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Summary
Natriuretic peptides are a family of vasoactive peptides which are involved
in the control of water and sodium
homeostasis. They are thus part of a
regulatory system that is commonly
activated in cardiac as well as renal
failure.
Formerly the B-type natriuretic peptides BNP and NT-proBNP in particular gained importance as reliable
markers for diagnosis and risk stratification in heart failure patients. More
recently it has been shown that the
plasma concentrations of these cardiac neurohormones are also increasingly elevated in patients with progressively impaired renal function.
Nevertheless, the natriuretic peptides
were also found to be of diagnostic
and prognostic value in this group of
patients, who are at enormously elevated risk of cardiovascular disease,
though with higher cutoffs. In addition, most recent data indicate that
high BNP or NT-proBNP levels are
associated with accelerated progression of chronic kidney disease. B-type
natriuretic peptides may therefore
evolve as markers of the cardiorenal
syndrome.

Natriuretic peptides
Natriuretic peptides are a family of
naturally occurring polypeptide hormones involved in the regulation of
body fluid homeostasis and vascular
tone. This family includes three major
structurally related but genetically
distinct natriuretic peptides: atrial natriuretic peptide (ANP), B-type natriuretic peptide (BNP) and C-type natriuretic peptide (CNP). The mature peptides share a common 17-amino acid
ring structure formed by a disulphide

linkage essential for receptor binding.
ANP and BNP are cardiac hormones
mainly secreted from the atrium and
the ventricle respectively, whereas
CNP is of endothelial origin. ANP and
BNP bind to the natriuretic peptide
A-receptor (NPR-A) and mediate the
biological actions of natriuresis, vasodilatation and renin inhibition. In
contrast, CNP lacks renal actions but
causes vasodilatation via binding to
the NPR-B.
Because of their utmost significance
as diagnostic and prognostic parameters, this article will focus on B-type
natriuretic peptides. The B-type natriuretic peptide is synthesised in cardiac myocytes as a 134 amino acid
pre-pro hormone, which is subsequently cleaved to yield a 108 amino
acid pro-peptide that is stored in secretory granules within the myocytes.
In response to the appropriate stimulus, pro-BNP is proteolytically cleaved
into the biologically active mature
BNP and the biologically inactive
N-terminal (NT)-proBNP (76 amino
acids), which are released into the
blood stream (Figure 1). Although
BNP is also produced in atrial tissue
and in right ventricular myocardium,
highest concentrations of BNP have
been found in the myocardium of the
left ventricle.
The mature B-type natriuretic peptide
is a 32-amino acid polypeptide hormone which is rapidly released by the
ventricles of the heart in response to
myocardial stretch. Upon release the
neurohormone affects body fluid volume (through natriuresis and diuresis)
and vascular tone (Figure 2). Since
high ventricular filling pressure is a
common feature in congestive heart
failure (CHF), plus the fact that body
fluid homeostasis and vascular tone
play an essential role in the pathophysiology of CHF, BNP has been investigated as a candidate marker for cardiac
neurohormonal activation in patients
with CHF.

B-type natriuretic peptides
as diagnostic and prognostic
parameters of heart failure
Dyspnoea is a common but unspecific
symptom in heart failure and may
therefore be misdiagnosed. A series of
studies have investigated the relevance of BNP (and NT-proBNP) in the
diagnosis and prognosis of congestive
heart failure [1]. First evidence for the
value of BNP as a diagnostic marker
for heart failure came from the
prospective Breathing Not Properly
Multinational Study (BNPMS) which
investigated whether BNP is able to
differentiate between dyspnoea due to
heart failure and dyspnoea caused by
other diseases [2]. 1586 patients who
presented to an emergency department with acute dyspnoea underwent
blood BNP measurement. BNP plasma
concentrations were markedly higher
in patients with clinically diagnosed
CHF than in those without CHF. A
plasma value >100 ng/L diagnosed
CHF with a sensitivity of 90% and a
specificity of 76% [2]. Moreover, multivariate analysis revealed that BNP
was an independent predictor of CHF.
BNP increased the diagnostic accuracy of initial clinical judgment from
74 to 81% [3]. In many studies since
then both BNP and NT-proBNP have
been found to improve the diagnosis
of heart failure [1]. Swiss and Canadian studies showed that the use of
BNP and NT-proBNP respectively in
the acute differential diagnostics of
dyspnoea helps to shorten the time to
initiating appropriate treatment of
heart failure as well as the duration of
intensive care and hospitalisation
[4, 5], which ultimately translated into
a reduction in costs. In consequence,
determination of BNP or NT-proBNP
has been recommended by many
guidelines for the diagnosis of acute
heart failure [6, 7]. Figure 3 shows a
widely accepted decision tree (8).
Plasma concentrations of BNP and NTproBNP are not only elevated in pa-

THEME

N R . 6 | N O V. 2 0 0 7

Since the prognostic value of natriuretic peptides has usually been investigated in stored plasma samples, this
may explain why NT-proBNP was a
somewhat more efficient prognostic
marker than BNP.
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Figure 1. Biosynthetic pathway of human BNP.
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Figure 2. Physiological actions of BNP.

tients with decompensated heart failure (HF) but correlate with the severity
of HF as stratified by the New York
Heart Association (NYHA) functional
classification [1, 6, 7, 8]. Further, BNP
levels are elevated in the plasma of patients with diminished left ventricular
ejection fraction (LVEF) with a clear
association between the increase in
BNP concentration and reduction of
LVEF [1, 6, 7, 8].
Besides being a valuable diagnostic
tool in heart failure, plasma levels of
BNP and NT-proBNP also yield prognostic information for patients with
CHF as well as for those with acute
coronary syndromes. High plasma levels of either BNP or NT-proBNP, either
at baseline or after initiation of treatment, have been found to be independent predictors of mortality in those patients [1, 9, 10]. In addition, BNP and
NT-proBNP were also found to be a
prognostic marker in patients who underwent cardiac surgery for coronary
revascularisation, correction of valve
defects or inborn dysplasias of the
heart [11, 12]

Both BNP and NT-proBNP show similar diagnostic and prognostic quality in
heart failure patients [1]. This is not
surprising, as NT-proBNP and BNP are
derived from a common precursor and
are both released after cleavage into the
blood stream. However, despite this
common origin blood levels of the two
molecular species differ significantly,
mainly due to the different clearance
characteristics. BNP, the smaller peptide, is the biologically active compound and is cleared via specific natriuretic peptide receptors as well as neutral endopeptidases in the blood. In
contrast, NT-proBNP, the larger and
biologically inactive peptide, is thus far
assumed to be cleared solely by renal
excretion. The half-life of BNP is much
shorter than that of NT-proBNP (22
minutes vs. approximately 120 minutes). Thus NT-proBNP is more stable
and exhibits less fluctuation over time.
NT-proBNP can be determined in all
kinds of plasma and serum specimens,
whereas BNP requires EDTA plasma or
EDTA blood. In addition, upon storage
NT-proBNP is more stable than BNP.

B-type natriuretic peptides
in renal disease
BNP and NT-proBNP plasma levels
have not only been found to rise in
heart failure (Figure 4). Markedly elevated plasma levels of BNP and NTproBNP can be found in pulmonary
embolism, as the response of the accompanying pulmonary hypertension
and right heart failure, as well as in
sepsis [8, 13, 14]. Moderately elevated
plasma levels of BNP and NT-proBNP
are found in several conditions that
interfere with cardiac function, such
as ventricular dysfunction, coronary
heart disease, pulmonary hypertension and hyperthyroidism, and also in
sepsis, subarrachnoidal haemorrhage,
liver cirrhosis and renal failure [8,
13–17].
Since patients with chronic kidney
disease (CKD) are at extremely high
cardiovascular risk and frequently experience coronary events and heart
failure, this increase of BNP and NTproBNP levels has initially been considered an unwanted confounder in
the diagnosis of CHF. However most
recent studies have shown that both
BNP and NT-proBNP are also suitable
diagnostic and prognostic biomarkers
of heart failure in patients with
chronic kidney diseases [18–22], requiring, however, higher diagnostic
cutoffs (Figure 3c).
However, it is as yet unknown how
renal disease affects plasma concentrations of BNP or NT-proBNP. To unravel the underlying mechanism we
investigated the relevance of BNP and
NT-proBNP in patients with mild to
moderate renal failure, and their
prognostic value with respect to renal
function [17].
Like others we found that BNP and
NT-proBNP plasma concentrations
rise in parallel with decreasing renal
function: both BNP and NT-proBNP
were progressively higher in patients
with progressively declining measured and estimated glomerular filtration rate (GFR) respectively [17, 23].
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Supposed heart failure
in view of symptoms
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Natriuretic peptides
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Imaging methods
(e.g. echocardiography, MRI)

B
BNP < 100 ng/L*

BNP 100 - 400 ng/L

BNP > 400 ng/L
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NT-proBNP < 300 ng/L

NT-proBNP
< 450 ng/L (< 50 yr)
< 900 ng/L (50 – 75 yr)
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NT-proBNP**
> 450 ng/L (<50 yr)
> 900 ng/L (50-75 yr)
> 1800 ng/L (>75 yr)

Further examinations

Heart failure
likely
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C
* Lower BNP cutoffs
stratified for GFR:

** Higher NT-proBNP cutoffs
stratified for GFR:

GFR > 90 ml/min: 71 ng/L
GFR 60-89 ml/min: 104 ng/L
GFR 30-59 ml/min: 201 ng/L
GFR < 30 ml/min: 225 ng/L

GFR > 60 ml/min: 900 ng/L
GFR < 60 ml/min: 1200 ng/L

Figure 3. Algorithms for the use of BNP and NTproBNP in the diagnosis
of heart failure. A) General algorithm [7]. B) Suggested cutoffs for BNP and
NT-proBNP [8]. C) Suggested lower and higher cutoffs for BNP [18] and
NT-proBNP [20] respectively according to glomerular filtration rate.
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Hyperthyroidism

Figure 4. Major causes of severe or moderate increases in BNP or
NT-proBNP.

In 227 predialysis patients stratified
into groups according to baseline
stages of GFR, as defined by the Classification of the National Kidney
Foundation, median BNP levels increased from 34 ng/L (GFR ≥90 ml/
min/1.73m2) to 57 ng/L (GFR <30 ml/
min/1.73m2). For NT-proBNP this effect was much more pronounced
where the median NT-proBNP level
increased from 39 ng/L in patients
with GFR ≥90 ml/min/1.73m2 to
456 ng/L in patients with GFR <30
ml/min/1.73m2 [17].
Furthermore, BNP and NT-proBNP
also correlate with the progression of
renal impairment. In 177 patients followed over a period of up to 7 years,
patients with high BNP and NTproBNP baseline values were more
likely to progress to renal endpoints
defined as doubling of plasma creatinine or end stage renal disease [17].
Thus, both increased BNP and NTproBNP plasma concentrations are
associated with accelerated progression of mild and moderate primary
chronic kidney disease (CKD) to renal
endpoints. However, after adjustment
for other factors known to be related
to progression of chronic kidney disease, NT-proBNP but not BNP was
found to be an independent predictor
of accelerated chronic kidney disease
progression. NT-proBNP therefore
provides additional prognostic information to the established risk markers
of CKD progression.
The mechanisms leading to the increase in the concentrations of B-type
natriuretic peptides in CKD have not
been totally clarified. Since NTproBNP levels rise much more than
BNP levels, renal retention is the most
frequently offered explanation of this
phenomenon. However, the results of
published studies contradict this hypothesis: in patients with renal impairment increased rather than decreased urinary concentrations of BNP
have been found compared to healthy
controls. In the latter, it has also been
found that urinary NT-proBNP correlates significantly with plasma NTproBNP concentrations and plasma
creatinine levels. These inverse correlations between urinary BNP or NTproBNP levels and renal function suggest that renal retention is not the
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only mechanism for elevated B-type
natriuretic peptide levels in patients
with renal impairment. Rather, elevated BNP and NT-proBNP levels may
arise from increased cardiac release in
those patients.
Since B-type natriuretic peptides are
released from cardiomyocytes, it has
been suggested that elevations in BNP
and NT-proBNP reflect an underlying
heart problem.
However, despite the heart being the
main source of B-type natriuretic peptides, a close correlation has been
found between BNP, or particularly
NT-proBNP, and renal function represented by GFR. In the multivariate
regression analysis NT-proBNP remained a significant predictor of accelerated progression of CKD to the
combined as well as to the isolated endpoints even after adjustment for GFR
and further parameters associated
with progression of CKD. In addition,
the estimated GFR (eGFR) and left ventricular mass have been found to be independent confounders of BNP and
NT-proBNP plasma concentrations in
CKD patients. For patients with CKD it
therefore seems likely that the progressive elevation of BNP and NT-proBNP
with decreasing renal function reflects
cardiac involvement in the form of a
cardiorenal syndrome. Also, the frequent coincidence of CKD with left
ventricular hypertrophy (LVH) and
CHF, as well as the correlation of severity of renal impairment with left ventricular dysfunction and CHF, point to
a mutual relationship between renal
and cardiac impairment.
As CKD progresses, the salt- and volume-regulating capabilities of the kidney are progressively impaired. In
consequence, extracellular fluid volume expands as GFR is reduced. We
therefore suggested that the inverse

relationship between GFR and plasma
BNP, as well as NT-proBNP concentrations, reflect increased volume load
of the heart, resulting from the volume expansion due to restricted GFR.
Additional influence on BNP and NTproBNP plasma concentrations may
derive from the increased activity
of the renin-angiotensin-aldosteronesystem (RAAS) in CKD and even in
very early and not yet clinically overt
stages of cardiac failure. As angiotensin II has been found to induce
BNP in cardiac myocytes, increased
plasma concentrations of BNP and
NT-proBNP in renal failure, and their
association with a poor renal prognosis, may reflect activation of RAAS in
its supposed role as promoter of CKD.
A (patho-) physiological concept has
therefore emerged in which increased
plasma concentrations of either BNP
or NT-proBNP in renal failure not
only reflect impaired glomerular filtration but a counter-regulatory response of the heart to pathophysiological changes in haemodynamics and
water homeostasis in renal dysfunction. BNP and NT-proBNP in particular may thus be considered markers of
the cardiorenal syndrome, a pathophysiological condition which amplifies the progression of both cardiac
and renal failure, leading to end stage
renal disease and congestive heart
failure.
Conclusion and outlook
Elevated plasma concentrations of
BNP and in particular NT-proBNP
indicate increased risk of accelerated
progression of mild or moderate
chronic renal failure, ultimately leading to end stage renal disease. Moreover, NT-proBNP provides additional
prognostic information beyond that
given by factors known to be related

to CKD progression. Therefore, and
because increased B-type natriuretic
peptide concentrations were previously found to indicate increased risk
of cardiovascular events in CKD patients, these patients will benefit from
determination of NT-proBNP plasma
concentrations with respect to cardiovascular and renal risk stratification.
Although NT-proBNP is not the biologically active peptide, it appears to be the
more suitable prognostic parameter
for monitoring the progression of the
cardiorenal syndrome than active BNP
itself. There may be several reasons for
this: because of its longer half-life compared with BNP, NT-proBNP more stably reflects changes in haemodynamics. Also, the close relationship of
NT-proBNP to renal function and the
high sensitivity of NT-proBNP in identifying even a slight progression of renal dysfunction make NT-proBNP the
more useful parameter for predicting
the progression of renal failure.
It is intriguing to postulate that in
CKD patients with elevated plasma
levels of BNP or NT-proBNP therapeutic interventions aimed at improving
cardiac function could slow down the
progression of CKD. Intervention
studies, which are needed to underpin
this concept, could also provide evidence for the causal relationship between cardiac malfunction, increased
B-type natriuretic peptide concentrations and CKD progression.
Correspondence::
Katharina Spanaus, M.D.
Institute of Clinical Chemistry
University Hospital Zurich
Raemistrasse 100
8091 Zurich
katharina.spanaus@access.unizh.ch

References
1 Clerico A, Fontana M, Zyw L, Passino C, Emdin M. Comparison of the
diagnostic accuracy of brain natriuretic peptide (BNP) and the N-terminal
part of the propeptide of BNP immunoassays in chronic and acute heart
failure: a systematic review. Clin Chem. 2007; 53:813–2
2 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. Rapid
measurement of B-type natriuretic peptide in the emergency diagnosis of
heart failure. N Engl J Med. 2002; 347(3):161–7.

3 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. B-type natriuretic peptide and clinical judgment
in emergency diagnosis of heart failure: analysis from Breathing Not Properly (BNP) Multinational Study. Circulation. 2002; 106(4):416–22.
4 Mueller C, Scholer A, Laule-Kilian K, Martina B, Schindler C, Buser P,
Pfisterer M, Perruchoud AP. Use of B-type natriuretic peptide in the evaluation and management of acute dyspnea. N Engl J Med. 2004;350:
647–54.

9

N R . 6 | N O V. 2 0 0 7

5 Siebert U, Januzzi JL Jr, Beinfeld MT, Cameron R, Gazelle GS. Costeffectiveness of using N-terminal pro-brain natriuretic peptide to guide the
diagnostic assessment and management of dyspneic patients in the
emergency department. Am J Cardiol. 2006 Sep 15;98(6):800–5.
6 Hunt, S. A., Abraham, W. T., Chin, M. H., Feldman, A. M., Francis, G. S.,
Ganiats, T. G., Jessup, M., Konstam, M. A., Mancini, D. M., Michl, K.,
Oates, J. A., Rahko, P. S., Silver, M. A., Stevenson, L. W., Yancy, C. W.,
Antman, E. M., Smith, S. C. Jr, Adams, C. D., Anderson, J. L., Faxon, D.
P., Fuster, V., Halperin, J. L., Hiratzka, L. F., Hunt, S. A., Jacobs, A. K.,
Nishimura, R., Ornato, J. P., Page, R. L., Riegel, B. (2005). ACC/AHA
2005 Guideline Update for the Diagnosis and Management of Chronic
Heart Failure in the Adult—Summary Article: A Report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Update the 2001 Guidelines for the
Evaluation and Management of Heart Failure): Developed in Collaboration
With the American College of Chest Physicians and the International
Society for Heart and Lung Transplantation: Endorsed by the Heart
Rhythm Society. Circulation. 112: 1825–1852
7 Arnold JM, Howlett JG, Dorian P, Ducharme A, Giannetti N, Haddad H,
Heckman GA, Ignaszewski A, Isaac D, Jong P, Liu P, Mann E, McKelvie
RS, Moe GW, Parker JD, Svendsen AM, Tsuyuki RT, O’Halloran K, Ross
HJ, Rao V, Sequeira EJ, White M. Canadian Cardiovascular Society Consensus Conference recommendations on heart failure update 2007:
Prevention, management during intercurrent illness or acute decompensation, and use of biomarkers. Can J Cardiol. 2007 Jan;23(1):21–45.
8 Mueller C, Breidthardt T, Laule-Kilian K, Christ M, Perruchoud AP. The integration of BNP and NT-proBNP into clinical medicine. Swiss Med Wkly.
2007 Jan 13;137(1–2):4–12.
9 Koglin J, Pehlivanli S, Schwaiblmair M, Vogeser M, Cremer P, vonScheidt
W. Role of brain natriuretic peptide in risk stratification of patients with
congestive heart failure. J Am Coll Cardiol. 2001; 38(7):1934–41.
10 Richards M, Nicholls MG, Espiner EA, Lainchbury JG, Troughton RW,
Elliott J, Frampton CM, Crozier IG, Yandle TG, Doughty R, MacMahon S,
Sharpe N; Christchurch Cardioendocrine Research Group; Australia-New
Zealand Heart Failure Group. Comparison of B-type natriuretic peptides
for assessment of cardiac function and prognosis in stable ischemic heart
disease. J Am Coll Cardiol. 2006 Jan 3;47(1):52–60.
11 Gessler P, Knirsch W, Schmitt B, Rousson V, von Eckardstein A. Prognostic impact of plasma N-terminal pro-brain natriuretic peptide in children
with congenital heart defects and open-heart surgery. Pediatrics. 2006;
148:372–6.
12 Hutfless R, Kazanegra R, Madani M, Bhalla MA, Tulua-Tata A, Chen A,
Clopton P, James C, Chiu A, Maisel AS. Utility of B-type natriuretic peptide in predicting postoperative complications and outcomes in patients
undergoing heart surgery. J Am Coll Cardiol. 2004;43:1873–1879

THEME

13 Rudiger A, Gasser S, Fischler M, Hornemann T, von Eckardstein A, Maggiorini M. Comparable increase of B-type natriuretic peptide and aminoterminal pro-B-type natriuretic peptide levels in patients with severe sepsis, septic shock, and acute heart failure. Crit Care Med. 2006
Aug;34(8):2140–4.
14 Binder L, Pieske B, Olschewski M, Geibel A, Klostermann B, Reiner C,
Konstantinides S. N-terminal pro-brain natriuretic peptide or troponin
testing followed by echocardiography for risk stratification of acute pulmonary embolism. Circulation. 2005 Sep 13;112(11):1573–9.
15 Henriksen JH, Gotze JP, Fuglsang S, Christensen E, Bendtsen F, Moller
S. Increased circulating pro-brain natriuretic peptide (proBNP) and brain
natriuretic peptide (BNP) in patients with cirrhosis: relation to cardiovascular dysfunction and severity of disease. Gut. 2003 Oct;52(10):1511–7.
16. Tung PP, Olmsted E, Kopelnik A, Banki NM, Drew BJ, Ko N, Lawton MT,
Smith W, Foster E, Young WL, Zaroff JG. Plasma B-type natriuretic peptide levels are associated with early cardiac dysfunction after subarachnoid hemorrhage. Stroke. 2005 Jul;36(7):1567–9.
17 Spanaus KS, Kronenberg F, Ritz E, Schlapbach R, Fliser D, Hersberger
M, Kollerits B, Konig P, von Eckardstein A. B-Type Natriuretic Peptides
Predict the Progression of Nondiabetic Chronic Kidney Disease: The Mildto-Moderate Kidney Disease Study. Clin Chem. 2007;53:1264–72.
18 McCullough PA, Duc P, Omland T, McCord J, Nowak RM, Hollander JE,
et al. B-type natriuretic peptide and renal function in the diagnosis of
heart failure: an analysis from the Breathing Not Properly Multinational
Study. Am J Kidney Dis. 2003;41:571–9.
19 Luchner A, Hengstenberg C, Lowel H, Riegger GA, Schunkert H, Holmer
S. Effect of compensated renal dysfunction on approved heart failure
markers: direct comparison of brain natriuretic peptide (BNP) and N-terminal pro-BNP. Hypertension. 2005;46:118–23.
20 Anwaruddin S, Lloyd-Jones DM, Baggish A, Chen A, Krauser D, Tung R,
Chae C, Januzzi JL Jr. Renal function, congestive heart failure, and
amino-terminal pro-brain natriuretic peptide measurement: results from
the ProBNP Investigation of Dyspnea in the Emergency Department
(PRIDE) Study. J Am Coll Cardiol. 2006; 47:91–7.
21 Zoccali C, Mallamaci F, Benedetto FA, Tripepi G, Parlongo S, Cataliotti A,
Cutrupi S, Giacone G, Bellanuova I, Cottini E, Malatino LS; Creed Investigators. Cardiac natriuretic peptides are related to left ventricular mass
and function and predict mortality in dialysis patients. J Am Soc Nephrol.
2001 Jul;12(7):1508–15
22 Mark PB, Petrie CJ, Jardine AG. Diagnostic, prognostic, and therapeutic
implications of brain natriuretic peptide in dialysis and nondialysis-dependent chronic renal failure. Semin Dial. 2007 Jan–Feb;20(1):40–9.
23 Vickery S, Price CP, John RI, Abbas NA, Webb MC, Kempson ME, Lamb
EJ. B-type natriuretic peptide (BNP) and amino-terminal proBNP in patients with CKD: relationship to renal function and left ventricular hypertrophy. Am J Kidney Dis. 2005; 46(4):610–20.

11

