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ABSTRACT

Background: Urgent diagnosis of heart failure is of immense practical significance to the cardiologists to decide the need of
intensive coronary care. ECG, echocardiography and chest skiagram could diagnose heart failure with fair degree of accuracy.
However, these facilities are not available in every hospital and time consuming. That purpose an inexpensive, easily interpretable
diagnostic tool is a pressing need to diagnose heart failure. Recently plasma B-Type natriuretic peptide (BNP) has been identified as
a cardiac marker specifically secreted from the ventricles in response to stretching of cardiac muscles. This case-control study was
carried out to find the role of plasma BNP in diagnosing heart failure and its severity.

Patients & Methods: The study was conducted in the Department of Cardiology, BSMMU, Dhaka on 120 subjects - 78 patients of
established heart failure (case) and 42 patients of chronic obstructive pulmonary disease and chronic asthma (control). On the basis
of ejection fraction they were grouped into systolic heart failure (LVEF < 45%) and non-systolic heart failure (LVEF > 45%). ECG,
chest X-ray and echocardiography were done to find out the cause and severity of heart failure. B-type natriuretic peptide at a cut-off
value of > 100 pg/ml was used to find its accuracy in diagnosing heart failure and its severity.

Result: Approximately 57.7% of the established cases of heart failure and 64.3% of the controls were over 50 years old. Over 70% of
both cases and control was male with male to female ratio being roughly 3:1. More than 60% of the cases belonged to NYHA class-
IV followed by 28.2% to Class-III, 10.3% to Class-II and only 1.3% to Class-I. Nearly 95% of the cases had plasma BNP > 100
pg/ml, while over 90% of the controls had plasma BNP 100 or below 100 pg/ml. The heart failure was significantly associated with
raised plasma BNP level (p < 0.001). The plasma BNP was also found to increase significantly with the severity of heart failure (p <
0.001). The mean plasma BNP was observed to be staggeringly raised among the systolic heart failure patients (978.38 pg/ml) than
that among non-systolic heart failure patients (390.68 pg/ml)

(p <0.001). The sensitivity of plasma BNP (at cut off value of 100 pg/ml) in correctly diagnosing heart failure was 93.6%, while the
specificity of the test in differentiating those who do not have heart failure was 90.5%. The positive and negative predictive values
(PPVs and NPVs) of the test were 94.8% and 88.4% respectively. The overall diagnostic accuracy was appreciably high (92.5%).
Conclusion: The study concludes that B-type natriuretic peptide might be a promising cardiac marker for diagnosis of heart failure
and its severity.

disease, hypertension, congenital heart disease,
corpulmonalae etc. However, other critical illnesses like
chronic obstructive pulmonary disease, pulmonary

Introduction

Congestive heart failure (CHF) is a common clinical
disorder, estimated to affect more than 2 million patients

in the United States. About 400,000 new patients develop
congestive heart failure each year. Mortality and
morbidity rates are high. Approximately 900,000 patients
require hospitalization annually and up to 200,000
patients die from this condition.! In developing countries
like Bangladesh, with the increase of life expectancy and
shifting from traditional life-style, cardiovascular disease
as well as mortality caused by it is showing an increasing
trend.?

Due to improvement in diagnosis and therapy with acute
coronary syndrome, more patients are now surviving
myocardial infarction than in previous decades. As a
consequence the incidence of heart failure has
dramatically increased.? Other major causes of heart
failure include dilated cardiomyopathy, valvular heart
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embolism and pneumonia may mimic acute CHF.*

Heart failure is often difficult to diagnose in the
emergency department or urgent care setting as the
symptoms may be non specific and physical findings are
not sensitive enough to be used as a basis for an accurate
diagnosis. Although echocardiography is considered the
gold standard for the detection of left ventricular
dysfunction, it is not always easily accessible and may not
reflect an acute condition. Besides these, many patients
are very ill and may have difficulties in lying still. A
considerable number of patients are dyspnoeic, obese or
have COPD which may reduce x-ray image quality.

Clinical information obtained from ECG, chest x-ray and
echocardiography may provide valuable clue but these
facilities are not always accessible in every level of health
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care facilities. Therefore, an inexpensive, widely available
and easily interpretable diagnostic tool is essential to
diagnose heart failure irrespective of underlying etiology
and pathology. B-Type natriuretic peptide (BNP) is a
cardiac neurohormone specifically secreted from the
ventricles in response to volume expansion and pressure
overload. It is a 32 amino acid protein whose level is
detectably elevated in the majority of patient with acute
congestive heart failure.*

BNP has significant independent predictive power to
other clinical variables to diagnose congestive heart
failure.? Increased BNP is also a prognostic marker of
heart failure.> Level of B-type natriuretic peptide is
elevated in patients with left ventricular dysfunction and
correlate with the New York heart association class II.
The diagnostic accuracy of BNP at cut off of 100 pg per
milliliters is 83.4 percent.> Levels of BNP correlate with
the prognosis of heart failure. Measurement of serum
BNP is, therefore, useful in assessing the status of patients
with decompensated congestive heart failure.¢

B-type natriuretic peptide with a cut off value of 100 pg
per milliliter had sensitivity of 90 percent, a specificity of
76 percent and an accuracy of 83 percent for
differentiating congestive heart failure from other causes
of dyspnoea.? The value of BNP has already been
recognized by their inclusion in the recent European
guideline for the diagnosis of chronic heart failure.” For
the last few years BNP has been emerging as a reliable
marker of heart failure and is used as a rapid tool for the
diagnosis of heart failure. However BNP level can only
be measured in a specialized laboratory which has
hampered its use on daily practice. Many studies with
BNP have been done in different parts of the world. The
present study has been designed to assess the diagnostic
accuracy of plasma BNP in patients of acute and chronic
heart failure and also to find the association between
plasma BNP level and severity of heart failure.

Patients & Methods

The present cross-sectional case-control study was carried
out in the Department of Cardiology, Bangabandhu
Sheikh Mujib Medical University, Dhaka between July
2004 to June 2006. Patients of acute and chronic heart
failure admitted in the above mentioned hospital were the
cases, while patients of COPD and asthma were taken as
controls. A total of 78 cases (patients of heart failure) and
42 controls were included in the study. The cases
comprised of ischemic heart disease (n = 46), dilated
cardiomyopathy (n = 16), valvular heart disease (n = 8§),
hypertensive heart failure (n = 6) and shunt anomaly (n =
6). Heart failure was diagnosed by Framingham criteria
(distended neck vein, shortness of breath and rales due to

pulmonary oedema, S3, gallop and Jugular reflex).
Supporting evidence of heart failure in ECG (IHD, MI
and LVH), chest X-ray (cardiomegaly or pulmonary
oedema) or echocardiography (systolic or diastolic
dysfunction) was also taken into consideration in
diagnosing heart failure. Diagnostic criteria of controls
were respiratory rate > 40/min with presence of rhonchi
and absence of rales on auscultation and left ventricular
ejection fraction > 60%. Patients with acute coronary
syndrome, renal failure, anaemia, thyrotoxicosis and age
of the patients > 70 years or < 20 years were excluded
from the study.

Patients who met the enrollment criteria and provided
informed written consent were taken in the study. Data
pertaining to variables of interest were recorded using a
structured questionnaire. Two cardiologists independently
reviewed the patients and diagnosed the cases of
congestive heart failure and COPD or asthma. The
patients of heart failure were grouped according to New
York Heart Association functional class into class I, class
11, class 111, and class IV. On the basis of ejection fraction
they were grouped into systolic heart failure (LVEF
< 45%) and non-systolic heart failure (LVEF > 45%).
With full aseptic precaution 3 ml of venous blood was
taken from each subject. Plasma was separated by
centrifuging the blood at 3000 rpm for 10 minutes and 1.8
ml of it was collected in a separate tube for estimation of
B-type natriuretic peptide (BNP) level using Micro
particle enzyme immune assay (MEIA) principle in
AxXxSYM system.® 12-lead Electrocardiogram was
performed to observe any evidence of heart failure. Plain
Chest X-ray P/A view to see the evidence of HF. 2D, M-
mode and Doppler echocardiography was performed to
find the etiology of heart failure and to assess the systolic
or diastolic dysfunction. Data were analyzed using SPSS
(Statistical Package for Social Sciences) version 11.5. Data
presented on categorical scale were compared between
the study groups with Chi-square (2) or Fisher's Exact
Probability Test, while the data measured on continuous
scale were analysed using Student's t-Test. A cut-off value
of plasma BNP > 100 pg/ml was used to determine its
accuracy in diagnosing heart failure against the
established diagnosis of heart failure by
echocardiography.®® Level of significance was 0.05 an
p<0.05 was considered significant.

Results

The demographic characteristics of the study subjects
demonstrate that approximately 57.7% of the established
cases of heart failure and 64.3% of the controls were over
50 years of age and the rest (42.3%) of the cases and
controls (35.7%) were 50 or below 50 years of age. More
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than 70% of both cases and control were male and the
rest female with male to female ratio being roughly 3:1.
The groups were almost identical in terms of both age
and sex (p = 0.482 and p = 0.814 respectively) (Table I).

Table 1. Demographic characteristics of the study subjects

Group
Demographic Case Control p-vale
characteristic (m=178) (n=42)
Age (years)
=50 33(42.3) 15(35.7) 0.482
> 50 45(57.7) 27(64.3)
Sex
Male 56(71.8) 31(73.8) 0.814
Female 22(28.2) 11(26.2)

Figures in the parentheses denote corresponding %. # Data were analysed
using Chi-square ().

Distribution of the heart failure patients by NYHA
functional class shows that over 60% of the cases
belonged to class-IV followed by 28.2% to Class-III,
10.3% to Class-II and only 1.3% to Class-I (Fig. 1).
Nearly 95% of the cases had plasma BNP > 100 pg/ml,
while 90.5% of the controls exhibited plasma BNP 100
or below 100 pg/ml. The heart failure cases were
significantly associated with raised plasma BNP level
(p < 0.001) (Table II). The mean plasma BNP level of
cases was also staggeringly higher compared to that of
control (p <0.001). The plasma BNP was also found to
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Fig. 1: Distribution of heart failures cases by NYHA functional class

increase significantly with the severity of heart failure
classified by NYHA functional class (p < 0.001). The
mean plasma BNP levels of Class I, Class II, Class III
and Class IV were 119, 149.5, 241.1, 1246.5 pg/ml
respectively (p < 0.001) (Table III & and Fig 3). All the
cardinal signs and symptoms of heart failure like
dependant oedema, distended neck vein, hepatojugular
reflux, rales, S3 gallop, hepatomegaly and PND were
significantly higher in patients with plasma BNP > 100

pg/ml, than those with plasma BNP 100 or below 100
pg/ml and their p values were p < 0.001, p < 0.001, p <
0.001, p<0.001, p < 0.005, p < 0.005 and p < 0.001
respectively (Table 1V). Chest X-ray demonstrate that
more than 60% of the patients with plasma BNP > 100
pg/ml had cardiomegaly compared to only 4.7% of those
with plasma BNP 100 or less than 100 pg/ml (Table VI).
Table VII and Fig. 5 demonstrate that mean plasma BNP
was observed to be staggeringly high among the systolic
heart failure group (978.38 pg/ml) compared to that
among non-systolic heart failure group (390.68 pg/ml) (p
<0.001) (Table VII & Fig. 5).

Table II. Demographic characteristics of the study

subjects.
Group
Plasma BNP level Case Control p-vale
characteristic (n=178) (n=42)
=100 5(6.4 38(90.5
(64) ( ) <0.001
> 1000 73(93.6) 4(9.5)
Mean = SD 835.9 £ 113.3 109.1 £62.5
Figures in the parentheses denote corresponding percentage.
#Data were analysed using Chi-square () Test.
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Fig. 2: Plasma BNP level according to severity of heart failure

Table 111. Association between plasma BNP and types of

heart failure
Types of heart failure Plasma BNP level (pg/ml)  p-value
Mean SD
Systolic (n = 59) 978.38 142.43 0.025
Diastolic (n = 19) 390.68 88.95

# Data were analysed using Unpaired t-Test and were presented as mean £ SD.

Table IV. Accuracy of plasma BNP in diagnosing heart
failure

Plasma BNP level (pg/ml)  Established diagnosis Total
Heart failure COPD

> 100 73 4 77

=100 5 38 43

Total 78 42 120
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Discussion

This study was undertaken to find out the plasma BNP
level in patients suffering from heart failure and to assess
the severity of heart failure by measuring B-type
natriuretic peptide. About 58% of the cases were over 50
years of age which is consistent with age distribution of
the heart failure patients reported by Rahman.' Heart
failures were predominantly caused by ischemic heart
disease (58.9%) followed by dilated cardiomyopathy
(20.6%), valvular heart disease (10.3%), hypertensive
heart disease (7.5%) and shunt anomaly (2.6%). Islam!!
reported a similar finding with the commonest cause of
heart failure being ischemic heart disease followed by
hypertension and valvular heart disease. In the developed
countries as well, the commonest cause of heart failure is
ischemic heart disease. The present study revealed that
majority of the subjects with plasma B-type natriuretic
peptide > 100 pg/ml had rales and paroxysmal nocturnal
dyspnoea followed by oedema, hepatojugular reflux,
distended neck vein, hepatomegaly all of which were
significantly higher than those with plasma natriuretic
peptide = 100 pg/ml. A similar result was found in the
study of Maisel et al.3 These findings signify that clinical
characteristics of heart failure correlates well with
consequent rise of plasma BNP.

Cardiomegaly was more frequently observed in patients
with BNP level >100 pg/ml compared to those with BNP
level 100 or < 100 pg/ml. The mean plasma B-type
natriuretic peptide level in patients with heart failure was
835.9 pg/ml and that in patients of COPD and bronchial
asthma was 109.1 pg/ml which was closer to the figures
found by Maisel et al.? Similar type of findings were also
observed in congestive heart failure patients by Dao et
al'?, Cowie et al'® and McCullough.® As plasma B-type
natriuretic peptide levels were compared among clinical
subgroups of heart failure, B-type natriuretic peptide was
found to increase with the increase of severity of heart
failure from NYHA class I to class IV with significant
intergroup differences. Maisel and his associates® also
found a gradual increase in plasma B-type natriuretic
peptide level from NYHA class I to NYHA class IV. A
study done by Wieczorek!* demonstrated a direct relation
of palsma B-type natriuretic peptide with the severity of
heart failure.

In our study three-fourths of cases had systolic heart
failure (LVEF < 45%) and one-fourth of cases had non-
systolic heart failure (LVEF > 45%). The plasma B-type
natriuretic peptide level was found to be significantly
raised among the systolic heart failure group compared to
non-systolic heart failure group which bear consistency
with the findings of Iwanaga et al'> and Maisel et al.3 On
the basis of the empirical cut-off value of plasma BNP

100 pg/ml in the diagnosis of heart failure, our study
showed that the sensitivity of BNP in correctly
diagnosing was 93.6% and specificity was 90.5%. We
also found that the positive predictive value of the test
was 94.8% and the negative predictive value of the test
was 88.4%. Our findings were very close to that of
Maisel et al?, Wieczorek!4 and Morrison ef al.®

Our study showed that the diagnostic accuracy of B-type
natriuretic peptide was 92.5% for differentiating
congestive heart failure from other causes of dyspnoea.
Maisel et aPP found the diagnostic accuracy which was
nearly similar to our result. The result was similar to that
found by Morrison ef al.® Therefore it can be assumed
that the plasma B-type natriuretic peptide not only
increases in heart failure patients but also rises gradually
as the heart failure progresses to the advanced stages. So
it can be an accurate predictor of the presence or absence
of heart failure and may also be used for clinical staging
of heart failure. B-type natriuretic peptide level is
significantly higher in patients with systolic heart failure
but it cannot distinguish between systolic and non
systolic heart failure.

Conclusion

B-type natriuretic peptide is a rapid and sensitive
biomarker for diagnosing heart failure. The plasma BNP
level also increases progressively with the severity of
heart failure. It is a valid screening test with promising
sensitivity, specificity, positive and negative predictive
values and diagnostic accuracy. It can play an important
role in the diagnosis of heart failure in emergency
department. Use of this test, in conjunction with other
clinical information may lead to a more accurate initial
diagnosis of congestive heart failure. But for a conclusive
evidence further study with a large sample size is
recommended.
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