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The value of serum N-terminal pro-brain natriuretic peptide
levels in the differential diagnosis and follow-up of congestive
cardiac failure and respiratory distress due to pulmonary
aetiologies in infants and children
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Abstract Objective: We aimed to determine whether N-terminal pro-brain natriuretic peptide can
differentiate between cardiac and pulmonary aetiologies of dyspnoea, if N-terminal pro-brain natriuretic
peptide can be used for evaluating the effect of treatment in cardiac failure, and for predicting severe
pulmonary diseases that are complicated by cardiac failure. Methods: In all, 76 children with dyspnoea were
enrolled; 41 of them suffered cardiac failure – 25 caused by cardiac disease, 16 caused by pulmonary disease –
and 35 had dyspnoea due to pulmonary disease. The control group consisted of 32 children. We calculated
Ross scores, analysed N-terminal pro-brain natriuretic peptide levels, and evaluated left ventricular systolic
functions by echocardiography. Results: N-terminal pro-brain natriuretic peptide levels were significantly
higher in children with cardiac failure than in those with pulmonary disease and in controls (medians 7321,
241, 87.71 picograms per millilitre, respectively), were higher in children with cardiac failure due to
pulmonary disease than in those with only pulmonary disease (medians 2728, 241 picograms per millilitre,
respectively), and were higher in children who died from cardiac failure than in survivors (p , 0.05). After
treatment of cardiac failure, N-terminal pro-brain natriuretic peptide levels decreased significantly
(p , 0.001). The cut-off level of N-terminal pro-brain natriuretic peptide for differentiating cardiacfailure
from pulmonary disease was 726.8 picograms per millilitre, sensitivity 100%, specificity 94.3%.
Conclusions: N-terminal pro-brain natriuretic peptide levels can differentiate dyspnoea due to cardiac failure
from pulmonary diseases. It can also be used to monitor the effects of treatment of cardiac failure and to
estimate the prognosis, as well as to predict pulmonary diseases that are complicated with cardiac failure.
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N
EUROENDOCRINE MECHANISMS SUCH AS THE

sympathetic nervous system, renin-angiotensin-
aldosterone system, arginin–vasopressin, and

some cytokines are targets of therapeutic interven-
tions in cardiac failure and have a key role in
determining prognosis.1,2 Most of these markers are
impractical for cardiac failure diagnosis because of
the difficult assay characteristics, instability of

markers, wide range, and influence of exercise and
position of patient.

Brain natriuretic peptide is released from cardiac
myocytes as a response to pressure and volume
overload.3 N-terminal pro-brain natriuretic peptide
and brain natriuretic peptide are formed from pro-
brain natriuretic peptide by enzymatic cleavage.4

N-terminal pro-brain natriuretic peptide has a
longer half-time than brain natriuretic peptide by
virtue of its having a big molecule.4 N-terminal
pro-brain natriuretic peptide has a longer half-life
than brain natriuretic peptide and it can be stable
for a long time at room temperature and in a
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refrigerator than brain natriuretic peptide.5,6 Serum
levels of brain natriuretic peptide and N-terminal
pro-brain natriuretic peptide are measured easily,
economically, and rapidly and are not influenced by
exercise and position.7,8

Respiratory distress is caused by both lung disease
and cardiac failure. A number of studies report that
brain natriuretic peptide and N-terminal pro-brain
natriuretic peptideare useful in the differential
diagnosis of cardiac failure from lung disease in adult
patients who were admitted to the emergency
department with dyspnoea.9–11 Brain natriuretic
peptide and N-terminal pro-brain natriuretic peptide
levels correlate with the severity of cardiac failure,
functional capacity of patient, and mortality in adults.
Brain natriuretic peptide and N-terminal pro-brain
natriuretic peptide levels can also be used for
determining optimal treatment for patients with
cardiac failure.5 However, studies investigating the
usefulness of N-terminal pro-brain natriuretic peptide
and brain natriuretic peptide as markers for differ-
entiating between cardiac and pulmonary aetiologies
of dyspnoea in children are very scattered.12,13

The results of adult cardiac failure studies evaluat-
ing brain natriuretic peptide and N-terminal pro-
brain natriuretic peptide levels cannot be directly used
in the case of children, because the aetiological factors
of cardiac failure differ between children and adults,
and the symptoms and physical findings change by
age for children.14,15 The relationship between brain
natriuretic peptide and N-terminal pro-brain natri-
uretic peptide levels with age and gender also differs in
children and adults.16,17 In addition, brain natriuretic
peptide and N-terminal pro-brain natriuretic peptide
levels are elevated in some congenital cardiac diseases
without cardiac failure.18,19 Severe pulmonary infec-
tions may also lead to cardiac failure in children
without any cardiac disease.20–22

Our study aimed to determine whether N-
terminal pro-brain natriuretic peptide can differ-
entiate between cardiac and pulmonary aetiologies
of dyspnoea, whether it can be used for evaluating
the effect of treatment in children with cardiac
failure, and for detecting severe pulmonary diseases
that are complicated with cardiac failure. We also
planned to determine the relationship between Ross
score and N-terminal pro-brain natriuretic peptide.

Methods

Study groups

In this study, we enrolled 76 children, 43 female
and 33 male, aged between 1 month and 17.5 years
with dyspnoea – tachypnoea, intercostal and subcostal
retractions, and flaring of alae nasi – who were
admitted to the Pediatric Emergency Department of

Medical Faculty of Eskisehir Osmangazi University
from November, 2005 to May, 2007. Children were
evaluated by history, physical examination, and chest
X-ray on admission. The Eskisehir Osmangazi
University Ethics Committee gave permission for this
study. We also obtained written consents from the
parents of children for blood sample collection for
N-terminal pro-brain natriuretic peptide analysis on
admission, N-terminal pro-brain natriuretic peptide 1.
Patients were hospitalised for detailed investigation
and treatment. There were no patients with chronic
lung disease or renal disease.

Patients were separated into two groups as having
cardiac failure or lung disease without cardiac
failure by history, physical examination, and
radiological findings. Of these, 41 patients had
cardiac failure, and 35 had lung disease without
cardiac failure. Out of 41 patients who had cardiac
failure, 25 patients had underlying congenital or
acquired cardiac disease, but 16 patients with
cardiac failure had no underlying cardiac disease
and cardiacfailure had developed due to severe lung
disease. There was no statistical difference between
any groups for gender. Only the median age of the
cardiac failure group due cardiac disease was lower
than that of the control group. However, no
statistical difference was found between the other
groups for age (Table 1).

Patients with cardiac failure were graded from 0
to 12 with the Ross scoring system on admis-
sion (Ross 1). The Ross scoring system is shown in
Table 2.23,24 Six patients from the cardiac failure
group died. The second blood samples were obtained
from 28 patients who had cardiac failure, 15 of 25
patients with cardiac failure due to cardiac disease
and 13 of 16 patients with cardiac failure due to lung
disease, for N-terminal pro-brain natriuretic peptide
analysis, N-terminal pro-brain natriuretic peptide 2,
at discharge and they were evaluated with Ross
scoring, Ross 2.

We evaluated 35 patients who had lung disease
without cardiac failure by physical examination
findings, acute phase reactants – leukocyte counts,
erythrocyte sedimentation rates, C- reactive proteins
– and chest X-ray such as having pneumonia, acute
bronchiolitis, and bronchial asthma.

Control group

The control group included 32 children, 17 female
and 15 male, who were admitted to the outpatient
clinic or emergency department with mild upper
respiratory tract infections, minor trauma, or with
the suspicion of taking a little cleaning solution
or drug. No one had renal or cardiac disease or
electrolyte imbalance. We obtained written consents
from the parents of children and collected
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N-terminal pro-brain natriuretic peptide samples
on the occasion of a routine blood analysis.

N-terminal pro-brain natriuretic peptide measurement

We obtained an approximately 2 millilitres of blood
sample from the peripheral vein and separated the
serum by centrifugation at 3000 rates per minute for
15 minutes. Serum samples were stored at 2808C
until analysis. N-terminal pro-brain natriuretic pep-
tide concentrations were measured by the E170
electrochemiluminescence immunoassay autoanalyzer
(Roche Diagnosis, Mannheim, Germany) using Elecsys
N-terminal pro-brain natriuretic peptide kits. The
N-terminal pro-brain natriuretic peptide assay was
ranged between 5–35,000 picograms per millilitre.

Echocardiography

We performed echocardiography within the first
24 hours of admission to determine the underlying
cardiac defect and to evaluate the left ventricular
systolic functions. Echocardiographic examination
was performed by Hewlett–Packard Sonos 5500
colour Doppler using 2–4 and 3–5 megahertz
probes. Ejection fraction, fractional shortening, left

ventricular internal dimension at end diastole, left
ventricular internal dimension at and end systole,
left ventricular diastolic mass, and left ventricular
systolic mass were measured for the evaluation of
left ventricular systolic functions.

Statistical analysis
We used SPSS for Windows 15.0, ‘‘Sigma stat 3.1’’,
and ‘‘Medcalc 6.15’’ software packages for statistical
analysis. Normal distribution was tested with the
Shapiro-Wilk test. Parametric tests were used for
the variables that are normally distributed, while
non-parametric tests were used for the variables that
are not normally distributed. The Mann–Whitney
U test or t-test was used for comparing two groups;
however, multiple comparisons were performed by
one-way analysis of variance if the variables were
normally distributed or by Kruskal–Wallis test if
not normally distributed. Differences between
groups were determined by using Dunn’s test from
post hoc tests. The cut-off value for the N-terminal
pro-brain natriuretic peptide level was determined
by receiver operating characteristiccurve. Correla-
tions between variables were determined by Spear-
man’s test. The Wilcoxon’s t-test was used to

Table 1. Age and gender distributions of the groups.

Age

Groups Number of patients (female/male) Median (months) Lower limit (months) Upper limit (years)

Congestive cardiac failure 41 (25/16) 8 1 17.5
By cardiac disease 25 (15/10) 7* 1 17.5
By lung disease 16 (10/6) 10.5 1 24
Lung disease 35 (18/17) 7.5 1.5 13
Control 32 (17/15) 14.5 2 17.5

*p , 0.05 for the comparison between the group of cardiac failure due to cardiac disease and control group

Table 2. Ross scoring system.

Points 0 1 2

History
Diaphoresis Head only Head and body during exercise Head and body at rest
Tachypnea Rare Several times Frequent

Physical Examination
Breathing Normal Retractions Dyspnoea
Respiratory rate (respirations/min)

0–1 year ,50 50–60 .60
1–6 years ,35 35–45 .45
7–10 years ,25 25–35 .35
11–14 years ,18 18–28 .28

Heart rate (bpm)
0–1 year ,160 160–170 .170
1–6 years ,105 105–115 .115
7–10 years ,90 90–100 .100
11–14 years ,80 80–90 .90

Hepatomegaly (liver edge from right costal margin) ,2 cm 2–3 cm .3 cm
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compare Ross scores and N-terminal pro-brain
natriuretic peptide levels on admission and at
discharge. The results were reported as the mean,
median, 25th and 5th percentile quartiles; p 0.05
was considered significant.

Results

Out of 25 patients who had cardiac failure due to
cardiac disease, 19 had congenital cardiac disease
(Table 3), three had cardiomyopathy, two had
myocarditis, and one had acute rheumatic carditis.

Of the 16 patients with cardiac failure due to
pulmonary disease, 11 had acute bronchiolitis and five
had pneumonia. Out of 35 patients with lung disease
without cardiac failure, 27 had acute bronchiolitis,
six had pneumonia, and two had asthma. We applied
mechanical ventilation to seven patients with cardiac
failure due to lung disease, and to one patient with
lung disease without cardiac failure.

Children with cardiac failure showed signifi-
cantly higher serum N-terminal pro-brain natriure-
tic peptide levels than did children with pulmonary
disease and controls (p , 0.05). Patients with
cardiac failure due to cardiac reasons showed higher
serum N-terminal pro-brain natriuretic peptide
levels than did patients with cardiac failure due to
pulmonary diseases, but this difference was not
statistically significant (p . 0.05). Serum N-terminal
pro-brain natriuretic peptide levels were higher in
children with cardiac failure due to pulmonary
diseases than in children with pulmonary diseases
without cardiac failure and the control group
(p , 0.05). Serum N-terminal pro-brain natriuretic
peptide levels were higher in patients with lung
disease than in the control group, but this difference
was not statistically significant (p . 0.05; Table 4
and Fig 1).

After treatment, the serum N-terminal pro-brain
natriuretic peptide levels decreased significantly in
comparison to N-terminal pro-brain natriuretic
peptide levels on admission with cardiac failure
(p , 0.001; Table 5 and Fig 2).

Ross scores of patients with cardiac failure also
decreased significantly after treatment (Ross 2) in
comparison to Ross scores evaluated on admission
(Ross 1; p , 0.001; Table 6).

Table 3. Underlying congenital cardiac diseases in the patients
presented with cardiac failure.

Diagnosis Number of patients

VSD 3
VSD, PH 2
VSD, ASD, PDA 2
ALPACA, PFO 2
TAPVR, ASD 2
ASD, ASA 1
VSD, AS, bicuspid aortic valve 1
PDA, PH 1
PDA, ASA, PFO 1
AVCD, PH 1
TAPVR, ASD, PH 1
TGA, VSD 1
VSD, ASD, PH, interrupted aortic arch 1

ALCAPA, anomalous origin of the left coronary artery from the
pulmonary artery; AS: aortic stenosis; ASA, atrial septal aneurysm;
ASD, atrial septal defect; AVCD, complete atrioventricular canal
defect; PDA: patent ductus arteriosus; PFO, patent foramen ovale;
PH: pulmonary hypertension; TAPVR, total anomalous pulmonary
venous return; TGA: transposition of the great arteries; VSD:
ventricular septal defect

Table 4. Serum N-terminal pro-brain natriuretic peptide 1 levels in the study and control groups.

NT-proBNP 1 (pg/ml)

Groups Number of patients Median Mean Lower limits Upper limits

CHF 41 7321a,b 11,029 778.7 35,000
CHF 1 HD 25 9261c,d,e 13,585 778.7 35,000
CHF 1 LD 16 2728f,g 6397.7 825 35,000
LD 35 241h 336.8 5 1309
Control 32 87.7 153 21.6 485.3

CHF 1 HD, congestive cardiac failure due to cardiac disease; CHF 1 LD, congestive cardiac failure due to lung disease; CHF, congestive cardiac
failure; NT-proBNP 1, N-terminal pro-brain natriuretic peptide level on admission
When Kruskal–Wallis test was used to compare the groups
aCHF between LD; p , 0.05
bCHF between control; p , 0.05
cCHF 1 HD between CHF 1 LD; p . 0.05
dCHF 1 HD between LD; p , 0.05
eCHF 1 HD between control; p , 0.05
fCHF 1 LD between LD; p , 0.05
gCHF 1 LD between control; p , 0.05
hLD between control; p . 0.05
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We compared serum N-terminal pro-brain
natriuretic peptide 2 levels of the cardiac failure
groups with serum N-terminal pro-brain natriuretic
peptide 1 levels of the pulmonary disease and
control groups (Table 7). Serum N-terminal pro-
brain natriuretic peptide 2 levels of the patients
with cardiac failure due to cardiac disease were
significantly higher than N-terminal pro-brain
natriuretic peptide 1 levels of both the pulmonary
disease and control groups (p , 0.05). However,
serum N-terminal pro-brain natriuretic peptide 2
levels of the patients with cardiac failure due to
lung disease were not different from N-terminal
pro-brain natriuretic peptide 1 levels of both the
pulmonary disease and control groups (p . 0.05). In
addition, serum N-terminal pro-brain natriuretic
peptide 2 levels were higher in the group of cardiac

failure with cardiac reason than in the group of
cardiac failure due to pulmonary diseases (p , 0.05).

Out of 41 patients with cardiac failure, six died.
Serum N-terminal pro-brain natriuretic peptide 1
levels were higher in children who died from cardiac
failure than in others who survived, median N-
terminal pro-brain natriuretic peptide 1 levels 18,120
picograms per millilitre in the patients who died,
5217 picograms per millilitre in the patients who
survived (p , 0.05). There was no significant differ-
ence, however, between the Ross 1 scores of the
patients who died and those who survived – Ross score
mean: 7.83 in the patients who died, 7.51 in the
patients who survived (p . 0.05).

The cut-off level of N-terminal pro-brain
natriuretic peptide for differentiating cardiac failure
from pulmonary disease in patients who presented
with dyspnoea was 726.8 picograms per millilitre –
sensitivity, 100%; specificity, 94.3%; positive
predictive value, 95%; negative predictive value,
100%; false negativity, 0%; false positivity, 4.6%,
accuracy, 97% (Fig 3).

Any patient’s N-terminal pro-brain natriuretic
peptide was not below the 726.8 picograms per
millilitre cut-off level in the cardiac failure group.
Two patients in the lung disease group, however,

Figure 1.
Comparison of the study and control groups for N-terminal pro-
brain natriuretic peptide 1 levels. The thick line in the boxes shows
the median; the lower and upper limits of the boxes show 25% and
75% quartiles. The minimum and maximum concentrations at the
outside of the quartiles are shown as separate points; NT-proBNP
1: N-terminal pro-brain natriuretic peptide analysis on admis-
sion. CHF, congestive cardiac failure; CHF1HD: congestive
cardiac failure due to cardiac disease, CHF 1 LD, congestive
cardiac failure due to lung disease; HD, cardiac disease; LD,
lung disease.

Table 5. Serum N-terminal pro-brain natriuretic peptide levels in the patients with cardiac failure before and after treatment.

NT-proBNP 1 (pg/ml) NT-proBNP 2 (pg/ml)

Groups Median Mean
Lower
limits

Upper
limits Median Mean

Lower
limits

Upper
limits p

CHF 1 HD (number of patients: 15) 6942 12,398.9 778.7 35,000 612 3864.6 104.8 21,936 ,0.001
CHF 1 LD (number of patients: 13) 2320 6861.7 825 35,000 125.7 210.7 35.3 703.3 ,0.001
CHF (number of patients: 28) 3888 10,151.5 778.7 35,000 375.4 2243.8 35.3 21,936 ,0.001

CHF 1 HD, congestive cardiac failure due to cardiac disease; CHF 1 LD, congestive cardiac failure due to lung disease; CHF, congestive cardiac
failure; NT-proBNP 1, N-terminal pro-brain natriuretic peptide level on admission; NT-proBNP 2, N-terminal pro-brain natriuretic peptide
analysis at discharge
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Figure 2.
Comparison of the serum N-terminal pro-brain natriuretic peptide
levels before and after treatment in patients with heart failure;
NT-proBNP: N-terminal pro-brain natriuretic peptide; NT-
proBNP 1: N-terminal pro-brain natriuretic peptide analysis on
admission; NT-proBNP 2: N-terminal pro-brain natriuretic
peptide analysis at discharge.

Vol. 20, No. 5 Evim et al: N-terminal pro-brain natriuretic peptide in children with dyspnoea 499

https://doi.org/10.1017/S1047951110000533 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951110000533


had a N-terminal pro-brain natriuretic peptide level
above the cut-off level, 1214 and 1309 picograms per
millilitre. All of the children in the control group had
an N-terminal pro-brain natriuretic peptide level
below this cut-off level; the highest N-terminal pro-
brain natriuretic peptide level in the control group
was 485.3 picograms per millilitre.

We found no correlation between any of the
echocardiographic measurements of left ventricular
systolic functions and serum N-terminal pro-brain
natriuretic peptide levels in all cardiac failure
groups, separately or totally (p . 0.05). Similarly,
there was no correlation either between N-terminal
pro-brain natriuretic peptide 1 levels and Ross 1
scores or between N-terminal pro-brain natriuretic
peptide 2 levels and Ross 2 scores (p . 0.05).

Discussion

There are very scattered studies investigating the
usefulness of the concentrations of brain natriuretic
peptide and N-terminal pro-brain natriuretic pep-
tide for differentiating cardiac from pulmonary

aetiologies of dyspnoea in children.12,16 Koulori
et al12 reported that patients with acute respiratory
distress secondary to congestive cardiac failure had
significantly higher plasma brain natriuretic pep-
tide levels than did patients with primary respira-
tory distress (p , 0.001). Cohen et al13 found
plasma N-terminal pro-brain natriuretic peptide

Table 6. Ross scores of the patients with cardic failure before
and after treatment.

Groups
Number of
patients

Ross 1
(mean)

Ross 2
(mean) p

CHF 1 HD 15 8.69 0.38 ,0.001
CHF 1 LD 13 7.13 0.4 ,0.001
CHF 28 7.85 0.39 ,0.001

CHF, congestive cardiac failure; CHF 1 HD: congestive cardiac
failure due to cardiac disease; CHF 1 LD: congestive cardiac failure
due to lung disease

Table 7. Comparison of the N-terminal pro-brain natriuretic peptide 2 levels of the patients with cardiac failure with N-terminal pro-
brain natriuretic peptide 1 levels of the pulmonary disease and control groups.

NT-proBNP (pg/ml)

Groups Number of patients Median Mean Lower limits Upper limits

NT-proBNP 2
CHF 28 375.4 2168 35.3 21,936
CHF 1 HD 15 612.1a,b,c 3864.6 104.8 21,936
CHF 1 LD 13 125.7d,e 210.7 35.3 703.3

NT-proBNP 1
LD 35 241 336.8 5 1309
Control 32 87.71 153 21.6 485.3

CHF 1 HD, congestive cardiac failure due to cardiac disease; CHF 1 LD: congestive cardiac failure due to lung disease; CHF, congestive cardiac
failure; NT-proBNP 1: N-terminal pro-brain natriuretic peptide analysis in admission; NT-proBNP 2, N-terminal pro-brain natriuretic peptide
analysis at discharge
When Kruskal–Wallis test was used to compare the groups
aCHF 1 HD between CHF 1 LD; p , 0.05
bCHF 1 HD between LD; p , 0.05
cCHF 1 HD between control; p , 0.05
dCHF 1 LD between LD; p . 0.05
eCHF 1 LD between control; p . 0.05

Figure 3.
Receiver operating characteristic curve for serum N-terminal pro-
brain natriuretic peptide level on admission for differentiation
between heart failure and respiratory distress due to lung disease;
NT-proBNP 1: N-terminal pro-brain natriuretic peptide level
on admission.
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levels in infants with congestive cardiac failure to be
significantly higher than those in infants with acute
lung disease and the control group (p , 0.001). An
et al25 also reported that serum brain natriuretic
peptide levels in the congestive cardiac failure group
were significantly higher than in the pneumonia
group and the control group (p , 0.01). Our study
shows that serum N-terminal pro-brain natriuretic
peptide levels are significantly higher in children
with cardiac failure than in children with pulmon-
ary disease and the control group (p , 0.05).

The cardiovascular and respiratory systems
should be considered to function as a single unit.
Alterations in one of them will affect the other.
The myocardium of neonates and young children
generates low pressure. Even small changes in
intrathoracic pressure can lead to large changes on
the afterload of left and right ventricles and in the
transmural pressure gradients.26 Pulmonary hyper-
tension and right ventricular failure are common in
children with severe pneumonia.20 In addition,
pneumonia may deteriorate cardiac function by
causing myocarditis through direct invasion of the
microorganism and the effect of hypoxia. All these
changes lead to changes in the afterload and preload
and electrocardiographic and echocardiographic
changes, and the elevated creatine kinase and
creatine kinase-muscle and brain (specific for cardiac
muscle) levels can be observed in patients with
severe pneumonia.21,22,27 For this reason, brain
natriuretic peptide and N-terminal pro-brain natri-
uretic peptide may be affected by respiratory
disease. When we screened the related literature,
we could find only one study that had researched
whether brain natriuretic peptide levels could be
used to differentiate if pneumonia was complicated
by congestive cardiac failure in childen. In this
study, An et al25 reported that patients with
pneumonia and congestive cardiac failure had
significantly higher brain natriuretic peptide than
either the pneumonia or control groups (p , 0.01).
After treatment, brain natriuretic peptide levels
decreased significantly in patients with pneumonia
and congestive cardiac failure, which led them to
conclude that brain natriuretic peptide levels are
helpful in assessing whether severe pneumonia
complicates with cardiac failure in children. We
also show that N-terminal pro-brain natriuretic
peptide levels are higher in children with cardiac
failure due to pulmonary diseases than in children
with pulmonary diseases without cardiac failure
and the control group (p , 0.05). After treatment,
N-terminal pro-brain natriuretic peptide levels
decreased significantly (p , 0.01). After treatment,
N-terminal pro-brain natriuretic peptide levels in
patients with cardiac failure due to lung disease

were not different in comparison to the initial
N-terminal pro-brain natriuretic peptide levels of
the lung disease group and control group. An
et al25found that brain natriuretic peptide levels in
the congestive cardiac failure group with cardiac
reason were significantly higher than pneumonia in
the congestive cardiac failure group (p , 0.05). In
our study, we also found that N-terminal pro-brain
natriuretic peptide levels were higher in the cardiact
failure with cardiac reason group than the cardiac
failure due to pulmonary disease group, but this
difference was not statistically significant (p . 0.05).

Adult studies investigating pre- and post-treat-
ment N-terminal pro-brain natriuretic peptide
levels also reported that N-terminal pro-brain
natriuretic peptide could be used to evaluate the
response to cardiac failure therapy.28,29 Cohen
et al13 found N-terminal pro-brain natriuretic peptide
levels to be significantly decreased after treatment
in patients with cardiac failure (p 5 0.005). In our
study, after cardiac failure treatment, the serum
N-terminal pro-brain natriuretic peptide levels
also decreased significantly in comparison with
the N-terminal pro-brain natriuretic peptide levels
collected on admission with cardiac failure (p ,
0.001). Ross scores also decreased significantly after
treatment (p , 0.001).

In our study, N-terminal pro-brain natriuretic
peptide levels in children with cardiac failure due to
lung disease decreased to the same level as in control
subjects. However, N-terminal pro-brain natriuretic
peptide levels in children with cardiac failure due to
cardiac disease decreased significantly after treat-
ment in comparison to the values before treatment,
but remained higher than controls (p , 0.05).
N-terminal pro-brain natriuretic peptide and brain
natriuretic peptide levels have been found to be
elevated in some congenital cardiac diseases without
cardiac failure. Brain natriuretic peptide levels
correlated with pulmonary-to-systemic flow ratio,
right ventricular systolic pressure, and mean
pulmonary artery pressure in left-to-right shunting
cardiac diseases.19,30 Therefore, the N-terminal pro-
brain natriuretic peptide levels of patients with
cardiac failure due to cardiac disease, which remained
above those of the control group after clinic improve-
ment, were considered to be related to the continuing
pressure and volume overload due to the haemo-
dynamic changes caused by various underlying con-
genital cardiac diseases.

In an adult study, 20 of the 176 patients who
were admitted with cardiac failure died. The brain
natriuretic peptide levels of the patients who died
were higher than the levels of those who survived.31

In adults with cardiac failure, it was shown that the
correlation between N-terminal pro-brain natriuretic

Vol. 20, No. 5 Evim et al: N-terminal pro-brain natriuretic peptide in children with dyspnoea 501

https://doi.org/10.1017/S1047951110000533 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951110000533


peptide levels and mortality is stronger than the
correlation between mortality and age, New York
Heart Association class, or systolic dysfunction.
When we screened the related literature, we could
not find any study evaluating correlation between
brain natriuretic peptide or N-terminal pro-brain
natriuretic peptide levels and mortality from cardiac
failure in children. In our study, serum N-terminal
pro-brain natriuretic peptide levels were higher in
children who died from cardiac failure than in
others who survived (p , 0.05). There was no
significant difference, however, between the patients
who died and those who survived for Ross scores
(p . 0.05). Therefore, we conclude that although
clinical findings are not helpful to estimate the
prognosis, N-terminal pro-brain natriuretic peptide
levels may be used as a prognostic factor in children
who are admitted with cardiact failure. High
N-terminal pro-brain natriuretic peptide levels
indicate poor prognosis.

Weber and Hamm5 reported that cardiac failure
is unlikely at brain natriuretic peptide levels below
100 picograms per millilitre or N-terminal pro-
brain natriuretic peptide levels below 300 pico-
grams per millilitre and is very likely at brain
natriuretic peptide levels above 500 picograms per
millilitre or N-terminal pro-brain natriuretic
peptide levels above 450 picograms per millilitre.
Koulouri et al12 reported that brain natriuretic
peptide may be used for differentiating cardiac from
pulmonary aetiology of dyspnoea in children. The
authors reported that sensitivity was 91%, specifi-
city 77%, positive predictive value 77%, negative
predictive value 95%, and accuracy 84% for a
cut-off point of 40 picograms per millilitre for the
plasma brain natriuretic peptide level to differentiate
cardiac from pulmonary aetiology of dyspnoea in
children. An et al25 reported that sensitivity was
87.5%, specificity 95.8% for a cut-off point of 49
picograms per millilitre for serum brain natriuretic
peptide levels to differentiate cardiac from pulmon-
ary aetiology of dyspnoea in children. Cohen et al13

reported a cut-off point of 2940 picograms per
millilitre for plasma N-terminal pro-brain natriure-
tic peptide level in children. This level was much
higher than the cut-off level determined in our
study. We think that this difference may not be
originated by using plasma or serum samples. There
are some studies investigating both brain natriuretic
peptide and N-terminal pro-brain natriuretic pep-
tide levels in the same patient population, but we
could not find any study comparing plasma and
serum samples for brain natriuretic peptide or
N-terminal pro-brain natriuretic peptide in the
same patients. An et al.25 used serum samples and
Koulouri et al12 used plasma samples for brain

natriuretic peptide analysis, although both of them
reported cut-off levels close to each other (49
picograms per millilitre and 40 picograms per
millilitre, respectively). The underlying congenital
cardiac diseases in patients presented with cardiac
failure in our study are similar to those in the study
of Cohen et al.13 The age of the subjects who were
included in Cohen et al’s study ranged between
1 and 36 months. The age range of our study
population was larger, from 1 month to 17 years.
The N-terminal pro-brain natriuretic peptide levels,
however, show no significant age-related differen-
tiation except for the neonatal period in healthy
children,8 and therefore we consider that the
prominent difference between the cut-off levels
reported by Cohen et al13 and us is not age-related,
too. The cut-off level we determined for N-terminal
pro-brain natriuretic peptide is similar to those in
the adult studies mentioned above.5,9 Therefore,
in our opinion, further studies are required for
investigating the cut-off level for N-terminal pro-
brain natriuretic peptide for differentiating cardiac
from pulmonary aetiology of dyspnoea in children.

Adult cardiac failure is usually related to reduced
ventricular function, and therefore N-terminal pro-
brain natriuretic peptide levels in adult studies were
significantly elevated with reduced ejection frac-
tion, elevated left ventricular end-diastolic pressure,
or elevated end-diastolic volume.32,33 Mir et al8

found that children with cardiac failure due to
dilated cardiomyopathy and hypoplastic left cardiac
syndrome showed a negative correlation between
the plasma N-terminal pro-brain natriuretic peptide
value and the ejection fraction. However, this
correlation was not found in children with
ventricular septal defect and atrioventricular septal
defect. Wu et al34 reported that plasma N-terminal
pro-brain natriuretic peptide level correlated positively
with left ventricular end-diastolic volume index and
left ventricular end-systolic wall stress, but did not
correlate with left ventricular ejection fraction and left
ventricular fractional shortening in children with
cardiac failure and ventricular septal defect. Koulori
et al12 reported that there was no correlation between
brain natriuretic peptide level and left ventricular end-
diastolic dimension in children with cardiac failure.
The present study found no correlation between
N-terminal pro-brain natriuretic peptide level and
left ventricular systolic functions. This finding may
be explained by the presence of a lot of different
underlying cardiac diseases causing different hae-
modynamic changes in the group of cardiac failure
due to cardiac disease.

Adult studies reported that the New York Heart
Association class, which determines the severity of
chronic cardiac failure, correlated positively with
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brain natriuretic peptide and N-terminal pro-brain
natriuretic peptide levels.32,35 However, there is no
scoring system that is universally accepted to
determine the severity of cardiac failure in children.
Only a few studies have searched for a correlation
between brain natriuretic peptide/N-terminal pro-
brain natriuretic peptide levels and modified Ross
score that has been used in children with cardiac
failure. Mir et al8 and Wu et al34 found a correlation
between N-terminal pro-brain natriuretic peptide
levels and Ross score in children with cardiac
failure. We did not find any correlation between
synchronous N-terminal pro-brain natriuretic pep-
tide and Ross scores either on admission or after
treatment in children with cardiac failure (p .
0.05). We thought that this may be explained by
some reasons: the haemodynamic changes are
different from each other in the various underlying
cardiac diseases in children with cardiac failure;
some of the underlying congenital cardiac diseases
lead to elevated N-terminal pro-brain natriuretic
peptide levels without cardiac failure due to volume
or pressure overload;19,36 and some patients may
have developed acute cardiac failure over chronic
cardiac failure.

Consequently, our study shows that N-terminal
pro-brain natriuretic peptide can be used as a reliable
and rapid marker for differentiating between cardiac
and pulmonary aetiologies of dyspnoea. N-terminal
pro-brain natriuretic peptide analysis can also be used
for evaluating the effect of treatment in children with
cardiac failure, for detecting severe pulmonary diseases
that are complicated with cardiac failure, and for
determining the prognosis of cardiac failure in
children. A cut-off point for N-terminal pro-brain
natriuretic peptide has been predicted for children
with cardiac failure. Ours is the first study written
in English that investigated N-terminal pro-brain
natriuretic peptide levels in children with cardiac
failure secondary to severe pulmonary diseases
whom we frequently met in our routine clinical
practice, besides those in the cardiac failure and
lung disease groups.

Study limitations
The group of patients with cardiac failure due
to cardiac reasons is not homogeneous. Therefore,
N-terminal pro-brain natriuretic peptide levels
might be affected by the different haemodynamic
factors seen in various underlying cardiac diseases.
Only six patients died from cardiac failure in our
study. Hence, there is a need for larger study groups
to evaluate the value of N-terminal pro-brain
natriuretic peptide levels in prognosis of cardiac
failure in children.
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