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B ABSTRACT

B-type natriuretic peptide (BNP) and N-terminal pro-BNP
(NT-proBNP) levels can indicate a variety of heart
problems, as well as general critical illness. BNP and NT-
proBNP assays are useful for evaluating patients with
acute dyspnea, as a low level of natriuretic peptide can
help rule out congestive heart failure (CHF) and reduce
reliance on echocardiography. Conversely, these assays
can be particularly useful in recognizing CHF in a patient
with acute dyspnea and a history of chronic obstructive
pulmonary disease. However, clinical judgment must
always be part of the evaluation of BNP or NT-proBNP
assay results.

B KEY POINTS

Assays for BNP or NT-proBNP are powerful tools, but they
are not meant to be used in isolation and are no
substitute for a physical examination and other
diagnostic tools.

High natriuretic peptide levels also occur in mitral
regurgitation, right heart conditions, and diastolic
dysfunction.

Routine use of natriuretic peptide assays may more
rapidly identify patients with heart failure, expedite their
management, and exclude patients with a very low
probability of having CHF, thereby potentially saving a
great deal of money.

*The author has indicated that he has served as a consultant and a speaker for the Ortho and
Roche corportations.

Medical Grand Rounds articles are based on edited transcripts from Division of Medicine Grand
Rounds presentations at The Cleveland Clinic Foundation. They are approved by the author but
are not peer-reviewed.
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E IOMARKER ASSAYS for the B-type natri-
uretic peptides BNP and N-terminal
pro-BNP  (NT-proBNP) are currently
approved by the US Food and Drug
Administration for evaluating suspected con-
gestive heart failure (CHF). In the few years
that they have been available, they have
become widely used for acute patient evalua-
tion; other uses are to estimate prognosis and,
possibly, to monitor and guide CHF therapy.
But they should not be the only criterion:
physicians should consider the entire clinical
picture, not just the peptide level.

I will explore here the role of natriuretic
peptide assays in evaluating patients with
acute dyspnea, as well as in assessing prognosis
and monitoring and guiding therapy.

M THE CHALLENGE OF DIAGNOSING CHF

CHF is not a single entity, but the end stage of
a number of diseases that may differ consider-
ably in pathophysiology, symptoms, and man-
agement. Diagnosing CHF can be challeng-
ing, especially if a patient is aware only of
fatigue and if the physical signs are subtle.
Echocardiography is the gold standard for
assessing CHE Unfortunately, it is expensive
and takes advanced training to perform and
interpret. In addition, patients with very differ-
ent ejection fractions can present with the same
clinical picture. The classic picture of systolic
heart failure—low ejection fraction, dilated left
ventricle, and incomplete mitral closure—is
seen in only about half of patients with CHE

M TWO TYPES OF BNP-RELATED MARKERS

The BNP markers arise from myocardium.
BNP release depends on wall stress, which
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could arise from CHE, ischemic heart disease,
or pulmonary thromboembolism. Wall stress
triggers a rapid sequence of events that up-reg-
ulate the BNP gene. The 108-amino acid pre-
cursor peptide proBNP is cleaved into two
parts:

e BNP, a 32-amino acid peptide that has a
number of natriuretic vasodilatory effects on
the heart and vascular system. It is a very
active hormone that is quickly cleared by sev-
eral mechanisms: through natriuretic peptide
receptors, neural endopeptidase degradation
in the circulation, and probably passive renal
excretion. BNP has a half-life of only about 20
minutes.

¢ NTproBNP, a 76-amino acid peptide
that is believed to be biologically inert with no
neural hormonal effects. It is now thought
that about 20% of NT-proBNP in humans is
cleared by passive renal excretion, and the rest
is slowly and passively removed by other ways,
such as clearance via the reticular endothelial
system. It has a half-life of 1 to 2 hours.

Although both these peptides are released
in response to the same signal and are secret-
ed in a 1:1 ratio from a common precursor, the
concentration of NT-proBNP can be many
times higher in the same patient because of its
longer half-life.

BNP and NT-proBNP have often been
regarded as “ventricular markers,” but this is
true only in the sense that the ventricles
account for most of the myocardium. The
natriuretic peptides are also secreted from the
atria. BNP and NT-proBNP are released from
myocytes and probably to some extent direct-
ly by fibroblasts in the perimyocardial regions.

BNP is one of a large family of natriuretic
peptides that have many effects on the kid-
neys and blood vessels. Scientists have been
interested in natriuretic peptides for 25 years,
but clinical trials have been performed only in
the past 5 to 10 years. Nesiritide (Natrecor), a
bioengineered form of BNP, is now used to
treat acute decompensated CHE

M THREE LARGE STUDIES

Three large trials have recently examined the
role of measuring BNP or NT-proBNP in eval-
uating patients with suspected heart failure.
The studies had similar entry criteria (undif-
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ferentiated acute dyspnea, whether or not
heart failure was evident). The evaluating
physicians were blinded to BNP or NT-
proBNP levels.

PRIDE (ProBNP Investigation of
Dyspnea in the Emergency Department)!
measured N'T-proBNP in 600 patients who
presented to the emergency department with
dyspnea, comparing the results with the clini-
cal assessment of the managing physicians for
identifying acute CHE The study found that
patients with acute heart failure had a median
value of NT-proBNP of more than 4,000
pg/mL vs 130 pg/mL in patients without acute
heart failure. Of patients who did not have
acute heart failure (eg, those suffering an aller-
gic reaction or anxiety attack), patients with a
history of CHF had higher levels than patients
with no history of CHE, although the levels
were not nearly as high as those with acute
CHE!

BNP (Breathing Not Properly),? a multi-
national study, measured BNP levels in more
than 1,500 patients who presented with acute
dyspnea. The levels were evaluated as a tool to
discriminate between patients with and with-
out CHE and for patients with CHE, between
those with and without systolic heart failure.
The findings of this study showed the value of
BNP testing in circumstances of diagnostic
uncertainty.

REDHOT (the Rapid Emergency
Department Heart Failure Outpatient Trial)3
evaluated BNP levels in more than 450
patients at multiple centers who presented to
the emergency department with acute dysp-
nea. Events were counted over the following
90 days, and rates compared with initial BNP
levels.

Both the PRIDE and REDHOT trials
showed that more severe heart failure is asso-
ciated with higher levels of natriuretic pep-
tides, and in these trials the severity of heart
failure was often underestimated.

M IS IT HEART FAILURE OR COPD?

BNP assays are powerful tools, but they are not
meant to be used in isolation and are no sub-
stitute for a physical examination and other
diagnostic tools. The combination of clinical
judgment and natriuretic peptide testing pro-
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vides the optimal balance of sensitivity and
specificity.

Knudsen et al4 found that information
from BNP assays is additive to chest radiogra-
phy in correctly diagnosing CHE

However, in some subgroups in REDHOT
and PRIDE, the BNP or NT-proBNP assays
clearly outperformed clinical acumen. The
cause of dyspnea is especially difficult to dis-
cern in a patient with a history of both CHF
and chronic obstructive pulmonary disease
(COPD), and it is difficult to recognize the
new onset of CHF in a patient with a history
of COPD.5 In the 22 patients in the PRIDE
study with a history of COPD who developed
new-onset CHE, not a single one was correct-
ly diagnosed on the basis of clinical factors;
however, 73% of them had an elevated NT-
proBNP level. COPD and CHF are managed
very differently, and missing the diagnosis can
be dangerous, especially if a patient with CHF
due to an arrhythmia is mistakenly treated
with cardiotonic agents such as nebulizers.

M OTHER SYNDROMES WITH HIGH
NATRIURETIC PEPTIDE LEVELS

What does a high natriuretic peptide level
reveal about a patient’s underlying condition?
Most obviously, the level is inversely associat-
ed with ejection fraction.6 However, factors
independent of systolic function should also
be considered.

Mitral regurgitation. Troughton et al
showed that despite preserved left ventricular
function, patients have higher natriuretic
peptide levels with more severe mitral regurgi-
tation, even before symptoms worsen or atrial
arrthythmias develop.”

Right heart syndromes, including cor
pulmonale, pulmonary hypertension, and pul-
monary thromboembolism, also have elevated
natriuretic peptide levels, although the levels
are not as high as with acute left heart failure.6

Diastolic dysfunction. Abnormal dias-
tolic function in the absence of left ventricu-
lar systolic dysfunction can also cause high
natriuretic peptide concentrations, reflecting
a number of different characteristics. Levels of
BNP and NT-proBNP increase with the sever-
ity of diastolic dysfunction. Levels decrease
with diuresis as the patient improves from a
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restrictive to an impaired relaxation pattern
(Alan Maisel, personal communication).

However, because patients with preserved
left ventricular function tend to have lower
concentrations of natriuretic peptides, even
those presenting with CHF tend to have
lower values than patients with impaired left
ventricular systolic function.8 Because a rela-
tively low BNP value can occur with poor
right ventricular function, it is important to
integrate clinical factors with laboratory val-
ues.

M BNP TESTS CAN SAVE MONEY

Considering the high cost of health care to
society, it is important to use new tests in a
way to both improve care and reduce costs, if
possible. Hospital and nursing home costs
account for an estimated $18.3 billion of the
$27.9 billion that will have been spent on
heart failure in 2005.9

At the Massachusetts General Hospital,
patients with heart failure stay in the hospital
an average of 7 days. Much of this time can be
attributed to delayed recognition of heart fail-
ure or waiting for tests such as echocardiogra-
phy to help determine the diagnosis. Routine
use of BNP or NT-proBNP assays may help to
more rapidly identify patients with heart fail-
ure, expedite their management, and exclude
patients with a very low probability of having
CHE thereby saving money on unnecessary
echocardiograms. The cost of a BNP or NT-
proBNP assay depends on the measurement
method used, but averages around $20.

In a study by Mueller et al,10 patients who
presented to an emergency department with
dyspnea were randomized to a diagnostic strat-
egy using a BNP assay or to standard assess-
ment. Patients who were managed with BNP
measurement were diagnosed faster, were
admitted less frequently to the hospital and
the intensive care department, were dis-
charged faster, and incurred fewer costs than
the standard assessment group. The 30-day
death rates were the same in the two groups.

The PRIDE study used an algorithm to
guide clinical decision-making. For example,
an NT-proBNP level less than 300 pg/mL
ruled out CHF without further testing. The
study found that conventional management
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of heart failure incurred an average of $3,800
vs nearly $500 less for patients whose NT-
proBNP level was routinely measured at pre-
sentation.!l Patients who had NT-proBNP
testing also had fewer major adverse events
and a small but significant reduction in later
mortality, which I believe is attributable to
earlier diagnosis and to avoiding missing the
diagnosis of CHF in some patients in the
emergency department and erroneously send-
ing them home.

M BNP'S ROLE IN THE EMERGENCY
DEPARTMENT

We should use natriuretic protein assays as
tools and not as absolute thresholds for mak-
ing decisions. Elevated levels can indicate a
variety of conditions other than CHF!2: acute
coronary syndromes, preexisting structural
heart disease, right ventricular strain, critical
illness, or end-stage renal failure.

Acute coronary syndromes are especially
important to consider. Ischemia can cause
increased wall stress, probably from diastolic
abnormalities.

Sabatine et all3 measured BNP levels
before and after patients underwent exercise
tolerance testing and found that BNP levels
rose in proportion to the severity of myocar-
dial ischemia.

BNP assays can help to stratify risk, eg, to
determine which patients with preexisting left
ventricular dysfunction are at the highest clin-
ical risk. De Lemos et all4 found that BNP is
even better than serum troponin concentra-
tion for predicting mortality.

Jernberg et all5 also found that in patients
with acute coronary syndromes with non-ST-
segment elevation, a high NT-proBNP level
was a better indicator of mortality risk than
troponin T. Patients with both high NT-
proBNP and high troponin had an aggregate
risk of death of nearly 60%.

The combination of high levels of these
two markers, one indicating wall stress and the
other indicating ischemia and a high likeli-
hood of subsequent ischemic events, identifies
a subgroup of patients that benefit most from
urgent triage to early revascularization.

Previous structural heart damage. Some
experts argue against using the BNP or NT-
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proBNP level as a diagnostic marker because
these levels remain elevated after structural
heart disease is established, but I believe this is
rather a strength of these assays: BNP and NT-
proBNP deviations are a signal that we should
manage patients aggressively even if their
underlying damage may not be otherwise
apparent.

Right ventricular strain. Patients with
pulmonary embolism have elevated natriuret-
ic peptides due to right ventricular strain, and
natriuretic peptide assays can be useful in
determining the diagnosis.16

BNP and NT-proBNP can also help strat-
ify risk and guide treatment decisions.
Kucher et all7 found that patients with high
levels of natriuretic peptides are more likely
to have right heart dilatation as seen by
echocardiography, which is sometimes the
deciding factor for whether or not to use
thrombolytic therapy.

Critical illness. We hoped that BNP
might serve as a marker for heart failure in
critically ill patients and substitute in some
circumstances for invasive Swan-Ganz
catheterization procedures. However, Tung et
all8 investigated the role of BNP in evaluating
shock due to different causes (eg, cardiogenic,
septic, and posttraumatic) and found that a
high BNP level was not related to filling pres-
sures in many patients, but was associated with
an increased risk of death. The association of
severity of critical illness and high BNP levels
may be due to generalized end-organ damage,
including damage to the heart, during severe
illness.

M FALSE-NEGATIVE BNP VALUES

Fortunately, the BNP assays are very sensitive,
and false-negative results are unusual.
However, they do occur, making clinical judg-
ment crucial. Situations in which BNP or NT-
proBNP may be low during heart failure
include:

Right heart failure. Patients with pure
right heart failure often have much lower val-
ues for BNP than patients with left heart fail-
ure.

Mild CHE Tang et al! found that 21% of
patients with mild heart failure (New York
Heart Association class 2) have plasma BNP
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levels in the normal diagnostic range (< 100
pg/mL).

Diastolic heart failure. Up to 10% of the
time with NT-proBNP, and up to 20% of the
time with BNP, we may observe false-negative
values in the presence of heart failure with
preserved left ventricular function.8

Obesity. For unknown reasons, BNP val-
ues decrease with increasing body mass index,
even in patients with heart failure.20 For peo-
ple with a body mass index of 35, the risk of a
false-negative BNP value is about 20%, and
the risk of a false-negative NT-proBNP is
about 15%.

The association of low BNP values and
obesity was once thought to be due to natri-
uretic peptide receptors on adipose tissue or
because adipose cells secrete neural endopep-
tidases, increasing BNP clearance. One would
then expect NT-proBNP levels to not be
affected; however, both BNP and NT-proBNP
fall in parallel with increasing body mass
index.

M USING A DECISION ALGORITHM

At Massachusetts General Hospital we use a
flow diagram to guide our usage of natriuretic
peptide assays in evaluating patients who pre-
sent with dyspnea (rGure 1). Although the dia-
gram has many decision points, it incorporates
the reality of different clinical situations, and
its use strengthens the positive predictive
value of the assays.

M THE NATRIURETIC PEPTIDE ASSAY
AS A PROGNOSTIC TOOL

BNP and NT-proBNP assays are useful not
only for the evaluation of the acute patient,
but also for assessing prognosis. For patients
with heart failure, ejection fraction and the
New York Heart Association classification are
not always sufficient.

The International Collaborative of NT-
proBNP (ICON) study is a multinational
study of nearly 1,300 patients that found that
NT-proBNP was the strongest predictor of
death within 60 days of developing acute
CHE?1

Logeart et al22 found that the predis-
charge BNP level is a strong, independent
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marker of death or re-admission 6 months fol-
lowing decompensated CHF and is more rele-
vant than common clinical and echocardio-
graphic parameters.

The PRIDE study found similar results at
1-year follow-up and that NT-proBNP mea-
surements were even more predictive of
death in patients presenting with dyspnea
who did not have acute CHE These results
highlight that natriuretic peptides are not
just a marker of CHE, but also can be regard-
ed as a final common pathway for myocardial
wall stress.23

M MONITORING AND GUIDING THERAPY

Therapies that reduce BNP and NT-proBNP
levels include diuresis, exercise, biventricu-
lar pacing, angiotensin-converting enzyme
inhibitors, angiotensin-receptor blockers,
and spironolactone. Beta-blockers may
either reduce or increase BNP and NT-
proBNP levels, and treatment with the ther-
apeutic form of BNP (nesiritide) increases
BNP levels but decreases NT-proBNP.

B-type natriuretic peptides correlate to
some extent with high filling pressures, and
successful heart failure therapy tends to lower
BNP and NT-proBNP levels.

Bettencourt et al24 found that patients
whose NT-proBNP levels fell at least 30%
between admission for CHF and discharge
had higher rates of hospitalization-free sur-
vival compared with patients whose NT-
proBNP levels decreased less or increased,
which raises the question of whether we
should be aiming for lower absolute values of
BNP or NT-proBNP as a target for therapeu-
tic intervention for our patients.

Based on evidence of the association of
prognosis with both absolute BNP or NT-
proBNP levels and the change in BNP or NT-
proBNP levels during hospitalization, it is pos-
sible that aggressive treatment aimed at low-
ering levels of these markers would lead to
more favorable outcomes. Troughton et al25
randomized 80 patients with mild to severe
CHF to have their therapy managed based on
either NT-proBNP levels or standard clinical
assessment. Patients whose treatment was
based on NT-proBNP levels had fewer cardio-

vascular events, heart failure, and deaths over
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Use of natriuretic peptide testing in the evaluation of a patient with dyspnea

History

Physical examination

Chest radiography

Electrocardiography

Assay for N-terminal pro-B-type natriuretic peptide (NT-proBNP)*
Calculate PRIDEt congestive heart failure (CHF) score:

Elevated NT-proBNP* 4 points
Interstitial edema on chest radiograph 2
Orthopnea 2
Lack of fever 2
Taking a loop diuretic 1
Age over 75 1
Rales on lung examination 1
Lack of cough 1
NT-proBNP level NT-proBNP level below age- NT-proBNP level above the NT-proBNP
<300 pg/mL adjusted cut point and/or a age-adjusted cut point >10,000 pg/mL
PRIDE score <7
Consider confounding Consider confounding
factors: factors:
Renal insufficiency Prior CHF
Acute coronary syndrome Acute coronary syndrome
Pulmonary embolism Pulmonary embolism
Critical illness Renal insufficiency
Critical illness

——— > Acute CHF unlikely
Search for other Prior CHF?
cause of dyspnea CHF very likely

Yes .
CHF likely severe

Diagnosis-specific therapy<e— < 25% — Calculate increase
higher in NT-proBNP
from“dry” value* No

> 25% higher

Y —No——PRIDE CHF score > 7 <——
Clinical improvement after
diagnosis-specific therapy <«— Yes
Y
Discharge ————— CHF likely,——-No clinical ——— Admit to
start improvement appropriate
medical with treatment, inpatient unit,

therapy high clinical risk ~ as determined by
clinical stability

*The cut points for NT-proBNP elevation are: >450 pg/mL under age 50; >900 pg/mL ages 50-75; >1,800 pg/mL over age 75
tPRIDE = ProBNP Invesigation of Dyspnea in the Emergency Department
#Dry value = a prior baseline NT-proBNP level when the patient was euvolemic and hemodynamically stable, if available

I —
FIGURE 1
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the 6 months of the study. Several clinical tri-
als are under way to evaluate whether thera-

REFERENCES

Januzzi JL Jr, Camargo CA, Anwaruddin S, et al. The N-terminal Pro-
BNP Investigation of Dyspnea in the Emergency Department (PRIDE)
study. Am J Cardiol 2005; 95:948-954.

Maisel AS, McCord J, Nowak RM, et al. Bedside B-type natriuretic
peptide in the emergency diagnosis of heart failure with reduced or
preserved ejection fraction. Results from the Breathing Not Properly
Multinational Study. J Am Coll Cardiol 2003; 41:2010-2017.

Maisel A, Hollander JE, Guss D, et al. Primary results of the Rapid
Emergency Department Heart Failure Outpatient Trial (REDHOT).
A multicenter study of B-type natriuretic peptide levels, emer-
gency department decision making, and outcomes in patients pre-
senting with shortness of breath. J Am Coll Cardiol 2004;
44:1328-1333.

Knudsen CW, Omland T, Clopton P, et al. Diagnostic value of B-Type
natriuretic peptide and chest radiographic findings in patients with
acute dyspnea. Am J Med 2004; 116:363-368.

Tung RH, Camargo CA, Krauser DG, et al. Utility of NT-proBNP for
the diagnosis of acute congestive heart failure in patients with prior
obstructive airway disease. Ann Emerg Med. In press.

Chen AA, Wood MJ, Tung R, et al. Echocardiographic determinants
of NT-proBNP levels in dyspneic patients: the importance of right
heart structure and function. Results from the ProBNP Investigation
of Dyspnea in the Emergency Department (PRIDE) study. American
College of Cardiology meeting, 2005, Orlando, FL.

Troughton RW, Prior DL, Frampton CM, et al. Usefulness of tissue
Doppler and color M-mode indexes of left ventricular diastolic func-
tion in predicting outcomes in systolic left ventricular heart failure
(from the ADEPT study). Am J Cardiol 2005; 96:257-262.
O’Donoghue M, Chen A, Baggish AL, et al. The effects of ejection
fraction on N-terminal ProBNP and BNP levels in patients with acute
CHF: analysis from the ProBNP Investigation of Dyspnea in the
Emergency Department (PRIDE) study. J Card Fail 2005; 11(5
suppl):S9-S14.

American Heart Association. Heart Disease and Stroke Statistics—
2005 Update:53. http://americanheart.org/downloadable/heart/
1105390918119HDSStats2005Update.pdf.

Mueller C, Scholer A, Laule-Kilian K, et al. Use of B-type natriuretic
peptide in the evaluation and management of acute dyspnea. N
Engl J Med 2004; 350:647-654.

Siebert U, Januzzi JL, Beinfeld MT, Cameron R, Gazelle GS. Cost-
effectiveness of using NT-proBNP to guide the diagnostic assess-
ment and management of dyspneic patients in the emergency
department. American Heart Association meeting, 2004, New
Orleans, LA.

Baggish AL, Cameron R, Anwaruddin S, et al. A clinical and bio-
chemical critical pathway for the evaluation of patients with sus-
pected acute congestive heart failure: The ProBNP Investigation of
Dyspnea in the Emergency Department (PRIDE) algorithm. Crit
Pathways Cardiol 2004: 3:171-176.

Sabatine MS, Morrow DA, de Lemos JA, et al. Acute changes in cir-
culating natriuretic peptide levels in relation to myocardial ischemia.
J Am Coll Cardiol 2004; 44:1988-1995.

de Lemos JA, Morrow DA, Bentley JH, et al. The prognostic value of
B-type natriuretic peptide in patients with acute coronary syn-
dromes. N Engl J Med 2001; 345:1014-1021.

Jernberg T, Lindahl B, Siegbahn A, et al. N-terminal pro-brain natri-
uretic peptide in relation to inflammation, myocardial necrosis, and
the effect of an invasive strategy in unstable coronary artery disease.
J Am Coll Cardiol 2003; 42:1909-1916.

Melanson S, Laposata M, Camargo C, et al. Validation of the Roche
Diagnostics Tina Quant D-dimer and NT-proBNP assays in the evalua-

CLEVELAND CLINIC JOURNAL OF MEDICINE

peutically reducing levels of these markers is

helpful to patients with CHE ]

tion of subjects with and without acute pulmonary embolism.
Archives Lab Med. In press.

17. Kucher N, Printzen G, Doernhoefer T, Windecker S, Meier B, Hess
OM. Low pro-brain natriuretic peptide levels predict benign clinical
outcome in acute pulmonary embolism. Circulation 2003;
107:1576-1578.

18. Tung RH, Garcia C, Morss AM, et al. Utility of B-type natriuretic pep-
tide for the evaluation of intensive care unit shock. Crit Care Med
2004; 32:1643-1647.

19. Tang WH, Girod JP, Lee MJ, et al. Plasma B-type natriuretic peptide
levels in ambulatory patients with established chronic symptomatic
systolic heart failure. Circulation 2003; 108:2964-2966.

20. Krauser DG, Lloyd-Jones DM, Chae CU, et al. Effect of body mass
index on natriuretic peptide levels in patients with acute congestive
heart failure: a ProBNP Investigation of Dyspnea in the Emergency
Department (PRIDE) substudy. Am Heart J 2005; 149:744-750.

21. Januzzi JL. Value of NT-proBNP as a predictor of death in acute con-
gestive heart failure. Eur Heart J. In press.

22. Logeart D, Thabut G, Jourdain P, et al. Predischarge B-type natriuret-
ic peptide assay for identifying patients at high risk of re-admission
after decompensated heart failure. J Am Coll Cardiol 2004;
43:635-641.

23. Januzzi JL. NT-proBNP as a predictor of death in patients with dysp-
nea and without acute congestive heart failure. Arch Intern Med.

In press.

24. Bettencourt P, Azevedo A, Pimenta J, Frioes F, Ferreira S, Ferreira A.
N-terminal-pro-brain natriuretic peptide predicts outcome after hos-
pital discharge in heart failure patients. Circulation 2004;
110:2168-2174.

25. Troughton RW, Frampton CM, Yandle TG, Espiner EA, Nicholls MG,
Richards AM. Treatment of heart failure guided by plasma aminoter-
minal brain natriuretic peptide (N-BNP) concentrations. Lancet 2000;
355:1126-1130.

M SUGGESTED READING

Bettencourt P. NT-proBNP and BNP: biomarkers for heart failure manage-
ment. Eur ] Heart Fail 2004; 6:359-363.

Gardner RS, Ozalp F, Murday AJ, Robb SD, McDonagh TA. N-terminal
pro-brain natriuretic peptide. A new gold standard in predicting mortality
in patients with advanced heart failure. Eur Heart ] 2003; 24:1735-1743.

James SK, Lindahl B, Siegbahn A, et al. N-terminal pro-brain natriuretic
peptide and other risk markers for the separate prediction of mortality and
subsequent myocardial infarction in patients with unstable coronary artery
disease: a Global Utilization of Strategies To Open occluded arteries
(GUSTO)-1V substudy. Circulation 2003; 108:275-281.

Lainchbury JG, Campbell E, Frampton CM, Yandle TG, Nicholls MG,
Richards AM. Brain natriuretic peptide and n-terminal brain natriuretic
peptide in the diagnosis of heart failure in patients with acute shortness of

breath. ] Am Coll Cardiol 2003; 42:728-735.

Seino Y, Ogawa A, Yamashita T, et al. Application of NT-proBNP and
BNP measurements in cardiac care: a more discerning marker for the
detection and evaluation of heart failure. Eur ] Heart Fail 2004;

6:295-300.

ADDRESS: James L. Januzzi, Jr, MD, Massachusetts General Hospital,
Cardiac Unit Associates, 55 Fruit Street, YAN 5, Boston, MA 02114.

VOLUME 73 « NUMBER 2 FEBRUARY 2006 157

Downloaded from www.ccjm.org on August 12, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

