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We investigated the performance of brain natriuretic peptides (BNP and NT-proBNP) in detecting various degrees
of left ventricular systolic dysfunction. The NT-proBNP assay (Roche) and the BNP assay (Bayer Shionoria) were
performed in 46 patients (mean age 50 years; range 20-79 years) with various types of heart disease (chronic heart
failure due to coronary artery disease, cardiomyopathy, acquired valve disease, congenital heart diseases) and different
impairment of left ventricular systolic dysfunction was assessed by echocardiography. Patients were divided into four
groups according to the left ventricular ejection fraction (LVEF) correlated with clinical severity. Significant differ-
ences in medians of NT-proBNP and BNP values between all groups were determined (P= 0.0161 for NT-proBNP and
P=0.0180 for BNP). For identifying patients with severe systolic dysfunction (LVEF<40%), receiver operating charac-
teristic (ROC) analysis for both BNP and NT-proBNP was performed. The diagnostic performances expressed as areas
under the curve were of 0.69 for NT-proBNP (cut off value 367 pg/ml) and 0.60 for BNP (cut off value 172 pg/ml).
However, the BNP showed higher sensitivity (85 % vs. 63 %) and a higher positive predictive value (69 % vs 55 %) than
the NT-proBNP. The negative predictive values of BNP and NT-proBNP were similar (70 % and 71 % respectively).

Brain natriuretic peptides are promising markers for the diagnosis of severe left ventricular systolic dysfunction.

INTRODUCTION

The natriuretic peptides BNP and N-terminal-proB-
NP are well established serum biomarkers for acute and
chronic heart failure'-3. The prevalence of heart diseases
increases markedly with age* and early diagnosis of heart
failure is crucial. It has been shown that treatment of pa-
tients with angiotensin-converting enzyme inhibitors or
beta-blockers substantially delays disease progression®.
Among all investigated neurohormones and natriuretic
peptides, BNP and NT-proBNP are the best markers for
ruling out left ventricular dysfunction® ®’. Brain natriu-
retic peptides (BNPs) are secreted from the left ventricle
at a rate proportional to the level of the wall stress of the
ventricle®’. Theoretically, measuring of the N-terminal
cleavage product of the BNP precursor (NT-proBNP) may
have analytical advantages over BNP due to the longer
half-life and consequently higher plasma levels of NT-
proBNP in patients with left ventricular systolic dysfunc-
tion LVSD?. Furthermore, NT-proBNP is a stable peptide,
which in whole blood can be analyzed 72 hours after the
sample has been taken. Population-based studies (7-9) as
well as studies in patients with acute dyspnoea in emer-
gency departments (10-12) have shown that low levels of
natriuretic peptides effectively rule out LVSD.

The study was designed to compare the usefulness of
brain natriuretic peptides (NT-proBNP, BNP) in monitor-
ing left ventricular impairment using commercially avail-
able automated NT-proBNP assay (Roche Diagnostic)
and the BNP Assay (Bayer Shionoria).

MATERIALS AND METHODS

1. Subjects

Forty six patients (26 males, mean age 51 years, range
20-79 years; 20 females mean age 48 years, range 20-79
years) with various forms of cardiovascular disease and
different types of left ventricular impairment were selected
for the study.

Consecutive ambulatory patients with clinically sus-
pected left ventricular dysfunction were previously ex-
amined by echocardiography in specialized cardiologic
departments. Echocardiography assessed clinically rel-
evant indices such as left ventricular ejection fraction
(LVEF), regional systolic left ventricular dysfunction,
diastolic function, left ventricular mass and systolic pul-
monary artery pressure.

The patients were divided into four groups according
to the severity of the ventricular impairment based on
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Table 1. The clinical characteristics of the patients.
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Male 8 6 7 5
Female 10 3 3 4
LVEF (median + SD) 62.2+2.6 50+3.5 35+4 23.8+ 1.1
BNP (median + SEM) (pg/ml) 94.6+ 33.7 31.8 +27.2 40.9 + 37.1 181.0 + 159.9
NT-proBNP (median + SEM) (pg/ml) 299.4 + 122.0 251.3 +212 394 + 281 2085 + 1655
History of AIM (%) 1(6) 1(11) 5 (50) 5(56)
Hypertension (%) 6 (33) 4 (44) 4 (40) 4 (44)
Systolic pressure [mm Hg] (mean + SD) 125+ 19 134 + 15 126.5 + 23 132+ 19
Diastolic pressure [mm Hg] (mean + SD) 75+12 78 + 11 80+ 13 78 + 16
ACE inhibitors (%) 1(6) 4 (44) 6 (60) 7(78)
Angiotensin inhibitors (%) 1(6) 1(11) 1(10) 0
Beta blockers (%) 1(6) 5(56) 6 (60) 7 (78)
Diuretics (%) 2(12) 4 (44) 5(50) 6 (67)
Creatinine [umol/l] (mean + SD) 80.5+ 16 86.7+17 89 +22.5 118.6 + 46.3
Coronary artery disease 1(6) 4 (44) 4 (40) 5(56)
Ebstein anomaly 0 1(11) 1(10) 0
Ventricular septal defect 0 1(11) 1 (10) 0
Atrial septal defect 8 (44) 0 0 0
Acquired aortic or mitral valve disease 4(22) 1(11) 1(10) 0
Dilated cardiomyopathy including isolated
left ventricular noncompaction 0 0 3(30) 0
Tricuspid atresia and complex cyanotic
congenital heart disease 0 1(11) 0 1(11)
Corrected transposition of the great arteries 1(6) 0 0 1(11)
Eisenmenger syndrome 0 0 1(10) 0
Anomalous left coronary artery origin 0 0 1(10) 0
Transposition of great arteries
(Mustard correction) 0 0 0 1(11)

Table 2. Predictive values and analytical parameters of brain natriuretic peptides (BNP, NT-proBNP) in patients
with left ventricular systolic dysfunction.

NT-proBNP (Cut off value = 367 pg/ml)

BNP (Cut off value = 172 pg/ml)

PPV 55 %

PPV 69 %

NPV 71 %

NPV 70 %

Sensitivity 63 %

Sensitivity 85 %

Specificity 63 %

Specificity 45 %

PPV - positive predictive value
NPV - negative predictive value

The cut off values for brain natriuretic peptides (BNP = 172 pg/ml, NT-proBNP = 367 pg/ml) were assigned at the

levels of maximal specificity and maximal sensitivity.
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the following criteria: Severe ventricular dysfunction was
defined as LVEF < 25 % (9 patients), moderate LVSD was
defined as a LVEF of 26-40 % (10 patients), mild systolic
ventricular dysfunction was defined as LVEF 41-59 %
(9 patients). Eighteen patiens with LVEF > 60 % were
taken as the control group. The clinical characteristics of
the patients are listed in Tab. 1.

2. Methods

Serum and plasma samples were frozen immediately
and kept at -20 °C until BNP and NT-proBNP were ana-
lyzed. Serum levels of NT-proBNP were measured using
commercially available electrochemiluminescence sand-
wich immunoassay (ECLIA, Roche) on an Elecsys System
2010. Plasma BNP levels were measured using commer-
cially available immunochemiluminescence immunoassay
(Shionoria BNP, Bayer) on an ADVIA Centaur System.

3. Statistical analysis
Differences in NT-pro BNP and BNP concentrations
between subgroups were tested for statistical significance,
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either by the nonparametric Tukey multiple comparison
test if the values were not normally distributed, or by the
unpaired t-test and one-way analysis of variance (ANOVA)
with multiple comparison tests (Neumann-Keuls multiple
comparison test). A value of p < 0.05 was considered as
statistically significant. Receiver operating characteristic
(ROC) analysis was performed to assess the diagnostic
performance (by calculating the area under the ROC
curve) of NT-proBNP and BNP to recognize patients
with severe and mild left ventricular dysfunction arising
from different cardiac pathologies. All data in the paper
are expressed as median + SEM.

RESULTS

1. NT - proBNP and left ventricular impairment
Significant differences in the medians of NT-proBNP
between all groups were determined (P = 0.0161; One-way
analysis of variance). NT-proBNP values increased with
the severity of ventricular impairment, with the strongest

Fig. 1a, b: Concentration of NT-proBNP and BNP in patients with heart failure according to various types
of left ventricular dysfunction
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Fig. 1a: NT-proBNP

Data are presented as box (median, 25" and 75" percen-
tiles) and whisker (higher and lower values) plots, sig-
nificant difference between all groups are expressed as
p = 0.0161.

Significant differences between patients with severe dys-
function (LVEF < 25 %) and control group (LVEF > 60 %)
are expressed as p < 0.01.

Significant differences between patients with severe dys-
function (LVEF < 25 %) and mild LVSD (LVEF = 41-
59 %) are expressed as p < 0.05.

Significant differences between patients with severe dys-
function (LVEF<25 %) and moderate LVSD (LVEF =
26-40 %).
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Fig. 1b: BNP

Data are presented as box (median, 25" and 75" percen-
tiles) and whisker (higher and lower values) plots, sig-
nificant difference between all groups are expressed as
p =0.0180

Significant differences between patients with severe dys-
function (LVEF < 25 %) and control group (LVEF > 60 %)
are expressed as p < 0.01.

Significant differences between patients with severe dys-
function (LVEF < 25 %) and mild LVSD (LVEF = 41-
59 %) are expressed as p < 0.05.

Significant differences between patients with severe dys-
function (LVEF < 25 %) and moderate LVSD (LVEF =
26-40 %) are expressed as p < 0.05.
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Fig. 2. ROC analysis of natriuretic peptides.
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Receiver operating characteristic (ROC) analysis was performed to identify patients with severe systolic dysfunction
(LVEF < 40 %). The diagnostic performance of natriuretic peptides is expressed as a calculation of AUC level.

difference between patients with severe ventricular im-
pairment (LVEF < 25 %) and the control group (LVEF
> 60 %) (P <0.01; Newmann-Keuls multiple comparison
test). Significant differences were found between patients
with LVEF < 25 % and patients with moderate ventricular
impairment (LVEF = 26-40 %) and mild ventricular im-
pairment (LVEF = 41-60 %) (P < 0.05; Newmann-Keuls
multiple comparison test) (Fig. 1a).

2. BNP and left ventricular impairment

Significant differences in the medians of BNP between
all groups were determined (P = 0.0180; One-way analysis
of variance). BNP values increased with the severity of
left ventricular impairment, with the strongest difference
between patients with severe LVSD (LVEF < 25 %) and
the control group (LVEF > 60 %) (P < 0.01; Newmann-
Keuls multiple comparison test) (Fig. 1b).

3. Discrimination of severity of left ventricular impairment.
The ratio of LVEF = 40% was assessed to distinguish
the severe and mild ventricular dysfunction. ROC analysis
showed different diagnostic performance for BNP and
NT-proBNP (AUC = 0.60 and 0.69, respectively). The
cut off values of natriuretic peptides for the diagnosis of
left ventricular systolic dysfunction were 367 pg/ml for
NT-proBNP and 172 pg/ml for BNP. BNP showed higher
sensitivity than NT-proBNP (85 % vs. 63 %). In contrast,
NT-proBNP showed higher specificity (62 % vs. 45 %)
(Fig. 2). BNP showed a higher positive predictive value
(PPV) than NT-proBNP (69 % vs. 55 %). The negative pre-
dictive values of both BNP and NT-proBNP were similar
(70 % and 71 %, respectively). A summary of the analyti-
cal parameters and predictive values is listed in Tab. 2.

DISCUSSION

To date, several studies on the use of natriuretic pep-
tides for detecting left ventricular dysfunction in selected
patient groups have been performed and other studies
have shown relationship between the concentrations of
natriuretic peptides and severity of heart failure.!->>13
In agreement with previous studies'-*> 13, the levels of
natriuretic peptides increased with the severity of the
left ventricular impairment. As is known from the group
analysis, NT pro-BNP and BNP show similar differences
between various LVSD forms (p = 0.0161 and p = 0.0180,
respectively).

The analysis of the area under the ROC curve of the
current data suggests that NT-proBNP shows greater
ability to discriminate patients with mild and severe left
ventricular dysfunction, than the BNP did (AUC = 0.69
vs. 0.60). Nevertheless BNP gave higher sensitivity, low-
er specificity and higher positive predictive value than
the NT-pro BNP (85 % vs. 63 %; 45 % vs. 63 % and 69
% vs. 55 % respectively). The negative predictive values
for both natriuretic peptides were comparable (70 % vs.
71 %). Thus, BNP seems to be due to higher sensitivity
and higher positive predictive value for accurate diagnosis
of severe LVSD than the NT-proBNP. The cut-off values
for NT-pro BNP and BNP assigned at the maximal spe-
cificity and maximal sensitivity were assessed at values
of 367 pg/ml and 172 pg/ml. The assessed cut-off val-
ues for NT-pro BNP and BNP do not differ significantly
from the cut-off values presented in other studies present-
ing the cut-off values at the levels of 125-895 pg/ml for
NT-proBNP'* 5 and of 32-295 pg/ml for the BNP!5 16
according to the age, gender, assay and diagnosis. The
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discrepancy in the cut-off values and modest AUC levels
and negative predictive values found in our study for both
natriuretic peptides are due to the fact, that other cardiac
patients with normal ventricular systolic function (LVEF
> 60 %) were taken as a control group. Nevertheless other
diagnostic performances (specificity and sensitivity) for
both natriuretic peptides are comparable with other stud-
ies monitoring various forms of left ventricular systolic
dysfunction'¢-'8,

One possible reason for the lower sensitivity of NT-
proBNP seen in our study is the higher rate of drug
treatment. In the current study, the number of patients
receiving contemporary heart failure treatment was high,
36 of 46 (78 %) patients were treated using ACE inhibi-
tors, beta-blockers, angiotensin inhibitors or diuretics.
Drug treatment may decrease the accuracy of the peptides
in detecting LVSD". In the present study, a diagnosis of
moderate to severe LVSD was made in 19 patients (41 %);
thus, in the present study population, approximately 2-3
echocardiograms were required to detect one patient
with LVSD. These results differ from previously reported
results showing 5, 6, or 10 echocardiograms per LVSD
diagnosis®*?.

The advantage of using natriuretic peptides is to screen
a large number of patients at risk of LVSD. This would al-
low patients with LVSD who have less classical symptoms
as well as asymptomatic high-risk patients to be identified
and in turn referred for echocardiographic evaluation and
treatment.

CONCLUSION

Our findings confirmed that the measurement of brain
natriuretic peptides is useful and relevant in the diagno-
sis of various types of cardiovascular diseases, including
congenital heart diseases. However, due to the small study
population, these results have to be regarded as prelimi-
nary. Thus, further clinical and laboratory investigations
are needed to confirm the findings.

LIST OF ABBREVIATIONS

ACE - angiotensin converting enzyme

AUC - area under the curve

CI - confidence interval

BNP - brain natriuretic peptide

NT-proBNP N-terminal pro brain natriuretic peptide
NPV - negative predictive value

PPV - positive predictive value

LVSD - left ventricular systolic dysfunction

LVEF - left ventricular ejection fraction
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