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B-type natriuretic peptide in the
evaluation of cardiac function

Peptideo natriurético tipo B na avaliacdo da fungdo cardiaca

Adriana Polachini do Valle'; Paulo José Fortes Villas Boas'; Edison Iglesias de Oliveira Vidal%, Fernanda Bono Fukushima?

ABSTRACT

B type natriuretic peptide (BNP) and its precursor, the inactive form of NT-pro-BNP, are currently the most studied laboratory parameters
in the heart disease spectrum. The assessment of their blood concentrations provides invaluable information on the likelihood, severity
and prognosis of the disease. The present review aims to describe the biological determinants, the factors that influence these peptide
concentrations, the suggested cutoff values for the diagnosis of heart failure and the use of this biomarker in the assessment of cardiac

function.
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INTRODUCTION

The natriuretic peptide family consists of atrial natriuretic
factor (ANF), brain natriuretic peptide, also called type B (BNP),
and C-type natriuretic peptide (CNP). These peptides play an
important role in cardiovascular homeostasis and modulation
of cell growth. The messenger ribonucleic acid (mRNA) of
the atrial natriuretic factor has been found in many tissues,
although it is particularly abundant in the cardiac atria. BNP was
initially isolated from brain homogenates, but it is also detected
in the peripheral circulation. Its highest concentration is in the
myocardial tissue. Both ANF and BNP are normally produced by
atrial muscle cells, from where they are released. Under atypical
conditions, such as myocardial structural disease, BNP seems to be
produced on a larger scale by the ventricles®.

The action of natriuretic peptides is part of a complex
neurohormonal structure which includes the effects of both the
renin-angiotensin-aldosterone system (RAAS) and the autonomic

nervous system. In response to distension of the atrial tissue,
there is an increase in ANF and BNP plasma concentrations,
which antagonize the effects of angiotensin II in vascular tone,
aldosterone secretion, sodium reabsorption and vascular cell
growth. CNP found predominantly in the brain and in endothelial
cells presents very low plasma concentrations®”. Therefore,
ANF and BNP are the most commonly investigated, mainly in
cardiovascular diseases.

The production and release of these peptides occur in response
to three different stimuli. First, as an acute response to myocardial
muscle stretch with secretion of peptides stored in the atrium. A
second stimulus for the production of peptides is observed during
mineralocorticoid excess, which is denominated as a “subacute”
phenomenon and secondary to volume overload. Finally, due to
the chronic volume overload, there is a coexistence of cardiac
gene reprogramming associated with ventricular hypertrophy,
leading to major changes in the synthesis, storage and release of
ventricular peptides™”.
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BIOCHEMISTRY OF NATRIURETIC PEPTIDES

The main biochemical and physiological characteristics of
the peptides are shown in Table 1.

BIOLOGICAL DETERMINANTS
OF BNP CONCENTRATIONS

Blood levels of natriuretic peptides are affected by several
physiological factors such as circadian rhythm, age, exercise, and body
posture. The factors that contribute to increased concentrations of the
peptide due to the aging process are cardiac and renal functions typical
of senescence, reduced degradation of peptides and development of
resistance to the action of peptides in the target organs, namely kidney,
leading to a significantly higher production of BNP!2, Furthermore,
the most common cardiac alterations in the elderly, namely left atrial
enlargement, increased afterload and presence of diastolic dysfunction,
may interfere in peptide plasma levels®2,

Several drugs, including diuretics, angiotensin-converting
enzyme (ACE) inhibitors, adrenergic agonists as well as sex,
thyroid and glucocorticoid hormones may modify the circulating
levels of natriuretic peptides®”.

Serum concentrations of BNP are higher in women than in
men in the absence of cardiac dysfunction. This increase could be
related to estrogen levels, since it was observed higher peptide levels in
women who underwent hormone replacement therapy. Another study
suggested that there would be a partial suppression of BNP secretion
and of inactive N-terminal pro-BNP (NT-pro-BNP) associated with
levels of free teststerona, substantiating lower peptide levels in men.

It is suggested that specific reference values for age and gender
should be applied to the interpretation of BNP values.

COMORSBIDITIES THAT INFLUENCE THE
INTERPRETATION OF BNP CONCENTRATIONS

The presence of obesity may interfere in BNP levels, inasmuch
as adipose tissue is closely related to receptors that participate
in the degradation of circulating natriuretic peptides®. Higher
cut-off values are recommended for the diagnosis of heart failure
(HF) in obese patients‘”.,

The presence of renal failure may increase BNP values and
higher cutoff values should be adopted for the detection of HF in
advanced chronic renal patients®.

Patients with chronic renal disease are prone to an increase in
atrial pressure, systemic pressure and ventricular mass, situations
in which a rise in the synthesis and secretion of BNP would be
expected®. Renal excretion of BNP has been described, but
alterations in the circulating levels in renal disease patients are
more likely related to the reduction of clearance by natriuretic
peptide receptor C (NPR-C) and neutral endopeptidase (NEPs) ™.

Concomitant lung disease does not diminish the usefulness of
distinguishing patients with or without HE However, it is important
to consider that BNP is elevated in one third of cases of pulmonary
embolism. This rise accounts for the increase in right ventricular
pressure and indicates a worse prognosis for pulmonary embolism®".
In cases of chronic pulmonary hypertension without cardiac volume
overload, expected BNP values range from 100 to 500 pg/ml“7.

TABLE 1 — Biochemical and physiological characteristics of natriuretic peptides®

Peptide BNP
Chain 28 aa 32 aa
Receptor NPR-A, NPR-C NPR-A, NPR-C
Precursor Pre-pro-ANF (151 aa) Pre-pro-BNP (134 aa)
Pro-hormone Pro-ANF(125 aa) Pro-BNP (108 aa)
Pro-hormone storage Atrial granules Secreted mainly in the ventricle without storage
Highly circulating Peptide fragment NT-pro-ANE, ANF NT-pro-BNP, BNP
Biologically active hormone BNP
Plasma half-life 3 minutes 21 minutes
Release stimulus Atrial transmural tension Ventricular wall tension
Synthesis Cardiac atrium Cardiac atrium and ventricle

aa: aminoacids; BNP: B natriuretic peptide; ANF: atrial natriuretic factor; NPR-A: natriuretic peptide receptor A; NPR-C: natriuretic peptide receptor C: NI-pro-ANF:

inactive N terminal pro atrial natriuretic factor.
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BNP AND NT-PRO-BNP

BNP is synthesized as pre-pro-BNP, especially in the ventricular
myocardium. In the myocyte, pre-pro-BNP is cleaved by enzymatic
action on pro-BNP and released as BNP (active form) and NT-pro-
BNP (inactive form). Both BNP and NT-pro-BNP levels indicate the
severity of heart failure, but there are differences between the two
tests as to the influence of age and renal function. BNP is cleared
from the plasma by glomerular filtration and also by endopeptidase
degradation. In contrast, NT-pro-BNP may be eliminated exclusively
by glomerular filtration, hence the strong influence of renal function
on NT-pro-BNP concentrations. As a decrease in glomerular filtration
rate occurs with age, the diagnostic cutoff value for NT-pro-BNP is
age dependent. The same applies to BNP, but with lower intensity®?.

Both peptides are usually higher in patients on hemodialysis
treatment even in the absence of circulating volume overload®?.

Despite these limitations, a study evaluating the effectiveness
of natriuretic peptides in clinical practice demonstrated that both
BNP and NT-pro-BNP are useful tools in the management to heart
failure.

Table 2 presents the currently available tests and Table 3
shows further information on them.

Table 4 shows the recommended BNP and NT-pro-BNP cutoff
concentrations for the diagnosis of HF",

TABLE 2 — Commercially available tests
for assessing natriuretic peptides

BNP NT-pro-BNP
(using Biosite reagents ) (using Roche reagents)
Biosite Roche

Bayer (Siemens)
Abbott
Beckman Couter

Dade Bhering (Siemens)
Ortho-Clinical Diagnostics (J&])

Nanogen

BNP: B natriuretic peptide; NI-pro-BNP: inactive N terminal pro BNP

TABLE 3 — Information on essays

NT-pro-BNP BNP
Sample type Plasma or serum Plasma
Tube type Glass or plastic Plastic tube
Plasma half-life 60-120 minutes 20 minutes

Stability of EDTA Until 2 days at room 4 hours in room
(plasma) temperature temperature
Analytical sensitivity Higher Lower

BNP: B natriuretic peptide; NI-pro-ANF: inactive N terminal pro atrial
natriuretic factor; EDTA: ethylenediaminetetraacetic acid.

TABLE 4 — Recommended BNP and NT-pro-BNP cutoff values for the diagnosis of HF

Cutoff value (pg/ml) Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
BNP <50 97 62 71 9
Exclusion of HF
NT-pro-BNP <300 99 68 62 99
Identify HF with a BNP 100 90 76 79 89
single cutoff value NT-pro-BNP 900 90 85 76 94
< 100 for exclusion 90 73 75 90
BNP 100-400 grey zone - - - -
Identify HF with > 400 diagnosis 63 91 86 74
multiple cutoff values < 450 for < 50 years 90 84 88 66
NT-pro-BNP
stratifed by age <900 from 50 to 75 years 90 84 88 66
< 1,800 for > 75 years 90 84 88 66
Special situations: BNP <200 88 63 83 72
renal dysfunction
(glomerular filtration NT-pro-BNP <1200 89 ) 74 04
< 60 ml/min)
170 for BMI < 25 kg/m’ 90 77 78 90
Special situations: BNP 110 for BMI 25-35 kg/m” 90 77 77 90
obesity 54 for BMI > 35 kg/m* 91 70 70 91
NT-pro-BNP <900 87 76 79 90

BNP: B natriuretic peptide; NI-pro-ANF: inactive N terminal pro atrial natriuretic factor; HF: cardiac failure; PPV: positive predictive value; NPV: negative predictive

value; HF: cardiac failure; BMI: body mass index.
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BNP IN THE ASSESSMENT OF CARDIAC
FUNCTION

Many studies have assessed BNP concentration values in order
to aid HF diagnosis in patients with dyspnea.

A study measuring ANF and BNP in emergency patients with
dyspnea demonstrated that plasma BNP at admission had a higher
accuracy than the ejection fraction of the left ventricle and ANF for
the diagnosis of HF?. In this study, the authors defined HF based
on clinical findings, conventional tests, response to treatment
and assessment of the ejection fraction of the left ventricle by
angiography.

Another study, assessing BNP in 250 patients who were
admitted to the emergency room with dyspnea as the chief
complaint, identified a significant discrepancy between BNP
values in patients with and without HF diagnosis®. BNP value of
80 pg/ml was highly specific and sensitive for the diagnosis of HE.
The negative predictive value of BNP < 80 pg/ml was 98%, thus
excluding HF.

A major multicenter trial evaluated 1,586 patients with
acute dyspnea in order to verify whether BNP may be deployed
to differentiate patients with HF from those with other causes of
shortness of breath®. The final results showed that BNP had
good specificity and high negative predictive value to exclude
the diagnosis of HE with an area under the receiver operating
characteristic curve (ROC) of 0.91, indicating excellent accuracy.
The results also demonstrated an association between BNP
plasma levels and severity of heart failure, in accordance with the
functional classification of the New York Heart Association (NYHA).
The same study corroborated that a simple BNP assessment
was more accurate for the diagnosis of HF than Framingham
criteria for HF and the American National Health and Nutrition
Examination scale (NHANES) @0,

Thus, the assessment of BNP may be deployed to exclude the
diagnosis of HF, mainly if the symptoms and signs are equivocal or
mild and when they occur associated with comorbidities such as
lung disease or obesity"?. These diseases cause dyspnea, hindering
the definition of cardiac etiology on clinical examination.

There is a positive correlation between BNP levels and end-
diastolic pressure of the left ventricle and an inverse correlation
with left ventricular function. One study indicated that these levels
represent an independent assessment of ventricular function,
precluding the need for any further costly tests"®. An investigation
was conducted with ambulatory elderly population in order to
establish reference intervals and concentration limits for decision

making based on BNP and NT-pro-BNP assessment. It comprised
218 normal elderly patients and 474 with symptoms associated
with HE The upper limit of BNP reference range for healthy elderly
was < 97 pg/ml. The cutoff value for decision making based
on cardiovascular mortality following the HF population was
approximately 170 pg/ml®.

BNP levels above 400 pg/ml characterize the clinical
manifestations resulting from HE whereas values below
100 pg/ml practically exclude HF as the cause of symptoms. For
values between 100 and 400 pg/ml, clinical and other methods
should be deployed for differential diagnosis®”.

BNP assessment has proved to be cost-effective, inasmuch as the
rapid diagnosis of HF obtained with its assessment decreases the time
to initiate therapy, length of hospitalization and care costs.

Once HF is diagnosed, it becomes essential to characterize
the type and degree of the cardiac involvement. In the elderly,
numerous heart diseases, mainly coronary artery disease and
aortic valve stenosis, may progress silently, therefore their
identification is fundamental to a suitable approach. Thus, a
two-dimensional echocardiography is recommended for all
elderly patients with HF for diagnostic, etiologic, prognostic and
functional comparison®.

Astudy investigated the use of BNP as a risk stratification strategy
for cardiovascular disease by evaluating 10 biomarkers in 3,219
patients participating in the Framingham Heart Study: C-reactive
protein (CRP), BNP, NT-pro-BNP, aldosterone, renin, fibrinogen,
D-dimer, plasminogen activator inhibitor type 1, homocysteine
and serum albumin/urinary creatinine. After seven years observing
cardiovascular events, five biomarkers were predictors of death (BNP,
CRP, serum albumin/urinary creatinine, homocysteine and renin)
and two markers (BNP and serum albumin/urinary creatinine)
were predictors of both death and cardiovascular risk®.

NT-pro-BNP has also been used for cardiovascular risk
stratification in patients with acute coronary syndrome without ST
segment elevation. It was confirmed that higher baseline NT-pro-
BNP was associated with severe coronary artery disease and death
in 1,141 patients with high troponin T%.

For the diagnostic approach of HF with an ejection fraction of
the normal left ventricle, the European Consensus of Cardiology
(2007) recommends the association of BNP assessment and E/E’
ratio with echocardiography, hence increasing the area under the
ROC curve of 83% to 95% diagnostic accuracy®.

High BNP or NT-pro-BNP levels are not sufficient evidence for
the diagnosis of heart failure with ejection fraction of the normal
left ventricle, thus requiring additional noninvasive exams.
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For exclusion of HF with an ejection fraction of the normal
left ventricle, a high negative predictive value would be below
120 pg/ml for NT-pro-BNP and 100 pg/ml for BNP. For diagnosis,
a high positive predictive value of NT-pro-BNP would be as from
220 pg/ml and 200 pg/ml for BNP®.

Natriuretic peptides are especially recommended for exclusion
of HF with an ejection fraction of the normal left ventricle, and not
for diagnosis. Nevertheless, it should be complemented with other
noninvasive investigation when applied for diagnostic purposes®.
The use of serial BNP measurements to monitor the treatment
of HF is not well established. Caution should be exercised when
interpreting the variation in 50% concentration as related to
medical therapy, insofar as there is a consistently high biological
variation for both BNP and NT-pro-BNP®.

A systematic review study indicates that the groups of
patients with chronic HF monitored with NT-pro-BNP during
therapy received more intensive care, more aggressive therapy
and progressed with better quality of life, improvement in
echocardiographic parameters and a few adverse events®®.

The risk assessment of cardiovascular disease in the setting of
primary prevention with BNP or NT-pro-BNP is unjustified. The
increase in the concentrations of BNP or NT-pro-BNP is associated
with higher mortality in the following 2-7 years in the studied
populations. However, the benefits of therapy based on these
assessments are uncertain®.

For early diagnosis of HE, plasma BNP or NT-pro-BNP may
be helpful in patients with recent onset of dyspnea, improving
diagnostic accuracy with a high negative predictive value.

CONCLUSION

The evaluation of cardiac function, formerly restricted to the
imaging area, currently has an excellent laboratory parameter,
optimizing patient care. Furthermore, it is available in various
assistance scenarios. The contribution of BNP or NT-pro-BNP for
the diagnosis and prognosis of HF has been widely validated. The
use of peptide assessment tends to be extended to other scenarios
such as therapeutic evaluation and the detection of cardiovascular
risk population.

RESUMO

0 peptideo natriurético tipo B (BNP) ou o seu precursor, a forma inativa do fragmento N terminal do pro-BNP (NT-pré-BNP),
8do 0s parametros laboratoriais mais estudados atualmente no espectro da insuficiéncia cardiaca (IC). Por meio da mensuragdo
de seus niveis no sangue, informacoes valiosas quanto a probabilidade, gravidade e progndstico da doenga podem ser reunidas.
Esta revisdo tem como objetivo descrever os determinantes biologicos, os fatores interferentes nas concentragoes desses peptideos, os
valores de corte sugeridos para diagnastico da IC e o uso deste biomarcador na avaliacdo da fungdo cardiaca.

Unitermos: peptideo natriurético tipo B; fungdo cardiaca.
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