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Abstract
Background Left-to-right shunting in acyanotic congenital heart 
disease (CHD) is the most common type of defect in childhood 
heart disease. Limited access to specialist health services causes 
delays in CHD management. In limited resource settings, iden-
tification of factors that influence the occurrence of pulmonary 
hypertension is important in order to decide which patients should 
be prioritized for defect closure to prevent further complications.
Objective To determine predictive factors of pulmonary hyperten-
sion after a left-to-right shunt CHD diagnosis.
Methods This retrospective cohort study included children 
aged 1 month to 17 years with isolated atrial septal defect, or 
ventricular septal defect, or patent ductus arteriosus. Potential 
predictors studied were iron deficiency anemia, mitral regurgita-
tion, pneumonia, and heart failure. Bivariate analysis was done 
with Chi-square test and multivariate analysis was done with Cox 
regression to determine the hazard ratio. 
Results Pulmonary hypertension occurred in 68 of 176 subjects. 
Iron deficiency anemia, mitral regurgitation, and pneumonia were 
not predictive factors of pulmonary hypertension. However, heart 
failure was a significant predictive factor for pulmonary hyperten-
sion, with a hazard ratio of 4.1 (95%CI 2.2 to 7.5; P=0.001).
Conclusions Heart failure is a predictive factor of pulmo-
nary hypertension in children with left-to-right shunting 
in acyanotic CHD.  [Paediatr Indones. 2021;61:119-24 ;  
DOI: 10.14238/pi61.3.2021.119-24 ].

Keywords: pulmonary hypertension; congenital heart 
disease; predictor factors; left-to-right shunting

Left-to-right shunting in acyanotic CHD, such 
as atrial septal defect (ASD), ventricular 
septal defect (VSD), and patent ductus 
arteriosus (PDA) are the most common types 

of abnormalities in pediatric heart disease. Delayed 
defect closure results in pulmonary hypertension. The 
5-year survival rate of pulmonary hypertension among 
children with CHD is 74%.1 Increased pulmonary blood 
flow causes stretching of the pulmonary vasculature, 
which in turn stimulates vasoconstriction, ultimately 
leading to thickening of the vascular walls and 
narrowing of the pulmonary vascular lumen. These 
vascular changes persist if adequate intervention is not 
done. As changes occur in the shunting from right to 
left, the patient may become cyanotic. Eisenmenger's 
syndrome increases mortality four times higher than 
that of a healthy population.2 Limited facilities, late 
diagnoses, and family economic factors are obstacles 
to closing the shunt in a timely manner, increasing 
patient susceptibility to pulmonary hypertension. 
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Limited access to specialized health services is a major 
factor contributing to delays in CHD management.3 
Identification of factors that influence the occurrence 
of pulmonary hypertension can be useful in deciding 
which patients should be prioritized for defect closure 
to prevent further complications, especially in limited 
resource settings. Factors related to pulmonary 
hypertension in previous studies were inflammation, 
lower respiratory tract infection (bronchiolitis, 
pneumonia, episodic wheezing), gene mutation, 
iron deficiency, mitral regurgitation, and increased 
pulmonary blood flow in congestive heart failure.4-8 
We aimed to determine the predictors of pulmonary 
hypertension in children with acyanotic CHD with a 
left-to-right shunt.

Methods

This retrospective cohort study included children 
with acyanotic CHD left-to-right shunting who were 
recruited from the Pediatric Cardiology Clinic of 
Dr. Sardjito Hospital, Yogyakarta, from January to 
December 2017. Patients aged between 1 month to 17 
years with isolated atrial septal defect, or ventricular 
septal defect, or patent ductus arteriosus were included. 
Patients who had abnormalities that limited blood flow 
to the lungs, such as pulmonary stenosis, disorders that 
limited systemic blood flow such as aortic stenosis, 

aortic coarctation, mitral stenosis, as well as patients 
with rheumatic heart disease, cardiomyopathy, and 
infective endocarditis were excluded. The minimum 
required sample size for a prognostic study with 30% 
pulmonary hypertension incidence and four predictive 
factors was 170 subjects.9-11 Patients were followed up 
for 5 years beginning from the time of diagnosis, based 
on echocardiography. Patient data were obtained from 
medical records, which included the following possible 
predictors of pulmonary hypertension: iron deficiency 
anemia, mitral regurgitation, pneumonia, and heart 
failure. 

Subjects who had peak tricuspid regurgitation 
velocity >2,8 m/s were considered to have pulmonary 
hypertension.12 Iron deficiency anemia was defined 
as low hemoglobin level according to World Health 
Organization (WHO) criteria with microcytic, 
hypochromic, and red cell distribution width (RDW) 
>14.13-15 Mitral regurgitation was the backflow of blood 
from the left ventricle to the left atrium through the 
mitral valve based on echocardiography. Pneumonia 
was a documented period of lower respiratory tract 
infection coded J12-J18 according to ICD-10 in the 
medical record. Heart failure was assessed based on 
the modified Ross criteria.16 

Subjects were randomly selected by pairing 
with random numbers generated by MS Office Excel. 
The normality of data distribution was tested by 
Kolmogorov-Smirnov test. Chi-square tests were done 

Table 1. Basic characteristics of subjects  

Characteristics Pulmonary hypertension
(n = 68)

No pulmonary hypertension
(n = 108)

Male, n (%) 25 (36.8) 59 (54.6)

Median age at diagnosis (IQR), months*             16 (73) 14.5 (56)

Median weight (IQR), kg*   7.2 (9.3)   8.7 (10)

Height (SD), cm†   96.6 (33.7)    99.3 (31.4)

Median heart rate (IQR), times/minute*           115 (35)              113 (24)

Median respiratory rate (IQR), times/minute*             30 (18)                28 (10)

Mean hemoglobin (IQRSD), g/dL†  11.7 (1.7)   11.8 (1.4)

Mean corpuscular volume (SD), fL†   78.8 (11.1)  80.1 (9.5)

Mean corpuscular hemoglobin (SD), pg† 26.5 (3.8)  26.9 (3.3)

Median red cell distribution width (IQR), %*             15.5 (3)                15 (2.6)

Defect type, n (%)
Atrial septal defect
Ventricular septal defect
Patent ductus arteriosus

26 (38.2)
22 (32.4)

            20 (29.4

25 (23.1)
58 (53.7)
25 (23.2)

*Median (interquartile range) for data whose distribution was skewed 
†Mean (standard deviation) for data whose distribution was normal



Weny Inrianto et al.: Predictors of pulmonary hypertension in children with left-to-right shunting in acyanotic CHD

Paediatr Indones, Vol. 61, No.3, May 2021 • 121

Table 2.   Predictors of pulmonary hypertension in children with acyanotic CHD

Variables
Pulmonary hypertension 

(n=68)
No pulmonary hypertension

(n=68)
HR† (95%CI)

(n=108)
P value

Iron deficiency anemia, n (%) 11‡ (21.6) 12§ (18.2) 0.65

Mitral regurgitation, n (%) 20 (29.4) 21 (19.4) 1.3 (0.7 to 2.6) 0.13

Pneumonia, n (%)  10 (14.7) 13 (12) 0.61

Heart failure, n (%)  29 (42.6) 10 (9.3) 4.1 (2.2 to 7.5) 0.001
*Chi-square; †Cox regression with adjusted hazard ratio; ‡n=11/51, 17 missing; §n=12/66, 42 missing

to assess potential predictive factors of pulmonary 
hypertension, and analyses were continued by 
multivariable Cox regression for predictors that had 
a Chi-square result of P<0.25, to determine adjusted 
hazard ratios (HR). The study protocol was approved 
by the Medical and Health Research Ethics Committee 
of the Universitas Gadjah Mada, Faculty of Medicine, 
Public Health and Nursing.

Results

The basic characteristics of subjects are shown in  
Table 1. Of 176 study subjects, 41 subjects (23.3%) had 
mitral regurgitation, which of that one subject (0.6%) 
had severe mitral regurgitation, 51.2% had mild mitral 
regurgitation, 4.9% had moderate mitral regurgitation, 
22% had trivial mitral regurgitation, and 19.5% had 
an unknown degree of mitral regurgitation . Twenty 
three subject had iron deficiency anemia which mean 
hemoglobin was 10.1 g/dL and the median age was 15 

Figure 1. Survival analysis for pulmonary hypertension with regards to heart failure 

months. Heart failure occurred at a median age of 17 
months. Pulmonary hypertension occurred at a median 
age of 27 months.

All 176 subjects were analyzed in Chi-square, 
except for iron deficiency anemia; there were 59 missing 
data due to no record of hemoglobin concentration, 
thus Chi-square analysis of this variable was calculated 
in a total of 117 subjects. We calculate the hazard ratio 
adjusted with variables that have a P value <0.25. 
The result showed that heart failure was a significant 
predictive factor for pulmonary hypertension, with a 
hazard ratio of 4.1 (Table 2). Pulmonary hypertension 
in both groups with and without heart failure mostly 
occurred within 3 years of age. In subjects with heart 
failure, the survival of pulmonary hypertension 
decreased from about 70% in the first year to 40% 
within three years. Whereas in subjects without heart 
failure, the survival of pulmonary hypertension was 
about 80% in three years (Figure 1).
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Discussion
	

There was a similar proportion of males and 
females among our subjects. The most common type of 
defect was VSD (45.5%), similar to the epidemiological 
profile of acyanotic CHD at the same hospital in 2014. 
At that time, 47.6% of CHD defects were VSD.17 

Pulmonary hypertension occurred in 38.6% of subjects, 
greater than the incidence of pulmonary hypertension 
in the entire population of ASD, VSD, Eisenmenger 
syndrome, and other cyanotic CHDs (28%).18 Heart 
failure was the one independent factor predictive of 
pulmonary hypertension in our subjects (P=0.001). 

Iron deficiency anemia was found in 23/117 
(19.7%) of subjects, smaller than the prevalence of 
anemia in children aged 1-14 years, which was between 
26-28%.19 This difference may have been due to the 
classification of anemia in the basic health survey 
(Riskesdas 2013) by Ministry of Health Republic of 
Indonesia as that report included all anemia cases 
without distinguishing the cause.14 In addition, there 
may have been differences in the diagnostic criteria 
for anemia. Chi-square analysis revealed no significant 
difference in iron deficiency anemia between the with 
and without pulmonary hypertension groups. Previous 
studies have shown an association between iron 
deficiency and the incidence of pulmonary hypertension, 
including increasing pulmonary arterial pressure.8,20-24 
Differences in determining the parameters of iron 
deficiency in the previous studies that might have 
affected the results. We used an erythrocyte index 
showing hypochromic microcytic anemia with red 
distribution width of more than 14% to determine the 
presence of iron deficiency. Moreover, serum iron levels 
were not routinely examined in our patients with CHD. 
Hypochromic microcytic anemia is a late manifestation 
of iron deficiency, meaning that the erythrocyte index 
and hemoglobin levels can be normal at the early 
onset of iron deficiency. Thus, there was possible bias 
as some subjects may have been iron deficient, but not 
yet anemic. Hence, iron deficiency could have been 
present in more than the number of subjects with iron 
deficiency anemia.

Mitral regurgitation was found in 23.3% of 
subjects. The proportions of mitral regurgitation in 
the pulmonary hypertension and non-pulmonary 
hypertension groups did not differ significantly. 
Pulmonary hypertension among children with mitral 

regurgitation may have been caused by backward fluid 
overload, leading to left atrial enlargement and left 
ventricular hypertrophy. As a maladaptive response 
to the left ventricle deterioration, left ventricular 
contractility decreases, while the systolic and the 
right atrial pressures increase. Increased right atrial 
pressure is passively delivered to the pulmonary vein, 
which causes interference with the alveolar capillaries 
resulting in capillary leakage and pulmonary edema. 
Pulmonary hypertension reportedly occurs in 23% 
of patients with severe mitral regurgitation.25 Mitral 
regurgitation in this study was mostly trivial (22%) and 
mild (51.2%), thus possibly not high enough to affect 
pulmonary vein pressure.

Pneumonia occurred in 14.8% of subjects, 
of whom 50% had pulmonary hypertension. The 
incidence of pulmonary hypertension in our study 
was lower than reported by the pediatric intensive 
care unit (PICU) of Santa Clara Hospital in Bogota, 
Colombia, in which 72.7% of subjects with pneumonia 
had pulmonary hypertension. Their pneumonia with 
pulmonary hypertension patients had a 7.5 times 
higher risk of death compared to pneumonia without 
pulmonary hypertension.26 Differences in pneumonia 
severity may have affected the result, which has yet to 
be investigated. 

Pulmonary arterial pressure increased in patients 
with acyanotic CHD with the advancement of age. 
All the children above 5 years of age had moderate to 
severe pulmonary arterial hypertension.9 In general, 
conditions that occur with pressure overload and 
high flow, such as VSD, increase the possibility of 
pulmonary hypertension.27 Diuretics (furosemide 
or spironolactone) are one of the main therapies 
for patients with pulmonary hypertension who have 
symptoms of right heart failure.27,28 Pulmonary 
hypertension in acyanotic CHD with left-to-right 
shunting occurs at various ages depending on the 
location of the lesion. In pre-tricuspid lesions, such 
as ASD, shunting causes volume overload to the 
right atrium and pulmonary circulation, but does not 
immediately increase pulmonary arterial pressure. 
Pulmonary hypertension usually occurs in the fourth 
decade of life. In post-tricuspid lesions, such as VSD 
and PDA, shunts occur at high pressure, causing 
volume overload in the left ventricle and volume 
overload or pressure in the pulmonary circulation. 
This condition usually causes pulmonary hypertension 
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in the first year of life.29 The principle of congestive 
heart failure in children is that of volume overload in 
the pulmonary circulation. Therefore, if heart failure 
is not well controlled, pulmonary hypertension will 
occur. This pathomechanism is consistent with our 
results, which showed that the presence of heart failure 
was associated with four times higher incidence of 
pulmonary hypertension. The optimal time to close 
the defect is before two years of age, in order to avoid 
permanent pulmonary vascular remodeling.30 In  
Dr. Sardjito Hospital, Yogyakarta, the median age of 
defect closure was two years. Our results reinforce 
the idea that closing the defect sooner for patients 
with symptoms of heart failure, then the survival of 
pulmonary hypertension decreases from 70% in the 
first year to 40% within three years. Unfortunately, 
in low- and middle-income countries with limited 
resources, defect closure is often delayed for several 
months to years. Some real-world concerns in 
developing countries such as Indonesia related to 
cardiac defect closure include competing priorities, 
poor organizational structural, limited financial 
resources, and lack of trained human resources which 
may contribute to delays in treatment. Also, major 
adverse events and mortality following cardiac surgery 
are high.31 Other challenges for Indonesia involve long 
distances between the major inhabited islands, with 
only six institutions with comprehensive facilities to 
care for children with CHD.32 Thus, defect closure 
should be prioritized for patients with symptoms of heart 
failure that cannot be controlled with medication, in 
order to prevent further complications. 

In conclusion, left-to-right shunting in acyanotic 
CHD with heart failure has four times increased risk 
of pulmonary hypertension. Iron deficiency anemia, 
mitral regurgitation, and pneumonia are not significant 
predictors of pulmonary hypertension. Since heart 
failure is an independent predictor of pulmonary 
hypertension in acyanotic CHD patients with left-to-
right shunts, we recommend prioritizing defect closure 
for these particular patients.
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