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volume and blood pressure, and also exhibit neuroendocrine, metabolic and growth controlling ef-
fects. In heart failure, their synthesis increases exponentially as part of the neuroendocrine activa-
tion, but their beneficial effects are diminished. The paper reviews relevant data about their role as
diagnosis and prognosis markers in heart failure, the hemodynamic and clinical benefits of their use
as therapy in heart failure, together with the main adverse effects. Peptides non-specifically in-
crease in extracardiac pathology and the literature reveals the mechanisms of increase, significance
and threshold values to exclude cardiac dysfunction.
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1. INTRODUCTION

The importance of studying natriuretic peptides (NP)
comes from their role in heart failure, a disease with an ever-
increasing incidence, which significantly reduces the quality
of life and survival. The prevalence of heart failure in Europe
is 1-2% and increases by 10% in people over the age of 70
years [1]. NPs are useful for an early diagnosis of heart fail-
ure and their use reduces the time interval of diagnosis prob-
lems in patients with multiple comorbidities. They are also
useful in monitoring the hemodynamic status and in heart
failure therapy.

NP family has four compounds: atrial natriuretic peptide
(ANP), brain natriuretic peptide (BNP), C type peptide
(CNP) and D type peptide (DNP). The first three are present
in significant concentrations in the human body and have
multiple beneficial effects, while DNP is found in a small
amount and limited data is known about its role.

2. HISTORY

First information about NP appeared 50 years ago, pre-
sented by Kisch who described a highly developed Golgi
network inside atrial myocites, indicating a secretory func-
tion of the cells and later by Jamielson and Palade, who
found spherical electron opaque granules inside the atrial
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cells. These granules store NP precursors [2-4]. In 1981, de
Bold showed that intravenous administration of atrial myo-
cardium extracts in rats produced natriuresis and diuresis [2,
5] In 1983, ANP was isolated from atrial myocardium; then,
in 1988, Sudoh identified BNP in porcine brain and later in
1991, Mukoyama isolated BNP from human ventricular
myocardium [2, 6, 7].

3. PHYSIOLOGY OF NATRIURETIC PEPTIDES

ANP and BNP are primarily produced by atrial and ven-
tricular myocites and secondarily by cardiac fibroblasts as
precursors that undergo proteolytic cleavage (under the
effect of some enzymes like corin and furin) to release
biologically active compounds [8]. In the normal heart, ANP
and BNP are mainly produced in the atria, while the ventri-
cles synthesize them in lower amounts. ANP is preferentially
produced in the normal heart. Peptides are stored in granules
in the atrial myocites and are released in response to
hemodynamic stress, while ventricular myocites release
them immediately [8].

The representation of NP synthesis and a comparison of
the chemical structure of active molecules are presented in

Fig. (1).

ANP synthesis starts from preproANP of 151 aminoacids
(aa), which is cleaved first in proANP (126 aa), the major
form stored in granules and then in ANP(28 aminoacids), the
active form and in NT proANP (98 aa), an inactive com-
pound [2]. BNP synthesis starts from preproBNP (134aa)
which is cleaved first in proBNP (108 aa) and later in BNP

© 2019 Bentham Science Publishers



284 Current Cardiology Reviews, 2019, Vol. 15, No. 4

Roxana et al.

pre pro-ANP

pro-ANP

pre pro-BNP

- NTpro-BNP BNP

pro-BNP

pre pro-CNP

1 24
R pro-CNP
ANP BNP
&% °°o
<]

1 26 124 151

l m proteolysis 28

i S
BNP

T4 126
a)

CNP

ﬂ/v \

98

DNP

°%§°°o

Fig. (1). Natriuretic peptides (adapted from M. Volpe [10] and L.M.G. Meems [11]).

(32 aa), the biologically active molecule, followed by NT
proBNP(76aa), an inactive molecule used as a diagnosis
marker in heart failure [2]. The main stimuli for ANP and
BNP synthesis are an increase in cardiac wall tension, some
hormones, cytokines and ischemia. According to Volpe, the
mean serum concentrations of NP are 10 fmol/ml (20pg/ml)
for ANP and 1fmol/l (3.5 pg/ml) for BNP [9, 10].

CNP is found in the brain and spinal cord, in the diges-
tive tract and the reproductive system, in chondrocytes and
endothelial cells. There are two biologically active forms,
one of 38 aa, found mainly in tissues, and the other of 22 aa,
found in the blood flow [2].

DNP, a 38 aa peptide, was first isolated from the venom
of the green mamba snake or dendroaspis augusticeps and
was later found in traceable amounts in humans in the atria,
vascular walls and plasma [2, 9].

NP act on three types of receptors: type A (NPR-A),
which uses GMPc as second messenger and is responsible
for ANP and BNP effects; type B (NPR-B), which is acti-
vated by CNP; and type C receptor with a clearance role. NP

are inactivated by enzymatic cleavage, through internaliza-
tion by clearance receptors and are excreted by the kidneys
(2].

The biological half-life of NP varies from 2 minutes for
ANP, 2.6 minutes for CNP, 20 minutes for BNP and 25-70
minutes for NT proBNP [2, 12].

4. NP EFFECTS

ANP and BNP cause vasodilation, reduce water and salt
reuptake in proximal convoluted tubule and collecting duct
thereby increasing diuresis, reduce renin release and central
sympathetic drive. They also prevent myocardial hypertro-
phy and fibrosis [2, 11].

The strongest blood pressure (BP) reducing effect be-
longs to ANP. Genetically modified mice lacking ANP or
NPR-A gene have higher BP with an average value of 20-40
mmHg compared to control mice. Induction of arterial hy-
pertension in NPR-A lacking mice leads to more severe left
ventricular hypertrophy than in control rodents even if BP
values are similar and hypertrophy persists irrespectively of



Atrial and Brain Natriuretic Peptides-

an anti-hypertensive therapy. Transgenic re-expression of
NPR-A decreases the myocite size [2].

In animal models, BNP at usual concentrations is not a
blood pressure regulator but if its transcription is intensified
10-100 times, it reduces blood pressure at an average of 20
mmHg. Again in animal models, loss of BNP effect corre-
lates with myocardial fibrosis [2].

CNP acting through NPR-B prevents cardiac hypertrophy
and cardiac remodeling after myocardial infarction in animal
models [12]. CNP causes vasodilation and inhibits prolifera-
tion of the vascular smooth muscle cells [12]. It does not
have a direct role in BP regulation. It also stimulates the long
bones growth [2]. NP, especially CNP, protect against endo-
thelial dysfunction by reducing shear stress, modulating co-
agulation and fibrinolytic pathways and inhibiting platelet
aggregation. NP have an anti-inflammatory and immune-
modulating role. ANP, BNP and CNP are expressed in the
central nervous system and act as neurotransmitters or neu-
romodulators [8].

DNP acts on the same receptors. It activates K channels
(Ik) and increases prostaglandin synthesis, causing arterial
and venous vasodilation. It is the strongest venous vasodila-
tor, while its effect on the arteries is similar to that of BNP
and weaker than ANP or CNP. In animal experiments, it
inhibits myocardial L type Ca >* channels [9].

NP have metabolic effects: they decrease insulin resis-
tance, activate lipolysis in the fatty tissue, increase lipid
oxidation in the skeletal muscles and the liver [12, 13]. In
the fatty tissue, NP inhibit the release of inflammatory cy-
tokines and leptin (anorexigenic mediator) and increase the
release of adiponectin (mediator that intensifies insulin
sensitivity). Also, NP have direct effects on pancreas
stimulating the release of insulin and pancreatic beta cell
growth [12]. Insulin decreases NP synthesis and increases
the proportion of clearance receptor while decreasing NPR-
A in fat tissue [12].

5. PHYSIOLOGICAL VARIABILITY

NP concentration increases in girls starting from adoles-
cence and women have values twice higher than men [12].
This is because estrogen increases the transcription of NP
and NPR-A genes and reduces NPR-C synthesis.

In healthy persons ANP, BNP and NT proBNP increase
with age [14, 15]. One study found a mean value of ANP of
3+0.3 pmol/l in young people, while in the elderly, the value
increased four times reaching 11.4+ 1.1 pmol/l [15]. In
another study, the BNP values were 4-73 pg/ml in people
aged between 45-54 years and increased to 9-155 pg/ml in
the group 75-83 years old [14]. Obese patients have NT
proBNP values of 6-20 % lower than people with normal
weight [12].

BNP values can vary between 30-50% due to discontinu-
ous synthesis and also a short biological half-life. So, only a
decrease in BNP higher than 50% or a doubling of its value
can be considered clinically relevant [16, 17].

There are ethnical differences of NT proBNP in healthy
persons — the highest values are found in the Caucasians,
followed by Hispanics, Chinese people and Afro-Americans.
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The NP value in Afro-Americans is 40% lower than in the
Caucasians. The relative deficiency of NT proBNP and BNP
in some populations could increase renal salt uptake and the
prevalence of hypertension [12].

NP increase after intense physical exercise and correlate
with the effort time. The NP increase is due to increased car-
diac wall tension and is also part of the neuroendocrine re-
sponse to stress which includes activation of the hypothala-
mus- pituitary- adrenal axis and of the sympathetic system
[18].

6. NP IN HEART FAILURE

In heart failure (HF), myocite elongation, increased wall
tension and neuroendocrine mediators (angiotensin II, endo-
thelin I, arginin vasopressin) stimulate the transcription of
precursor NP genes. The concentration of peptides in heart
failure increases up to 10-100 times compared to healthy
subjects. The ventricles become the main site of synthesis
and BNP is preferentially produced [10]. The molar ratio of
BNP/ANP is below 1 in normal persons and increases pro-
gressively with heart failure severity reaching the value of 3
in NYHA 1V class [8].

The beneficial hemodynamic and neuroendocrine effects
of peptides are reduced. Some studies found that the diuretic
and natriuretic response to NP is lower in HF than in healthy
subjects when NP are administered at the same doses. The
vasodilator response measured in forearm arteries and veins
is reduced, as well as the GMPc concentration in plasma and
urine. NP reduce plasmatic renin activity and aldosterone
synthesis in healthy subjects and the response is lower in HF
[19].

A reduced effectiveness of NP in HF has several reasons:

1. BNP concentration in blood is not really as high as indi-
cated by usual immunological tests because they meas-
ure various related molecules found in higher amounts
like: proBNP 1-108 (6-8 times lower biological activ-
ity), NT proBNP (inactive) and peptides derived from
BNP1-32 lysis (like BNP 3-32, BNP 5-32, BNP 8-32),
with some of them being inactive. Also in HF, the con-
version of proBNP to BNP is delayed due to a reduced
corin activity [19].

2. In HF, the natriuretic peptides are degraded faster be-
cause of increased activity of NEP and increased
percentage of clearance receptors.

3. The target organs response to NP is diminished due to a
decrease in NPR-A, desensitization of receptors and re-
duced synthesis of intracellular GMPc. Some of these
effects are produced by angiotensin 11 [19].

ProBNP molecules can be glycosylated at seven ser-
ine/threonine residues found in the N terminal part. This re-
action is a physiological process that increases the mole-
cules’ stability. Recent research found that glycosylation of
certain areas makes the molecule resistant to cleavage by
corin and furin thus preventing the release of BNP [19]. In
HF, up to 70% of proBNP can be glycosylated. The same
process can block molecule detection by usual immunologi-
cal tests.
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7.1. The Role of Diagnosis in Heart Failure

Besides the hemodynamic role, NP are useful diagnosis
markers in heart failure. A high NP value in patients with
shortness of breath constitutes an important argument for
heart failure and helps physicians in differentiating from
other causes of breathlessness- e.g. pulmonary diseases.
BNP, NT proBNP and mid-regional proANP (MR proANP)
are usually measured in serum/plasma and have a similar
diagnosis accuracy. NT proBNP is more stable than BNP in
biological samples [16]. ANP dosing is less reproducible and
is replaced by proANP, a more stable compound and current
immunological tests target the middle part of this molecule
[18].

The 2016 ESC guideline for the diagnosis of heart failure
indicates threshold values of 100pg/ml for BNP and 300
pg/ml for NT proBNP in patients with acute onset of dysp-
nea and lower values (35 pg/ml for BNP and 125 pg/ml for
NT proBNP) in patients with chronic symptoms, values be-
low which heart failure can be excluded. For MR proANP,
the threshold value is 120 pmol/l [1]. E. Roberts’s meta-
analysis indicates that the peptides have similar sensitivities
for the diagnosis of HF: 0.95 for BNP and 0.99 for NT
proBNP without statistically significant difference between
them. In absolute values, NT proBNP has higher accuracy.
For mid-regional proANP, sensitivity varied between 0.95-
0.97. All the three peptides have an excellent ability to to
exclude heart failure. Specificity has lower values: 0.63 for
BNP, 0.43 for NT proBNP and 0.56-0.6 for MR-proANP,
implying that echocardiography is necessary to confirm car-
diac dysfunction [20].

7.2. NP Correlate with Functional Parameters

NP values correlate with structural and functional cardiac
parameters and contribute to a better stratification of cardio-
vascular risk in all stages of HF [21-23]. NP increase in both
forms of HF (HF with reduced ejection fraction and HF with
preserved ejection fraction), with NP values being higher in
the first form due to larger ventricular chambers and in-
creased wall tension.

Echocardiographic studies found a correlation between
BNP or NT proBNP values and left ventricle (LV) volumes,
while the correlation with LV mass gave discordant results
[24-27]. NP have a weak inverse correlation with ejection
fraction (EF) and correlate strongly with variables of dia-
stolic function like- relaxation parameters (septal e’), com-
pliance parameters (DT) or markers of increased filling pres-
sure (E/e’, E/Vp). The strongest correlation is with diastolic
wall tension and LV filling pressure. NP values increase with
the severity of diastolic dysfunction and left atrium volume
[26, 27]. Peptides also reflect the right ventricle (RV) func-
tion and increase with RV pressure overload, dilation and
systolic dysfunction and with the severity of tricuspid regur-
gitation [24, 27].

NP are good predictors of LV and RV moderate and se-
vere dysfunction, but can miss mild dysfunction [27, 28].

Combined evaluation by NP dosing and echo parameters
offers a better prediction of adverse events including mortal-
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ity in HF. The greatest risk of unfavorable evolution is found
in patients with BNP value > 250pg/ml and E/e’>15 [24].

7.3. The Prognosis role of NP in Heart Failure

NP reflect the severity of ventricular dysfunction and
their concentration increases with NYHA class [20]. Many
studies confirmed the prognosis role of BNP, NT proBNP
and MR proANP in HF, the three peptides having similar
sensitivities [18].

Prognosis data is provided by the baseline NP value, by
the amount of change under therapy or by the values at hos-
pital discharge [22].

In patients with HF, an increase with 100 pg/ml of base-
line BNP is associated with a 33% increase of the mortality
risk [22]. An NT proBNP value higher than 550 pg/ml in-
creases by 4.7 times the relative risk of mortality and hospi-
talization compared to lower values [22, 23]. After 4 months
of therapy, patients with 30% increase of BNP had a relative
risk for cardiovascular events and death, being 1.9 times
higher than the group in which NP decreased by 45% [22].
Various clinical and biological parameters with a prognosis
role (like NYHA class, creatinine, blood pressure and heart
rate) lose statistical significance in models that include NP
[22].

NP are useful for guiding therapy in HF. Neuroendocrine
inhibitors used in HF - angiotensin-converting enzyme in-
hibitors (ACEls), angiotensin II receptor blockers (ARBs),
aldosterone receptor antagonists- and other diuretic classes
reduce NP values due to improved hemodynamic status.
Beta blockers, with the exception of compounds with vasodi-
lator effect, do not cause a decrease of NP values [29, 30]. A
“’physiological’’ approach to therapy in HF seeks to titrate
neuroendocrine inhibitors targeting a greater reduction of
NP.

Murdoch and Troughton’s studies were the first to show
good results. In the first study, titrating vasodilator therapy
in patients with mild- moderate severity HF guided by BNP
produced a stronger inhibition of renin-angiotensin- aldos-
terone axis [29, 31]. In the second study, intensive therapy
targeting an NT proBNP value<1600 pg/ml led after 6
months to significant reductions of death and hospitaliza-
tions [29-32]. A recent study on HF which compared inten-
sive therapy (targeting NT proBNP below 1000pg/ml) with a
more liberal therapy failed in increasing ACEls/beta blockers
to more than 55% of maximal doses and did not reduce mor-
tality or hospitalizations [33].

7.4. NP as Therapy in Heart Failure

NP have an important therapeutic potential in HF. The
first compound wused was synthetic ANP (anaritide,
carperitide). ANP causes vasodilation and diuresis and is
used with good results in HF therapy in Japan [12]. Nesiri-
tide, the recombinant form of BNP, received FDA approval
for use in acute HF in 2001 [34]. It reduces pulmonary capil-
lary wedge pressure (PCWP), left ventricle (LV) diastolic
pressure, systemic vascular resistance and BP. It signifi-
cantly improves breathing in acute heart failure (AHF) in the
first 6h and 24 h of therapy compared with standard care
[35]. It is administered as a bolus of 2 pg/kg followed by
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continuous infusion at 0.01pg/kg/min for 24h, which can be
continued for up to 7 days [35]. Results from early studies
were less encouraging. In Sackner Bernstein analysis,
nesiritide raised mortality to 30 days and affected kidney
function [36]. Other studies focusing on the kidney function
suggested a neutral effect. In Chen study which enrolled pa-
tients with AHF and renal dysfunction (with GFR between
15-60 ml/min/1.73 m2), BNP and dopamine infusion in
small doses did not increase diuresis or changed cystatin C
value in the first 72h [37]. Similarly, in Witteles study, BNP
was similar to placebo on renal parameters [38]. Gong meta
analysis tracked the efficiency and safety of BNP in AHF
across 22 studies and 38.064 patients and compared BNP
with placebo, nitroglycerin and dobutamine [34]. Hemody-
namic effects were confirmed as: BNP reduced systemic
vascular resistance by 95-305 dyne/s/cm’, it reduced systolic
and diastolic BP by a mean value of 6 mmHg, decreased
right atrium pressure by 5.6 mmHg versus placebo and de-
creased PCWP by 2 mmHg versus nitroglycerin. BNP did
not affect the kidney function and did not increase mortality
on short, medium and long term [34]. The adverse effects
often encountered were a decrease in blood pressure and
bradycardia, due to the inhibitory effect on sympathetic to-
nus.

Inhibition of neutral endopeptidase or neprilysin (NEP)
provides another way to increase the NP values. The first
NEP inhibitors were candoxatril and sinorphan. They sig-
nificantly increased the concentration of ANP and of other
peptides like bradykinin, ANG II and endothelin 1. They
increased BP in hyperreninemic patients [39]. Omapatrilat, a
common inhibitor of ACE and NEP, has beneficial hemody-
namic effects but it significantly increases the risk of angio-
edema compared with enalapril(0.8% versus 0.5%) due to a
stronger inhibition of bradykinin cleavage and it is therefore
no longer used [39].

The newest compound used in HF (with reduced EF)
therapy is a combination of angiotensin receptor blocker and
neprilysin inhibitor (ARNI) known as sacubitril — valsartan
or LCZ696. NEP inhibition increases the concentration of
NP and other vasodilator peptides. PARADIGM HF study
included 8442 pts with HF, with reduced EF (EF mean value
30%) and compared ARNI with enalapril on top of HF ther-
apy. ARNI reduced mortality and hospitalization rate by
20%- 21% compared to enalapril [40]. Hypotension and an-
gioedema were more often encountered in ARNI‘s arm,
while kidney dysfunction and hyperkalemia were less com-
mon.

One concern about ARNI involves Alzheimer’s disease
[39]. NEP is one of the proteases that cleaves amyloid  pro-
tein, a precursor of amyloid plaques. In healthy human vol-
unteers, administration of sacubitril/ valsartan did not in-
crease the cerebrospinal fluid concentration of species of
amyloid B protein- like AP 1-40 and AP 1-42(components of
amyloid plaque) but increased by 42% the concentration of
amyloid B 1-38, found in a familial form of dementia [41-
42]. In PARADIGM HF trial, the incidence of demen-
tia/cognitive decline did not differ significantly between
ARNI and enalapril (0.29% versus 0.36% after 2.25 years
follow up) and the figure is similar to other modern trials in
heart failure [42].
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ARNI therapy increases BNP value and reduces NT
proBNP and the last one is recommended to monitor therapy.
ARNI stimulates NT proBNP glycosylation making the
molecule less recognizable by current tests [39].

New indications for NP in therapy could be HF with pre-
served ejection fraction (as ARNI improves myocardial
strain in these patients) and diabetes mellitus (to improve
insulin sensitivity) [39, 43, 44].

Liraglutide, an agonist of GLP-1R already used in diabe-
tes mellitus, combines metabolic effects with a vasodilator
action similar to ANP [12].

7.5. Limitations of NP- its Increase in Various Patholo-
gies

NP, considered specific markers for HF, increase in other
cardiac and extra cardiac diseases like- left ventricular hy-
pertrophy, acute myocardial infarction, pulmonary throm-
boembolism and pulmonary hypertension, atrial fibrillation,
valvular heart disease, conditions with increased circulating
volume like liver cirrhosis, kidney disease and anemia, sep-
sis, stroke,and endocrine diseases (hyperthyroidism, Cush-
ing, hyperaldosteronism) [16]. NP increase in extracardiac
pathology is the main limitation of their use. Still, they are
markers of fluid overload and have a prognosis role.

7.6. NP in Pulmonary Thromboembolism

An increase in troponin and NP values indicates RV dys-
function due to pulmonary hypertension. A BNP value
higher than 75-100 pg/ml increases by 7.63 times the in-
hospital mortality and similarly, an NT proBNP above
600pg/ml increases the risk 7 times. NP together with clini-
cal and echo parameters are useful for risk stratification and
choosing the appropriate therapy [45].

7.7. NP in Acute Myocardial Infarction (AMI)

NP increase is due to ischemia which intensifies BNP
transcription and increased filling pressure and neuroendo-
crine activation, closely related to infarct size. NP reflect
diastolic and systolic dysfunction and have a prognosis role.
Persistent high values of NT proBNP during admission for
AMI and 1 month later correlate with more frequent hospi-
talizations and increased mortality. In general, these patients
have many cardiovascular risk factors, higher Grace score
and an EF below 40% [46]. A BNP > 80ng/l or an NT
proBNP > 1170 ng/l in men and > 2150 ng/l in women corre-
late with higher mortality at 1 year [16, 47]. Even in patients
treated with PCI, a high baseline NT proBNP value remains
a predictor of death and reinfarction in the following 12-14
months [47].

7.8. NP in Atrial Fibrillation

In atrial fibrillation, increased NP synthesis takes place in
the atria as a result of abnormal contraction and stretching of
groups of atrial myocytes and can be due to increased atrial
pressure [48]. NT proBNP can raise to 800-1100 pg/ml in
asymptomatic patients [48]. NP have lower accuracy as
diagnosis markers in atrial fibrillation (AF) and higher
threshold values are necessary to exclude heart failure. In the
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BACH trial, optimal cutoff values for BNP/NT proBNP
were 490 and 3460 pg/ml for patients with AF, while the
values were 200 and 1075 pg/ml in the absence of AF. In
patients with heart failure, the mean NP values do not differ
between the groups with and without AF [49]. NT proBNP
value does not correlate with the arrhythmia duration or left
atrial volume and decreases after conversion to sinus rhythm.
It can predict arrhythmia recurrence independent of other
variables [48].

7.9. NP in Chronic Kidney Disease

NP increase in chronic kidney disease (CKD) is due to
reduced renal excretion, to an increase in circulating volume
and cardiac wall tension and also to subclinical heart dys-
function. NP are considered as mediators of response to
functional renal loss. In animal models, after unilateral
nephrectomy, an increase in NP value is seen with up-
regulation of NPR-A and a decrease in NRP-C. NP have a
modest natriuretic effect in CKD and their increase could
compensate for the decrease in functional renal mass [50].

In kidney dysfunction, NT proBNP increases exponen-
tially compared to BNP, because of the longer half-life and
because its main elimination route is renal. As renal extrac-
tion is similar for both peptides in all stages of CKD [51],
peptides have a modest inverse correlation with GFR, with
the correlation being slightly better for NT proBNP [52].

Both peptides have similar diagnosis sensitivity for car-
diac dysfunction in CKD.

De Filippi proposed threshold values of 200ng/l for BNP
and 1200 ng/l for NT proBNP below which one can exclude
HF in patients with GFR< 60ml/min/1.73 m* In patients with

Table 1.
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GFR >60ml/min/1.73 m? cut off values for BNP are 100
ng/l and for NT proBNP are 450 ng/l under the age of 50
years and 900 ng/l over the age of 50 years [53]. NP values
correlate with the risk of mortality and hospitalization in
CKD [52, 53].

Hemodialysis decreases BNP by 20-40% while peritoneal
dialysis does not change its value. NP could be used to moni-
tor circulating volume in patients with hemodialysis [50].

The NP threshold values for diagnosis of heart failure in
patients with comorbidities and for prognosis assessment are
presented in Table 1.

7.10. NP in Critically Ill Patients

NP values increase in patients with septic shock. Peptides
do not correlate with pulmonary-artery pressure but rather
with C reactive protein concentration and white cells number
[54]. Bacterial lipopolysaccharides and inflammatory cyto-
kines (IL6) increase BNP transcription but NP value could
also reflect the cardiac dysfunction induced by sepsis [55].

According to ESC recommendation, if NT proBNP value
is below 1200 pg/ml, one can exclude cardiogenic shock in
critically ill patients [55]. If values are higher, echocardi-
ography is necessary to confirm cardiac dysfunction. Patients
with septic shock and high NT proBNP value have four
times higher risk of death during the following 28 days [55].

Other pathologies According to BNP trial, hemoglobin
value inversely correlates with log BNP in men without heart
failure and in patients with heart failure with preserved EF,
while anemia does not influence NP in patients with reduced
EF [56].

Proposed threshold values for heart failure diagnosis in various clinical conditions.

Proposed Threshold Values for Heart

Failure Diagnosis in Various Clinical BNP (pg/ml) NT proBNP (pg/ml)
Conditions (with Reference Number)
Acute onset of dyspnea [1] 100 300 Values below threshold
Progressive onset of dyspnea [1] 35 125 exclude heart failure; pa-
tients with higher values
Atrial fibrillation [48] - 1100 need echocardiography to
[49] 490 3460 confirm the diagnosis.
Chronic kidney disease 100 450 for pts below 50 years
GFR>60ml/min/1.73 m* [53] 900 for pts above 50 years
GFR <60ml/min/1.73 m* [53] 200 1200
Septic shock [55] - 1200
COPD exacerbation [57] - 1077
Prognosis threshold values
Chronic heart failure [22] Increase with 100 pg/ml Above 550
Pulmonary embolism [45] 75-100 600 Higher values correlate
with increased mortality
Acute myocardial infarction [47] 80 1170 for men

2150 for women
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Acute exacerbation of chronic obstructive pulmonary
disease (COPD) will increase NT proBNP to an average
value of 1077 pg/ml in 53-77% of patients. NP correlate with
right ventricle pressure estimated non-invasively by echo-
cardiography. A high NT proBNP is found in patients with
longer hospital stay and need for intensive care [57].

CONCLUSION

Natriuretic peptides have important hemodynamic, neu-
roendocrine and metabolic effects. They are extensively used
in heart failure (HF) for early diagnosis, for prognosis pre-
diction and for guiding therapy. Apart from their beneficial
actions, it is also important to understand their limitations.
They have excellent sensitivity in diagnosing HF but a lower
specificity implying that echocardiography is necessary to
exclude false positive cases. NP correlate with structural and
functional parameters of both ventricles and can identify
moderate or severe ventricular dysfunction but still missing a
mild dysfunction. Recent trials have confirmed the benefits
of two synthetic compounds: nesiritide and the combination
sacubitril/valsartan which are used as therapy in acute and
chronic HF. They have good hemodynamic effects, with a
neutral action on renal function and reduce mortality and
hospitalizations (only sacubitril/valsartan). The main limita-
tion of diagnosis is their increase in extracardiac diseases
requiring different threshold values. The NP increase in
extracardiac pathology is due to hypervolemia, neuroendo-
crine activation or inflammation which have detrimental
effects on cardiac myocytes. This paper reviews important
information about NP from the medical literature alongside
with analyses of both benefits and limitations of their use.
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