128

32. Fruhwald FM, Fahrleitner A, Watzinger N,

Fruhwald S, Dobnig H, Schumacher M,

Maier R, Zweiker R, Klein WW (1999)

Natriuretic peptides in patients with dias-

tolic dysfunction due to idiopathic dilated

cardiomyopathy.  Eur Heart J 1415-1423

33. Maisel AS, Koon J, Krishnaswamy P,

Kazenegra R, Clopton P, Gardetto N,

Morrisey R, Garcia A, Chiu A, De Maria A

(2001)  Utility of B-natriuretic peptide as a

rapid, point-of-care test for screening pa-

tients undergoing echocardiography to de-

termine left ventricular dysfunction.  Am

Heart J 141:367-374



Crit Care & Shock 2004 Vol. 7, No. 3124

34. McLean AS, Tang B, Nalos M, Huang SJ,

Stewart DE (2003) Increased B-type natri-

uretic peptide (BNP) level is a strong pre-

dictor for cardiac dysfunction in intensive

care unit patients.  Anaesth Intensive Care

31:21-27

35. McLean AS, Huang SJ, Nalos M, Tang B,

Stewart DE (2003) The confounding effects

of age, gender, serum creatinine, and elec-

trolyte concentrations on plasma B-type

natriuretic peptide concentrations in criti-

cally ill patients. Crit Care Med 31:2611-

2618

36. Berendes E, Van Aken H, Raufhake C,

Schmidt C, Assmann G, Walter M (2001)

Differential secretion of atrial and brain

natriuretic peptide in critically ill patients.

Anesth Analg 93:676-682

37. Gerbes AL, Dagnino L, Nguyen T, Nemer

M (1994)  Transcription of brain natriuretic

peptide and atrial natriuretic peptide genes

in human tissues. J Clin Endocrinol Metab

78:1307-1311

38. Berendes E, Walter M, Cullen P, Prien T,

Van Aken H, Horsthemke J, Schulte M, von

Wild K, Scherer R (1997) Secretion of brain

natriuretic peptide in patients with aneu-

rysmal subarachnoid haemorrhage. Lancet

349:245-249

39. Sviri G, Feinsod M, Soustiel JF (2000)

Brain natriuretic peptide and cerebral va-

sospasm in subarachnoid hemorrhage:

Clinical and TCD correlations. Stroke

31:118-123

40. Espiner EA, Leikis R, Ferch RD,

MacFarlane MR, Bonkowski JA, Frampton

CM, Richards AM (2002) The neuro-

cardio-endocrine response to acute sub-

arachnoid haemorrhage.  Clin Endocrinol

56:629-635

41. Akiba T, Tachibana K, Togashi K, Hiroe

M, Marumo F (1995)  Plasma human brain

natriuretic peptide in chronic renal failure.

Clin Nephrol 44:S61-S64

42. Oana S, Terai M, Tanabe M, Kohno Y,

Ohnuma N (2000) Plasma brain natriuretic

peptides and renal hypertension. Pediatr

Nephrol 14:813-815

43. Clerico A, Caprioli R, Del Ry S, Giannessi

D (2001) Clinical relevance of cardiac

natriuretic peptides measured by means of

competitive and non-competitive immu-

noassay methods in patients with renal fail-

ure on chronic hemodialysis. J Endocrinol

Invest 24:24-30

44. Richards AM, Crozier IG, Yandle TG, Espiner

EA, Ikram H, Nicholls MG (1993) Brain natri-

uretic factor: regional plasma concentrations

and correlations with hemodynamic state in

cardiac disease.  Br Heart J 69:414-417

45. Murdoch DR, McDonagh TA, Byrne J,

Blue L, Farmer R, Morton JJ, Dargie HJ

(1999) Titration of vasodilator therapy in

chronic heart failure according to plasma

brain natriuretic peptide concentration: ran-

domized comparison of the hemodynamic

and neuroendocrine effects of tailored ver-

sus empirical therapy. Am Heart J 138:

1126-1132

46. Troughton RW, Frampton CM, Yandle TG,

Espiner EA, Nicholls MG, Richards AM

(2000) Treatment of heart failure guided

by plasma aminoterminal brain natriuretic

peptide (N-BNP) concentrations. Lancet

355:1126-1130

47. Packer M, Carver JR, Rodeheffer RJ,

Ivanhoe RJ, DiBianco R, Zeldis SM,

Hendrix GH, Bommer WJ, Elkayam U,

Kukin ML, et al (1991) Effect of oral

milrinone on mortality in severe chronic

heart failure. The PROMISE Study Research

Group. N Engl J Med 352:1468-1475

48. Krell MJ, Kline EM, Bates ER, Hodgson

JM, Dilworth LR, Laufer N, Vogel RA, Pitt

B (1986) Intermittent, ambulatory

dobutamine infusions in patients with se-

vere congestive heart failure. Am Heart J

112:787-91

49. Hobbs RE, Miller LW, Bott-Silverman C,

James KB, Rincon G, Grossbard EB (1996)

Hemodynamic effects of a single intrave-

nous injection of synthetic human brain

natriuretic peptide in patients with heart

failure secondary to ischemic or idiopathic

dilated cardiomyopathy. Am J Cardiol

78:896-901

50. Mills RM, LeJemtel TH, Horton DP, Liang

C, Lang R, Silver MA, Lui C, Chatterjee

K (1999)  Sustained hemodynamic effects

of an infusion of nesiritide (human B-type

natriuretic peptide) in heart failure: a ran-

domized, double-blind, placebo-controlled

clinical trial. Natrecor Study Group.  J Am

Coll Cardiol 34:155-162

51. Burger AJ, Horton DP, LeJemtel T, Ghali

JK, Torre G, Dennish G, Koren M,

Dinerman J, Silver M, Cheng ML, Elkayam

U; Prospective Randomized Evaluation of

Cardiac Ectopy with Dobutamine or

Natrecor Therapy (2002) Effect of

nesiritide (B-type natriuretic peptide) and

dobutamine on ventricular arrhythmias in

the treatment of patients with acutely dec-

ompensated congestive heart failure: the

PRECEDENT study. Am Heart J 144:1102-

1108

52. Silver MA, Horton DP, Ghali JK, Elkayam

U (2002) Effect of nesiritide versus

dobutamine on short-term outcomes in the

treatment of patients with acutely decom-

pensated heart failure.  J Am Coll Cardiol

39:798-803


