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Abstract: For patients presenting with acute dyspnea, an incorrect diagnosis could increase
the mortality risk. When used in the evaluation of patients with acute symptoms, brain
natriuretic peptide and N-terminal pro-brain natriuretic peptide (BNP and NT-proBNP,
respectively) testing is highly sensitive for the diagnosis or exclusion of acute or chronic
decompensated heart failure (HF). It has been demonstrated that BNP and proBNP levels
can facilitate diagnosis and guide HF therapy. Natriuretic peptide (NP) levels are strictly
related with HF severity; they are particularly increased in more advanced New York Heart
Association (NYHA) classes and in patients with poor outcome. Therefore elevated NP
levels were found to correlate with the severity of left ventricular systolic dysfunction, right
ventricular dysfunction and pressures, and left ventricular filling alterations. However, the
optimal use of NP determination agrees with patient history, physical examination, and all
other diagnostic tools. There are some clinical conditions (ie, obesity, renal insufficiency
anemia) for which the NP measurement is not diagnostic. Algorithm building taking into
consideration all clinical and echocardiographic parameters, as well as NP measurements,
may lead to the earlier identification and better risk stratification of patients with chronic HF,
independently from etiology.
Keywords: heart failure, diagnosis, echocardiography, natriuretic pepides

Chronic heart failure (CHF) is a condition occurring with increased frequency and
particularly in older patients 75 years old. Its prevalence is between 0.8% and
2% in the general population.1 Patients may be classified as having heart failure
(HF) when presenting for the first time (de novo) with acute heart failure (AHF)
or in decompensated worsening CHF. In both groups the presence and extent of
coronary artery disease (CAD) may determine the initial, in-hospital, and postdischarge management. Low blood pressure, renal impairment, and/or signs and
symptoms refractory to standard therapy characterize advanced HF. De novo HF
represents the remainder of patients presenting with AHF and may be classified
further by dividing them into those with pre-existing risk for HF (eg, hypertension,
CAD) without evidence of prior left ventricular (LV) dysfunction or structural
abnormalities, and those with pre-existing cardiac structural abnormalities (eg,
reduced ejection fraction [EF]) (Figure 1).2 Early diagnosis and categorization
is very important for an effective therapy optimization and prognosis improvement. However, categorization is often difficult because of nonspecific symptoms
and the lack of a gold standard protocol for correct diagnosis. After traditional
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Figure 1 Classification of acute and chronic heart failure on the basis of coronary diseases and systolic dysfunction presence.
Modified with permission from Gheorghiade M, Pang PS. Acute heart failure syndromes. J Am Coll Cardiol. 2009;53:557–573. Copyright © 2009 Elsevier.2
Abbreviations: HF, heart failure; CAD, coronary artery disease; EF, ejection fraction.

first-line examinations (ECG, thorax radiography and
clinical examination) echocardiography is the technique
recommended for patients affected by HF, because of its
diagnostic and etiologic capability.
European Guidelines (2008) emphasized the role of natriuretic peptides (NP) as potential markers for HF.3 Therefore,
NPs seem to be independent mortality predictors in patients
with CHF. Although most studies showed that brain natriuretic peptide (BNP) is a marker with a higher sensivity and
specificity; however the application of this analysis in clinical practice is often limited by the absence of a universally
accepted normal range. A single determination of BNP at any
time during the progression of chronic HF is a clinically useful tool for risk stratification.4 The hypothesis that repeated
measurements could carry prognostic information beyond
a single measure was confirmed in different settings. The
importance of repeated determinations is in monitoring the
progression of disease and in evaluating the clinical effects
of medical therapy.5 In the near future, algorithm building
will take into consideration clinical and echocardiographic
parameters as well as NP measurements, and this may better
ensure the correct diagnosis and categorization for patients
with worsening prognosis.
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Natriuretic peptides and heart
failure diagnosis
BNP is a hormone that is secreted predominantly by the
ventricles, and reaches very high plasma concentrations in
subjects with congestive HF or AHF. BNP is synthesized
in the heart as a reaction to cardiac wall distension and
stretching, and neurohormonal activation. The cardiomyocytes synthesize a pre-propetptide (preproBNP 134 amino
acids) which is split into a signal peptide and a propetptide
(proBNP 108 amino acids). During secretion from the cardiomyocytes, proBNP is split at a ratio of 1:1 into the physiologically active BNP (32 amino acids) which corresponds
to the C-terminal fragment, and the biologically inactive Nterminal fragment (NT proBNP, 76 amino acids).6 Secreted
NP leads to natriuresis and vasodilation activation with a
concomitant inhibition of the renin–angiotensin system and
adrenergic activity.7 An increase in plasma BNP concentration results in improved myocardial relaxation and has an
important regulatory role in response to acute increases in
ventricular volume by opposing vasoconstriction, sodium
retention, and the antidiuretic effects of activated renin–
angiotensin–aldosterone system. However, plasma NP levels are elevated in patients with acute myocardial infarction
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and LV dysfunction; this increase persists during late phases
of cardiac remodeling.8 Elevated peptide levels are directly
correlated with prognosis, NYHA score, intra-ventricular
pressure, pulmonary pressure, and inversely proportional to
cardiac output.9 Increased plasma BNP concentrations have
also been observed in hypertrophic cardiomyopathy, diastolic
dysfunction and LV hypertrophy. In these circumstances,
BNP levels appear related to the myocardial mass index,
interventricular and posterior wall thickness.10 Several studies have confirmed the effectiveness of determining plasma
BNP concentrations in patients presenting with acute dyspnea. Initial research led by Dao et al studied 250 subjects
that were admitted to the department of emergency medicine
with acute dyspnea, they demonstrated that patients diagnosed with cardiac dyspnea had significantly elevated plasma
BNP concentrations while patients with non cardiogenic
dyspnea they were significantly lower. This is perhaps the
differential key in patients who present with acute dyspnea
as they showed that plasma BNP concentrations of less than
80 pg/mL had a 98% predictive negative value.11 In a second,
larger study, BNP levels were measured in 321 patients: the
authors confirmed that patients with HF had higher BNP
levels than patients with dyspnea due to respiratory diseases.12 The first multicenter study, Breathing not Properly
Study, enrolled 1586 emergency-department patients that
presented with acute dyspnea and were all submitted to
BNP measurement. The gold standard for congestive HF
was adjudicated by two independent cardiologists (blind to
the laboratory results), who reviewed all clinical data and
standardized scores. BNP values directly correlated with the
NYHA functional class: a linear correlation was seen among
patients in NYHA I (197 pg/mL) compared to patients in
NYHA IV (978 pg/mL).13 In the same way, Lainchbury et
al showed that concentrations of proBNP were considerably
higher among patients with acute HF compared with those
who had a dyspnea due to other causes.14 Importantly, in this
and in subsequent trials of patients with acute symptoms,
the optimal proBNP concentration for diagnosis of acute HF
was found to be considerably higher than those observed in
studies of outpatient evaluation. In this study, investigators
compared the proBNP assay (Roche Diagnostics, Indianapolis, IN) with the Biosite BNP assay (San Diego, CA,
USA) and demonstrated identical areas under the receiver
operating characteristic (ROC) curve (0.89 for both), demonstrating significant comparability of the two assays for the
evaluation of the patient with acute symptoms.14 Although
the population sample was different some common data
emerged and the diagnosis of HF was confirmed by clini-
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cal history. Several parameters like high venous pressure
recruitment, increase of LV dimension, and interstitial edema
detected using chest radiogram were evaluated. None of
these procedures showed a similar diagnostic accuracy as
plasma BNP analysis. BNP is not only a good marker for
the diagnosis of HF but is also an excellent indicator of the
severity of CHF as BNP values increase linearly in relation
to the stage.3

Natriuretic peptide and outcome
In CHF patients NP measurement appears very important
for risk stratification as high levels are associated with
recurrent hospitalization and risk of sudden death.15 Studies
using natriuretic peptides have suggested that predischarge
BNP measurement appears a strong predictor for identifying subsequent death or hospital admission at 6 months.16,17
In patients with coronary disease and preserved ventricular
function, BNP provides strong and incremental prognostic
information to traditional risk factors.18 Although “hard
targets” for proBNP values are not entirely defined, morbidity and mortality in CHF appear to increase markedly with
a proBNP concentration 500 pg/mL. The best evidence of
the prognostic value of BNP in CHF comes from statistically
robust controlled clinical trials that include a large number
of clinically well-characterized patients from different sites.
The first data on proBNP from such a trial came from the
Australia–New Zealand Heart Failure Group.19 In approximately 300 patients with well-characterized chronic HF of
ischemic etiology (LV ejection fraction [LVEF]  0.45) randomized to receive carvedilol or placebo, levels of proBNP
above the median were associated with increased risks for
new decompensated HF events (relative risk [RR], 4.7; 95%
confidence interval [CI], 2.2–10.3) and all-cause mortality
(RR, 4.7; 95% CI, 2.0–10.9) during 18 months of follow-up,
independently of age, NYHA functional class, LVEF, previous myocardial infarction, or previous HF admission. The
most important Valsartan Heart Failure (Val-HeFT) trial,
5010 patients (85% with blood samples collected at study
entry) with mild-to-moderate chronic HF receiving recommended medical therapy, were randomized to an angiotensin
II type 1 receptor blocker or placebo.20 An increment of 500
ng/L above the baseline concentration of proBNP carried an
increased adjusted risk of 3.8% for mortality and 3.0% for
hospitalization for HF. On multivariate analysis, proBNP
ranked as the first prognostic factor in these patients – independent of and more powerful than traditional risk factors,
such as NYHA class, age, LV dilation, or renal dysfunction.21
A single determination of proBNP at any time during the
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progression of chronic HF provides a clinically useful tool
for risk stratification. The Val-HeFT study showed NP to be
prognostically superior to several other recognized neurohormonal markers of risk in HF, including norepinephrine,
renin activity, aldosterone, and endothelin. In a head-to-head
comparison of BNP and proBNP including Val-HeFT study
participants, baseline BNP and proBNP were powerfully and
similarly related to both mortality and risk of admission with
decompensated HF independent of, and more strongly than,
any of a range of pertinent predictive demographic, clinical,
and echocardiographic variables.21 As with acute HF, the
hypothesis that repeated measurements could lead to more
precise prognostic information respect to a single measurement has been confirmed in different settings.9,10 The value
of repeated determinations of NP levels appears to be very
important for monitoring the progression of heart disease and
may help in evaluating the clinical effects of medical therapy.
For instance, changes in NP levels during hospitalization
were independent predictors of hospital readmission within
6 months and the death of patients hospitalized for decompensated HF. This result appears more relevant with respect
to the improvement of some echocardiographic parameters
(ejection fraction, diastolic volume).22 For the above reasons
some authors propose BNP analysis for the clinical evaluation
and therapy guidance of HF.23,24

Natriuretc peptides in CHF
with preserved systolic function
LV systolic function is preserved in 40% to 50% of patients
with CHF. The plasma levels of BNP correlate with echocardiographic measurements of both ventricular systolic and
diastolic dysfunction.25–30 Whereas the prognostic value of
BNP in patients with impaired LV systolic function is well
documented, there are a less data for patients with CHF
and preserved systolic function. In a prospective study that
included 161 patients, the probability of death within 12
months after hospital admission was predicted by plasma
levels of proBNP in patients with systolic dysfunction as
well as in patients with preserved systolic function.31 Similarly, proBNP values at discharge or changes in proBNP
concentration during hospitalization were strong prognostic
predictors of mortality, regardless of systolic function, in
244 patients admitted for decompensated HF and followed
for 6 months.32 Upcoming prospective trials will clarify the
utility of NP in the prognosis and management of HF with
preserved LVEF. It may be speculated that the association of
high plasma NP levels and adverse outcomes could be simply a reflection of elevated filling pressures due to diastolic
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dysfunction. NP levels have been shown to correlate closely
with LV end-diastolic wall stress, mitral E wave velocity
and early diastolic wave tissue velocity ratio(E/e’) in the
setting of HF and preserved systolic function.33–35 Arterial
hypertension is accompanied by higher levels of BNP, a reliable indicator of LV pressure and/or volume overload.34 BNP
levels are closely associated with LV hypertrophy and filling
impairment and may be used to facilitate the diagnosis of
LV diastolic dysfunction in hypertensives.35 Wall thickness
during arterial hypertension is the major compensatory
mechanism to pressure overload and it is often associated
with myocardial fibrosis collagen deposition and reduction
in LV relaxation and distensibility.36 Experimental studies
demonstrated that the genetic expression of BNP in myocardial tissue is one of the most important early indicators of
LV pressure overload and it occurs before LV hypertrophy
(LVH) development.37–39 However not all studies carried
out on patients with high blood pressure showed the same
results: while some researchers revealed that patients with
LVH had high BNP levels, other researchers did not show
a similar trend.40,41 Such a discordance is may be due to
the different biases and populations enrolled in the studies. We believe that LVH alone is not a specific stimulus
for BNP increase, increased NP levels could be firstly due
to diastolic filling alterations independently from cardiac
hypertrophy presence. In fact, the strongest correlations
have been reported for BNP with LV diastolic wall stress
which follows the stretch-mediated BNP secretion.33 BNP
levels increase with the greater severity of overall diastolic dysfunction, independently of LVEF, age, sex, body
mass index, and renal function, and the highest levels are
seen in subjects with restrictive filling patterns.42–44 BNP
levels correlate with indexes of filling pressure, including
transmitral early filling velocity (E) and its ratio to early
diastolic annular velocity (E/Ea) – as well as with indexes
of compliance and myocardial relaxation.43,44 In subjects
with normal LVEF, elevated proBNP (600 pg/mL) or BNP
(100 pg/mL) are the strongest independent predictors of
severe diastolic dysfunction; low BNP levels (140 pg/mL)
exhibit a very high, negative predictive value (90%) for
diastolic dysfunction.43,44

Natriuretic peptide and right
ventricular (RV) function
The right ventricle contributes to plasma levels of BNP or
proBNP, with either normal or impaired LVEF. Levels of both
peptides correlate with measures of RV size and function,
increasing with greater dilatation and systolic dysfunction,
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Diagnosis for heart failure
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Patients with acute
dyspnea

Physical examination, chest
x-ray, ECG, NP mesurement

BNP < 100 pg/mL
NT-proBNP < 300 pg/mL

BNP 100–400 pg/mL
>300 NT-proBNP < 1800 pg/mL

HF very improbable 2%

ECHO
(LV dimension and EF,
diastolic filling,
MR severity)

BNP > 500 pg/mL
NT-proBNP > 1800 pg/mL

HF very probable 95%

Figure 2 Decisional algorithm for HF diagnosis on the basis of NP measurement: in case of NP values in the gray zone it is necessary to confirm or exclude diagnosis by
echocardiography
Abbreviations: ECG, electrocardiogram EF, ejection fraction; NP, natriuretic peptide; BNP, brain natriuretic peptide; NT-proBNP, N-terminal probrain natriuretic peptide; HF,
heart failure; LV, left ventricle; MR, mitral regurgitation; ECHO, echocardiogram.

and with increasing RV pressure estimates.43,44 Few patients
with pulmonary disease have a BNP levels 100 pg mL, or
proBNP levels  350 pg/mL. In patients with pulmonary
hypertension and RV dysfunction (eg, chronic obstructive pulmonary disease, pulmonary interstitial fibrosis or
primary pulmonary hypertension) NP levels are often in
a gray (unclear) zone or in a diagnostic zone for HF.45 The
accuracy of NP to diagnose HF is unchanged in the presence
of pre-existing pulmonary disease. NP levels may also be
increased in the setting of acute RV strain as a result of a
pulmonary embolism. NP levels should not replace the standard diagnostic process when this condition is foreseen as
these levels are higher in more than 30% of patients and they
are associated with a worse outcome particularly when they
occur with an increase in RV pressure and volume.46,47
Although the left ventricle is considered the most
important contractility chamber, several recent studies
have shown the pivotal importance of RV function. RV
systolic dysfunction is an independent prognostic factor
in patients with moderate to severe HF, and it is strictly
related to reduced effort tolerance and exercise training.
Although initial studies showed that increased NP levels
were associated with the severity of LV dysfunction some
authors have recently shown that patients with both RV and
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LV dysfunction have increased levels.48–51 Again, studies
conducted by magnetic resonance and tomography confirmed a negative correlation between right systolic function and BNP levels in patients affected to post-ischemic
cardiomyopathy.52

Natriuretic peptides and gray zone:
where echo is superior
to the laboratory
Plasma BNP levels are a useful test in the diagnosis of
HF with high sensivity and specificity and strong positive
predictive values. However, in some circumstances, BNP
measurements without clinical interpretation and knowledge
are not best able to differentiate cardiogenic or other dyspnea.
There are a few confounding factors that could potentially
alter plasma BNP levels such as; gender, females have higher
levels do males. Thus increased BNP levels have a greater
predictive value for adverse events in women.53 NP also
changes on the basis of the race: African-American and Hispanic subjects have higher levels than Caucasians in the same
NYHA class.54 Renal insufficiency also leads to augmented
BNP levels independent to HF presence. In the same way
patients with anemia have higher BNP levels. Significantly
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increased levels have also been detected in patients with
cardio-renal syndrome.55–57 Contrarily, obesity is associated
with lower BNP levels even with concomitant hypertension
or LV dysfunction.58 Finally supraventricular arrythmia such
as atrial fibrillation is related to higher BNP levels, suggesting
that a more elevated normal range should be considered in
patients with atrial fibrillation for HF diagnosis.59 The lack
of only one set of normal range values, due to the different
idiopathic levels and commercially available analysis kits,
make for further confusion for their clinical application.
While some researchers state values of 100 pg/mL indicate
HF, others suggest a value of 200 pg/mL. The ADHERE
study, which included more than 48,000 patients, indicated
the prognostic mortality values of 430 pg/mL.60 In all the
cited conditions a careful clinical examination together with
an echocardiographic examination evaluating systo-diastolic
function should be complementary to BNP analysis for diagnostic strategy and treatment implementation.
A diagnostic “score” incorporating NP results with
patient history and physical examination has been described.61
Although they are more complex than the recommended
1-step pathways for use of BNP testing, the algorithms for
NT testing are clearer, providing much more information to
the clinicians in clinical practice62 (Figure 2).

Conclusions
In CHF, measurement of BNP is among the strongest independent predictors of all relevant clinical outcomes and is
useful across the whole spectrum of HF disease severity.
High BNP levels are related to ventricular dysfunction
severity and more advanced HF stages. Confusing factors
(including obesity and renal dysfunction) may complicate
the clinical interpretation of circulating BNP levels in
patients with chronic and stable HF and should be considered when patients are evaluated. Serial measurements
of BNP in the chronic outpatient setting appear to convey
additional prognostic value for relevant adverse outcomes,
including death or destabilization of HF requiring hospitalization, and they are thus recommended in every clinical
approach.
NP can facilitate diagnosis and guide HF therapy. Their
increase is directly related to more advanced NYHA classes
and to poor prognosis. A complete algorithm including clinical, echocardiographic, and laboratory examinations will lead
to a better stratification in the setting of HF.

Disclosures
The authors disclose no conflicts of interest.

416

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

References

1. Kannel WB. Incidence and epidemiology of heart failure. Heart Fail
Rev. 2000;5:167–173.
2. Gheorghiade M, Pang PS. Acute heart failure syndromes. J Am Coll
Cardiol. 2009;53:557–573.
3. Dickstein K, Cohen-Solal A, Filippatos G, et al. ESC guidelines for
the diagnosis and treatment of acute and chronic heart failure 2008:
the Task Force for the diagnosis and treatment of acute and chronic
heart failure 2008 of the European Society of Cardiology. Developed
in collaboration with the Heart Failure Association of the ESC (HFA)
and endorsed by the European Society of Intensive Care Medicine
(ESICM). Eur J Heart Fail. 2008;10:933–989.
4. Tsuchida K, Tanabe K. Plasma brain natriuretic peptide concentrations
and the risk of cardiovascular events and death in general practice.
J Cardiol. 2008;52(3):212–223.
5. Mohammed AA, Januzzi JL Jr. Natriuretic Peptide guided heart failure
management. Curr Clin Pharmacol. 2009;4:87–94.
6. Levin ER, Gardner DG, Samson WK. Natriuretic peptides. N Engl
J Med. 1998;339:321–328.
7. Cheung BMY, Kumana CR. Natriuretic peptides-relevance in cardiac
disease. JAMA. 1998;280:1983–1984.
8. Hirayama A, Kusuoka H, Yamamoto H, et al. Serial changes in plasma
brain natriuretic peptide concentration at the infarct and noninfarct sites
in patients with left ventricular remodelling after myocardial infarction.
Heart. 2005;91:1573–1577.
9. Silver MA, Maisel A, Yancy CW, et al. BNP Consensus Panel 2004:
A clinical approach for the diagnostic, prognostic, screening, treatment
monitoring, and therapeutic roles of natriuretic peptides in cardiovascular diseases. Congest Heart Fail. 2004;10(5 Suppl 3):1–30.
10. de Lemos JA, McGuire DK, Khera A, et al. Screening the population
for left ventricular hypertrophy and left ventricular systolic dysfunction using natriuretic peptides: results from the Dallas Heart Study.
Am Heart J. 2009;157:746–753.
11. 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.
12. Morrison LK, Harrison A, Krishnaswamy P, Kazanegra R, Clopton P,
Maisel A. Utility of a rapid B-natriuretic peptide assay in differentiating
congestive heart failure from lung disease in patients presenting with
dyspnea. J Am Coll Cardiol. 2002;39(2):202–209.
13. Maisel AS, Krishnaswamy P, Nowak RM, et al. Breathing Not Properly
Multinational Study Investigators. Rapid measurement of B-type
natriuretic peptide in the emergency diagnosis of heart failure. N Engl
J Med. 2002;347(3):161–167.
14. Lainchbury JG, Campbell E, Frampton CM, et al. Brain natriuretic
peptide and N-terminal brain natriuretic peptide in the diagnosis of heart
failure in patients with acute shortness of breath. J Am Coll Cardiol.
2003;42:728–735.
15. Harrison A, Morrison LK, Krishnaswamy P, et al. B-type natriuretic
peptide predicts future cardiac events in patients presenting to the emergency departement with dyspnea. Ann Emerg Med. 2002;39:131–138.
16. Bettencourt P, Azevedo A, Pimenta J, et al. N-terminal-probrain natriuretic peptide predicts outcome after hospital discharge in heart failure
patients. Circulation 2004;110: 2168–2174.
17. Aspromonte N, Valle R, Peacock WF, Vanderheyden M, Maisel A.
Inpatient monitoring and prognostic importance of B-type natriuretic
peptide. Congest heart Failure. 2008;14:30–34.
18. Palazzuoli A, Deckers J, Calabrò A, et al. Brain natriuretic peptide and
other risk markers for outcome assessment in patients with nonSTelevation coronary syndromes and preserved systolic function. Am J
Card. 2006;98:1322–1328.
19. Richards AM, Doughty R, Nicholls MG, et al. Australia–New Zealand
Heart Failure Group. Plasma N-terminal probrain natriuretic peptide
and adrenomedullin: prognostic utility and prediction of benefit from
carvedilol in chronic ischemic left ventricular dysfunction. J Am Coll
Cardiol. 2001;37:1781–1787.

Vascular Health and Risk Management 2010:6

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 3.236.15.142 on 13-Jul-2020
For personal use only.

Dovepress
20. Cohn N, Tognoni G. A randomized trial of the angiotensin-receptor
blocker valsartan in chronic heart failure. N Engl J Med. 2001;345:
1667–1675.
21. Masson S, Latini R, Anand IS, et al. Direct comparison of B-type natriuretic peptide (BNP) and amino-terminal proBNP in a large population
of patients with chronic and symptomatic heart failure: the Valsartan
Heart Failure (Val-HeFT) data. Clin Chem. 2006;52:1528–1538.
22. Logeart D, Thabut G, Jourdain P, et al. Predischarge B-type natriuretic
peptide assay for identifying patients at high risk of re-admission after
decompensated heart failure. J Am Coll Cardiol. 2004;43:635–641.
23. Faggiano P, Valle R, Aspromonte N, et al. How often we need to measure brain natriuretic peptide (BNP) blood levels in patients admitted
to the hospital for acute severe heart failure? Role of serial measurements to improve short-term prognostic stratification. Int J Cardiol.
2010;140:88–94.
24. Bhaskar E. BNP-guided heart failure therapy in older patients. JAMA.
2009;301:2091.
25. Troughton RW, Prior DL, Pereira JJ, et al. Plasma B-type natriuretic
peptide levels in systolic heart failure: importance of left ventricular
diastolic function and right ventricular systolic function. J Am Coll
Cardiol. 2004;43:416–422.
26. Troughton RW, Frampton CM, Yandle TG, et al. Treatment of heart
failure guided by plasma aminoterminal brain natriuretic peptide (N-BNP)
concentrations. Lancet. 2000;355:1126–1130.
27. Tschope C, Kasner M, Westermann D, Gaub R, Poller WC,
Schultheiss HP. The role of NT-proBNP in the diagnostics of isolated
diastolic dysfunction: correlation with echocardiographic and invasive
measurements. Eur Heart J. 2005;26:2277–2284.
28. Dong SJ, de las Fuentes L, Brown AL, et al. N-terminal pro B-type
natriuretic peptide levels: correlation with echocardiographically
determined left ventricular diastolic function in an ambulatory cohort.
J Am Soc Echocardiogr. 2006;19:1017–1025.
29. Lim TK, Ashrafian H, Dwivedi G, Collinson PO, Senior R. Increased
left atrial volume index is an independent predictor of raised serum
natriuretic peptide in patients with suspected heart failure but normal
left ventricular ejection fraction: implication for diagnosis of diastolic
heart failure, Eur J Heart Fail. 2006;8:38–45.
30. Talens-Visconti R, Rivera Otero M, Sancho-Tello MJ, et al. Left
ventricular cavity area reflects N-terminal probrain natriuretic peptide
plasma levels in heart failure, Eur J Echocardiogr. 2006;7:45–52.
31. Kirk V, Bay M, Parner J, Krogsgaard K, et al. N-terminal proBNP and
mortality in hospitalised patients with heart failure and preserved vs
reduced systolic function: data from the prospective Copenhagen Hospital
Heart Failure Study (CHHF). Eur J Heart Fail. 2004;6:335–341.
32. Bettencourt P, Azevedo A, Fonseca L, et al. Prognosis of decompensated
heart failure patients with preserved systolic function is predicted by
NT-proBNP variations during hospitalization. Int J Cardiol. 2007;
117:75–79.
33. Iwanaga Y, Nishi I, Furuichi S, et al. B-type natriuretic peptide strongly
reflects diastolic wall stress in patients with chronic heart failure. J Am
Coll Cardiol. 2006;47:742–748.
34. Wei T, Zeng C, Chen L, et al. Bedside tests of B-type natriuretic peptide
in the diagnosis of left ventricular diastolic dysfunction in hypertensive
patients. Eur J Heart Fail. 2005;7:75–79.
35. Mak GS, DeMaria A, Clopton P, Maisel AS. Utility of B-natriuretic
peptide in the evaluation of left ventricular diastolic function: comparison with tissue Doppler imaging recordings. Am Heart J. 2004;148:
895–902.
36. Lorell BH, Carabello BA. Left ventricular hypertrophy. Pathogenesis,
detection and prognosis. Circulation. 2000;102:470–490.
37. Martilla M, Hautala N, Paradis P, et al. GATA4 mediates activation of the
B-Type natriuretic peptide gene expression in response to hemodynamic
stress. Endocrinology. 2001;142: 4693–4700.
38. Conen D, Zeller A, Pfisterer M, Martina B. Usefulness of B-type
natriuretic peptide and C-reactive protein in predicting the presence
or absence of left ventricular hypertrophy in patients with systemic
hypertension. Am J Cardiol. 2006;15;97:249–252.

Vascular Health and Risk Management 2010:6

Natriuretic petides in heart failure
39. Lukowicz TV, Ficher M, Hense HW. BNP as a marker of diastolic
dysfunction in the general population: Importance of left ventricular
hypertrophy. Eur J Heart Fail. 2005;7:525–531.
40. Nakamura M, Tanaka F, Yonezawa S, et al. The limited value of plasma
B-type natriuretic peptide for screening for left ventricular hypertrophy
among hypertensive patients. Am J Hypertens. 2003;16:1025–1029.
41. Conen D, Pfisterer M, Martina B. Substantial intraindividual variability
of BNP concentrations in patients with hypertension. J Hum Hypertens.
2006;20:387–391.
42. Lubien E, DeMaria A, Krishnaswamy P, et al. Utility of B-natriuretic
peptide in detecting diastolic dysfunction: comparison with Doppler
velocity recordings. Circulation. 2002;105:595–601.
43. Troughton RW, Prior DL, Pereira JJ, et al. Plasma B-type natriuretic
peptide levels in systolic heart failure: importance of left ventricular
diastolic function and right ventricular systolic function. J Am Coll
Cardiol. 2004;43:416–422.
44. Tschope C, Kasner M, Westermann D, et al. The role of NT-proBNP
in the diagnostics of isolated diastolic dysfunction: correlation with
echocardiographic and invasive measurements. Eur Heart J. 2005;
26:2277–2284.
45. Mc Cullough PA, Hollander JE, Nowak RM, et al; BNP Multinational
Study Investigators. Uncovering heart failure in patients with a history
of pulmonary disease: rationale for the early use of B-type natriuretic
peptide in the emergency department. Acad Emerg Med. 2003;10:
198–204.
46. Kucher N, Printzen G, Goldhaber SZ. Prognostic role of brain natriuretic peptide in acute pulmonary embolism. Circulation. 2003,107:
2545–2547.
47. Nagaya N, Nishikimi T, Okano Y, et al. Plasma brain natriuretic peptide
levels increase in proportion to the extent of right ventricular dysfunction
in pulmonary hypertension. J Am Coll Cardiol. 1998;31:202–208.
48. Groote P, Millaire A, Foucher-Hossein C, et al. Right ventricular ejection fraction is an independent predictor of survival in patients with
moderate heart failure. J Am Coll Cardiol. 1998;32:948–954.
49. Ghio S, Gavazzi A, Campana C, et al. Independent and additive
prognostic value of right ventricular systolic function and pulmonary
artery pressure in patients with chronic heart failure. J Am Coll Cardiol.
2001;37:183–188.
50. Mariano-Goulart D, Eberlé MC, Boudousq V, et al. Major increase in
brain natriuretic peptide indicates right ventricular systolic dysfunction
in patients with heart failure. Eur J Heart Fail. 2003;5:481–488.
51. Vanhove C, Franken PR. Left ventricular ejection fraction and volumes
from gated blood pool tomography: comparison between two automatic
algorithms that work in three-dimensional space. J Nucl Cardiol.
2001;8:466–471.
52. Vogelsang TW, Jensen RJ, Monrad AL, et al. Independent effects of
both right and left ventricular function on plasma brain natriuretic
peptide. Eur J Heart Fail. 2007;9:892–896.
53. Christ M, Laule-Kilian K, Hochholzer W, et al. Gender-specific risk
stratification with B-type natriuretic peptide levels in patients with
acute dyspnea: insights from the B-type natriuretic peptide for acute
shortness of breath evaluation study. J Am Coll Cardiol. 2006;48:
1808–1812.
54. Daniels LB, Bhalla V, Clopton P, et al. B-type natriuretic peptide (BNP)
levels and ethnic disparities in perceived severity of heart failure: results
from the Rapid Emergency Department Heart Failure Outpatient Trial
(REDHOT) multicenter study of BNP levels and emergency department decision making in patients presenting with shortness of breath.
J Cardiac Fail. 2006;12:281–228.
55. Pimenta JM, Almeida R, Araújo JP, et al. Amino terminal B-type natriuretic peptide, renal function, and prognosis in acute heart failure: a
hospital cohort study. J Card Fail. 2007;13:275–280.
56. Wu AH, Omland T, Wold Knudsen C, et al; Breathing Not Properly
Multinational Study Investigations. Relationship of B-type natriuretic
peptide and anemia in patients with and without heart failure: a substudy
from the Breathing Not Properly (BNP) Multinational Study. Am J
Hematol. 2005;80:174–180.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

417

Dovepress

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 3.236.15.142 on 13-Jul-2020
For personal use only.

Palazzuoli et al
57. Palazzuoli A, Silverberg DS, Iovine F, et al. Effects of beta-erythropoietin
treatment on left ventricular remodeling, systolic function, and B-type
natriuretic peptide levels in patients with the cardiorenal anemia syndrome. Am Heart J. 2007;154:645.e9–15.
58. Daniels LB, Clopton P, Bhalla V, et al. How obesity affects the cut-points
for B-type natriuretic peptide in the diagnosis of acute heart failure.
Results from the Breathing Not Properly Multinational Study. Am
Heart J. 2006;151:999–1005.
59. Knudsen CW, Omland T, Clopton P, et al. Impact of atrial fibrillation on the diagnostic performance of B-type natriuretic peptide
concentration in dyspneic patients: an analysis from the breathing
not properly multinational study. J Am Coll Cardiol. 2005;46:
838–844.

60. Fonarow GC, Peacock WF, Phillips CO, Givertz MM, Lopatin M;
ADHERE Scientific Advisory Committee and Investigators. Admission B-type natriuretic peptide levels and in-hospital mortality in acute
decompensated heart failure. J Am Coll Cardiol. 2007;49:1943–1950.
61. Baggish AL, Siebert U, Lainchbury JG, et al. A validated clinical and
biochemical score for the diagnosis of acute heart failure: the ProBNP
Investigation of Dyspnea in the Emergency Department (PRIDE) Acute
Heart Failure Score. Am Heart J. 2006;151:48–54.
62. Baggish A, Cameron R, Anwaruddin S, et al. A clinical and biochemical
critical pathway for the evaluation of patients with suspected acute
congestive heart failure: the ProBNP Investigation of Dyspnea in the
Emergency Department (PRIDE) algorithm, Crit Pathways Cardiol.
2004;3:171–176.

Dovepress

Vascular Health and Risk Management

Publish your work in this journal
Vascular Health and Risk Management is an international, peerreviewed journal of therapeutics and risk management, focusing on
concise rapid reporting of clinical studies on the processes involved
in the maintenance of vascular health; the monitoring, prevention and
treatment of vascular disease and its sequelae; and the involvement of

metabolic disorders, particularly diabetes. This journal is indexed on
PubMed Central and MedLine. The manuscript management system
is completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/vascular-health-and-risk-management-journal

418

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Vascular Health and Risk Management 2010:6

