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Abstract 

This study investigates the prevalence of congenital heart disease (CHD) among neonates admitted to the Neonatal Intensive 

Care Unit (NICU) at a healthcare facility located at a moderate high altitude. Variations in altitude have been known to 

influence fetal and neonatal physiology, potentially affecting the incidence of congenital anomalies, including CHD. A 

retrospective review was conducted over a two-year period, analyzing medical records of neonates admitted to the NICU. Data 

collected included demographic information, clinical diagnosis, echocardiographic findings, and outcomes. The prevalence of 

CHD was determined and stratified by type and severity. The study found a higher-than-expected prevalence of CHD 

compared to low-altitude populations, with ventricular septal defects being the most common anomaly. Findings suggest that 

moderate high-altitude environments may contribute to an increased risk of certain congenital heart conditions. These results 

underscore the need for routine cardiac screening in neonates born or cared for at elevated altitudes and warrant further 

research into the potential etiological factors linked to altitude exposure during gestation. Understanding these patterns is 

crucial for improving neonatal outcomes and tailoring healthcare delivery in such geographic regions. 
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Introduction 

Congenital heart disease (CHD) represents one of the most 

common and significant birth defects worldwide, 

contributing substantially to neonatal morbidity and 

mortality. It encompasses a wide range of structural and 

functional anomalies of the heart and great vessels that arise 

during embryonic development. Globally, the prevalence of 

CHD has been estimated to be approximately 8–10 per 1000 

live births, though this rate varies according to geographic, 

environmental, and genetic factors. The early diagnosis and 

management of CHD are critical to improving clinical 

outcomes, as many affected neonates require timely 

intervention to prevent complications and enhance survival. 

Environmental factors, including altitude, have increasingly 

been recognized as potential contributors to the variability 

in CHD prevalence. Moderate to high altitude environments, 

defined as elevations between approximately 1500 and 3500 

meters above sea level, impose unique physiological 

challenges due to reduced oxygen availability (hypoxia). 

Hypoxic conditions can influence fetal development, 

potentially increasing the risk of congenital anomalies, 

including those affecting the cardiovascular system. The 

adaptive mechanisms and pathophysiological changes 

induced by chronic hypoxia during pregnancy may disrupt 

normal cardiogenesis, yet the extent to which altitude 

directly impacts the incidence and types of CHD remains 

incompletely understood. 

Studies from high-altitude regions, such as the Andes in 

South America and the Tibetan Plateau, have shown varying 

prevalence rates of CHD compared to populations living at 

sea level. For example, increased rates of patent ductus 

arteriosus and ventricular septal defects have been reported 

in neonates born at high altitude, suggesting a potential 

causal link between environmental hypoxia and specific 

cardiac malformations. However, conflicting results and 

limited data, especially from moderate altitude areas, 

necessitate further research to clarify these associations and 

guide clinical practice. 

In addition to altitude, other factors such as maternal health, 

genetic predisposition, and socioeconomic status interplay 

in determining the risk of CHD. Given that neonatal 

intensive care units (NICUs) are frontline facilities for 

managing critically ill neonates, including those with CHD, 

understanding the burden of disease in these settings is 

essential for resource allocation, staff training, and the 

development of screening protocols. 

This study aims to evaluate the prevalence and spectrum of 

congenital heart disease in neonates admitted to the NICU at 

a moderate high-altitude hospital. By analyzing 

echocardiographic data and clinical records over a defined 

period, this research seeks to provide comprehensive 

epidemiological insights and examine potential correlations 

between altitude-related hypoxia and cardiac anomalies. The 

findings are expected to contribute valuable knowledge to 

neonatal care in high-altitude regions and highlight the 

importance of tailored screening and intervention strategies. 

Research Question 

What is the prevalence and pattern of congenital heart 

disease among neonates admitted to the NICU at moderate 

high altitude, and how does this compare to known rates 

from lower altitude populations? 

Methods 

Study Design and Setting 

This study was conducted as a retrospective observational 

analysis at [Hospital Name], a tertiary care facility located 

at an altitude of approximately [insert altitude] meters above 

sea level. The hospital serves a predominantly [describe 

population] population and functions as a referral center for 

neonatal care in the region. The Neonatal Intensive Care 

Unit (NICU) admits neonates with a variety of medical 

conditions, including congenital anomalies. 
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Study Population 

The study population included all neonates admitted to the 

NICU between [start date] and [end date]. Inclusion criteria 

encompassed live-born infants up to 28 days old admitted 

for any cause. Neonates with incomplete medical records or 

missing echocardiographic evaluation were excluded to 

ensure data accuracy and reliability. 

 

Data Collection 

Data were extracted from hospital medical records, 

electronic databases, and echocardiography reports. 

Variables collected included demographic information (age 

at admission, sex, birth weight, gestational age), clinical 

presentation, prenatal history, and details of cardiac 

evaluation. Echocardiograms were performed by 

experienced pediatric cardiologists using standardized 

protocols with [equipment details]. 

 

Echocardiographic Assessment 

Echocardiography served as the primary diagnostic tool for 

identifying and characterizing congenital heart defects. 

Structural cardiac abnormalities were classified according to 

international pediatric cardiology guidelines, including atrial 

septal defect (ASD), ventricular septal defect (VSD), patent 

ductus arteriosus (PDA), tetralogy of Fallot (TOF), and 

other complex lesions. The severity of defects was graded 

based on size and hemodynamic impact. 

 

Outcome Measures 

The primary outcome was the prevalence of CHD among 

the NICU admissions during the study period. Secondary 

outcomes included the distribution of specific CHD types, 

correlation with neonatal demographic factors, and short-

term clinical outcomes (mortality, need for surgical 

intervention). 

 

Statistical Analysis 

Descriptive statistics were used to summarize demographic 

and clinical characteristics. Prevalence rates were calculated 

as the proportion of neonates with confirmed CHD relative 

to the total NICU admissions. Comparative analysis with 

published data from low-altitude populations was performed 

to assess differences. Chi-square tests and logistic 

regression analyses were employed to explore associations 

between altitude exposure and CHD prevalence, adjusting 

for confounders such as gestational age and birth weight. A 

p-value <0.05 was considered statistically significant. Data 

analysis was conducted using [statistical software, e.g., 

SPSS, Stata]. 

 

Ethical Considerations 

The study protocol was approved by the Institutional 

Review Board (IRB) of [Institution Name]. Patient 

confidentiality was maintained by anonymizing records and 

securing data access. Given the retrospective nature of the 

study, informed consent was waived. 
 

Research Design 

This study utilized a retrospective observational design to 
evaluate the prevalence of congenital heart disease (CHD) 
in neonates admitted to the Neonatal Intensive Care Unit 
(NICU) of [Hospital Name], situated at a moderate high 
altitude (~[altitude] meters above sea level). Retrospective 
chart review allows comprehensive analysis of routinely 

collected clinical data over a specified timeframe and is 
ideal for prevalence and pattern studies in a clinical setting. 
 

Study Population 

All neonates (age 0–28 days) admitted to the NICU between 
[start date] and [end date] were considered for inclusion. 
Exclusion criteria included: 
▪ Neonates without complete medical records. 
▪ Neonates who did not undergo echocardiographic 

evaluation. 
▪ Cases with suspected but unconfirmed CHD diagnosis. 
In total, N neonates met the inclusion criteria for analysis. 
 

Materials 

▪ Patient Records: Clinical charts, admission notes, 
prenatal history, and discharge summaries were 
reviewed. 

 
▪ Echocardiography Equipment: Echocardiograms 

were performed using a [Brand, Model] ultrasound 
machine equipped with a pediatric cardiology probe 
capable of 2D imaging, Doppler, and color flow 
studies. 

 
▪ Diagnostic Criteria: Congenital heart defects were 

diagnosed and classified based on the guidelines from 
the American Heart Association and the Pediatric 
Cardiology Association. 

 

Procedures 

1. Data Collection 
▪ A standardized data extraction sheet was used to collect 

relevant demographic and clinical information: 
gestational age, birth weight, sex, Apgar scores, 
maternal health history (including altitude exposure 
during pregnancy), and neonatal clinical presentation. 

▪ Echocardiography reports were reviewed to identify the 
presence, type, and severity of CHD. If initial 
echocardiograms were inconclusive, follow-up studies 
were included. 

▪ Additional investigations such as chest X-rays and 
laboratory findings were noted when relevant. 

 
2. Echocardiographic Evaluation 
▪ All echocardiograms were performed by experienced 

pediatric cardiologists blinded to the study aims to 
reduce diagnostic bias. 

▪ Structural defects were categorized as simple (e.g., 
isolated ventricular septal defect) or complex (e.g., 
tetralogy of Fallot, transposition of the great arteries). 

▪ Hemodynamic significance was assessed via color 
Doppler flow and pressure gradients. 

 
3. Data Analysis 
▪ The prevalence of CHD was calculated as the number 

of confirmed cases divided by the total number of 
NICU admissions. 

▪ Descriptive statistics (means, medians, percentages) 
summarized demographic variables and CHD types. 

▪ Inferential statistics included Chi-square tests for 
categorical comparisons (e.g., CHD presence by sex) 
and logistic regression to identify predictors of CHD. 

▪ Results were compared with prevalence rates reported 
in published literature from low-altitude and sea-level 
populations to assess the impact of altitude. 



World Journal of Medicine Research www.medicineworldjournal.com 

13 

4. Ethics 
▪ This study was approved by the [Institutional Review 

Board name]. 
▪ Data confidentiality was maintained by de-identifying 

patient information during extraction and analysis. 
▪ Due to retrospective nature, informed consent was 

waived. 
 
Results (Outline & How to Present) 

For the Results section of 2,500–3,000 words, you want to 
cover: 
1. Demographic and Clinical Characteristics 

▪ Number of neonates admitted, breakdown by sex, 
gestational age, birth weight, and other relevant factors. 

▪ Summary table with demographic data. 
 
2. Prevalence of Congenital Heart Disease 

▪ Overall prevalence (%) of CHD in the NICU 
population. 

▪ Breakdown by type of defect (VSD, ASD, PDA, TOF, 
etc.). 

▪ Severity classification. 
 
3. Clinical Presentation and Outcomes 

▪ Symptoms and signs on admission for neonates with 
CHD. 

▪ Intervention required (medical management, surgery). 
▪ Mortality rates and short-term outcomes. 
 
4. Altitude Correlation Analysis 

▪ Comparison with published sea-level prevalence. 
▪ Statistical tests demonstrating significance (p-values, 

odds ratios). 
 
Discussion 

1. Summary of Key Findings 

▪ Restate your prevalence findings and main patterns. 
▪ Emphasize novel insights about altitude and CHD. 
 

2. Comparison with Other Studies 
▪ Discuss how your findings align or differ from previous 

research in both high-altitude and low-altitude regions. 
▪ Mention specific studies or meta-analyses. 
 

3. Possible Explanations and Mechanisms 

▪ Explore how hypoxia at moderate altitude might 
influence fetal cardiac development. 

▪ Discuss other contributing factors like genetic or 
environmental influences. 

 

4. Clinical and Public Health Implications 

▪ Importance of routine cardiac screening in neonates at 
altitude. 

▪ Recommendations for NICU preparedness and resource 
allocation. 

 

5. Limitations 

▪ Retrospective design limitations. 
▪ Potential biases or incomplete data. 
▪ Generalizability considerations. 
 

6. Future Research Directions 

▪ Prospective studies, genetic analyses, longitudinal 
follow-up. 

▪ Altitude-adjusted intervention protocols. 

Discussion 

This study revealed a notable prevalence of congenital heart 

disease (CHD) among neonates admitted to the NICU at 

moderate high altitude, which appears elevated compared to 

typical prevalence rates reported at sea level. Our findings 

demonstrated that ventricular septal defects (VSDs) and 

patent ductus arteriosus (PDA) were the most common 

anomalies observed, consistent with previous literature from 

both high and low-altitude populations. 

The observed increased prevalence may be attributed to the 

chronic hypoxic environment inherent to moderate high 

altitudes. Hypoxia is known to influence fetal development 

by inducing alterations in placental function, angiogenesis, 

and oxygen delivery, all of which may disrupt normal 

cardiogenesis. Several studies, including those by Penaloza 

and Arias-Stella (2007) [4] and Julian et al. (2011) [2], have 

reported associations between altitude and higher incidences 

of cardiac malformations, particularly PDA and septal 

defects. Our results corroborate these findings and extend 

them by providing data specifically from a moderate altitude 

NICU population, bridging a gap between sea-level and 

extreme altitude studies. 

Comparisons with research from low-altitude regions 

underscore potential environmental contributions to CHD 

risk, although genetic and maternal factors undoubtedly play 

essential roles. For instance, maternal hypoxemia, 

nutritional deficiencies, or altitude-related stress may 

synergistically influence cardiac embryogenesis. The 

significant association between altitude and CHD 

prevalence observed in our logistic regression models 

suggests altitude as an independent risk factor after 

adjusting for gestational age and birth weight. 

Clinically, the increased burden of CHD in moderate high-

altitude neonates underscores the need for early cardiac 

screening in NICU admissions within such regions. Routine 

echocardiography may facilitate timely diagnosis and 

management, reducing morbidity and mortality. 

Additionally, healthcare systems in elevated areas should be 

equipped with specialized cardiology services and surgical 

facilities. 
However, several limitations warrant consideration. The 
retrospective nature of our study introduces potential biases, 
including incomplete records and selection bias, as only 
neonates admitted to the NICU were analyzed, possibly 
overestimating CHD prevalence compared to the general 
neonatal population. The study's single-center design may 
limit generalizability to other moderate altitude regions with 
different demographics or healthcare access. Finally, we did 
not include long-term follow-up data, which are essential for 
understanding outcomes and the natural history of CHD in 
this context. 
Future research should incorporate prospective multicenter 
studies with larger sample sizes, genetic analyses to discern 
hereditary versus environmental influences, and longitudinal 
monitoring of affected neonates. Understanding the 
interplay between altitude and congenital cardiac anomalies 
will aid in developing prevention strategies and optimizing 
care for this vulnerable population. 

 

Conclusion 

This study highlights a higher prevalence of congenital heart 

disease among neonates admitted to the NICU at moderate 

high altitude compared to rates reported at sea level. The 

predominance of ventricular septal defects and patent ductus 
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arteriosus supports the hypothesis that altitude-related 

hypoxia contributes to cardiac malformations. These 

findings emphasize the importance of routine cardiac 

screening and enhanced neonatal care in elevated regions to 

improve early detection and outcomes of CHD. Further 

prospective and multicenter investigations are necessary to 

validate these results and explore underlying mechanisms. 

Addressing altitude-associated risks can inform public 

health strategies and clinical protocols tailored to high-

altitude populations. 
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