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B-Type Natriuretic Peptide Predicts Clinical Presentations
and Ventricular Overloading in Patients with Heart Failure
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Brain natriuretic peptide (BNP), a neurchormone secreted
from the ventricular myocardium in response to hemodynamic
load/wall stress, in congestive heart failure (CHF). This study
was performed to evaluate the correlation between BNP level
and clinical presentations and hemodynamic parameters
obtained by echo-Doppler (echo-Doppler) analysis, and its
relation with disease severity and ventricular load/wall stress.
CHF patients (n=246) were subgrouped by clinical presenta-
tions and echo-Doppler findings into 4 groups: diastolic HF
only, chronic HF, acute HF, and chronic HF with acute
exacerbation. A BNP level of 81.2 pg/ml showed a sensitivity/
specificity of 53.3%/98.4% for detecting CHF (AUC, 0.882;
p<0.0001), and was found to be closely related with the
NYHA classification (p<0.0001). Log BNP was related with
LVEF (’=0.3015, p<0.0001) and the Meridional wall stress
index (r2=0.4052, p<0.0001). The difference between the BNP
levels of the subgroups and BNP control was significant (p <
0.0001), exept between the HF group and the controls; control
(n=114, 20.9 £ 31.4 pg/ml), only diastolic HF (n=84, 89.8 +
117.6 pg/ml), chronic HF (n=60, 208.2 £210.2 pg/ml), acute
HF (n=28, 4779 X 498.4 pg/ml), chronic HF with acute
exacerbation (n= 74, 754.1 £419.2 pg/ml). The BNP level was
significantly higher in the only diastolic HF group than in the
asymptomatic control group with diastolic dysfunction (89.8 £
12.8 vs. 22.8 + 5.1 pg/ml, p<<0.0001). BNP may be a good
indicator for the differential diagnosis of a broad spectrum of
heart failures. And, elevated BNP might help to diagnose
diastolic HF in patients with diastolic dysfunction.

Received February 27, 2003
Accepted April 29, 2003

This work was supported by the BK21 Project for Medical
Science, Yomsei University and by grant No. ROI-2002-000-
00561-0 from the Basic Research Program of the Korea Science &
Engineering Foundation.

Reprint address: requests to Dr. Hyuck Moon Kwon, Cardiology
Division, Department of Internal Medicine, Yongdong Severance
Hospital, Yonsei University College of Medicine, 146-92 Dogok-
dong, Kangnam-gu, Seoul 135-720, Korea. Tel: 82-2-3497-3330,
Fax: 82-2-573-0112, E-mail: hmkwon@yumc.yonsei.ac.kr

Key Words: B-type natriuretic peptide, congestive heart
failure, myocardial wall stress

INTRODUCTION

Congestive heart failure (CHF) is a serious
disease with a high prevalence and mortality
rate,”” and needs standardized methods for early
diagnosis and proper management.* Currently,
most physicians rely on clinical and echocardio-
graphic severity for the diagnosis and treatment
of CHF, in which the role of echo-Doppler is very
important. But, since this tool has some limita-
tions, a more accessible, less expensive and accu-
rate diagnostic approach is required. In addition,
CHF is manifested by a variety of clinical symp-
toms, and is classified by disease causes, un-
derlying disease, duration, and the degree to
which daily activities are affected.

Recently, many reports have been issued about
BNP, a neurohormone secreted from the ventri-
cular myocardium in response to wall stress,
which is significantly elevated in symptomatic
patients with systolic and diastolic dysfunction,””
and which has a very high sensitivity and speci-
ficity.”*"® However, few reports have been issued
on changes in plasmic BNP according to the clini-
cal presentation of CHF and ventricular hemo-
dynamic loading. Moreover, the value of BNP in
detecting early HF is not well known. The present
study was performed to evaluate the usefulness of
serum BNP in evaluating the clinical presentation
of CHF and in detecting early CHF. Also, we
examined the correlation between BNP level and
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hemodynamic parameters obtained by echo-
Doppler analysis, and its usefulness in predicting
ventricular load/wall stress.

MATERIALS AND METHODS
Study population

A sample of 246 patients with a previous
history and evidence of HF was studied. The
patients had all been referred for echo-Doppler
study to evaluate left ventricular (LV) function
and hemodynamic parameters at the YongDong
Severance Hospital between January 2002 and
September 2002 was studied. Patients referred for
valve disease assessment, the determination of
vegetation presence, or to rule out a cardiac cause
of stroke were excluded, as were patients with
diseases that could increase extracellular fluid,
like pulmonary thromboembolism, acute and
chronic renal failure, end stage renal disease,
sepsis, liver cirrhosis, chronic obstructive lung
disease, Cushing’s syndrome, hyperthyroidism,
primary aldosteronism, and adult respiratory
distress syndrome. One hundred and fourteen
patients, without evidence of HF, during the same
period were enrolled as a control group. The same
exclusion criteria were used in the control group.

All patients were questioned as to whether they
had any history of CHF. In addition, medical
records were examined for objective findings of
CHF, including abnormalities on physical exami-
nation, hospitalization for CHF, or regular visits
to a cardiology clinic. Patients without a history
of CHF were additionally characterized by the
lack of any prior study of LV function. Clinical
CHF was determined to be present by cardio-
logists, who were blinded to the echocardiogram
results, on the basis of standard Framingham
criteria, admission and treatment for CHF, and
emergency department visits for CHF. In all
patients, the pulse-pressure product was calcu-
lated by multiplying the mean blood pressure by
the pulse rate.

Patients groups
The 246 patients were classified into 4 groups
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according to systolic and diastolic function and
symptoms. Group 1 (diastolic HF only group,
n=84) contained those with only diastolic HF,
which is a clinical syndrome characterized by the
symptoms and signs of HF, an ejection fraction
(EF) of more than 50%, and abnormal diastolic
function."" Group 2 (chronic HF, n=60) con-
tained those diagnosed with HF more than 3
months previously without evidence of acute
exacerbation. Group 3 (acute HF, n=28) contained
those who developed symptoms of IF less than
3 months previously and had no history of HF,
and group 4 (chronic HF with acute exacerbation,
n=74) contained those who had evidence of acute
exacerbation of HF with a history of HF.

The New York Heart Association (NYHA)
classification” for HF was used to evaluate the
level of symptoms, as follows; Class I-No limita-
tion: Ordinary physical activity does not cause
undue fatigue, dyspnea, or palpitation. Class II-
Slight limitation of physical activity: Such patients
are comfortable at rest, but ordinary physical
activity results in fatigue, palpitation, dyspnea, or
angina. Class Ill-Marked limitation of physical
activity: Although patients are comfortable at rest,
less than ordinary activity will lead to symptoms.
Class IV-Inability to carry on any physical activity
without discomfort: Symptoms of HF are present
even at rest, and any physical activity, increases
discomfort.

Measurement of BNP levels

Blood was sampled for BNP analysis within 6
hours of admission in the study group and
echo-Doppler study was performed within at
least 6 hours of blood sampling. Sampling for
BNP and echo-Doppler study was also done
within 6 hours in the control group. All blood
samples were collected by venipuncture into
EDTA tubes. The blood samples were kept at
room temperature and analyzed within 4 hours
of the draw time. Before analysis, each tube was
inverted several times to ensure homogeneity.
The whole blood was then analyzed in triplicate
by Immunofluorescence BNP assay (Biosite Dia-
gnostics, San Diego, CA, USA), which can
measure BNP from 5pg/mL to 1300 pg/mL.
BNP levels lower than 5 pg/mL were considered
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to be 2.5 pg/mL in the statistics. The intra-assay
and inter-assay coefficients of variation for BNP
determinations were 7.9% and 10.8%, respec-
tively.

Echocardiography-Doppler study

M-mode and 2D images and spectral and color
flow Doppler recordings were obtained using
commercially available instruments operating at
2.0 to 3.5 MHz. Two-dimensional imaging exami-
nations were performed in the standard fashion in
the parasternal long- and short-axis views and
apical 4- and 2-chamber views. Pulsed Doppler
spectral recordings were obtained in the apical
4-chamber view from a 4 X 4-mm sample volume
positioned at the tips of the mitral leaflets and in
the right upper paraseptal pulmonary vein, and
were adjusted to yield velocity signals of maxi-
mum amplitude. All data were hard copied to a
1/2-in VHS videotape for subsequent playback,
analysis, and measurement.

Two-dimensional echocardiograms were sub-
jected to careful visual analysis to detect regional
contractile abnormalities. LV systolic and dias-
tolic volumes and ejection fraction were derived
from biplane apical (2- and 4-chamber) views by
using a modified Simpson’s rule algorithm. Left
atrial and LV dimensions were measured from
M-mode images according to standard criteria.
The transmitral pulsed Doppler velocity re-
cordings from 3 consecutive cardiac cycles were
used to derive measurements as follows: E and A
velocities were the peak values reached in early
diastole and after atrial contraction, respectively,
and deceleration time (DT) was defined as the
interval from the E-wave peak to the point when
the velocity reached baseline. In those cases in
which velocity did not return to baseline, the
deceleration signal was extrapolated. In addition,
pulmonary venous systolic and diastolic flow
velocities were obtained as the maximal values
reached during the respective phases of the
cardiac cycle, and the pulmonary venous “A”
reversal was the maximal velocity of retrograde
flow into the vein after the P wave of the ECG.
Finally, the LV isovolumetric relaxation time
(IVRT) was obtained in the apical 5-chamber view
with a continuous-wave cursor or, if possible, a

pulsed Doppler sample volume positioned to
straddle the LV outflow tract and the mitral
orifice to obtain signals of aortic valve closure, the
termination of ejection and mitral valve opening,
or the onset of transmitral flow. IVRT was taken
as the time in milliseconds from the end of
ejection to the onset of LV filling. All echocar-
diograms were interpreted by two experienced
cardiologists who were blinded to the BNP levels.

Echo-doppler classifications

Ventricular function

Normal ventricular function was defined by
normal LV end-diastolic (3.4 to 54 cm) and end-
systolic (2.5 to 3.6 cm) dimensions, no major wall
motion abnormalities, an ejection fraction (50%,
and no evidence of impaired or restrictive abnor-
malities, as described below. Systolic dysfunction
was defined by an ejection fraction of < 50% or
any wall motion abnormality.

Left ventricle filling pattern
Left ventricle filling pattern was classified
follows.

Normal left ventricle filling pattern

A normal left ventricle filling pattern was
defined as having an E/A ratio of 1 to 2 and a
DT of 160 to 240 ms in patients showing normal
systolic function without a history or symptoms of
heart failure.

Impaired relaxation

Impaired relaxation was defined as an E/A
ratio of <1 or a DT of >240 ms in patients <55
years of age and an E/A ratio of <0.8 and a DT
of >240 ms in patients 55 years of age. IVRT
measurement, which was available in approxi-
mately one half of the patients, was >90 ms in
60% of patients with abnormal E/A changes
and/or a DT of >240 ms.

Pseudonormal

Pseudonormal was defined as an E/A ratio of
1 to 1.5 and a DT of >240 ms. Confirmation
included a PVd/PVs of >1.5 or an IVRT of <90
ms or by reversal of the E/A ratio (to <1.0) by
valsalva when possible.
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Restrictive

Restrictive filling patterns were defined as a DT
of <160 ms with 1 of the following: a left atrial
size of >5cm, an E/A of >1.5, an IVRT of <70
ms, a PVd/PVs of >1.5, or pulmonary “A” rever-
sal duration exceeding forward mitral A-wave
duration. Eighty-five percent of patients had 2
abnormalities, and 51% had 3 abnormalities.

Chamber abnormalities

Left ventricular enlargement was defined as a
left ventricular size of more than 54cm. LV
hypertrophy was defined as a mean LV wall
thickness of the septum and posterior wall of
more than 1.2cm. Patients with hypertrophic
cardiomyopathy were excluded.

Meridional Wall Stress Index

The Meridional Wall Stress Index (MWSI) was
defined as being p (systolic LV pressure, dyne/
cm®) multiplied by r (LV systolic diameter, mm)
divided by 2h (1+h/2r) (h being the posterior
wall thickness (mm)).

Statistical analysis

Group comparisons of BNP values were made
by using t tests for independent samples and
ANOVA with post hoc Tukey tests when indi-
cated. In all cases, these were computed with raw
BNP values, and repeated with log-transformed
BNP values because the BNP distribution was
positively skewed. Both versions yielded the
same conclusions. Results are expressed as means
+ SEM of the raw values. The sensitivity, specifi-
city, and accuracy were computed for BNP using
of a selection of possible cutoff points. The sensi-
tivity and specificity of the BNP upper limit (81.2
pg/ml) were compared with the echocardiogra-
phic probability of LV dysfunction by using the
receiver-operating characteristic (ROC) curves in
Analyse-it™ software (version 1.62, Analyse- it
software, Leeds, UK). Results are expressed in
terms of the area under the curve (AUC) and the
95% CI of this area. The software used for the
statistical calculations was SAS version 8.01 (SAS
institute, Cary, NC, USA).

Table 1. Basic Characteristics, Echocardiographic Parameters and BNP Level Comparison between the Control Group and

the Heart Failure Group

Control Heart failure

(n=114 ) (n=246 ) p Value
Age (years) 522 £ 163 65.7 £ 12.6 < 0.0001
Sex (female/male) 45/69 104/142 0.6155
SBP (mmHg) 150.2 + 1294 133.2 = 19.6 0.1659
DBP (mmHg) 884 + 684 79.1 = 10.9 0.1537
PPP (per min) 74369 + 2,682.2 7,214.7 + 1,364.7 0.4047
LVEDD (mm) 488 42 585 + 5.8 0.0123
LVESD (mm) 324 +£43 380 £99 < 0.0001
LA (mm) 384 + 47 424+ 74 < 0.0001
LVEF (%) 662 £ 7.6 53.7 £ 165 < 0.0001
MWSI (dyne/cm?) 180,945 + 192,538 193,628 + 93,955 < 0.0001
BNP (pg/ml) 209 + 314 362.7 + 4174 < 0.0001
Log BNP 2511 49 £ 1.7 < 0.0001

PPP, Pulse pressure product; LVEDD, LV end-diastolic dimension; LVESD, LV end-systolic dimension; LA, Left atrium; LV, Left ventricle;

SBP, Systolic blood pressure; DBP, Diastolic blood pressure.
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RESULTS

Patient demographics, echocardiographic
parameters, and BNP level

The basic characteristics, echocardiographic
parameters, and BNP levels are shown in Table 1.
The percentage of male patients was 58.6%.
Patients were divided into 2 groups based on
whether they had HF or not. The age of the HF
group was significantly higher than that of the
control (522 + 153 vs. 65.7 £ 12.6 years, p<
0.0001). The left ventricular end-diastolic dimen-
sion (LVEDD), the left ventricular end-systolic
dimension (LVESD), and the left atrium were
significantly larger in the HF group than in the
control group (LVEDD: 48.8 + 4.2 vs. 585 + 5.8
mm, p=0.0123, LVESD: 324 + 4.3 vs. 38.0 + 9.9
mm, p<0.0001, LA: 384 + 4.7 vs. 424 + 74 mm,
p<0.0001). The control group had a significantly
better left ventricular ejection fraction than the HF
group (656.2 £ 7.6 vs. 53.7 + 16.5%, p<0.0001).
MWSI was significantly higher in the HF group
than in the controls (180,945 + 192,538 vs. 193,528
+ 93,955 dyne/cm’, p<0.0001). BNP and log BNP
were significantly higher in the HF group than in
the controls (BNP: 209 + 314 vs. 362.7 + 4174
pg/ml, p<0.0001, log BNP: 25 + 1.1 vs. 4.9 + 1.7,
p<0.0001).

The diagnostic significance of BNP in HF, and
the relationship between systolic function and
wall stress

The ability of BNP to detect HF was assessed
by using ROC analysis (Fig. 1). The AUC for the
ROC curve when BNP was used to detect IF was
0.88 (95% CI, 0.86 to 0.92, p<0.0001). A BNP value
of 81.2 pg/mL had a sensitivity of 53.3% and a
specificity of 98.4% for detecting IF.

Fig. 2 represents the BNP levels in the control
and HF groups, by the NYHA classification. The
difference between the groups was significant (p <
0.001) except between NYHA 1 and the control.
BNP was 209 + 314 pg/ml in control (n=114),
729 £ 82.6 pg/ml in NYHA 1 (n=72), 2145 +
2352 pg/ml in NYHA 2 (n=85), 419.4 + 237.7 pg/
ml in NYHA 3 (n= 50), and 1147.6 + 265.9 pg/ml
in NYHA 4 (n=39).
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Fig. 1. ROC curve comparing the sensitivity and speci-
ficity of BNP and heart failure with symptoms. A BNP
level of 81.2 pg/ml showed a sensitivity of 53.3% and a
specificity of 98.4%. Area under curve (AUC) was signifi-
cant (0.882, p<0.001).

Log BNP showed a significant correlation with
LVEF (+*=0.3015, p< 0.0001, Fig. 3) and with MWSI
(r*=0.4052, p<0.0001, Fig. 4).

BNP levels and the severity of HF

Fig. 5 represents the BNP levels in the control
and in the 4 HF groups subdivided by systolic
and diastolic function and symptoms. The dif-
ference between the groups was significant ex-
cept between group 1 (diastolic HF only) and the
control. BNP Jwas 209 # 31.4pg/ml in the
controls (n=114), 89.8 + 117.6 pg/ml in the dias-
tolic HF only group (groupl, n= 84), 208.2 +210.2
pg/ml in chronic HF (group 2, n=60), 477.9 +
498.4 pg/ml in acute HF (group 3, n=28), 754.1+
419.2 pg/ml in chronic HF with acute exacerba-
tion (group 4, n=74). The p value was less than
0.0001.

Yonsei Med J Vol. 44, No. 4, 2003



628 Boyoung Joung, et al.

between the

1600 = -
14000 4
12010
A
¥
1000 4 :
F o0 r '
3
a,
& 0001 Fig. 2. Means + SEM of BNP values
for control group vs. heart failure
e groups subdivied by NYHA classifi-
a0 cation. Differences
groups were significant, except be-
; {} tween NYHA 1 and the control.
201 [+ BNP was 20.9 + 31.4 pg/ml in con-
) . trol (n=114), 72.9 + 82.6 pg/ml in
‘F » E L NYHA 1 (n=72), 2145 + 2352 pg/
! e : ml in NYHA 2 (n=85), 419.4 + 237.7
- pg/ml in NYHA 3 (n=50), and
5 - 1147.6 £ 2659 pg/ml in NYHA 4
h condrel ) RIHA 1 i HIYHA 2 i RiHA 3 ) FIiHA 4 (n=39). The p value was less than
0.0001.
¥ = -0.3758x + 33,656
log BNP vs EF o e
a0
i . . aras e N 2 .
30 —

10 . :
5 Sk 3
. ; : : .
0 10 20 20 40 50 80 70 0 a0
EF({%)

Fig. 3. Correlation between left ventricular ejection fraction and Log BNP. Log BNP was found to be significantly

correlated with the left ventricular ejection fraction (r*=0.3015, p<0.0001).
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Fig. 5. Mean = SEM of BNP values
for the control group vs. the heart
failure group subdivided by systolic
and diastolic function and symp-
toms. Differences between the groups
were significant, except between
group 1 (diastolic HF only) and the
controls. BNP was 20.9 + 314 pg/ml
in the control (n=114), 89.8 & 117.6
pg/ml in diastolic HF only (groupl,
n=84), 208.2 = 2102pg/ml in the
chronic HF (group 2, n=60), 477.9 +
4984 pg/ml in the acute HF (group
3, n=28), 754.1 £ 419.2 pg/ml in the
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chronic HF with acute exacerbation
(group 4, n=74). The P value was less
than 0.0001.

Chearss HF with
ACUAD IETAVADON

Comparison between the control group with
relaxation abnormality and the diastolic HF only

group

BNP levels were significantly higher in symp-
tomatic patients with diastolic HF only (group 1,

n=84) than in the asymptomatic control group
with relaxation abnormality (n=61). BNP level was
89.8 + 117.6 pg/ml in group 1, and 22.8 + 5.1 pg/
ml in the asymptomatic control group with relaxa-
tion abnormality. The p value was less than 0.0001

(Fig. 6).
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Fig. 6. BNP levels expressed in the asymptomatic control
group with relaxation abnormality (n=61) and in the
symptomatic patients with diastolic heart failure only
(group 1, n=84). Values are means = SEM. The mean
BNP level was 89.8 + 12.8 pg/ml in group 1, and 22.8 +
51pg/ml in the control group with relaxation abnor-
mality. The p value was less than 0.0001.

DISCUSSION

CHF is an important clinical problem, particu-
larly in the elderly. HF is one of the main causes
of hospitalization in industrialized countries. It is
estimated that 4.6 million persons in the United
States are currently being treated for heart failure,
and 550,000 new cases are diagnosed each year."”
Approximately 45,000 deaths/year are caused
primarily by HF and heart failure is listed as a
contributing cause in 260,000 deaths.’ Thus the
early diagnosis and proper treatment of CHF are
very important. However, the reliability of a
clinical diagnosis of HF is poor, especially in
primary care. Although clinical assessment, when
combined with chest x-ray and electrocardio-
graphy, allows a preliminary diagnosis of HF,
echocardiography and Doppler (echo-Doppler)
analysis provide an objective assessment of car-
diac structure and function. Echo-Doppler an-
alysis is the single most useful non-invasive test
for the assessment of left ventricular function,
severity of disease, and prognosis.14 But, echo-
Doppler analysis has limits in the diagnosis of

Yonsei Med J Vol 44, No. 4, 2003

mild HF and early diastolic HF with normal
systolic function. The technique is often based on
visual assessment, which is difficult in uncoopera-
tive patients with a poor echocardiographic
window, and depends on the observer’s experi-
ence.* Moreover, the logistic and health/eco-
nomic aspects of large-scale screenings with
echo-Doppler are debatable. The limitations of this
technique suggest the need for another objective
measurement for early diagnosis and severity as-
sessment, with high sensitivity and specificity."

In CHF, many neurohormonal factors increase
or decrease in an effort to adapt to the patho-
physiologic state and drugs administered. Studies
using drugs to inhibit the function of some
natriuretic peptide receptors or to prevent the
degradation of natriuretic peptides (NPs) have
confirmed the importance of these peptides.” The
NP family are secreted to maintain the homeo-
stasis of the cardiovascular system. Atrial natriu-
retic peptide (ANP) was first described in 1981 by
de Bold, et al™® who found a natriuretic and
vasodilating substance in the atria of rats, the
structure of ANP was defined later in 1984."” In
1991, brain natriuretic peptide (B-type natriuretic
peptide; BNP) first isolated from the porcine
brain.”’ However, it was subsequently found that
BNP is better sourced from heart ventricles rather
than brain. Among these NPs, BNP proportionally
increases according to the severity of CHF.'®*!
BNP consists of a 32 amino acid peptide ring,
left ventricular stretch or wall tension are the
primary regulators of BNP release.*”"” BNP
increases the excretion of urine by the kidney and
has a vasodilatory effect. BNP also inhibits renin
angiotensin aldosterone system (RAAS) and sym-
pathetic nervous system (SNS), and decrease the
blood pressure and extracellular volume. There-
fore, BNP is more closely related with the pro-
gnosis of HF than ANP, endothelin, or norepine-
phrine,®” and is independent of clinical and
hemodynamic prognostic factors.” Regulation of
BNP synthesis and excretion occurs mainly at the
gene expression level. The secretion and mRNA
turnover of BNP are faster than that of ANP.
Therefore, it is easier to measure in acute stage
HE."”

Echo-Doppler analysis is necessary to differen-
tiate patients with diastolic dysfunction and nor-

8,12
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mal systolic function.”**” However, pitfalls in the
echo-Doppler assessment of diastolic dysfunction
exist, as the transmitral velocity pattern can be al-
tered by changes in heart rate, preload, afterload,
contractility, valvular regurgitation, and position
of the sample volume. Accordingly, a simple,
rapid blood test that reflects diastolic dysfunction
in settings with normal systolic function would be
of significant clinical benefit. Plasmic BNP levels
are known to be elevated in patients with
symptomatic LV dysfunction, and to be correlated
with NYHA classification and prognosis with
high sensitivity and specificity.*"***

The present study was performed to charac-
terize any correlation between BNP and clinical
and hemodynamic parameters, for the determina-
tion of disease severity and myocardial wall
stress. High BNP levels showed good sensitivity
and specificity in HF. The BNP level increased
proportionally with clinical status, as determined
by the NYHA classification, and hemodynamic
parameters obtained by echocardiography (LVEF
and MWSI). This result indicates that the secretion
of BNP from the ventricular myocardium occurs
as a compensatory mechanism, according to in-
creased wall stress cause by systolic and diastolic
dysfunction in HF. Moreover, acute HF, in which
wall stress increases abruptly, showed a higher
BNP level than chronic HF. The significant cor-
relation between BNP level and wall stress shows
that a continuous compensatory mechanism is
involved in the increase of wall stress in HF.>""*"
The BNP level was found to be higher in chronic
HF with acute exacerbation than in acute HF. This
may have been caused by a desensitization of NP
receptors by continuous stimulation in chronic
HF. Harrison, et al.” reported that BNP is related
to mortality and prognosis in HF. Because the
chronic HF with acute exacerbation group had the
highest BNP level, their prognoses are expected to
be poorer than those of the other patients. Rudolf,
et al.” also emphasized the significance of BNP as
a predictor of sudden death in CHF patients. The
high incidence of sudden death in CHF is mainly
caused by ventricular tachycardia, pulmonary
thromboembolism, cerebral infarction, aneurysmal
rupture, myocardial infarction, hyperkalemia, and
bradyarrhythmia.”>* Preventive ICD (an implan-
table DC cardiovertor) is suggested in this situa-

tion and BNP may be useful in the screening of
high risk patients. Chronic HF with acute exacer-
bation is expected to have a higher mortality rate,
which would include sudden death and compli-
cations.

Plasmic BNP levels may also reflect diastolic
dysfunction.”** Diastolic dysfunctions can be ob-
served in the normal aging process, but diastolic
HF is different. Recently diastolic HF was regar-
ded as CHF due to the increased resistance to
diastolic filling of part or all of the heart® De-
pending on the cohort studied and the exact
definition, the prevalence of diastolic HF increases
with age and is higher in women than men.
Hypertension and left ventricular hypertrophy
(LVH) are common causes of diastolic IIF. Com-
pared with classic systolic HF, the prognosis is
unclear, but long-term mortality may be similar,
especially in older patients.”’”® The pathophysio-
logy of diastolic HF involves impaired relaxation,
increased passive stiffness, endocardial and peri-
cardial disease, microvascular flow impairment,
and upregulated RAS. Impaired diastolic filling is
the first manifestation of active ischemia, and
evidence in from animals and humans confirms
that demand ischemia results in an upward shift
of the left ventricular diastolic pressure-volume
relationship.” In addition to the active relaxation
process, the left ventricle also has passive com-
pliance and becomes stiffer with age. This typical
change can elevate serum BNP levels. In this
study, the BNP level was significantly higher in
the only diastolic HF group than in the asymp-
tomatic control group with diastolic dysfunction.
However, our BNP cut-off value of 81.2 pg/ml
may be insufficient to differentiate diastolic HF
and normal patients, because we compared BNP
levels between whole HF patients and control.
Our study indicates that elevated BNP might to
use to find diastolic HF in patients with diastolic
dysfunction. Lubien, et al.*® found that BNP seems
to have utility in isolated diastolic HF, by distin-
guishing diastolic HF from chronic obstructive
lung disease and by identifying pseudonormal
and restrictive echocardiographic filling patterns
with a sensitivity and specificity of about 85%, by
using an upper limit of 62 pg/mL. Angeja, et al.
suggested that the simplest definition of diastolic
HF might be an elevated BNP with normal systo-
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lic function.® Recently, Senthil, et al.* found that
BNP is elevated in proportion to the severity of
diastolic abnormality and is correlated signifi-
cantly with the traditional and the newer echo
indices of diastolic dysfunction. Considering that
diastolic function is impaired earlier than systolic
function, BNP might be useful to find early
changes in heart failure.

Increased maximal O, consumption (VO:) dur-
ing exercise helped to achieve clinical stability and
decreased hospital admission times.*”" Tt was re-
ported that maximal VO, is useful in the pro-
gnosis of heart failure.*” Stefan, et al.* tried to
measure functional impairments in HF objectively
and studied the BNP levels and O» consumption
in CHF patients. They reported that a BNP level
of 532 pg/ml is a good indicator of a maximal
VO; of less than 10 ml/min/kg, and that a BNP
level of 316 pg/ml as a good indicator of a
maximal VO, of less than 14 ml/min/kg. This
finding shows that the BNP level can reflect
functional activity in HF. We also found that BNP
levels are closely related to HF, in terms of the
NYHA classification and their clinical symptoms.
BNP levels were especially useful for the early
diagnosis of acute deterioration in chronic HF,
and may reflect the effect of treatment or the pro-
gnosis. In addition, BNP levels were significantly
higher in symptomatic patients with only diastolic
HF than in the asymptomatic control group with
diastolic dysfunction. High BNP levels in diastolic
HF may indicate the development of more severe
HF and the need for early treatment.””">

This study has limitations. Because we com-
pared BNP levels between whole HF and control,
our BNP cut-off value might have insufficient
power to differentiate diastolic HF and normal
patients. We did not evaluate BNP levels with
respect to to invasive hemodynamic parameters,
like LVEDP (left ventricular end diastolic pres-
sure) and the newer Doppler parameters of dias-
tolic IIF. Therefor, we are unable to present a
more detail mechanism of BNP changes. More-
over, BNP levels are reported to be decreased
after treatment with beta blockade,* ACE inhi-
bitors,45'47 and to be increased after treatment with
digitalis.”® However, change in BNP levels after
medication were not evaluated in the present
study.

Yonsei Med J Vol 44, No. 4, 2003

In conclusion, BNP levels were found to be
related to the severity of HF and to left ventricular
wall stress, and could be useful for discriminating
diastolic HF patients from normal patients with
diastolic dysfunction. However, more sophisti-
cated studies are needed to determine the exact
BNP cut-off levels to identify diastolic HF in
diastolic dysfunction. BNP might have an extra
advantage as a surrogate end point for the evalua-
tion of various HF treatments. Thus, monitoring
BNP levels in future treatment protocols for
chronic diastolic heart failure and acute exacerba-
tion may provide a valuable information re-
garding drug efficacy and patient outcome.
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