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Abstract

Background: Heart failure is a significant problem causing morbidity and mortality in children with acyanotic CHD left-
to-right shunt. Congenital heart disease is often associated with ventricular dysfunction, volume or pressure overload,
resulting in a high risk of heart failure. N-Terminal-pro-Brain Natriuretic Peptide (NT- pro-BNP) is a biochemical marker
in the left ventricle, which is used as a diagnostic marker for adult heart failure since it has depicted a significant
correlation between heart failure and elevated levels of NT-pro-BNP. This study aimed to analyze the relationship
between NT-pro-BNP levels and heart failure in children with acyanotic CHD left-to-right shunt.

Methods: An observational analytic examination with a cross-sectional study design was conducted on children aged 1
month to 18 years with acyanotic CHD left-to-right shunt with suspected heart failure at the Pediatric Cardiology
Outpatient Clinic, Emergency Department, and Pediatric Ward of Dr. Soetomo General Hospital Surabaya from
September 2020 to March 2021. Statistical analysis was carried out using Mann-Whitney test and contingency correlation
test of Chi-Square with a significance value of p < 0.05.

Results: There were 43 subjects fulfilling the inclusion criteria in which 53.5% of them were female with a mean age of
48 months. Furthermore, the most common type of acyanotic CHD left-to-right shunt with heart failure was VSD,
followed by ASD and PDA. There was a significant relationship between increasing NT-pro-BNP levels with heart failure
with p < 0.001 based on chi-square test with moderate correlation strength (r = 0.57) based on the contingency correlation
test.

Conclusion: There is a significant positive correlation between NT-pro-BNP and heart failure in children with acyanotic
CHD left-to-right shunt.
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1. Introduction

The case of congenital heart disease (CHD) among newborns ranges from about 3.7 to 17.5 per 1000 cases,
30-45% of all congenital abnormalities [1]. Patients with the acyanotic CHD left-to-right shunt are at risk
more than 100 times for heart failure [2]. There are 12,000-35,000 cases of heart failure causing 11,000-
14,000 hospitalizations in children younger than 19 years in the United States each year [3].

Congenital heart disease is often associated with ventricular dysfunction, volume or pressure overload,
resulting in a high risk of heart failure [4] As a compensatory mechanism for pressure and volume overload,
Brain Natriuretic Peptide (BNP) and N-Terminal-pro-Brain Natriuretic Peptide (NT- pro-BNP) are secreted in
the left ventricle [5]. In adult, NT-pro-BNP levels have been used as a diagnostic marker for heart failure
because it has portrayed a significant correlation between heart failure and increasing levels of NT-pro-BNP
[6]. To the best of the researchers’ knowledge, studies on the role of NT-pro-BNP in the diagnosis of heart
failure in children have not been discussed yet. This study aimed to analyze the relationship between NT-pro-
BNP levels and heart failure in children with acyanotic CHD CHD left-to-right shunt.

2. Subjects and Methods

2.1 Study Design
The present study used an analytical observational research approach with a cross-sectional design. This
study analyzed the correlation between NT-pro-BNP and heart failure in children with acyanotic CHD.
The subjects were all children aged 1 month - 18 years old with acyanotic CHD left-to-right shunt treated
at the Division of Pediatric Cardiology, Dr Soetomo general hospital Surabaya. The subjects were selected
by consecutive non-random sampling technique. The study was approved by the Ethical Committee of Dr
Soetomo Academic General Hospital (No. 2032 / KEPK / IX / 2020).

2.2. Diagnosis of Acyanotic CHD and Heart Failure
The definite diagnosis of congenital heart disease was determined by the basis of an echocardiography
examination performed by a pediatric cardiologist. The types of heart defects classified as acyanotic CHD
were atrial septal defect (ASD), ventricle septal defect (VSD), and patent ductus arteriosus (PDA). The
diagnosis of heart failure was based on Pediatric Heart Failure Score, which became the standard for
diagnosing heart failure in children.

2.3 Laboratory Examination
About 2-3ml of venous blood from children with acyanotic CHD left to right shunt suspected of heart
failure was obtained and tested. The blood placed in a yellow vacutainer tube containing the separator gel
was centrifuged to obtain serum. The serum was then stored at -800C and measured by the IMMULITE
1000 Turbo NT-pro-BNP test Kit.

2.4 Statistical analysis
Statistical measures (e.g. mean, standard deviation, and frequency distribution table) were presented in
the form of descriptive analysis. The data were processed using SPSS version 21.0. The correlation
between NT-pro-BNP and heart failure was analyzed by Mann-Whitney test and contingency correlation
test of Chi-Square.
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3. Results
3.1 Characteristic of patients
The subjects were 43 children with acyanotic CHD left to right shunt aged from 1 month to 18 years.
Table 1 shows characteristic of patients. [Table 1]

Table 1. Characteristic of Subject

Characteristic n=143
Age (month), median (min —max) 48 (2-201)
Age group (month), n (%)

0-12 11 (25,6)
13-83 25(58,1)
84-131 4(9,3)
>131 3(7,0)
Child sex, n (%)
Male 20 (46,5)
Female 23(53,5)
Acyanotic CHD type
VSD 17 (39,5)
ASD 16 (37,2)
PDA 10 (23,3)
Heart failure
Without heart failure 9 (21,0)
Heart failure 34 (79,0)
Mild 8 (19,0
Moderate 12 (28,0)
Severe 14 (32,0)

3.2 Correlation between NT-pro-BNP and Heart Failure
This study showed a significant difference in NT-pro-BNP levels in children with acyanotic CHD left to
right shunt who had heart failure and did not have heart failure (p <0.001). It was also found that there was
a positive correlation between NT-pro-BNP levels and heart failure in children with acyanotic CHD left to
right shunt (r = 0.57). [Table 2]

Table 2. Correlation of NT-pro-BNP and heart failure in children with acyanotic CHD left to right shunt

Criteria mean total p r
Heart failure 6549 pg/ml 34
Without heart failure 234,36 pg/ml 9

<0,001* 0,57**

*Mann-Whitney test
**Contingengsi correlation test
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4. Discussion

In accordance with this study’s findings, heart failure in children with acyanotic CHD left to right shunt
was more common in females than males, with a percentage of 53.5% and 46.5%, respectively. A
retrospective study conducted in China in 2016 also found that the prevalence of females was higher than that
of males (52.7% compared to 47.3%) [7]. The case is possibly higher than in males because there are
biological differences in the size of the structure of blood vessels, where the diameter of the arteries in female
is smaller than in men. This condition increases the risk of vascular endothelial dysfunction, thereby
contributing to the problem of pulmonary hypertension [8].

The present study also found that the age range for heart failure in children with CHD left to right shunt
was 2 to 201 months, with a mean age of 48 months. The highest frequency of heart failure in this study was
in the age group of 13 to 83 months. Differences in the age group for heart failure in children with acyanotic
CHD Ieft to right shunt are determined by the type of CHD and its complexity. The size of the defect will
determine the magnitude of the shunt that occurs, which further affects the workload of the heart [9].

In addition, this study conveyed that the most common type of acyanotic CHD left to right shunt with heart
failure was VSD (39.5%), followed by ASD (37.2%), and PDA (23.2%). Heart failure in children with
acyanotic CHD has the greatest prevalence due to VSD. It is related to the prevalence of VSD, which has been
the most common type of CHD in children, and the size of the VSD lesion that affects the magnitude of the
shunt and pulmonary vascular resistance [10].

In this study, there was a positive correlation between levels of NT-pro-BNP and the severity of heart
failure in children with acyanotic CHD left to right shunt. The increase in NT-pro-BNP has a moderate
correlation (r = 0.57). A cross-sectional study conducted in Medan, Indonesia, in 2015 in 30 children aged 1
month to 14 years found a significant correlation between levels of NT-pro-BNP and heart failure. There was
a positive correlation between NT-pro-BNP levels and the severity of heart failure in children. In this study, it
was not specific to heart failure caused by congenital heart disease. The test tool used Roche cardiac proBNP
testing kit [11].

A study with a case-control design in 31 children with congestive heart failure also found that NT-pro-BNP
levels had positively correlated with heart failure severity (r = 0.74). The severity of heart failure was assessed
based on Pediatric Heart Failure Score, and the levels of NT-pro-BNP were measured using Enzyme Immuno
Assay Biomedica-Austria. However, this study did not distinguish between heart failure caused by CHD or
not CHD [12].

Furthermore, a study with a prospective design conducted in Japan, with an age range of 4 months to 14
years in 181 children with heart failure and 232 healthy children found a correlation between NT-pro-BNP
levels and the severity of heart failure (p < 0.001). The highest levels of NT-pro-BNP were found in children
with severe heart failure. NT-pro-BNP levels were measured using Elecsys 2010 analyzer luminescent
immunoassay kit (Roche Diagnostics; Mannheim, Germany). This study grouped children with heart failure
into two age groups namely those < 3 years and those > 3 years. Unfortunately, this study was not limited to
heart failure in CHD [13].

A study with a case-control design undertaken in Egypt on 40 children with heart failure found that
increasing levels of NT-pro-BNP had a significant correlation with the severity of heart failure (p < 0.05). The
more severe the severity of heart failure, the higher the mean value of NT-pro-BNP. However, this study was
limited to children with acyanotic CHD in the form of a VSD with a mean age of 12 months. The examination
of NT-pro-BNP was conducted by using Roche proBNP radioimmunoassay testing kit [14].

A cross-sectional study conducted in China on 80 children with heart failure found a significant
relationship between increasing levels of NT-pro-BNP and the severity of heart failure (p < 0.001; r = 0.675).
The examination of NT-pro-BNP was conducted by using Canadian RAMP heart failure diagnostic

www.ijrp.org



%, 1JRP.ORG

of Research Publicat
ISSN: 2708-3578 (Online)

87

rizka arifani / International Journal of Research Publications (IJRP.ORG)

instrument, Response Biomedical Corp. In this study, the median value of mild heart failure was 491 ng/L,
moderate heart failure of 3351 ng/L, and severe heart failure of 20359 ng/L. However, this study was not
limited to heart failure caused by congenital heart disease [15].

Cardiac ventricular myocytes will hide NT-pro-BNP in response to an increase in ventricular wall pressure
or an increase in ventricular volume, which cause stretching of the ventricular wall [16]. Brain natriuretic
peptide and NT-pro-BNP levels reflect the hemodynamic status and pulmonary capillary pressure ventricular
end-diastolic pressure. The more severe the degree of heart failure, the higher the pressure on the ventricular
wall, of which this results in higher secretion of NT-pro-BNP by cardiac myocytes [17].

5. Conclusion
There is a significant positive correlation between NT-pro-BNP and heart failure in children with acyanotic
CHD left to right shunt.
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