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B-type natriuretic peptide (BNP), a neurohormone synthesized in the cardiac ventricles,
is released as preproBNP and then enzymatically cleaved to the N-terminal-proBNP
(NT-proBNP) and BNP upon ventricular myocyte stretch. Blood measurements of BNP
and NT-proBNP have been used to identify patients with congestive heart failure (CHF).
Important considerations for these tests include their half-lives in plasma, dependence
on renal function for clearance, and the interpretation of their units of measure. The
BNP assay currently available in North American markets, approved for use as a diagnos-
tic aid in CHF and a prognostic marker in acute coronary syndromes (ACS), has particular
advantages because it is available at the point of care and has had considerable use in
clinical studies. In general, a BNP level less than 100 pg/mL has strong negative predictive
value for CHF. In addition, BNP levels can be used to gauge the effect of short-term
treatment of acutely decompensated CHF. BNP has been shown to be a reliable and
independent predictor of sudden cardiac death. In the absence of renal dysfunction,
NT-proBNP has also been shown to be of diagnostic value in CHF, related to CHF
severity, predictive of sudden death, and prognostic for death in ACS. This article reviews
the literature concerning the use of these peptides in a variety of clinical scenarios.
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1990s owing to the use of disease-modifying agents, including
angiotensin-converting enzyme (ACE) inhibitors and B-blockers.! In
addition, more patients are surviving acute myocardial infarction (AMI) and
are left at risk for the development of CHE On average, the 5-year mortality
rate for CHF is 50%, with 90% dead at 10 years.! Many aspects of CHF remain

T he prevalence of congestive heart failure (CHF) grew rapidly during the
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Figure 1. The cardiac natriuretic peptide family. BNP, B-type natriuretic peptide; NT, N-terminal; aa, amino acid.

clinical challenges. We not only
have difficulty diagnosing CHF, we
have difficulty assessing the results
of treatment, both in hospital
and outpatient settings.” Although
patients admitted to the hospital
with decompensated heart failure
frequently improve with treatment,
traditionally there has been no prac-
tical way to evaluate the long-term
effects of such treatment. Indeed,
in-hospital mortality and readmission
rates for CHF patients are extremely
high."” Conventional cardiac func-
tion tests are time consuming and
often do not correlate well with
symptomatic changes in a patient’s
condition. Therefore, most patients
are discharged when they “feel bet-
ter,” which may preclude further
titration of medical therapy. The
recognition of B-type natriuretic pep-
tide (BNP) and N-terminal-proBNP
(NT-proBNP) as markers for the
diagnosis, severity, and prognosis of
CHF is truly a breakthrough for cli-
nicians and patients faced with CHF.

The Natriuretic Peptide
Family as Important Cardiac
Neurohumoral Markers

Heart failure is characterized by com-
plicated cardiorenal, hemodynamic,

and neurohormonal alterations.**
The fact that increased levels of
vasoconstrictor neurohumoral fac-
tors, such as norepinephrine, renin,
endothelin-1, interleukin (IL)-6, and
tumor necrosis factor a (TNF-o),
have been found to have significant
prognostic value in CHF suggests
that these vasoconstrictors play an
important role in the pathogenesis
of the disorder.*® Although pharma-

tide (ANP) and BNP, which are of
myocardial cell origin, and C-type
natriuretic peptide, which is of
endothelial origin."**” All three pep-
tides are cleared by the natriuretic
peptide C-receptor and degraded by
neutral endopeptidase.'*!* Unlike
ANP, whose major storage sites
include both the atria and ventri-
cles, the major source of plasma
BNP is the cardiac ventricles, where
it is synthesized as preproBNP (132
amino acids) (Figure 1). This sug-
gests that BNP and NT-proBNP may
be more sensitive and specific indi-
cators of ventricular disorders than
other natriuretic peptides.'s*

BNP levels accurately reflect the
decompensated state of circulatory
congestion.”* The atrial myocytes
synthesize ANP, which is stored in
granules and released episodically
in response to atrial wall tension
(Figure 2). A minor stimulus, such as
exercise, can trigger release of signif-
icant amounts of ANP into the blood-
stream.?? In contrast, the nucleic acid
sequence of the preproBNP gene
suggests that turnover of messenger

Levels of neurohormones and cytokines, such as TNF-a and IL-6, have
wide ranges, assay stability issues, and may vary considerably over time.

cologic modulation of these factors
has led to improvements in cardiac
function in some cases, relying on
these factors to monitor therapy has
proved impractical.’*" Levels of
neurohormones and cytokines, such
as TNF-a and IL-6, have wide ranges,
assay stability issues, and may vary
considerably over time."”

The vasodilator natriuretic pep-
tide family may be best suited for
neurohumoral profiling in CHE""
Three major natriuretic peptides, all
sharing a common 17-amino-acid
ring structure, are under investiga-
tion: atrial (A-type) natriuretic pep-
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RNA is high and that the peptide is
synthesized in bursts.'’®** Release
appears to be in direct proportion to
ventricular volume expansion and
pressure overload.”* Both BNP and
NT-proBNP are independent predic-
tors of high left ventricular (LV)
end-diastolic pressure and are more
useful than ANP or other neurohor-
mones for assessing mortality in
patients with chronic CHE?' The half-
life of NT-proBNP is 120 minutes,
suggesting that meaningful changes
in hemodynamics could be reflected
by this test approximately every 12
hours.” The half-life of BNP is 22
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minutes, and prior studies have
established that BNP can accurately
reflect pulmonary capillary wedge
pressure changes every 2 hours.***
Hence, the biologic differences in
these peptides may leverage specific
clinical applications for each.

Comparing BNP and
NT-proBNP

Table 1 lists the important differ-
ences between BNP and NT-proBNP,
the two currently approved assays
for use in North America. As the
table indicates, there are many
important differences between these
two blood tests. The strengths of the
BNP assay are as follows: 1) it is
available at the point of care for
rapid diagnosis; 2) it is less influ-
enced by age and renal function;
and 3) it has a single approved cut-
point for the diagnosis of CHF. In
addition, with an established track
record on the North American mar-
ket for over 2 years, a knowledge
base regarding BNP has amassed that
validates its use in multiple clinical
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Figure 2. Structure of the natriuretic peptides and their activation sites. NT, N-terminal; ANP, atrial (A-type) natri-

uretic peptide; BNP, B-type natriuretic peptide.

decline in glomerular filtration rate
that occurs with age influences NT-
proBNP, the cutoff for detecting CHF
jumps from 125 pg/mL to 450 pg/mL
after 75 years of age.” In patients
between 65 and 85 years of age,
in whom the peak incidence of
CHF occurs, there is expected to be

As of 2003, BNP should be considered the gold standard natriuretic pep-

tide for clinical application.

settings.** BNP is approved as a diag-
nostic aid in CHF and as a prognos-
tic indicator in acute coronary syn-
dromes (ACS).* As of 2003, BNP
should be considered the gold-stan-
dard natriuretic peptide for clinical
application.

The strengths of NT-proBNP include
its use on large laboratory platforms
for economies of scale.” Its tight
relationship to renal function has
led some investigators to suggest
that NT-proBNP may be an overall
marker of cardiorenal function.
Importantly, the diagnostic cutoff
for NT-proBNP depends on the
patient’s age. Because the normal
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a considerable “gray zone” for NT-
proBNP, in which the test will be of
little value or potentially confusing
to clinicians and patients. Future
research using NT-proBNP will help
determine in what settings it may
have clinically useful applications—
especially in the area of chronic kid-
ney disease.

Putting BNP and NT-proBNP
into Practice

Evaluating dyspnea can be challeng-
ing. In the urgent-care setting, it is
often difficult to distinguish between
cardiac and pulmonary causes of dys-
pnea.’ A misdiagnosis can place the
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patient at risk for both morbidity
and mortality, especially if treat-
ment is inappropriate. Pulmonary
diseases, including asthma and
emphysema, are common in the
elderly and often overlap or are
confused with one another.*
Sympathomimetic amines and B-ago-
nists, for instance, can induce angina
and arrhythmias in patients with
dyspnea related to CHF. Therefore,
although CHF needs to be diagnosed
rapidly and accurately, a helpful his-
tory often is not obtainable in the
acutely ill patient, and dyspnea, a
key symptom of CHF, may be non-
specific. The symptom may be
observed in elderly or obese patients
in whom such comorbidities as res-
piratory disease and physical decon-
ditioning are common.? Physical
signs, such as elevated jugular venous
pressure, a third heart sound, pul-
monary rales, and edema, are often
absent in patients with CHE?
Routine laboratory tests, electrocar-
diograms, and chest films also are
not consistently diagnostic, given
their lack of individual positive pre-
dictive value.” The availability of
echocardiography in acute-care set-
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Table 1
Key Distinguishing Features of the Ventricular Natriuretic Peptides
Characteristic BNP NT-proBNP
Components BNP molecule NT fragment (1-76)

NT-proBNP (1-108)

Molecular weight 3.5 kd 8.5 kd

Hormonally active Yes No, inactive peptide

Genesis Cleavage from NT-proBNP  Release from ventricular myocytes
Half-life 20 minutes 120 minutes

Clearance mechanism
clearance receptors

Neutral endopeptidase

Renal clearance

Increases with + e+

normal aging

Correlation with -0.20 —-0.60

estimated glomerular

filtration rate

Approved cutoff(s) 100 pg/mL Age < 75 years: 125 pg/mL
for CHF diagnosis Age 2 75 years: 450 pg/mL
Approved for Yes No

assessment of

CHF severity

Approved for Yes No

prognosis in ACS

Prospective ED studies Yes No

completed

Community screening  Yes Yes

studies completed

Available at the point  Yes No

of care

No. studies completed 1370 39

Date of entry on November 2000 December 2002

U.S. market

BNP, B-type natriuretic peptide; NT, N-terminal; CHF, congestive heart failure; ACS, acute coronary

syndromes; ED, emergency department.

tings is also limited. Dyspneic patients
may be unable to be still long enough
for an echocardiographic study, and
yet others may be difficult to image
secondary to comorbid factors such
as obesity or lung disease. Therefore,
the need for a blood test to assist in
the diagnosis of CHF is evident.
Although the reason is unknown,
it is speculated that ventricular stiff-
ening is more pronounced in women
and in the elderly; hence, in all pop-

ulations, women have slightly higher
BNP and NT-proBNP levels than
men.”*?® In addition, normal levels of
BNP and NT-proBNP rise with age.
There appears to be no difference in
BNP levels between Caucasian and
African American patients. There
have been insufficient studies with
NT-proBNP to determine racial dif-
ferences at this time. There are no
significant differences in BNP levels
between normal patients with hyper-
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tension or diabetes and age-matched
controls.*** Importantly, both BNP
and NT-proBNP levels can be elevat-
ed in the setting of renal dysfunc-
tion due to volume overload.*>*
However, BNP is thought to be the
superior test in diagnosing CHF in
patients with elevations in serum
creatinine, given the wide separa-
tion, more than 500 pg/mL, between
those with and without CHE?*
Patients with lung disease may have
somewhat higher levels of BNP and
NT-proBNP than patients without
lung disease, in part because many
patients with end-stage pulmonary
disorders have concomitant right
ventricular (RV) dysfunction. Nagaya
and coworkers®* measured hemody-
namics and BNP levels in 44 patients
with RV overload from pulmonary
hypertension. The mean BNP level
was 294 pg/mL and correlated with
indices of pulmonary artery and RV
end-diastolic pressures, as well as
with long-term changes in hemody-
namics. Hence, B-type natriuretic
peptides must be viewed in con-
junction with the clinical scenario
and patient characteristics, includ-
ing age, sex, and presence or absence
of renal and pulmonary disease.

BNP and NT-proBNP Reflect
Heart Failure Severity
The New York Heart Association
(NYHA) functional system of classi-
fication correlates well with symp-
toms and mortality in patients with
CHF but is inherently a subjective
system, depending on patient self-
report and physician assignment.
Both BNP and NT-proBNP levels
have been shown to accurately
reflect heart failure severity; hence,
these blood tests have inherent,
objective contributions to patient
assessment (Figure 3).”

Because BNP levels correlate to
elevated end-diastolic pressure and
LV wall tension, and because end-
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Figure 3. Relationship between B-type natriuretic peptide (BNP) and N-terminal (NT)-proBNP and New York Heart
Association (NYHA) functional classification. Data from Roche Diagnostics® and Biosite Inc.**

diastolic pressure is linked closely
with dyspnea, it is not surprising
that BNP levels correlate well with
the NYHA classification scheme.®
Given the known half-lives of BNP
and NT-proBNP, the BNP level at the
time it is drawn is thought to be
most reflective of CHF severity at
that moment. Levels of NT-proBNP
lag behind the clinical picture,
given its longer time for clearance
from the blood pool. Importantly,
when BNP and NT-proBNP levels
have been compared head to
head, BNP level has been found to
be more accurate in identifying
patients with reduced LV systolic
function (Figure 4).*

Community Screening

Use of B-type natriuretic peptides as
population screening tools for LV
systolic dysfunction has been shown
to be of value in comparison with a
gold standard, such as echocardiog-
raphy.”* In a community-based
study of 1653 persons who under-
went cardiac screening, the negative
predictive value of BNP levels
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< 18 pg/mL was 97% for asympto-
matic LV systolic dysfunction.* In
the urgent-care setting, Dao and
coworkers® found BNP to have a

sensitivity of 97%, a specificity of
84%, and a positive predictive value
of 70% for the detection of LV dys-
function. BNP has been shown to be
of lesser value in the detection of LV
hypertrophy—especially in very low
prevalence populations.* Another
potential use of B-type natriuretic
peptides may be in the screening
process of young persons for hyper-
trophic obstructive cardiomyopa-
thy—an area in which blinded
screening studies are needed.

The main issue to consider in
community screening is the preva-
lence and severity of disease in the
population of interest. In general,
when B-type natriuretic peptides are
used for screening asymptomatic
populations, a much lower cutoff
value should be used (approximately
20 pg/mL for BNP) for the detection
of LV dysfunction. In the acutely
dyspneic patient, because BNP and
NT-proBNP release is very rapid in
response to increased LV wall ten-

Figure 4. A comparison of area under the receiver operating characteristic curve (AUC) for B-type natriuretic peptide
(BNP) and N-terminal (NT)-proBNP in the diagnosis of reduced left ventricular ejection fraction (LVEF). For the
detection of resting LVEF < 40%, BNP was numerically the best marker, with an AUC of 0.83 + 0.06 compared with
NT-proBNP, with a slightly smaller AUC of 0.79 + 0.07 (P = ns). Data from Hammerer-Lercher et al.**
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sion, much higher cutoff values
(BNP > 100 pg/mL) should be used
to detect the presence of acute CHFE.

Use in Emergency and

Critical Care

Point-of-care testing allows diagnostic
assays to be performed in locations
such as the emergency department
(ED) or intensive care unit, so that
treatment based on the results can
be administered immediately. Davis
and colleagues* measured levels of
ANP and BNP in 52 patients pre-
senting with acute dyspnea. In this
study, admission BNP concentra-
tions more accurately reflected the
final diagnosis than did LV ejection
fraction (LVEF) or ANP level.

A multinational, prospective study
using BNP levels to evaluate the cause
of dyspnea (The BNP Multinational
Study) was recently completed.® In
this study of 1586 patients who pre-
sented to the ED with acute dysp-
nea, BNP levels were measured upon
arrival, and the ED physicians
(blinded to BNP) were asked to
assess the probability of patients
having CHE. Two independent car-
diologists, also blinded to the BNP
levels, later reviewed all clinical data
and standardized scores to produce
a “gold standard” clinical diagnosis.
A BNP cutoff value of 100 pg/mL
had a sensitivity of 90% and a speci-
ficity of 76% for differentiating CHF
from other causes of dyspnea. A
cutoff level of 50 pg/mL had a
negative predictive value of 96%.%
Importantly, a single, point-of-care
test of BNP level performed immedi-
ately upon arrival to the ED had
more diagnostic accuracy than did
the clinician with all the tools avail-
able, including history, physical
examination, conventional labora-
tory tests, chest x-rays, and review
of old records.*

In an intensive care unit study,
hemodynamic measurements and

BNP levels were recorded every
4 hours for 48 hours in patients
admitted for decompensated CHE*
Pulmonary capillary wedge pressure
dropped from 33 + 2 mm Hg to 25 +
2 mm Hg over the first 24 hours,
whereas BNP level dropped from
1472 £ 156 pg/mL to 670 £ 109
pg/mL. These reductions were appar-

with decompensated NYHA class
III-IV CHF reported on BNP levels
daily.* In 22 patients, BNP levels
increased during hospitalization
(mean increase, 232 pg/mL; P < .001);
these patients ultimately died or
were readmitted. In the remaining
patients, BNP levels decreased dur-
ing treatment (mean decrease, 216

A single, point-of-care test of BNP level done immediately upon arrival
to the emergency department had more diagnostic accuracy than did the

clinician with all the tools available.

ent within the first 2-4 hours of
treatment. The percent change in
pulmonary capillary wedge pressure
from baseline correlated significant-
ly with the percent change of BNP
from baseline (r = 0.73; P < .05),
with an average BNP decline of 33 +
5 pg/mL per hour. The correlation
between BNP levels and other indices
of cardiac function, including car-
diac output, mixed venous oxygen
saturation, and systemic vascular
resistance, was not significant, sug-
gesting that BNP values are comple-
mentary to the parameters derived
from right heart catheterization.

Of importance, BNP has been
demonstrated to be useful in estab-
lishing the diagnosis of diastolic
CHE.*#* Although levels tend to be
lower for diastolic compared with
systolic CHE, they are sufficiently
elevated to detect CHE* In addi-
tion, the elevation in BNP parallels
the severity of diastolic dysfunction
according to the filling patterns seen
on the mitral inflow and left atrial
pulmonary venous flow Doppler
examination.* There have been no
extensive studies of NT-proBNP in
the detection of diastolic CHF.

BNP has proven useful in hospi-
talized patients with both systolic
and diastolic CHE. A study of hospi-
talized patients (N = 72) admitted
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pg/mL), and these patients had
favorable outcomes. In general, it is
prudent to measure BNP or NT-
proBNP as soon as possible after
arrival to the ED and on the day of
planned discharge.”” Failure of these
levels to drop over time, or an
absolute BNP level > 500 pg/mlL,
predicts readmission and death.
In such patients, a careful review
of medications and intensification
of therapy, if possible, are indicated.

Prognostic Markers for
Sudden Death

A study of 452 ambulatory patients
with an LVEF < 35% found that, in
patients with mild to moderate CHF
(NYHA class I/II), BNP levels were
independent predictors of sudden
death.® A cutoff BNP level of 130
pg/mL differentiated well between
patients with high and low survival
rates from sudden death. Only 1%
(1 of 110) of patients with BNP
levels below the cutoff point died
suddenly, compared with a sudden
death rate of 19% (43 of 227) among
patients with BNP levels above
the cutoff point. In this study, when
BNP and NT-proBNP were consid-
ered together as prognostic markers,
only BNP was found to independ-
ently predict sudden death.*® Other
studies support the notion that BNP
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level can help predict death, espe-
cially in the elderly with CHE*

Prognostic Markers in Acute
Coronary Syndromes

A relationship between plasma levels
of ANP and N-terminal atrial natri-
uretic peptide (NT-ANP) and survival
after AMI was first demonstrated in
1992 and 1993.%*! These early studies
convincingly showed that ANP and
NT-ANP were predictive of mortality
independently of conventional clin-
ical risk markers.’? In 1996, three
separate reports were published
demonstrating that BNP levels
obtained in the acute or subacute
phase were strongly related to both
short-term and long-term mortality
after AMI.**** In contrast to ANP and
NT-ANP, BNP provided additional
prognostic information to LVEE> In
1998, a relation between NT-proBNP
levels and prognosis after AMI was
reported by Richards and cowork-
ers.* Both BNP and NT-proBNP
obtained in the subacute phase were
predictive of long-term, all-cause
mortality, as well as readmission for
CHF after AMI.*

Until recently, sparse information
has been available regarding the
natriuretic peptide system in patients
with non-ST segment elevation
myocardial infarction (NSTEMI) ACS.
Cross-sectional data from two small-
scale studies have suggested that
circulating BNP and NT-proBNP, but
not ANP levels, are higher in patients
with unstable angina than in patients
with stable coronary artery disease.*’**
In one of these studies, BNP levels
were increased in patients with
echocardiographic evidence of
regional wall-motion abnormalities,
suggesting that BNP production
may increase in proportion to coro-
nary artery disease severity and the
extent of myocardium at risk.” The
prognostic value of NT-proBNP in
patients with unstable angina or
NSTEMI has recently been evaluat-
ed. Circulating NT-proBNP levels
were significantly associated with
death within 43 days and provided
complementary prognostic informa-
tion to conventional risk markers,
including troponin 1.* The prognos-
tic value of BNP was recently evalu-
ated in 2525 patients with ACS,

including large subgroups with
unstable angina and NSTEMI.® This
important investigation confirmed
and extended the results of previous
studies by showing that the predic-
tive power with regard to survival
and heart failure hospitalizations
was equally strong across the spec-
trum of ACS.® Moreover, the study
demonstrated for the first time that
BNP was predictive of recurrent
ischemic events when the level was
> 80 pg/mL.

The prognostic value of NT-
proBNP across the spectrum of ACS
has also been evaluated in a large
cohort of patients.” NT-proBNP lev-
els were strongly related to long-
term mortality in patients with all
forms of ACS. The relationship
remained significant after adjust-
ment for conventional risk markers,
including LVEE Of importance,
NT-proBNP level was prognostic in
the subgroup of patients with no
signs of CHF (Killip class I) during
the index hospitalization. These
studies suggest that the B-type
natriuretic peptides are akin to an
early window for the Killip classifi-

Main Points

e In a patient presenting with dyspnea, congestive heart failure (CHF) is usually absent at B-type natriuretic peptide (BNP)
levels less than 100 pg/mL, possible between 100 and 500 pg/mL, and probable at levels greater than 500 pg/mL. BNP
levels between 100 and 500 pg/mL may also be seen in patients with known left ventricular (LV) dysfunction, lung
disease (BNP produced from the right ventricle), renal failure, myocardial infarction, or pulmonary embolism.

e N-terminal proBNP (NT-proBNP) levels > 125 pg/mL in patients younger than 75 years and > 450 pg/mL in patients
older than 75 years reflect the presence of CHFE. Because NT-proBNP is influenced considerably by age and age-related
normal decline in glomerular filtration rate, these two cutoff points must be used. NT-proBNP levels between 125 and
450 pg/mL in the elderly should be considered nondiagnostic until more data are available.

e In patients hospitalized with CHE, failure of the BNP to drop over the hospitalization or a discharge BNP > 500 pg/mL
predicts high rates of readmission and death.

¢ In acute coronary syndromes, elevations in BNP or NT-proBNP predict higher rates of recurrent ischemic events, read-
mission for CHE and death, even in Killip class I patients.

e When used in community practice to screen for systolic or diastolic dysfunction, a lower cutoff of BNP, >20 pg/mL,

should trigger additional evaluation.

e There are important differences between these tests, especially with respect to the influence of age and renal function,
which gives an edge to BNP as the diagnostic test of choice.
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cation, identifying patients with
large infarctions and impending
LV dysfunction.

Conclusions

The natriuretic peptides are a major
diagnostic breakthrough in cardiolo-
gy. Both BNP and NT-proBNP are
tests available to clinicians. There are
important differences between these
tests, especially with respect to the
influence of age and renal function,
which gives an edge to BNP as the
diagnostic test of choice. Taken in
aggregate, there is a considerable
knowledge base for BNP and, to a
lesser extent, for NT-proBNP, making
these peptides an important compo-

nent of future cardiac care. [ |
References
1.  McCullough PA, Philbin EF, Spertus JA, et al.

10.

Confirmation of a heart failure epidemic:
findings from the Resource Utilization Among
Congestive Heart Failure (R.E.A.C.H.) Study. J
Am Coll Cardiol. 2002;39:60-69.

Stevenson LW. The limited availability of phys-
ical signs for estimating hemodynamics in
chronic heart failure. JAMA. 1989;261:884-888.
Vinson JM, Rich MW, Sperry JC, et al. Early
readmission of elderly patients with heart fail-
ure. ] Am Geriatr Soc. 1990;38:1290-1295.
Swedberg K, Eneroth P, Kjekshus J, Wilhelmsen
L. Hormones regulating cardiovascular func-
tion in patients with severe congestive heart
failure and their relation to mortality. CON-
SENSUS Trial Study Group. Circulation.
1990;82:1730-1736.

Mann DL. Mechanisms and models of heart
failure: a combinatorial approach. Circulation.
1999;100:999-1008.

Cohn JN, Levine TB, Olivari MT, et al. Plasma
norepinephrine as a guide to prognosis in
patients with chronic congestive heart failure.
N Engl ] Med. 1984;311:819-823.

Francis GS, Benedict C, Johnstone DE, et al.
Comparison of neuroendocrine activation in
patients with left ventricular dysfunction with
and without congestive heart failure: a sub-
study of the studies of left ventricular dysfunc-
tion (SOLVD). Circulation. 1990;82:1724-1729.
Remes J, Tikkanen, I, Fyhrquist F, Ryoarala K.
Neuroendocrine activity in untreated heart
failure. Br Heart J. 1991;65:249-255.
Tsutamoto T, Hisanaga T, Fukai D, et al.
Prognostic value of plasma intercellular adhe-
sion molecule-1 and endothelin-1 concentra-
tion in patients with chronic congestive heart
failure. Am J Cardiol. 1995;76:803-808.
Bristow MR, Gilbert EM, Abraham WT, et al.
Carvedilol produces dose-related improve-
ments in left ventricular function and survival
in subjects with chronic heart failure.
Circulation. 1996; 94:2807-2816.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

The SOLVD Investigators. Effect of enalapril
on mortality and the development of heart
failure in asymptomatic patients with reduced
ventricular ejection fractions and congestive
heart failure. N Engl ] Med. 1991;325:293-302.
Dibbs Z, Thornby J, White BG, Mann DL.
Natural variability of circulating levels of
cytokines and cytokine receptors in patients
with heart failure: implications for clinical tri-
als. ] Am Coll Cardiol. 1999;33:1935-1941.
Grantham JA, Burnett JC Jr. BNP: increasing
importance in the pathophysiology and diag-
nosis of congestive heart failure. Circulation.
1997;96:388-390.

Grantham JA, Borgeson DD, Burnett JC. BNP:
pathophysiological and potential therapeutic
roles in acute congestive heart failure. Am |
Physiol. 1997;92:R1077-R1083.

Klinge R, Hystad M, Kjekshus ], et al. An exper-
imental study of cardiac natriuretic peptides as
markers of development of CHF. Scand ] Clin
Lab Invest. 1998;58:683-691.

Luchner A, Stevens TL, Borgeson DD, et al.
Differential atrial and ventricular expression
of myocardial BNP during evolution of heart
failure. Am J Physiol. 1998;274:H1684-H1689.
Stingo AJ, Clavell AL, Heublein DM, et al.
Presence of C-type natriuretic peptide in cul-
tured human endothelial cells and plasma. Am
J Physiol. 1992;263:H1318-H1321.

Nagagawa O, Ogawa Y, Itoh H, et al. Rapid
transcriptional activation and early mRNA
turnover of BNP in cardiocyte hypertrophy.
Evidence for BNP as an “emergency” cardiac
hormone against ventricular overload. J Clin
Invest. 1995;96:1280-1287.

Tsutamoto T, Wada A, Maeda K, et al.
Attenuation of compensation 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 dys-
function. Circulation. 1997;96:509-516.
Maeda K, Takayoshi T, Wada A, et al. Plasma
brain natriuretic peptide as a biochemical
marker of high left ventricular end-diastolic
pressure in patients with symptomatic left
ventricular  dysfunction. Am  Heart ].
1998;135:825-832.

Muders F, Kromer EP, Griese DP, et al.
Evaluation of plasma natriuretic peptides as
markers for left ventricular dysfunction. Am
Heart ]. 1997;134:442-449.

Yasue H, Yoshimura M, Sumida H, et al.
Localization and mechanism of secretion of B-
type natriuretic peptide in comparison with
those of A-type natriuretic peptide in normal
subjects and patients with heart failure.
Circulation. 1994;90:195-203.

Roche Diagnostics. ProBrain Natriuretic
Peptide package insert. Indianapolis: Roche
Diagnostics Inc., 2002.

Biosite. TriageBNP package insert. San Diego:
Biosite Inc., 2002.

Kazanagra R, Cheng V, Garcia A, et al. A rapid
test for B-type natriuretic peptide (BNP) corre-
lates with falling wedge pressures in patients
treated for decompensated heart failure: a
pilot study. J Card Fail. In press.

Sengstock D, Pasnoori V, Obaidat O, et al.
Asthma, beta-agonists, and the development
of congestive heart failure: results of the
A.B.C.H.F. Study. ] Card Fail. 2002;8:232-238.
McCullough PA, Philbin EF, Spertus JA, et al.

VOL. 4 NO. 2 2003

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42,

Opportunities for improvement in the diagno-
sis and treatment of heart failure. Clin Cardiol.
2003; In press.

Redfield MM, Rodeheffer RJ, Jacobsen §], et al.
Plasma brain natriuretic peptide concentra-
tion: impact of age and gender. | Am Coll
Cardiol. 2002;40:976-982.

Maisel AS, Krishnaswamy P, Nowak RM, et al.
Bedside B-type natriuretic peptide in the emer-
gency diagnosis of heart failure: primary
results from the Breathing Not Properly (BNP)
Multinational Study. N Engl ] Med.
2002;347:161-167.

Omland T, Knudsen CW, Westheim A, et al.
The effect of hypertension on B-type natri-
uretic peptide levels in patients with acute
dyspnea: an analysis from the Breathing Not
Properly Study [abstract].  Circulation.
2002;106:11-477.

Maisel AS, Kazanegra R, McCord ], et al. The
effect of diabetes on B-type natriuretic peptide
levels in patients with acute dyspnea
[abstract]. ] Am Coll Cardiol. 2002;39:182A.
Haug C, Metzele A, Steffen J, et al. Increased
brain natriuretic peptide and atrial peptide
plasma concentration in dialysis-dependent
chronic renal failure and in patients with ele-
vated left ventricular filling pressure. Clin
Invest. 1994;72:430-434.

McCullough PA, Duc P, Omland T, et al. B-type
natriuretic peptide predicts heart failure inde-
pendent of renal function in patients with
acute dyspnea: an analysis from the Breathing
Not Properly (BNP) Multinational Study. Am J
Kid Dis. 2003;41:571-579.

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. ] Am
Coll Cardiol. 1998;31:202-208.

Nakao K, Mukoyama M, Hosoda K, et al.
Biosynthesis, secretion and receptor selectivity
of human brain natriuretic peptide. Can |
Physiol Pharmacol. 1991;87:1402-1412.
Hammerer-Lercher A, Neubauer E, Muller S, et
al. Head-to-head comparison of N-terminal
pro-brain natriuretic peptide, brain natriuretic
peptide and N-terminal pro-atrial natriuretic
peptide in diagnosing left ventricular dysfunc-
tion. Clin Chim Acta. 2001;310:193-197.
Cowie MR, Struthers AD, Wood DA, et al.
Value of natriuretic peptides in assessment of
patients with possible new heart failure in pri-
mary care. Lancet. 1997;350:1347-1351.
Maisel AS, Koong J, Krishnaswamy P, et al.
Utility of B-natriuretic peptide as a rapid, point-
of-care test for screening patients undergoing
echocardiography to determine left ventricular
dysfunction. Am Heart ]. 2001:141:367-374.
McDonagh TA, Robb SD, Murdoch DR, et al.
Biochemical detection of left-ventricular sys-
tolic dysfunction. Lancet. 1998;351:9-13.

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

Vasan RS, Benjamin EJ, Larson MG, et al.
Plasma natriuretic peptides for community
screening for left ventricular hypertrophy and
systolic dysfunction: the Framingham heart
study. JAMA. 2002;288:1252-1259.

Davis M, Espiner E, Richards G, et al. Plasma
brain natriuretic peptide in assessment of
acute dyspnea. Lancet. 1994;343:440-444.

REVIEWS IN CARDIOVASCULAR MEDICINE 79



B-Type Natriuretic Peptides continued

43.

44.

45.

46.

47.

48.

80

McCullough PA, Nowak RM, McCord J, et al. B-
type natriuretic peptide and clinical judgment
in the emergency diagnosis of heart failure: an
analysis from the Breathing Not Properly
(BNP) Multinational Study. Circulation.
2002;106:416-422.

Krishnaswamy PB, Lubien E, Kazanegra R, et
al. BNP can differentiate normal LV function
from diastolic dysfunction in patients with
clinical congestive heart failure [abstract].
J Am Coll Cardiol. 2001;37: 210A.

Maisel AS, Hlavin P, McCord ], et al. B-Type
natriuretic peptide in the emergency diagnosis
of diastolic dysfunction heart failure
[abstract]. ] Am Coll Cardiol. 2002;39:140A.
Cheng VL, Krishnaswamy P, Kazanegra R, et
al. A rapid bedside test for B-type natriuretic
peptide predicts treatment outcomes in
patients admitted with decompensated heart
failure. ] Am Coll Cardiol. 2001;37:386-391.
Maeda K, Tsutamoto T, Wada A, et al. High
level of plasma BNP at discharge is an inde-
pendent risk factor for mortality and morbidi-
ty in patients with congestive heart failure
[abstract]. ] Am Coll Cardiol. 1999;33:192A.
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.

VOL. 4 NO. 2 2003

49.

S0.

S1.

S52.

53.

54.

Wallen T, Landahl S, Hedner T, et al. Brain
natriuretic peptide predicts mortality in the
elderly. Heart. 1997;77:264-267.

Omland T, Aarsland T, Aakvaag A, et al.
Prognostic value of plasma atrial natriuretic
factor, norepinephrine and epinephrine in
acute myocardial infarction. Am ] Cardiol.
1993;72:255-259.

Omland T, Bonarjee VV, Nilsen DW, et al.
Prognostic significance of N-terminal pro-atri-
al natriuretic factor (1-98) in acute myocardial
infarction: comparison with atrial natriuretic
factor (99-126) and clinical evaluation. Br
Heart J. 1993;70:409-414.

Omland T, Bonarjee VV, Lie RT, Caidahl K.
Neurohumoral measurements as indicators of
long-term prognosis after acute myocardial
infarction. Am J Cardiol. 1995;76:230-235.
Omland T, Aakvaag A, Bonarjee VV, et al.
Plasma brain natriuretic peptide as an indicator
of left ventricular systolic function and long-
term survival after acute myocardial infarction.
Comparison with plasma atrial natriuretic
peptide and N-terminal proatrial natriuretic
peptide. Circulation. 1996;93:1963-1969.
Arakawa N, Nakamura M, Aoki H, Hiramori K.
Plasma brain natriuretic peptide concentrations
predict survival after acute myocardial infarc-
tion. J Am Coll Cardiol. 1996;27:1656-1661.

REVIEWS IN CARDIOVASCULAR MEDICINE

SS.

56.

57.

58.

59.

60.

61.

Darbar D, Davidson NC, Gillespie N, et al.
Diagnostic value of B-type natriuretic peptide
concentrations in patients with acute myocar-
dial infarction. Am J Cardiol. 1996;78:284-287.
Richards AM, Nicholls MG, Yandle TG, et al.
Plasma N-terminal pro-brain natriuretic pep-
tide and adrenomedullin: new neurohormonal
predictors of left ventricular function and prog-
nosis after myocardial infarction. Circulation.
1998;97:1921-1929.

Kikuta K, Yasue H, Yoshimura M, et al.
Increased plasma levels of B-type natriuretic
peptide in patients with unstable angina. Am
Heart ]. 1996;132:101-107.

Talwar S, Squire IB, Downie PF, et al. Plasma N
terminal pro-brain natriuretic peptide and car-
diotrophin 1 are raised in unstable angina.
Heart. 2000;84:421-424.

SoRelle R. Long reach of the N-terminal of
B-type natriuretic peptide. Circulation.
2002;106:€9059.

de Lemos JA, Morrow DA, Bentley JH, et al.
The prognostic value of B-type natriuretic pep-
tide in patients with acute coronary syn-
dromes. N Engl ] Med. 2001;345:1014-1021.
Omland T, Persson A, Ng L, et al. N-terminal
pro-B-type natriuretic peptide and long-term
mortality in acute coronary syndromes.
Circulation. 2002;106:2913-2918.



