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Patients with heart failure (HF) experience significant
morbidity and mortality and those admitted for acute
decompensated HF are at particularly high risk for
adverse events.

Hospitalization represents the major component of the
high cost associated with the management of patients
with HF. Accordingly, early and accurate diagnosis of the
condition which leads to timely treatment is essential.

The natriuretic peptides (NP), particularly B-type NP (BNP)
and N-terminal proBNP (NT-proBNP) have evolved into
useful biomarkers of patients with suspected acute HF.

Two randomized controlled trials have now
demonstrated that when compared to a conventional
strategy, a management strategy that incorporates

knowledge of blood BNP and NT-proBNP results reduces
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the direct medical costs and improves specific outcomes
in patients presenting to the emergency department
with dyspnea and suspected acute HF.

On the other hand, conflicting data exist on the utility
of a NP-guided approach to ambulatory patients with
chronic HF. The role of NP in the management of patients
with stable chronic HF therefore remains to be defined.

Heart failure (HF) is a clinical syndrome that is associated
with high mortality and significant morbidity [1, 2].
In the US, there are over 1 million hospitalizations for
acute HF (AHF) [3].

Once a patient is hospitalized and discharged with a
diagnosis of HF, the readmission rate for HF is 16 % and
53 % in 1 month and 1 year, respectively [2].
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Rehospitalization predicts 1-year mortality [4], and the
natural history of patients with chronic HF is adversely
affected by repeated hospital admissions.

Accordingly, tremendous financial burden is incurred
from managing patients with AHF. In the US, of the USD
30 billion spent on HF care in 2006, USD 18 billion was
related to hospitalization [3]. These data highlight the
need for clinical trials that would help develop strategies

to manage AHF.

Natriuretic peptides as a biomarker for the
management of heart failure

The diagnosis of HF is usually based on history, physical
examination, chest radiograph and, if available, left-
ventricular-function assessment. However, many studies
have demonstrated that making a diagnosis of HF based
on clinical assessment and standard testing may be

inadequate [5-8].

There has therefore been a great effort to develop
biomarkers that can offer incremental value to establish
rapid and accurate diagnosis. To date, the only
biomarkers that have been developed for clinical use in

HF are the natriuretic peptides (NP).

Among the NP, BNP and the amino-terminal fragment of
the prohormone, NT-proBNP, have evolved to be useful
biomarkers of cardiac function as well as prognosis in
HF and other cardiovascular (CV) disorders.

Studies have established a close association between the
blood levels of BNP and NT-proBNP and the diagnosis
of HF [7, 9-12] as well as an independent prediction of
mortality and HF events [13-17]. Use of BNP/NT-proBNP
as an adjunct to clinical evaluation in diagnosis of HF,
particularly in the acute setting, has been recommended
in the HF management guidelines [1, 18-22].

Does knowing blood BNP/NT-proBNP
results influence outcomes and reduce
healthcare cost in patients with suspected
acute heart failure
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Accompanying the observational data is increasing
evidence from randomized controlled trials (RCT)
supporting a concept that the provision of knowledge
of plasma BNP/NT-proBNP levels may be translated to

improved management of patients with AHF.

The Acute Shortness of Breath Evaluation (BASEL) study
was a single-center prospective RCT of 452 patients
presenting to an emergency department (ED) in Basel,

Switzerland with acute dyspnea [23, 24].

Two hundred and twenty-five patients were randomized
to a strategy with measurement of BNP levels and 227
were assessed in a standard manner. The use of BNP

levels reduced the need for hospitalization.

The median time to discharge was 8.0 days in the BNP
group and 11.0 days in the control group. The mean
total cost was USD 5,410 in the BNP group vs. USD
7,264 in the control group.

Up until recently, studies, particularly those that studied
NT-proBNP, had either involved small number of patients
[25, 26], were conducted in single centers [9, 25, 26] or
were not randomized in design [11].

The large-scale studies of BNP and NT-proBNP were
conducted mostly in the US [9, 11] where per capita
healthcare spending was high [27], and these data,
while important, were not necessarily applicable to
countries with publicly funded universal healthcare

coverage systems.

These concerns prompted the design of the Canadian
multicenter Improved Management of Patient with
Congestive Heart Failure (IMPROVE-CHF) study.

This prospective RCT was designed to test the hypothesis
that a strategy that included knowledge of NT-proBNP
results improved the management of patients with
suspected acute HF [12].

The specific aims of IMPROVE-CHF were to evaluate: 1)
whether NT-proBNP added incremental value to clinical
judgment in diagnosing acute HF; and 2) whether a
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management strategy that incorporated knowledge of
NT-proBNP results would lead to cost-savings without

compromising clinical outcomes.

Five hundred patients presenting with dyspnea to seven
EDs in Canada were studied. Patients were screened
consecutively. After enrollment, baseline medical history

and clinical signs were documented.

A separate blood sample was collected for NT-proBNP
measurement. At the end of the clinical evaluation and
with knowledge of the results of standard diagnostic
tests except for NT-proBNP, the ED physician was asked
to commit to a diagnosis of whether a patient had HF
or not and separately to estimate on a scale of 0-100 %

the likelihood that acute HF was the cause of dyspnea.

Afterward, patients were randomly assigned to two
groups based on management strategies that involved
conventional measures (usual care) or conventional
measures plus knowledge of NT-proBNP results (the NT-
proBNP).

The results of NT-proBNP were made available only to
the physicians who managed the patients in the NT-
proBNP group and were provided immediately after

randomization.

These physicians were provided with information to
interpret the NT-proBNP results.

For adjudication, two cardiologists were provided with
hospital records, including the discharge summary,
results of laboratory and radiographic testing,
echocardiograms if performed, clinical notes from the
time of ED presentation to the 60-day follow-up and
outcome of the telephone interview. Using all available
data, the cardiologists assigned a diagnosis without

knowing the NT-proBNP results. [9, 28].

For the diagnosis of AHF, adding NT-proBNP to clinical
judgment enhanced accuracy, the area under the
ROC curve increased from 0.83 to 0.90 (P <0.00001).
Knowledge of NT-proBNP values reduced the primary
end point, duration of ED visit, by 21 % (6.3 to 5.6
hours, P = 0.031).
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The differences in initial hospitalizations, the hospital
length of stay, the initial intensive care unit admissions
and length of stay, and initial and 60-day mortality were

not statistically significant.

However, a significant reduction in the number of
patients rehospitalized by 60 days (13 % vs. 20 %;
P = 0.0463) was observed. Direct medical cost of ED
visits, hospitalizations and outpatient services were
significantly reduced (USD 6129 to USD 5180 per
patient, P = 0.023).

To gain insights into the contribution of outpatient use
of diagnostic tests to the overall cost reduction, the
proportion of patients who had undergone various
advanced diagnostic tests was calculated and shown in
FIGURE 1.

The frequency of outpatient use of these diagnostic
tests was relatively low overall, but there was a
tendency for less use of echocardiography, radionuclide
ventriculography and computer tomography of the
chest in the NT-proBNP group.

O NT-proBNP

W Usual care

CT chest Cardiac cath PFT

FIGURE 1: Use of diagnostic tests in the usual care and NT-proBNP-
guided group

Using the IMPROVE-CHF data, our group have recently
derived and validated a prediction model utilizing NT-
proBNP and clinical variables to improve the diagnosis
of AHF [29].

Physician estimates of probability of AHF in 500 ED
patients from IMPROVE-CHF trial were classified into
low (0-20 %), intermediate (21-79 %) or high (80-100
%) probability for AHF, then compared to the blinded
adjudicated AHFS diagnosis.
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Likelihood ratios were calculated and multiple logistic
into an  AHFS

prediction model, which was validated internally using

regression incorporated covariates
bootstrapping and externally by applying the model to
573 patients from the N-terminal proBNP investigation of

dyspnea in the emergency department (PRIDE) study [9].

Likelihood ratios for AHF with NT-proBNP were 0.11
(95 % Cl, 0.06 to 0.19) for cut-point values < 300 pg/
mL; rising to 3.43 (95 % Cl, 2.34 to 5.03) for values
2700-8099 pg/mL and 12.80 (95 % Cl, 5.21 to 31.45)
for values > 8100 pg/mL. Variables used to predict AHF
were age, pretest probability and log NT-proBNP.

When applied to the external data using its adjudicated
final diagnosis as the gold standard, the model
appropriately reclassified 44 % of patients with
intermediate clinical probability to either low or high
probability of AHF with negligible (<3 %) inappropriate

redirection.

We have therefore established a diagnostic prediction
model for AHF utilizing both clinical assessment and
NT-proBNP which appears to have excellent diagnostic
with indeterminate

accuracy, especially in cases

likelihood for AHF.

Role of BNP/NT-proBNP in the
management of chronic stable heart failure

While the provision of knowledge of BNP/NT-proBNP
results appears to improve the management of patients
with AHF, less data exists to support the routine use of
serial NP testing in stable chronic HF. Troughton et al
were the first to evaluate the strategy of NT-proBNP-
guided therapy targeted to a specific value [30].

Sixty-nine patients with decompensated HF were
randomized to therapy according to clinical algorithm
or to NT-proBNP level with NT-proBNP levels > 1700 pg/
mL, triggering intensification of therapy.

At follow-up, CV events were significantly improved
in the NT-proBNP-guided group. Although the results
of this study were promising, the sample size was
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small and the study was conducted in an era prior to

contemporary HF therapy.

The second study is the Systolic Heart Failure Treatment
Supported by BNP Multicenter Randomized Trial (STARS-
BNP). This trial was designed to evaluate the benefit of
BNP-guided therapy on clinical outcomes in patients

followed in specialized HF clinics [31].

Patients were recruited from 17 university hospitals in
France. A total of 220 patients with New York Heart
Association (NYHA) functional class Il to Il symptoms
were randomized to medical treatment (clinical group)
or a goal of decreasing plasma BNP to <100 pg/mL (BNP
group).

The primary end point was HF-related death or
hospitalization for HF. During the first 3 months, drugs
were adjusted more frequently in the BNP group. ACE

inhibitors and B-blocker use increased more in the BNP

group.

In a follow-up of 15 months, there were fewer deaths
or HF hospitalizations in the BNP group. There were
no significant differences in all-cause mortality or

hospitalization.

The investigators conclude that a BNP-guided strategy
with target BNP level reduces the risk of HF-related
death or hospital stay and that the benefit is achieved
through an increase in ACE inhibitor and B-blocker

dosages.

The results of STARS-BNP, although very promising,
warrant cautious interpretations for several reasons.
First, the sample size of the trial was small. Second, the
study was conducted in specialized HF clinics and the
clinicians were familiar with the interpretation of BNP
results.

These results may not be applicable to HF patients
who are not managed in specialized clinics, or not by
clinicians with expertise in the interpretation of BNP

testing.
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The Strategies for Tailoring Advanced Heart Failure
Regimens in the Outpatient Setting: Brain Natriuretic
Peptide Levels Versus the Clinical Congestion Score
(STARBRITE) was a pilot study.

The study recruited 130 patients, randomized to 1) a
Congestion Score Strategy and 2) a target BNP strategy.

The trial has not yet been published. Like in STARS-
BNP, STARBRITE saw significantly increased use in ACE
inhibitor (p=0.03) and a trend toward greater use in
B-blockers (p=0.08) in the BNP group, but there was
no significant difference in the primary end point of the
number of days neither hospitalized nor dead from the
date of the first clinic visit to 90 days.

The NTproBNP-AssisTed Treatment to LEssen Serial
CARdiac REadmissions and Death (BATTLESCARRED)
trial determined whether drug treatment according to
plasma NT-proBNP is superior to intensive standardized
clinical assessment; whether either of the regimens is
superior to usual care; and whether age altered the
relative efficacy of NT-proBNP-guided treatment.

The trial, which was conducted in New Zealand,
randomized patients stratified by age to drug treatment
directed by plasma NT-proBNP, intensive standardized
clinical assessment or usual care [32]. The primary

outcome was mortality.

The preliminary results were presented at a closed
session at the European Society of Cardiology Congress
2007 in Vienna. The majority of subjects were in NYHA
functional class Il, 61 % were >75 years of age. The
entry median plasma NT-proBNP level was 1900 pg/mL.
Treating NT-proBNP to target levels appeared to confer
some benefits to patients aged <75 years, but not in the

overall group.

The Trial of Intensified versus standard Medical therapy
in Elderly patients with Congestive Heart Failure (TIME-
CHF) was a prospective single-blinded trial of 824
elderly patients with HF [33].

Treatment strategies follow the published guidelines
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with the aim to reduce symptoms to NYHA class < |I
(standard) or, also NT-proBNP levels below twice the
upper limit of normal.

The primary end point was 18-month hospitalization-
free survival. Therapy guided by NT-proBNP and
symptom-guided therapy resulted in similar rates of
survival free of all-cause hospitalizations (41 % vs. 40
%, respectively; hazard ratio, 0.91 (95 % Cl, 0.72-1.14);
P = 0.39). Quality-of-life metrics were similar in both
strategies. Compared with the symptom-guided group,
survival free of hospitalization for HF, a secondary end
point, was higher among those in the NT-proBNP-
guided group.

Therapy guided by NT-proBNP improved outcomes in
patients aged 60-75 years but not in those aged 75
years or older (P <0.02 for interaction). These findings
therefore suggest that therapy guided by NT-proBNP does

not improve overall clinical outcomes or quality of life.

In conclusion, data to date supports the use of adjunctive
natriuretic peptide testing in the management of
patients with acute dyspnea and suspected AHFHFS. In
these patients, addition of NP testing to careful clinical
evaluation reduces medical cost without adverse effects
on clinical outcomes. At present, there is less data to
support the routine use of serial NP testing in patients
with chronic stable HF.
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