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Abstract: The study aims to evaluate a rapid testing of NT-proBNP in differential diagnosis of cardiac and pulmonary
dyspnea among elderly emergency patients. Two hundred sixty-eight dyspnea patients with ages of >60 years old
participated in the study. Based on their clinical diagnosis, the patients were divided into three groups: group A
diagnosed with pulmonary dyspnea (PD), group B diagnosed with congestive heart failure (CHF), and group C diag-
nosed with combined dyspnea (CHF+PD). NT-proBNP levels among the three groups were compared. NT-proBNP
levels in group A were significantly lower than those in groups B and C. No significant difference was observed
between groups B and C in terms of NT-proBNP levels (P>0.05). Our data showed that NT-proBNP levels in patients
with cardiac dyspnea were significantly higher than those in patients with pulmonary dyspnea. Person linear asso-
ciation analysis revealed that NT-proBNP levels were reversely associated with LVEF (r=-0.675, P<0.01), indicating
that higher NT-proBNP levels result in lower LVEF and poorer heart functions. NT-proBNP is a valuable biomarker in
differential diagnosis of pulmonary and cardiac dyspnea among elderly patients due to the high sensitivity of the

testing method and the strong association with the severity of heart failure.

Keywords: Amino-terminal pro-B-type natriuretic peptide, emergency, elderly patients, dyspnea, biomarker

Introduction

Dyspnea is common among elderly patients
who seek emergency medical care. Given that
the two major types of dyspnea, namely, cardi-
ac and pulmonary dyspnea, have similar clini-
cal presentations but require different treat-
ments, any delayed diagnosis and treatment
may result in increased rates of disability and
mortality among patients. Elderly patients
often have combined medical conditions that
involve multiple organs and systems, such as
heart failure-induced pulmonary dysfunctions
or vice versa. Complications present an addi-
tional challenge for emergency room physicians
in conducting differential diagnosis and treat-
ment that are essential for the survival of the
patients.

Initial clinical evaluations that are based on
symptoms, physical signs, and chest radiogra-
phy remain inconclusive in assessing many
patients with acute dyspnea. Bedside Doppler
echocardiography is a reliable and non-invasive
method that offers additional diagnostic infor-

mation for initial clinical evaluations. A major
advancement in medicine over the past decade
has been the discovery and the development of
novel biomarkers that are aimed at improving
the ability of clinicians to perform a diagnosis
and to predict the prognosis of their patients.
Many surveys have identified the important role
of BNP in the differential diagnosis of patients
with acute dyspnea and the close association
of its level to the severity of heart failure [1, 2].
BNP is composed of 32 amino acids and is pro-
duced as a pre-prohormone protein, proBNP. In
response to myocardial stretch, volume over-
load, and elevation of end-diastolic pressure,
proBNP is secreted from cardiac myocytes and
cleaved into an active BNP and an inactive
N-terminal pro-B-type natriuretic peptide (NT-
proBNP), which is composed of 76 amino acids.
As both are biologically distinct, BNP and
NT-proBNP are usually used in the assessment
of cardiac functions and have an important role
in the regulation of natriuresis, diuresis, and
vascular tone [3-7]. ACC/AHA guidelines recom-
mend the use of BNP and NT-proBNP for the
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exclusive diagnosis of heart failure [8]. BNP and
NT-proBNP testing is a very valuable diagnostic
and prognostic tool for heart failure [9].
NT-proBNP, which has a longer half-life and a
more consistent blood concentration than BNP,
is indicated by recent data as a better marker
in detecting the early stage of a heart failure
[10]. In this study, we evaluated a rapid
NT-proBNP testing among 268 elderly patients
who suffered acute dyspnea. The goal of the
evaluation was to determine the diagnostic
value of NT-proBNP in differential diagnosis
between cardiac and pulmonary dyspnea.

Materials and methods
Subjects

We retrospectively analyzed 268 cases of
acute dyspnea among elderly patients admit-
ted into the emergency room from June 2010 to
June 2012. Patients who had dyspnea caused
by trauma, pericardial tamponade, or acute
coronary artery syndrome were excluded from
the study, as well as those with renal failure,
ascites caused by cirrhosis, or thyroid diseas-
es. All patients were 60 years old or older, with
an average age of 74.1+£7.9 yr. A total of 151
male and 117 female patients participated in
the study. In addition to the routine blood test-
ing, blood biochemistry, blood gas analysis,
and electrocardiography, measurement of blo-
od NT-proBNP levels was performed within 30
minutes after patient admission. Bedside echo-
cardiography, left ventricular ejection fraction
(LVEF) measurement, and X-ray radiography
were performed within an hour after patient
admission. This study was conducted in accor-
dance with the declaration of Helsinki. This
study was conducted with approval from the
Ethics Committee of General Hospital of PLA.
Written informed consent was obtained from all
participants.

Classification

Patients were divided into three groups based
on their underlying diseases. Group A consisted
of 90 cases of dyspnea associated with pulmo-
nary diseases (PD), which comprised 27 cases
of acute onset of chronic obstructive pulmo-
nary disease (COPD), 18 cases of acute bron-
chial asthma attack, 12 cases of bronchiecta-
sis with infection, 10 severe cases of pne-
umonia, 8 cases of interstitial lung disease, 8
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cases of massive pleural effusion, and 7 cases
of pneumothorax. Group B consisted of 113
cases of dyspnea resulting from chronic heart
failure (CHF), which comprised 45 cases of cor-
onary heart disease, 21 cases of hypertensive
heart disease, 16 cases of post percutaneous
coronary intervention (PCI), 13 cases of dilated
cardiomyopathy, 12 cases of rheumatic heart
disease, and 6 cases of hypertrophic cardiomy-
opathy. Group C consisted of 65 cases of dys-
pnea caused by the combination of CHF and
PD. All patients in this group possessed a his-
tory of PD and heart failure. Among these
patients were 28 cases of acute heart failure
(AHF) caused by infections, 27 cases of CHF,
and 20 cases of pulmonary heart disease.
Levels of NT-proBNP were compared among
these three groups. The subjects were also
classified in the study based on the similarity of
their profiles, specifically according to age and
sex, and the severity of their dyspnea was
assessed.

CHF was diagnosed based on Framingham
Standards, color Doppler echocardiography,
chest X-ray, and patient responsiveness to drug
treatments. The heart functional classification
was based on the guideline of the American
Heart Association-NYHA functional classifica-
tion system. In groups B and C, 142 patients of
Class Il or above, composed of 66 patients of
Class ll, 47 patients of Class lll, and 29 patien-
ts of Class IV, were identified. Relationships
between their NT-proBNP levels, degrees of
heart failure, and LVEF were compared.

Testing methods

After the patients were admitted into the hospi-
tal, 2 ml of their blood was collected in a
VACUETTE EDTA K2 tube. NT-proBNP measure-
ments were performed using the Canada RAMP
NT-proBNP Assay. Blood samples were then
loaded onto the machine and measurements
were performed according to the instructions
of the manufacturer. The machine measured
NT-proBNP in the range of 5 ng/L to 35,000

ng/L.

Statistical analysis

Data were statistically analyzed using SPSS-
13.0 software. Means and standard deviation
(SD) were determined. Means of different gr-
oups were analyzed through one-way ANOVA,
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Table 1. NT-proBNP levels and LVEF values in
patients with different levels of heart classifica-
tion

NYHA Classification N NT-proBNP (ng/L) LVEF (%)

Class Il 66 531.42+96.15 58.5+8.1
Class Il 47 2675.38+84.96 47.1+7.5
Class IV 29 5723.84+135.23 40.3+6.8

Note: two-group comparison among groups of NYHA Class I,
Illand IV. P < 0.01.

while multiple comparisons between groups
were analyzed using the F-test. Relationships
were determined by person association analy-
sis. Statistical significance was identified at
P<0.05.

Results

Plasma NT-proBNP levels

Our data showed that NT-proBNP levels in
group A were significantly lower than those in
groups B and C [(186.4%£69.5) vs. (1739.2+
771.5) and (1837.4+874.6) ng/L, P<0.01]. No
statistical difference was observed between
groups B and C in terms of blood NT-proBNP
levels (P>0.05). NT-proBNP levels among
patients with cardiac dyspnea were significant-
ly higher than those among patients with only
pulmonary dyspnea.

Relationships between NT-proBNP levels,
NYHA classification, and LVEF

Among the patients in groups B and C, the lev-
els of heart functional classification (Classes II,
lll, and IV) were positively related to NT-proBNP
levels (P<0.01, Table 1). In other words, higher
NT-proBNP levels were related to higher heart
functional classes. Person linear association
analysis showed that NT-proBNP levels were
reversely related to values of LVEF. These
results indicated that high NT-proBNP level is
related to low LVEF value and poor cardiac
function.

NT-proBNP testing

The positive predictive value of >600 ng/L was
used in the differential diagnosis. In group A
that comprised 90 pulmonary dyspnea
patients, 74 had blood NT-proBNP levels that
were lower than 600 ng/L and 16 had levels
above 600 ng/L. In group B that comprised
113 cardiac dyspnea patients, 104 had NT-
proBNP levels above 600 ng/L and the rest (9
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patients) had NT-proBNP levels lower than 450
ng/L. Using elevated plasma NT-proBNP levels
as an indicator to diagnose cardiac dyspnea, a
sensitivity of 92.0%, a specificity of 82.2%, a
positive predictive value of 86.7%, and a nega-
tive predictive value of 89.2% were obtained.

Discussion

Dyspnea, as a common clinical condition diag-
nosed in the emergency room, often has
unknown specific causes and is frequently
made complicated by other illnesses.
Pulmonary and cardiac diseases are two major
causes of dyspnea, which have high morbidity
and mortality rates. Therefore, accurate diag-
nosis of dyspnea is essential to prescribe effec-
tive treatments and to achieve better patient
outcomes. Echocardiography is the most com-
mon tool in evaluating the proper functioning of
the heart. However, an expensive machine and
specially trained physicians are required in
implementing echocardiography. Since not
many hospitals have such resources in their
emergency departments, applications of echo-
cardiography in an emergency setting are often
limited. In addition, patients with mild heart fail-
ure or slightly higher ventricular tension may
not show abnormalities in their echocardiogra-
phy results. Among patients with severe heart
failure or dyspnea, the accuracy of echocar-
diography may be significantly affected by the
patient’s body position during the examination.
Therefore, a fast, specific, and sensitive meth-
od for differential diagnosis of dyspnea is
important in managing the condition of patients
and in reducing the mortality rate.

BNP is a peptide hormone secreted by ventricu-
lar cardiocytes in response to an increase in
ventricular volume or pressure overload. The
function of BNP includes the promotion of natri-
uresis and the inhibition of the sympathetic and
renin-angiotensin-aldosterone system. BNP is
largely produced from the left ventricle,
although the right ventricle also produces a
small amount of BNP. The level of BNP is an
important factor for assessing heart failure and
for improving patient outcomes [11]. Pro-BNP is
initially produced in vivo. After entering the
blood circulation, Pro-BNP is proteolytically pro-
cessed to produce equal amounts of BNP and
NT-proBNP. BNP performs a biological activity,
while NT-proBNP does not. BNP has a shorter
half-life of approximately 20 min. NT-proBNP
has a relatively longer half-life of approximately
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two hours, and its level slowly increases in vitro
and in vivo. NT-proBNP, which is metabolized in
the kidney, is about four to six folds more stable
than BNP, both in vitro and in vivo, and can be
used as an indicator in monitoring changes in
the left ventricle pressure and in the ventricular
tension [12, 13]. Given its better stability and
suitability for clinical application, NT-proBNP
is gradually replacing BNP in recent years.
O’Donnoghlie et al. demonstrated that NT-
proBNP has higher sensitivity and better corre-
lation to the severity of heart failure than BNP
[14].

According to the current guideline, NT-proBNP
and BNP have an average role in the examina-
tion of heart failure [15, 16]. Mueller et al. indi-
cated that BNP and NT-proBNP have an equiva-
lent value in the diagnosis of heart failure [17].
In their study, BNP and NT-proBNP levels were
determined among 251 dyspnea patients,
whose heart failures were diagnosed based on
the Framingham standard and echocardiogra-
phy. Statistical analysis of the ROC curve
revealed that areas under the curve for BNP
and NT-proBNP were 0.916 and 0.903, respec-
tively, demonstrating non-significance. Lain-
chbury et al. [18] found that among dyspnea
patients, plasma NT-proBNP levels among
patients with heart failure were significantly
higher than those whose dyspnea was caused
by other conditions. Our study proved that
among elderly dyspnea patients, CHF and
CHF+PD groups had significantly higher plasma
NT-proBNP levels than those of the PD group.
When the plasma NT-proBNP level was above
the reference value of 600 ng/L, the sensitivity,
specificity, positive predictive value, and the
negative predictive value were 92.0%, 82.2%,
86.7%, and 89.2%, respectively, which con-
formed to published reports [19]. NT-proBNP
levels among patients in Class IV were signifi-
cantly higher than those among patients in
Classes Il and lll. In addition, NT-proBNP was
found reversely related to LVEF, as measured
by echocardiography. Higher NT-proBNP was
related to lower LVEF and poorer heart func-
tions, which was consistent with the findings of
Lainchbury et al. [18]. The increased NT-proBNP
level indicated possible heart failure among
patients, especially those who suffered from
respiratory conditions. Since severe pulmonary
infections often induce acute heart failure,
heart failure can be difficult to detect by merely
monitoring clinical symptoms. Measuring NT-
proBNP is simple and quick and can be clini-
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cally used as an important reference in differ-
ential diagnosis. In this study, we likewise
proved that NT-proBNP levels were related to
the clinical conditions of patients admitted into
the emergency department. We measured
NT-proBNP levels three days after patient
admission. Among 76 CHF patients, the NT-
proBNP level of 64 patients decreased signifi-
cantly after their clinical conditions improved.
Eleven patients exhibited an increase in their
NT-proBNP levels as their conditions deterio-
rated, three of which eventually died. The data
demonstrated that decreased NT-proBNP lev-
els mark an improved patient’s condition,
whereas increased NT-proBNP levels suggest
deterioration of the patient’s condition and
unfavorable outcomes. In the present study, 26
patients displayed normal echocardiography,
but had elevated NT-proBNP. After treatment
with combined medications that include digi-
talis and diuretics, the patients’ conditions sig-
nificantly improved and their NT-proBNP levels
returned to normal. This observation suggests
that NT-proBNP can be used to diagnose abnor-
malities of the heart structure and of dilation
earlier than echocardiography among patients
with no clinical symptoms. Furthermore, recent
studies prove that NT-proBNP can be used to
identify individuals who have no heart dysfunc-
tions but have increased risks of cardiovascu-
lar diseases and death. Therefore, NT-proBNP
is at present an important indicator in predict-
ing patient outcomes.

Although NT-proBNP testing has high sensitivity
and specificity in the diagnosis of heart failure,
the level of heart failure can be affected by
many factors such as age, renal function, race,
and body mass. Similar with other diagnostic
tests, NT-proBNP should be assessed along
with patient history and physical examination.
In addition, physicians should be aware of fac-
tors that may cause an increased level of
NT-proBNP. When the NT-proBNP value is above
the threshold, a possible heart failure should
be considered. The negative predictive value of
NT-proBNP is more significant. When NT-proBNP
is lower than 300 ng/L, the negative predictive
value is 98%, providing a strong possibility of
heart failure. In summary, a rapid bedside test-
ing of NT-proBNP can be used as a tool to facili-
tate differential diagnosis among patients with
acute dyspnea. Consequently, the overall dis-
ease management and the treatments of these
patients become more efficient and effective.
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