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A b s t r A c t

Brain natriuretic peptide (BNP) is a peptide hormone secreted by cardiomyocytes in 
response to atrial or ventricular wall stretch and/or pressure overload. It promotes a 
number of systemic effects, including vasodilatation, increase in urinary output and 
sodium excretion, as well as inhibition of the sympathetic nervous system and the 
renin–angiotensin–aldosterone system. Plasma BNP levels have been reported to be 
elevated in patients with left ventricular hypertrophy, congestive heart failure, acute 
coronary syndromes, atrial fibrillation, and impaired renal function. Moreover, ele-
vated BNP levels have been shown to be a strong predictor of morbidity and mortality 
in patients with heart failure. Interestingly, it has also been found that the N-terminal 
peptide of BNP is slightly superior to BNP for predicting death or re-hospitalization 
for heart failure. Presumably, it is the longer half-life of N-terminal fragment of brain-
type natriuretic peptide (NT-pro-BNP) that may promote it as a more accurate index 
of ventricular stress and therefore a better predictor of prognosis.

I N t r O D U c t I O N

Over the past few decades, exciting advances have been made in the field of cardiac 
biomarkers and their key role as important tools for diagnosis, risk stratification and 
therapeutic decision-making in patients with suspected acute coronary syndromes 
and other cardiovascular disease. According to the World Health Organization, a 
biomarker is defined as “any substance, structure, or process that can be measured in 
the body or its products and influence or predict the incidence of outcome or disease”.1 
It has been concluded that a biomarker is accepted as clinically useful when the fol-
lowing criteria are fulfilled: i) availability of accurate and repeated measurements at 
a reasonable cost with short turnaround times, ii) provision of information that is not 
available from a thorough clinical examination and iii) assistance in clinical decision 
making.2 Indeed, cardiac troponins T and I play an essential role for diagnostic work 
up in patients suffering from acute myocardial infarction (MI). 

Currently, researchers are investigating several promising new biomarkers, with 
the brain-type natriuretic peptide (BNP) being one with proved diagnostic usefulness 
in a great number of studies, which has thus progressed from benchside to clinical 
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FIgUre 1. Human brain natriuretic peptide (BNP) is produced as a 108 amino acid prohormone (proBNP-108), an inactive pro-
form, which is converted to the biologically active peptide BNP32, and an inactive N-terminal (NT)-pro-BNP through cleavage by a 
proteolytic enzyme, called corin.

application at the bedside. Specifically, BNP secreted by 
the cardiac ventricles has emerged as a novel biomarker for 
monitoring and prognosis of left ventricular dysfunction in 
hypertensive subjects. Besides, in recent studies, BNP has also 
been proposed as an independent marker for atrial fibrilla-
tion and cardioembolic stroke associated with poor clinical 
outcomes.3 In this review we are going to summarize existing 
data concerning the structural characteristics, the mode of 
action and the clinical significance of BNP and its N-terminal 
fragment (NT-pro-BNP) in the diagnosis and prediction of 
heart failure. Furthermore, we will review data assessing the 
validity of this biomarker in screening asymptomatic subjects 
at risk for heart failure.

s y N t h e s I s ,  A c t I O N ,  A N D  b N P 
c l e A r A N c e  b y  t h e  K I D N e y s

In recent years, researchers have isolated originally from 
porcine brain extracts a neurohormone named BNP, which 
along with atrial natriuretic peptide (ANP) and C-type natriu-
retic peptide (CNP) form a triple natriuretic peptide system 

of the heart muscle. All peptides share a similar amino-acid 
sequence homology. Heart failure, as well as renal insuf-
ficiency, constitute clinical conditions where the natriuretic 
peptide system can become activated.

It has been demonstrated that BNP is synthesized and 
secreted by the cardiomyocytes in response to increased 
myocardial wall stress. Data suggest that a significant amount 
of BNP is produced and released into the blood circulation 
by the human ventricles in contrast to ANP, which is mainly 
secreted by the atria, and is involved in fluid, electrolyte and 
vascular homeostasis.4,5 Specifically, it has been shown that 
BNP is produced by ventricular cardiomyocytes in response 
to pressure overload in the left ventricle as an inactive prohor-
mone, which is later cleaved by an enzyme called corin into the 
active hormone BNP and the inactive NT-pro-BNP4 (Fig. 1).

Human BNP is produced as a 108 amino acid prohormone 
(pro-BNP-108), an inactive proform, which is converted to 
the biologically active peptide BNP32, and an inactive N-
terminal (NT-pro-BNP) through cleavage by proteolytic en-
zymes. Previous studies have shown that both corin, a cardiac 
serine protease, and furin, a ubiquitous serine protease, are 
critical in mediating pro-BNP processing in cardiomyocytes.6 
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As far as we know, corin consists of 1042 amino acids with 
an integral transmembrane domain near the N-terminal 
region, and is mainly expressed in the normal human heart 
and kidney, especially in cells around the vasculature. On the 
other hand, furin is expressed in the Golgi apparatus of many 
types of cells.7 To gain insight into the sequence-specificity of 
furin- and corin- mediated pro-BNP processing, Semenov et 
al used non-glycosylated pro-BNP made in Escherichia Coli, 
and showed that furin cleaved pro-BNP at Arg-76, generating 
BNP1-32, whereas corin cleaved pro-BNP at Lys-79, gener-
ating BNP4-32.8 Another study clearly demonstrated that in 
cardiomyocytes pro-BNP processing is mediated by the corin 
enzyme at several different sites. This differed significantly 
from BNP-processing in human embryonic kidney (HEK) 293 
cells, where furin cleaved pro-BNP at a single residue (Arg-
76). Interestingly, corin also activates ANP.9 However, further 
studies are needed to provide insights into the biochemical 
basis of pro-BNP processing.

Following its secretion, BNP binds preferentially to the 
natriuretic peptide receptor-A (NPR-A) to exert its effect in 
the regulation of intravascular blood volume and vascular tone. 
Existing evidence suggests that BNP acts not only as a circulat-
ing hormone, but also as an autocrine and/or paracrine factor 
in order to exert its cardioprotective role against myocardial 
hypertrophy and fibrosis.10 Specifically, NPR-A is linked to 
guanylyl cyclase, which upon ligand binding upregulates cyclic 
guanosine monophosphate (cGMP) levels. Cyclic GMP is a 
key second messenger which in turn drives the downstream 
activation of cGMP-dependent protein kinase type I (PKG). 
This leads to inhibition of the calcineurin-nuclear factor of 
activated T cells (NFAT) signaling pathway, which negatively 
regulates cardiac myocyte hypertrophy. This highlights the 
antihypertrophic effect of BNP11 (Fig. 2).

Moreover, BNP plays a crucial role in regulating blood 
pressure levels by mediating diuresis, natriuresis, vasodilation, 
and by antagonizing the renin-angiotensin-aldosterone axis. 

FIgUre 2. BNP antihypertrophic signaling pathway. BNP binds preferentially to the natriuretic peptide receptor-A (NPR-A) to 
exert its effect in the regulation of intravascular blood volume and vascular tone. NPR-A is linked to guanylyl cyclase (GC), which 
upon ligand binding upregulates cyclic guanosine monophosphate (cGMP levels). Cyclic GMP is a key second messenger which in 
turn drives the downstream activation of cGMP-dependent protein kinase type I (PKG). This leads to inhibition of the calcineurin-
nuclear factor of activated T cells (NFAT) signaling pathway, which negatively regulates cardiac myocyte hypertrophy. BNP = brain 
natriuretic peptide; Ca2+ = calcium; CaM = calcium-modulated protein (calmodulin); CnB = calcineurin B subunit; Gαs = G pro-
tein αs subunit; Gβγ = G protein βγ dimer; GATA = transcription factor binding to the DNA sequence “GATA”; MEF2 = myocyte 
enhancer factor-2 proteins (a family of transcription factors); P = phosphorus.
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Increasing evidence supports the beneficial effects of BNP 
in attenuating or inhibiting the processes that contribute to 
cardiovascular remodeling, such as hypertrophy and fibrosis.12 
Additionally, it has been shown that in human adipocytes 
where NPR-A is expressed in significant amounts, upon BNP 
binding, cGMP becomes activated and promotes downstream 
lipolysis and mobilization of free fatty acids.13,14 It is interesting 
to note that a recent study suggested that mice hearts lacking 
NPR-A, exhibited marked hypertrophy with interstitial fibrosis 
resembling that seen in human hypertensive heart disease. 
Thus, it can be assumed that BNP can also act as a parac-
rine antifibrotic factor to inhibit the proliferation of cardiac 
fibroblasts.15 Furthermore, several studies have shown that 
natriuretic peptide levels are markedly increased in patients 
experiencing an acute coronary event. Even so, the role of BNP 
in the pathophysiology of acute MI remains to be elucidated. 
Particularly, a study by Kawakami and colleagues suggested 
that increased BNP plasma concentrations three days after 
an acute MI led to increased polymorphonuclear cell infiltra-
tion in the infarct area in BNP-transgenic mice compared to 
non-transgenic mice. This caused increased matrix metal-
loproteinase (MMP)-9 release by the stimulated neutrophils, 
and subsequently an increased risk of myocardial rupture in 
BNP-transgenic mice.16 On the other hand, researchers have 
shown that administration of ANP at the time of reperfusion 
may exert cardioprotective effects against myocardial reperfu-
sion injury in an acute coronary syndrome. This is attributed 
to ANP’s ability to limit adhesion of polymorphonuclear 
neutrophils to hypoxic endothelial cells, thus decreasing their 
activation and their MMP-9 releasing properties17 (Table 1). 

A great bulk of data has been published regarding the 
metabolism and degradation of natriuretic peptides. From 
these reports, it is clear that C-type natriuretic peptide recep-
tor, which binds ANP as well as BNP, is the most widely and 
abundantly expressed natriuretic peptide receptor, and is be-
ing involved in the systemic clearance of natriuretic peptides 
from the circulation, via a receptor-mediated internalization 
and degradation process. Notably, C-type natriuretic peptide 
receptor has only a short cytoplasmic domain with no gua-
nylyl cyclase activity. Kidney glomeruli express high levels of 
C-type natriuretic peptide receptor and BNP highly depends 
on renal function for its clearance.18 Specifically, it is well 
acknowledged that BNP and its cleavage equivalent amino 
terminal pro-B-type natriuretic peptide (NT-pro-BNP) are 
small molecular weight proteins, that are filtered relatively 
freely by the glomeruli and catabolized by tubular epithelial 
cells without any other processing, such as tubular secretion 
or active reabsorption, and return into the circulation. From a 
clinical point of view, it has been suggested that BNP concen-
trations are higher in heart failure patients and hypertensive 
subjects within the same range of glomerular filtration rate 
which strengthens the fact that these concentrations may 
reflect cardiac production rather than impaired clearance.19,21 

In addition, to C-type natriuretic peptide receptor -mediated 
internalization, BNP is also metabolized by extracellular 
proteases.19 Neprilysin (NEP), a neutral endopeptidase, is an 
extracellular protease that degrades endogenous vasoactive 
peptides, including natriuretic peptides. Interestingly, NEP 
cleaves human BNP at Met5-Val6 and Arg17-Ile18 residues, 
but not at the conserved Cys10-Phe11 bond, as occurs with 
ANP and CNP cleavage.20 Inhibition of NEP increases the 
levels of natriuretic peptides, countering the neurohormonal 
overactivation that contributes to vasoconstriction, sodium 
retention and maladaptive remodeling.19,21,22

In recent years, McMurray et al suggested that valsartan/
sacubitril (brand name Entresto, previously known as LCZ696, 
a mixture of the angiotensin receptor blocker valsartan and the 
neprilysin inhibitor sacubitril), a combination also described 
as an “angiotensin receptor-neprilysin inhibitor” (ARNi), is 
superior to angiotensin converting enzyme (ACE) inhibition 
alone in reducing the risk of death and hospitalization for heart 
failure patients with a reduced left ventricular ejection frac-
tion. The same study provided strong evidence that an ARNi 
is superior to inhibition of the renin-angiotensin system alone 
(enalapril) in patients with chronic heart failure, which further 
supported the replacement of ACE inhibitors or angiotensin II 
receptor blockers (ARBs) with an ARNi in the management 
of chronic heart failure.23

Furthermore, in 2001, nesiritide, a recombinant human 
BNP, was approved by the uS Food and Drug Administration 
for early relief of dyspnea in acute heart failure. However, 
several meta-analyses raised concerns regarding the renal 

tAble 1. Physiological Actions of Brain Natriuretic Pep-
tide (BNP)
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is easy and inexpensive to perform in clinical settings since 
researchers have developed a specific radioimmunoassay for 
human BNP with the use of a monoclonal antibody modeling 
it on a radioimmunoassay for ANP.29 Observations from 1,586 
patients presenting with dyspnea in the emergency setting in 
seven different departments across the uSA, led to the use 
of 50 pg/mL as the cutoff BNP level, with low values shown 
to be highly sensitive at ruling out disease, whereas values 
above this level were found to be the strongest independent 
predictor of heart failure.30

Additionally, another study conducted by Dao et al re-
cruited 250 patients presenting to the urgent-care area of the 
San Diego Veteran’s Health Care System with acute dyspnea as 
the chief complaint.31 BNP plasma concentrations were meas-
ured in all patients and emergency department physicians were 
blinded to the results. Consequently, two cardiologists (also 
blinded to BNP levels) reviewed all medical records of each 
patient retrospectively, and made independent initial assess-
ments on whether patients’ presenting dyspnea was secondary 
to heart failure. Researchers concluded that the mean plasma 
BNP level was higher in patients diagnosed with heart failure. 
Specifically, at a blood concentration of >80 pg/mL, BNP was 
considered as an accurate predictor of the presence of heart 
failure (95%), whereas measurements below this cut-off value 
had a high negative predictive value (98%). Thus, BNP was 
found to be a sensitive and specific test for the diagnosis of 
heart failure in the emergency setting.31

Importantly, it should be noted that the European guide-
lines for the diagnosis and treatment of acute and chronic 
heart failure propose a diagnostic algorithm or flow-chart for 
patients with suspected heart failure.32 They recommend that 
BNP and NT-pro-BNP levels should be considered in order 
to exclude alternative causes of dyspnea (if the level is below 
the exclusion cut-off point: BNP <100 pg/mL, NT-proBNP 
<300 pg/mL) and to obtain prognostic information (Class 
IIa, Level C recommendation). For patients presenting in a 
non-acute setting, a lower exclusion natriuretic peptide cut-off 
point should be used to prevent a ‘false-negative’ diagnosis of 
heart failure (BNP <35 pg/m or NT-proBNP <125 pg/mL).32

b N P  A s  A  P r e D I c t O r  I N  P A t I e N t s 
w I t h  c h r O N I c  h e A r t  F A I l U r e

Brain natriuretic peptide (BNP), as well as its N-terminal 
peptide (NT-pro-BNP), are considered to be critical for the 
prognosis of heart failure progression and outcomes. Tsu-
tamoto et al demonstrated for the first time that increased 
plasma BNP levels may be a critical prognostic predictor 
of heart failure progression in patients with left ventricular 
dysfunction.33 Moreover, BNP measurement was found to be 
a better and independent predictor when used with hemody-
namic parameters, such as pulmonary capillary wedge pressure 

toxicity and mortality associated with the use of nesiritide in 
patients with acute heart failure, as well as the increased rates 
of hypotension observed in these patients.24

Summarizing, it is without question that both an angioten-
sin receptor - neprilysin inhibitor (ARNI), as well as nesiritide, 
a recombinant human BNP, have shown much potential in 
becoming the next big thing in the field of cardiovascular 
therapeutics. However, further research is needed to elucidate 
their clinical usefulness in patients with heart failure.

M e A s U r e M e N t  O F  b N P  l e v e l s  
A N D  A c c U r A c y  I N  t h e  D I A g N O s I s  

O F  h e A r t  F A I l U r e 

Heart failure is a complex chronic and progressive clinical 
syndrome where the heart cannot meet the increased metabolic 
demands of the body. It is a major cause of hospitalization and 
death and it affects approximately 2.3% of the population in 
the united States, particularly the elderly, representing thus a 
growing clinical and economic burden. Interestingly, hospital 
admissions due to heart failure have increased over the past 
years.25 Heart failure is difficult to diagnose, and has always 
been a challenge for clinicians worldwide. There is increasing 
evidence that BNP is synthesized in the heart as a response 
to cardiac stress and neurohormonal activation. In particular, 
BNP levels are found to be elevated in patients suffering from 
congestive heart failure. In addition, the importance of BNP 
and its N-terminal peptide (NT-pro-BNP) in the evaluation 
of patients with acute symptoms, such as dyspnea in the emer-
gency department, has been documented.26 A recent diagnostic 
accuracy study, conducted by Zaphiriou et al in the uK, was 
designed to determine the diagnostic accuracy of BNP and NT-
proBNP plasma measurements in 306 patients with suspected 
heart failure, referred by their general practitioners. This 
study confirmed the importance of BNP and its N-terminal 
peptide measurements as a rule-out test for the diagnosis of 
heart failure in the referred patients. Furthermore, a simple 
classification of the 12-lead ECG into normal or abnormal in 
the same study, added little value to ruling out heart failure 
in these circumstances.27 Moreover, a meta-analysis denotes 
BNP to be an accurate biomarker of heart failure. Pooling 
data from the 20 studies included, researchers concluded that 
using a cut-off value of 15 pmol/L achieves high sensitivity.28 
BNP measurements below this cut-off excluded diagnosis in 
patients with suspected heart failure symptoms. It is critical 
to note that measurement of BNP plasma levels may play a 
significant role in the diagnosis of patients with diastolic heart 
failure, since the diagnostic accuracy of BNP was observed to 
be greater when the definition of disease used as the refer-
ence standard patients who were diagnosed as having heart 
failure with preserved left ventricular ejection fraction.28 
Apart from this, we should note that testing of BNP levels 
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and left ventricular ejection fraction, to assess mortality in the 
same group of patients, compared to the plasma ANP level. 
As such, BNP and NT-pro-BNP neurohumoral factors are 
suggested as sensitive and promising biomarkers reflecting left 
ventricular dysfunction or damage, since BNP is ventricular 
in origin, with the latter being slightly superior.33 In detail, 
scientists concluded that even the diagnostic and prognostic 
utility of NT-pro-BNP appears to be equivalent to BNP in the 
clinical setting, there are some biologic differences between 
them that render the N-terminal peptide a more accurate index 
of ventricular stress and therefore a better predictor of heart 
failure prognosis. It has been showed that NT-pro-BNP is not 
degraded in the blood circulation, and its structure remains 
stable even in the serum. Its half-life is approximately 1 to 2 
hours, which is longer than the half-life of BNP. Conceivably, 
this leads to higher NT-pro BNP levels in the circulation and 
slower fluctuations than BNP.34

Additionally, an observational study monitored 325 pa-
tients presenting with dyspnea, as the major manifestation of 
heart failure, in the emergency department over a six-month 
follow-up period.35 Subsequently, they concluded that higher 
BNP plasma levels at the emergency department were as-
sociated with cardiovascular events and progressively worse 
outcomes over the same period.35 In recent years, Koglin et al 
designed a prospective cohort study to assess the relationship 
between plasma BNP values and risk stratification in patients 
diagnosed with congestive heart failure and who were consid-
ered to be at high risk for experiencing cardiac events, over a 
course of 398 days.36 The results reinforced the usefulness of 
plasma BNP measurements as a screening tool for prognosis 
of heart failure progression and risk segregation, eliminating 
simultaneously the need for more invasive and expensive 
cardiac tests.36 Similarly, another study was conducted in 452 
patients with a left ventricular ejection fraction <35%, as-
sessed by radionuclide ventriculography, to identify the role 
that BNP levels may play in predicting sudden cardiac death 
in this group of subjects, probably attributable to ventricular 
arrhythmias.37 Following these patients for up to 3 years, they 
established BNP plasma levels as the only predictor of sudden 
cardiac death, with the 130 pg/mL being the cutoff value for this 
study.37,38 Besides, Japanese scientists followed 290 consecu-
tive patients with asymptomatic or minimally symptomatic left 
ventricular dysfunction for a mean period of 812 days in order 
to assess the plasma BNP level as an independent predictor 
of morbidity and mortality in this group of patients.39 Blood 
samples were collected from all patients and plasma BNP 
levels as well as levels of other neurohumoral factors, such as 
ANP, norepinephrine, angiotensin II, and endothelin-1 were 
measured. Results indicated that plasma BNP concentration is 
a more useful biomarker for predicting morbidity and mortality 
than the other neurohumoral factors, and provides important 
information regarding hemodynamic parameters such as 
ejection fraction, left ventricular end-diastolic pressure, and 

left ventricular end-diastolic volume index, since the cardiac 
ventricles are the primary source of its blood level.39 Finally, 
not only BNP is an important predictor of morbidity and 
mortality in patients with chronic symptomatic heart failure, 
but also predicts all-cause mortality in the general popula-
tion and in those with no evidence of left ventricular systolic 
dysfunction40 (Table 2).

s c r e e N I N g  O F  A s y M P t O M A t I c 
s U b j e c t s  A t  r I s K  F O r  h e A r t 

F A I l U r e ,  s U c h  A s  t h e  e l D e r l y , 
h y P e r t e N s I v e  s U b j e c t s ,  D I A b e t I c s 

O r  t h O s e  w I t h  A s y M P t O M A t I c 
c O r O N A r y  A r t e r y  D I s e A s e

From a different perspective, it has been demonstrated 
that plasma BNP calculations may also reflect the risk for 
cardiovascular events, not only in heart failure patients with 
severe dyspnea, but also in asymptomatic subjects at risk for 
cardiac pump failure, such as the elderly, diabetics, patients 
with hypertensive heart disease, as well as those with asymp-
tomatic coronary artery disease.

Specifically, a randomized clinical trial comprising 1,257 
patients was designed to examine the cost-effectiveness of us-
ing plasma BNP as a screening test for assessing left ventricu-
lar systolic dysfunction in the general population, to further 
reduce the need for echocardiograms.41 Consequently, BNP 

BNP = brain natriuretic peptide; HF = heart failure

tAble 2. Prognostic Value of BNP
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was found to have high sensitivity in detecting left ventricular 
systolic dysfunction in low and high-risk patients with ischemic 
heart disease.42 Indeed, appropriate treatment of heart fail-
ure led to improved survival and thus, an early diagnosis and 
proper decision making are therefore beneficial. Japanese 
researchers conducted a multiple regression analysis to evalu-
ate systolic and diastolic cardiac function in seemingly healthy 
asymptomatic subjects by measuring BNP levels. In order to 
come to a conclusion regarding their assumption, they com-
pared BNP levels with other cardiac indices obtained from 
chest radiographs, electrocardiograms and echocardiograms. 
Derived data from a pool of 294 asymptomatic patients showed 
a significant correlation between echocardiographic param-
eters and increased BNP plasma concentrations and both 
left ventricular systolic and diastolic functions, highlighting 
thus the effectiveness of BNP as a screening tool to reflect 
both the systolic and diastolic function.42 Furthermore, left 
ventricular wall thickness, blood pressure measurements, and 
serum creatinine levels were found to correlate with raised 
BNP concentrations.42 Cardiologists have also reported that 
by performing a simple radioimmunoassay for BNP, clinicians 
can rapidly and reliably detect the presence of significant dias-
tolic filling abnormalities on echocardiography. Interestingly, 
low BNP concentrations along with normal echocardiogram 
performance may be able to rule out diastolic dysfunction, 
whereas raised BNP values in heart failure patients with pre-
served ejection fraction, especially the elderly, are found to 
be associated with diastolic dysfunction on Doppler studies.43 
More specifically, it has been shown that screening for asymp-
tomatic left ventricular dysfunction is of particular importance 
as its prevalence alone ranges from 0.9 to 12.9%, depending 
on standard risk.44 Indeed, in the general population, patients 
with increased plasma BNP levels exhibit significant morbid-
ity and mortality and thus, accurate screening of subclinical 
disease is necessary.45-48

F U t U r e  D I r e c t I O N s

Surely, BNP may be a promising biochemical marker of 
effective blood pressure management, since multiple studies 
have suggested that its measurement probably could be a guide 
of hypertension management and target organ protection. 
However, further cutting-edge research is needed to elucidate 
the role of BNP plasma concentrations in the assessment of 
cardiovascular risk and mortality.

r e F e r e N c e s

 1.  WHO International Programme on Chemical Safety Biomarkers 
in Risk Assessment: Validity and Validation. 2001. Retrieved 
from http://www.inchem.org/documents/ehc/ehc/ehc222.htm 

 2.  Lemos JA, Morrow DA, Bentley JH, et al. The prognostic value 

of B-type matriuretic peptide in patients with acute coronary 
syndromes. N Engl J Med 2001; 345:1014-1021.

 3.  Chaudhuri JR, Sharma VK, Mridula KR, et al. Association 
of plasma brain natriuretic peptide levels in acute ischemic 
stroke subtypes and outcome. J Stroke Cerebrovasc Dis 2015; 
24:485-491.

 4.  Hall C. NT-ProBNP: The mechanism behind the marker. J 
Card Fail 2005; 11(Suppl. 5):S81-S83.

 5.  Mukoyama M, Nakao K, Hosoda K, et al. Brain natriuretic 
peptide as a novel cardiac hormone in humans. Evidence 
for an exquisite dual natriuretic peptide system, atrial natri-
uretic peptide and brain natriuretic peptide. J Clin Invest 1991; 
87:1402-1412.

 6.  Tonne JM, Campbell JM, Cataliotti A, et al. Secretion of 
glycosylated pro-B-type natriuretic peptide from normal car-
diomyocytes. Clin Chem 2011; 57:864-873.

 7.  Ichiki T, Huntley BK, Heublein DM, et al. Corin is present in 
the normal human heart, kidney, and blood, with pro–B-type 
natriuretic peptide processing in the circulation. Clin Chem 
2011; 57:40-47.

 8.  Semenov AG, Tamm NN, Seferian KR, et al. Processing of 
pro–B-type natriuretic peptide: furin and corin as candidate 
convertases. Clin Chem 2010; 56:1166-1176.

 9.  Peng J, Jiang J, Wang W, et al. Glycosylation and processing 
of pro-B-type natriuretic peptide in cardiomyocytes. Biochem 
Biophys Res Commun 2011; 411:593-598.

 10.  Nishikimi T, Maeda N, Matsuoka H. The role of natriuretic 
peptides in cardioprotection. Cardiovasc Res 2006; 69:318-328.

 11.  Fiedler B, Lohmann SM, Smolenski A, et al. Inhibition of 
calcineurin-NFAT hypertrophy signaling by cGMP-dependent 
protein kinase type I in cardiac myocytes. Proc Natl Acad Sci 
USA 2002; 99:11363-11368.

 12.  Calvieri C, Rubattu S, Volpe M. Molecular mechanisms un-
derlying cardiac antihypertrophic and antifibrotic effects of 
natriuretic peptides. J Mol Med 2012; 90:5-13.

 13.  Sengenès C, Berlan M, De Glisezinski I, et al. Natriuretic 
peptides: a new lipolytic pathway in human adipocytes. FASEB 
J 2000; 14:1345-1351.

 14.  Volpe M. Natriuretic peptides and cardio-renal disease. Int J 
Cardiol 2014; 176:630-639.

 15.  Oliver PM, Fox JE, Kim R, et al. Hypertension, cardiac hyper-
trophy, and sudden death in mice lacking natriuretic peptide 
receptor A. PNAS 1997; 94:14730-14735.

 16.  Kawakami R, Saito Y, Kishimoto I, et al. Overexpression of 
brain natriuretic peptide facilitates neutrophil infiltration and 
cardiac matrix metalloproteinase-9 expression after acute 
myocardial infarction. Circulation 2004; 110:3306-3312.

 17.  Mtairag el M, Houard X, Rais S, et al. Pharmacological 
potentiation of natriuretic peptide limits polymorphonuclear 
neutrophil-vascular cell interactions. Arterioscler Thromb Vasc 
Biol 2002; 22:1824-1831.

 18.  Maack T, Suzuki M, Almeida FA, et al. Physiological role 
of silent receptors of atrial natriuretic factor. Science 1987; 
238(4827):675-678.

 19.  Potter LR. Natriuretic peptide metabolism, clearance and 
degradation. FEBS J 2011; 278:1808-1817.



BRAIN NATRIuRETIC PEPTIDE

209

 20.  Dickey DM, Potter LR. Human B-type natriuretic peptide is 
not degraded by meprin A. Biochem Pharmacol 2010; 80:1007-
1011.

 21.  van Kimmenade RRJ, Januzzi JL, Bakker JA, et al. Renal 
clearance of B-type natriuretic peptide and amino terminal pro-
B-type natriuretic peptide: A mechanistic study in hypertensive 
subjects J Am Coll Cardiol 2009; 53:884-890.

 22.  Kuhn M. Molecular physiology of natriuretic peptide signaling. 
Basic Res Cardiol 2004; 99:76-82. 

 23.  McMuray JV, Packer M, Desai AS, et al. Angiotensin-neprilysin 
inhibition versus enalapril in heart failure. N Engl J Med 2014; 
371:993-1003.

 24.  Singh JS, Lang CC. Angiotensin receptor-neprilysin inhibitors: 
clinical potential in heart failure and beyond. Vasc Health Risk 
Manag 2015; 11:283-295.

 25.  Rosamond W, Flegal K, Furie K, et al; AHA Statistics Com-
mittee and Stroke Statistics Subcommittee. Heart disease and 
stroke statistics-2008 update: a report from the AHA Statistics 
Committee and Stroke Statistics Subcommittee. Circulation 
2008; 117:e25-146.

 26.  Nayer J, Aggarwal P, Galwankar S. Utility of point-of-care 
testing of natriuretic peptides (brain natriuretic peptide and 
n-terminal pro-brain natriuretic peptide) in the emergency 
department. Int J Crit Illn Inj Sci 2014; 4:209-215.

 27. Zaphiriou A, Robb S, Murray-Thomas T, et al. The diagnostic 
accuracy of plasma BNP and NTproBNP in patients referred 
from primary care with suspected heart failure: Results of the 
UK natriuretic peptide study. Eur J Heart Fail 2005; 7:537-
541.

 28.  Doust JA, Glasziou PP, Pietrzak E, et al. A systematic review 
of the diagnostic accuracy of natriuretic peptides for heart 
failure. Arch Intern Med 2004; 164:1978-1984.

 29.  Mukoyama M, Nakao K, Saito Y, et al. Increased human brain 
natriuretic peptide in congestive heart failure. N Engl J Med 
1990; 323:757-758.

 30.  Maisel AS, Krishnaswamy P, Nowak RM, et al; Breathing Not 
Properly Multinational Study Investigators. Rapid measure-
ment of B-type natriuretic peptide in the emergency diagnosis 
of heart failure. N Engl J Med 2002; 347:161-167.

 31.  Dao Q, Krishnaswamy P, Kazanegra R, et al. Utility of B-type 
natriuretic peptide in the diagnosis of congestive heart failure 
in an urgent-care setting. J Am Coll Cardiol 2001; 37:379-385.

 32.  McMurray JJ, Adamopoulos S, Anker SD, et al. ESC Guide-
lines for the diagnosis and treatment of acute and chronic heart 
failure 2012. Eur Heart J 2012; 33:1787-1847.

 33. Tsutamoto T, Wada A, Maeda K, et al. Attenuation of com-
pensation of endogenous cardiac natriuretic peptide system in 
chronic heart failure prognostic role of plasma brain natriuretic 
peptide concentration in patients with chronic symptomatic left 
ventricular dysfunction. Circulation 1997; 96:509-516.

 34.  Pfister R, Scholz M, Wielckens K, et al. Use of NT-proBNP 

in routine testing and comparison to BNP. Eur J Heart Fail 
2004; 6:289-293.

 35.  Harrison A, Morrison LK, Krishnaswamy P, et al. B-type 
natriuretic peptide predicts future cardiac events in patients 
presenting to the emergency department with dyspnea. Ann 
Emerg Med 2002; 39:131-138. 

 36.  Koglin J, Pehlivanli S, Schwaiblmair M, et al. Role of brain 
natriuretic peptide in risk stratification of patients with conges-
tive heart failure. J Am Coll Cardiol 2001; 38:1934-1941.

 37.  Berger R, Huelsman M, Strecker K, et al. B-type natriuretic 
peptide predicts sudden death in patients with chronic heart 
failure. Circulation 2002; 105:2392–2397.

 38.  Maisel A. B-Type natriuretic peptide levels: diagnostic and 
prognostic in congestive heart failure: What’s next? Circula-
tion 2002; 105:2328-2331.

 39.  Tsutamoto T, Wada A, Maeda K, T. et al. Plasma brain natriuretic 
peptide level as a biochemical marker of morbidity and mortality 
in patients with asymptomatic or minimally symptomatic left 
ventricular dysfunction. Comparison with plasma angiotensin 
II and endothelin-1. Eur Heart J 1999; 20:1799-1807.

 40.  McDonagh TA, Cunningham AD, Morrison CE, et al. Left 
ventricular dysfunction, natriuretic peptides, and mortality in 
an urban population. Heart 2001; 86:21-26.

 41.  Nielsen OW, McDonagh TA, Robb SD, Dargie HJ. Retrospec-
tive analysis of the cost-effectiveness of using plasma brain 
natriuretic peptide in screening for left ventricular systolic 
dysfunction in the general population. J Am Coll Cardiol 2003; 
41:113-120.

 42.  Suzuki T, Yamaoki K, Nakajima O, et al. Screening for cardio-
vascular dysfunction in asymptomatic patients by measuring 
B-type natriuretic peptide levels. Jpn Heart J 2000; 41:205-214.

 43.  Lubien E, DeMaria A, Krishnaswamy P, et al. Utility of B-
natriuretic peptide in detecting diastolic dysfunction: com-
parison with Doppler velocity recordings. Circulation 2002; 
105:595-601.

 44.  Wang TJ, Levy D, Benjamin EJ, et al. The epidemiology of 
“asymptomatic” left ventricular systolic dysfunction: implica-
tions for screening. Ann Intern Med 2003; 138:907-916.

 45.  Kistorp C, Raymond I, Pedersen F, et al. N-terminal pro-brain 
natriuretic peptide, C-reactive protein, and urinary albumin 
levels as predictors of mortality and cardiovascular events in 
older adults. JAMA 2005; 293:1609-1616.

 46.  McKie PM, Rodeheffer RJ, Cataliotti A, et al. Amino-terminal 
pro-B-type natriuretic peptide and B-type natriuretic peptide: 
biomarkers for mortality in a large community-based cohort 
free of heart failure. Hypertension 2006; 47:874-880.

 47.  Wang TJ, Larson MG, Levy D, et al. Plasma natriuretic peptide 
levels and the risk of cardiovascular events and death. N Engl 
J Med 2004; 350:655-663.

 48.  Rehman SU, Januzzi JL. Natriuretic peptide testing in primary 
care. Curr Cardiol Rev 2008; 4:300-308.


