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BNP and NT-proBNP: Clinical Applications in (Suspicion 
of) Heart Failure
Summary

The biologically active B-type natriuretic peptide (BNP) and the 
biologically inactive amino-terminal proBNP (NT-proBNP) are 
compounds produced by the heart that are released into the 
circulation and give information on the pump function of the 
heart. Reliable commercial assays are available for both peptides, 
some of which can be used for rapid point-of-care diagnosis. The 
accuracy of plasma BNP and NT-proBNP determinations in the 
diagnosis of heart failure is comparable. Introduction of rapid 
BNP determination in the Emergency Room for patients with 
acute dyspnea can lead to more efficient treatment. Sequential 
BNP or NT-proBNP measurements in patients with heart failure 
in the (outpatient) clinic can be helpful for optimizing treatment, 
leading to decreased heart failure-related morbidity and mortality. 
Measurement of BNP or NT-proBNP in the general population
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INTRODUCTION

Biomarkers are compounds, usually measured in 

blood, plasma or serum, which give information about 

the presence or absence, or the severity, of a patho-

logical condition. A well-known biomarker is T-

troponin, used for the determination of decay of heart 

muscle cells. B-type natriuretic peptide (BNP) and N-

terminal proBNP (NT-proBNP) are biomarkers espe-

cially for the functioning of the heart as a pump. Since 

our previous review in 20011, many studies have been 

published on the prognostic and diagnostic value of 

measurements of BNP and NT-proBNP, now increas-

ingly being used in clinical practice. In this review, 

after an introduction about the physiology and assay 

characteristics of BNP and NT-proBNP, we will focus 

on the clinical application of these measurements in 

heart failure or suspicion of heart failure.

Physiology

B-type natriuretic or brain-natriuretic peptide (BNP) 

was first described in 1988 after isolation from porcine 

brain2. Soon, however, it was found to be mainly 

derived from cardiac muscles, just like the previously 

discovered atrial natriuretic peptide (ANP), and thus 

should similarly be considered a cardiac hormone. 

BNP is synthesized as a prehormone (proBNP) in 

cardiomyocytes, especially in the ventricles. During 

release into the circulation, proBNP is split into 

equimolar amounts of BNP and NT-proBNP. BNP is 

a 32-amino acid biologically active peptide, while 

NT-proBNP is a biologically inactive 76-amino acid 

peptide. Under physiological conditions, BNP and 

NT-proBNP are continuously released in small 

amounts into the circulation. Regulation of the syn-

thesis takes place mainly at the gene expression level, 

with an increase in ventricular wall tension as the 

most important stimulus3,4. The synthesis is also 

increased during cardiac ischemia, and is modulated 

by various hormones and cytokines.

BNP exerts its effects by binding to the type A natri-

uretic receptor (NPR-A) in various target organs, 

leading to the production of cyclic guanosine mono-

phosphate (cGMP) as second messenger. The most 

important biological effects are natriuresis and diure-

sis, vasodilatation, and inhibition of renin and aldos-

terone release. Clearance of BNP occurs through 

specific clearance receptors (NPR-C), breakdown by 

neutral endopeptidase, and renal extraction5. NT-

proBNP is partially cleared by the kidney6. The half-

life of BNP is 20 min; the longer half-life of 120 min 

of NT-proBNP  explains its higher plasma concentra-

for early diagnosis of heart failure can not be recommended due 
to low specificity; plasma concentrations of BNP and NT-proBNP 
are also influenced by age, sex, body mass index, renal function 
and pulmonary pathology.
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Table 1.	 Techniques and intra- and inter-assay variabilities of different BNP and NT-proBNP	
determinations

Reference

10 and 11

12 

13 

14

10 and 11

Parameter

BNP

BNP

BNP

NT-proBNP

NT-proBNP

Technique

Immunochromatographic

Immunochemiluminescent

Immuno-enzymatic

Sandwich immunoassay

Electrochemiluminescent

Company

Biosite Triage® BNP

Bayer ADVIA centaur

Abbot AxSYM BNP

Roche CARDIAC proBNP

Roche NT-proBNP, Elecsys 2010

Suitable for 

rapid on-site

yes

no

no

yes

no

Intra-assay

variability

10.1-16.2%

1.7-3.1%

4.3-6.0%

7.4-9.6%

1.3-2.7%

Inter-assay

variability 

9.4-15.2%

2.4-3.4%

7.3-10.0%

< 14%

2.3-6.1%
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tion compared to BNP. BNP and NT-proBNP plasma 

concentrations are on average higher in females than 

in males, and in elderly compared to younger people7. 

The plasma concentrations of both biomarkers are 

inversely related to creatine clearance8 and to body 

mass index9.

Assays

BNP as well as NT-proBNP concentrations can pres-

ently be determined with fully automated commercial 

methods (Table 1)10-14. Rapid tests for “on-site” and 

“point-of-care” diagnosis are now available for both 

biomarkers. The available assays have reasonable to 

high precision. Plasma concentrations are expressed 

as pmol/L or pg/ml. The conversion factor for BNP 

is: 1 pg/ml = 0.29 pmol/L, and for NT-proBNP: 1 

pg/ml = 0.12 pmol/L. Values for BNP obtained with 

different assay methods can not always be compared 

directly. There is no clear-cut conversion factor for 

comparing BNP with NT-proBNP values. In EDTA-

blood at room temperature, BNP is stable for at least 

24h and NT-proBNP for at least 72h.

Prognostic aspects

BNP and NT-proBNP plasma concentrations correlate 

reasonably good with the severity of heart failure as 

based on clinical and/or echocardiographic 

parameters15-19, and thus, not surprisingly, both 

biomarkers predict heart failure-related morbidity 

and mortality20. In some studies, the predictive values 

of BNP and NT-proBNP have been compared21-23. In 

the largest study (3916 patients with symptomatic 

heart failure), BNP and NT-proBNP were found to 

be equally predictive of total mortality and heart 

failure-related morbidity and mortality23. Also, in the 

general population, BNP and NT-proBNP, after cor-

rection for traditional risk factors for heart and vas-

cular diseases, are predictors of mortality and heart 

failure, as well as of atrial fibrillation, cerebrovascular 

accidents and ischemic heart diseases19,24,25. As a 

consequence, it has been suggested to use these de-

terminations for identification of high-risk patients 

who should then be checked and treated more inten-

sively.

Diagnosis of heart failure in the general population

The prevalence of heart failure, a disease with high 

morbidity and mortality, is increasing due to the 

increasing number of elderly people and the much-

improved survival after myocardial infarction26. Early 

diagnosis would make it possible to start with drug 

treatment (such as angiotensin converting enzyme 

(ACE)-inhibitors and beta-blockers) in an early phase, 

with proven favorable effect on morbidity and mor-

tality. In the past years, a large number of studies 

have been published on the test characteristics of BNP 

and NT-proBNP for diagnosis and exclusion of heart 

failure in the general population27,28. Golden standard 

in these studies was echocardiography, with or with-

out clinical characteristics. The conclusion from these 

studies is that a normal concentration excludes the 

presence of heart failure with a high degree of cer-

tainty. In a recently published nomogram, for instance, 

the a priori estimated chance of heart failure of 20% 

decreased a posteriori to 2.9% with a rapid BNP test. 

The reversal, however, does not hold true, because 

BNP and NT-proBNP values are influenced by a great 

number of factors and can also be increased in other 

diseases such as chronic obstructive pulmonary dis-

ease (COPD) and renal insufficiency. The chance of 

heart failure can therefore be as low 2% with an 

elevated abnormal test value. Test characteristics can 

be somewhat improved by correction for age, sex, 

renal function and body mass index. Because of the 

low positive-predictive value, screening for heart 

failure in the general population with BNP or NT-

proBNP can not be recommended, as too many people 

would have to undergo further diagnostic procedures.

Diagnosis of heart failure in the Emergency Room

Acute shortness of breath is an important reason for 

referral to an Emergency Room. For fast and effica-

cious treatment, it is imperative to know whether the 

shortness of breath is a result of heart failure or another 

cause. A number of studies have investigated if this 

distinction can be made with a rapid “point-of-care” 

BNP or NT-proBNP test15,18,29,30. The ultimate diag-

nosis of heart failure was made in these studies by a 

panel of cardiologists on the basis of all patient data,
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including anamnesis, imaging techniques, and labo-

ratory data, with the exception of the NP value. The 

studies show that a rapid “point-of-care” test can 

more accurately determine heart failure to be the 

cause of the shortness of breath than clinical 

judgement18. Cut-off values for BNP and NT-proBNP 

have been defined in this regard (Table 2).

The important question of whether a rapid BNP test 

in the Emergency Room leads to more efficient treat-

ment for patients referred for shortness of breath has 

been addressed by Mueller et al.32. In a prospective 

randomized study, plasma BNP was measured in 225 

patients upon presentation to the Emergency Room, 

and the outcome of the test was communicated to the 

attending physician. In the other 227 patients, diag-

nostic work-up was performed as usual.  Diagnosis 

of heart failure was deemed improbable at BNP levels 

< 100 pg/ml, highly likely at values > 500 pg/ml, 

and possible at intermediate levels. Knowledge of 

the BNP concentration decreased the number of hos-

pital admittances (75% of patients in the BNP group 

vs 85% in the control group) as well as the number 

of admittances to the Intensive Care (15% vs 24%). 

The decrease in admittances did not lead to higher 

mortality in the first 30 days (12% vs 10%). The authors 

conclude that rapid BNP measurement leads to more 

efficient diagnosis and treatment and to cost reduction, 

since unnecessary investigations and admittances to 

hospital or intensive care are prevented32. 

Whether these conclusions hold true for Emergency 

Rooms at other hospitals needs to be further investi-

gated; such an investigation is currently ongoing at 

the Erasmus MC, with NT-proBNP as biomarker.

First-line diagnosis of heart failure 

In case of clinical suspicion of heart failure, a general 

practitioner can request a plasma BNP or NT-proBNP 

determination33, and use the outcome to decide on 

echocardiographic investigation or referral to a car-

diologist. The diagnostic value of BNP and NT-

proBNP in first-line patients suspected of heart failure 

has been investigated34-36. These studies all show a 

high negative-predictive value (88–98%). The positive-

predictive value is much lower and highly variable 

(32–70%). Since a normal ECG also makes the diag-

nosis of heart failure very improbable, some studies 

have evaluated the diagnostic accuracy of ECG com-

pared to BNP, and investigated whether  ECG plus 

BNP has greater accuracy than ECG alone37. Not 

unexpectedly, no significant difference was found 

between the sensitivity of ECG and BNP  determina-

tions, although BNP was more specific (less false-

positives) than ECG for the diagnosis of heart failure. 

Addition of BNP measurement to the ECG does not 

increase the sensitivity. In conclusion, in case of sus-

picion of heart failure in first-line patients, either ECG 

or BNP, but not both, should be performed.

Diagnosis of diastolic heart failure

In 40–60% of patients with heart failure, systolic 

function is not compromised, and the underlying 

problem is diastolic dysfunction. This implies a prob-

lem with the filling of the heart, for instance because 

of fibrosis or hypertrophy. In diastolic heart failure, 

plasma BNP and NT-proBNP concentrations are ele-

vated, although less than with systolic heart 

failure4,38,39. BNP and NT-proBNP tests can thus, in 

contrast to echocardiography, not distinguish between 

systolic and diastolic heart failure. At present, that is 

not clinically important, since medical treatment is

Table 2.	 Cut-off values, positive predictive (PPV)	
and negative predictive (NPV) values,	
and areas under the ROC curve from	
point-of-care BNP and NT-proBNP	
determinations for the diagnosis of heart	
failure in patients reporting to the	
Emergency Room with acute dyspnea*

Reference

15

16

Parameter

BNP

All ages

NT-proBNP

< 50 yrs

50-75 yrs

> 75 yrs

All ages

Cut-off

value

pg/ml

100

 450

 900

 1800

300

PPV

%

79

76

83

82

77

NPV

%

89

99

88

55

98

Area under the 

ROC curve

0.83

0.94

0.85

0.85

0.83

* excluding patients with a serum creatinine > 200 µmol/L, 
dyspnea after thorax trauma and an acute coronary syndrome.
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not essentially different between the two syndromes.

Judgement of severity of heart failure and effective-

ness of treatment

Patients hospitalized for decompensated heart failure 

(“wet” heart failure) have high plasma concentrations 

of BNP and NT-proBNP. Various studies have shown 

that successful treatment leads to a decrease in the 

elevated filling pressures of the heart, with concom-

itant decrease in NP concentrations40,41. It has been 

suggested, therefore, that repeated measurements of 

BNP, together with clinical judgement, may be useful 

for monitoring treatment. Patients should not be 

discharged until a threshhold value of BNP is 

reached42. A few small studies have been published 

investigating whether changes in NP concentrations 

during clinical treatment and the value at discharge 

are predictive of re-admission or mortality43-45. These 

studies show that the patients with a decrease in BNP 

or NT-proBNP during clinical treatment are less fre-

quently re-admitted for heart failure, and have less 

mortality, than the patients with no decrease, or even 

an increase, in BNP or NT-proBNP43,44 . In multivari-

able Cox-regression analysis, edema and changes in 

NT-proBNP wer e the only two independent determi-

nants for heart failure-related re-admission and 

mortality44.

It should be mentioned here that the variation in 

plasma BNP and NT-proBNP concentrations in pa-

tients with stable chronic heart failure can be 

substantial46,47. One study in 6 patients, followed for 

6 weeks with weekly NP determination, showed an 

average intra-individual variation of 41% (4–232%) 

for BNP and 35% (8–103%) for NT-proBNP46. Another 

study in 20 patients (2 measurements, 1 week apart) 

reported an average intra-individual variation of 16% 

(3–59%) for BNP and 8% (0–47%) for NT-proBNP47.

Titration of treatment of heart failure to a specified 

BNP target value was investigated in a by now clas-

sical study by Troughton et al.48. In this prospective 

randomized study of 69 patients, the standardized 

medical treatment was titrated on the basis of a specific 

NT-proBNP target value or on the clinical Framingham 

heart failure score (target < 2, the score for compen-

sated heart failure). After a median follow-up period 

of 9.5 months, the number of patients re-admitted for 

heart failure as well as the mortality was lower in the 

NT-proBNP group than in the clinical group. The 

usefulness of treatment of heart failure based on 

titration to a specific BNP or NT-proBNP target value 

is currently being investigated in a number of large-

scale studies.

CONCLUSION

Large numbers of studies have now given a reasonably 

good picture of the place of BNP and NT-proBNP as 

a diagnostic tool in (suspected) heart failure. Both 

biomarkers have comparable diagnostic accuracy, 

with NT-proBNP (probably because of its longer half-

life) showing a smaller intra-individual variation than 

BNP in stable chronic heart failure. In first-line settings, 

measurement of BNP or NT-proBNP can be useful to 

exclude the diagnosis of heart failure (as does a normal 

ECG). Highly elevated BNP or NT-proBNP  concen-

trations are strongly suggestive of heart failure, both 

in first-line patients as in patients presenting to the 

Emergency Room with acute shortness of breath. 

There are indications that a rapid BNP test in the 

Emergency Room for patients with shortness of breath 

leads to more efficient treatment and to cost reduction.

Clinical and outpatient clinical treatment of patients 

with chronic heart failure on the basis of target values 

for BNP or NT-proBNP is an attractive concept, since 

judgement of the severity of heart failure by clinical 

observation is not very reliable. Ongoing studies will 

ultimately show whether a decrease in heart failure-

related hospital admissions and in mortality can be 

achieved in this way.
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