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Biochemical tests to detect B-type natriuretic peptide (BNP) or N-terminal pro-brain BNP (NT-proBNP) are useful diag-
nostic methods for patients with possible HF. These tests are valuable prognostic predictors for the entire spectrum 
of HF disease severity. Therefore, the measurements of BNP or NT-proBNP taken along with conventional clinical as-
sessments may assist clinicians in deciding treatment. The following review briefly summarizes the available in-
formation regarding the clinical significance of BNP and NT-proBNP.
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INTRODUCTION

Heart failure is a progressive disease that is currently the 

most common cause of death among all cardiovascular 

diseases. The prevalence of heart failure continues to rise 

due to an increase in the proportion of elderly people as 

well as an increase in the number of patients with chronic 

heart failure who have survived acute heart failure because 

of new therapies [1,2]. Therefore, heart failure is a very 

important disease from both a medical and socioeconomic 

standpoint [3]. However, the clinical application of the 

Framingham diagnostic criteria for heart failure has low 

sensitivity and specificity and can lead to a variety of 

diagnoses.

Echocardiography is the gold standard for diagnosing 

heart failure; it is the most useful method and the basis for 

diagnostic and therapeutic decision-making. Its disadva-

ntages include high cost and ineffectiveness in patients who 

are obese or have concomitant chronic lung diseases with 

respiratory distress. Therefore, biochemical markers have 

become useful and essential clinical tools for the easy and 

accurate diagnosis and prognosis of heart failure by clearly 

determining its incidence and stage [4]. B-type natriuretic 

peptide (BNP) and N-terminal pro-BNP (NT-proBNP) have 

been used as routine laboratory tests; a large number of 

studies have proven their clinical usefulness in the differ-

ential diagnosis of serious acute respiratory distress syn-

drome and the diagnosis and prognostic rating of heart fail-

ure [5,6]. However, both the biochemical markers that have 

been used in the past and those that have been recently re-

ported on have limited application as diagnostic and prog-

nostic tools and thus have limited general applicability. To 

address this problem, this paper focuses on the significance 

of BNP in patients with heart failure.

MAIN FEATURES

1. Physiology of BNP and NT-proBNP

BNP was first discovered in the porcine brain and hence, 

it was named brain natriuretic peptide. Later, it was found 
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Fig. 1. The release of BNP or NT-proBNP from the ventricular 
myocardium [16].

to be secreted from the left ventricular myocardium in re-

sponse to hemodynamic stimuli such as ventricular volume 

expansion and pressure overload [7]. The released proBNP 

enters the circulatory system after it is cleaved into the bio-

logically active C-terminal of BNP and the biologically in-

active, NT-proBNP (Fig. 1). proBNP is primarily synthe-

sized and released in the ventricle in response to ventricular 

hemodynamic changes; therefore, it can reflect ventricular 

dysfunction better than other natriuretic peptides (NPs) [8]. 

Moreover, it is also known to cause strong vascular relaxa-

tion and to stimulate natriuresis. Unlike atrial natriuretic 

peptide (ANP), BNP does not usually cause immediate 

changes in normal hearts because its synthesis and secretion 

increases in response to hemodynamic stimuli over a consid-

erable length of time [9]. The neurohormonal theory ex-

plains the major mechanism of heart failure; according to 

this theory, the level of BNP in the blood increases through 

activation of the natriuretic peptide system, which acts as 

a counter-regulatory system, to counteract the impaired 

neurohormonal balance in response to activation of the sys-

tems that induce vascular spasms (renin-angiotensin system, 

sympathetic nervous system, endothelin system). Therefore, 

BNP is primarily synthesized and released from the ven-

tricle in response to ventricular hemodynamic changes and 

stress, and has been reported to indicate ventricular dys-

functions more efficiently than other NPs [10].

2. Test methods

BNP testing can be divided into point-of-care tests 

(POCTs), manually performed methods, and automated 

methods. The Triage
®
 kit (Biosite Diagnostics, San Diego, 

CA, USA) was designed as an instant POCT, and is cur-

rently used. This tool enables a diagnosis using whole blood 

samples and thus, can bypass time-consuming processes, 

such as centrifugation, in emergencies [10]. Its main draw-

backs are that it is expensive and requires manual examina-

tion of specimens. The main advantage and disadvantage of 

automated testing is its accuracy and long processing time, 

respectively. However, as a general chemical examination, 

systematic automation has the advantages of easy quality 

control and personnel cost reduction. These characteristic 

features of each method should be taken into account when 

choosing the test equipment; POCT can be more useful in 

situations that require rapid test results of patients in the 

emergency room or with acute symptoms such as acute res-

piratory distress, whereas automated equipment may be 

more useful for follow-up testing of outpatients, stable 

chronic patients, or for differential diagnostic purposes [10]. 

Recent research trends involve integral methods, such as 

the development of automated equipment including POCT 

kits and one-stop equipment for simultaneous measurements 

of other cardiac markers (troponin I, creatine kinase-MB) 

as well as simplified methods for repeated measurements at 

the bedside, which is similar to blood glucose testing. 

Various companies have developed different methods for 

measuring both BNP and NT-proBNP, the two substances 

simultaneously cleaved from proBNP. Either one may be 

used as a diagnostic or prognostic factor because they yield 

the same results. However, they have their respective advan-

tages and disadvantages due to their different biological and 

chemical characteristics, and these differences must be tak-

en into consideration during testing. It must be kept in mind 

that their standard values and ranges are not exchangeable; 

therefore, they should be used independently when inter-

preting the results [10]. 

3. Diagnosis using BNP or NT-proBNP

1) Patients in the emergency room or ones who are 

complaining of acute symptoms: An accurate and rapid 

diagnosis is crucial for the diagnosis of patients who present 

to the emergency room or outpatient examination room with 

acute respiratory distress. The usability of a test greatly de-

pends on its negative predictive value, which has vital sig-

nificance as a differential diagnostic tool for serious acute 
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Fig. 2. Percent reduction in N-terminal pro-brain BNP (NT-proBNP)
levels according to the clinical course during hospitalization [12].

respiratory distress syndrome, and can be very effective in 

the differential diagnosis of emergency room patients with 

heart failure. In general, the diagnostic accuracy is approx-

imately 90% at the cut-off value of BNP (100 pg/mL) or 

NT-proBNP (162 pmol/L). Due to its high accuracy, the 

negative predictive value is useful not only in diagnosing 

heart failure but also in differentiating it from respiratory 

disorders that lead to respiratory distress [11-13]. In clinical 

reality, there are obvious differences in the cut-off values 

of cases of heart failure with acute symptoms and in those 

with stable chronic heart failure. The negative predictive 

value can greatly help in determining the cause of the pa-

tients’ respiratory distress. 

2) Patients with stable chronic heart failure: Most 

patients with chronic heart failure can maintain their con-

dition unless they develop acute compensated or un-

responsive heart failure. According to a study by Cowie et 

al. on patients with heart failure who presented to a heart 

failure clinic, BNP demonstrated 97% sensitivity and 84% 

specificity in the group with BNP values ≥76.4 pg/mL, 

which was more accurate in the diagnosis of heart failure 

than chest radiographs [14]. However, Tang et al. recently 

showed that among outpatients with stable chronic heart 

failure, approximately 21% showed normal BNP values, and 

this was mostly in young women with normal renal function 

and lower ventricular fibrillation frequencies [15]. 

Therefore, particular care should be taken to interpret the 

test values when examining outpatients with relatively stable 

chronic heart failure. 

3) Treatment monitoring: BNP is assumed to have a 

mechanism similar to a biochemical Swan-Ganz catheter and 

is thought to play a role similar to that of hemoglobin A1c 

in patients with diabetes mellitus or α-fetoprotein in pa-

tients with hepatoma. The development of various drugs 

that mitigate the course or symptoms of heart failure have 

prompted many discussions about the monitoring of ther-

apeutic reactions or the possibility of drug titration. In a 

study on NT-proBNP, Lopez et al. reported that its concen-

tration decreased by 21% in patients who maintained con-

tinuously decompensated heart failure, decreased by 37% in 

patients who maintained stable chronic heart failure, and 

decreased by approximately 56% in patients who fully re-

covered (Fig. 2) [12]. Further large-scale randomized clin-

ical trials are required to determine whether this kind of 

monitoring can serve as a standard for therapeutic deci-

sion-making and drug dosage. However, the extent of 

NT-proBNP reduction is obviously associated with clinical 

improvement.

Because of the well-documented correlations between 

plasma BNP, NT-proBNP, concurrent haemodynamic meas-

urements and indicators of left ventricular systolic function, 

it is possible that an adjustment of anti-heart failure therapy 

according to serial measurements of BNP (in addition to 

standard clinical assessment) may offer improved outcomes 

[16,17]. It has been well documented that converting en-

zyme inhibitors and diuretics lower BNP quite rapidly dur-

ing the course of increased therapy in heart failure. 

Neurohormonal sub-studies from landmark randomized 

controlled trials of converting enzyme inhibitors in heart 

failure have suggested that the plasma neurohormonal status 

can predict the outcome of such therapy. These findings 

taken together were the rationale for a treatment of heart 

failure guided by plasma NT-proBNP [18]. However, nei-

ther BNP nor NT-proBNP was measured in neuro-hormonal 

sub-studies of randomized controlled trials of therapy in 

heart failure until the beta blocker therapy trials were 

launched. Recently, a French multicenter randomized study 

evaluated the benefit of BNP-guided therapy in CHF pa-

tients in clinical practice. This study showed that in opti-

mally-treated CHF patients, a BNP-guided strategy reduced 

the risk of CHF-related death or hospital stays for CHF. 

The result was mainly obtained through an increase in an-

giotensin converting enzyme inhibitor and beta-blocker dos-

ages [19]. However, because a cut-off value of BNP or 

NT-pro BNP for adjusting the anti-heart failure therapy 
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Table 1. Factors adversely affecting BNP outcomes in the diagnosis
of CHF [16]

Factors that can account for high BNP levels and no CHF
  Age
  Sex
  Renal failure
  Myocardial infarction
  Lung disease with right-sided failure
  Acute large pulmonary embolism
Factors that can account for low BNP levels with CHF
  Obesity (BMI ＞ 30 kg/m2)
  Flash pulmonary edema (＜ 1-2 h)
  CHF secondary to causes upstream from left ventricle
    Acute mitral regurgitation
    Mitral stenosis
  Stable NYHA class I patients with low ejection fractions

BNP: brain natriuretic peptide, CHF: chronic heart failure, BMI:
body mass index, NYHA: New York Heart Association.

Fig. 3. Kaplan-Meier curves according to a predefined B-type 
natriuretic peptide (BNP) cut-off value (350 ng/l) [17].

Fig. 4. Diagram of the potential roles of B-type natriuretic peptide
(BNP) [16].

was not determined, further studies are needed to determine 

the value. 

4) Inadequate test results: Some patients show results 

that are inconsistent with their clinical manifestations. BNP 

values can also vary according to the age and sex, as well 

as the comorbidity and medications administered. This 

should always be kept in mind, and care should be taken 

not to commit diagnostic errors by relying on a sin-

gle-marker test (Table 1). Therefore, it seems important to 

use the BNP test not as a stand-alone test but rather as an 

auxiliary diagnostic tool for heart failure, and to consider 

the patient’s clinical condition in the diagnostic deci-

sion-making process [10].

4. Prognosis

The BNP concentration is closely related to the incidence 

and severity of heart failure or absence thereof. In fact, its 

value increases with increasing severity, which has been 

categorized by the New York Heart Association functional 

classification. Therefore, it is very useful in predicting a pa-

tient’s status and establishing therapeutic strategies (Fig. 3) 

[17]. The criterion for the diagnostic value of a diagnostic 

test is its predictive power, which plays a crucial role in the 

process of therapeutic decision-making. From this point of 

view, BNP is an independent factor for the prediction of 

the incidence and mortality rates following myocardial in-

farction as well as heart failure [20]. Among all prognostic 

factors, such a clinical outcome is the most significant factor 

for predicting heart failure, and BNP is believed to be an 

essential prognostic factor that should be considered in fu-

ture clinical trials [21].

CONCLUSION

The results of various studies have verified the high diag-

nostic significance of BNP and NT-proBNP for heart failure 

(Fig. 4). In clinical settings, they are considered objective 

“rule-out” tests in the emergency or outpatient departments. 

However, their use as stand-alone diagnostic tools is not rec-

ommended; rather, they should always be considered in con-

junction with the patient’s clinical manifestations. Additi-

onally, as important prognostic factors, they are expected to 

serve as an important basis for the diagnostic and ther-
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apeutic decision-making processes for heart failure.
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