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Background : The N-terminal fragment of pro Brain Natriuretic Peptide (NT-pro BNP) is a neuro-hormone
synthesized in the cardiac ventricles in response to increased wall tension. The purpose of this study was to assess
the correlation between the NT-pro BNP levels and the New York Heart Association function class (NYHA Fc) of
dyspnea and echocardiographic findings for the patients who visited our cardiology departments.

Methods : From October, 2002 to April, 2003, serum NT-pro BNP levels were measured in 348 patients who
visited the Samsung Medical Center and the Jong Koo Lee Heart Clinic.

Results : The NT-pro BNP levels were increased with the progression of NYHA Fc of dyspnea (p<0.001 by
ANOVA), the increase in the systolic left ventricular internal dimension (p<0.05), and the decrease in the ejection
fraction (p<0.01). For the NYHA Fc | patients, the NT-pro BNP levels were positively correlated with age (0<0.001)
and left atrial size (p<0.001). For the patients with ischemic heart disease, the NT-pro BNP levels were also positively
correlated with the NYHA Fc (p<0.001 by ANOVA). The NT-pro BNP levels were increased with the increase in the
systolic (p<0.001) and diastolic pressure (p=0.017), the left ventricular internal dimension as well as the decrease in the
gjection fraction (p<0.001). The area under the receiver operating characteristic (ROC) curve for the NT-pro BNP
levels was 0.994 (95% confidence interval, 0.979-0.999), and the most reliable cut-off level for the NT-pro BNP was
293.6 pg/mL.

Conclusion : The NT-pro BNP levels were positively correlated with the NYHA Fc of dyspnea and the systolic
dysfunction for the patients who visited our cardiology departments. A 300 pg/mL value for the NT-pro BNP cut-off
point appears to be a sensitive level to differentiate dyspnea originating from an ailing heart or not for the patients
who visited our cardiology departments.
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INTRODUCTION (NT-pro BNP) is a neuro-hormone synthesized in the cardiac
ventricles in response to increased wall tension. NT-pro BNP

The N-terminal fragment of pro Brain Natriuretic Pepnde levels are pOSitiVely correlated with the NYHA Fc of dyspnea
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and the systolic dysfunction, and NT-pro BNP levels are a
well-known prognostic factor for the long-term mortality and
morbidity of heart failure'™®. Brain natriuretic peptide (BNP) is a
neuro—hormone synthesized in the cardiac ventricles, and it is
especially increased for patients with systolic dysfunctionm).
BNP is different from the atrial natriuretic peptide (ANP), which
is synthesized in the cardiac atria.

BNP is synthesized by the cardiac myocytes, and it is
formed as a pro—hormone that is made of 108 amino- acids.
After BNP is secreted from the cardiac myocytes, it is then
divided into the physiologically inactive N-terminal fragment (76
amino-acids) and the physiologically active BNP (32 amino-
acids)"”.

The current tests for the measurement of BNP or NT-pro
BNP levels are known be sensitive and specific to differentiate
whether or not the dyspnea is the result of an ailing heart.
Especially, measurements of NT-pro BNP levels are more
reliable and less expensive for diagnosing heart failure and for
guiding the physician’s decisions on follow-up treatment' ™.

The purpose of this study was to assess the correlation
between NT-pro BNP levels and the New York Heart
Association function classes (NYHA Fc), and we wished to
assess the correlation between the NT-pro BNP levels and the
echocardiographic findings of the patients who visited our
cardiology departments. We also wished to find the most
reliable cut-off level of NT-pro BNP to differentiate whether or
not a patient's dyspnea is the result of an ailing heart.

MATERIALS AND METHODS

Subjects

This prospective study was performed from October, 2002 to
April, 2003 on 348 patients who visited the Samsung Medical
Center and the Jong Koo Lee Heart Clinic. An informed consent
was not obtained from each patient. The serum NT-pro BNP
levels were measured for all the subjects.

The study’s exclusion criteria disallowed those patients having
dyspneas of a non-cardiac-origin such as chronic obstructive
pulmonary disease, bronchial asthma, pneumonia and anemia.

After reviewing the subjects’ past history, current ilinesses,
physical examination and blood tests, all the subjects are
categorized in subgroups: 1) patients with normal cardiovascular
testing 2) hypertensive patients 3) patients with arrhythmias 4)
patients with acute myocardial infarction 5) patients with old
myocardial infarction 6) patients with dilated cardiomyopathy 7)
patients with angina pectois and 8) patients with valvular heart
disease.

The degree of the dyspnea for each subject at the time of

admission was described by the status of their NYHA functional
classes (Fcs). The individual patients at the time of admission
were using diuretics, calcium channel antagonists, angiotensin
converting enzyme inhibitors, angiotensin Il receptor blockers,
beta blockers and aldosterone receptor antagonists.

Methods

We took blood samples using lithium heparin tubes, and the
blood samples were next centrifuged. The blood samples were
then stored at minus 70°C until further analysis. Serum NT-pro
BNP levels were measured with an Elecsys pro BNP reagent
kit (Roche Diagnostics, USA) and an Elecsys 2010 (Roche
Diagnostics, USA)'>™. Echocardiography was performed within
2 days of the blood sampling for the NT-pro BNP; we also
measured the systolic and diastolic left ventricular internal
dimension, the ejection fraction and the left atrial size.

Statistics

A statistical analysis was performed using SPSS Pc+ 10.0
software. One-way ANOVA testing and the student's t-test
were used to compare the mean subgroup values. Chi-square
testing was used to compare the categorical variables.
Pearson’s correlation was used to estimate the correlation
between two variables. For the analysis of the receiver
operating characteristic (ROC) curve, we used MedCalc version
4.20 (Frank Schoonjans, Belgium). Differences were considered
significant when the p values were less than 0.05.

RESULTS

Clinical characteristics

Of the total 348 patients, there were 191 males and 157
females, with the overall mean age being 54.9 years. On the
analysis of the underlying diseases, 134 patients were normal
on the cardiovascular tests, 45 patients had hypertension, 18
patients had arrhythmias, 30 patients had acute myocardial
infarction, 4 patients had old myocardial infarction, 35 patients
had dilated cardiomyopathy, 71 patients had angina pectolis
and 11 patients had valvular heart diseases.

Correlation between NT-pro BNP levels and NYHA Fc
of dyspneas

The mean serum level of NT-pro BNP for the 217 patients
with NYHA Fc | dyspnea was 87.9+7.59 pg/mL, the mean
NT-pro BNP serum level of the 53 patients with NYHA Fc |l
dyspnea was 992.8+9858 pg/mL, the mean NT-pro BNP
serum level of the 50 patients with NYHA Fc Il dyspnea was
2037.9%451.49 pg/mL, and the mean NT-pro BNP serum level
of the 28 patients with NYHA Fc IV dyspnea was
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Figure 1. Conelation between NYHA functional dasses (Fc) and
the NT-pro BNP levels. NT-pro BNP levels are positively
comelated with the NYHA Fe. (p<0.06, and p<0.001 by ANOVA)

12127.8+2291.95 pg/mL. The mean NT-pro BNP serum levels
were increased with the progression of the NYHA Fc of
dyspnea (p<0.001 by ANOVA)(Figure 1). When comparing the
mean NT-pro BNP serum levels for the 217 patients with
NYHA Fc | dyspnea and the 131 patients with NYHA Fc I~V
dyspnea, the mean NT-pro BNP serum levels of the patients
with NYHA Fc | dyspnea and having no evidence of heart
failure was 87.9+7.59 pg/mL: however, the mean NT-pro BNP
serum levels of the patients with NYHA Fc Il~IV dyspnea and
having evidence of heart failure was 4443.3+644.3 pg/mL.

Correlation between NT-pro BNP levels and echo-
cardiographic findings

Of the 348 patients, the NT-pro BNP serum levels were
positively correlated with the increase of the systolic left
ventricular internal dimension (r=0.238, p=0.011), and the decrease
of the ejection fraction (r=-0.333, p<0.001) (Table 1).

In the analysis of correlation between the NT-pro BNP
serum levels and echocardiographic findings in the 217 patients
with NYHA Fc | dyspnea and having no evidence of heart
failure, the NT-pro BNP serum levels were positively correlated
with age (r=0.295, p<0.001) and the left atrial size (r=0.263,
0<0.001) (Table 2).

Correlation between NT-pro BNP levels and the
NYHA Fc of dyspneas in patients with ischemic heart
diseases

For the 101 patients having ischemic heart diseases, the
mean NT-pro BNP serum levels of the 64 patients with NYHA

Table 1. Correlation between NT-pro BNP levels and echo-
cardiographic findings. NT-pro BNP levels are positively
correlated with systolic left ventricular internal dimension

and negatively correlated with ejection fraction.

LVIDS LVIDD LA EF
Pearson Correlation 023 0139  -0021 -0338
Sig (2-tailed) 0011 0141 0823 0000

LVIDS, left ventricular systolic internal dimension;
LVIDD, left ventricular diastolic internal dimension;
LA, left atrium; EF, ejection fraction

" Correlation is significant at the 0.05 level (2-tailed).
" Correlation is significant at the 0.01 level (2-tailed).

Table 2. Correlation between NT-pro BNP levels and echo-
cardiographic findings and age in patients with NYHA Fc
1 dyspnea. NT-proBNP levels are increased with age and
positively correlated with LA size.

Age LVIDS LVIDD LA EF

0.295'
0.000

0136 0263" _go72
0.059 0.000 0315

0.117
0.103

Pearson Correlation
Sig (2-tailed)

LVIDS, left ventricular systolic internal dimension;
LVIDD, left ventricular diastolic internal dimension;
LA, left atrium; EF, ejection fraction

= Correlation is significant at the 0.05 level (2-tailed).
" Correlation is significant at the 0.01 level (2-tailed).

Fc | dyspnea was 149.4+21.6 pg/mL, the mean NT-pro BNP
serum levels of the 23 patients with NYHA Fc Il dyspnea was
1121.9£182.7 pg/mL, the mean NT-pro BNP serum levels of
the 9 patients with NYHA Fc Il dyspnea was 2701.4+586.8
pa/mL, the mean NT-pro BNP serum levels of the 5 patients
with NYHA Fc IV dyspnea was 18662.2+7634 pg/mL.
Therefore, the NT-pro BNP serum levels were also positively
correlated with the NYHA Fc (p<0.001 by ANOVA). On the
analysis of correlation between the NT-pro BNP serum levels
and the echocardiographic findings, the NT-pro BNP serum
levels were increased with the increase in the systolic (r=0.426,
p<0.001) and diastolic pressures (r=0.273, p=0.017), the left
ventricular internal dimension as well as the decrease in the
gjection fraction (r=-0.482, p<0.001)(Table 3). Therefore, we
proposed that NT-Pro BNP serum levels may be an indicator
of ventricular function and long-term prognosis for the patients
with ischemic heart diseases.

The area under the receiver operating characteristic
(ROC) curve for the NT-pro BNP levels.

Of the total 348 patients, 131 patients had NYHA Fc -1V
dyspneas (37.6%). When we analyzed the ROC curve of the
NT-pro BNP serum levels in patients with NYHA Fc [I-IV
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Table 3. Correlation between the NT-pro BNP levels and echocardiographic findings and age in patients with ischemic heart diseases. NT-pro
BNP levels are increased with age and positively correlated with the systolic left ventricular internal dimension and the diastolic
left ventricular internal dimension. The NT-pro BNP levels are negatively correlated with the ejection fraction.

Age LVIDS LVIDD LA EF
Pearson Correlation 0.226' 0.426" 0.273* 0.127 -0.482"
Sig (2—tailed) 0.023 0.000 0.017 0.259 0.000

LVIDS, left ventricular systolic internal dimension;
LVIDD, left ventricular diastolic internal dimension;
LA, left atrium; EF, ejection fraction

*Correlation is significant at the 0.05 level (2-tailed).
" Correlation is significant at the 0.01 level (2-tailed).

Table 4. Comparison of sensitivity, specificity, positive predictive value, negative predictive value and accuracy of the various NT-pro BNP

levels.

NT-proBNP . e positive negative o

(pg/mL) sensitivity specificity predictive value predictive value accuracy (%)
100 1.00 0.75 0.70 1.00 84.2
150 1.00 0.87 0.82 1.00 91.7
200 0.98 0.90 0.86 0.99 934
300 0.98 0.96 0.94 0.98 96.8
400 0.95 0.97 0.96 0.97 96.6

dyspneas with the use of 37.6% as the prevalence rate of
FROBMNP

symptomatic heart failure, the area under the curve was 0.994

(Figure 2). 100 [ l
The sensitivity and specificity according to the cut-off level of E E'mu - mt
NT-pro BNP is shown in Table 4, and the most reliable cut-off i
level of NT-pro BNP is 293.6 pg/mL. Therefore, we propose E“]f 150 pgimL
that a 300 pg/mL of NT-pro BNP is a sensitive level to i pgm_
differentiate if a patient's dyspnea is the result of an ailing heart = 80 ‘_ i
or not for the patients who visited the cardiology departments in g | | 300 P'EI"""-
our study. @ [ 5
@
i A0H e
DISCUSSION [ _
20H-- .....................................
The prevalence rate of the heart failure is increasing and it's [ '
mortality is sill high despite many drugs and surgical device :
have been developed recently. Since a half of the patients with e e i TP TP
heart failure have no symptoms, furthermore, the symptoms 0 20 40 B0 80 100
and signs of heart failure are not specific nor sensitive, the 100-Specificity

diagnosis of heart failure is often difficul?™®.
Figure 2. The area under the receiver operating characteristic

In the clinical setting, the medical personnel must subjectivel
) ) 9 . p. . ) y (ROC) curve for the NT-pro BNP levels. The ROC curve for the
differentiate whether a patient who visits the emergency room NT-pro BNP levels was 0.994 (95% confidence interval,

has dyspnea originating from an ailing heart or not, and the 0.979-0.999) and the most reliable cut-off levels of NT-pro BNP
diagnostic accuracy rate for the origins of dyspneas by clinical to differentiate dyspnea originating from an ailing heart or not is
decisions alone is under 80%”. Recently, serum BNP levels 293.6 pg/mL for patients with heart disease.

have been shown to be highly sensitive, specific and simple for
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diagnosing heart failure; therefore, measurements of serum
BNP levels are being frequently carried out to diagnose heart
failure and to guide the follow-up treatment>”.

Because the proto-motor region of the BNP gene has a
rapid turn—over sequence known as TATTTAT, BNP mRBNA has
a rapid turn-over rate and it is explosively secreted in
proportion to the intraventricular volume or pressure overload'® ™.

For patients with ventricular dysfunction, NT-pro BNP is
absolutely and relatively more prominently increased than BNP,
and NT-pro BNP has been shown to be superior to BNP for
diagnosing ventricular dysfunction. Recently, with the use of the
more reliable and less expensive radio—immunoassay technique,
NT-pro BNP is often used to diagnose, treat and follow—up
ventricular dysfunction and heart failure' ' .

QOur study has shown that NT-pro BNP levels were increased
with the progression of the NYHA Fc of dyspnea, The results
of our study are in excellent agreement with the previous
reported studies”™ ™. The NT-pro BNP serum levels of the
patients with NYHA Fc I~V dyspnea and having evidence of
heart failure were more significantly increased than the NT-pro
BNP serum levels of the patients of NYHA Fc | dyspnea who
don't have any symptoms or they have minimal symptoms of
heart failure. This result of our study is in excellent agreement
with the previous reported studies®”.

The BNP or NT-Pro BNP serum levels were increased in
patients with systolic dysfunction and also in patients with
diastolic dysfunction. The BNP or NT-Pro BNP serum levels of
patients with systolic dysfunction and diastolic dysfunction were
more significantly increased than the BNP or NT-pro BNP
serum levels of patients having only systolic dysfunction or
diastolic dysfunction, Moreover, the BNP or NT-Pro BNP serum
levels of patients having a past history of heart failure or if they
have any symptoms of heart failure and ventricular dysfunction
upon echocardiography were more significantly increased than
the BNP or NT-pro BNP serum levels of patients having no
past history of heart failure or if they had any symptoms of
heart failure and ventricular dysfunction upon echo—
cardiography'®?".

QOur study showed that the NT-pro BNP serum levels were
positively correlated with the systolic left ventricular internal
dimension and negatively correlated with the ejection fraction
These results of our study are in excellent agreement with the
previous reported studies (Table 1).

For the 217 patients with NYHA Fc | dyspnea, the NT-
proBNP levels were increased with age and were positively
correlated with LA size (Table 2). These results show that the
NT-pro BNP serum levels may be correlated with diastolic left
ventricular dysfunction, but this correlation was not statistically
significant in our study.

For patients with ischemic heart diseases, the NT-pro BNP

serum levels were correlated with regional wall motion
abnormalities upon echocardiography, and the NT-pro BNP
serum levels were significantly decreased for patients with
improved regional wall motion abnormalities after their treatment
for ischemic heart diseases’ . For patients with ischemic
heart diseases, the increased NT-pro BNP serum levels
correlated with increased mortality rates and the increased
incidence rates of myocardial infarction and heart failure;
therefore, for patients with high NT-pro BNP serum levels,
more aggressive and precise treatment is needed. The
prognosis for patients with significantly decreased NT-pro BNP
serum levels after treatment for ischemic heart diseases is
much better than the prognosis for patients with no or minimally
decreased NT-pro BNP serum levels after their treatment for
ischemic heart diseases; therefore, the NT-pro BNP serum
level is an independent prognostic factor for patients with
ischemic heart diseases™ 2*.

Our study showed that the NT-pro BNP levels were
increased with age, and they were positively correlated with the
systolic left ventricular internal dimension and diastolic left
ventricular internal dimension. The NT-pro BNP levels were
negatively correlated with the ejection fraction for the 101
patients having ischemic heart diseases.

The NT-pro BNP levels positively correlated with the
diastolic left ventricular internal dimension for the 101 patients
having ischemic heart diseases, and the NT-pro BNP levels
didn't show any statistical correlation with the diastolic left
ventricular internal dimension between the patients with NYHA
Fc | dyspnea and all of the other subjects.

However, the NT-pro BNP levels showed statistical
tendencies with the diastolic left ventricular internal dimension
for the patients with NYHA Fc | dyspnea, yet these different
results were probably derived from the small number of
subjects in our study, and therefore, further analyses is needed
with a larger number of subjects. We also need further
analyses on the correlations between the NT-Pro BNP serum
levels and the long-term prognosis. In 2002, Hobbs reported
that the most reliable cut-off level for the NT-pro BNP to
differentiate whether dyspnea was from an ailing heart heart or
not in patients was 36 pg/mL.

131 patients had NYHA Fc lI-IV dyspneas of the total 348
patients for a prevalence rate 37.7%. When we analyzed the
ROC curve of the NT-pro BNP levels for patients with NYHA
Fc II-1V dyspneas with the use of 37.6% as the prevalence rate
for symptomatic heart failure, the most reliable cut-off level for
NT-pro BNP was 300 pg/mL; this cutoff value had a sensitivity
of 0.98, a specificity of 0.96, a positive predictive value of 0.94,
and a negative predictive value of 0.98. The cut-off level for
NT-pro BNP in our study was higher than that of the NT—pro
BNP in the previously reported studies in which all the subjects
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were not confirmed as patients with cardiovascular diseases.

In conclusion, the prevalence rate of dyspnea originating
from an ailing heart for the patients who visited or who were
admitted to the cardiology departments was higher than that of
the general population, Therefore, we might propose that our
cut-off point for the NT-pro BNP level to differentiate dyspnea
originating from an ailing heart or not in patients who visited or
who were admitted to the cardiology departments was much
higher than the NT-pro BNP level cut-off point in the
previously reported studies in which all the subjects were from
the general population.
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