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Comparison of BNP and NT-proBNP Assays in the Approach
to the Emergency Diagnosis of Acute Dyspnea
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N-terminal pro-brain natriuretic peptide
(NT-proBNP) and BNP measurement could
have a significant role in differentiating
dyspnea between cardiac or pulmonary
origin in the emergency room. The devel-
opment of new and different commercial
assays for these B-type natriuretic peptides
offers the possibility of improving and
simplifying their measurements but this
could be defaulted due to the differences
in methodology and the lack of assay
standardization. We compared four avail-
able methods of measuring NT-proBNP
and BNP and evaluated their usefulness
in diagnosing the causes of breathlessness
in the emergency room. The correlation of
BNP with different assays was strong with
r>0.98 (P<0.0001). Comparison studies-
between NT-proBNP and BNP procedures

were in good agreement with r>0.87. The
area under the receiver-operating charac-
teristic curve (ROC) for BNP or NT-proBNP
for detecting any cardiac dysfunction was
higher than 0.96 (95% CI). A BNP value of
116 pg/mL measurement with the Access
BNP assay (Beckman Coulter Inc., Full-
erton, CA), a BNP value of 79 pg/mL with
Advia Centaur BNP assay (Bayer Diagnos-
tics, Tarrytown, NY), and an NT-proBNP
level of 817 pg/mL in Elecsys NT-proBNP
assay (Roche Diagnostic, Mannheim,
Germany), showed both high sensitivity
(>92%) and high specificity (>93%).
We have found that NT-proBNP and
BNP present similar diagnostic accuracies
for the differential diagnosis of dyspnea.
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INTRODUCTION

B-type natriuretic peptides are cardiac neurohor-
mones (1) secreted from ventricular myocytes in
response to ventricular volume expansion and pressure
overload, producing natriuresis and diuresis and relax-
ing vascular smooth muscle and inhibiting the renin-
angiotensin-aldosterone system (2). Natriuretic peptides
are synthesized as preprohormones that lose a signal
peptide. The formed prohormones (proBNP) split
enzymatically into an inactive NH,-terminal fragment
(NT-proBNP) and a biologically active COOH-terminal
peptide (BNP) (3), which are secreted into the blood
circulation in equimolecular amounts. However, NT-
proBNP shows a higher concentration than BNP,
because of its different clearance mechanisms (4). Both
peptides can be measured by an automated or semi-
automated immunoassay in the clinical laboratory.

Its potential clinical usefulness (5) is for screening
heart disease (6), stratification of patients with con-
gestive heart failure, detection of left ventricular systolic
and diastolic dysfunction (7) as prognostic markers in
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cardiac disease (8), monitoring the therapy (9), and
the differential diagnosis of dyspnea. Therefore, the
European Society of Cardiology recommends testing
these natriuretic peptides along with chest x-rays and
electrocardiograms when evaluating patients with
suspected heart failure (10).

In the emergency room, rapid and accurate differ-
entiation of cardiac dysfunction from other causes
of dyspnea leads to the immediate initiation of the
appropriate therapy. Unfortunately, diagnosis is not
easy because the symptoms and signs are neither
sensitive nor specific and there is considerable over-
lapping with patients who present with pulmonary
disease. Thus, B-type natriuretic peptides can be useful
with the differential diagnosis. (11,12).
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There are different commercial assay methods
(enzyme, chemiluminescence, fluorescence immunoas-
says, and immunoradiometric assays) for measuring
these two peptides, although they have different tech-
nical characteristics and possess different decision limits.

The aim of this study was to evaluate the value of NT-
proBNP and BNP in patients with acute dyspnea in the
emergency room. In addition, we compared different
commercially available assays for B-type natriuretic pep-
tide measurements, and finally, we evaluated which of
them showed the best correlation with clinical features.

MATERIALS AND METHODS

Natriuretics peptides were measured in plasma sam-
ples of patients (n=75) who were admitted to the
emergency room and had acute dyspnea as the primary
symptom, and a control group (n=25) formed by
routine patients with no cardiac or respiratory causes
who were included as reference. The total population
included patients (67% men and 33% women) aged
754+ 14.77 (mean + SD) years old. This was a prospective
study. Patients were diagnosed according to their
symptoms and signs and the following clinical and
laboratory procedures: physical examination, blood test,
electrocardiography (ECG), chest x-radiography, and
in some cases, echocardiography criteria (10). Clinicians
involved in the diagnosis were blinded to the values of
the natriuretic peptides obtained.

Samples were taken into ethylenediaminetetracetic
(EDTA) or heparinized tubes, centrifuged for 10 min at
1,500 g, and the plasma was stored at —20°C before
assaying NT-proBNP and BNP.

EDTA-plasma BNP was measured by the following
immunoassays: Advia Centaur BNP assay (Bayer
Diagnostics), Access BNP assay (Beckman), and Triage
Meter (Biosite Corporation, San Diego, CA). The Advia
Centaur BNP assay is a two-site dual-monoclonal
immunochemiluminescent assay. Triage BNP test is a
point-of-care analyzer that uses murine monoclonal
bound to alkaline phosphatase and polyclonal antibo-
dies in a immunochromatographic fluorescence assay.
BNP measurement in the Access BNP assay uses the
same reagents of the Triage test applied to the Access
analyzer. In all these assays, an antibody is directed to
the C-terminal part of the natriuretic peptide and the
other is directed against the ring (biologically active)
portion of BNP.

Heparin plasma NT-proBNP was measured by
electrochemiluminescence with the Elecsys NT-proBNP
assay (Roche), which uses two polyclonal antibodies
that bind to the amino terminal part of NT-proBNP.

Brain natriuretic peptide assay results were compared
and the relationships among procedures were studied by
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applying the Passing-Bablok nonparametric regression
and the Pearson’s correlation coefficient. A P value
<0.05 was considered significant.

To compare the diagnostic accuracy of each test for
NT-proBNP and BNP, receiver operating characteristic
(ROC) analysis was performed. The area under the
curves (AUC) for each parameter were compared and
values for specificity and sensitivity were estimated.

RESULTS

Patients with dyspnea were categorized into two
groups corresponding to patients with cardiac dysfunc-
tion and respiratory diseases, respectively (10). Heart
failure and respiratory disease etiologies in the study
population are shown in Table 1.

The distribution of BNP and NT-proBNP concentra-
tions in the patient population studied is shown in
Fig. 1. Patients with cardiac dysfunction had signifi-
cantly higher BNP/NT-proBNP values than non-cardiac
dyspnea patients and normal groups.

The comparison study of the results obtained with
the Access BNP, Advia Centaur BNP, and Elecsys
NT-proBNP assays is shown in Fig. 2. The correlation
coefficients obtained were between 0.87 and 0.98. The
regression analysis with a 0.95 confidence interval gives
the statistical data showed in Table 2. Triage BNP assay
was only assayed in 25 patients and showed similar
results to those obtained with BNP assays (r>0.97).

Results of the regression parameters reveal the
existence of proportional and constant systematic
errors; the results obtained by these methods are well
correlated but not transferable.

The ability of BNP/NT-proBNP to detect abnormal
cardiac function in patients with dyspnea was assessed
with ROC analysis. The area under the ROC curve was
0.979 for NT-proBNP in Elecsys and 0.975/0.965
for BNP in Access/Centaur. There were no significant
differences (<0.001) among the AUC’s (Fig. 3).

TABLE 1. Causes of cardiac and respiratory disease in the
study population

Cardiac patients (n = 45)

Left ventricular systolic 12%
Ischemic 12%
Ventricular dilation 9%
Valvar 15%
Atrial fibrillation 17%
Cardiomyopathy hypertensive 21%

Other 9%
Respiratory patients (n = 30)

Chronic obstructive pulmonary disease. 37%
Respiratory infection 30%
Other (Pulmonary embolism, asthma, pneumonia, 33%

bronchitis)
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Fig. 1. Distribution of brain natriuretic peptide concentrations
measured in a: Elecsys proBNP assay, b: Advia BNP assay, ¢: Access
BNP assay, by patient groups. CARD, patients with cardiac dyspnea;
RESP, patients with respiratory dyspnea; S, patients without cardiac
nor respiratory dysfunction. The plots display the median values (lines
inside boxes), 25th and 75th percentiles (lower and upper limits of
boxes), and the minimum and 99th percentiles.
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Fig. 2. Comparison of BNP and/or NT-proBNP values obtained
with Access, Centaur, and Elecsys 2010 assays. a: Access BNP assay vs.
Advia BNP assay with a linear regression: y=-9.23+0.81 x,
correlation coefficient: r=0.986. b: Advia Centaur BNP assay vs.
Elecsys NT-proBNP assay: y =—-233+10.1 x , r = 0.876. ¢: Access BNP
assay vs. Elecsys NT-proBNP assay: y =-79+12.9 x, r =0.89.
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TABLE 2. Correlation among the different assays for BNP and pro-BNP

Slope CI y-intercept CI
Access BNP vs. Advia BNP 0.81 (0.75 to 0.84) -9.23 (-13.18 to —6.24)
Access BNP vs. Elecsys pro-BNP 10.1 (9.38 to 11.03) -233 (=351.99 to —135.80)
Advia BNP vs. Elecsys pro-BNP 12.9 (11.49 to 15.05) -79 (-193.44 to -23.09)
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Fig. 3.
significant (P<0.001).

The optimal relationship between clinical sensitivity
and specificity with a 95% confidence interval
was obtained with a cut-off of 116 pg/mL for Access
BNP assay and at a concentration of 79 pg/mL for
Advia BNP assay and 817pg/mL for Elecsys NT-
proBNP assay. The commercial specification shows a
cut-off-for clinical decision of 100pg/mL for BNP
assays and a cutoff value 300pg/mL for proBNP
(men > 50 years old). The diagnostic accuracy results
are shown in Table 3.

DISCUSSION

B-type natriuretic peptides have emerged in the
last years as important neurohormonal markers for the
control of cardiovascular function (3). An early
diagnosis of heart failure permits a delay in disease
progression, reduces mortality, and improves the quality
of life (13). Therefore, determining low concentrations
of natriuretic peptides may avoid the need for more
expensive and time-consuming procedures such as
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ROC curve comparing sensitivity and specificity of BNP and NT-proBNP in the differential diagnosis of cardiac dyspnea. AUC’s are

ultrasonography. Moreover, therapies used for conges-
tive heart failure could be life-threatening in patients
with other pathologies (e.g., chronic obstructive pul-
monary disease) that have similar primary symptoms.
At present, there are different immunoassays available
for the determination of natriuretic peptides (NT-
proBNP and BNP). Unfortunately, the results obtained
(for the same peptide) with these assays may be different
(14), indicating the lack of standardization in immu-
noassay methods. However, there are not many studies
that compare the main methods present in the market
and then apply them to a certain population (15-17).
In our study, BNP assays (Advia Centaur BNP assay
and Access BNP assay) were well correlated (r>0.98).
However, both methods are subject to proportional and
constant errors. Therefore, there was not a good
transferability between the results obtained with them.
The two assays measure the same molecule, BNP,
the active form of natriuretic peptides, but the use
of antibodies directed to different epitopes at the same
areas accounts for the difference between them (17).
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TABLE 3. Sensitivities, specificities, positive predictive value (+PYV), and negative predictive value (—PV) as a function of the cutoff
value obtained in this study and the recommended by the commercial specification

Cutoff value

Elecsys-proBNP assay

Access BNP assay

Advia BNP assay

Study Commercial Study Commercial Study Commercial
Cutoff 817 300 116 100 79 100
Sensitivity 97.7 100 92.9 95.2 95.3 86
Specificity 93.5 50 95.6 88.9 95.7 97.8
+PV 93.3 65.2 95.1 88.8 95.3 97.4
-PV 97.7 100 93.5 94.9 95.7 88.2

The lack of standardization contributes to the disparities
among different assays. BNP assays correlate reason-
ably well (r>0.87) with NT-proBNP (15).

Differential diagnosis is especially important in
patients suffering coexisting respiratory and cardiac
pathological conditions that are common in older
patients, which often overlap or could be confused with
one another. NT-proBNP and BNP concentrations
found in cardiac patients with dyspnea were significantly
higher than those of the respiratory group. Higher
values in the respiratory group with respect to the
control group could be explained by hypoxia and
sympathetic overdrive originating in a secretion of
natriuretic peptides.

After reviewing all of the patient information, we
observed that high natriuretic peptide concentrations in
initial respiratory care correspond to patients who have
an associated cardiac pathology. A history of obstruc-
tive or restrictive lung disease leading to heart failure
was present in four patients. Taking into consideration
the idea that lung hypertension is one of the main
complications of respiratory dysfunction (18), they were
re-evaluated as cardiac.

It is known that natriuretic peptide concentrations
are influenced by age and renal function, particularly
NT-proBNP. BNP is cleared mainly from the circula-
tion by natriuretic peptide C receptor and neutral
endopeptidases, whereas NT-proBNP is cleared mainly
by the kidneys (19). Therefore, BNP is less influenced by
renal function and NT-proBNP could be overestimated
in patients with severe renal dysfunction. We found that
two patients with advance age had elevated NT-proBNP
and normal BNP values, and three cardiac patients with
renal dysfunction showed higher NT-proBNP than the
corresponding BNP values.

Moreover, there was a discrepant value between BNP
measured by Access (Triage) and Centaur assay and also
with the NT-proBNP levels. This could be attributed
to HAMA antibodies because the Access (Triage) BNP

assay is the only one that uses murine antibodies in the
development of the immunoassay.

The discrimination power between cardiac or respira-
tory dyspnea was comparable with the different
methods assayed, although Elecsys proBNP and BNP
Access assays showed the highest AUCs. To define the
diagnostic cut-off for each test, we assumed the best
diagnosis accuracy (the optimal diagnostic sensitivity
and specificity), corresponding to a concentration of
116 pg/mL (BNP-Access), 79 pg/mL (BNP-Centaur),
and 817 pg/mL (proBNP-Elecsys). These values had
the greatest ability to discriminate among patients
with dyspnea and only a few patients (<7%) could be
misdiagnosed. The manufacturers’ specifications and
some studies recommend the BNP assays show a
decision threshold at 100pg/mL but that did not
improve the diagnosis accuracy (20).

Elecsys NT-proBNP assay is slightly superior in
distinguishing cardiac dysfunction (a negative predictive
value of 97.7%). For NT-proBNP, we used a different
cut-off than that indicated by the commercial specifica-
tion for patients >50 years old. The result obtained
in this study was similar to other NT-proBNP cutoff
values with the Elecsys NT-proBNPQ for patients > 75
years old.

The relationship between the age and gender of
patients and natriuretic peptides was not significant
(P<0.001). Because our study population was older
(mean, 75 years old), we took only one cut-off point.
For younger patients, specially for NT-proBNP, it
would be necessary to establish different cut-offs values.

Finally, the situation in the emergency laboratory
requires a good analytical performance and a fast
and efficient response to the needs of the emergency
unit. A point-of-care testing like Triage BNP could be
interesting on a small unit with not so many samples,
but it requires hands-on labor time. For a larger number
of samples, an automatic system like Elecsys proBNP,
Centaur BNP, or Access BNP assays are more suitable.
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Moreover, it would be necessary to study differences in
calibrator composition, specific molecular forms, and
differences in antibody reactivities in order to achieve
interchangeable results between assays, so that clinical
confusion and differences in diagnosis may be mini-
mized.

In conclusion, the development of different assays,
standardized and easy to perform, leads to considering
NT-proBNP or BNP as excellent biochemical markers
(21) in the differential diagnosis of dyspnea in the
emergency room. They showed good sensitivity and
specificity for the diagnosis of heart failure, thereby
permitting the early use of intensive therapy.
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