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ABSTRACT 

Background 

Congenital heart diseases are the most common congenital anomaly found in newborn 

and nearly 9 to 11 in 1000 newborns are born with cardiac anomalies in India . Atrial 

septal defect, ventricular septal defect, patent ductus arteriosus are the most common 

congenital heart diseases. Malnutrition is a common cause of morbidity in such 

children. The extent to which the preoperative nutritional status affects the post op 

growth is unknown. There may be various factors such as ethnicity, socioeconomic 

status, nutritional practices, other cultural and environmental factors that may affect 

the nutritional status of the child with congenital heart disease. There are various 

studies showing that corrective surgery shows a significant improvement in growth 

parameters within 3 months of post surgery. However, studies have also shown that 

postoperative catch-up growth was less pronounced or even absent in 15%–50% of 

patients depending on the study.The factors affecting growth in a child with 

congenital heart disease may vary worldwide and hence there is a need to assess 

growth in these children in local conditions.The understanding and prevention of the 

effect of CHD on patients’ growth and development status in developing countries 

still needs improvement. This study Is aimed at analysing the early growth trends of 

children pre and post operatively and factors affecting growth in this region of the 

country. This study also emphasises the importance of nutritional and growth 

assessment preoperatively so as to predict the early catchup growth post surgical 

correction.   
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Objectives 

● To evaluate the early growth trend of children with congenital heart disease 

who have undergone corrective surgery under 5 years of age. 

● To identify factors affecting growth in children with Congenital heart disease 

and analyse the short term effects of corrective surgery. 

Methodology 

A hospital based longitudinal observational study was conducted at the Department of 

Paediatrics, DR Prabhakar Kore Charitable Hospital, Belagavi, from August 2023 to 

July 2024. It included children under five years of age with congenital heart disease 

undergoing corrective surgery, with follow-up assessments at three months post-

surgery. A sample size of 102 was determined, considering a 10% loss to follow-up. 

Preoperative and postoperative anthropometric measurements, including height, 

weight, head circumference, and mid-upper arm circumference, were recorded and 

compared using WHO growth standards. Additional factors such as hospital stay 

duration, sepsis, and pulmonary arterial hypertension severity were documented. 

Socioeconomic status was assessed using the modified Kuppuswamy scale. Data were 

analyzed using SPSS Version 16, with descriptive statistics, t-tests, and chi-square 

tests to determine malnutrition patterns and potential growth predictors. A p-value 

<0.05 was considered statistically significant. 

Result 

The study included 105 children undergoing corrective surgery for congenital heart 

disease, with a mean age of 2.31 ± 1.09 years. The majority (59%) were female, and 

59% belonged to the lower middle class. Most children (96.2%) were born at term, 

and 70.5% had a hospital stay exceeding seven days. Atrial septal defect (29.5%) and 
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ventricular septal defect (28.6%) were the most common heart defects, with 88.6% 

having acyanotic CHD. Severe pulmonary arterial hypertension was present in 26.7% 

of cases. Preoperatively, 83.8% were underweight, 50.5% were stunted, 81% were 

wasted, and 32.4% had microcephaly. At three months post-surgery, significant 

improvements were observed: underweight prevalence dropped to 42.9%, stunting to 

28.6%, and microcephaly to 17.1%. Severe wasting was eliminated, and normal 

nutritional status improved from 11.4% at baseline to 48.6%. The mean weight z-

score improved from -3.16 to -2.11, height z-score from -1.97 to -1.71, and head 

circumference z-score from -1.55 to -1.16 (p = 0.001). Regression analysis showed 

that age and birth weight significantly influenced preoperative weight and height z-

scores, while NICU admission, sepsis, and hospital stay had no major impact. Overall, 

the study demonstrated significant growth recovery in children post-surgery. 

Conclusion 

This study demonstrates that corrective surgery for congenital heart disease (CHD) in 

children under five significantly improves growth and nutritional status within three 

months. Pre-surgery, severe malnutrition and growth retardation were prevalent, 

largely influenced by age and birth weight. Post-surgery, weight, height, and head 

circumference z-scores improved, with severe acute malnutrition dropping from 

41.9% to 2.9% and normal nutritional status rising from 11.4% to 48.6%. These 

findings highlight the critical role of early diagnosis, timely surgery, and post-

operative care in enhancing growth and overall health in children with CHD. 
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INTRODUCTION 

Congenital heart defects (CHDs) are one of the most frequently occurring 

birth anomalies, with approximately one-third requiring surgical treatment during 

infancy. Approximately 2,00,000 children are born with congenital heart disease 

(CHD) each year in India, with a birth prevalence of 8 per 1,000.1 Out of these, nearly 

50,000 children would require intervention during infancy. Prevalence of CHD does 

not differ much in developed and developing countries. In developed countries, most 

children with CHD are diagnosed early and undergo timely intervention. The Center 

for Disease Control and Prevention (CDC), USA reports 18-y survival rates of 95% 

and 69% in babies born with noncritical CHD and critical CHD, respectively. 2 In 

contrast, developing countries report far higher mortality rates.3  

In neonates, infants, and children, the clinical symptoms of congenital heart 

disease (CHD) varies from one another. It is often easy to recognize the presence of 

CHD in older children. In infants and particularly in newborns, manifestations of 

heart disease can often be subtle. Now withstanding these difficulties, it is possible to 

identify the presence of heart disease in most infants and newborns after careful 

clinical evaluation. Clinical symptoms of CHD include forehead sweating during 

feeding, difficulty in breathing, chest indrawing, bluish discolouration of face and 

limbs, suck rest suck cycle, swelling of limbs, repeated chest infections etc. A 

thorough and systematic cardiovascular examination provides valuable clues to the 

presence of heart disease.4  

Echocardiography is a non-invasive modality used to define both the 

morphological and functional findings in congenital heart disease including size of the 

lesion, direction of the shunt, morphology of the valves and  chambers, pulmonary 
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artery pressures and pressures across the shunts. Paucity of pediatric cardiac surgical 

facilities and financial constraints often lead to delay in seeking health care and/or 

getting appropriate and timely interventions. This results in a large cohort of children 

with undiagnosed/untreated CHD. Since these children are prone to develop 

respiratory tract infections, congestive heart failure, and cyanotic spells, they need 

frequent hospital admissions. This further leads to high prevalence of pre-operative 

malnutrition in patients with CHD.4 

Malnutrition being the most common cause of morbidity among the children 

with CHD has also been found to be associated with higher mortality after surgery 

even in developed nations5. The implications of preoperative malnutrition for future 

somatic growth are unknown and the role of different ethnic, socioeconomic and 

cultural factors (very common in India) on the nutritional status of patients with CHD 

have not been hitherto studied. It has been seen that most children with CHD have 

normal weight at birth in developed countries but start falling off their trajectory in 

the initial few months due to disproportionate needs. Studies have shown that an 

appropriate nutrition plan helps to reduce the prevalence of malnutrition in children 

waiting for surgery.6 

It is important to note that the prevalence rates of malnutrition differ 

depending on the kind of malnutrition and the particular case of heart disease. 

According to a study conducted in North India, 72.5% of children diagnosed with 

cyanotic congenital heart disease (CHD) were malnourished, with 68.9% of those 

children being categorised as seriously malnourished. 7 On the other hand, according 

to statistics collected from around the world, roughly 27.4% of children diagnosed 

with congenital heart disease are affected by preoperative malnutrition, with 24.4% 

exhibiting stunting and 24.8% wasting. 8 Underweight, stunting, and wasting are the 
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three kinds of malnutrition that are most common among children in India who have 

congenital heart disease. These findings underscore the critical need for early 

nutritional assessment and intervention in children with CHD in India to enhance 

growth outcomes and overall health. 4 

Growth impairment is frequently observed in infants with congenital heart 

diseases (CHDs) monitored through the growth chart, which reflects height and 

weight in terms of absolute values and percentiles. Accurate plotting and following of 

the growth curve are essential parts of the initial and follow-up evaluations of a child 

with significant heart problems. Different patterns of growth impairment are seen in 

different types of CHD. 9 

1. Cyanotic patients often experience growth disturbances in both height and weight. 

Conditions such as TOF, TGA, tricuspid atresia, HLHS, and TAPVR can impair 

growth due to chronic hypoxia, increased metabolic demands, and inadequate 

oxygenation, leading to lower height and weight percentiles. 

2. In acyanotic congenital heart defects (CHDs) with large left-to-right shunts, such as 

ventricular septal defect (VSD), atrial septal defect (ASD), and patent ductus 

arteriosus (PDA), weight gain is often more affected than height. This occurs due to 

increased pulmonary blood flow, leading to higher metabolic demands, respiratory 

distress, and inadequate calorie intake. The severity of growth impairment correlates 

with the size of the shunt, with larger defects causing more significant weight deficits. 

3. Acyanotic patients with pressure overload lesions like aortic stenosis, pulmonary 

stenosis, and coarctation of the aorta typically grow normally, as they do not have 

intracardiac shunts affecting oxygenation or metabolism. Poor growth in a child with 

mild cardiac anomaly or failure of catch-up weight gain after repair of the defect may 
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be caused by failure to recognize certain syndromes, inadequate calorie intake, or the 

underlying genetic predisposition. 9 

It is well known that children with CHD are at risk of impaired somatic 

growth and neurodevelopment. Multiple cardiac and patient factors are considered to 

impact growth, including type and severity of the CHD, weight at birth, 

nutritional factors, and hemodynamic instabilities. For early childhood, several studies 

have shown some catch-up for weight and height after corrective surgery in children 

with CHD. Nonetheless, growth parameters may remain below the expected values 

for preschool aged children. Similarly, lower head circumference at birth is frequently 

reported in infants with CHD. In contrast, information on growth parameters at school 

age is scarce and studies mainly include univentricular defects. Further, there is little 

information on longitudinal growth. In contrast to the impaired growth in younger 

children with CHD, studies in teenagers and young adults with CHD report a risk of 

overweight and obesity comparable to the general population. Yet, little is known 

about BMI in prepubertal children.10 

There is very little data available on the growth trends as it depends on various 

factors and need for advanced medical support during and post surgery. So the 

number of studies done on this aspect of congenital heart disease are less. Hence, this 

study was aimed at analysing the early growth trends of children pre and post 

operatively and factors affecting growth in this region of the  country. This study also 

emphasises the importance of nutritional and growth assessment preoperatively so as 

to predict the early catchup growth post surgical correction. 
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AIMS AND OBJECTIVES 

Primary objective:  

● To evaluate the early growth trend of children with congenital heart disease 

who have undergone corrective surgery under 5 years of age. 

Secondary objective: 

● To identify factors affecting growth in children with Congenital heart disease 

and analyse the short term effects of corrective surgery. 
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REVIEW OF LITERATURE 

Congenital heart disease (CHD) occurs in approximately 0.6–1.3% of live 

births. This overall incidence does not include mitral valve prolapse, PDA of preterm 

infants, and bicuspid aortic valve (present in 1–2% of adults). Congenital cardiac 

defects have a wide spectrum of severity in infants: approximately 2-3 in 1,000 

newborn infants will be symptomatic with heart disease in the first year of life. The 

diagnosis is established by 1 week of age in 40–50% of patients with CHD and by 1 

month of age in 50–60%. Approximately 13% of infants with CHD have associated 

extracardiac malformations. With advances in both corrective and palliative surgery, 

90% of children with CHD survive to adulthood. Despite these advances, CHD 

remains the leading cause of death in children with congenital malformations. The 

risk of morbidity and mortality begins to rise for patients who have had congenital 

heart disease  that has been corrected or palliated when they reach older adulthood. 9 

3.1 Fetal and Postnatal Hemodynamic Adaptations in Congenital Heart Defects 

Most congenital defects are well tolerated in the fetus because of the parallel 

nature of the fetal circulation. Even the most severe cardiac defects, such as 

hypoplastic left heart syndrome (HLHS), can usually be well compensated for by the 

fetal circulation. In HLHS the entire fetal cardiac output is ejected by the right 

ventricle via the ductus arteriosus into both the descending and ascending aorta (the 

latter filling in a retrograde fashion), so that fetal organ blood flow is minimally 

perturbed. Because the placenta provides for gas exchange and the normal fetal 

circulation has mixing between more highly and more poorly oxygenated blood at the 

foramen ovale and ductus arteriosus, fetal organ oxygen delivery is also not 

dramatically affected. It is only after birth, when the fetal pathways begin to close and 
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the umbilical cord is cut, that the full hemodynamic impact of an anatomic 

abnormality becomes apparent. One notable exception is the case of severe 

regurgitant lesions, most frequently of the tricuspid valve. In these lesions, such as 

Ebstein anomaly of the tricuspid valve or severe right ventricular outflow obstruction, 

the parallel fetal circulation cannot compensate for the severe volume or pressure load 

imposed on the right side of the heart.  

In utero heart failure, often with fetal pleural and pericardial effusions, and 

generalized ascites (nonimmune hydrops fetalis) may occur. Although the most 

significant transitions in the circulation occur in the immediate perinatal period, the 

circulation continues to undergo changes after birth, and these later changes may also 

have a hemodynamic impact on cardiac lesions and their apparent incidence. When 

pulmonary vascular resistance (PVR) falls in the first several weeks of life, left-to-

right shunting through intracardiac defects increases and symptoms and signs become 

more apparent. Thus in patients with a ventricular septal defect (VSD), heart failure is 

often first noticed between 1 and 3 months of age and not in the immediate newborn 

period. The severity of various defects can also change dramatically with growth; 

some VSDs may become smaller and even close as the child ages. Alternatively, 

stenosis of the aortic or pulmonary valve, which may be only moderate in the 

newborn period, may become worse if valve orifice growth does not keep pace with 

patient growth. The physician should always be alert for associated noncardiac 

congenital malformations, which can adversely affect the patient’s prognosis. 

Developmental delay of various degrees is also a concern in many patients with CHD 

and may have its origins in alterations in fetal blood flow patterns caused by the heart 

defect, postnatal hypoxemia, and the effects of cardiopulmonary bypass during open 

heart surgery. 9 
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2.2 Etiology of CHD  

The cause of most congenital heart defects is still unknown. Many cases of 

CHD are multifactorial and may result from a combination of genetic predisposition 

and an as-yet-to-be-determined environmental stimulus. Overall, variants in 

approximately 400 genes have been identified as potentially causative of CHD. 

Despite these advances, half of cases still lack a known genetic cause. A small 

percentage of congenital heart lesions are related to known chromosomal 

abnormalities, in particular, trisomies 21, 13, and 18 and Turner syndrome; heart 

disease is found in >90% of patients with trisomy 18, 50% of patients with trisomy 

21, and 40% of those with Turner syndrome. Ethnic factors may have a role in CHD; 

certain types of VSDs (supracristal) are more common in Asian children. There are 

also male:female differences for many common forms of CHD. The risk of CHD 

increases if a first-degree relative (parent or sibling) is affected, again emphasizing 

the role of genetics, even if the individual genes have not yet been identified.9 

Table 1: Relative frequency of the most common congenital cardiac lesions.9 

LESION  % OF ALL LESIONS  

Ventricular septal defect 35–30 

Atrial septal defect (secundum) 6–8 

Patent ductus arteriosus 6–8 

Coarctation of aorta 5–7 

Tetralogy of Fallot 5–7 

Pulmonary valve stenosis 5–7 

Aortic valve stenosis 4–7 

d-Transposition of great arteries 3–5 
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Hypoplastic left ventricle 1–3 

Hypoplastic right ventricle 1–3 

Truncus arteriosus 1–2 

Total anomalous pulmonary 
venous return 

1–2 

Tricuspid atresia 1–2 

Single ventricle 1–2 

Double-outlet right ventricle 1–2 

Others 5–10 
 

2.3 Classification of CHD 

Congenital heart defects (CHD) are classified based on their physiological 

impact on circulation. Broadly, they are divided into acyanotic and cyanotic defects. 

Acyanotic CHD includes defects with left-to-right shunting (e.g., atrial septal defect, 

ventricular septal defect, patent ductus arteriosus) and obstructive lesions without a 

shunt (e.g., aortic stenosis, pulmonary stenosis, coarctation of the aorta). These 

conditions do not cause immediate oxygen deprivation but can lead to heart failure 

over time. Cyanotic CHD, on the other hand, includes defects that cause right-to-left 

shunting, leading to reduced oxygenation of blood and cyanosis. Examples include 

Tetralogy of Fallot, transposition of the great arteries, tricuspid atresia, and 

hypoplastic left heart syndrome.  

ACYANOTIC CONGENITAL HEART LESIONS 

Acyanotic congenital heart defects (CHDs) are structural anomalies present at 

birth that typically do not result in cyanosis, or a bluish tint to the skin due to low 

oxygen levels. These defects are often categorized based on the primary physiological 
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burden they impose on the heart: increased volume load or increased pressure load. 

The most common lesions are those that produce a volume load, and the most 

common of these are the left-to-right shunt lesions. Atrioventricular (AV) valve 

regurgitation and dilated cardiomyopathies are other causes of increased volume load. 

The second major class of lesions causes an increase in pressure load, most often 

secondary to ventricular outflow obstruction (pulmonic or aortic valve stenosis) or 

narrowing of a great vessel (branch pulmonary artery stenosis or coarctation of the 

aorta). The chest radiograph and ECG are useful tools for differentiating between 

these major classes of volume and pressure-overload lesions while awaiting 

confirmation with echocardiography.11 

Lesions Resulting in Increased Volume Load 

The most prevalent acyanotic CHDs causing increased volume load are those 

that facilitate left-to-right shunting of blood. This group includes atrial septal defects 

(ASD), ventricular septal defects (VSD), atrioventricular septal defects (AVSD), and 

patent ductus arteriosus (PDA). In these conditions, oxygen-rich blood is abnormally 

redirected from the systemic circulation back to the pulmonary circulation, leading to 

excessive pulmonary blood flow. The magnitude of this shunt is often quantified by 

the ratio of pulmonary to systemic blood flow (Qp:Qs), with a higher ratio indicating 

a more significant shunt. The direction and extent of the shunt are influenced by 

factors such as the size of the defect, relative pressures and resistances in the 

pulmonary and systemic circuits, and the compliance of the cardiac chambers 

involved. 

As a result of the increased pulmonary blood flow, patients may develop 

symptoms of heart failure, including tachypnea (rapid breathing), tachycardia (rapid 

heart rate), sweating, nasal flaring, and wheezing. Infants with large left-to-right 
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shunts often exhibit signs of heart failure between one and three months of age, 

corresponding with the natural decline in pulmonary vascular resistance during this 

period. Chronic exposure to elevated pulmonary pressures can eventually lead to 

irreversible pulmonary hypertension, a condition known as Eisenmenger syndrome, 

where the shunt reverses direction, resulting in cyanosis and significant clinical 

deterioration. 

Other conditions that impose a volume load on the heart include valvular 

regurgitation and dilated cardiomyopathies. Regurgitant lesions, such as those 

involving the atrioventricular valves, can exacerbate volume overload, leading to 

earlier and more severe heart failure symptoms. Dilated cardiomyopathies, 

characterized by impaired myocardial contractility, result in increased atrial and 

ventricular filling pressures, pulmonary congestion, and reduced cardiac output.11 

Lesions Resulting in Increased Pressure Load 

Acyanotic CHDs that cause increased pressure load typically involve 

obstruction to blood flow, leading to elevated pressure proximal to the site of 

obstruction. Common examples include valvular pulmonic stenosis, valvular aortic 

stenosis, and coarctation of the aorta. In these conditions, the affected ventricle must 

generate higher pressures to overcome the obstruction, resulting in ventricular 

hypertrophy (thickening of the ventricular wall) as a compensatory mechanism. Over 

time, if the obstruction is severe and left untreated, the ventricle may develop fibrosis, 

dilate, and eventually progress to ventricular failure.11 

In neonates with critical obstruction, such as severe aortic stenosis or 

coarctation of the aorta, clinical manifestations can be profound, including signs of 

heart failure, poor perfusion, and, in severe cases, circulatory collapse. Coarctation of 



Review of literature 

 Page 12 

the aorta, particularly when severe, may present with diminished or absent pulses in 

the lower extremities and differential cyanosis, where the upper body remains well-

oxygenated while the lower body is cyanotic. Early recognition and intervention are 

crucial to prevent long-term complications and to improve outcomes in these patients. 

Understanding the classification and pathophysiology of acyanotic CHDs is essential 

for accurate diagnosis, timely management, and optimization of long-term outcomes 

for affected individuals.11 

CYANOTIC CONGENITAL HEART LESIONS 

Cyanotic congenital heart defects (CHDs) can be classified based on their 

underlying physiological mechanisms. The primary distinction is between lesions that 

reduce pulmonary blood flow due to right ventricular outflow or inflow obstruction 

(e.g., tetralogy of Fallot, pulmonary atresia with or without a ventricular septal defect, 

and tricuspid atresia) and lesions that result in increased pulmonary blood flow with 

mixing of oxygenated and deoxygenated blood (e.g., transposition of the great 

arteries, truncus arteriosus, total anomalous pulmonary venous return [TAPVR] 

without obstruction, and single ventricle defects). A third subset includes TAPVR 

with obstruction, where blood flow from the pulmonary veins is impeded, leading to 

pulmonary congestion. Chest radiography plays a critical role in distinguishing 

between these categories based on lung vascularity.11 

Cyanotic Lesions with Decreased Pulmonary Blood Flow 

For a cyanotic presentation to occur, defects in this group must include both an 

obstruction to pulmonary blood flow, which can occur at the tricuspid or pulmonary 

valve level, and an alternate right-to-left shunting pathway allowing systemic venous 

blood to bypass the lungs and enter systemic circulation. This shunting typically 
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occurs via an atrial septal defect (ASD), ventricular septal defect (VSD), or a patent 

foramen ovale. The severity of cyanosis is directly correlated with the degree of 

obstruction to pulmonary blood flow.11 

Common conditions in this group include tricuspid atresia, tetralogy of Fallot, 

tetralogy of Fallot with pulmonary atresia, pulmonary atresia with an intact 

ventricular septum, and various single ventricle anomalies accompanied by 

pulmonary stenosis or atresia. If pulmonary outflow obstruction is mild, cyanosis may 

not be apparent at rest, but these patients may experience episodic hypercyanotic (tet) 

spells in response to stress. In contrast, severe obstruction can render pulmonary 

circulation entirely dependent on ductal patency. Once the ductus arteriosus closes 

within the first few days of life, profound hypoxemia can develop rapidly, 

necessitating urgent medical intervention.11 

Cyanotic Lesions with Increased Pulmonary Blood Flow 

Unlike the previous group, these lesions do not involve pulmonary outflow 

obstruction. Instead, cyanosis results from either abnormal ventricular-arterial 

connections or a complete mixing of deoxygenated systemic venous blood with 

oxygenated pulmonary venous blood within the heart. The most common example of 

an abnormal ventricular-arterial connection is transposition of the great arteries 

(TGA). In TGA, the aorta arises from the right ventricle while the pulmonary artery 

originates from the left ventricle. This anatomical configuration leads to a parallel 

rather than a series circulation, where systemic venous blood bypasses the lungs and 

is recirculated to the body, while oxygenated pulmonary venous blood is sent back to 

the lungs. Temporary mixing via the patent foramen ovale or ductus arteriosus can 

sustain a limited oxygen supply in the immediate neonatal period, but as these fetal 
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shunts begin to close, systemic oxygen saturation drops dramatically, causing severe 

cyanosis.11 

Another subset of this category includes total mixing lesions, in which all 

venous blood—both systemic and pulmonary—combines at a common site in the 

heart. Examples include truncus arteriosus, TAPVR, and single ventricle physiology. 

In these conditions, oxygen saturation levels in both the pulmonary artery and aorta 

are identical due to the complete mixing of blood. If there is no obstruction to 

pulmonary blood flow, the combination of cyanosis and pulmonary overcirculation 

can lead to heart failure. However, if pulmonary stenosis is present, cyanosis may be 

the dominant clinical feature, resembling the presentation seen in tetralogy of Fallot.11 

2.4 Evaluation and  Screening of the infant or child with CHD 

The initial evaluation for suspected congenital heart disease (CHD) involves a 

systematic approach with two major components. First, congenital cardiac defects can 

be divided into two major groups based on the presence or absence of cyanosis, which 

can be determined by physical examination aided by pulse oximetry. Second, these 

groups can usually be further subdivided based on whether the chest radiograph 

shows evidence of increased, normal, or decreased pulmonary vascular markings. 

Next, the electrocardiogram (ECG) can be used to determine whether right, left, or 

biventricular hypertrophy exists. The character of the heart sounds and the presence 

and character of any murmurs further narrow the differential diagnosis. The final 

diagnosis is then confirmed by echocardiography, cardiac computed tomography (CT) 

or magnetic resonance imaging (MRI), and/or cardiac catheterization. In a cyanotic or 

otherwise sick newborn, echocardiographic exam, if available, should not be delayed 

while awaiting these other modalities.11 



Review of literature 

 Page 15 

 

Fig 1: A general algorithmic approach to the initial diagnosis of congenital heart 

disease, based on observation/pulse oximetry and chest x-ray, to separate patients into 

four major physiologic subgroups of congenital heart disease. This schematic is a 

broad, but useful, diagnostic overview; only the most common forms of congenital 

heart disease are included. A patient’s initial presentation may sometimes straddle two 

of these physiologic groups and can evolve between them over the first week or two 

of life. For example, in a patient with a VSD, the pulmonary blood flow will be 

relatively normal in the newborn period and only increase as the pulmonary vascular 

resistance begins to drop. Similarly, a patient with a mixing lesion may not show 

pulmonary overcirculation at birth. ASD, Atrial septal defect; AV, atrioventricular; 

VSD, ventricular septal defect; PDA, patent ductus arteriosus, AP, aortopulmonary; 

L, left; R, right11 



Review of literature 

 Page 16 

Routine pulse oximetry screening is recommended for all newborns to detect 

unsuspected critical cyanotic CHD; lesions include hypoplastic left heart syndrome, 

pulmonary atresia, tetralogy of Fallot, total anomalous pulmonary venous return, 

transposition of the great arteries, tricuspid atresia, truncus arteriosus, neonatal 

coarctation of the aorta, and aortic arch hypoplasia/atresia. Many of these lesions are 

ductal dependent, and if the ductus arteriosus closes, severe cardiac decompensation 

will ensue. In addition, pulse oximetry may detect respiratory disorders and primary 

pulmonary hypertension. Screening is performed between 24 and 48 hours of life and 

before discharge in asymptomatic newborns. The neonate passes if the oxygen 

saturation is 95% or greater in the right hand or either foot and the difference is 3% or 

less between the right hand and foot. The screen fails if the saturation is less than 90% 

in either the right hand or foot. If it is between 90% and 94% OR there is more than a 

3% difference between the right arm and foot, the screen should be repeated once in 1 

hour. If the saturation is 90–94% OR there is a 3% difference after the third screen, 

urgent echocardiography is indicated. In addition, a careful reexamination of the 

pulses and blood pressure in the upper and lower extremity and cardiac auscultation 

are indicated in children with an initial positive screen.11 

2.5 Impact of CHD on growth 

The development of a child is a dynamic process that is impacted by the 

interaction of numerous elements, including biological, psychological, and social 

components. It is directly related to a child's age and is influenced by interactions with 

individuals in their social surroundings12 Research has highlighted the significance of 

evaluating environmental conditions and the stimuli provided by families, as these 

factors play a crucial role in shaping child development. Such assessments can offer 

valuable insights for designing preventive and health-promoting interventions13. 
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From a biological perspective, various chronic illnesses can impact pediatric 

development, with congenital heart disease (CHD) being a prominent example. CHD 

encompasses a broad spectrum of structural and functional cardiac abnormalities that 

can significantly affect a child’s overall well-being14,15.A number of symptoms, 

including dyspnoea, weariness, dizziness, low body weight, frequent respiratory 

infections, arrhythmias, and cyanosis, are frequently associated with the presence of 

congenital heart disease (CHD). In some cases, the severity of these symptoms might 

result in physical and motor restrictions, which in turn can have a direct impact on the 

development of both emotional and cognitive abilities16. The impact of CHD extends 

beyond physical health, as cultural and environmental factors also play a critical role 

in shaping neurodevelopment. Socioeconomic status, for instance, influences access 

to education, nutritional adequacy, medical care quality, and overall stimulation, all of 

which contribute to cognitive and emotional growth. Other influential determinants 

include perinatal risks, parental occupation, family dynamics, social engagement, and 

housing conditions13.  

Children with CHD often exhibit delays in psychomotor development due to 

both pathophysiological and environmental factors. Physiological issues such as low 

birth weight, chronic hypoxia, and cyanosis contribute to developmental challenges. 

Additionally, the natural course of CHD can significantly impair growth due to 

chronic hypoxemia, inadequate oxygen delivery to tissues, and increased metabolic 

demands. Infants with CHD, particularly those with cyanotic heart defects, often 

experience failure to thrive due to increased caloric expenditure associated with 

tachypnea, labored breathing, and increased cardiac workload. Moreover, poor 

appetite and feeding difficulties are common due to early fatigue, gastroesophageal 

reflux, and fluid restriction in those with heart failure. Malabsorption resulting from 
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intestinal hypoperfusion further exacerbates nutritional deficiencies, leading to 

stunted linear growth and poor weight gain.17,18,19 

Frequent hospitalizations, recurrent infections, and the need for multiple 

surgical interventions disrupt normal growth patterns. Prolonged illness can also lead 

to endocrine disturbances, including alterations in growth hormone secretion and 

resistance to insulin-like growth factor 1 (IGF-1), both of which are critical for normal 

development. Furthermore, chronic inflammation and oxidative stress contribute to 

muscle wasting and delayed pubertal development in older children. Prolonged 

oxygen deprivation in cyanotic CHD cases may also affect brain growth and 

maturation, leading to neurodevelopmental impairments.19 

Additionally, the chronic nature of the disease necessitates frequent medical 

interventions and physical restrictions, which can disrupt social participation and 

academic progress. Prolonged absences from school and reduced peer interactions 

may hinder social and emotional development, leading to lower adaptive functioning. 

Given this complex interplay of biological and environmental influences, children 

with CHD, particularly those with severe forms of the condition, often demonstrate 

significantly lower developmental scores compared to their healthy peers. 19 

2.6 Nutritional Challenges 

Impaired growth has become a notable concern for children with CHD both 

before and after cardiac surgery, irrespective of the type of cardiac defect and the 

presence or absence of cyanosis.20-22 Most children with CHD born at term gestational 

age have normal anthropometric indices, however soon after birth many begin to 

exhibit growth challenges including deficits in weight, height and head circumference 

that place them at high risk for malnutrition and failure to thrive23-25. The terms 
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malnutrition and undernutrition are often used interchangeably. Malnutrition 

encompasses three broad groups of conditions including undernutrition, overnutrition 

and micronutrient related malnutrition. Undernutrition refers to the insufficient intake 

of calories and nutrients and includes underweight (low weight-for-age), stunting (low 

height for-age) and wasting (low weight-for-height)26. It is recognized that the cause 

of malnutrition, specifically undernutrition, in children with CHD is multifactorial. 

Causes include the underlying cardiac abnormality itself, hemodynamic factors, 

chronic hypoxemia, inadequate calorie intake, increased energy expenditure in 

relation to intake (hypermetabolism), malabsorption, co-occurring genetic 

comorbidity and feeding and swallowing difficulties (FSDs) 27-30. Difficulties in 

coordinating breathing with swallowing due to shortness of breath resulting from 

congestive cardiac failure (CCF) or respiratory infection, neurobehavioral challenges, 

fatigue due to poor physical endurance, dysphagia, gastroesophageal reflux disease 

(GERD), cleft lip palate (CLP), oral aversion, delayed acquisition of feeding skills 

and vocal cord dysfunction caused by laryngeal nerve injury during cardiac surgery 

contribute to FSDs31,32. FSDs result in inadequate calorie intake, making the early 

recognition and management thereof important to improve growth outcomes31,32. 

Malnutrition prior to cardiac surgery contributes to delayed cardiac surgery, and 

poorer short and long term outcomes including longer hospital length of stay (HLOS), 

higher risk of infection, poorer clinical and neurodevelopmental outcomes, and poorer 

health related quality of life (HRQOL)21,22,33-36. Furthermore, growth failure and FSDs 

contribute to increased levels of parenting stress35,37-41. Similar to other children, 

children with CHD are also at risk for malnutrition secondary to social and economic 

factors42,43. 
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The reported overall prevalence of moderate malnutrition in young children 

with CHD in high income countries (HICs) ranges from 21 to 29%20,22,29,33. A recent 

systematic review and meta-analysis on the prevalence on malnutrition in children 

with CHD found that 27.4% of all children with CHD were underweight and 24.4% 

were stunted33. This is significantly higher than the estimated prevalence of 

underweight of 6.1% and stunting of 7.6% reported for the global population of 

otherwise healthy same-aged children44,45. Admittedly early intervention for CHD is 

shown to improve catch-up growth27,46. Published data on malnutrition in children 

with CHD living in low-to-middle income countries (LMICs), though far from 

scanter, suggests the prevalence of growth failure is substantially higher and the 

extent of the malnutrition greater than for children living in HICs33. Moderate 

malnutrition is said to occur in more than half of children with CHD living in LMICs, 

and severe malnutrition is noted to be as high as 60% in some cases30,46-49. Overall 

rates of malnutrition as high as 90% have been reported in some studies30,47-55. It is 

apparent that poverty, delayed diagnosis and later age at corrective surgery exacerbate 

the extent of the growth failure in children with CHD in LMICs27,56. 

2.7 Corrective surgery and Growth outcomes :4, 24, 30,57-59  

 Corrective surgery for congenital heart disease (CHD) in children under five is 

pivotal in improving survival rates and enhancing growth outcomes. Preoperatively, 

children with CHD often experience growth impairments due to factors like 

malnutrition, feeding difficulties, and increased metabolic demands. Post-surgical 

interventions have demonstrated significant improvements in growth parameters, 

though challenges remain. 
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Preoperative Growth Challenges 

Children with CHD frequently present with undernutrition and growth delays 

before surgery. A study conducted in South Africa highlighted that malnutrition is 

prevalent among young children with CHD, exacerbated by feeding difficulties, 

poverty, delayed diagnosis, and late corrective surgeries. This undernutrition is 

strongly associated with poorer motor development prior to surgical intervention.  

Postoperative Growth Improvements 

Following corrective surgery, many children exhibit notable improvements in 

growth metrics. Research indicates significant gains in weight and head 

circumference within six months post-surgery, although complete catch-up growth 

may not be achieved in this timeframe. This underscores the positive impact of 

surgical intervention on reversing growth delays associated with CHD. 

Factors Influencing Post-Surgical Growth 

Despite surgical advancements, several factors can influence postoperative 

growth outcomes: Nutritional Status: Persistent feeding challenges and inadequate 

nutritional support can hinder optimal growth recovery. Early referral for nutritional 

support and speech therapy is recommended to address these issues.  

Severity of CHD: Complex heart defects may require multiple surgeries, 

potentially impacting the child's overall growth trajectory. 

Socioeconomic Factors: Limited access to healthcare resources and 

socioeconomic constraints can affect both the timing of surgery and postoperative 

care, influencing growth outcomes. 
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FACTORS INFLUENCING GROWTH POST-CORRECTIVE SURGERY 4, 24, 

30,57-59 

Post-corrective surgery growth in children with congenital heart disease 

(CHD) is influenced by several interrelated factors: 

● Nutritional Intake and Feeding Challenges: Postoperative feeding 

difficulties can persist, impacting caloric intake and growth. Increased 

metabolic demands due to residual cardiac issues may exacerbate this 

challenge. Addressing these issues is crucial for promoting optimal growth.  

● Severity and Type of Cardiac Lesion: The specific nature of the CHD and 

the complexity of the surgical repair can affect recovery and subsequent 

growth. Children with more complex defects may experience different growth 

trajectories post-surgery.  

● Socioeconomic Status and Access to Healthcare: Limited access to 

healthcare resources and socioeconomic constraints can delay interventions 

and affect postoperative care, influencing growth outcomes. Early diagnosis 

and timely surgical intervention are crucial for improving growth trajectories.  

● Genetic and Syndromic Associations: Children with CHD may have 

associated genetic syndromes that inherently affect growth potential, 

independent of surgical outcomes. These genetic factors can influence both 

pre- and post-surgical growth patterns.  

● Postoperative Complications: Complications such as infections or residual 

cardiac dysfunction can prolong recovery and negatively impact growth. 

Effective management of these complications is essential to support growth 

post-surgery.  

● Timing of Surgical Intervention: Early corrective surgery is associated with 

better growth outcomes, as prolonged periods of cardiac insufficiency can lead 
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to more significant growth delays. Timely intervention helps in minimizing 

the duration of compromised cardiac function, thereby supporting better 

growth trajectories. 

2.8 LITERATURE FROM PREVIOUS STUDIES: 

In order to evaluate the prevalence of failure to thrive (FTT) and the factors 

that contribute to it, He et al. (2024) carried out a study that was a cross-sectional 

investigation including 13,256 children who were diagnosed with congenital heart 

disease (CHD). In the cohort, the prevalence of FTT, which is defined as stunting or 

underweight, was found to be 36.9%, with the prevalence increasing to 54.2% in 

patients of complicated congenital heart. Preoperative anaemia, left ventricular 

systolic dysfunction, younger age, lower birth weight, and hereditary abnormalities 

were all factors that contributed to the risk of the condition taking place. Particularly 

noteworthy is the fact that the CHD subtype that was shown to be most closely 

connected with severe FTT was interrupted aortic arch (IAA).57 

 Murni et al. (2023) conducted a study in Indonesia to investigate the 

prevalence of undernutrition among children who were diagnosed with congenital 

heart disease (CHD) and the factors that contributed to it. A total of 1,149 children 

participated in this prospective cohort study. Of those children, 49 percent were 

underweight, 47.8 percent were stunted, and 31.4% were wasting. The presence of 

cyanotic congenital heart disease, delayed diagnosis, congestive heart failure, 

pulmonary hypertension, low birth weight, and young mother age were considered to 

be independent factors that were related with undernutrition. A substantial association 

was found between undernutrition and an increased risk of mortality, with children 

who were underweight exhibiting an odds ratio (OR) of 3.54 and children who were 

stunted exhibiting an OR of 3.31. 58 
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Congenital heart disease (CHD) patients up to the age of ten were the subjects 

of a longitudinal study that was carried out by Hapuoja et al. (2021). The purpose of 

the study was to investigate somatic growth patterns and related risk factors in these 

patients. For the purpose of the study, 135 children who had undergone 

cardiopulmonary bypass surgery were tracked. During the period of time between the 

ages of one and ten years, the authors noticed a significant catch-up increase in height, 

weight, and head circumference (HC). However, both weight and HC remained below 

the normative norms at the ten-year mark. This study found that weight and body 

mass index (BMI) trajectories were influenced by socioeconomic status and 

gestational age. Additionally, prolonged hospitalisation durations following surgery 

were related with decreased growth. 10 

In China, Li et al. (2021) conducted a study in which they examined the 

growth and developmental outcomes of 262 children under the age of five who were 

diagnosed with tetralogy of Fallot (TOF). The study compared the participants' height, 

weight, and body mass index (BMI) to world health organisation (WHO) growth 

norms. A considerable amount of growth retardation was discovered, with 21.4% of 

children exhibiting stunting, 14.5% being underweight, and 9.9% being wasting 

according to the findings. When compared to babies (0–12 months), older children 

(13–60 months) were more likely to have stunting, which is indicative of a gradual 

decline in growth that occurs with increasing age.59 

At a teaching hospital in Nigeria, Arodiwe et al. (2015) conducted an 

investigation into the prevalence of malnutrition and the factors that contribute to it 

among children who were diagnosed with congenital heart disease (CHD). In this 

descriptive cross-sectional investigation, fifty patients with congenital heart disease 

were assessed, and ninety-two percent of them had malnutrition. At sixty percent, 



Review of literature 

 Page 25 

severe malnutrition was the prevalent condition. Among the factors that significantly 

contributed to malnutrition were pulmonary hypertension, inadequate food intake, and 

a delay in seeking medical attention. individuals with cyanotic pulmonary 

hypertension were more likely to exhibit stunting, whereas individuals with acyanotic 

pulmonary hypertension were more likely to exhibit wasting.48 

A retrospective matched cohort study was carried out by Daymont et al. 

(2013) with the purpose of analysing growth trends in children who were diagnosed 

with congenital heart disease (CHD) in comparison to these of healthy controls. A 

total of 856 children with congenital heart disease were involved in the study. These 

children were divided into four groups: single ventricle (SV) physiology, complicated 

repair (CR), simple repair (SR), and no repair (NR). Early and simultaneous 

impairments in weight-for-age (WFA), length-for-age (LFA), and head 

circumference-for-age (HCFA) z-scores were observed within the first month of life, 

with deficits reaching their peak at four months and continuing through 24 to 36 

months, depending on the severity of the impairments.24 

At the Liaquat University Hospital in Hyderabad, Pakistan, Mohammad et al. 

(2014) carried out a descriptive cross-sectional study with the purpose of analysing 

the spectrum of heart illnesses that are prevalent in children under the age of five. 

Among the 150 children who were suspected to have cardiac difficulties, 89.3 percent 

were diagnosed with congenital heart disease (CHD). The prevalence of acyanotic 

defects was significantly higher (74.6%) than the prevalence of cyanotic defects 

(23.9%). Ventricular septal defect was the most common acyanotic lesion, accounting 

for 29.9% of all cases, whereas tetralogy of Fallot was the most common cyanotic 

defect, accounting for 11.2% of all cases. The majority of acquired cardiac disorders 

were caused by myocarditis (94%). The majority of patients manifested themselves at 
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the infant stage with symptoms such as respiratory distress (80%) and difficulties with 

feeding (58%).60 

Okoromah et al. (2011) conducted a case-control observational study in 

Nigeria to evaluate the prevalence of malnutrition among children with congenital 

heart abnormalities (CHD), as well as the profile of malnutrition and the factors that 

make it more likely to occur. The prevalence of malnutrition was 90.4% among the 73 

children who had symptomatic congenital heart disease, with 61.2% demonstrating 

severe manifestations. While stunting was more prevalent in cyanotic congenital heart 

disease (68.0%), wasting was more prevalent in acyanotic congenital heart disease 

(58.3%). A number of factors, including anaemia, congestive heart failure, poor fat 

intake, and chronic unoperated disease, were found to be significant predictors.30 

Researchers Vaidyanathan et al. (2008) investigated the factors that contribute 

to malnutrition in infants who were born with congenital heart disease (CHD) and 

investigated the effect that corrective intervention had on the nutritional outcomes of 

these children. A total of 476 children who were receiving corrective procedures were 

evaluated for their nutritional status both before and after surgery over the course of a 

period of three months. Malnutrition, which is defined as z-scores that are less than or 

equal to two, was found to be widespread among 59% (weight), 26.3% (height), and 

55.9% (weight/height) of children initially. A number of characteristics, including 

congestive heart failure, age at correction, low birth weight, and socioeconomic 

determinants, were included in the list of candidates for prediction. After the 

intervention, statistically significant improvements in nutritional status were reported 

across the board for all metrics.4 
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In order to investigate the neurodevelopmental outcomes at one year of age in 

newborns with congenital heart disease (CHD) who had undergone corrective or 

palliative surgery, Dittrich et al. (2003) carried out a prospective cohort study. It was 

shown that the mean developmental quotient (DQ) of CHD patients (99) was 

considerably lower than that of controls (106.7) among the 90 newborns who were 

considered for the study. A mean DQ of 88 was found among infants who underwent 

palliative surgery, which was significantly lower than the DQ of 101.4 for those who 

underwent corrective surgery. In the case of congenital heart disease (CHD), 

palliative surgery newborns had greater rates of developmental delay (DQ < 93.5) 

compared to corrective surgery infants (19%). This was observed in 27% of the 

patients. In addition, the incidence of neurological abnormalities was much higher in 

cases of palliative surgery (69%) compared to cases of corrective surgery (24%).61 
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MATERIALS AND METHODS 

4.1 Source of Data: Children under 5 years of age diagnosed with congenital heart 

disease and admitted in general paediatric ward and general cardiac ward of                        

Dr. Prabhakar Kore Charitable Hospital, Belagavi for corrective surgery with follow 

up measurements taken at 3 months post surgery in paediatric cardiology OPD of                           

Dr. Prabhakar Kore Charitable Hospital, Belagavi. From August 2023 to July 2024  

4.2 Methods of collection of Data:  

A. STUDY DESIGN: Longitudinal  Observational Study  

B. PLACE OF STUDY: The present study was carried out in the Department of 

Paediatrics, Dr Prabhakar  Kore Charitable Hospital, Belagavi, Karnataka. 

C. STUDY PERIOD: 1 Year (August 2023 to July 2024)  

D. SAMPLE SIZE:  

Formula used for sample size calculation is, 

� =
� �100 − �	
�

��
 

where n is the sample size required, p is the percentage occurrence of a state or 

condition (proportion or prevalence), E is the percentage maximum error required, Z 

is the value corresponding to level of confidence required. 

The z-score of weight was observed to be less than -2 in 59% children aged <5 

years undergoing surgical or catheter-based corrective intervention. Considering 

similar result at 95% confidence level and 10% maximum error, the sample size is 

given by, 

� =
59х �100 −  59	 х 1.96�
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� =  92.9283 ≈ 93 

Considering 10% loss to follow up, the minimum sample size required is 102. 

As sample size increases, accuracy of result also increases.  

E. INCLUSION CRITERIA:  

● Children under 5 years of age with congenital heart disease fit for corrective 

surgery. 

● Children under 5 years of age with failure to thrive with heart disease  

F. EXCLUSION CRITERIA:  

● Children under 5 years of age undergoing palliative surgery. 

● Children under 5 years of age with congenital heart disease  with other 

comorbidities like proven chromosomal abnormalities such as downs 

syndrome, diagnosed with metabolic disorders like galactosemia and 

hypothyroidism, congenital anomalies that restrict oral feeding like cleft 

palate and cleft lip. 

● Children whose parents didn't give consent for the study  

G. METHODOLOGY: 

After obtaining informed consent from the parents, comprehensive 

demographic and clinical data were recorded, including the child’s birth history, 

presenting complaints, parental educational qualifications, and socioeconomic status. 

Anthropometric measurements—height/length, weight, head circumference, and mid-

upper arm circumference—were assessed preoperatively (baseline) and at three 

months postoperatively using standardized scales. These measurements were then 
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plotted on WHO growth charts based on the child's age and gender. Additionally, data 

on the duration of hospital stay, presence of sepsis at the time of admission, and 

severity of pulmonary arterial hypertension (as determined by 2D echocardiography) 

were documented. 

F. MATERIALS USED:  

● For weight measurement, multipurpose digital weighing scale ranging from 

50g to 120kgs with 5g division was used (meditive brand) 

● For height/length measurement, Indosurgicals infantometer which is calibrated 

till 90 cm with 1mm graduation was used for neonates and for children under 

5 years IS Indosurgical height measuring scale measuring from 20 cm to 

210cm with 1mm graduation was used. 

● For measuring head circumference,IS Indosurgicals head circumference 

measuring tape calibrated upto 60cm and with 1mm graduation was used. 

●  For measuring mid upper arm circumference, a non stretchable measuring 

tape was used  

H. DATA PROCESSING AND ANALYSIS:  

With the collected data, growth parameters such as height for age(HAZ), 

weight for age(WAZ), weight for height/length(WHZ/WLZ), for age, head 

circumference for age (HCZ) was calculated and converted in terms of z scores , after 

which they were compared with normal growth parameters according to standard 

WHO growth parameters for respective age and gender. Pre operative and the 

postoperative growth parameters of each child were compared and  malnutrition 

patterns such as stunting, wasting, underweight etc were analyzed. The 
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socioeconomic status of the parents was  analysed using a modified Kuppuswamy 

scale. Using the  history noted,  the effect of various factors such as educational 

qualification of parents, duration of hospital stay etc on growth will be analysed for 

potential malnutrition predictors.  

4.3 STATISTICAL ANALYSIS: 

Data entry was done using M.S. Excel and statistically analysed using 

Statistical package for social sciences (SPSS Version 16) for M.S Windows. 

Descriptive statistical analysis was carried out to explore the distribution of several 

categorical and quantitative variables. Categorical variables were summarized with n 

(%), while quantitative variables were summarized by mean ± S.D. All results were 

presented in tabular form and are also shown graphically using bar diagram or pie 

diagram as appropriate. The difference in the two groups was tested for Statistical 

Significance using Parametric tests such as t-test and categorical variables tested by 

chi square test.  P-value <0.05 was considered statistically significant after assuming 

all the rules of statistical tests. 
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RESULTS 

Of the initial 116 children diagnosed with CHD, 105 were included in our study after 

obtaining informed parental consent, following the exclusion of 2 patients who 

succumbed post-surgery and 9 patients who were lost to follow-up. Among these 

children, the largest proportion (34.3%) who underwent surgery were under 1 year of 

age, followed closely by those aged 1 to 3 years (33.3%) and 3 to 5 years 

(32.4%)(FIGURE 2). Mean age of the study population was found to be 2.31 ± 1.09 

years. 

Figure 2: Bar graph showing age wise Distribution of Children Undergoing 

Corrective Surgery 

 

In our study population, 62 (59.0%) were females, and 43 (41.0%) were males. 

(Figure 3).  
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Figure 3: Pie chart showing Gender Distribution of Children Undergoing 

Corrective Surgery 

 

Furthermore, the distribution of our study population based on socio-economic status, 

using the modified Kuppuswamy scale, showed that the majority (59.0%) belonged to 

the lower middle class, followed by 16.2% in the upper middle class, 13.3% in the 

upper lower class, and 9.5% in the lower class. Only 1.9% of the children belonged to 

the upper class. (Figure 4) 

Figure 4: Bar graph depicting distribution of study population based on  

socioeconomic status 
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Out of the total 105 cases, 90.5% of mothers had no significant antenatal 

complications. However, 9.5% of mothers reported a history of antenatal 

complications, including gestational diabetes mellitus (GDM) (1.9%), hypothyroidism 

(1.9%), pregnancy-induced hypertension (PIH) (1.9%), anemia (1.0%), chronic 

hypertension (1.0%), hypotension (1.0%), and pre-eclampsia (1.0%). (Table 2) 

Table 2: Distribution of Antenatal History of Mothers of Children Undergoing 

Corrective Surgery 

 Frequency Percent 

Antenatal H/O Chronic HTN 1 1.0% 

GDM 2 1.9% 

Hypotension 1 1.0% 

Hypothyroidism 2 1.9% 

PIH 2 1.9% 

Anemia 1 1.0% 

Pre-Eclampsia 1 1.0% 

Nil 95 90.5% 

Total 105 100.0% 
 

Further, 58 (55.2%) children out of the study population, had a birth weight greater 

than 2.5 kg, while 45 (42.9%) children had a birth weight between 1.5 and 2.5 kg. 

Only 2 children (1.9%) had a low birth weight of less than 1.5 kg. (Figure 5) 
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Figure 5: Donut pie chart showing distribution of birth weight of Children 

Undergoing Corrective Surgery 

 

The distribution of the study population based on gestational age at birth revealed that 

the majority (96.2%) were born at term, while only four children (3.8%) were born 

preterm ( Figure 6) 

Figure 6: Pie chart showing distribution of study population based on  

Gestational Age at Birth. 

 

Out of these children, 57 (54.3%) were delivered through normal vaginal delivery 

(NVD), while 48 (45.7%) were delivered via lower segment cesarean section (LSCS). 

(Figure 7) 
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Figure 7: Pie chart depicting distribution of study population based on Mode of 

Delivery of Children at birth 

 

Among the 48 cesarean deliveries, the most common indication was a history of 

previous LSCS (27.1%), followed by fetal distress (14.6%), non-progressive labor 

(NPL) (12.5%), and oligohydramnios (12.5%). Other notable indications included 

twin delivery (8.3%), placenta previa (4.2%), and fetal cardiac anomaly (2.1%). Less 

frequent indications included cephalopelvic disproportion (CPD), meconium-stained 

liquor (MSL), preeclampsia, polyhydramnios, premature rupture of membranes 

(PROM), transverse lie, and large for gestational age (LGA), each accounting for 

2.1%. Antenatal detection of fetal cardiac anomaly was found only in 1% of the total 

study population (n=1) at our centre. (Table 3)(Figure 8) 
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Table 3: Indications for Cesarean Section in Children Undergoing Corrective 

Surgery 

 Frequency Percent 

Indication CPD 1 2.1% 

Fetal Distress 7 14.6% 

MSL 1 2.1% 

Fetus Having  Cardiac Anomaly 1 2.1% 

LGA 1 2.1% 

NPL 6 12.5% 

2 Stage Arrest 1 2.1% 

Oligohydramnios 6 12.5% 

PIH 1 2.1% 

Placenta Previa 2 4.2% 

Polyhydramnios 1 2.1% 

Preclampsia 1 2.1% 

Previous LSCS 13 27.1% 

PROM 1 2.1% 

Transverse Lie 1 2.1% 

Twin Delivery 4 8.3% 

Total 48 100.0% 
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Figure 8: Horizontal Bar chart showing Indications for Cesarean Section in 

Children Undergoing Corrective Surgery. 

 

Atrial septal defect (ASD) was the most common cardiac defect found in our study, 

with 31 children (29.5%), followed closely by ventricular septal defect (VSD) in 30 

children (28.6%) and patent ductus arteriosus (PDA) in 22 children (21.0%). More 

complex cases included tetralogy of Fallot (TOF) (4.8%), PDA with aortic stenosis 

(2.9%), and VSD with PDA (2.9%). Other less common defects accounted for 10.5% 

of the cases.(Table 4)(Figure 9) 
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Table 4: Type of Congenital Heart Disease (CHD) in Children Undergoing 

Corrective Surgery 

 Frequency Percent 

CHD ASD 31 29.5 

VSD 30 28.6 

PDA 22 21.0 

TOF 5 4.8 

PDA WITH AS 3 2.9 

VSD WITH PDA 3 2.9 

Others 11 10.5 

Total 105 100.0 
 

 

Figure 9: Bar chart showing distribution of type of Congenital Heart Disease 

(CHD) in Children Undergoing Corrective Surgery 

 

Figure 10 shows the distribution of CHD based on Cyanosis, 88.6% were acyanotic 

CHD, while only 12 children (11.4%) had cyanotic CHD.  
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Figure 10: Pie chart showing distribution of Congenital Heart Disease (CHD) 

Based on Cyanosis in Children Undergoing Corrective Surgery 

 

Based on the severity of PAH assessed by ECHO, 44 children (41.9%) had no PAH, 

while 19 children (18.1%) had mild PAH, 14 children (13.3%) had moderate PAH, 

and 28 children (26.7%) had severe PAH. (Table 5)(Figure 11) 

Table 5: Distribution of CHD based on Severity of Pulmonary Arterial 

Hypertension (PAH) 

 Frequency Percent 

Severity Of PAH Not Present 44 41.9 

Mild 19 18.1 

Moderate 14 13.3 

Severe 28 26.7 

Total 105 100.0 
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Figure 11: Bar chart showing Distribution of CHD based on Severity of 

Pulmonary Arterial Hypertension (PAH) 

 

In our study, four children (3.8%) developed sepsis. Blood culture results showed E. 

coli sepsis in two children, while the other isolates were Candida glabrata and 

Klebsiella pneumoniae. (Table 6)(Figure 12) 

Table 6: Incidence of Sepsis in Children Undergoing Corrective Surgery in 

immediate post-op period. 

 Frequency Percent 

Sepsis Yes 4 3.8 

No 101 96.2 

Total 105 100.0 
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Figure 12: Pie chart showing Incidence of Sepsis in Children Undergoing 

Corrective Surgery in immediate post-op period. 

 

Of all the children undergoing cardiac surgery, 74 (70.5%) required hospitalization 

for more than seven days, while 31 (29.5%) were discharged within seven days. 

(Figure 13) 

Figure 13: Pie chart depicting Duration of Hospitalization in Children 

Undergoing Corrective Surgery during the perioperative stay. 

 

Among the 85 children with acyanotic CHD with a left-to-right shunt, the distribution 

based on shunt severity, as determined by ECHO, showed that 70.5% had a severe 

shunt, 24 children (28.2%) had a moderate shunt, and only one child (1.3%) had a 

mild shunt.(Table 7)(Figure 14) 
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Table 7: Distribution of Children with Left to righ t shunt lesions Undergoing 

Corrective Surgery based on severity of shunt. 

 Frequency Percent 

Severity of Shunt Mild 1 1.3 

Moderate 24 28.2 

Severe 60 70.5 

Total 85 100.0 

 

Figure 14: Doughnut Pie chart showing Distribution of Children with Left to 

right shunt lesions Undergoing Corrective Surgery based on severity of shunt. 

 

Furthermore, only two children (2.4%) had a residual lesion after corrective cardiac 

surgery among the 85 cases with left-to-right shunt lesions, including those with VSD, 

ASD, and PDA. The remaining 83 children (97.6%) had no residual lesions post-

surgery. (Table 8) 
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Table 8: Percentage of Presence of Residual Lesion in Children with left to right 

shunt lesions after Corrective Surgery as determined by Post-op ECHO 

 Frequency Percent 

Presence of 
Residual Lesion 

Yes 2 2.4 

No 83 97.6 

Total 85 100.0 
 

Based on the complexity of the lesion, children undergoing corrective surgery were 

classified into those with simple lesions, seen in 83 children (79.0%), and those with 

complex lesions, seen in 22 children (21.0%).(Figure 15) 

Figure 15: Pie chart showing Distribution of study population based on 

Complexity of Lesion. 
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Table 9: Baseline Growth Parameters of Children Undergoing Corrective Surgery 

Baseline measurements Frequency Percent 

Weight z-score <-3 (Severe) 29 27.6% 

-2 to -3 (Moderate) 59 56.2% 

>-2 (Normal) 17 16.2% 

Height/Length z-score <-3 (Severe) 21 20.0% 

-2 to -3 (Moderate) 31 29.5% 

>-2 (Normal) 53 50.5% 

Head Circumference z-score <-2 (Microcephaly) 34 32.4% 

>-2 (Normal) 71 67.6% 

Weight/Height z-score <-3 (Severe) 17 16.2% 

-2 to -3 (Moderate) 68 64.8% 

>-2 (Normal) 20 19.0% 
 

In our study, analysing the Weight z-score, it was found that, at baseline, 29 children 

(27.6%) were severely underweight (z-score < -3), while 59 children (56.2%) were 

moderately underweight (z-score between -2 and -3). Only 17 children (16.2%) had a 

normal weight z-score. Further it was also found that 21 children (20.0%) were 

severely stunted, and 31 children (29.5%) were moderately stunted. More than half 

(50.5%) had a normal height/length z-score. Analysis of Head Circumference z-score 

revealed that 34 children (32.4%) had microcephaly and the majority (67.6%) had a 

normal head circumference. Severe wasting was present in 17 children (16.2%), 

moderate wasting was noted in 68 children (64.8%) and 20 children (19.0%) had a 

normal weight-for-height z-score. (Table 9) 
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Table 10: Growth Parameters at 3-Month Follow-Up After Corrective Surgery 

Follow up at 3 months Frequency Percent 

Weight z-score <-3 (Severe) 4 3.8% 

-2 to -3 (Moderate) 45 42.9% 

>-2 (Normal) 56 53.3% 

Height/Length z-score <-3 (Severe) 3 2.9% 

-2 to -3 (Moderate) 27 25.7% 

>-2 (Normal) 75 71.4% 

Head Circumference z-score <-2 (Microcephaly) 18 17.1% 

>-2 (Normal) 87 82.9% 

Weight/Height z-score <-3 (Severe) 0 0.0% 

-2 to -3 (Moderate) 31 29.5% 

>-2 (Normal) 74 70.5% 
 

Analysis of growth parameters at 3 months follow-up showed that 25 children 

improved significantly and 4 children (3.8%) remained severely underweight (z-score 

< -3), compared to 29 (27.6%) at baseline. Moderate underweight status was observed 

in 45 children (42.9%), while 56 children (53.3%) had achieved normal weight for 

age. Severe stunting was present in only 3 children (2.9%) at 3 months, compared to 

21 children (20.0%) at baseline. Moderate stunting was reduced to 27 children 

(25.7%), and 75 children (71.4%) achieved normal height for age. Microcephaly was 

seen in 18 children (17.1%) at follow-up after 3 months of corrective surgery and 87 

children (82.9%) had normal head circumference. Severe wasting was eliminated, 

with no cases recorded at 3 months follow up. Moderate wasting was observed in 31 

children (29.5%), while 74 children (70.5%) had a normal weight-for-height z-score. 

(Table 10) 
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Table 11: Comparison of Growth Parameters at Baseline and 3-Month Follow-Up 

 Baseline Follow up at 3 
months 

P Value 

Mean SD Mean SD 

Weight z-score -3.16 1.34 -2.11 0.89 0.001 

Height/Length z-score -1.97 1.25 -1.71 1.04 0.001 

Head Circumference z-score -1.55 1.20 -1.16 0.98 0.001 

Weight/Height z-score -2.80 1.40 -1.56 0.89 0.001 
 

Comparison of Growth Parameters at Baseline and 3-Month Follow-Up shown by 

Figure 16 and Table 11, which shows that the mean weight z-score of the study 

population improved from -3.16 ± 1.34 at baseline to -2.11 ± 0.89 at 3 months post-

surgery which was statistically significant (P = 0.001). Similarly, the mean 

height/length z-score also increased from -1.97 ± 1.25 at baseline to -1.71 ± 1.04 at 3 

months follow up (P = 0.001). Further, the mean head circumference z-score and 

weight/height z-score also  improved from -1.55 ± 1.20 at baseline to -1.16 ± 0.98 at 3 

months and -2.80 ± 1.40 at baseline to -1.56 ± 0.89 at 3 months respectively  (P = 

0.001). 
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Figure 16 : Grouped Bar chart showing Comparison of Growth Parameters at 

Baseline and 3-Month Follow-Up 

 

Table 12: Improvement in Wasting Status at 3-Month Follow-Up After 

Corrective Surgery 

 Follow up at 3 months -Wasting Total 

Present Absent 

Baseline percentage 
of  wasting noted pre 

surgery 

 

Present n 31 54 85 

% 100.0% 73.0% 81.0% 

Absent n 0 20 20 

% 0.0% 27.0% 19.0% 

Total n 31 74 105 

% 100.0% 100.0% 100.0% 
Chi-Square: 10.35, P value: 0.001, Statistically Significant 

At baseline, 85 children (81.0%) were classified as wasted, with 31 children (100.0%) 

remaining wasted at follow-up, while 54 children (73.0%) showed recovery from 

wasting. Among the 20 children who were not wasted at baseline, all (100.0%) 

remained non-wasted at follow-up.(Table 12) 
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Table 13: Improvement in Underweight Status at 3-Month Follow-Up After 

Corrective Surgery 

 Follow up at 3 months -
Underweight 

Total 

Present Absent 

Baseline percentage of  
underweight noted pre 

surgery 

 

Present n 47 41 88 

% 100.0% 70.7% 83.8% 

Absent n 0 17 17 

% 0.0% 29.3% 16.2% 

Total n 47 58 105 

% 100.0% 100.0% 100.0% 
 

Chi-Square: 16.43, P value: 0.001, Statistically Significant 

At baseline, 88 children (83.8%) were classified as underweight. Among them, 47 

children (100.0%) remained underweight at follow-up, while 41 children (70.7%) 

showed recovery and achieved normal weight for age. Of the 17 children who were 

not underweight at baseline, all (100.0%) maintained their normal weight status at 

follow-up. (Table 13) 
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Table 14: Improvement in stunting Status at 3-Month Follow-Up After 

Corrective Surgery 

 Follow up at 3 months -
Stunting 

Total 

Present Absent 

Baseline percentage of  
stunting noted pre 

surgery 

Present n 31 22 53 

% 100.0% 29.7% 50.5% 

Absent n 0 52 52 

% 0.0% 70.3% 49.5% 

Total n 31 74 105 

% 100.0% 100.0% 100.0% 
 

Chi-Square: 43.15, P value: 0.001, Statistically Significant 

At baseline, 53 children (50.5%) were classified as stunted. Among them, 31 children 

(100.0%) remained stunted at the 3-month follow-up, while 22 children (29.7%) 

showed recovery from stunting. Of the 52 children who were not stunted at baseline, 

all (100.0%) remained non-stunted at follow-up. (Table 14) 
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Table 15: Improvement in Microcephaly Status at 3-Month Follow-Up After 

Corrective Surgery 

 Follow up at 3 months -

Microcephaly 

Total 

Present Absent 

Baseline percentage of  

microcephaly noted pre 

surgery 

 

Present n 18 16 34 

% 100.0% 18.4% 32.4% 

Absent n 0 71 71 

% 0.0% 81.6% 67.6% 

Total n 18 87 105 

% 100.0% 100.0% 100.0% 
 

Chi-Square: 45.36, P value: 0.001, Statistically Significant 

At baseline, 34 children (32.4%) were diagnosed with microcephaly. Among them, 18 

children (100.0%) remained microcephalic at follow-up, while 16 children (18.4%) 

showed improvement in head circumference. Of the 71 children without microcephaly 

at baseline, all (100.0%) maintained normal head growth at follow-up. (Table 15) 
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Table 16: Comparison of Type of Malnutrition from baseline to 3-Month Follow-

Up After Corrective Surgery 

 Type of Malnutrition 

Baseline Follow up at 3 

months 

n % n % 

MAM 38 36.2 26 24.8 

Moderate  Stunting   1 1.0 

Moderate  Underweight 4 3.8 5 4.8 

Moderate  Underweight  With Stunting   12 11.4 

Moderate  Underweight With Moderate 

Stunting 

1 1.0 1 1.0 

Moderate Stunting 1 1.0 1 1.0 

Moderate Wasting 3 2.9 2 1.9 

Normal 12 11.4 51 48.6 

SAM 44 41.9 3 2.9 

Severe Stunting 1 1.0 1 1.0 

Severe Underweight With Severe Stunting 1 1.0 2 1.9 

Total 105 100.0 105 100.0 
 

At baseline, 44 children (41.9%) were diagnosed with severe acute malnutrition 

(SAM), which significantly reduced to just 3 children (2.9%) at the 3-month follow-

up. Similarly, the number of children with moderate acute malnutrition (MAM) 

decreased from 38 (36.2%) at baseline to 26 (24.8%) at follow-up. The percentage of 

children with normal nutritional status increased significantly from 11.4% at baseline 

to 48.6% at follow-up. Cases of moderate underweight increased slightly from 4 

(3.8%) to 5 (4.8%), and there were 12 cases (11.4%) of moderate underweight with 

stunting identified at follow-up. The number of children with moderate wasting 

decreased from 3 (2.9%) to 2 (1.9%), indicating better nutritional balance post-

surgery. Severe underweight with severe stunting increased slightly from 1 (1.0%) to 

2 (1.9%).(Table 16).
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Table 17: Transition in Type of Malnutrition from B aseline to 3-Month Follow-Up After Corrective Surgery 

 Follow up at 3 months -Type Of Malnutrition Total 
MAM Moder

ate 
Stuntin

g 

Moderat
e 

Underw
eight 

Moderate 
Underwe
ight With 
Stunting 

Moder
ate 

Under
weight 
With 

Moder
ate 

Stunti
ng 

Moderate 
Wasting 

Moderate 
Stunting 

Normal SAM Severe 
Underweight 
With Severe 

Stunting 

Severe 
Stunting 

Baseline- 
Type of 

Malnutriti
on 

MAM   4 6  1  27    38 
Moderate 

Under 
weight 

       4    4 

Moderate  
Underwei
ght With 
Moderate 
Stunting 

 1          1 

Moderate 
Stunting 

       1    1 

Moderate 
Wasting 

     1  2    3 

Normal        12    12 
SAM 26  1 6 1  1 5 3 1  44 
Severe          1  1 
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Underwei
ght With 
Severe 

Stunting 
Severe 

Stunting 
          1 1 

Total 26 1 5 12 1 2 1 51 3 2 1 105 
 

At baseline, 38 children were classified with moderate acute malnutrition (MAM). By the 3-month follow-up, 27 of these children (71.1%) had 

transitioned to normal nutritional status, 6 shifted to moderate underweight with stunting, and 4 remained in the MAM category. Among the 4 

children initially categorized as having moderate underweight, all (100%) remained in the same category at follow-up. One child initially 

diagnosed with moderate underweight with moderate stunting remained in the same category at follow-up. Similarly, the child diagnosed with 

moderate stunting at baseline showed no change at follow-up. Of the 3 children with moderate wasting at baseline, 2 transitioned to normal 

nutritional status, while 1 remained in the moderate wasting category. Among the 44 children initially diagnosed with severe acute malnutrition 

(SAM) at baseline, 26 (59.1%) moved to MAM status, 6 transitioned to moderate underweight with stunting, 5 improved to normal nutritional 

status, and 3 remained in the SAM category. One child initially diagnosed with severe underweight with severe stunting remained in the same 

category, while another transitioned to severe underweight with severe stunting. Overall, the number of children with normal nutritional status 

increased from 12 (11.4%) at baseline to 51 (48.6%) at follow-up.(Table 17)
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Figure 17: Stacked Bar graph showing Overall Improvement in Nutritional 

Status at 3-Month Follow-Up After Corrective Surgery 

 

At baseline, only 12 children (11.4%) were classified as having a normal nutritional 

status, while 93 children (88.6%) were categorized as having some form of 

malnutrition. At the 3-month follow-up, the percentage of children with normal 

nutritional status increased significantly to 51 (48.6%), while the number of children 

with malnutrition status decreased to 54 (51.4%).(Figure 17) 

Table 18: Comparison of mean weight gain among children with different types of 

Acyanotic CHD with Left to right shunt. 

 Age (years) Baseline- 
Weight(Kgs) 

Follow up at 3 
months 

Weight(Kgs) 

Weight Gain 
(Kgs) 

Mean SD Mean SD Mean SD Mean SD 

ASD 3.20 1.44 10.59 3.37 11.97 3.05 1.37 0.55 

VSD 1.61 1.39 6.84 2.62 8.38 2.45 1.53 0.47 

PDA 1.86 1.63 7.74 3.16 9.20 2.97 1.45 0.50 
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Figure 18-Line graph showing Mean weight gain of children with CHD with Left 

to right shunt.

 

The mean weight at baseline of children with ASD  was 10.59 ± 3.37 kg, which 

increased to 11.97 ± 3.05 kg at follow-up, with a significant mean weight gain of 1.37 

± 0.55 kg (P = 0.001). Further, among children with VSD, the mean weight at 

baseline was  6.84 ± 2.62  kg, which increased to 8.38 ± 2.45 kg at follow-up, with a 

mean weight gain of 1.53 ± 0.47 kg (P = 0.001). Similarly, the mean weight of 

children with PDA at baseline was 7.74 ± 3.16 kg, which increased to 9.2 ± 2.97 kg at 

follow-up, with a mean weight gain of 1.45 ± 0.50 kg (P = 0.001). It was found that 

children with VSD has maximum mean weight again compared to the other 

groups.(Table 18)(Figure 18)  
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Table 19: Comparison of mean difference in height/length among children with 

different types of Acyanotic CHD with Left to right shunt. 

 Baseline- 
Height/Length (Cms) 

Follow up at 3 months -
Height/Length (Cms) 

Height/Length 
difference (Cms) 

Mean SD Mean SD Mean SD 

ASD 88.87 13.57 91.54 12.87 2.67 1.28 

VSD 72.76 13.37 76.93 12.24 4.16 2.12 

PDA 76.54 13.27 79.65 12.40 3.11 1.50 
 

Figure 19- Line graph showing Mean increase in height in children with CHD 

with Left to right shunt 

 

The mean height at baseline of children with ASD, VSD and PDA  was 88.87 ± 13.57 

cm, 72.76 ± 13.37 cm and 76.54 ± 13.27 respectively. At 3 months follow up, the 

mean height increased to 91.54 ± 12.87 cm, 76.93 ± 12.24 cm and 79.65 ± 12.40 cm 

respectively which was statistically significant (P = 0.001). Maximum increase in 

height was also seen in children with VSD compared to other groups (Table 

19)(Figure 19) 
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Table 20: Factors Influencing Pre-Operative Weight z-Score in Children with 

Congenital Heart Disease (CHD) 

 Unstandardized 
Coefficients 

P value 

B Std. Error 

Pre-OP 

Weight z-
score 

(Constant) -4.93 2.39 0.04 

Age Group 0.56 0.15 0.001 

Birth Weight(Kgs) 0.84 0.23 0.001 

NICU Admission -0.23 0.29 0.42 

Severity Of Pah 0.12 0.11 0.25 

Sepsis (+/-) 0.16 0.63 0.79 

No Of Days Of 
Hospitalisation 

-0.18 0.26 0.49 

Presence Of Residual Lesion -0.73 0.88 0.40 
Linear Regression Test Applied 

The regression model showed that age group (B = 0.56, P = 0.001) and birth weight 

(kgs) (B = 0.84, P = 0.001) were significant positive predictors of pre-operative 

weight z-score. This indicates that older age and higher birth weight were associated 

with better preoperative weight status. NICU admission (B = -0.23, P = 0.42), severity 

of PAH (B = 0.12, P = 0.25), sepsis (B = 0.16, P = 0.79), number of hospital days (B 

= -0.18, P = 0.49), and presence of residual lesion (B = -0.73, P = 0.40) were not 

statistically significant predictors of pre-operative weight z-score, indicating that these 

factors did not significantly influence the child's weight status before surgery. The 

constant value of -4.93 (P = 0.04) suggests that the baseline weight z-score was low 

even after adjusting for the influencing factors. The findings indicate that age and 
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birth weight have a stronger impact on preoperative weight status, while postnatal 

complications such as NICU admission, sepsis, and PAH severity do not significantly 

affect weight before surgery.(Table 20) 

Table 21: Factors Influencing Pre-Operative Height/Length z-Score in Children 

with Congenital Heart Disease (CHD) 

 Unstandardized 
Coefficients 

P value 

B Std. Error 

Pre-OP 

Height/Length z-
score 

(Constant) -1.59 2.30 0.49 

Age Group 0.13 0.14 0.37 

Birth Weight(Kgs) 0.92 0.22 0.001 

NICU Admission -0.42 0.28 0.13 

Severity Of Pah 0.07 0.10 0.46 

Sepsis(+/-) -0.20 0.61 0.74 

No Of Days Of 
Hospitalisation 

-0.38 0.25 0.14 

Presence Of Residual 
Lesion 

-0.72 0.85 0.39 

Linear Regression Test Applied 

Birth weight (B = 0.92, P = 0.001) was the only significant predictor of pre-operative 

height/length z-score, indicating that higher birth weight was associated with better 

preoperative height/length status. Age group (B = 0.13, P = 0.37), NICU admission (B 

= -0.42, P = 0.13), severity of PAH (B = 0.07, P = 0.46), sepsis (B = -0.20, P = 0.74), 

number of hospital days (B = -0.38, P = 0.14), and presence of residual lesion (B = -

0.72, P = 0.39) were not statistically significant predictors of pre-operative 

height/length z-score, indicating that these factors did not have a strong influence on 
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the child's height status before surgery. The constant value of -1.59 (P = 0.49) was not 

statistically significant, indicating that other unexplored factors may contribute to 

variations in height status before surgery. The findings suggest that birth weight is a 

key determinant of pre-operative height/length status, while postnatal complications 

and other medical factors, such as PAH severity and sepsis, have minimal impact on 

height status before surgery.(Table 21) 

Table 22: Factors Influencing Pre-Operative Weight/Height z-Score in Children 

with Congenital Heart Disease (CHD) 

 Unstandardized 
Coefficients 

P 
value 

B Std. 
Error 

Pre-OP 
Weight/Height 

z-score 

(Constant) -4.80 2.63 0.07 

Age Group 0.53 0.17 0.001 

Birth Weight (Kgs) 0.33 0.25 0.19 

Nicu Admission 0.06 0.32 0.84 

Severity Of Pah 0.14 0.12 0.22 

Sepsis (+/-) 0.22 0.70 0.75 

No Of Days Of Hospitalisation 0.06 0.29 0.83 

Presence Of Residual Lesion -0.49 0.97 0.60 
Linear Regression Test Applied 

Age group (B = 0.53, P = 0.001) was the only significant predictor of pre-operative 

weight/height z-score(wasting), indicating that older age was associated with a better 

weight/height status before surgery. Birth weight (B = 0.33, P = 0.19), NICU 

admission (B = 0.06, P = 0.84), severity of PAH (B = 0.14, P = 0.22), sepsis (B = 
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0.22, P = 0.75), number of hospital days (B = 0.06, P = 0.83), and presence of residual 

lesion (B = -0.49, P = 0.60) were not statistically significant predictors of pre-

operative weight/height z-score. The constant value of -4.80 (P = 0.07) approached 

statistical significance, suggesting that baseline weight/height status was generally 

low across the study population, but the difference was not large enough to reach 

statistical significance. The findings suggest that age is the most influential factor in 

determining pre-operative weight/height status, while other clinical factors such as 

birth weight, PAH severity, and NICU admission have minimal impact on weight-for-

height status before surgery.(Table 22) 
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DISCUSSION 

Children with congenital heart disease (CHD) often experience growth failure 

due to the increased metabolic demands, inadequate caloric intake, and compromised 

nutrient absorption associated with their underlying cardiac defects. Growth 

impairment in these children is influenced by factors such as birth weight, gestational 

age, presence of pulmonary hypertension, and the complexity of the heart defect. 

Corrective surgery is expected to improve hemodynamic stability and enhance 

nutrient utilization, thereby facilitating catch-up growth. This study aims to evaluate 

the early growth trends of children under 5 years with CHD following corrective 

surgery and identify the key factors affecting postoperative growth.  

The largest proportion of children (34.3%) who underwent surgery were under 

1 year of age, followed closely by those aged between 1 to 3 years (33.3%) and 3 to 5 

years (32.4%). This relatively balanced distribution across the three age groups 

indicates that corrective surgeries are performed consistently at various early 

childhood stages and is also dependent on the age at presentation of individual 

congenital heart disease. Vaidyanathan et al. reported that  62.2% of the total children 

who underwent cardiac surgery were infants (≤1 year), 9.5% being neonates.4 

Similarly, Hapuoja et al. and He et al. reported that the percentage of children 

undergoing their cardiac surgery within their first year of life to be 95% and 32.7% 

respectively.10,57 The higher percentage of surgeries in infants under 1 year suggests 

that early diagnosis and intervention for CHD are common in younger children, which 

may contribute to better post-operative outcomes and improved growth trajectories.  

The mean age at correction in our study was found to be 2.31 ± 1.09 years. 

Vaidyanathan et al. reported a similar result that the mean age at corrective 
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intervention was 15.2 ± 16.2 months and the study also mentioned that the age at 

corrective intervention significantly influenced the weight and weight/height z-scores, 

with older children showing poorer growth parameters at presentation (P < 0.001).4 

Okoromah et al. reported that the mean age of children with CHD was 40.0 ± 44.96 

months (approximately 3.3 years). The age range was 3 to 192 months (3 months to 

16 years), and 64.3% of children were aged under 5 years.30 Arodiwe et al. reported 

that the mean age of children with CHD was 4.66 ± 5.02 years (range: 1 month to 16 

years). Older age at presentation was significantly associated with worse nutritional 

status (P = 0.01).48 

In our study, among the total 105 children, 62 (59.0%) were female, and 43 

(41.0%) were male with male to female ratio of 1.0:1.4. This indicates a higher 

proportion of females undergoing corrective surgery compared to males in our study. 

Other studies have shown a varied male to female ratio 1:1.04, 1.2:1, 1.6:1.1 etc.4,30,48. 

Further, Murni et al. reported that among the 1,149 children with CHD, 530 (46.1%) 

were male and 619 (53.9%) were female.58  Gender disparity may be due to various 

factors like sex ratio of the region, availability of resources, socioeconomic status etc.  

Based on the modified Kuppuswamy scale, with occupation, paternal 

education and income as key indicators, our study showed that CHD cases requiring 

corrective surgery are more prevalent among children from lower middle (59%) and 

lower socioeconomic backgrounds (22.8%) which was similar to the outcomes of 

other studies.4,30,48 Vaidyanathan et al. also identified that lower socioeconomic status 

was associated with poorer nutritional outcomes in children with CHD which was in 

accordance with our study.4 Factors such as limited access to cardiac surgical 

facilities, poor nutritional status, and delayed diagnosis in lower-income families may 

contribute to the higher burden of CHD in these groups and also have a significant 
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impact on the growth of children with CHD. Only 9.5% of mothers of the study 

population, reported a history of antenatal complications, including gestational 

diabetes mellitus (GDM) (1.9%), hypothyroidism (1.9%), pregnancy-induced 

hypertension (PIH) (1.9%), anemia (1.0%), chronic hypertension (1.0%), hypotension 

(1.0%), and pre-eclampsia (1.0%). The low percentage of antenatal complications 

suggests that while maternal health issues may play a role in the development of 

CHD, the majority of CHD cases requiring corrective surgery are not strongly linked 

to maternal antenatal history. 

Our study shows that the majority(55.2%) of children requiring corrective 

cardiac surgery had a normal birth weight, which suggests that low birth weight alone 

may not be a significant risk factor for CHD requiring early surgical intervention. But 

our study also shows that low birth weight (kgs) (B = 0.84, P = 0.001) was a 

significant positive predictor of pre-operative weight z-score and height/length z 

score. This finding is consistent with other studies like  Vaidyanathan et al. where low 

birth weight (<2.5 kg) was a significant predictor of poor nutritional status (OR = 

20.24, P < 0.001). and Hapuoja et al., where Lower birth weight was associated with 

lower weight and head circumference at 10 years (P < 0.001).4,10. He et al. also 

reported that the majority of CHD patients (85.7%) had a normal birth weight (NBW) 

between 2500–4000 g.  and, LBW and VLBW were found to be significant risk 

factors for failure to thrive (FTT) (P < 0.001).57 Further, Murni et al. reported that low 

birth weight (<2,500 g) was independently associated with increased risk of 

underweight (OR = 2.65, 95% CI: 1.95–2.61; P < 0.001) and stunting (OR = 2.91, 

95% CI: 2.17–3.62; P < 0.001) as determined in our study.58 

Majority of the children from our study population (96.2%) were born at term, 

while only 4 children (3.8%) were born preterm. This indicates that most CHD cases 
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requiring corrective surgery occur in children born at term, suggesting that 

prematurity alone may not be a significant risk factor for CHD requiring early 

surgical intervention. Small for gestational age (SGA) was associated with a higher 

risk of lower height and weight/height z-scores (OR = 6.51, P < 0.001).4 However, we 

could not assess the exact period of gestation at birth due to insufficient records. He et 

al. reported that 88.7% of the children were born at term (37–42 weeks), while 9.4% 

were preterm, and 0.1% were extremely preterm (<28 weeks). Post-term births 

accounted for 1.8%.57 which was similar to our study.  

Out of the 105 children, 57 (54.3%) were delivered through normal vaginal 

delivery (NVD), while 48 (45.7%) were delivered via lower segment cesarean section 

(LSCS). The nearly equal distribution of delivery methods suggests that the mode of 

delivery may not have a significant influence on the occurrence of CHD requiring 

corrective surgery. Out of the 48 cesarean deliveries, the most common indication was 

a history of previous LSCS (27.1%), followed by fetal distress (14.6%), non-

progressive labor (NPL) (12.5%), and oligohydramnios (12.5%). The diversity of 

indications highlights the complex prenatal and intrapartum factors that may influence 

the need for surgical delivery in cases of fetus with CHD.  

In our study, atrial septal defect (ASD) was the most common congenital heart 

defect (CHD) (29.5%), followed closely by ventricular septal defect (VSD) (28.6%) 

and patent ductus arteriosus (PDA) (21.0%). The majority of cases (88.6%) were 

acyanotic CHD, while only 11.4% were cyanotic CHD. This predominance of 

acyanotic CHD aligns with its higher overall incidence and the greater availability of 

corrective surgical options. 

Comparing our findings with other studies, Vaidyanathan et al. reported that 

left-to-right shunts were the most prevalent CHD type (64.3%), with PDA (24.8%) 
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and VSD (23.5%) being the most common defects.4 Okoromah et al. found VSD 

(35.6%) to be the most frequent defect, followed by PDA (13.7%) and ASD (8.2%), 

while cyanotic CHD accounted for 15.1% of cases, primarily tetralogy of Fallot 

(TOF).30 Murni et al. reported a similar trend, with 81.4% of cases being acyanotic 

CHD, predominantly VSD (27.2%), ASD (20.3%), and PDA (20.8%). Among 

cyanotic CHD, TOF (4.6%) and pulmonary atresia (5.3%) were the most common.58 

Arodiwe et al. also observed a higher prevalence of acyanotic CHD (72%), with VSD 

(24%), ASD (12%), and PDA (6%) being the most frequent, while TOF (16%) was 

the most common cyanotic CHD.48 Overall, across studies, acyanotic CHD 

consistently accounted for the majority of cases, with VSD, ASD, and PDA being the 

most common defects. 

In our study, 41.9% of children had no pulmonary arterial hypertension 

(PAH), while 18.1% had mild PAH, 13.3% had moderate PAH, and 26.7% had severe 

PAH. The higher proportion of children without PAH may be due to the 

predominance of children with ASD and PDA in our study population. However, the 

significant proportion of severe PAH cases highlights the considerable hemodynamic 

burden associated with certain congenital heart defects (CHDs), emphasizing the need 

for early diagnosis and surgical intervention. 

Comparing our findings with other studies, Vaidyanathan et al. reported PAH 

in 40.8% of cases, with significant  poor growth outcomes (P < 0.05).4 Arodiwe et al. 

found that 44% of acyanotic CHD cases had PAH, which was associated with worse 

nutritional status (P = 0.01).48 Murni et al. further demonstrated a strong association 

between PAH and underweight (OR = 2.48, P < 0.001), stunting (OR = 1.55, P = 

0.001), and wasting (OR = 1.53, P < 0.001).58 Unlike these studies, we could not 
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establish PAH severity as an independent predictor of poor outcomes or its direct 

association with malnutrition indicators such as wasting, stunting, or underweight. 

Further in our study 4 children (3.8%) developed sepsis, while the majority 

(96.2%) did not develop sepsis. The low incidence of sepsis suggests that effective 

perioperative care and infection control measures were largely successful in 

preventing postoperative infections. Blood culture results showed E. coli sepsis in two 

children, while the other isolates were Candida glabrata and Klebsiella pneumoniae. 

Out of all the children who underwent cardiac surgery, 74 children (70.5%) 

required hospitalization for more than 7 days, while 31 children (29.5%) were 

discharged within 7 days. The high percentage of prolonged hospital stays reflects the 

complexity of surgical management and post-operative care associated with CHD. 

Longer hospital stays may be indicative of surgical complications, slower recovery, or 

the need for additional medical support post-surgery. Hapuoja et al. reported that the 

median length of hospital stay after the first CPB surgery was 23 days (IQR: 14–33 

days) for biventricular CHD and 30.5 days (IQR: 17.5–67 days) for univentricular 

CHD. Longer hospital stay was associated with lower height and weight at 10 years 

(P = 0.007, P = 0.021).10 He et al. reported that the median length of hospital stay was 

23 days (IQR: 14–33 days) for biventricular CHD and 30.5 days (IQR: 17.5–67 days) 

for univentricular CHD.57 

Among the 85 children with acyanotic CHD with left to right shunt, 70.5% 

had severe shunt, 24 children (28.2%) had moderate shunt, and only 1 child (1.3%) 

had mild shunt. The high proportion of severe shunt cases indicates that most children 

requiring corrective surgery had significant intracardiac shunting, leading to 

considerable hemodynamic compromise. Out of these patients, 83 children (97.6%) 

had no residual lesion post-surgery, while 2 children (2.4%) had residual lesions. The 
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low incidence of residual lesions reflects the effectiveness and accuracy of the 

corrective surgical procedures. However, the presence of even a small percentage of 

residual lesions highlights the need for ongoing post-operative monitoring and 

potential follow-up interventions to ensure complete recovery and optimal cardiac 

function. 

Out of the study population 83 children (79.0%) had simple lesions, while 22 

children (21.0%) had complex lesions. The higher proportion of simple lesions 

indicates that the majority of CHD cases requiring corrective surgery involved 

relatively straightforward anatomical defects. Hapuoja et al. reported that 21% of 

cases had univentricular CHD, which was not significantly associated with growth 

parameters at 10 years (P > 0.05).10 He et al. reported that complex CHD cases 

accounted for 15.6% of the cohort and were associated with higher failure to thrive 

rates (54.2%).57 These findings were consistent with our study.  

In our study, underweight( weight z score < -2) was prevalent before surgery, 

with 27.6% of children being severely underweight (z-score < -3) and 56.2% being 

moderately underweight (z-score between -2 and -3). Only 16.2% had a normal 

weight z-score. However, at 3 months post-surgery, there was a significant 

improvement in nutritional status—only 3.8% remained severely underweight, while 

42.9% were moderately underweight, and 53.3% had achieved a normal weight z-

score. The mean weight z-score improved from -3.16 ± 1.34 at baseline to -2.11 ± 

0.89 post-surgery (P = 0.001), indicating substantial weight gain and better nutritional 

recovery. These findings align with other studies.  

Vaidyanathan et al. reported that 59% of children had a weight z-score ≤ -2 at 

presentation, with significant improvement post-surgery (P < 0.001).4 Hapuoja et al. 

observed significantly lower birth weight z-scores in CHD patients (P = 0.007), which 
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improved at 10-year follow-up (P = 0.001).10 He et al. found that 29.3% of CHD 

patients were underweight, with complex CHD cases showing the highest prevalence 

(42.9%) (P < 0.001).57 Similarly, Okoromah et al. and Arodiwe et al. reported 

significantly lower weight z-scores in CHD patients (P = 0.0001 and P = 0.001, 

respectively), with Arodiwe et al. noting that 60% had a weight z-score ≤ -2.30,48 

Murni et al. also found that 49% of their cohort was underweight.58 

In our study, 20.0% of children were severely stunted (height z-score < -3), 

and 29.5% were moderately stunted (height z-score between -2 and -3), while 50.5% 

had a normal height z-score. Although stunting was present, height was less affected 

than weight. At 3 months post-surgery, severe stunting had decreased to 2.9%, 

moderate stunting to 25.7%, and 71.4% of children had achieved a normal height-for-

age. The mean height z-score improved significantly from -1.97 ± 1.25 at baseline to -

1.71 ± 1.04 post-surgery (P = 0.001), indicating improved linear growth. These 

findings are consistent with previous studies. Vaidyanathan et al. reported that 26.3% 

of children had a height z-score ≤ -2 at baseline, with significant improvement post-

surgery (P = 0.04)4. Hapuoja et al. found that height z-scores were significantly below 

the norm at birth (P < 0.001) but improved by the 10-year follow-up (P = 0.001)10. He 

et al. reported that 24% of CHD patients were stunted, with complex CHD cases 

showing the highest prevalence (41.1%) (P < 0.001)57. Similarly, Okoromah et al. and 

Arodiwe et al. found that the mean height z-score in CHD patients was significantly 

lower than in controls (P = 0.0001 and P = 0.001, respectively), with 28.8% classified 

as stunted 30,48. Murni et al. reported that 47.8% of CHD patients were stunted, with 

cyanotic CHD, delayed diagnosis, and low birth weight being significant predictors (P 

< 0.001)58. 
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Analysis of Head Circumference z-score revealed that 34 children (32.4%) 

had microcephaly and the majority (67.6%) had a normal head circumference. 

Microcephaly was seen in 18 children (17.1%) at follow-up after 3 months of 

corrective surgery and 87 children (82.9%) had normal head circumference. The mean 

head circumference z-score improved from -1.55 ± 1.20 at baseline to -1.16 ± 0.98 at 

3 months (P = 0.001), showing enhanced brain growth and improved nutritional status 

after surgery. There are rarely studies showing head circumference assessment in this 

study population. Hapuoja et al. reported that the median head circumference z-score 

was significantly below the norm at birth (P < 0.001) but showed significant 

improvement at 10 years (P = 0.001).10 

Further, in our study, severe wasting was observed in 16.2% of children, and 

moderate wasting was present in 64.8%, with only 19.0% having a normal weight-for-

height z-score, indicating a high prevalence of acute malnutrition before surgery. 

However, at 3 months post-surgery, severe wasting was completely eliminated, 

moderate wasting decreased to 29.5%, and 70.5% of children achieved a normal 

weight-for-height. The mean weight-for-height z-score improved significantly from -

2.80 ± 1.40 at baseline to -1.56 ± 0.89 post-surgery (P = 0.001), demonstrating 

enhanced nutritional recovery and catch-up growth. These findings are in line with 

previous research. Vaidyanathan et al. reported that 55.9% of children had a weight-

for-height z-score ≤ -2 at baseline, with significant improvement at 3 months (P < 

0.001)4. Hapuoja et al. also observed significant improvement in weight-for-height z-

scores over time (P < 0.001)10. Okoromah et al. found that CHD patients had 

significantly lower weight-for-height z-scores compared to controls (P = 0.0001), 

with 41.1% classified as wasted30. Similarly, Arodiwe et al. reported significantly 

lower weight-for-height z-scores in CHD patients compared to the reference 
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population (P = 0.001), with 41.1% classified as wasted105. Murni et al. found that 

31.4% of CHD patients had wasting, with cyanotic CHD and delayed diagnosis being 

significant predictors (P < 0.001)58.  

At baseline, 41.9% of children had severe acute malnutrition (SAM), which 

significantly decreased to 2.9% at 3 months post-surgery. Moderate acute malnutrition 

(MAM) also declined from 36.2% to 24.8%, while the proportion of children with 

normal nutritional status increased from 11.4% to 48.6%, reflecting substantial catch-

up growth. Among children with MAM, 71.1% transitioned to normal status, while 

59.1% of those with SAM also reached normal weight-for-age. However, a small 

number remained malnourished, emphasizing the need for continued nutritional 

support. These findings are consistent with Vaidyanathan et al., who reported a 

significant increase in normal weight-for-age cases post-surgery (P < 0.001)4. 

Okoromah et al. found severe malnutrition in 61.2% of CHD cases, with wasting 

more common in acyanotic CHD and stunting in cyanotic CHD (P = 0.0001) (30,). 

Arodiwe et al. reported severe malnutrition in 60% of cases, with a similar pattern of 

wasting and stunting distribution (P = 0.001)48 

Significant improvements were also observed in weight, height, and weight-

for-height z-scores, indicating the positive impact of corrective surgery on growth and 

nutritional recovery. Enhanced cardiac function, better nutrient absorption, and 

improved metabolic efficiency likely contributed to this progress. Vaidyanathan et al. 

found similar improvements in all nutritional indices at 3 months (P < 0.001)4, while 

Hapuoja et al. reported sustained growth improvements over 10 years (P < 0.001)10. 

He et al. identified failure to thrive in 36.9% of CHD cases, with complex CHD 

showing the highest rates, and risk factors including low birth weight and prematurity 

(P < 0.001)57. 
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Weight gain was significant across all CHD types (P = 0.001), particularly in 

ASD, VSD, and PDA cases, though the difference in weight gain between CHD types 

was not statistically significant (P = 0.65). Height-for-age scores improved 

significantly (P < 0.05), with the highest mean height gain observed in VSD cases 

(4.16 cm), suggesting pronounced catch-up growth. Vaidyanathan et al. reported 

significant height improvements at follow-up (P = 0.04)4, and Hapuoja et al. found 

substantial height increases over 10 years (P < 0.001)10. 

Corrective surgery significantly improves nutritional status, weight gain, and 

linear growth in children with CHD. The reduction in malnutrition rates and improved 

growth parameters emphasize the need for timely intervention. While most children 

experience positive outcomes, some remain at risk for undernutrition, highlighting the 

importance of post-surgical nutritional support and long-term follow-up. 
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CONCLUSION 

This study demonstrates that corrective surgery for congenital heart disease 

(CHD) in children under 5 years of age leads to significant improvements in growth 

and nutritional status within three months post-surgery. The findings highlight that 

most children with CHD present with severe growth retardation and malnutrition 

before surgery, which are strongly influenced by age and birth weight. The substantial 

increase in weight, height, and head circumference z-scores post-surgery reflects 

enhanced metabolic efficiency and improved nutrient absorption following surgical 

correction. The reduction in severe acute malnutrition (SAM) from 41.9% to 2.9% 

and the increase in children with normal nutritional status from 11.4% to 48.6% 

underscore the positive impact of early surgical intervention and post-operative 

nutritional care. The results show the importance of timely diagnosis, early corrective 

surgery, and comprehensive post-operative management in improving the growth 

outcomes and overall health of children with CHD. 
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SUMMARY 

A hospital-based observational study was conducted at KLES Dr. Prabhakar 

Kore Hospital, Belgaum, Karnataka, from August 2023 to July 2024, to evaluate early 

growth trends in children under five years of age with congenital heart disease (CHD) 

who underwent corrective surgery. The study included 105 children who met the 

inclusion and exclusion criteria, with informed consent obtained from their parents. 

The demographic analysis of the study revealed that the majority of children (34.3%) 

who underwent corrective surgery were under 1 year of age, with a balanced 

distribution among the other age groups. A higher proportion of females (59%) 

underwent surgery compared to males (41%). Most children (59%) belonged to the 

lower middle-class socioeconomic group, highlighting the socioeconomic disparity in 

accessing healthcare for CHD. Regarding maternal health, 90.5% of mothers reported 

no significant antenatal complications, while 9.5% had a history of chronic 

hypertension, gestational diabetes, or hypothyroidism. Birth weight data showed that 

55.2% of children had a birth weight greater than 2.5 kg, and 96.2% were born at 

term, indicating that most CHD cases requiring surgical correction were not linked to 

low birth weight or prematurity, but our study also shows that low birth weight (kgs) 

(B = 0.84, P = 0.001) was a significant positive predictor of pre-operative weight z-

score and height/length z score 

In terms of CHD type and severity, acyanotic CHD (88.6%) was more 

common than cyanotic CHD (11.4%). Atrial septal defect (ASD) (29.5%), ventricular 

septal defect (VSD) (28.6%), and patent ductus arteriosus (PDA) (21%) were the most 

prevalent types of CHD. Severe pulmonary arterial hypertension (PAH) was observed 

in 26.7% of cases, and 70.5% of children had severe intracardiac shunting. This 

reflects the hemodynamic complexity of the cases that required surgical correction. 
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Preoperative nutritional status assessment revealed that 88.6% of children 

were malnourished before surgery. Severe wasting, underweight, and stunting were 

highly prevalent at baseline, with a mean baseline weight z-score of -3.16, height z-

score of -1.97, head circumference z-score of -1.55, and weight/height z-score of -

2.80. This indicates that most children had significant growth delays and nutritional 

deficits before surgery. 

At the 3-month follow-up after undergoing corrective cardiac surgery, there 

was a significant improvement in all growth parameters. The mean weight z-score 

improved from -3.16 to -2.11 (P = 0.001), height z-score increased from -1.97 to -1.71 

(P = 0.001), head circumference z-score improved from -1.55 to -1.16 (P = 0.001), 

and weight/height z-score increased from -2.80 to -1.56 (P = 0.001). These 

improvements reflect enhanced metabolic efficiency, better cardiac function, and 

improved nutrient absorption following surgery. The proportion of children with 

normal nutritional status increased significantly from 11.4% at baseline to 48.6% at 

follow-up. Severe acute malnutrition (SAM) reduced from 41.9% at baseline to 2.9% 

at follow-up, while moderate acute malnutrition (MAM) decreased from 36.2% to 

24.8%. This highlights the significant role of surgical correction and post-operative 

nutritional support in promoting catch-up growth and recovery from malnutrition. 

Regression analysis identified significant predictors of pre-operative growth 

status. Age (B = 0.56, P = 0.001) and birth weight (B = 0.84, P = 0.001) were 

significant positive predictors of pre-operative weight z-score, indicating that older 

children and those with higher birth weight had better weight status before surgery. 

Birth weight (B = 0.92, P = 0.001) was also the only significant predictor of 

height/length z-score before surgery. For weight/height z-score, age was the only 

significant predictor (B = 0.53, P = 0.001), suggesting that older children were more 
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likely to have better weight-for-height status before surgery. Factors such as NICU 

admission, PAH severity, sepsis, duration of hospital stay, and residual lesions did not 

significantly influence pre-operative growth status, indicating that these medical 

complications were less important than age and birth weight in determining baseline 

growth parameters. 

Weight and height gain analysis by type of CHD showed significant 

improvement in all groups. In ASD cases, the mean weight increased from 3.20 ± 

1.44 kg at baseline to 11.97 ± 3.05 kg at follow-up (P = 0.001), with a mean weight 

gain of 1.37 ± 0.55 kg. In VSD cases, the mean weight increased from 1.61 ± 1.39 kg 

to 8.38 ± 2.45 kg (P = 0.001), with a mean gain of 1.53 ± 0.47 kg. PDA cases showed 

a similar trend, with a mean weight increase from 1.86 ± 1.63 kg to 9.20 ± 2.97 kg (P 

= 0.001), with a mean gain of 1.45 ± 0.50 kg. Height gain was highest in VSD cases, 

increasing from 72.76 ± 13.37 cm at baseline to 76.93 ± 12.24 cm at follow-up (P = 

0.001), with a mean gain of 4.16 ± 2.12 cm. ASD and PDA cases also showed 

significant height improvements, with gains of 2.67 ± 1.28 cm and 3.11 ± 1.50 cm, 

respectively 
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ANNEXURE – I - INFORMED CONSENT FORM 

“EARLY GROWTH TRENDS OF CHILDREN UNDER 5 YEARS OF A GE 

WITH CONGENITAL HEART DISEASE WHO HAVE UNDERGONE 

CORRECTIVE SURGERY - A LONGITUDINAL STUDY” 

Name of Student/Principal Investigator: Dr.  

Name of Guide/Co Investigators: Dr.  

Introduction:  To measure the growth parameters in children with congenital heart 

disease to look for malnutrition and compare with growth parameters post surgery. 

Also to analyse for improvement in parameters. 

Explanation of procedure: Growth parameters such as height, weight, head 

circumference, upper mid arm circumference and triceps skin fold thickness will be 

taken pre and post operatively at 3 months.  

Withdrawal from participation in the study:  Participation in this study in 

voluntary.  You will be free to decide whether to participate in this study or continue 

participation once enrolled.  In case you decide to withdraw your participation, you 

are free to do so. However, please convey the decision to the principal investigator. 

Possible benefits from participating in the study: Participation of your child will 

help us to assess the prognosis of the child’s heart disease and also helps us to screen 

a lot of medical conditions also including malnutrition. You will get benefits by 

participating in this study. The data gathered will help population at large. 

Possible risks from participating in the study: There are no risks involved in 

participating in this study 
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Privacy and confidentiality: The information collected from you will be coded, to 

prevent any person to identify you.  Your identity will never be revealed.  The data 

collected from you will be kept confidential and only processed or aggregated data 

will be used for publication. 

Use of photography/Identifying details: Any photography or identification details 

will be disclosed only with your permission.  

Financial incentives: You will not receive any payment for participating in this 

study. Cost of investigations done during the course of study will be paid by the 

principal investigator / Participant.  

Authorization for publication of aggregated data: Results obtained after 

processing of the aggregated data will be published for scientific purpose and or 

presented to scientific groups.  However, your identity will never be revealed. 

Questions:  In case of any questions with regard to this study, you are free to contact:  

 If you have any question or complaints with regard to your right as study participant 

you may contact Dr Harsha Hegde, Chairperson, Ethical committee of JNMC, 0831-

2473777 Extension 4052. 

Legal rights: By signing this consent form, we are not waving any of your legal 

rights 
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CONSENT STATEMENT 

I am making a voluntary decision to participate in the study EARLY GROWTH 

TRENDS OF CHILDREN UNDER 5 YEARS OF AGE WITH CONGENITAL 

HEART DISEASE WHO HAVE UNDERGONE CORRECTIVE SURGERY - A 

LONGITUDINAL STUDY. My signature below indicates that I have decided to 

participate and I have read the information provided above or the information 

provided above has been read to me in the language that I understand best.  I was 

given the opportunity to ask questions and that they have been answered to my 

satisfaction. 

Name of the participant: 

Signature or left thumb impression of the participant: 

Name of the witness: 

Signature or left thumb impression of the witness:  

Name of the investigator: 

Signature of the investigator: 
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ANNEXURE II- DEFINITIONS 

DEFINITIONS: (ACCORDING TO WHO): 

MODERATE UNDERWEIGHT: It is defined as weight for age less than -2z  and >-

3Z or Weight-for-age <−2 SD and ≥−3 SD of the median.  

SEVERE UNDERWEIGHT: It is defined as weight for age less than -3z or Weight-

for-age <−3 SD of the median 

MODERATE WASTING: It is defined as weight-for-height between –3 and –2 Z-

scores of the WHO Child Growth Standards median 

SEVERE WASTING : It is defined as weight-for-height less than  –3Z-scores of the 

WHO Child Growth Standards median 

MODERATE STUNTING: It is defined as Length/height-for-age  between <−3z and 

-2z or Length/height-for-age <−2 SD and ≥−3 SD of the median. 

SEVERE STUNTING : It is defined as Length/height-for-age <−3 SD of the median 

or <-3Z.  

SEVERE ACUTE MALNUTRITION : weight-for-length <–3 Z-scores of the WHO 

Child Growth Standards median or or clinical signs of bilateral pitting oedema, or a 

very low mid-upper arm circumference (MUAC < 11.5cms) 

MODERATE ACUTE MALNUTRITION : It is defined as moderate wasting (i.e. 

weight-for-height between –3 and –2 Z-scores of the WHO Child Growth Standards 

median) and/or mid-upper-arm circumference (MUAC) greater or equal to 115 mm 

and less than 125 mm. 
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ANNEXURE III- PROFORMA 

PATIENT’S PROFORMA  

NAME:                                                 AGE:                                            SEX: 

D.OB: 

 IP NO:  

PH NO: 

ADDRESS: 

EDUCATIONAL QUALIFICATION OF PARENTS : FATHER-  

                                                                                            MOTHER-   

SOCIO-ECONOMIC STATUS :  

PRESENTING COMPLAINTS: 

BIRTH HISTORY: 

DIAGNOSIS:        

SEPSIS AT THE TIME OF PRESENTATION : YES/NO    

ECHO FINDINGS ON SEVERITY OF PAH : MILD/MODERATE/SE VERE 

NO OF DAYS OF HOSPITALISATION :  

DAYS PRESENCE OF RESIDUAL LESION: 

 COMPLEXITY OF THE LESION: 

 SEVERITY OF THE SHUNT(BASED ON SIZE):  
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ANNEXURE IV- PHOTOGRAPHS 

Photo 1 : Stadiometer used for measuring height 

 

Photo 2 : Infantometer used for measuring length 
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Photo 3: Multipurpose digital weighing scale ranging from 50g to 120kgs with 5g 

division was used (meditive brand) 

 

 

 

 

 

 

Photo 4 : IS Indosurgicals head circumference measuring tape calibrated upto 

60cm and with 1mm graduation was used. 
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ANNEXURE V- KEY TO MASTER CHART 

Variable  Code Key 

Gender 
1 Male 

2 Female 

Type of CHD 
1 Acyanotic 

2 cyanotic 

Gestation 
1 term 

2 preterm 

Sepsis 
1 Yes 

2 No 

Mode of delivery 
1 NVD 

2 LSCS 

Complexity of lesion 
1 simple 

2 complex 

Presence of residual 
lesion 

1 Yes 

2 No 

wasting 
1 present 

2 absent 

underweight 
1 pressent 

2 absent 

stunting 
1 present 

2 absent 

microcephaly 
1 present 

2 absent 
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severity of shunt 

1 mild 

2 moderate 

3 severe 

4 n/a 

severity of PAH  

1 mild 

2 moderate 

3 severe 

4 No 
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ANNEXURE VI-  

MASTER CHART  
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7 MONTHS 2
FOREHEAD SWEATING DURING 

FEEDING, HURRIED 
BREATHING 

UPPER MIDDLE 
CLASS

PIH 2 1 2 FETAL DISTRESS PRESENT LBW VSD WITH PDA 1 3 2 8 4 2 2 4.4 -4.6 60 -3.15 38 -3.67 -3.34 10.5 6.49 -2.24 68 -1.41 42 -1.66 -2.01 N/A < -3Z < -3Z <-3Z <-3Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 1 2 1 2 SAM MAM MILD PAH NIL
VSD PATCH 

CLOSURE WITH PDA 
LIGATION

5 YEARS 1
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL ASD 1 1 1 13 3 1 2 13.4 -2.06 106 -0.27 48 -1.71 -2.87 13.5 14.8 -1.05 111 0.4 48 -1.81 -2.87 13.5 -3Z TO -2Z -1Z TO 0 -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z 0 TO +1Z -2Z TO -1Z -3Z TO -2Z 1 1 1 2 2 2 2 2 MAM

MODERATE 
WASTING

NIL NIL
ASD DEVICE 

CLOSURE

14 MONTHS 2
FOREHEAD SWEATING DURING 

FEEDING, NOT GAINING 
WEIGHT

LOWER MIDDLE 
CLASS

NIL 2.7 1 1 NIL NIL NIL PDA 1 1 2 8 2 1 2 6.5 -3.12 72 -1.63 43 -1.77 -3.22 12 8.4 -1.47 75 -1.64 45 -0.77 -0.96 12.3 < -3Z < -2Z TO -1Z -2Z TO -1Z <-3Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 1 2 1 2 1 1 2 2 SAM
MODERATE 
STUNTING

NIL NIL
PDA DEVICE 

CLOSURE

17 MONTHS 1
DIAGNOSED SINCE BIRTH- 

ANOMALY SCAN +
UPPER CLASS NIL 3 1 1 NIL PRESENT RESPIRATORY DISTRESS VSD WITH PS 1 3 2 15 4 2 2 7.5 -3.22 75.5 -2.18 46 -0.91 -3.11 12 8 -3.11 81 -1.14 47.5 -0.14 -3.61 12.1 < -3Z -3Z TO -2Z -1Z TO 0 <-3Z <-3Z -2Z TO -1Z -1Z TO 0 <-3Z 1 1 1 1 1 2 2 2 SAM SAM RVH+

POST OP 
SEPSIS+

(CANDIDA 
GLABRATA)

VSD PATCH 
CLOSURE  

WITH 
INTRACARDIAC 

REPAIR

5 MONTHS 1

FOREHEAD SWEATING DURING 
FEEDING, 

RECURRENT CHEST 
INFECTIONS

UPPER LOWER 
CLASS

NIL 2.5 1 2 PREVIOUS LSCS NIL NIL PDA 1 4 2 7 2 1 2 5.8 -2.29 65 -0.43 41 -1.29 -2.85 N/A 8.5 -0.12 72 0.64 43 -0.83 -0.52 N/A -3Z TO -2Z -1Z TO 0 -2Z TO -1Z -3Z TO -2Z -1Z TO 0 0 TO +1Z -1Z TO 0 -1Z TO 0 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL
PDA DEVICE 

CLOSURE

1 YEAR 8M 2 NOT GAINING WEIGHT 
LOWER MIDDLE 

CLASS
DM, HTN 2.4 1 2 FETAL DISTRESS PRESENT HYPOGLYCEMIA, NNH PDA 1 3 2 11 3 1 2 5.6 -5.7 70 -4.22 42 -3.3 -4.47 10 7.5 -3.49 76 -3 43.5 -2.61 -2.54 11.6 < -3Z <-3Z <-3Z <-3Z -3Z <-3Z -3Z TO -2Z -3Z TO -2Z 1 1 1 1 1 1 1 1 SAM MAM NIL NIL PDA LIGATION

7 MONTHS 2
FEEDIND DIFFICULTY, NOT 
GAINING WEIGHT, HURRIED 

BREATHING 

LOWER MIDDLE 
CLASS

NIL 2.2 2 2 TWIN DELIVERY PRESENT HYPOGLYCEMIA VSD 1 3 2 7 3 1 2 3.5 -6.68 56 -4.87 40 -2.15 -3.72 12 6.1 -2.77 66 -2.22 43 -0.91 -2.05 N/A < -3Z <-3Z -3Z TO -2Z <-3Z -3Z TO -2Z -3Z TO -2Z -1Z TO 0 -3Z TO -2Z 1 1 1 1 1 1 1 2 SAM MAM NIL NIL
VSD PATCH 

CLOSURE

11 MONTHS 2
NOT GAINING WEIGHT, 

ABNORMAL PULSATION OF 
CHEST

UPPER LOWER 
CLASS

NIL 2 1 1 NIL PRESENT LBW PDA 1 1 2 9 2 1 2 4.9 -4.97 70 -1.1 41 -2.65 -6.22 12.2 7 -2.47 72 -1.63 44 -1.04 -2.32 12.5 < -3Z -2Z TO -1Z -3Z TO -2Z <-3Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 2 2 1 2 SAM MAM NIL NIL
PDA DEVICE 

CLOSURE

8 MONTHS 1 URTI, NOT GAINING WEGHT
UPPER MIDDLE 

CLASS
NIL 1.7 2 1 TWIN DELIVERY PRESENT LBW VSD 1 3 2 8 3 1 2 5.2 -4.52 67 -1.67 41 -2.84 -5.19 11.8 6.8 -2.95 70 -1.95 42.5 -2.55 -2.71 N/A < -3Z -2Z TO -1Z -3Z TO -2Z <-3Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -3Z TO -2Z 1 1 1 1 2 2 1 1 SAM MAM NIL NIL

VSD PATCH 
CLOSURE

1 YEAR 11M 1
RECURRENT CHEST 

INFECTIONS, HURRIED 
BREATHING

LOWER MIDDLE 
CLASS

NIL 3 1 1 NIL NIL NIL ASD 1 4 2 9 3 1 2 9.3 -2.21 80.5 -1.98 47 -0.83 -1.66 12.5 10.4 -1.63 84 -1.51 48 -0.36 -0.99 13 -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 2 2 1 2 2 2 2 2
MODERATE   

UNDERWEIGHT
NORMAL NIL NIL

ASD DEVICE 
CLOSURE

2 YEARS 5M 1
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 3 1 2 FETAL DISTRESS PRESENT NNH VSD 1 2 1 11 3 1 2 9.4 -2.11 83 -1.32 48 -0.09 -1.99 13 11.3 -1.6 89 -1.25 49 -0.09 -1.26 13.5 -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 2 2 1 2 2 2 2 2

MODERATE   
UNDERWEIGHT

NORMAL NIL NIL
VSD PATCH 

CLOSURE

4 YEAR 11M 1
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL ASD 1 4 2 9 3 1 2 13.7 -2.14 108 -0.31 50 -0.47 -3 12 15.7 -1.1 110 0.39 51 0.2 -1.78 13 -3Z TO -2Z -1Z TO 0 -1Z TO 0  -3Z -1Z TO 0 0 TO +1Z 0 TO +1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL

ASD PATCH 
CLOSURE

1 YEAR 6 M 1 HURRIED BREATHING
UPPER LOWER 

CLASS
NIL 2.5 1 1 NIL NIL NIL ASD 1 1 2 8 3 1 2 6.5 -4.66 73 -3.43 46 -1.03 -4.3 11 8.9 -2.31 77.5 -2.66 48 0.12 -1.42 12.5 < -3Z <-3Z -2Z TO -1Z <-3Z -3Z TO -2Z -3Z TO -2Z 0 TO +1Z -2Z TO -1Z 1 2 1 1 1 1 2 2 SAM

MODERATE 
UNDERWEIGH

T WITH
MODERATE 
STUNTING

NIL NIL
ASD PATCH 

CLOSURE

1 YEAR 5 M 2 URTI, NOT GAINING WEGHT
LOWER MIDDLE 

CLASS
NIL 1.5 1 2 OLIGOHYDRAMNIOS PRESENT LBW VSD 1 2 2 9 3 1 2 5.8 -4.97 69 -4.03 44 -1.62 -3.7 11 8.5 -2.05 79 -1.52 44.5 -1.61 -1.74 12.7 < -3Z <-3Z -2Z TO -1Z <-3Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 2 2 2 SAM

MODERATE 
UNDERWEIGH

T 
NIL NIL

VSD PATCH 
CLOSURE

9 MONTHS 2
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 3.1 1 2 PREVIOUS LSCS NIL NIL VSD 1 2 2 9 2 1 2 6.1 -2.51 67 -1.3 40 -2.86 -2.41 12.3 7.4 -1.58 71 -1.17 42.5 -1.76 -1.39 12.5 -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 1 2 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

6 MONTHS 2 LRTI
UPPER MIDDLE 

CLASS
NIL 4 1 1 NIL NIL NIL PDA 1 4 2 6 2 1 2 6 -1.62 64 -0.76 40 -1.69 -1.49 N/A 6.9 -1.46 68 -0.89 42 -1.37 -1.3 12.5 -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

PDA DEVICE 
CLOSURE

10 MONTHS 2 LRTI
UPPER LOWER 

CLASS
NIL 2.2 1 2 PLACENTA PREVIA PRESENT RDS VSD 1 3 2 10 3 1 2 5.6 -3.52 70 -0.6 43 -0.9 -4.4 11.4 7.7 -1.45 74.5 -0.27 45 -0.13 -1.86 12.5 < -3Z -1Z TO 0 -1Z TO 0 <-3Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 -2Z TO -1Z 1 2 1 2 2 2 2 2 SAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

9 MONTHS 2
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.2 1 1 NIL NIL NIL VSD 1 3 2 9 3 1 1 5 -4.2 63.5 -2.75 41 -2.1 -3.45 11.5 6.9 -2.18 71 -1.17 43 -1.4 -2.21 11.9 < -3Z -3Z TO -2Z -3Z TO -2Z <-3Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 1 2 1 2 SAM MAM

RV 
DYSFUNCT

ION 
NIL

VSD PATCH 
CLOSURE

3 YEARS 2 LRTI
LOWER MIDDLE 

CLASS
NIL 2.6 1 1 NIL NIL NIL ASD 1 1 2 7 2 1 2 9.8 -2.83 89.5 -1.4 46 -1.78 -2.7 12.5 11.3 -1.93 92 -1.29 47 -1.24 -1.58 12.9 -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL

ASD DEVICE 
CLOSURE

11 MONTHS 1 LRTI
UPPER MIDDLE 

CLASS
NIL 2.5 1 2 PROM PRESENT RDS VSD 1 2 2 8 2 1 2 6.5 -3.3 70 -1.91 45 -0.52 -3.32 11.3 7.6 -2.57 74 -1.63 46 -0.45 -2.52 12 < -3Z -2Z TO -1Z -1Z TO 0 <-3Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -3Z TO -2Z 1 1 1 1 2 2 2 2 SAM MAM NIL NIL

VSD PATCH 
CLOSURE

9 MONTHS 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
NIL 2 1 2 OLIGOHYDRAMNIOS PRESENT NNH PDA 1 1 2 6 3 1 2 6.6 -1.8 70.5 0.15 42 -1.3 -2.5 11.1 7.7 -1.24 73 -0.39 43 -1.4 -1.47 12.5 -2Z TO -1Z 0 TO +1Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z 1 2 2 2 2 2 2 2

MODERATE 
WASTING

NORMAL NIL NIL
PDA DEVICE 

CLOSURE

3 YEARS 2 HURRIED BREATHING
LOWER MIDDLE 

CLASS
NIL 2.1 1 2 FETAL DISTRESS NIL NIL TOF WITH VSD 2 4 2 11 4 2 2 7.8 -4.8 81 -3.6 47 -1.07 -3.28 11.5 9.6 -3.31 86.5 -2.69 48 -0.53 -2.2 12.1 < -3Z <-3Z -2Z TO -1Z <-3Z <-3Z -3Z TO -2Z -1Z TO 0 -3Z TO -2Z 1 1 1 1 1 1 2 2 SAM MAM NIL NIL

VSD PATCH 
CLOSURE

1O MONTHS 2 URTI
LOWER MIDDLE 

CLASS
NIL 2.4 1 1 NIL NIL NIL PDA 1 4 2 8 3 1 2 6.1 -2.7 67 -1.8 41.5 -2.03 -2.4 12.4 7.8 -1.34 71 -1.6 42.3 -2.11 -0.78 12.6 -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z -1Z TO 0 1 2 1 2 2 2 1 1 MAM NORMAL NIL NIL PDA LIGATION

4 YEARS 10 M 1 LRTI
LOWER MIDDLE 

CLASS

PRE-
ECLAMPSI

A
2.9 1 1 NIL NIL NIL ASD 1 4 2 7 3 1 2 13.6 -0.18 105 -0.61 50 0.15 -2.2 12.3 15.1 -1.33 108 -0.19 50.5 -0.11 -1.82 12.5 -1Z TO 0 -1Z TO 0 0 T0 +1Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 -2Z TO -1Z 1 2 2 2 2 2 2 2

MODERATE 
WASTING

NORMAL NIL NIL
ASD PATCH 

CLOSURE

5 YEARS 2
CYANOSIS(BLUISH 

DISCOLORATION OF FACE), 
NOT GAINING WEIGHT

LOWER MIDDLE 
CLASS

NIL 3 1 1 NIL NIL NIL TOF WITH VSD 2 4 2 12 4 2 2 14.3 -1.45 110 0.59 49 -0.51 -2.7 12 15.4 -1.04 112 0.78 49.5 -0.23 -2.54 12.3 -2Z TO -1Z 0 TO +1Z -1Z TO 0 -3Z TO -2Z -2Z TO -1Z 0 TO +1Z -1Z TO 0 -3Z TO -2Z 1 2 2 2 2 2 2 2
MODERATE 
WASTING

MODERATE 
WASTING

NIL NIL
VSD PATCH 

CLOSURE

10 MONTHS 1
RECURRENT CHEST 

INFECTIONS
UPPER LOWER 

CLASS
NIL 3.6 1 2 PREVIOUS LSCS NIL NIL TOF+VSD+PDA 2 4 2 13 4 2 2 6.6 -2.97 68 -2.31 43.5 -1.5 -2.37 12.1 8 -1.91 74 -1.2 46 -0.26 -1.86 12.6 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE WITH PDA 

LIGATION

1 YEAR 5M 2
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.5 1 2 PREVIOUS LSCS NIL NIL ASD 1 4 2 7 3 1 2 6.2 -4.15 76 -1.29 45 -0.77 -4.93 11.4 7.8 -2.64 79 -1.23 45.5 -0.78 -2.78 11.8 < -3Z -2Z TO -1Z -1Z TO 0 <-3Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -3Z TO -2Z 1 1 1 1 2 2 2 2 SAM MAM NIL NIL

ASD PATCH 
CLOSURE

10 MONTHS 1 URTI
LOWER MIDDLE 

CLASS
NIL 3 1 1 NIL NIL NIL ASD 1 4 2 8 1 1 2 6.9 -2.58 70 -1.44 44 -1.11 -2.51 12.1 8.3 -1.58 73 -1.62 45 -1.04 -1.11 12.5 -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL

ASD PATCH 
CLOSURE

1 YEAR 1M 1
URTI, CYANOSIS(BLUISH 

DISCOLORATION OF FACE)
LOWER MIDDLE 

CLASS
HYPOTHY
ROIDISM

2.3 2 2 PREVIOUS LSCS PRESENT RDS WITH NNH COA WITH PDA 2 4 2 9 2 2 2 6.5 -3.77 71 -2.44 44 -1.81 -3.64 11.3 7.9 -2.58 74.5 -2.21 44.5 -1.91 -2.16 11.8 < -3Z -3Z TO -2Z -2Z TO -1Z <-3Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 1 1 2 2 SAM MAM NIL NIL PDA LIGATION 

4 YEAR 10 M 2 NOT GAINING WEIGHT
UPPER LOWER 

CLASS
NIL 2.5 1 1 NIL NIL NIL TOF WITH VSD 2 4 2 11 4 2 2 11.7 -2.91 97 -2.13 47 -1.9 -2.25 12.4 13.7 -1.96 100 -1.88 48 -1.32 -1.04 13 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

9 MONTHS 2
INCREASED PRECORDIAL 

ACTIVITY 
LOWER MIDDLE 

CLASS
NIL 3.5 1 2 PREVIOUS LSCS PRESENT NNH VSD 1 2 2 8 3 1 2 6.2 -2.37 65.5 -1.92 42 -1.37 -1.68 13 8.1 -0.82 69 -1.95 43.5 -1.03 -0.09 13.4 -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z -1Z TO 0 2 2 1 2 2 2 2 2

MODERATE 
UNDERWEIGHT

NORMAL NIL NIL
VSD PATCH 

CLOSURE

2 YEARS 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
NIL 2 1 2 TWIN DELIVERY NIL NIL ASD 1 4 2 7 3 1 2 7.6 -3.54 81 -1.68 47 -0.13 -3.61 11.4 9.7 -1.83 83 -1.56 47 -0.42 -1.17 12.5 < -3Z -2Z TO -1Z -1Z TO 0 <-3Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 1 2 1 2 2 2 2 2 SAM NORMAL NIL NIL

ASD PATCH 
CLOSURE

1 YEAR 4M 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
NIL 2.7 1 2 NPL PRESENT RDS VSD WITH ASD 1 1 2 11 4 2 2 7 -2.86 72 -2.36 44 -1.36 -2.32 12.3 8.5 -1.72 76 -1.93 45 -1.02 -1.06 12.8 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

2 YEARS 1M 1 URTI, NOT GAINING WEIGHT 
LOWER MIDDLE 

CLASS
NIL 3 1 1 NIL NIL NIL ASD 1 4 2 7 3 1 2 10.5 -0.88 84 -0.79 47 -0.23 -0.51 14 11.8 -0.79 87.5 -0.88 48 -0.53 -0.33 14 -1Z TO 0 -1Z TO 0 -1Z TO 0 -1Z TO 0 -1Z TO 0 -1Z TO 0 -1Z TO 0 -1Z TO 0 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

ASD PATCH 
CLOSURE

7 MONTHS 2 LRTI LOWER CLASS NIL 2 1 1 NIL PRESENT LBW VSD 1 2 2 7 3 1 2 4.1 -5.28 59 -3.58 38 -3.67 -3.66 11 5.7 -3.36 64 -3.03 40.5 -2.77 -2.09 11.6 < -3Z <-3Z <-3Z <-3Z <-3Z <-3Z -3Z TO -2Z -3Z TO -2Z 1 1 1 1 1 1 1 1 SAM MAM NIL NIL
VSD PATCH 

CLOSURE 

3 YEARS 3M 1 LRTI UPPER CLASS NIL 1.4 1 1 NIL PRESENT VLBW ASD 1 4 2 8 3 1 2 14.5 -0.19 82 -4.17 48 -1.17 3.3 13 14.9 -0.24 86 -3.49 49 -0.61 2.8 13.1 -1Z TO 0 <-3Z -2Z TO -1Z >3Z -1Z TO 0 <-3Z -1Z TO 0 2Z TO 3Z 2 2 2 2 1 1 2 2 SEVERE STUNTING
SEVERE 

STUNTING
NIL NIL

ASD PATCH 
CLOSURE

3 YEARS 1M 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL PDA WITH AS 1 4 2 8 4 2 2 9.8 -2.93 88 -2.01 47 -1.13 -2.34 12.3 11.1 -2.48 91 -1.97 48 -1.22 -1.98 12.6 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 2 2 2 MAM

MODERATE 
UNDERWEIGH

T
NIL NIL

PDA DEVICE 
CLOSURE

BALOON AORTIC 
VALVOTOMY

5 YEARS 2 URTI
UPPER LOWER 

CLASS
NIL 2.9 1 1 NIL NIL NIL PDA 1 4 2 7 2 1 2 15.3 -0.95 103 -0.93 50 0.18 -0.43 14 16 -0.83 104.5 -0.93 50 0.09 -0.26 14 -1Z TO 0 -1Z TO 0 0 TO +1Z -1Z TO 0 -1Z TO 0 -1Z TO 0 0 TO +1Z -1Z TO 0 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

PDA DEVICE 
CLOSURE

3 YEARS 11 M 1 NOT GAINING WEIGHT
UPPER MIDDLE 

CLASS
NIL 2.6 1 1 NIL NIL NIL ASD 1 4 2 9 3 1 2 14.4 -0.92 101 -0.42 48 -1.48 -0.86 12.5 15.1 -0.78 102 -0.57 49 -0.89 -0.49 12.7 -1Z TO 0 -1Z TO 0 -2Z TO -1Z -1Z TO 0 -1Z TO 0 -1Z TO 0 -1Z TO 0 -1Z TO 0 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

ASD DEVICE 
CLOSURE

6 MONTHS 2 HURRIED BREATHING, LRTI
LOWER MIDDLE 

CLASS
NIL 2.6 1 1 NIL NIL NIL VSD WITH ASD 1 4 2 13 4 2 2 5.6 -2.19 60.5 -2.53 41 -0.92 -0.53 N/A 6.5 -1.96 63 -2.96 42.5 -0.99 -0.19 N//A -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -3Z TO -2Z -1Z TO 0 -1Z TO 0 2 2 1 2 1 1 2 2

MODERATE 
UNDERWEIGHT 

WITH
MODERATE 
STUNTING

MODERATE 
STUNTING

NIL NIL

VSD PATCH 
CLOSURE WITH ASD 

PATCH 
CLOSURE

3 YEARS 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL ASD 1 4 2 9 3 1 2 11.5 -1.48 92 -0.81 48 -0.36 -1.38 14.5 13 -1.09 94.5 -0.91 49 -0.73 -0.47 14.5 -2Z TO -1Z -1Z TO 0 -1Z TO 0 -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 -1Z TO 0 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

ASD DEVICE 
CLOSURE

2 MONTHS 1 HURRIED BREATHING
UPPER LOWER 

CLASS
NIL 3.2 1 2 POLYHYDRAMNIOS PRESENT NNH ASD 1 4 2 7 2 1 2 3.5 -3.58 57 -0.71 36.5 -2.24 -4.48 N/A 6.1 -1.85 63 -1.37 40.5 -1.7 -1.3 N/A < -3Z -1Z TO 0 -3Z TO -2Z <-3Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 1 2 SAM NORMAL NIL NIL

ASD DEVICE 
CLOSURE

2 YEARS 2 URTI
LOWER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL VSD 1 3 2 8 3 1 2 7.1 -4.16 76 -3.23 43.5 -2.64 -3.21 11.5 8.9 -2.58 78.5 -2.89 45 -1.84 -1.09 12.5 < -3Z <-3Z -3Z TO -2Z <-3Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 1 1 2 SAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL

5 YEARS 1 URTI
LOWER MIDDLE 

CLASS
NIL 3.5 1 2 NIL NIL NIL ASD 1 4 2 6 2 1 2 15.9 -0.61 107.5 0.17 47 -1.9 -0.99 15 16.5 -0.72 109 -0.09 48 -1.81 -0.97 15 -1Z TO 0 0 TO +1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 -1Z TO 0 -2Z TO -1Z -1Z TO 0 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

ASD PATCH 
CLOSURE

10 MONTHS 2 NOT GAINING WEIGHT, URTI
LOWER MIDDLE 

CLASS
NIL 2.8 1 1 NIL NIL NIL PDA 1 4 2 7 3 1 2 5.1 -4.3 67.5 -1.61 38 -4.63 -4.8 11.3 6.5 -2.91 70.5 -1.79 40 -3.79 -2.78 12.1 < -3Z -2Z TO -1Z <-3Z <-3Z -3Z TO -2Z -2Z TO -1Z <-3Z -3Z TO -2Z 1 1 1 1 2 2 1 1 SAM MAM NIL NIL

3 YEARS 9 M 2
RECURRENT CHEST 

INFECTIONS 
LOWER MIDDLE 

CLASS
NIL 4 1 1 NIL NIL NIL ASD 1 3 2 6 3 1 2 11 -2.68 93.5 -2.01 47 -1.52 -2.24 12.3 12.6 -1.9 95 -1.91 47.5 -1.33 -0.96 12.8 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL

ASD PATCH 
CLOSURE

4 YEARS 2M 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
NIL 1.5 1 2 NPL NIL NIL PDA 1 1 2 7 2 1 2 11.3 -2.84 94 -2.26 47 -1.72 -2.03 12.4 13 -1.95 97 -1.92 48.5 -0.77 -1.02 13 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL

PDA DEVICE 
CLOSURE

3 YEARS 4 M 1 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
PIH, 

ANEMIA
1.4 1 1 NIL PRESENT VLBW ASD 1 1 2 5 3 1 2 9.1 -4.15 86 -3.25 45 -3.38 -3.28 11.5 10.4 -2.98 88.5 -2.72 46 -2.14 -1.75 12.6 < -3Z <-3Z <-3Z <-3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z 1 2 1 1 1 1 1 1 SAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
ASD PATCH 

CLOSURE

4 YEARS 6 M 2 NOT GAINING WEIGHT LOWER CLASS GDM 1.5 1 2 TWIN DELIVERY PRESENT LBW PDA WITH AS 1 4 2 7 4 2 2 11.3 -3.12 96 -2.24 46.5 -2.21 -2.46 12.1 13.4 -1.98 99 -1.9 48 -1.26 -1.08 12.7 < -3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 1 2 1 2 MAM NORMAL NIL NIL

PDA DEVICE 
CLOSURE

BALOON AORTIC 
VALVOTOMY

6 MONTHS 1
RECURRENT CHEST 

INFECTIONS
UPPER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL VSD WITH PDA 1 3 2 9 4 2 2 4.5 -4.99 62 -2.63 41 -1.91 -4.8 N/A 6.4 -2.99 66.5 -2.44 43 -1.59 -2.19 N/A < -3Z <-3Z -2Z TO -1Z <-3Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 1 1 2 2 SAM MAM MILD PAH NIL

VSD PATCH 
CLOSURE WITH PDA 

LIGATION

8 MONTHS 2 URTI
LOWER MIDDLE 

CLASS
NIL 3.5 1 2 PREVIOUS LSCS NIL NIL PDA 1 4 2 7 3 1 2 6.7 -2.28 70 -0.27 43 -1.23 -2.9 12.4 7.7 -1.83 72.5 -0.88 43.5 -1.77 -1.91 13 -3Z TO -2Z -1Z TO 0 -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL PDA LIGATION

2 YEARS 6 M 1
RECURRENT CHEST 

INFECTIONS
LOWER CLASS NIL 3 1 1 NIL NIL NIL TOF WITH VSD 2 1 2 11 4 2 2 9.6 -2.79 85 -2.04 46 -2.11 -2.28 12.4 11 -1.93 87 -1.98 47 -1.57 -1.08 12.8 -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 1 2 1 2 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

8 MONTHS 2
HURRIED BREATHING, NOT 

GAINING WEIGHT
LOWER MIDDLE 

CLASS
GDM 2.8 1 2 NPL PRESENT NNH VSD 1 3 2 9 3 1 2 5.7 -2.79 64 -2.01 40.5 -2.16 -2.79 12.2 7 -1.83 68 -1.89 41.5 -2.28 -1.13 12.7 -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z 1 2 1 2 1 2 1 1 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

3 YEARS 8 M 2
RECURRENT CHEST 

INFECTIONS, HURRIED 
BREATHING

LOWER MIDDLE 
CLASS

NIL 2.3 1 1 NIL NIL NIL PDA WITH AS 1 3 2 10 4 2 2 9.7 -3.65 87 -3.21 46 -2.18 -2.21 12 10.9 -2.91 90 -2.84 47 -1.6 -1.55 12.5 < -3Z <-3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 1 1 2 MAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL PDA LIGATION

5 MONTHS 2 HURRIED BREATHING, LRTI
LOWER MIDDLE 

CLASS
NIL 2.9 1 1 NIL NIL NIL VSD 1 3 2 8 3 1 2 3.5 -5.61 52.5 -5.2 41 -0.36 -1.25 N/A 5.1 -3.75 58.5 -4.33 42.5 -0.65 -0.8 N/A < -3Z <-3Z -1Z TO 0 -2Z TO -1Z <-3Z <-3Z -1Z TO 0 -1Z TO 0 2 2 1 1 1 1 2 2

SEVERE
UNDERWEIGHT 

WITH
SEVERE STUNTING

SEVERE
UNDERWEIGH

T WITH
SEVERE 

STUNTING

NIL NIL
VSD PATCH 

CLOSURE

4 YEAR 1 M 2 HURRIED BREATHING LOWER CLASS NIL 2.2 1 2 TRANSVERSE LIE PRESENT NNH ASD WITH PS 1 1 2 11 4 2 2 11.4 -2.7 95 -1.91 44.5 -3.44 -2.14 12.4 12.9 -1.94 97 -1.8 46 -2.5 -1.11 12.8 -3Z TO -2Z -2Z TO -1Z <-3Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z 1 2 1 2 2 2 1 1 MAM NORMAL NIL NIL
ASD PATCH 

CLOSURE

1 YEAR 4 M 1
RECURRENT CHEST 

INFECTIONS, NOT GAINING 
WEIGHT

UPPER MIDDLE 
CLASS

NIL 2.5 1 2 PREVIOUS LSCS NIL NIL PDA 1 1 2 7 3 1 2 6.5 -3.25 75 -1.29 45 -0.63 -4.06 11.5 7.4 -2.93 76.5 -1.76 46 -0.3 -2.82 11.9 < -3Z -2Z TO -1Z -1Z TO 0 <-3Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -3Z TO -2Z 1 1 1 1 2 2 2 2 SAM MAM NIL NIL PDA LIGATION

4 YEARS 2 URTI
LOWER MIDDLE 

CLASS
NIL 3 1 2 OLIGOHYDRAMNIOS NIL NIL ASD 1 4 2 7 3 1 2 11.8 -2.34 97 -1.33 47.5 -1.29 -2.15 12.4 12.7 -1.99 98.5 -1.35 48 -1.05 -1.6 13 -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL

ASD DEVICE 
CLOSURE

4 YEARS 4M 1
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.9 1 2 PREVIOUS LSCS NIL NIL ASD 1 4 2 8 3 1 2 12 -2.74 96.5 -2.09 48.5 -1.29 -2.2 12.5 12.8 -2.43 99 -1.85 49.5 -0.7 -1.91 12.9 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 1 2 1 1 1 2 2 2 MAM

MODERATE 
UNDERWEIGH

T
NIL NIL

ASD DEVICE 
CLOSURE

2 YEARS 1 URTI
LOWER MIDDLE 

CLASS
HYPOTHY
ROIDISM

2.7 1 2 PREVIOUS LSCS PRESENT CHD WITH RDS
VSD  WITH 
TRICUSPID 
ATRESIA

2 2 2 14 4 2 2 7.5 -4.24 84 -1.25 45 -2.39 -5.32 11.5 9.2 -2.82 85 -1.43 45 -2.62 -2.84 11.8 < -3Z -2Z TO -1Z -3Z TO -2Z <-3Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -3Z TO -2Z 1 1 1 1 2 2 1 1 SAM MAM MILD PAH NIL
VSD PATCH 

CLOSURE

1 YEAR 2 M 1
RECURRENT CHEST 

INFECTIONS, NOT GAINING 
WEIGHT

LOWER MIDDLE 
CLASS

NIL 2 1 2 OLIGOHYDRAMNIOS NIL NIL ASD 1 2 2 17 3 1 2 5.7 -5.14 65 -5.27 44 -1.99 -3.08 11.2 6.8 -4.09 69 -4.64 45 -1.66 -2.35 11.6 < -3Z <-3Z -2Z TO -1Z <-3Z <-3Z <-3Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 1 1 2 2 SAM MAM NIL SEPSIS +- ECOLI ASD PATCH COSURE

1 YEAR 4M 2
RECURRENT CHEST 

INFECTIONS, NOT GAINING 
WEIGHT

LOWER CLASS NIL 2.7 1 1 NIL NIL NIL VSD 1 2 2 9 3 1 2 7.2 -2.62 75 -1.29 45 -0.63 -2.79 12.5 8.4 -1.82 77 -1.59 46 -0.3 -1.42 12.8 -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL
VSD PATCH 

CLOSURE

2 YEARS 5M 1
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 3 1 2 CPD NIL NIL VSD 1 4 2 8 2 1 2 8.7 -3.53 81.5 -2.89 46.5 -1.68 -2.63 12.4 9.8 -2.81 84 -2.67 47.5 -1.16 -1.74 13 < -3Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 1 2 2 MAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
VSD PATCH 

CLOSURE

4 YEARS 11M 2
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2 1 1 NIL NIL NIL ASD 1 4 2 8 3 1 2 10.7 -3.7 93.5 -2.9 50 0.18 -2.57 12.5 12.6 -2.6 96 -2.73 50 0.09 -1.17 12.7 < -3Z -3Z TO -2Z 0 TO +1Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z 0 TO +1Z -2Z TO -1Z 1 2 1 1 1 1 2 2 MAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
ASD DEVICE 

CLOSURE

3 YEARS 1
RECURRENT CHEST 

INFECTIONS 
LOWER CLASS NIL 2.5 1 1 NIL NIL NIL ASD 1 4 2 9 3 1 2 11.8 -1.62 89.5 -1.78 48 -1.03 -0.83 12.8 12.7 -1.28 92 -1.56 48.5 -0.82 -0.48 13 -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

ASD DEVICE 
CLOSURE

4 YEARS 1M 2 NOT GAINING WEIGHT
UPPER MIDDLE 

CLASS
HYPOTEN

SION
4 1 1 NIL NIL NIL PDA 1 3 2 6 3 1 2 13.5 -1.37 97 -1.45 49 -0.98 -0.59 14 14.2 -1.22 99 -1.36 49 -0.38 -0.42 14 -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL PDA LIGATION

4 YEARS 2 URTI
LOWER MIDDLE 

CLASS
NIL 3.5 1 2

FETAL DISTRESS- 
MSL

NIL NIL VSD 1 4 2 9 3 1 2 10.1 -3.62 93 -2.26 48 -0.94 -3.17 11.5 11.6 -2.7 95 -2.14 48.5 -0.7 -1.93 12.5 < -3Z -3Z TO -2Z -1Z TO 0 <-3Z -3Z TO -2Z -3Z TO -2Z -1Z TO 0 -2Z TO -1Z 1 2 1 1 1 1 2 2 SAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
VSD PATCH 

CLOSURE

2 YEARS 7M 1
RECURRENT CHEST 

INFECTIONS
UPPER MIDDLE 

CLASS
NIL 3 1 1 NIL NIL NIL ASD 1 4 2 9 3 1 2 9.4 -3.07 88 -1.35 46.5 -1.81 -3.42 11.4 11.2 -1.87 89 -1.59 47 -1.63 -1.37 12.5 < -3Z -2Z TO -1Z -2Z TO -1Z <-3Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 SAM NORMAL NIL NIL

ASD DEVICE 
CLOSURE
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4 YEARS 9M 1
RECURRENT CHEST 

INFECTIONS
LOWER CLASS NIL 3 1 1 NIL NIL NIL ASD 1 4 2 6 3 1 2 11 -3.71 98 -2.18 46 -3.08 -3.71 11.1 12.3 -2.99 99.5 -2.16 46.5 -2.81 -2.54 11.9 < -3Z -3Z TO -2Z <-3Z <-3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z 1 1 1 1 1 1 1 1 SAM MAM NIL NIL

ASD PATCH 
CLOSURE

4 YEARS 11M 1
RECURRENT CHEST 

INFECTIONS
LOWER CLASS NIL 2.5 1 1 NIL NIL NIL VSD 1 4 2 8 2 1 2 13 -2.37 104 -0.84 47 -2.41 -2.82 12.4 14.4 -1.76 106 -0.74 48 -1.81 -1.96 13.1 -3Z TO -2Z -1Z TO 0 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 1 2 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

5 YEARS 2 URTI
LOWER MIDDLE 

CLASS
NIL 3.3 1 1 NIL NIL NIL VSD 1 3 2 10 3 1 2 11.4 -3.19 98 -2.01 46 -2.63 -2.78 12.2 12.8 -2.47 100 -1.88 47 -2.02 -1.82 12.8 < -3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z 1 2 1 1 1 2 1 1 MAM

MODERATE 
UNDERWEIGH

T
NIL NIL

VSD PATCH 
CLOSURE

6 MONTHS 2
RECURRENT CHEST 

INFECTION5
LOWER MIDDLE 

CLASS
NIL 2.6 1 1 NIL NIL NIL VSD 1 4 1 16 2 1 2 4.4 -4.23 60.5 -2.31 38 -3.22 -3.61 N/A 5.2 -3.89 65 -2.13 40 -2.86 -3.59 N/A < -3Z -3Z TO -2Z <-3Z <-3Z <-3Z -3Z TO -2Z -3Z TO -2Z <-3Z 1 1 1 1 1 1 1 1 SAM SAM NIL NIL

VSD PATCH 
CLOSURE

2 YEARS 6 M 2
RECURRENT CHEST 

INFECTIONS, NOT GAINING 
WEIGHT 

UPPER MIDDLE 
CLASS

NIL 2.9 1 2 OLIGOHYDRAMNIOS PRESENT RDS VSD 1 1 2 9 2 1 2 9.9 -2.06 88 -0.76 48 0.05 -2.22 12.4 11 -1.53 91 -0.52 48.5 0.18 -1.68 13.2 -3Z TO -2Z -2Z TO -1Z 0 TO +1Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 0 TO +1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL
VSD PATCH 

CLOSURE

5 MONTHS 1
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.6 1 1 NIL NIL NIL VSD 1 3 2 8 3 1 2 3.6 -6.31 56 -4.69 37 -4.6 -3.64 N/A 5.2 -4.52 61 -4.35 40 -3.64 -2.31 N/A < -3Z <-3Z <-3Z <-3Z <-3Z <-3Z <-3Z -3Z TO -2Z 1 1 1 1 1 1 1 1 SAM MAM NIL NIL

VSD PATCH 
CLOSURE

5 YEARS 2 URTI
LOWER MIDDLE 

CLASS
NIL 3 1 1 NIL NIL NIL PDA 1 1 2 8 2 1 2 11.9 -2.78 97 -2.13 50 0.21 -2.05 12.3 13.7 -1.96 99.5 -1.99 50 0.09 -0.93 12.6 -3Z TO -2Z -3Z TO -2Z 0 TO +1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 0 TO +1Z -1Z TO 0 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL

PDA DEVICE 
CLOSURE

4 YEARS 11M 2
RECURRENT CHEST 

INFECTIONS
UPPER MIDDLE 

CLASS
NIL 3.8 1 2 LGA PRESENT NNH ASD 1 4 2 8 3 1 2 17.4 -0.25 114 1.08 52 1.49 -1.62 13 18 -0.02 115 1.29 52 1.49 -1.47 13.3 -1Z TO 0 0 TO +1Z 0 TO +1Z -2Z TO -1Z -1Z TO 0 0 TO +1Z 0 TO +1Z -2Z TO -1Z 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

ASD DEVICE 
CLOSURE

1 YEAR 3 M 2 URTI
LOWER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL PDA 1 3 2 6 3 1 2 4.8 -6.13 67 -3.84 44 -1.21 -5.41 11 6.4 -4.06 70 -3.69 44.5 -1.26 -2.81 11.5 < -3Z <-3Z -2Z TO -1Z <-3Z <-3Z <-3Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 1 1 2 2 SAM MAM NIL NIL PDA LIGATION

4 YEARS 2 URTI, NOT GAINING WEIGHT LOWER CLASS NIL 2.4 1 1 NIL NIL NIL VSD 1 3 1 14 3 1 2 8.7 -4.91 86 -3.88 47 -1.64 -3.28 10.8 9.3 -4.54 88.5 -3.61 48 -1.05 -3.11 11.1 < -3Z <-3Z -2Z TO -1Z <-3Z <-3Z <-3Z -2Z TO -1Z <-3Z 1 1 1 1 1 1 2 2 SAM SAM NIL SEPSIS+ - ECOLI 
VSD PATCH 

CLOSURE

2 YEARS 2 NOT GAINING WEIGHT 
LOWER MIDDLE 

CLASS
NIL 2.5 1 1 NIL NIL NIL ASD 1 4 2 10 3 1 2 7.1 -4.16 75.5 -3.38 46 -0.85 -3.08 11.9 8.4 -3.1 77 -3.34 46.5 -0.77 -1.42 12.5 < -3Z <-3Z -1Z TO 0 <-3Z <-3Z <-3Z -1Z TO 0 -2Z TO -1Z 1 2 1 2 1 2 2 2 SAM

SEVERE
UNDERWEIGH

T WITH
SEVERE 

STUNTING

NIL NIL
ASD PATCH 

CLOSURE

7 MONTHS 2
RECURRENT CHEST 

INFECTIONS, NOT GAINING 
WEIGHT

LOWER CLASS NIL 3.5 1 1 NIL NIL NIL PDA 1 2 2 6 3 1 2 5.1 -3.39 62 -2.28 41 -1.39 -2.55 12.2 6.8 -1.84 67 -1.82 43 -0.91 -1.14 12.7 < -3Z -3Z TO -2Z -2Z TO -1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL PDA LIGATION

1 YEAR 2M 2
INCREASED PRECORDIAL 

ACTIVITY 
UPPER MIDDLE 

CLASS
NIL 2.5 1 2 NPL NIL NIL PDA 1 4 2 7 3 1 2 6.3 -3.42 71.5 -1.82 43 -1.77 -3.46 11.3 7.4 -2.56 75 -1.64 44 -1.49 -2.45 12.1 < -3Z -2Z TO -1Z -2Z TO -1Z <-3Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -3Z TO -2Z 1 1 1 1 2 2 2 2 SAM MAM NIL NIL

PDA DEVICE 
CLOSURE

9 MONTHS 1
RECURRENT CHEST 

INFECTIONS
UPPER MIDDLE 

CLASS
NIL 2.8 1 1 NIL NIL NIL VSD 1 1 2 8 3 1 2 6.1 -3.41 69 -1.32 41 -3.18 -3.79 11.5 8 -1.13 73 -0.84 42.5 -1.96 -1.03 12.5 < -3Z -2Z TO -1Z <-3Z <-3Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z -2Z TO -1Z 1 2 1 2 2 2 1 2 SAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

1 YEAR 9M 2
NOT GAINING WEIGHT, 

RECURRENT CHEST 
INFECTIONS

LOWER MIDDLE 
CLASS

NIL 2.8 1 1 NIL NIL NIL PDA 1 4 2 7 2 1 2 7.2 -3.53 77 -2.17 44 -1.97 -3.28 11.1 8.8 -2.54 79 -2.54 45 -1.75 -1.34 12.7 < -3Z -3Z TO -2Z -2Z TO -1Z <-3Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 1 2 2 SAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL PDA LIGATION

3 YEARS 4M 1
RECURRENT CHEST 

INFECTIONS
UPPER LOWER 

CLASS
NIL 2.5 1 1 NIL NIL NIL ASD 1 4 2 8 2 1 2 8.9 -4.34 85 -3.51 46 -2.61 -3.24 11.3 10.4 -2.98 87.5 -2.97 46.5 -1.78 -1.5 12.6 < -3Z <-3Z -3Z TO -2Z <-3Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 1 1 2 SAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
ASD PATCH 

CLOSURE 

4 YEARS 11M 1 URTI
LOWER MIDDLE 

CLASS
NIL 3.5 1 2 FETAL DISTRESS NIL NIL PDA 1 1 2 6 2 1 2 13 -2.37 102 -1.29 51 0.28 -2.38 12.4 14 -1.98 103 -1.4 51 0.2 -1.65 13.2 -3Z TO -2Z -2Z TO -1Z 0 TO +1Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 0 TO +1Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL PDA LIGATION

1 YEAR 1M 1
FOREHEAD SWEATING WHILE 

FEEDING, NOT GAINING 
WEIGHT

LOWER MIDDLE 
CLASS

NIL 3.9 1 2 PREVIOUS LSCS NIL NIL VSD 1 2 2 9 3 1 2 8 -1.91 72 -2.03 47 0.51 -1.27 13 9.1 -1.31 75.5 -1.82 47.5 0.37 -0.66 13.6 -2Z TO -1Z -3Z TO -2Z 0 TO +1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 0 TO +1Z -1Z TO 0 2 2 2 2 1 1 2 2
MODERATE 
STUNTING

NORMAL NIL NIL
VSD PATCH 

CLOSURE

8 MONTHS 2
LOOSE STOOLS, NOT GAINING 

WEIGHT
LOWER MIDDLE 

CLASS
NIL 3.2 1 2 NPL NIL NIL VSD WITH PDA 1 3 2 11 4 2 2 5.1 -3.75 68 -0.32 44 0.48 -4.98 11.3 6.7 -2.2 71 -0.7 45.5 0.68 -2.56 11.8 < -3Z -1Z TO 0 0 TO +1Z <-3Z -3Z TO -2Z -1Z TO 0 0 TO +1Z -3Z TO -2Z 1 1 1 1 2 2 2 2 SAM MAM NIL NIL

VSD PATCH 
CLOSURE

11 MONTHS 1 HURRIED BREATHING
UPPER LOWER 

CLASS
NIL 3.5 1 1 NIL NIL NIL PDA 1 2 2 9 2 1 2 6.9 -2.81 69.5 -2.16 43 -2.16 -2.34 12.1 8.2 -1.88 73.5 -1.84 44 -1.99 -1.41 12.6 -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 1 2 1 2 1 2 1 2 MAM NORMAL NIL NIL

PDA DEVICE 
CLOSURE

4 YEARS 1
FOREHEAD SWEATING WHILE 

FEEDING, CYANOSIS 
LOWER MIDDLE 

CLASS
NIL 3 1 1 NIL NIL NIL VSD WITH TGA 2 3 2 14 4 2 2 10.8 -3.33 90.5 -3.06 47 -2.2 -2.22 12.5 11.9 -2.74 94 -2.56 48 -1.6 -1.76 12.8 <-3Z <-3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 1 2 1 1 1 1 1 2 MAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
VSD PATCH 

CLOSURE

4 YEARS 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
PIH 3.5 1 2 PIH NIL NIL ASD 1 4 2 10 3 1 2 10.7 -3.14 92 -2.49 48 -0.94 -2.24 12.4 13 -1.81 96 -1.92 48 -1.05 -0.81 13 <-3Z -3Z TO -2Z -1Z TO 0 -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -1Z TO 0 -1Z TO 0 1 2 1 2 1 2 2 2 MAM NORMAL NIL NIL

PATCH CLOSURE OF 
ASD 

6 MONTHS 1
FOREHEAD SWEATING WHILE 

FEEDING, NOT GAINING 
WEIGHT

LOWER MIDDLE 
CLASS

NIL 3.2 1 1 NIL NIL NIL VSD 1 3 2 10 3 1 2 4.9 -4.27 67.5 -0.06 42 -1.09 -6.25 N/A 6.5 -2.44 70 -0.88 44 -0.8 -2.7 N/A <-3Z -1Z TO 0 -2Z TO -1Z <-3Z -3Z TO -2Z -1Z TO 0 -1Z TO 0 -3Z TO -2Z 1 1 1 1 2 2 2 2 SAM MAM NIL NIL
VSD PATCH 

CLOSURE

2 MONTHS 1 HURRIED BREATHING
UPPER MIDDLE 

CLASS
NIL 2 1 2 FETAL DISTRESS PRESENT RDS + LBW

TAPVC WITH 
ASD

2 3 2 13 3 2 2 4.4 -1.86 56 -1.26 37 -1.82 -1.12 N/A 6.2 -1.71 63.5 -1.14 41 -1.29 -1.33 N/A -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL
ASD PATCH 

CLOSURE

4 YEARS 2 NOT GAINING WEIGHT
LOWER MIDDLE 

CLASS
NIL 2.4 1 1 NIL NIL NIL ASD 1 4 2 7 3 1 2 11.1 -2.84 94 -2.03 48 -0.94 -2.24 12.2 12.3 -2.24 96 -1.92 48.5 -0.7 -1.45 12.6 -3Z TO -2Z -3Z TO -2Z -1Z TO 0 -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -1Z TO 0 -2Z TO -1Z 1 2 1 1 1 2 2 2 MAM

MODERATE 
UNDERWEIGH

T
NIL NIL

DIRECT CLOSURE OF 
ASD 

7 MONTHS 1
RECURRENT CHEST 

INFECTIONS, NOT GAINING 
WEIGHT

LOWER MIDDLE 
CLASS

NIL 1.9 1 2 OLIGOHYDRAMNIOS PRESENT LBW
TAPVC WITH 

ASD
2 3 2 13 4 2 2 5.7 -2.44 63 -1.85 41 -1.39 -1.68 13 7.4 -1.95 69.5 -1.65 43.5 -1.5 -1.44 13 -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 2 2 1 2 2 2 2 2

MODERATE 
UNDERWEIGHT

NORMAL NIL NIL
ASD PATCH 

CLOSURE

4 MONTHS 2 NOT GAINING WEIGHT
UPPER LOWER 

CLASS
NIL 2.8 1 2

FETUS HAVING 
CARDIAC ANOMALY

PRESENT RDS VSD 1 3 2 8 3 1 2 3.9 -4.03 61 -0.5 36 -3.62 -5.4 N/A 5.7 -2.44 65 -0.99 39 -2.91 -2.48 N/A <-3Z -1Z TO 0 <-3Z <-3Z -3Z TO -2Z -1Z TO 0 -3Z TO -2Z -3Z TO -2Z 1 1 1 1 2 2 1 1 SAM MAM NIL NIL
VSD PATCH 

CLOSURE

3 YEARS 2
URTI, CYANOSIS(BLUISH 

DISCOLORATION OF FACE)
LOWER MIDDLE 

CLASS
NIL 3.1 1 2 PRECLAMPSIA NIL NIL TOF WITH VSD 2 3 2 11 4 2 2 9.9 -2.74 88 -1.85 51 1.76 -2.22 12.4 11.3 -1.93 90 -1.8 51 1.59 -1.13 13.1 -3Z TO -2Z -2Z TO -1Z 0 TO +2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z 0 TO +2Z -2Z TO -1Z 1 2 1 2 2 2 2 2 MAM NORMAL NIL NIL

VSD PATCH 
CLOSURE

3 YEARS 2
RECURRENT CHEST 

INFECTIONS
UPPER MIDDLE 

CLASS
NIL 2.7 1 2 PLACENTA PREVIA NIL NIL VSD 1 1 2 9 2 1 2 12.2 -1 95.5 0.12 48 -0.36 -1.44 13 13 -0.8 97.5 0.1 48.5 -0.18 -1.12 13 -1Z TO 0 0 TO +1Z -1Z TO 0 -2Z TO -1Z -1Z TO 0 0 TO +1Z -1Z TO 0 -2Z TO -1Z 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

VSD PATCH 
CLOSURE

5 YEARS 2 URTI
UPPER LOWER 

CLASS
NIL 3 1 1 NIL NIL NIL ASD 1 4 2 7 2 1 2 16.6 -0.37 102 -1.14 49 -0.52 0.67 13 17.2 -0.33 103 -1.25 49 -0.62 0.84 13.3 -1Z TO 0 -2Z TO -1Z -1Z TO 0 0 TO +1Z -1Z TO 0 -2Z TO -1Z -1Z TO 0 0 TO +1Z 2 2 2 2 2 2 2 2 NORMAL NORMAL NIL NIL

ASD PATCH 
CLOSURE

2 YEARS 5M 2
NOT GAINING WEIGHT, 

RECURRENT CHEST 
INFECTIONS

UPPER MIDDLE 
CLASS

NIL 2.5 1 1 NIL NIL NIL VSD 1 3 2 10 3 1 2 7.9 -3.93 79.5 -2.99 43 -3.43 -2.74 12.5 9.3 -2.85 82.5 -2.67 45 -2.23 -1.53 12.8 <-3Z -3Z TO -2Z <-3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z 1 2 1 1 1 1 1 1 MAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
VSD PATCH 

CLOSURE

1 YEAR 1
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.3 1 1 NIL PRESENT RDS + LBW

VSD WITH PS 
WITH 

PULMONARY 
ATRESIA

2 3 2 10 4 2 2 6.6 -4.36 76 -1.99 46 -0.91 -4.97 11.2 8.2 -2.07 77 -0.85 46.5 -0.23 -2.21 11.9 <-3Z -2Z TO -1Z -1Z TO 0 <-3Z -3Z TO -2Z -1Z TO 0 -1Z TO 0 -3Z TO -2Z 1 1 1 1 2 2 2 2 SAM MAM NIL NIL
VSD PATCH 

CLOSURE

2 MONTHS 2 HURRIED BREATHING
UPPER LOWER 

CLASS
NIL 3.4 1 2 FETAL DISTRESS PRESENT RDS VSD 1 3 2 9 3 1 2 4.5 -3.51 59 -2.27 41 -0.36 -2.53 N/A 6.3 -2.83 65 -2.54 43.5 -0.83 -1.78 N/A <-3Z -3Z TO -2Z -1Z TO 0 -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -1Z TO 0 -2Z TO -1Z 2 1 1 2 1 1 2 2 MAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
VSD PATCH 

CLOSURE

 1 YEAR 6 M 1
RECURRENT CHEST 

INFECTIONS, NOT GAINING 
WEIGHT

LOWER MIDDLE 
CLASS

NIL 3.1 1 2 NPL NIL NIL ASD 1 1 2 8 3 1 2 6.9 -4.12 73 -3.43 44.5 -2.16 -3.5 11.4 8.4 -2.83 77.5 -2.66 44 -2.86 -2.15 11.7 <-3Z <-3Z -3Z TO -2Z <-3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z 2 1 1 1 1 1 1 1 SAM MAM NIL NIL
ASD PATCH 

CLOSURE

7 MONTHS 1
HURRIED BREATHING, FEVER, 

LRTI
UPPER MIDDLE 

CLASS
NIL 2.8 1 2

NPL/ 2 STAGE 
ARREST

PRESENT RDS + FEEDING DIFFICULTY PDA 1 2 2 14 3 1 2 5.5 -3.68 67 -1 39 -4.04 -4.42 11.5 7.3 -2.07 71 -1 41.5 -3.08 -2.12 <-3Z -2Z TO 0 <-3Z <-3Z -3Z TO -2Z -1Z TO 0 -3Z TO -2Z -3Z TO -2Z 2 1 1 1 2 2 1 1 SAM MAM NIL NIL PDA LIGATION

2 YEARS 8M 2
RECURRENT CHEST 

INFECTIONS
LOWER MIDDLE 

CLASS
NIL 2.8 1 2 PREVIOUS LSCS NIL NIL PDA 1 1 2 9 2 1 2 9.8 -2.81 86 -2.1 46 -2.23 -2.29 12 11.2 -1.6 87.5 -1.82 47 -1.01 -0.64 -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z -2Z TO -1Z 2 2 1 2 1 2 1 2 MAM NORMAL NIL NIL

PDA DEVICE 
CLOSURE

2 YEARS 1M 2
NOT GAINING WEIGHT, 

RECURRENT CHEST 
INFECTIONS

UPPER LOWER 
CLASS

NIL 2 2 1 NIL NIL NIL VSD 1 2 2 7 3 1 2 7.1 -4.85 75 -4.16 43 -3.93 -3.7 11.3 8.7 -2.93 79.5 -2.8 44.5 -2.28 -1.59 12 <-3Z <-3Z <-3Z <-3Z -3Z TO -2Z -3Z TO -2Z -3Z TO -2Z -2Z TO -1Z 2 2 1 1 1 1 1 1 SAM

MODERATE 
UNDERWEIGH

T 
WITH 

STUNTING

NIL NIL
VSD PATCH 

CLOSURE

TOTAL SAMPLES 116
SAMPLE INCLUDED 105

LOST TO FOLLOW UP 9

DEATH POST-OP 2
SEPSIS 3


