
The diagnosis and management of heart failure (HF) present
unique challenges for the emergency medicine physician. While
there is no ambiguity that HF is characterized by ventricular dys-
function (systolic or diastolic)
and evidence of circulatory fail-
ure, including the presence of
fluid retention and fatigue,1 con-
firming the diagnosis in a patient
with multiple comorbid condi-
tions can be problematic. In
addition, mortality continues to
increase from HF while death
rates associated with coronary
artery disease (CAD) and stroke
are decreasing.1 HF is a common
precipitant for acute hospitaliza-
tion and is a major economic
burden on developed countries.2

In the United States, almost 5
million people are afflicted with
HF, and 400,000 new patients
are diagnosed with HF each
year.1 Of special concern is the fact that among all patients with this
condition, about 35% will require at least one hospitalization each
year, and the rate is increasing. Overall expenditure related to con-
gestive HF (CHF) are $18.8 billion per year.1

Risk factors for HF include age, gender, hypertension, and
CAD.1,3 The incidence of HF is 3 in 1000 in men age 50-59
years, but increases to 27 in 1000 in men by age 80-89 years.

Patients with left ventricular
hypertrophy on their resting
electrocardiograms (ECGs) are
at significantly greater risk of
developing HF.1 Hypertension
precedes the diagnosis of HF in
91% of patients,3 and approxi-
mately 85% of HF cases in the
general population are associ-
ated with hypertension or
CAD.2

As experienced physicians
understand, HF can be a diffi-
cult diagnosis to establish in
the emergency department
(ED) setting, especially when
there are factors that may com-
plicate a patient’s presentation.
In this regard, many HF symp-

toms are non-specific and co-exist with other diagnoses. Dyspnea
on exertion has up to 100% sensitivity in HF but a specificity of
only 17%. Orthopnea is 22% sensitive and 74% specific for the
diagnosis of HF. Other classic symptoms of HF, such as lower
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extremity edema, rales upon pulmonary auscultation, or a pres-
entation with diuretic use, are 47%, 77%, and 41% specific,
respectively.4,5 A gallop rhythm is 99% specific,4,5 but this sign
often is difficult to discern. Although the gold standard for con-
firming the diagnosis of CHF is echocardiography,4 this modality
usually is unavailable in the ED. 

Put simply, current diagnostic approaches for HF are less
than optimal for establishing the diagnosis and guiding treat-
ment decisions. As a result, an easy-to-use, non-invasive test
available in the ED that can assist in confirming the diagnosis of
HF, that yields prognostic information, and that may guide treat-
ment decisions, including the need for DVT prophylaxis in
patients with HF, would be a welcome addition to the ED assess-

ment armamentarium. With these considerations in focus, this
issue of Emergency Medicine Reports reviews the role and clini-
cal utility of brain natriuretic peptide (BNP) in the management
of patients suspected of having HF upon presentation to the ED. 

—The Editor 

Pathophysiology: What is Brain Natriuretic 
Peptide?

The heart was found to have properties characteristic of an
endocrine organ in 1956 when Kisch6 and others detected secre-
tory granules in guinea pig atria. In 1984, the structure deter-
mined to be atrial natriuretic peptide (ANP) was identified.7

In 1988, B-type natriuretic peptide was identified from
porcine brain. It causes natriuretic and diuretic effects similar to
ANP.8 While this new peptide was called brain natriuretic pep-
tide, it became clear that the primary site of synthesis was in the
ventricles of the heart.9,10 Like ANP, BNP is stored as a prohor-
mone within secretory granules and is secreted as an N-terminal
fragment, N-proBNP, and a smaller active hormone, BNP. The
circulating half-lives of BNP and N-proBNP do not differ to the
same extent as ANP and N-proANP; therefore, there is no reason
to select N-proBNP over BNP as a cardiac biomarker.11 The
effects of BNP on the kidney, plasma renin activity, and aldos-
terone concentration are similar to those of ANP.12 BNP gene
expression occurs more rapidly in response to stimulus than
ANP.13 BNP is a vasodilator, has a natriuretic action, and antago-
nizes the effects of the renin-angiotensin-aldostereone system.2 It
causes vasodilatation by increasing intracellular cyclic guanosine
monophosphate (cGMP) via activation of guanylate cyclase. (See
Table 1.)14

ANP and BNP do not cross the blood-brain barrier, but they
do reach the hypothalamus and the subfornical organ. The effects
of ANP and BNP in the brain reinforce their peripheral actions.
They decrease sympathetic tone within the brainstem.15 BNP
receptors particularly are concentrated in the hypothalamus
where the peptide inhibits the secretion of arginine vasopressin
and paradoxically stimulates sympathetic tone.15

BNP secretion directly correlates with severity of HF.16

Increased myocardial wall stretch is the main stimulus for car-
diac natriuretic peptide secretion.2 One study compared BNP lev-
els in patients with idiopathic dilated cardiomyopathy (IDC) to
those with hypertrophic cardiomyopathy. Patients in both groups
had similar left ventricular (LV) end diastolic pressure and simi-
lar LV mass; however, BNP levels were four times higher in the
group with IDC. This correlated with the differences in LV end
diastolic volume, suggesting that stretch rather than transmural
pressure is the primary stimulus for BNP synthesis.16

The natriuretic peptides ANP and BNP are eliminated by two
mechanisms. The peptides bind to the natriuretic peptide clear-
ance receptor (NPR-C), resulting in their cellular uptake and
degradation. The second mechanism of natriuretic peptide inacti-
vation is cleavage by neutral endopeptidase, which is present on
endothelial cells, smooth muscle cells, cardiac myocytes, renal
epithelium, and fibroblasts.17 BNP has a lower affinity for the
clearance receptor NPR-C than ANP, which explains its longer
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half-life.11 Because BNP fluctuates less than ANP in response to
hemodynamic changes, it is a better predictor of CHF and prog-
nosis. BNP correlates more closely with left ventricular ejection
fraction (LVEF) than ANP.18,19 BNP assays are commercially
available and approved by the U.S. Food and Drug Administra-
tion for clinical use. 

Diagnostic Implications of BNP
The most intriguing aspect of BNP for emergency medicine

providers is its potential role in enhancing diagnostic accuracy
for HF. Cited specificities (74%-92%)20,21 and sensitivities (77%-
98%)2,20 vary considerably. Factors that affect sensitivity and
specificity of BNP for the diagnosis of HF include patients’ age,
pre-test probability for HF, severity of HF, cut-off value used,
and type of ventricular dysfunction. For example, researchers
assessed 1252 non-selected patients ages 25-74 and found BNP
levels to have a sensitivity of 77% and a specificity of 87% for
identifying left ventricular systolic dysfunction (LVSD). Howev-
er, in those older than 55 years of age, the sensitivity was
increased to 92%.22 One study reflected the inverse relationship
between sensitivity and specificity based upon different cut-off
values for “abnormal” BNP. When the researchers chose 46 pg/mL
to be the cut off, the sensitivity was 93% and the specificity 80%.
But when they chose 75 pg/mL as the cut-off, the sensitivity
dropped to 86% while the specificity rose to 98%.23

The predictive values of BNP for HF can be high. Very high
BNP levels (greater than 600-800 pg/mL), for example, have a
high positive predictive value (PPV) for CHF. Unfortunately,
mildly elevated BNP levels have low PPVs, as low as 50%.2 How-
ever, the greatest power for BNP may lie in its very high negative
predictive value (NPV). Very low BNP levels have an NPV, which
can be as high as 98%.2,21,23 One researcher found a 93% NPV
with a BNP cut-off of 38.5 pg/mL while another found a 98%
NPV with a cut-off of 80 pg/mL.20,21 This means a normal test vir-
tually excludes significant cardiac function impairment. 

One of the first prospective evaluations of BNP was conduct-
ed by researchers who examined different diagnostic modalities
in the assessment of 250 patients who presented to a Veterans
Administration (VA) urgent care area with shortness of breath.20

Data included many aspects of history, signs, chest radiographs,
and ECGs. Final diagnoses were established by two blinded car-
diologists who had access to patient evaluations but not to BNP
levels. The mean BNP level in the patients diagnosed with HF
was 1076 ± 138 pg/mL while the non-CHF group mean level
was 38 ± 4 pg/mL. BNP levels correlated with the clinical severi-
ty of CHF and the best clinical predictor was a past history of
CHF (81% accuracy). However, elevated BNP levels had the best
accuracy: 93-95%, with the cut-off of 80 pg/mL being most opti-
mal. On multivariate analysis, the addition of the BNP level sub-
stantially enhanced the power of the model, suggesting that BNP
levels added meaningful diagnostic information. However, it
must be noted that the study was conducted in a cohort of pre-
dominantly male VA patients and it did not assess how BNP lev-
els actually changed the clinical practice of the providers.

Emergency medicine providers should be familiar with the

diagnostic information from two recent trials. The Dao study was
confirmed with the most recent and largest study to date, the
BNP (Breathing Not Properly) trial, which was presented at the
American College of Cardiology’s 2002 meeting, and only pre-
liminary data are available.21 It was a prospective, blinded evalu-
ation of the use of BNP levels in 1586 patients with dyspnea pre-
senting to the ED. HF was diagnosed in 744 patients. The gold
standard of HF diagnosis was two cardiologists blinded to the
BNP results. A BNP level of less than 100 pg/mL had a high
NPV for HF. The sensitivity of a BNP level greater than 100 pg/mL
was 90% and specificity was 74%. The BNP results provided an
accurate diagnosis 81.1% of the time, while clinical judgment
provided an accurate diagnosis 74% of the time. Clinical indeci-
sion was reduced from 43% to 11% with the use of BNP. BNP
correctly provided the diagnosis of HF in 83% of cases com-
pared to 67%-73% when using subjective scales such as the
Framingham criteria.21 BNP levels also correlated with New
York Heart Association (NYHA) functional classes. The mean
BNP level was 150 pg/mL for class I, 250 pg/mL for class II,
550 pg/mL for class III, and 900 pg/mL for class IV.21 This cor-
relation with NYHA class has been found in other trials. (See
Figure 1.)24,25

Comparisons of BNP with other markers for the diagnosis of
CHF have been done. (See Table 2.) Kelly and Struthers summa-
rized some of this information.15 They found BNP to be superior
to signs and symptoms for the diagnosis of CHF.15 In the setting
of post-myocardial infarction (MI) patients, BNP levels were
superior to all clinical indices of left ventricular systolic dysfunc-
tion, including signs and symptoms and modified clinical scoring
tests (Peel Index), with a sensitivity of 84% (vs 46-64%) in post-
MI patients.15

BNP also may be useful in identifying patients at risk for
developing HF or those with mild LV dysfunction but still with-
out symptoms. BNP increases in patients receiving anthracycline
chemotherapeutic agents before they develop clinical HF.26

Patients with known LV dysfunction but without acute symptoms
have BNP levels 3-4 times higher than those with normal LV
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Table 1. Effects of BNP

RENAL

• Increases glomerular filtration rate (GFR)
• Decreases sodium reabsorbtion

VASCULAR

• Increase arterial dialation
• Increases venous dialation

SYMPATHETIC NERVOUS SYSTEM

• Increases vagal tone
• Decreases sympathetic activity

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM

• Decreases renin release
• Decreases aldosterone release



function.20 (See Figure 2.) Thus, mild elevations in BNP are less
specific for diagnosing acutely decompensated CHF. Conversely,
mild elevations may be used as a screening tool for diagnosing
early, asymptomatic CHF.

A relationship also has been established between BNP and
hemodynamics in HF patients at rest and with exercise.27 Sixteen
patients with HF who underwent right heart catheterization had
natriuretic peptide levels drawn and hemodynamic parameters
assessed at rest and immediately after exercise. BNP correlated
with LVEF, mean pulmonary arterial pressure (MPAP), pul-
monary capillary wedge pressure (PCWP), and cardiac index
(CI). When compared to normal controls, BNP was elevated at
rest. During exercise, both BNP levels increased and correlated
with MPAP and pulmonary artery wedge pressure after exercise.
Levels inversely correlated with CI.27

BNP correlates with LV function in recent MI patients with
signs and symptoms of CHF. One study assessed BNP in 200
recent MI patients with acute dyspnea. The mean BNP was 
30 pg/mL in patients with normal LV function and 489 pg/mL in
those with abnormal LV function.23 BNP has its highest sensitivi-
ty, specificity, and positive predictive value in post-MI patients
who have developed HF.28

BNP levels are increased in patients with isolated diastolic
dysfunction. Therefore, conditions that cause diastolic dysfunc-
tion, such as aortic stenosis and hypertrophic cardiomyopathy,
are associated with an increased BNP levels.16,29,30 Patients with
left ventricular hypertrophy (LVH) also may have elevated BNP
levels even in the presence of normal systolic function.31-33

Increases in BNP levels in the setting of isolated diastolic dys-
function are not as great as in patients with systolic dysfunction.
The highest levels are found in patients who have both systolic
and diastolic dysfunction.23

Other conditions are associated with increased BNP levels.
Restrictive cardiomyopathies, such as those due to amyloidosis,
have caused elevation in BNP. Patients with right ventricular
(RV) dysfunction, such as that due to cor pulmonale or massive
pulmonary embolism, may result in modest elevations of BNP.34

In primary pulmonary hypertension, BNP increases in proportion
to the degree of RV dysfunction.35 The elevations of BNP in
these conditions are less than with decompensated HF. Thus, the
specificity of mild BNP elevations is lower because cardiac con-
ditions other than HF can cause these elevations.15

Troponin levels have correlated directly with BNP levels in
patients with LV wall strain. This suggests that cardiac myolysis in
HF may be related to increased wall strain independent of coronary
artery disease.36 Patients with decompensated HF have elevated tro-
ponin-I levels that correlate with increased BNP levels.36 In one
study, 71 patients with nonischemic NYHA class II-IV CHF with
normal coronary angiograms were compared to a control group of
nine healthy patients and 15 patients with noncardiac dyspnea. Tro-
ponin levels were increased in 19 of the non-ischemic HF patients
who were determined to have severe HF (either class IV or severe
pulmonary edema) while they were normal in the controls.36

BNP compares favorable to other readily available ED tests.
Radiographic cardiomegaly is only 51% sensitive and 79% spe-

cific for the diagnosis of HF.15,33 When comparing BNP measure-
ments with radiographic cardiomegaly, Cowie and others found
that the area under the receiver operating curve for BNP was 0.96
while for radiographic cardiomegaly it was 0.76. This suggests
that BNP resulted in a greater combined sensitivity and specificity
than did cardiothoracic ratios. In a logistic regression analysis,
including both cardiothoracic ratio and BNP, only the BNP level
was independently predictive of the presence of heart failure.15

Prognostic Implications of BNP
BNP provides important prognostic value in the treatment

of HF. BNP is one of the best independent predictors of
patient outcome identifying high mortality, morbidity, and
successful treatment.37-39 Higher BNP levels are associated
with increased mortality independent of age, NYHA class,
prior MI, or LVEF.28,40,41 Patients who died within 12 months
of a hospital admission for HF had significantly higher BNP
levels than survivors: 325.6 pg/mL ± 37.4 vs. 169.9 pg/mL ±
14.7.34 The patients with elevated BNPs had a one-year mor-
tality rate of 42% compared to 11.6% for those with a lower
BNP.38 All patients who died within one month had a BNP
greater than 165 pg/mL.38

BNP is the strongest predictor of death.25 In a small retrospec-
tive study of admitted patients with HF, those who die or are read-
mitted have an increasing BNP level during admission stay vs.
patients in whom treatment resulted in a decreasing BNP level.39

Patients with a discharge BNP of less than 1220 pg/mL after
treatment are less likely to be readmitted within 30 days.39 A BNP
level of less than 430 pg/mL has a strong negative predictive
value for readmission.39 In a trial of 112 patients with chronic
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Figure 1. BNP vs. NYHA Classification

BNP levels in patients with LV dysfunction and CHF, and in 
controls.

Reprinted with permission from: 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.

 B
N

P 
(p

g/
m

l)

1000

1200

800

600

400

200

0
I II III IVControl

95th 43.1 673 1148 1956 3725

419 42 98 114 50N



severe HF (NYHA class III or IV) who were hospitalized with
exacerbations, measurements of plasma levels of interleukin-6,
cytokines, and BNP were obtained.40 Plasma levels of these pro-
teins and LVEF before and at three months after additional treat-
ment for HF were obtained. High levels of BNP and interleukin-6
are significant independent predictors of morbidity and mortality
after optimal treatment. The sensitivity and specificity for mortali-
ty and morbidity of patients with a plasma level of BNP greater
than 240 pg/mL were 73.1% and 89.1%, respectively. Thus, an
elevated BNP level three months after optimized treatment is an
independent prognostic indicator in patients with HF despite
improvements of LVEF and symptoms.40

Increased BNP levels are associated with increased mortality
over 24 months, independent of clinical and hemodynamic vari-
ables, including pulmonary artery pressure and cardiac output.42

Elevated BNP in patients with cor pulmonale indicate an increased
risk of mortality.43 In a study involving 541 patients older than 85
years in Sweden, BNP levels predicted a five-year mortality among
patients with or without known cardiovascular disease.44 In the
Glasgow MONICA survey involving 1242 patients, mortality cor-
related with both decreased LVEF and increased BNP.45 Those
patients with a BNP greater than 17.9 pg/mL had a mortality rate
three times higher at four years.45

BNP is a prognostic indicator in patients with acute myocar-
dial infarction (AMI).46-49 Levels reflect changes in gene expres-
sion and rise much more than ANP levels in early AMI.48,50,51 BNP
rises rapidly over the first 24 hours after an AMI and then levels
off. A large infarct may result in a second peak of BNP level five
days after the AMI.2,49,50 Elevated BNP levels on days 1 and 7
after AMI reflect risk for adverse left ventricular remodeling,35

left ventricular dysfunction,2,48,51 clinical CHF,47 and death.46-50 The
prognostic value of BNP following AMI is greater than that of

LVEF and is independent of age or prior history of HF.47,49

BNP also has prognostic value in non-MI acute coronary syn-
dromes (ACS). One study found that BNP was higher in patients
with unstable angina than in those with stable angina or in
healthy control subjects.2,52 In another study of patients with
ACS, N-proBNP levels were higher in those who died than in
survivors. Higher baseline levels of BNP were associated with
older age; female sex; or a history of hypertension, CHF, vascu-
lar disease, or renal insufficiency in 2525 patients with ACS
enrolled in the OPUS-TIMI 16 study. Patients with higher BNPs
are more likely to present in a Killip Class of HF greater than 1,
have ST changes on their baseline ECGs, or have elevated car-
diac markers. BNP also correlates with the extent of angiographi-
cally determined CAD.53 The rates of mortality and HF are
increased in ACS patients who have elevated baseline BNP lev-
els.53 BNP is predictive of mortality among patients with normal
troponin levels at presentation with AMI regardless of the pres-
ence of HF. An increasing BNP is associated with a higher 10-
month mortality even after adjusting for age, renal function, HF,
ST deviation, or troponin I.53 A BNP level may be an index of the
size or severity of the ischemic insult. Even transient ischemia
increases wall stress and induces BNP synthesis and release in
proportion to the degree of injury. One study also showed BNP
to be a predictor of mortality in 204 patients with ST-elevation
MI, 220 patients with non-ST segment elevation MI, and 185
patients with unstable angina in the subacute phase. The median
BNP levels were 442 pmol/L, significantly lower in long-term
survivors, vs. 1306 pmol/L in those patients who died. Adjust-
ment for peak troponin T levels did not markedly alter the rela-
tionship between BNP and mortality, and BNP levels remained a
significant predictor of mortality after adjustment for age and
ejection fraction (EF).54

July 28, 2003/Emergency Medicine Reports 215

Table 2. Comparison of Diagnostic Variables with BNP20

HISTORY/FINDING SENSITIVITY SPECIFICITY POSITIVE NEGATIVE ACCURACY
PREDICTIVE VALUE PREDICTIVE VALUE

History of CHF 62 94 87 78 80
History of MI 38 78 55 64 62
Dyspnea on
exertion 81 37 47 74 55
Orthopnea 47 88 74 71 72
PND 38 60 42 60 53
Edema 67 68 60 75 68
Elevated JVP 39 94 81 69 72
S3 20 99 90 64 66
Heart size on CXR 88 72 45 96 75
PVH 41 96 87 70 73
BNP > 80 98 92 90 98 95
BNP > 100 94 94 92 96 94
BNP > 120 90 96 95 93 94
BNP > 150 87 97 95 91 93

PND = Paroxysmal nocturnal dyspnea; JVP = Jugular vein pulse; CXR = Chest x-ray; PVH = Pulmonary venous hypertension



Another study showed that BNP level was a predictor of
future cardiac events. One study group showed that BNP levels
of patients presenting with dyspnea to the ED were highly pre-
dictive of cardiac events over the next six months.55

Therapeutic Implications of BNP
Angiotensin-converting enzyme (ACE) inhibitors and beta-

blockers are routine therapy in the treatment of HF because they
reduce mortality. Because these agents antagonize the neurohor-
monal system, use of ACE inhibitors results in early, dose-
dependent, sustained reductions in natriuretic peptide levels.19,56-58

Following MI, ACE inhibitors may prevent the second peak in
BNP levels that occurs with ventricular remodeling.59 Addition of
spirinolactone to standard HF regimens further reduces BNP lev-
els. The reduction in BNP observed with spironolactone corre-
lates with favorable changes in left ventricular remodeling.60

The relationship between beta-blockers and the natriuretic
peptides is more complex. There appears to be a paradoxical
relationship between the beta-blockers and natriuretic peptides.
Although the natriuretic peptides inhibit sympathetic activity,
beta-blockers increase BNP levels.61 BNP levels may reflect their
efficacy. In one trial involving 415 patients with CHF who
received carvedilol, mortality was significantly reduced in those
with a BNP level above 82 pg/mL, but not in those with a BNP
lower than 82 pg/mL.28 However, in patients with idiopathic
dilated cardiomyopathy, the addition of carvedilol to standard
therapy with ACE inhibitors reduced BNP levels over six
months.62 The reduction of BNP levels mirrors improvements in
LV dimensions and function.62

Among patients with HF, the reduction in BNP reflects
improvement in hemodynamics and LV function, which over-
comes the intrinsic BNP-raising effects of beta-blockers.62

BNP can be used in the titration of ACE inhibitors and other
medications in the treatment of HF with a goal of BNP less than
200.2 BNP-guided CHF treatment with ACE inhibitors, diuretics,
and digoxin reduces cardiovascular events compared with clini-
cally guided treatment.62 BNP significantly decreases after treat-
ment as LVEF improves in HF patients.62

BNP may be useful to monitor the efficacy of therapy because
it is a noninvasive marker that correlates closely with filling pres-
sures in patients with symptomatic HF. One study involving 69
patients with HF compared therapy guided by symptoms vs.
therapy guided by N-proBNP levels. The N-proBNP group
received higher doses of ACE inhibitors and diuretics than the
patients treated based on symptoms. During 10 months of fol-
low-up, fewer CHF exacerbations occurred in the N-proBNP
group than in the symptom-guided group.63 In another study
involving 20 patients, the group who had ACE inhibitor doses
titrated to BNP levels had greater inhibition of the renin-
angiotensin-aldosterone system and reduction of heart rate than
the group managed with empiric therapy.58

In patients with ACS, therapy decisions based on BNP lev-
els have not been well defined. One study, which compared
invasive vs. noninvasive strategies for patients with non-ST
elevation acute coronary syndromes, showed that patients with

a BNP greater than 80 pg/mL were at increased risk for mor-
tality independent of other variables. However, an early inva-
sive strategy did not reduce mortality in the group with BNP
elevation and there was no relation between BNP elevation and
the observed benefit of invasive therapy.53 This highlights the
limitation of BNP testing in patients with ACS. While a high-
risk group may be identified, it is not yet clear how this affects
management.

Prevention of Venous Thromboembolism (VTE)
in HF: Possible Role for BNP

Using BNP levels to guide acute and, in some cases, long-
term pharmacotherapeutic intervention with such agents as nesir-
itide, diuretics, ACEIs, beta-blockers, angiotension receptor
blockers (ARBs), aldosterone antagonists, and other agents in
patients with suspected HF is only one of the potentially impor-
tant clinical roles for this marker. Recent investigations and epi-
demiological data suggest this marker may have additional utility
in guiding patient management. In this regard, one of the other
potential roles for BNP is its possible usefulness in identifying
high-risk HF patients who require prophylaxis against venous
thromboembolism (VTE). 

Studies confirm that patients with HF have a hypercoagula-
ble state and are at increased risk for acquiring VTE during
acute hospitalization.64 Moreover, the potential complications,
costs, and morbidity associated with VTE in the HF patient
population can be significant, and may include pulmonary
embolism (PE), prolonged hospitalization, post-phlebitic syn-
drome, and in some cases, sudden death. Accordingly, the
threshold for routine, risk stratification-driven prophylaxis of
VTE in this patient population must be balanced against the rel-
atively low risk of serious complications associated with anti-
coagulation-facilitated prophylaxis.
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Figure 2. BNP Levels in Patients with CHF
and Symptomatic LV Dysfunction
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In a recent study (The PRINCE TRIAL), patients were strati-
fied and enrolled according to their underlying disease: severe
respiratory disease or HF, two conditions that sometimes are dif-
ficult to distinguish from each other. The primary efficacy
parameter was a thromboembolic event up to one day after the
treatment period. Of the 665 patients enrolled, 451 patients were
able to be evaluated in the primary efficacy analysis. Patients
who were enrolled were 18 years of age or older and hospitalized
for severe respiratory disease or HF. To be eligible for enroll-
ment, the severity of HF had to be class III or IV according to the
NYHA classification.64

In this controlled, randomized, open study, patients received
either enoxaparin (40 mg once daily) or unfractionated heparin
(UFH) (5000 IU three times daily) for 10 ± 2 days in 64 medical
departments in Germany. Patients were stratified and enrolled
according to their underlying disease: severe respiratory disease
or HF. 

The overall incidence of thromboembolic events was higher
in patients with HF (12.6%) than in patients with respiratory dis-
ease (6.8%) In addition, patients with HF were more likely than
patients with respiratory disease to be older than 70 years of age,
(70% vs 40%, respectively) and had a higher prevalence of
chronic venous disease (47% vs 33%). Of special note is that
among patients with HF, 9.7% of patients on enoxaparin and
16.1% of patients on UFH developed thromboembolic events
(i.e., DVT, PE, or DVT and PE). More than twice the number of
patients (44/333; or 13.2%) receiving UFH discontinued the
study because of adverse events or serious adverse events,
including death, as compared to those on enoxaparin (18/332). 

The PRINCE study is the first prospective, head-to-head
investigation demonstrating that: a) enoxaparin is at least as
effective as UFH (UFH, 5000 IU 3 times daily) for the preven-
tion of venous thromboembolic disease (VTED) in patients with
HF or respiratory disease; and b) that, in the PRINCE patient
population, enoxaparin is associated with fewer deaths, less
bleeding, and significantly fewer adverse events (45.8% vs
53.8%, P= 044 [adverse event analysis]). The role of BNP as a
VTE prophylaxis trigger for patients suspected of having HF
requires further investigation, but because it has been shown to
be a specific marker for the presence of HF, it is likely to be use-
ful in identifying hospitalized patients who are appropriate candi-
dates for VTE prophylaxis. 

Conclusions: Use of BNP in the ED
There is clear evidence that BNP is a diagnostic marker in

determining whether a patient’s symptoms may be caused by HF.
However, it has not yet been clearly shown to provide diagnostic
help when compared to the entire usual evaluation. It may be
useful in the ED for initial treatment decisions. BNP may be
used to rule out HF in a patient with dyspnea. However, it seems
that clinical judgment by the physician ultimately will determine
patient disposition. In high-risk populations, such as patients
with a recent MI or those receiving cardiotoxic drugs, BNP may
be a useful screening tool to detect LV dysfunction in the ED. In
patients with dual diagnoses, such as CHF plus pneumonia or

chronic obstructive pulmonary disease (COPD), BNP may not be
particularly useful.

BNP is a useful prognostic tool in predicting risk of death and
HF in a wide variety of patients. This includes patients with
chronic CHF, recent MI, and patients with ACS without myocar-
dial necrosis. It also may be a useful screening tool in the general
population for risk-stratification. The predictive value of BNP is
independent of clinical variables, the severity of HF, and LVEF.
BNP also may be used in-house after initiation of therapy to help
assess the response to treatment. The major limitation of BNP
testing is that the management implications are not clear. While
BNP levels can identify patients who are at high risk for morbidi-
ty and mortality, it is not clear how to treat these patients. How-
ever, it may be wise to admit these patients to initiate aggressive
workup and treatment in the hospital. 
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Physician CME Questions 

151. A 57-year-old white female with a history of heavy smoking presents

to the ED complaining of severe shortness of breath. The initial BNP

level is 10. The likelihood of a CHF diagnosis is:

A. high.

B. moderate.

C. low.

D. very low.

152. The the patient in Question 151 most likely does not have:

A. asthma.

B. CHF.

C. COPD.
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D. sarcoidosis.

153. Which of the following statements regarding CHF is true?

A. The mortality rate is less than 10%.

B. Hospitalization rates are increasing.

C. The number of new diagnoses is decreasing.

D. The costs related to CHF are decreasing.

154. The main stimulus for BNP production is:

A. aldosterone production.

B. fluid overload.

C. kidney failure.

D. increased myocardial wall stretch.

155. Which of the following statements is true regarding patients who are

admitted for CHF exacerbation and have rising BNP levels?

A. They are responding to treatment.

B. They have an excellent prognosis.

C. They have higher mortality rates.

D. They have lower readmission rates.

156. Which statement is true for patients being treated with ACE inhibitors

for CHF exacerbation?

A. ACE inhibitors cause a second peak in BNP levels following

AMI.

B. ACE inhibitors decrease BNP levels.

C. ACE inhibitors stimulate the neurohormonal systems.

D. ACE inhibitors are ineffective in the treatment of CHF.

157. Which of the following statements is false?

A. BNP does not cross the blood-brain barrier. 

B. Increased myocardial wall stretch is the main stimulus of cardiac

natriuretic peptide secretion.

C. BNP levels fluctuate less than ANP levels.

D. BNP assays are not yet commercially available.

158. An obese black male presents with dyspnea and wheezing. He does

not smoke. He has not seen a physician in 10 years. The initial BNP is

1235. The most likely cause of his wheezing is:

A. asthma.

B. CHF.

C. interstitial lung disease.

D. sleep apnea.

159. Which of the following factors can affect the sensitivity and specifici-

ty of BNP for the diagnosis of HF?

A. Patient’s age

B. Severity of HF

C. Cut-off value used

D. Type of ventricular dysfunction

E. All of the above

160. Higher BNP levels are associated with increased mortality independ-

ent of age, NYHA class, prior MI, or LVEF.

A. True

B. False
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Comparison of Diagnostic Variables with BNP

HISTORY/FINDING SENSITIVITY SPECIFICITY POSITIVE NEGATIVE ACCURACY
PREDICTIVE VALUE PREDICTIVE VALUE

History of CHF 62 94 87 78 80
History of MI 38 78 55 64 62
Dyspnea on
exertion 81 37 47 74 55

Orthopnea 47 88 74 71 72
PND 38 60 42 60 53
Edema 67 68 60 75 68
Elevated JVP 39 94 81 69 72
S3 20 99 90 64 66
Heart size on CXR 88 72 45 96 75
PVH 41 96 87 70 73
BNP > 80 98 92 90 98 95
BNP > 100 94 94 92 96 94
BNP > 120 90 96 95 93 94
BNP > 150 87 97 95 91 93

PND = Paroxysmal nocturnal dyspnea; JVP = Jugular vein pulse; CXR = Chest x-ray; PVH = Pulmonary venous hypertension

BNP Levels in Patients with CHF 
and Symptomatic LV Dysfunction
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Reprinted with permission from: 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

BNP vs. NYHA Classification

BNP levels in patients with LV dysfunction and CHF, and in 
controls.

Reprinted with permission from: 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.
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Effects of BNP

RENAL

• Increases glomerular filtration rate (GFR)
• Decreases sodium reabsorbtion

VASCULAR

• Increase arterial dialation
• Increases venous dialation

SYMPATHETIC NERVOUS SYSTEM

• Increases vagal tone
• Decreases sympathetic activity

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM

• Decreases renin release
• Decreases aldosterone release
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