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I. Overview of Heart Failure

Heart failure is a clinical syndrome characterized in most patients by dyspnea and
fatigue at rest and/or with exertion caused by underlying structural and/or functional
heart disease’. Heart failure is a growing and costly problem, affecting 2-3 % of the
total U.S. population, but only 50% of all patients would survive up to 4 years. It is the
main cause of hospitalizations in the elderly population. The increasing prevalence in
heart failure is due to the aging population as well as the marked increase in survival of
patients who suffered from myocardial infarction. Conservative estimates suggested
that over 50% of cases has an ischemia origin, while up to 75% of cases had

hypertension as a major contributing factor.

Unlike acute coronary syndromes, the definition of heart failure is a bedside diagnosis
based on clinical signs and symptoms rather than any stand-alone test results.
However, as many as 50% of the patients referred to cardiologists from primary care
physicians have been originally misdiagnosed with conditions other than heart failure.
Therefore, the use of cardiac biomarkers in the diagnosis and management of heart

failure may help to facilitate better clinical judgment.

Clinical laboratory testing in the setting of heart failure focuses on 2 goals: 1) to explore

possible underlying (and potentially reversible) causes of heart failure; and 2) to
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estimate the degree of severity and risk of disease progression. A partial listing of some

commonly used laboratory tests is shown in Table 1.

Il B-type natriuretic peptides

Over the last decade, natriuretic peptides, particularly B-type natriuretic peptide (BNP),
has introduced a new paradigm in the use of biomarkers in the evaluation and
management of heart failure. Being a relatively specific biomarker for cardiac
dysfunction, BNP and N-terminal proBNP (NT-proBNP) will be the main focus of this
document. Several other novel cardiac, metabolic and inflammatory biomarkers, such

as C-type natriuretic peptide?, endothelin-13, cardiac troponin*, C-reactive protein®®,

10-12 13,14 15,16
I 177,

apelin7'8, myotrophin®, urotensin-I , adrenomedullin , cardiotrophin-
urocortin'’, have emerged in the heart failure literature, but their clinical role remains to

be determined.

B-type natriuretic peptide and NT-proBNP belong to a family of naturally occurring
hormones known as natriuretic peptides. Synthesized in the cardiac ventricles,
elevated plasma BNP and NT-proBNP levels are highly specific for elevated filling
pressures in patients with left ventricular dysfunction, and can provide relatively reliable
diagnostic and prognostic information'®. It is also clear from the existing literature that
plasma BNP and NT-proBNP levels are reduced following long-term treatment with ACE
inhibitors'®2°, beta-blockers®'??, angiotensin-I receptor blockers® and
spironolactone®*?. This is most likely due to the reversal of the pathologic remodeling

process that occurs following neurohormonal blockade. Measurements of plasma BNP
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or NT-proBNP have until recently been restricted to research laboratories, and the
stability of plasma BNP and NT-proBNP has been well established®?”. Recently,
several commercial assays have become available for BNP or NT-proBNP testing in the
clinical setting as an aid to the diagnosis of heart failure (Table 1). Using the Biosite
Triage® BNP assay system, a normal plasma BNP of < 100 pg/mL has a high negative
predictive value in ruling out the diagnosis of heart failure?. For the Roche NT-proBNP
assay, On the other hand, high plasma BNP levels (usually above 400-500 pg/mL) are
related to a poor prognosis in patients with stable heart failure, but lack sensitivity and

specificity.

There are several practical considerations in the use of plasma BNP or NT-proBNP
testing in the clinical settings. First, the reference ranges for BNP and NT-proBNP
assays vary depending on the assay method employed and the nature of the control
population. The units expressed in the BNP literature varies from pmol/L to pg/mL, and
the commonly used research assay (Shionogi) often reports values that are 15-20%
below that of the commercial assays (e.g. Biosite Triage BNP assay)?°. These
variations have made direct comparison among study results difficult. Second, a wide
variety of clinical factors have been shown to affect plasma BNP or NT-proBNP levels,

29-32

including age and gender®*?, renal function®>¢, body habitus®, thyroid function®®**,

314942 "and underlying etiology of heart failure*>. The relative

rhythm abnormalities
impact of these factors in relation to the degree of cardiac dysfunction remains highly
debated. Furthermore, diastolic dysfunction and other echocardiographic abnormalities

significantly influence plasma BNP or NT-proBNP levels***’. Third, there have been

Last updated: 4/15/2004 Page 3 of 20



NACB: Recommendations for the Use of Cardiac Markers in Heart Failure — Chapter 2 4

very few studies directly comparing plasma BNP and NT-proBNP measurements.
Although several studies have demonstrated their excellent statistical correlations
between the two peptides*®*°, there were noticeable differences particularly with

regards to their intra- and inter-individual variability®*>".

Ml Cardiac biomarkers in the initial evaluation of patients with heart failure
Most of the early studies on BNP have been focusing on the diagnostic role of plasma
BNP and NT-proBNP in patients presenting with signs and symptoms of heart failure.
The utility of plasma BNP and NT-proBNP testing in the initial evaluation of patient with
heart failure has been well established by two prospective multi-center clinical trials. In
the Multicenter Breathing Not Properly (BNP) Study, using plasma BNP level of 100
pg/mL as “cut-off” gave a sensitivity of 90%, specificity of 76% and a diagnostic
accuracy of 81% which was superior to clinical assessment alone in a series of 1,586
patients presented to the emergency department with acute dyspnea®. In a recent
randomized control trials comparing a diagnostic strategy involving plasma BNP testing
versus clinical assessment alone, plasma BNP testing in the emergency department
improved the evaluation and treatment of patients with acute dyspnea and thereby
reduced the time to discharge and the total cost of treatment®®. Similar findings have
also been reported in the primary care setting where plasma BNP testing improve the

diagnostic accuracy of acute heart failure by general practitioners®.

However, there have been some skepticisms regarding the clinical implications for

routine use of plasma BNP in the initial evaluation of every patient presenting with signs
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and symptoms heart failure®. A single-point measurement of plasma BNP has been
reported to be less reliable in the setting of acute heart failure with “flash” pulmonary
edema between the ranges 80-300 pg/ml (using the Biosite BNP assay)®. There have
also been reports that in the ambulatory care setting, patients with symptomatic chronic
heart failure can have plasma BNP levels that are relatively lower than what would
normally considered to be “diagnostic” (e.g. Biosite BNP <100 pg/ml)*3. Therefore,
there is consensus among heart failure specialists that plasma BNP or NT-proBNP
testing should be performed to confirm the diagnosis of heart failure in patients with
suspected diagnosis of heart failure but with presenting signs and symptoms that are
ambiguous or with confounding disease states (such as chronic obstructive pulmonary

diseases), and can be valuable to improve the diagnostic accuracy for detecting heart

failure by non-specialists.

lll. Recommendation 1: Plasma BNP or NT-proBNP testing should be performed to
confirm the diagnosis of heart failure in patients with suspected diagnosis of heart
failure but with presenting signs and symptoms that are ambiguous or with confounding
disease states (such as chronic obstructive pulmonary diseases).

Strength/consensus of recommendation: Class lla

lll. Recommendation 2: Plasma BNP or NT-proBNP testing can be helpful (but not
necessary) for non-specialists to confirm the diagnosis of heart failure in patients with
obvious signs and symptoms of heart failure in the acute setting.

Strength/consensus of recommendation: Class lla
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lll. Recommendation 3: In diagnosing patients with heart failure, routine plasma BNP
or NT-proBNP testing for patients with an obvious clinical diagnosis of heart failure is
not necessary.

Strength/consensus of recommendation: Class lll (for routine use with clinically

obvious heart failure)

lll. Recommendation 4: In diagnosing patients with heart failure, plasma BNP or NT-
proBNP testing should not be used to replace conventional assessment of the degree of
left ventricular structural or functional abnormalities (e.g. echocardiography, invasive
hemodynamic assessment).

Strength/consensus of recommendation: Class lll (for replacement of

echocardiography or invasive hemodynamic assessment)

V. Cardiac biomarkers in the screening for asymptomatic left ventricular
dysfunction

The diagnostic utility of BNP and NT-proBNP in the acute setting has prompted interest

in evaluation these biomarkers as effective screening tools for asymptomatic left

ventricular dysfunction (ALVD). According to the latest ACC/AHA clinical guidelines for

the management of chronic heart failure, a large majority of patients who develop heart

failure may have preceding risk factors (Stage A) or even structural abnormalities

(Stage B) that can be recognized before disease progression.
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There have been 2 major approaches in determining the utility of BNP and NT-proBNP
in this setting. First, plasma BNP may be useful in the setting of acute myocardial
infarction (MI) in the absence of overt heart failure, where plasma BNP levels have been
inversely associated with post-MI left ventricular ejection fraction. However, due to the
heterogeneity of study population and the timing of sampling, the accuracy of BNP
screening has been variable. In this setting, echocardiography is likely to remain the

main method of assessing LV structural and functional abnormalities after an M.

Similarly, there have been inconclusive data regarding the role of screening for
asymptomatic left ventricular dysfunction (ALVD) in several studies®°. Also, there
were limitations in detecting those with marginally impaired left ventricular abnormalities
in the general population®. This may be due to the relatively non-specific association
with left ventricular systolic dysfunction at lower levels of plasma BNP or NT-proBNP.
Some investigators have attempted to increase the yield by focusing on high-risk
subgroups which may be more cost-effective®’. A high prevalence of elevated plasma
BNP levels has been observed in a patient population at risk of developing heart failure
(so-called “Stage A” heart failure), particularly in those with a history of diabetes

6263 and in the elderly®*®®. It is conceivable that plasma BNP and NT-proBNP

mellitus
may be useful to screening for these high-risk populations who may be referred for

further echocardiographic screening for ALVD, although the “cut-off” levels may differ in
different patient populations. There is also promising data suggesting the use of urinary

N-terminal BNP measurements, which parallel the results obtained from measuring

plasma N-terminal BNP levels®”. However at this time, routine BNP testing remains not
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appropriate for screening large asymptomatic patient populations for left ventricular

systolic dysfunction.

IV. Recommendation 1: At this time, routine plasma BNP or NT-proBNP testing is not
appropriate for screening large asymptomatic patient populations for left ventricular
dysfunction.

Strength/consensus of recommendation: Class lll (for routine screening in

asymptomatic population)

IV. Recommendation 2: There is evidence to suggest that plasma BNP or NT-proBNP
testing can be helpful to identify selected patients with left ventricular systolic
dysfunction in the post-MI setting or in patients at high risk of developing heart failure
(e.g. history of myocardial infarction, diabetes mellitus). However, the diagnostic ranges
and cost-effectiveness remain controversial.

Strength/consensus of recommendation: Class lib

V. Cardiac biomarkers in risk stratification and prognostication for patients
with heart failure

There is a growing body of literature to support the consistent utility of plasma BNT or

NT-proBNP testing in risk stratification and prognostication in patients with chronic heart

failure, or even those without prior history of heart failure®®. This applies to a wide

variety of clinical settings, including acute coronary syndromes®"', decompensated

heart failure’?, stable chronic heart failure’®, or even non-cardiac disorders such as
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pulmonary embolism’*"®

or in the general population with no prior history of heart
failure®®. There have also been studies advocating the role of plasma BNP or NT-
proBNP testing in patient selection for cardiac transplantation*’®"’. A recent study
looking at ambulatory patients with cardiac dysfunction found plasma BNP levels to be

the only independent predictor of sudden death’®, and at least equivalent in risk

stratification to the Heart Failure Survival Score’.

V. Recommendation 1: Plasma BNP and NT-proBNP can provide a useful addition to
clinical assessment in selected situations when risk stratification is required. However,

the adequacy of a single plasma BNP or NT-proBNP measurement for this purpose has
to be determined.

Strength/consensus of recommendation: Class lla

VI. Cardiac biomarkers in the management of patients with heart failure
Current medical management of patients with heart failure continues to rely on patients’
and physicians’ subjective clinical assessment and various non-specific laboratory
measurements of organ dysfunction and fluid status. Plasma BNP concentrations are
known to fall rapidly following diuretic therapy in patients with decompensated heart
failure®*®2. Furthermore, plasma BNP correlates with symptom status in the outpatient
setting®. The Therefore, the natural extension in BNP testing beyond its diagnostic
capabilities is to guide therapy in an objective manner. Indeed, this hypothesis has
been tested in a small pilot study in patients with mild-to-moderate chronic heart failure

where ACE inhibitors and diuretic therapy were targeted below a plasma NT-proBNP
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level of 200 pmol/L by the Christchurch assay (equivalent to 1,680 pg/mL) without
compromising other organ function (e.g. hypotension, renal insufficiency)®*. This study
found significantly fewer total cardiovascular events (deaths, hospital admissions, or
episodes of decompensated heart failure based on a modified Framingham criteria) in

the group randomized to NT-proBNP-guided therapy.

Another potential use of plasma BNP testing in treatment monitoring is the assessment
of adequacy of therapy following decompensated heart failure. Pre-discharge, but not
initial plasma BNP levels have consistently demonstrated better prediction of post-

discharge outcomes’*%°

. However, the difficulty remains the determination of this “dry”
BNP or NT-proBNP levels which is different from patient to patient, and over-aggressive
diuresis based solely on plasma BNP or NT-proBNP levels may increase the risk of

renal azotemia or extended length of stay without reducing morbidity and mortality.

Several other issues have also emerged over the feasibility of a BNP-guided therapeutic
strategy. First, despite initial reports of a tight correlations between hemodynamic
improvement and drop in plasma BNP levels following medical therapy, this relationship
has not been consistent in patients with advanced heart failure®. Furthermore,
changes in plasma BNP levels with beta-blocker therapy (proven to improve morbidity
and mortality in this population) have been inconsistent?*?”%°. The wide variation of
single or sequential plasma BNP levels in chronic heart failure after long-term medical

therapy have also created difficulties in establishing a single “target” level****%9! Two
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larger studies are currently underway to confirm the utility of a BNP-guided therapeutic

strategy.

IV. Recommendation 1: Although there is evidence from a pilot study to suggest that
plasma BNP or NT-proBNP testing can be helpful to guide therapy in patients with mild-
to-moderate heart failure, at this time, routine plasma BNP or NT-proBNP testing is not
indicated for therapeutic decisions for patients with acute or chronic heart failure.
Furthermore, the frequency of BNP or NT-proBNP testing and the utility of BNP or NT-
proBNP testing in the monitoring patients with heart failure remain unclear.

Strength/consensus of recommendation: Class llb

Conclusions

There is no doubt that plasma BNP and NT-proBNP testing has revolutionize the way
we approach the diagnosis and management of heart failure over the last few years.
However, like most diagnostic tests, the validity of the test results has to complement
clinical findings to define a disease process. It is in this context that BNP is not a stand-
alone test, and must be used and interpreted in a larger clinical context, with
confounding factors taken into account. Nevertheless, there is an unsurpassed
excitement in the heart failure community that significant advances in our understanding
of how these present and future cardiac biomarkers can better characterize patients

disease states and individualize therapy.
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Table 1. Partial list of cardiac biomarkers in the clinical diagnosis, management

and risk stratification of heart failure

Standard Electrolytes and Metabolic Markers
Sodium

Albumin

Total bilirubin

Hemoglobin

Uric acid

Neurohormones

Catecholamines (Norepinephrine, epinephrine)

Renin, angiotensin Il and aldosterone

Natriuretic peptides (ANP, BNP, C-type, N-terminal proANP, N-terminal proBNP)
Endothelin-1

Novel biomarkers
High-sensitivity cardiac troponin
High-sensitivity C-reactive protein (hsCRP)
Apelin

Cardiotrophin-1

Urotensin-II

Adrenomedullin

Leptin

Ghrelin

Myotrophin

Insulin-like growth factor-1 (IGF-1)
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