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Abstract

Introduction:Acute respiratory distress is one of themost common reasons for paediatric emer-
gency visits. Paediatric patients require rapid diagnosis and treatment. Our aim in this study
was to use N-terminal (1–76) pro-brain natriuretic peptide to differentiate respiratory distress
of cardiac and pulmonary origin in children. Our aim was to investigate the role of N-terminal
(1–76) pro-brain natriuretic peptide in the detection of patients with new-onset heart failure in
the absence of an underlying congenital heart anomaly.Methods: All children aged 0–18 years
who presented to the paediatric emergency department due to severe respiratory distress were
included in the study prospectively. The patients’ demographic characteristics, presenting com-
plaints, clinical findings, and N-terminal (1–76) pro-brain natriuretic peptide concentrations,
were investigated. In patients with severe Pediatric Respiratory Severity Score, congestive heart
failure score was calculated using the modified Ross Score. Results: This study included 47 chil-
dren between the ages of 1 month and 14 years. The median N-terminal (1–76) pro-brain
natriuretic peptide concentration was 5717 (IQR:16158) pg/mL in the 25 patients with severe
respiratory distress due to heart failure and in the 22 patients with severe respiratory distress
due to lung pathology was 437 (IQR:874) pg/mL (p< 0.001). In the 25 patients with severe res-
piratory distress due to heart failure, 8281 (IQR:8372) pg/mL in the 16 patients with underlying
congenital heart anomalies, and 1983 (IQR:2150) pg/mL in the 9 patients without a congenital
heart anomaly (p< 0.001). The 45 patients in the control group had a median N-terminal (1–
76) pro-brain natriuretic peptide concentration of 47.2 (IQR:56.2) pg/mL. Conclusion: Using
scoring systems in combination with N-terminal (1–76) pro-brain natriuretic peptide cut-
off values can help direct and manage treatment.

Introduction

Respiratory distress is a condition in which the body’s oxygen requirement cannot be met due to
insufficient ventilation or perfusion, and acute respiratory distress accounts for approximately
10% of paediatric emergency department admissions and 20% of hospitalisations.1 The most
common cause of cardiopulmonary arrest in children is respiratory failure.2 Although most res-
piratory diseases are moderate and self-limiting, children require rapid diagnosis and treatment
in the emergency department. Themost common pulmonary causes of acute respiratory distress
are infection, asthma, bronchiolitis, anaphylaxis, foreign body aspiration, trauma or chest wall
anomalies, interstitial disease, cystic fibrosis, and bronchopulmonary dysplasia, while the most
common cardiac causes are congenital heart anomalies, acute decompensated heart failure,
myocarditis, pericarditis, arrhythmia, shock, and cardiac tamponade.3

The physiologically inactive BNP fragment N-terminal (1–76) pro-brain natriuretic peptide
has a low molecular weight of 8.5 kDa, is very stable in blood, and can easily be measured with
commercial immunoassays.4 The mechanisms of its release into and removal from the circu-
lation are manifold. From a diagnostic point of view, its secretion from cardiomyocytes upon
dilatation of the cardiac chambers, for example due to congenital or acquired heart diseases, and
its elimination via kidneys are the most significant pathways5 N-terminal (1–76) pro-brain
natriuretic peptide is used in research as a marker of heart failure and has been used in the mon-
itoring and treatment of heart failure in many studies.6–9

Serum N-terminal (1–76) pro-brain natriuretic peptide concentrations may be used to assist
in the differentiation between dyspnoea resulting from respiratory diseases and heart failure10

and have been demonstrated to correlate with the severity of left ventricular) dysfunction and
functional status.11 Despite several studies demonstrating the significance of N-terminal (1–76)
pro-brain natriuretic peptide as a biomarker for heart failure, its measurement is not commonly
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involved in the routine testing performed in children with cardiac
disease. N-terminal (1–76) pro-brain natriuretic peptide is a reli-
able test to diagnose significant structural or functional cardio-
vascular diseases in children. Optimal cut-off values are
different from adult values.12

Our aim in this study was to use N-terminal (1–76) pro-brain
natriuretic peptide to differentiate respiratory distress of cardiac
and pulmonary origin in emergency room patients who have
severe respiratory distress as assessed with the Pediatric
Respiratory Severity Score and to investigate the role of N-terminal
(1–76) pro-brain natriuretic peptide in the detection of patients
with new-onset heart failure in the absence of an underlying con-
genital heart anomaly. We also aimed to determine N-terminal (1–
76) pro-brain natriuretic peptide cut-off values in patients with res-
piratory distress to facilitate faster differential diagnosis and more
effective treatment management.

Materials and methods

Study design

This prospective cohort study was conducted in the paediatric
emergency department of Ege University between September
2017 and September 2019. Our paediatric emergency department
is a tertiary centre and one of the largest paediatric emergency
departments in the country. Ethics committee approval was
obtained from the scientific research ethics committee of the
Ege University Faculty of Medicine. The parents or caregivers of
all participants were informed in writing and provided informed
consent before inclusion in the study.

Patient selection

All children aged 0–18 years who presented to the paediatric emer-
gency department due to severe respiratory distress were included
in the study prospectively. A total of 47 patients with severe respi-
ratory distress and 45 healthy children of similar age and gender
distribution were included in the study. We excluded patients with
respiratory distress due to nervous system damage (e.g., cranial
trauma, central nervous system infection, hypotension), gastroin-
testinal causes (abdominal pain or distension-related hypoventila-
tion), metabolic causes (diabetic ketoacidosis, intoxication,
hyperthyroidism, hypothyroidism, hypocalcaemia, hyperammo-
nemia), and haematological causes (decreased oxygen-carrying
capacity for reasons such as deep anaemia, acute chest syndrome).
Respiratory distress was assessed using Pediatric Respiratory
Severity Score, and patients with Pediatric Respiratory Severity
Score indicating severe respiratory distress (4–5 points) were
included in the study.13

Patient evaluation, data, and blood samples collection

Patient evaluation and data collections
The patients’ demographic characteristics, presenting complaints,
clinical findings, and N-terminal (1–76) pro-brain natriuretic pep-
tide levels were investigated. All patients underwent posterior-
anterior chest X-ray for evaluation of lung involvement and were
evaluated by an experienced paediatric emergency specialist. Left
ventricular ejection fraction measurements were performed by a
paediatric cardiologist using two-dimensional transthoracic echo-
cardiography (Vivid E9, GE-Vingmed Ultrasound AS, Horten,
Norway). The diagnosis of heart failure was made by an

experienced paediatric cardiologist based on clinical, echocardio-
graphic, and other biochemical parameters.

Blood sample collection
A venous blood sample (2 mL) was collected into an EDTA tube at
admission to the paediatric emergency department and used to
measure serum N-terminal (1–76) pro-brain natriuretic peptide
concentration using a chemiluminescent immunoassay kit
(Roche Diagnostics; Mannheim, Germany) and ElecSys 2010 ana-
lyser. Unlike BNP, N-terminal (1–76) pro-brain natriuretic peptide
is stable in EDTA plasma for 3 days at room temperature or longer
at 4 jC. The N-terminal (1–76) probrain natriuretic peptide (N-ter-
minal (1–76) pro-brain natriuretic peptide) method is precise (CV
V 6.1%), has a wide dynamic measuring range, is free from
common interferences, and does not cross-react with BNP.14

Analysers

Elecsys analyser is a fully automated analyser that uses a patented
electrochemiluminescence technology for immunoassay analysis.
It is designed for both quantitative and qualitative in vitro assay
determinations for a broad range of applications. The RocheN-ter-
minal (1–76) pro-brain natriuretic peptide is fully automated and
will accommodate the testing of large numbers of clinical samples
for assessing cardiac dysfunction. Daily internal quality control
and monthly external quality control are carried out in our
laboratory.

Definitions

Respiratory distress was evaluated using Pediatric Respiratory
Severity Score upon patients’ admission to the emergency depart-
ment (Table 1). Pediatric Respiratory Severity Score of 0–1 was
interpreted as mild, 2–3 as moderate, and 4–5 as severe respiratory
distress. In patients with severe Pediatric Respiratory Severity
Score, congestive heart failure score was calculated using the modi-
fied Ross Score. Ross scores of 0–4 were evaluated as mild, 5–8 as
moderate, and 9–12 as severe heart failure.15

Left ventricular ejection fraction was calculated by performing
transthoracic echocardiography on the day of admission to the
paediatric emergency department, by the same paediatric cardiolo-
gist, without knowing the patients’ N-terminal (1–76) pro-brain
natriuretic peptide values. The same paediatric cardiologist evalu-
ated the patients for concomitant congenital heart anomalies. Left
ventricular ejection fraction was calculated using the Simpson
method. The control group was detected by a paediatric cardiolo-
gist with transthoracic echocardiography and physical examina-
tion. No cardiac pathology was detected.

Statistical analysis

The data were analysed using SPSS version 21.0 (IBM Corp,
Armonk, NY, USA). The Kolmogorov––Smirnov test was used
to test whether the data were homogeneously distributed.
Comparisons of data from two independent groups were per-
formed using Student’s t-test for homogeneous data and Mann–
Whitney U-test for non-homogeneous data. The chi-square test
was used to compare group ratios. Comparisons with p values
<0.05 were considered statistically significant.

Receiver operating characteristic curve analysis was used to
determine optimal NT-pro BNP cut-off values. The area under
the receiver operating characteristic curve, sensitivity, specificity,
positive and negative predictive values, and 95% confidence
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intervals were calculated for the cut-off values. A probability of
≤0.05 was considered significant.

Results

Demographics

This study included 47 children between the ages of 1 month and
14 years who were admitted to the Ege University Medical Faculty
Pediatric Emergency Department with severe respiratory distress.
In addition, 45 healthy children with similar age and sex character-
istics who presented to the emergency department and had their
N-terminal (1–76) pro-brain natriuretic peptide level assessed
were included as the control group. The patient group comprised
21 girls (44.7%) and 26 boys (55.3%) with a mean age of 33.8
months (1 month–14 years). The control group comprised 22 girls
(48.8%) and 23 boys (51.2%) with a mean age of 30.6 months (3
months–15 years).

Clinical findings

Of the 47 patients with respiratory distress, the aetiology was heart
failure in 25 patients and lung disease in 22 patients (Fig 1). These
lung diseases included bacterial pneumonia in 12 patients, bron-
chiolitis in 7 patients, aspiration pneumonia in 1 patient, acute
respiratory distress syndrome in 1 patient, and viral bronchopneu-
monia in 1 patient. Sixteen patients in the group with heart failure
had an underlying congenital heart anomaly (ventricular septal
defect in 9 patients, complete atrioventricular septal defect in 4
patients, aortic coarctation in 2 patients, and large patent ductus
arteriosus in 1 patient). Nine patients had new-onset heart failure
due to myocarditis, chronic kidney disease, or sepsis, with no
underlying congenital heart anomaly (Fig 1).

N-terminal (1–76) pro-brain natriuretic peptide levels

The median N-terminal (1–76) pro-brain natriuretic peptide con-
centration was 5717 (IQR:16158) pg/mL in the 25 patients with
severe respiratory distress due to heart failure, 8281
(IQR:8372) pg/mL in the 16 patients with underlying congenital
heart anomalies, and 1983 (IQR:2150) pg/mL in the 9 patients

without a congenital heart anomaly. In the 22 patients with severe
respiratory distress due to lung pathology, the median N-terminal
(1–76) pro-brain natriuretic peptide concentration was 437
(IQR:874) pg/mL. The 45 patients in the control group had a
median N-terminal (1–76) pro-brain natriuretic peptide concen-
tration of 47.2 (IQR:56.2) pg/mL. N-terminal (1–76) pro-brain
natriuretic peptide level differed significantly between the heart
failure group and the control group (p< 0.001) and respiratory
distress patients in the heart failure and lung disease
groups (p< 0.001).

Echocardiogram

Left ventricular ejection fraction was evaluated from the patients’
echocardiograms using the Simpson method. The patients had
minimum, maximum, and mean left ventricular ejection fraction
values of 19, 78, and 61%, respectively. A negative correlation was
detected between the patients’ left ventricular ejection fraction and
N-terminal (1–76) pro-brain natriuretic peptide concentra-
tion (Fig 2b).

The sensitivity and specificity of N-terminal (1–76) pro-brain
natriuretic peptide and modified Ross score

The N-terminal (1–76) pro-brain natriuretic peptide cut-off value
to determine whether respiratory distress was of cardiac origin in
the patient group was >1100 pg/mL. Using this cut-off, the sensi-
tivity was 96% and specificity was 95.5%.

When N-terminal (1–76) pro-brain natriuretic peptide cut-off
values to identify respiratory distress of cardiac origin (without dif-
ferentiating by underlying congenital heart anomalies) were calcu-
lated according to age, the resulting values are shown in Table 2.

Modified Ross score was positively correlated with N-terminal
(1–76) pro-brain natriuretic peptide level in patients with heart
failure (p < 0.001, correlation coefficient: 0.809)(Fig 2a).

When only modified Ross score >4 was used as a marker of
heart failure in the patient group, sensitivity was 92%, specificity
was 63.6%, positive predictive value was 62.2%, and negative pre-
dictive value was 80%. When modified Ross score >4 and N-ter-
minal (1–76) pro-brain natriuretic peptide concentration

Table 1. Pediatric Respiratory Severity Score scoring system

Score component Operational definition Scoring

Respiratory rate Respiratory rate at rest, on room air* 0 or 1

Wheezing High-pitch expiratory sound heard by auscultation 0 or 1

Accessory muscle use Any visible use of accessory muscles 0 or 1

Oxygen saturation Oxygen saturation <95% on room air 0 or 1

Feeding difficulties Refusing feedings 0 or 1

Sum of five components

Pediatric Respiratory Severity Score 0–1: mild; 2–3: moderate; 4–5: severe 0–5

Criteria of tachypnoea* Month Respiratory rate

<12 >60 1

12, <35 >40 1

36, <156 >30 1

156 >20 1

*Respiratory rate evaluated according to American Heart Association guideline.
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>1100 pg/mL were used as heart failure markers, sensitivity was
95%, specificity was 93%, positive predictive value was 95.7%,
and negative predictive value was 92.9%(Table 3).

In patients with cardiac respiratory distress and congenital
heart anomaly as the aetiology, an N-terminal (1–76) pro-brain
natriuretic peptide cut-off value of >2758 pg/mL resulted in sen-
sitivity of 80% and specificity of 100%. When modified Ross score
of>4 andN-terminal (1–76) pro-brain natriuretic peptide concen-
tration >2758 pg/mL were used in this subgroup, the sensitivity

was 84%, specificity was 100%, positive predictive value was
92.9%, and negative predictive value was 100% (Table 4).

Outcomes

Of the patients with severe respiratory distress, 19 (40.4%) pre-
sented during the day shift and 28 (59.6%) during the night shift.
Sixteen patients (34%) had high fever at admission. Thirty-three
(70%) of the patients were given oxygen support via non-

Figure 1. Distribution of patients enrolled in the study
period. AC: aortic coarctation; ARDS: acute respiratory dis-
tress syndrome; AVSD: atrioventricular septal defect; CHA:
congenital heart anomaly; CRD: chronic kidney disease;
PDA: patent ductus arteriosus; VSD: ventricular septal defect.

Figure 2. (a) Modified Ross score was positively correlatedwith NT-proBNP level in patients with heart failure. (b) A negative correlation was detected between the patients’ LVEF
and NT-proBNP concentration. LVEF: Left ventricular ejection fraction; NT-proBNP: N-terminal pro brain natriuretic peptide.
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rebreathing mask. Eight patients (17%) were intubated and
received invasive mechanical ventilation. Intravenous positive ino-
tropic support was initiated in the emergency department for 7
(14.9%) of the patients with heart failure. The patients were moni-
tored in the emergency department for a mean of 17 hours (1–
96 hours). The mean length of hospital stay was 11.5 days (1.5–
41 days).

Seven of the 47 patients with severe respiratory distress died, 4
due to congestive heart failure, 1 due to fulminant myocarditis, and
2 due to acute respiratory distress syndrome. N-terminal (1–76)
pro-brain natriuretic peptide concentrations were significantly
higher in patients with congestive heart failure compared to surviv-
ing patients (mean: 24,052 ± 24,160 pg/mL, p< 0.05).

Discussion

Respiratory distress is one of the most common causes of emer-
gency department admissions.1 Although there are many causes
of respiratory distress, it is most commonly of pulmonary or car-
diac origin.16 The diagnostic criteria for heart failure are largely
clinical, and several standardised diagnostic classification systems
have been proposed.17 One of the scoring systems used to grade
heart failure is the modified Ross score.

BNP and N-terminal (1–76) pro-brain natriuretic peptide are
most frequently used for the diagnosis and risk assessment of heart
failure in adults.4,18 An age- and gender-independent upper limit of
300 pg/mL (ng/L) has been reported to rule out acute heart fail-
ure.18 In contrast to its well-established diagnostic power in adults,
reference values for neonates, infants, and children are widely vary-
ing. Thus, so far, the clinical relevance of N-terminal (1–76) pro-
brain natriuretic peptide for children is limited.19,20 Nevertheless,
various indications of promising applications in children with con-
genital and acquired heart diseases were found.19 In order to iden-
tify pathological values, the knowledge and easy identification of
reference intervals, however, are of crucial relevance.

Highest N-terminal (1–76) pro-brain natriuretic peptide con-
centrations were found within the postnatal period.21 During the
first year of life, there is a rapid decline, followed by a slight but
steady decrease in N-terminal (1–76) pro-brain natriuretic peptide
concentration during childhood.22 During adolescence, concentra-
tion converges to adult reference values at an age of approximately
18 years.7

N-terminal (1–76) pro-brain natriuretic peptide dynamics,
especially in the first year of life, may probably be attributed essen-
tially to two main influencing factors: On the one hand, postnatal
adaptation of fetal circulation with beginning perfusion of the
lungs and resulting changes of intracardiac pressures causes a
strong increase in secretion.19 Additionally, in children with con-
genital or acquired heart diseases, secretion of N-terminal (1–76)
pro-brain natriuretic peptide by cardiomyocytes might even be
greatly increased depending on the corresponding haemodynam-
ics.23 On the other hand, renal elimination plays an essential role.19

Immediately after birth, renal function is restricted and evolves
with time, especially in the first months of life.24

The 2012 revision of the Ross score included age-specific N-ter-
minal (1–76) pro-brain natriuretic peptide values, with cut-off val-
ues determined for 0, 1, and 2 points. For patients aged 0–3 years,
these were 0 points for <450 pg/mL, 1 point for 450–1700 pg/mL,
and 2 points for >1700 pg/ml; for patients aged 3–18 years, these
values were 0 points for <300 pg/mL, 1 point for 300–1500 pg/mL,
and 2 points for >1500 pg/mL.15 In our study, we calculated age-
specific N-terminal (1–76) pro-brain natriuretic peptide cut-off
values.

In our study, N-terminal (1–76) pro-brain natriuretic peptide
concentrations in the healthy control group were found to be nor-
mal according to the laboratory reference range (<133 pg/mL),
whereas even if non-cardiogenic, patients with respiratory distress
had N-terminal (1–76) pro-brain natriuretic peptide concentra-
tions slightly higher than the laboratory reference range. When
evaluated alone, detecting N-terminal (1–76) pro-brain natriuretic
peptide concentrations higher than the cut-off value rather than
slightly higher is clinically significant and can help avoid inappro-
priate treatments performed due to moderate elevations. In our
study, patients with respiratory distress of cardiac origin had sig-
nificantly higher N-terminal (1–76) pro-brain natriuretic peptide
values than those with pulmonary aetiology (p< 0.05).

Table 3. Sensitivity, specificity, positive predictive values, and negative
predictive values of modified Ross score >4 and NT-proBNP concentration
>1100 pg/mL, in the patient group

Modified
Ross

score >4

NT-proBNP
concentration
>1100 pg/mL

Modified Ross score >4
and NT-proBNP concen-
tration >1100 pg/mL

Sensitivity 92% 95% 96%

Specificity 63.3% 93% 95.5%

Positive
predictive

62.2% 95.7% 96%

Negative
predictive

80% 92.9% 95%

NT-proBNP: N-terminal pro-brain natriuretic peptide.

Table 4. Sensitivity, specificity, positive predictive values, and negative
predictive values of modified Ross score >4 and NT-proBNP concentration
>2758 pg/mL, in the cardiac origin group

Modified
Ross

score >4

NT-proBNP
concentration
>2758 pg/mL

Modified Ross score >4
and NT-proBNP concentra-

tion >2758 pg/mL

Sensitivity 86% 80% 84%

Specificity 63.5% 100% 100%

Positive
predictive

81.3% 78.9% 92.9%

Negative
predictive

71.4% 100% 100%

NT-proBNP: N-terminal pro-brain natriuretic peptide.

Table 2. NT-proBNP cut-off values to identify respiratory distress of cardiac
origin

Age NT-proBNP pg/mL Sensitivity Specificity

0–12 months >971 100% 82%

1–2 years >3370 95% 100%

2–6 years >1355 95% 96%

6–14 years >778 90% 96%

NT-proBNP: N-terminal pro brain natriuretic peptide.
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Treatment algorithms differ in cases of respiratory distress
caused by lung pathologies and those caused by heart failure.
For example, intravenous hydration is recommended for a patient
presenting with bronchiolitis, while diuretic and fluid restriction is
recommended for a patient with low EF secondary to myocarditis.
A rapid differential diagnosis is critical in the emergency depart-
ment. It is important to determine the cut-off values of the method
used in developed treatment algorithms in order to minimise
errors in treatment.

Lin et al. determined the N-terminal (1–76) pro-brain
natriuretic peptide cut-off value for heart failure to be ≥598
ng/L in patients with a modified Ross score above 4. They found
that children with non-cardiogenic respiratory distress and
healthy children had normal N-terminal (1–76) pro-brain
natriuretic peptide concentrations according to the laboratory’s
reference ranges.6 Lin et al may have obtained a lower cut-off
value in their study because they evaluated patients only
according to the modified Ross score. In our study, patients
were evaluated using Pediatric Respiratory Severity Score, and
severe cases were included in the study. In another study by
Lin et al, the N-terminal (1–76) pro-brain natriuretic peptide
cut-off value was found to be ≥1268 ng/L in patients with sepsis
and heart failure.24 As the patient’s clinical condition worsens,
N-terminal (1–76) pro-brain natriuretic peptide cut-off values
increase.

In patients with cardiac respiratory distress and congenital
heart disease in the aetiology, a N-terminal (1–76) pro-brain
natriuretic peptide cut-off value of>2758 pg/mL had 80% sensitiv-
ity and 100% specificity. Studies have shown that patients with
congenital heart disease have high N-terminal (1–76) pro-brain
natriuretic peptide concentrations.25,26 In patients with congenital
heart defects, basal N-terminal (1–76) pro-brain natriuretic pep-
tide values were found to be high and were shown to be a post-
operative prognostic indicator in patients requiring surgery.27–29

In our study, the highN-terminal (1–76) pro-brain natriuretic pep-
tide cut-off values in the patient group with congenital heart dis-
ease supported the presence of ventricular strain associated with
the heart defect and higher basal N-terminal (1–76) pro-brain
natriuretic peptide concentrations compared to patients without
cardiac defects. In this group, heart failure monitoring can be done
by intermittent N-terminal (1–76) pro-brain natriuretic peptide
measurement, with an increase from basal N-terminal (1–76)
pro-brain natriuretic peptide concentration suggesting progres-
sion to heart failure. In patients with underlying congenital heart
anomalies and new-onset lung pathology, an increase in basal N-
terminal (1–76) pro-brain natriuretic peptide concentration can be
expected.

In some cases, history-taking from the family of a critical
patient presenting to the emergency department due to respiratory
distress may not be possible. N-terminal (1–76) pro-brain natriu-
retic peptide concentrations can be used in cases where decisions
must be made according to the patient’s clinical symptoms. As
access to a paediatric cardiologist is difficult in most centres, it
may help to decide which patients will be referred to advanced
centres. Most of our patients presented during the night shift; if
a specialist physician consultation is necessary for such a patient,
elective rather than emergency cardiac evaluation can be planned if
their N-terminal (1–76) pro-brain natriuretic peptide concentra-
tion is below the cut-off value. N-terminal (1–76) pro-brain natriu-
retic peptide level, which can now be assessed in nearly every
centre, will help clinicians determine aetiology and will guide
treatment.

Conclusion

Using scoring systems in combination with N-terminal (1–76)
pro-brain natriuretic peptide cut-off values can help direct and
manage treatment. In addition, elevated N-terminal (1–76) pro-
brain natriuretic peptide concentration correlate with the patients’
clinical status. When making treatment decisions, N-terminal
(1–76) pro-brain natriuretic peptide can be used to support the
modified Ross score. Using N-terminal (1–76) pro-brain natriu-
retic peptide cut-off values in the approach to patients with respi-
ratory distress in the emergency department will facilitate rapid
and accurate treatment. Many studies today are seeking ways to
avoid mistakes due to subjective decision-making. Identifying dif-
ferent cut-off values for patients with congenital heart disease can
prevent more invasive and incorrect treatment.
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