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Abstract 
Congenital heart disease (CHD) is a major health concern worldwide. This study focused on survival analysis and the factors influencing survival in infants with 
critical congenital heart disease (CCHD). A total of 79 infants diagnosed with CCHD were identified, with 48.1% (n=38) exhibiting duct-dependent pulmonary 
circulation, 35.6% (n=28) exhibiting duct-dependent systemic circulation, 6.3% (n=5) exhibiting critical non-duct-dependent, and 10.2% (n=8) exhibiting parallel 
circulation issues. Of the infants studied, 55.7% (n=44) were male, 78.5% (n=62) had a gestational age of ≥37 weeks, 62% (n=49) had a birth weight of ≥2,500 
grams, 59.5% (n=47) exhibited normal fetal growth, 93.7% (n=74) experienced no asphyxia, 91.1% (n=72) had no other congenital disabilities, 87.3% (n=69) 
had no history of fetal distress, 58.2% (n=46) maintained normal oxygen saturation, and 88.6% (n=70) had an extended stay in the neonatal intensive care 
unit. The survival analysis indicated that the prognosis of newborns with CCHD was markedly affected by gestational age, birth weight, desaturation, respiratory 
distress, and hereditary abnormalities. Additional study is required to assess the risk factors influencing the survival of newborns with CCHD. 

Keywords: critical congenital heart disease, newborn infant, survival analysis 

Introduction 
The majority of newborn deaths occur within the first week after birth, primarily due to premature birth, birth 

asphyxia, infections, and congenital disabilities.1 In the first five years of life, pneumonia, diarrhea, congenital disabilities, 
and malaria are the leading causes of death.1 The World Health Organisation (WHO) estimates that around 240,000 
newborns die within one month of birth due to congenital abnormalities, with heart defects, neural tube defects, and 
Down syndrome being the most common severe abnormalities.2 

Congenital heart disease (CHD) is the most prevalent congenital disability and presents a significant global health 
issue. According to The European Surveillance of Congenital Anomalies (EUROCAT) Working Group, 28% of significant 
congenital anomalies are CHD.3 The impact of CHD extends beyond the mortality and morbidity of infants and affects the 
financial burden on families, communities, and countries.4,5 According to the WHO, congenital impairments cause 7% of 
newborn mortality, with CHD accounting for 25%.3 The situation poses a high risk of early infant mortality and 
necessitates prompt actions to mitigate the issue.3 Thus, gathering data on survival rates and determinants of survival for 
infants with CHD is crucial for predicting mortality rates of the disease.  

The prevalence of critical congenital heart disease (CCHD) is estimated to be 20-25% of the prevalence of structural 
CHD.6–8 World Population Data in 2021 shows that Indonesia's population is about 281,600,000, with the crude birth rate 
(CBR) being 16 births per 1,000 individuals, meaning there are 4,401,600 yearly births.9 Given the population and yearly 
birth rate, the projected incidence of CHD in Indonesia is around 40,934 cases per year, based on an incidence rate of 9.3 per 
1,000 live births in Asia.10 According to the aforementioned structural CHD projections, it is estimated that around 10,233  
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infants with significant CHD will be born annually in Indonesia and require neonatal emergency treatments. This is 
roughly 20-25% of the overall prevalence of structural CHD.5 This study aimed to assess the clinical features, survival 
rates, and main determinants of survival of infants with CCHD. 
 
Method 

 This study was a retrospective cohort analysis of live-born children diagnosed with severe congenital cardiac 
disease at the National Women and Children Health Center in Indonesia. Data was obtained from electronic medical 
records spanning from January 1, 2020, to December 31, 2022. This study encompassed 79 live-born children diagnosed 
with CCHD. The authors computed Kaplan-Meier survival estimates based on infant characteristics, including sex, 
gestational age, birth weight, fetal development, fifth-minute asphyxia, other congenital disabilities, history of fetal 
distress, saturation levels, and duration of stay in the neonatal intensive care unit (NICU). 
 
Results  

During the study period, there were 4,397 live births, of which 955 were suspected cases of CHD that underwent 
neonatal echocardiography. All singleton newborns were incorporated. Cases diagnosed with specific disorders were 
eliminated from the study, including Persistent Foramen Ovale (PFO), small Atrial Septal Defect (ASD), non-significant 
Patent Ductus Arteriosus (PDA), Transient Tachypnea of the Newborn (TTN), and Persistent Pulmonary Hypertension of 
Newborn (PPHN). 

Of the 152 newborns who survived CHD, 73 (48%) were classified as non-critical, while 79 (52%) were identified as 
critical cases at the National Women and Children Health Center. Table 1 outlines the distribution of CHD diagnoses, with 
pulmonary atresia occurring most frequently at 25.3% (n=20) and Hypoplastic Left Heart Syndrome (HLHS) at 24.1% 
(n=19). The characteristics of the infants are delineated in Table 2. 

 
Table 1. Total Number of Patients and Time to Life by Diagnosis 

Diagnosis  n = 79 (%) Time to life in days, mean (min-max) Death (n) 
Duct-Dependent Pulmonary Circulation (DDPC) 
Tricuspid atresia 
Ebstein anomaly 
Pulmonary stenosis 
Severe pulmonary stenosis-IVS 
TOF 
Pulmonary atresia 
Duct-Dependent Systemic Circulation (DDSC) 
Mitral atresia 
HLHS 
IAA 
IAA, CAVSD, PDA, Dextrocardia Mirror Image 
Coarctation of aorta, PDA, PH 
Complex CHD (combination) 
Critical Non-Duct-Dependent (CNDD) 
Truncus arteriosus 
TAPVD 
Parallel Circulation (PC) 
TGA-IVS 
TGA-VSD 
DORV-VSD, TGA 
Total 

38 (48.1) 
4 (5.1) 
2 (2.5) 
3 (3.8) 
1 (1.3) 
8 (10.1) 
20 (25.3) 
28 (35.6) 
4 (5.1) 
19 (24.1) 
2 (2.5) 
1 (1.3) 
1 (1.3) 
1 (1.3) 
5 (6.3) 
3 (3.8) 
2 (2.5) 
8 (10.2) 
1 (1.3) 
6 (7.6) 
1 (1.3) 
79 

 
155.3 (3-365) 
6.5 (3-10) 
14.7 (1-28) 
(-) 
81.6 (4-365) 
100.2 (1-365) 
 
56.8 (5-208) 
10.4 (0-60) 
8.5 (2-15) 
(-) 
(-) 
(-) 
 
10.7 (2-21) 
33 (6-60) 
 
(-) 
51.3 (1-121) 
(-) 

 
2 
2 
1 
0 
3 

12 
 

3 
15 
2 
1 
0 
1 
 

2 
2 

 
0 
2 
0 

48 
Notes: IVS = Intact Ventricular Septum, TOF = Tetralogy of Fallot, HLHS = Hypoplastic Left Heart Syndrome, IAA = Interrupted Aortic Arch, CAVSD = 
Complete Atrio-Ventricular Septal Defect, PDA = Patent Ductus Arteriosus, PH = Pulmonary Hypertension, TAPVD = Total Anomalous Pulmonary Venous 
Drainage, TGA = Transposition of the Great Arteries, VSD = Ventricular Septal Defect, DORV = Double Outlet Right Ventricle. 

  
A total of 79 infants diagnosed with CCHD were identified as having duct-dependent pulmonary circulation (DDPC) 

of 48.1% (n=38), duct-dependent systemic circulation (DDSC) of 35.6% (n=28), critical non-duct-dependent (CNDD) of 
6.3% (n=5), and parallel circulation (PC) of 10.2% (n=8). Most infants, 60.8% (n=48), died within one year of observation. 
The majority of infants diagnosed with HLHS died before reaching aged three months. 

Among the infants, 55.7% (n=44) were male, 78.5% (n=62) had a gestational age of ≥37 weeks, 62% (n=49) infants 
with birth weight of ≥2,500 grams, 59.5% (n=47) of infants with normal fetal growth, 93.7% (n=74) of infant without 
asphyxia, 91.1% (n=72) of infants without other congenital disabilities, 87.3% (n=69) of infants without fetal distress, 
58.2% (n=46) of infants with normal oxygen saturation, and 88.6% (n=70) of infants with an extended stay in the NICU. 
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The proportion of infants by characteristics is outlined in Table 2. 
 

Table 2. Characteristics of Infants with Critical Congenital Heart Disease 
Characteristic n = 79 (%) 
Sex 
Male 
Female 
Gestational age 
≥37 weeks 
32-36 weeks 
25-31 weeks 
Birth weight 
≥2,500 grams 
<2,500 grams 
Fetal growth 
Normal  
IUGR 
Asphyxia in the fifth minute 
Absent  
Present 
Other congenital disabilities 
Absent 
Present 
Fetal distress 
Absent 
Present 
Saturation 
Normal 
Abnormal 
Length of stay in NICU 
<7 days  
≥7 days 

 
44 (55.7) 
35 (44.3) 
 
62 (78.5) 
13 (16.5) 
4 (5.0) 
 
49 (62.0) 
30 (38.0) 
 
47 (59.5) 
32 (40.5) 
 
74 (93.7) 
5 (6.3) 
 
72 (91.1) 
7 (8.9) 
 
69 (87.3) 
10 (12.7) 
 
46 (58.2) 
33 (41.8) 
 
70 (88.6) 
9 (11.4) 

Notes: IUGR = Intrauterine Growth Restriction, NICU = Neonatal Intensive Care Unit 

 
1. Sex  

 
 
 

No. at 
risk 

0 100 200 300 400 

Male 0 36 4 2 2 
Female 1 24 6 1 3 

 

2. Gestational Age 

 
 

No. at 
risk 

0 100 200 300 400 

≥37 w 1 48 6 3 4 
32-36 w 0 9 3 0 1 
23-31 w 0 3 1 0 0 

 

3. Birth Weight 

 
 
 

No. at 
risk 

0 100 200 300 400 

≥2,500 g 0 37 6 3 3 
<2,500 g 1 23 4 0 2 

 

Figure 1. Kaplan-Meier survival analysis showed the impact of sex (1), gestational age (2), and birth weight (3) on the survival of infants with Critical Congenital 
Heart Disease at the National Women and Children Health Center in Indonesia, 2020-2022. 

 
The Kaplan-Meier survival curve showed that the survival of infants with CCHD varied according to their 

characteristics (Figure 1). The Kaplan-Meier curve suggests a disparity in survival duration between males and females. 
The log-rank test results indicated no significant difference (p-value >0.05). The survival probability of infants born at a 
gestational age of 23-31 weeks was lower than that of infants born at 32-36 weeks and those delivered at 37 weeks or 
later. Infants aged beyond 37 weeks constituted the largest group (78.5%).  

The survival of newborns with CCHD varied according to gestational age. The log-rank test found no significant 
difference (p-value >0.05). The survival probability based on birth weight showed no significant difference in survival 
time between infants with a birth weight of ≥2,500 grams and those with a birth weight of <2,500 grams (p-value >0.05).  
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1. Fetal Growth 

 
 

No. at 
risk 

0 100 200 300 400 

Normal  0 36 6 3 2 
IUGR 1 24 4 0 3 

 

2. Fetal Distress History 

 
 

No. at 
risk 

0 100 200 300 400 

Absent  1 51 10 2 5 
Present 0 9 0 1 0 

 

3. Asphyxia  

 
 

No. at 
risk 

0 100 200 300 400 

Absent 0 56 10 3 5 
Present 1 4 0 0 0 

 

Figure 2. The Kaplan-Meier survival analysis showed the impact of fetal growth (1), fetal distress history (2), and asphyxia (3) on the survival of infants with 
Critical Congenital Heart Disease at the National Women and Children Health Center in Indonesia, 2020-2022 

 
A Kaplan-Meier curve on fetal growth indicates no significant difference in survival time between infants with normal 

growth and those with Intrauterine Growth Restriction (IUGR) (p-value >0.05). In cases of fetal distress, a disparity in 
survival duration was observed between infants experiencing fetal distress and those not affected by it. The log-rank test 
found no significant difference (p-value >0.05). Asphyxia demonstrated a disparity in survival duration between infants 
born with asphyxia and those without. The log-rank test recorded a significant difference (p-value <0.05) in newborns 
with asphyxia. Kaplan-Meier curves for other congenital disabilities, oxygen saturation, and length of stay in the NICU 
indicated no difference in survival time for infants with CCHD. The log-rank test indicated no significant differences in 
other congenital disabilities, oxygen saturation, and length of stay in the NICU (p-value >0.05). 

 
1. Other Congenital Defect 

 
 

No. at 
risk 

0 100 200 300 400 

Absent  1 54 10 3 4 
Present  0 6 0 0 1 

 

2. Saturation  

 
 

No. at 
risk 

0 100 200 300 400 

Normal  1 33 7 2 3 
Abnormal  0 27 3 1 2 

 

3. Length of Stay in NICU 

 
 

No. at 
risk 

0 100 200 300 400 

<7 days 1 54 9 3 3 
≥7 days 0 6 1 0 2 

 

Figure 3. The Kaplan-Meier survival analysis showed the impact of another congenital disability (1), oxygen saturation (2), and length of stay in the Neonatal 
Intensive Care Unit (3) on the survival of infants with Critical Congenital Heart Disease at the National Women and Children Health Center in Indonesia, 2020-

2022. 

 
Discussion 

A total of 79 infants diagnosed with CCHD were identified with developmental disorders: DDPC of 48.1% (n=38), 
DDSC of 35.6% (n=28), CNDD of 6.3% (n=5), and PC of 10.2% (n=8). The majority of diagnoses for live-born infants with 
CCHD were pulmonary atresia at 25.3% (n=20), followed by HLHS at 24.1% (n=19). The one-year survival probability of 
newborns with CCHD was 39.2%. The majority of deaths occur before three months of age. This data aligned with a study 
conducted in Beijing, which revealed that deaths among newborns with CCHD predominantly occur within the first-week 
post-birth.11 Previous studies indicated that newborn survival diminished by 70% by 28 days of age.12,13 A study in 
developing countries determined that the survival rate for CCHD was 90.4% (95% CI 89–91.8%) at one month and 69.3% 
(95% CI 67.2–71.4%) at one year.14 

This study, based on the Kaplan-Meier curve on sex, showed a difference in survival time between males and females. 
Using the Kaplan-Meier curve concerning sex demonstrated a disparity in survival duration between males and females.15 
Additionally, the log-rank test results indicated no statistically significant difference (p-value >0.05). The survival 
probability of infants born at a gestational age of 23-31 weeks was lower than that of infants born at 32-36 weeks and 
those delivered at ≥37 weeks. Infants with a gestational age ≥37 weeks constituted the largest group (78.5%). Infants with 
a birth weight of >2,500 grams were the highest proportion (62%). Infants born before 39 weeks of gestation have a 
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greater death and morbidity rate than term infants. Premature newborns with CHD had worse outcomes than full-term 
infants.16 According to one study, the one-year survival rate for babies born before 28 weeks was 79.4%, and the one-year 
survival rate for those born after 37 weeks was 97.1%.17 The ≥39-week group showed substantial evidence of improved 
survival, followed by lower evidence at 24–31 and 37–38 weeks, and no evidence at 32–36 weeks, according to another 
study.18 

PA-IVS is a critical congenital heart defect characterized by ductal-dependent pulmonary circulation. This study 
found the highest prevalence of pulmonary atresia with an intact interventricular septum, pulmonary atresia with 
ventricular septal defect, and its combination with Tetralogy of Fallot was observed among cases of CCHD. The previous 
study found that 142 of the 491 tested subjects were affected with CCHD.14 Infants with pulmonary atresia frequently die 
before one year of age.19 

HLHS is a form of CCHD disease that causes structural underdevelopment of the left side of the heart, encompassing 
the mitral valve, left ventricle, aortic valve, ascending aorta, and aortic arch.20 The mortality rate in this study was highest 
among newborns diagnosed with HLHS, at 24.1%. Moreover, the majority of infants died before reaching 28 days of age. 
This finding aligned with the study in Türkiye, which indicated that the death rate escalated to 80% within three months.13  

In comparison, studies in metropolitan Atlanta discovered that the survival rates of newborns with HLHS into 
adolescence have markedly improved in recent years.15–18 This study found that the largest mortality rate occurred in 
newborns with HLHS within the first week of life. The reason is that these infants did not receive intervention, surgery, 
or subsequent Norwood treatment in underdeveloped countries such as Indonesia. 

 Low birth weight significantly increases the risk of mortality in newborns with CCHD.12,14 Gestational age 
significantly influences the survival of infants with CCHD.21 Small for gestational age (SGA) is the primary cause of 
postnatal mortality in newborns with CCHD.21 This study discovered that most newborns with CCHD exhibited normal 
gestational age and birth weight.  

The CHD can significantly impact the entire family unit and influence not only the patient's quality of life but also the 
physical, emotional, and occupational well-being of their loved ones.22–24 Despite advancements in therapies, numerous 
patients with CCHD remain uncured and require lifelong management.22,25,26 Parents of children with CCHD may 
encounter psychological issues, including anxiety, depression, and hopelessness. They may also encounter stress 
responses, including acute stress disorder or post-traumatic stress disorder.23,24,27 In addition to the elevated mortality 
and morbidity associated with CCHD, surgical procedures and interventions can adversely impact family finances and 
increase the load on the state.28–31 

 
Conclusion 
In this study, the survival rate of newborns with CHD is 39.2% after one year of surveillance. The Kaplan-Meier curves 
reveal disparities in survival time between males and females for gender, gestational age, and asphyxia. More research is 
needed to determine the risk factors influencing the survival of neonates with IUGR. These findings give evidence for 
doctors, health workers, researchers, and legislators to enhance services and develop CHD preventive policies. 
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