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ABSTRACT 

 
Congenital heart disease (CHD) is the most common birth defect in the United 

States. Infants with CHD are known to have a high incidence of feeding challenges 

which compromise nutritional intake and contribute to compromised growth. 

Historically, it was recommended that infants with CHD be bottle fed, because 

breastfeeding was considered too physiologically laborious. Research demonstrated 

otherwise, and this, paired with the known nutritional benefits of breastfeeding has led 

to the recommendation that infants with CHD be breastfed/receive breast milk (BM). 

There is lack of data on the course of breastfeeding/feeding BM in this population in 

the first year of life and its effects, if any, on growth outcomes. The data presented 

herein are part of an on-going, observational study of breastfeeding in infants with 

CHD. A total of 46 infants have been enrolled and completed visits through 4 months 

of age. With respect to exclusivity and duration of breastfeeding/feeding BM, at two 

weeks of age, the majority of infants were fed BM exclusively (N=29, 63%), 11 

infants (23.9%) were fed a mix of BM and formula, and six infants (13.0%) were fed 

formula exclusively. By four months of age, the number of infants receiving 

exclusively BM decreased to 14 (31.1%), six infants (13.3%) were fed BM fortified 

with powder formula, 16 infants (35.6%) received a mix of BM and formula, and nine 

infants (20.0%) were fed formula only. With respect to the within subject 

breastfeeding/feeding BM pattern over time, we identified three feeding patterns: 
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“principally BM” for infants who received BM as the only source of nutrition for first 

four months of life, “BM/Mix” for infants that received breast milk from birth up to 1 

month of age, then changed to a mix of breast milk and formula for the next three 

months”, and “BM/Mix/Formula” to define infants who received breast milk at birth, 

then a mix of breast milk and formula, and then exclusive formula feeding for the next 

three months of life. We next examined the influence of these feeding pattern on 

trajectories of Z-scores over the first four months of life. We found no significant 

group × time interactions in weight for age Z-scores (WAZ; p=0.385), length for age 

Z-scores (LAZ; p=0.755), or height for age Z-scores (HCZ; p=0.918), indicating these 

growth trajectories did not differ over time by feeding group/pattern. There was 

however a significant group × time interaction for WLZ (p=0.035); infants in the 

principally BM feeding pattern tended to be leaner at four months compared to those 

in the BM/Mix and BM/Mix/Formula categories. The data presented in this thesis are 

from an interim analysis, all data analyses will be repeated when the study is complete 

(n=75 infants).  
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Chapter 1 

INTRODUCTION 

Congenital heart disease (CHD) is defined as a cluster of diseases 

characterized by structural heart issues that occur during fetal development and are 

often diagnosed in utero.1  CHD is the most common birth defect in the United States, 

affecting 1% of live births or 40,000 infants each year.1,2 Both genetic and 

environmental factors are thought to play a role in CHD. 

The mortality rate for infants with CHD in 2006 was 37.7%, making CHD the 

leading cause of infant mortality in the United States.3,4 Fortunately, survival rates for 

infants with CHD have improved, with the mortality rate declining 17.3% between 

1999 and 2006.3 Race and ethnicity differences exist, with higher mortality rates seen 

in the non-Hispanic black population as compared with non-Hispanic white population 

of infants with CHD.3  Respiratory distress is common in infants with CHD, which 

can lead to both feeding and growth issues during infancy.2  The majority of infants, 

when treated with medical therapies or surgical intervention, can live a productive 

adult life.1  

 Feeding issues are common to infants with CHD, and mothers have reported 

difficulties such as choking, swallowing, and suckling among others.5  As a result, 

nutritional intake is often decreased, leading to short and long-term growth challenges 
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in this population.6,7 Poor growth, an indirect indicator of malnutrition, has been found 

to be related to increased length of hospital stay and increased incidence of mortality.8 

Long term malnutrition is of concern as it can affect neurodevelopmental outcomes.9 

Breastfeeding is the current recommendation of feeding for all infants, but further 

evidence is necessary to determine the relationship between breastfeeding and growth 

in infants with CHD. 
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Chapter 2 

REVIEW OF LITERATURE 

2.1 Types of CHD 
 

Congenital heart defects disrupt the normal circulatory pattern of the heart. In a 

healthy heart, deoxygenated blood from the body enters the right side of the heart 

through the vena cava veins. The blood then moves through the right atrium and 

through the tricuspid valve to the right ventricle. Next it flows through the pulmonary 

valve to the pulmonary artery, and on to the lungs. Once oxygenated in the lungs, the 

newly oxygenated blood passes from the lungs to the left side of the heart, where the 

blood travels through the pulmonary vein into the left atrium, through the mitral valve, 

then to the left ventricle. From the left ventricle blood then goes through the aortic 

valve, to the aorta, and finally back to the body where it delivers the oxygenated 

blood.10  

In a heart with a congenital defect, this circulatory pattern is interrupted at one 

or more points in this pathway. There are at least 18 different recognized congenital 

heart defects, as well as variations of these defects, which range in severity and 

surgical requirements.11 Each defect can be classified as either cyanotic or acyanotic.1 

Cyanotic heart defects are characterized by the bluish discoloration of an infant’s skin, 

indicating a low blood oxygen concentration.1  Cyanotic and acyanotic congenital 
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heart defect classifications also differ in that infants with cyanotic heart defect have 

been found to have significant delays in feeding readiness as compared to infants with 

acyanotic heart defects.5,11 Common cyanotic heart defects include hypoplastic left 

heart syndrome, tetralogy of fallot, and transposition of the great arteries. Common 

acyanotic heart defects include atrial septal defect, ventricular septal defect, and patent 

ductus arteriosus. 

2.1.1 Cyanotic Defects 

2.1.1.1 Hypoplastic Left Heart Syndrome 

Hypoplastic left heart syndrome (HLHS) is a defect where the left-heart 

structures are underdeveloped; HLHS often includes the left ventricle, aortic valve, 

and mitral valve.2,11 The underdeveloped left heart causes a disruption in pattern of 

blood flow of oxygenated blood returning to the heart from the lungs, or from the left 

ventricle to the aorta.2 Immediate surgical intervention or a heart transplant is 

necessary for infants with HLHS.11   

2.1.1.2 Tetralogy of Fallot 

Tetralogy of fallot (TOF) is a defect consisting of four structural abnormalities 

that result in limited blood flow to the lungs of varying degrees. These four 

abnormalities include ventricular septal defect (a hole between the left and right 

ventricles), pulmonary stenosis ( a heart valve that may not open, which causes blood 

to flow out of the heart and into the lungs) right ventricular hypertrophy (thickened 
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walls of the right ventricle), and a hypertrophic aortic valve that leads to both right and 

left ventricles, unlike only the left ventricle such as in a healthy heart.1 For this reason, 

infants with TOF were historically called “blue babies”. TOF requires surgical 

intervention very early after delivery.2  

2.1.1.3 Transposition of the Great Arteries 

Transposition of the great arteries (TGA) is a defect in which the right 

ventricle and the aorta are in switched places from a normal heart, causing blood to 

flow in two different and separate circulation loops.11 With TGA, oxygenated blood 

from the lungs is continuously pumped through the left atrium to the left ventricle, and 

then back to the lungs; oxygenated blood is never pumped out to the body. As such the 

infant’s blood quickly becomes under-oxygenated. TGA requires immediate surgical 

intervention.2   

2.1.2 Acyanotic Defects 

2.1.2.1 Atrial Septal Defect 

Atrial septal defect (ASD) occurs when there is a hole in the heart between the 

atria, also known as the interatrial septum. This hole leads to a blood volume overload 

on the right side of the heart. ASD if very small can be treated medically, or if 

moderate to large, is treated with surgical repair.11  
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2.1.2.2 Ventricular Septal Defect 

Ventricular septal defect (VSD) consists of a hole in the heart between the 

lower right and lower left ventricles, also known as the interventricular septum.11 

Oxygenated and deoxygenated blood are able to mix, which leads to a blood volume 

overload on the left side of the heart. Depending on the size of the hole, medication or 

surgical repair may be necessary for infants with VSD.2  

2.1.2.3 Patent Ductus Arteriosus 

Patent ductus arteriosus is the sixth most common congenital heart defect. This 

defect occurs when the duct between the pulmonary artery and the aorta (the ductus 

arteriosus) does not close properly after birth.2 Oxygenated and deoxygenated blood 

are able to mix, which increases the volume of blood the heart and lungs need to 

pump.2 In some cases the duct closes on its own, but surgical intervention may be 

necessary.11  

2.2 Growth of Infants with CHD  
 

Infants with CHD often have difficulty with growth.12-14 Issues with weight 

start early. The incidence of very low birth weight (VLBW) is 18% in infants with 

CHD as compared to 8% in the general population.15 Weight gain and growth issues 

continue throughout the first year of life. A study of 89 infants, 1-45 months of age 

with cyanotic and acyanotic CHD found 58 of the 89 subjects (56%) were below the 

fifth percentile for weight.16 Another study of children with CHD ranging in age from 
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1 day to 4 years old reported that nearly 52% had a weight below the growth chart 3rd 

percentile and 37% had a length/height below the 3rd percentile.17 In a more recent 

study of three-month old infants with CHD, postoperative weight for age (WAZ) and 

length for age (LAZ) Z-scores were -1.1 ± 1.1 and -0.7±1.1 indicating that as a group 

these infants weighed less and were shorter than their healthy counterparts.12  And 

another study of infants less than one year of age with congenital heart defects also 

found mean WAZ scores ranging from -1.15 to -0.24, and mean LAZ scores ranging 

from -1.17 to -0.12.18  

The type of heart defect may impact growth as well; infants with a cyanotic 

heart defect with pulmonary hypertension have been shown to be more prone to 

malnutrition and growth failure than infants with other congenital heart defects.16 

Importantly, poor growth is related to outcomes, a matched control study of 31 infants 

with CHD who survived versus died following surgical intervention found that 17 of 

31 children who died had a weight for age Z-score below -2.0 at the time of last 

recorded weight, as compared with 4 of 31 children who survived.19 Finally, the 

impact on growth may be long lasting, while weight status appears to improve to a 

greater degree than height status20,21, 8 year old children with CHD have been shown 

to have body mass index z-score (BMIZ) and height for age (HAZ) lower than the 

general population (mean BMIZ: -0.6 ± 1.5, mean HAZ: -0.8 ±1.3).21 
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2.3 Feeding Infants with CHD 
 

Feeding challenges are common in infants with CHD.7 Feeding challenges for 

infants with  CHD include vomiting and difficulty swallowing, sucking, very long 

feedings, lack of hunger, and difficulty breathing during feeding.5,7,22,23 These 

challenges can easily lead to under-nutrition, which if chronic can lead to significantly 

stunted growth in infants with CHD.16,19,23  Breast milk is the preferred source of 

nutrition for all infants, including infants with CHD.24 If receiving breast milk, infants 

may feed directly at the breast, or via the bottle. Some infants are unable to consume 

enough milk orally and may require supplemental tube feeding. If a mother is unable 

to produce sufficient breast milk volume or does not breastfeed their infant, infant 

formula is the next best feeding alternative. Infant formula may be added as a powder 

to breast milk to increase the energy and nutrient content of breast milk. Or 

reconstituted infant formula may be combined with breast milk to increase the volume 

of milk available for the infant. 

2.4 Breastfeeding Infants with CHD 
 

Historically, infants with CHD were thought unable to breastfeed, because it 

was hypothesized that nursing required too much effort from the infant and would 

wear them out. As such mothers of infants with CHD were encouraged to bottle feed 

rather than breastfeed in the hospital setting.16,23 However, there is evidence that 

suggests breastfeeding is not a physiologically laborious as once thought.16,25 A cross-

over study by Marino et al (1995) measured oxygen saturations using pulse oximetry 
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in seven infants with CHD while bottle feeding and again while breastfeeding. This 

study found a significant drop in oxygen saturation during bottle feedings as compared 

with breast feedings, meaning less cardiorespiratory stress for infants with CHD 

during breastfeeding than bottle feeding.25   

Breastfeeding has been successfully initiated post-surgery, but infants with 

CHD still have a lower prevalence of breastfeeding than the healthy infant 

population.7 Recent research focuses on the positive effects of encouraging mothers of 

infants with CHD to breastfeed. Studies suggests that with proper in-hospital lactation 

support, the majority of mothers are able to initiate breastfeeding with infants with 

CHD.6,26 Lactation and education support in the hospital have a positive impact on 

ability to initiate breastfeeding for these mothers.27,28  

Research on growth of infants with CHD as it relates to feeding practices is 

very limited. A study comparing breast and bottle feeding in infants with CHD found 

that infants who did not receive any amount of breast milk fell significantly farther off 

their growth curves than the infants who received breast milk as part of their diet.6  A 

more recent study found that the type of feeding, specifically breast milk or formula, 

did not significantly impact growth in the first few days following surgical 

intervention.15 There is minimal research on how breastfeeding exclusivity and 

duration relate to growth in the first year of the life in infants with CHD. 
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2.5 Growth of Infants with CHD  
 

Infants with CHD often have difficulty with growth.12-14 Issues with weight 

start early. The incidence of very low birth weight (VLBW) is 18% in infants with 

CHD as compared to 8% in the general population.15 Weight gain and growth issues 

continue throughout the first year of life. A study of 89 infants, 1-45 months of age 

with cyanotic and acyanotic CHD found 58 of the 89 subjects (56%) were below the 

fifth percentile for weight.16 Another study of children with CHD ranging in age from 

1 day to 4 years old reported that nearly 52% had a weight below the growth chart 3rd 

percentile and 37% had a length/height below the 3rd percentile.17 In a more recent 

study of three-month old infants with CHD, postoperative weight for age (WAZ) and 

length for age (LAZ) Z-scores were -1.1 ± 1.1 and -0.7±1.1 indicating that as a group 

these infants weighed less and were shorter than their healthy counterparts.12  And 

another study of infants less than one year of age with congenital heart defects also 

found mean WAZ scores ranging from -1.15 to -0.24, and mean LAZ scores ranging 

from -1.17 to -0.12.18  

The type of heart defect may impact growth as well; infants with a cyanotic 

heart defect with pulmonary hypertension have been shown to be more prone to 

malnutrition and growth failure than infants with other congenital heart defects.16 

Importantly, poor growth is related to outcomes, a matched control study of 31 infants 

with CHD who survived versus died following surgical intervention found that 17 of 

31 children who died had a weight for age Z-score below -2.0 at the time of last 

recorded weight, as compared with 4 of 31 children who survived.19 Finally, the 
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impact on growth may be long lasting, while weight status appears to improve to a 

greater degree than height status20,21, 8 year old children with CHD have been shown 

to have body mass index z-score (BMIZ) and height for age (HAZ) lower than the 

general population (mean BMIZ: -0.6 ± 1.5, mean HAZ: -0.8 ±1.3).21 

2.6 Feeding Infants with CHD 
 

Feeding challenges are common in infants with CHD.7 Feeding challenges for 

infants with  CHD include vomiting and difficulty swallowing, sucking, very long 

feedings, lack of hunger, and difficulty breathing during feeding.5,7,22,23 These 

challenges can easily lead to under-nutrition, which if chronic can lead to significantly 

stunted growth in infants with CHD.16,19,23  Breast milk is the preferred source of 

nutrition for all infants, including infants with CHD.24 If receiving breast milk, infants 

may feed directly at the breast, or via the bottle. Some infants are unable to consume 

enough milk orally and may require supplemental tube feeding. If a mother is unable 

to produce sufficient breast milk volume or does not breastfeed their infant, infant 

formula is the next best feeding alternative. Infant formula may be added as a powder 

to breast milk to increase the energy and nutrient content of breast milk. Or 

reconstituted infant formula may be combined with breast milk to increase the volume 

of milk available for the infant. 
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2.7 Breastfeeding Infants with CHD 
 

Historically, infants with CHD were thought unable to breastfeed, because it 

was hypothesized that nursing required too much effort from the infant and would 

wear them out. As such mothers of infants with CHD were encouraged to bottle feed 

rather than breastfeed in the hospital setting.16,23 However, there is evidence that 

suggests breastfeeding is not a physiologically laborious as once thought.16,25 A cross-

over study by Marino et al (1995) measured oxygen saturations using pulse oximetry 

in seven infants with CHD while bottle feeding and again while breastfeeding. This 

study found a significant drop in oxygen saturation during bottle feedings as compared 

with breast feedings, meaning less cardiorespiratory stress for infants with CHD 

during breastfeeding than bottle feeding.25   

Breastfeeding has been successfully initiated post-surgery, but infants with 

CHD still have a lower prevalence of breastfeeding than the healthy infant 

population.7 Recent research focuses on the positive effects of encouraging mothers of 

infants with CHD to breastfeed. Studies suggests that with proper in-hospital lactation 

support, the majority of mothers are able to initiate breastfeeding with infants with 

CHD.6,26 Lactation and education support in the hospital have a positive impact on 

ability to initiate breastfeeding for these mothers.27,28  

Research on growth of infants with CHD as it relates to feeding practices is 

very limited. A study comparing breast and bottle feeding in infants with CHD found 

that infants who did not receive any amount of breast milk fell significantly farther off 

their growth curves than the infants who received breast milk as part of their diet.6  A 
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more recent study found that the type of feeding, specifically breast milk or formula, 

did not significantly impact growth in the first few days following surgical 

intervention.15 There is minimal research on how breastfeeding exclusivity and 

duration relate to growth in the first year of the life in infants with CHD. 
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Chapter 3 

AIMS 

The overarching goal of this study is to utilize data from a prospective, 

observational study to examine breastfeeding/feeding breast milk practices in the first 

four months of life in infants with congenital heart defects (CHD) and determine the 

relationship between breastfeeding/feeding breast milk and growth. 

 
Specific Aim 1: Describe breastfeeding/feeding breast milk practice in infants 

with congenital heart defects (CHD) in the first year of life. Because mothers of 

infants with CHD are provided encouragement and support to breastfeed,28 we 

hypothesize that incidence of infants with CHD receiving any breast milk will be 

comparable to the general population. 

 
Specific Aim 2: Describe growth patterns of infants with CHD and determine the 

relationship between growth patterns and breastfeeding/feeding breast milk 

practices in the first year of life. Since infants with CHD who receive breast milk 

have been found to have better growth outcomes,6 we hypothesize that infants with 

greater duration of receiving any breast milk, will have more normative growth 

measures as compared to those with a shorter duration of receiving any breast milk.  
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Chapter 4 

METHODS 

4.1 Subject Recruitment and Informed Consent 

The study protocol, data collection questionnaires, recruitment materials, and 

informed consent form were reviewed and approved by the Institutional Review Board 

(IRB) at the Children’s Hospital of Philadelphia and the IRB at the University of 

Delaware prior to study initiation. The study is currently underway and the goal is to 

enroll 75 mother-infant dyads. 

Subjects are recruited from the cardiac intensive care unit (CICU) at Children’s 

Hospital of Philadelphia (CHOP). Inclusion criteria for participants requires that: at 

birth, infants are term (>37 and <42 weeks gestation at birth), singleton, and 

appropriate for gestational age; and at the time of enrollment, infants have CHD 

diagnosis that requires surgical intervention prior to discharge, are between 0 to 21 

days of age, and have a mother >18 years of age, English speaking, and planning to 

breastfeed. Infants were excluded from the study if they had any other physical, 

neurological, or physiologic anomalies known to affect feeding (e.g. cleft palate, 

inborn errors of metabolism). 

Subjects who meet the inclusion criteria are approached in the CICU by the 

study Principal Investigator and informed about the study. If the mother chooses to 
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participate in the study, the informed consent procedure is completed for the mother-

infant dyad. 

4.2 Study Visit Procedures 

Once a mother-infant dyad is enrolled (informed consent completed), the 

subject is assigned a unique identification number. The study consists of nine points of 

contact with the subject spread throughout the first year of life. The first contact (visit) 

occurs in the first two weeks of life when the infant is still hospitalized. Thereafter 

study contacts (visits or telephone calls) occur at 1, 2, 3, 4, 6, 8, and 10 months of age. 

The first visit occurs in the CICU and consists of the following forms: 

demographic questionnaire, general interview questionnaire, infant feeding history 

questionnaire, and infant medical history questionnaire. Visit two occurs either in 

hospital or at home depending on the infant, and consists of an infant feeding 

questionnaire and a maternal medication questionnaire. Visits three through nine occur 

via telephone while the subject is home, and consist of an infant feeding questionnaire 

and a maternal medication questionnaire. See the Appendix for all questionnaires. 

Anthropometric measures are also collected for all study contacts. 

 

4.3 Anthropometrics 

Anthropometric measurements include infant weight, length and head 

circumference. If an infant is inpatient (hospitalized) or receives care at an outpatient 
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CHOP care facility, weight and length are recorded from electronic health record. If at 

any visit the infant is not receiving care at a CHOP facility, the infant’s weight, length, 

and head circumference are obtained from their primary care provider’s electronic 

health record. 

4.4 Demographic Questionnaire 

The demographic questionnaire is completed at the first study visit. This 

questionnaire collects information related to maternal and paternal age, race, ethnicity, 

education, occupation, and participation in government programs. 

4.5 General Interview 

 The general interview form is completed at the first study visit. This form asks 

questions regarding maternal and paternal age, marital status, height and weight, as 

well as infant age, gender, age and gender of the infant’s siblings. This form also 

obtains additional data on those living in the household with the infant. 

4.6 Infant Medical History 

Infant medical history is completed at the first study visit. This form asks 

questions pertaining to the infant’s CHD diagnosis, gestational age, weight, length, 

surgical history and any additional diagnoses. 
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4.7 Monthly Infant Feeding Questionnaires 

Monthly Infant Feeding Questionnaires (MIFQ) are completed at each study 

visit. This questionnaire asks questions pertaining to feeding practices, breast milk, 

and breastfeeding, pumping breast milk, and enteral tube feeding. 

4.8 Feeding Definitions 

 The term breastfeeding refers to infants who are feeding breast milk 

exclusively by nursing. The term breast milk refers to infants who are receiving breast 

milk, regardless of feeding mode (nursing or via bottle). With respect to feeding 

patterns over the first four months of life, we used the term ‘principally breast milk 

(BM)’ for infants who received breast milk as the main source of nutrition, with only a 

day or two of infant formula use in the first four months of life (e.g., a mother reported 

her infant was exclusively receiving breast milk except for 1 day when infant was 

hospitalized and received infant formula). The term ‘BM/Mix’ was used to define 

infants that received breast milk from birth up to 1 month of age, then feedings 

changed to a mix of breast milk and formula for the next three months of life. The 

term ‘BM/Mix/Formula’ was used to define infants who received breast milk at birth, 

then a mix of breast milk and formula, and then switched to exclusive formula feeding 

during the next three months of life. 
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4.9 Statistical Analysis 

The data from this prospective, observational study was entered into REDCap, 

a secure web-based electronic data capture and management system. Continuous 

variables were summarized using number of observations, mean, standard deviation, 

median, minimum and maximum. Categorical variables were be summarized using 

frequency and percentages of subjects. To assess aim 1, examination of 

breastfeeding/feeding breast milk practice in infants with CHD in the first four months 

of life, descriptive statistics (number, percentage) were utilized to describe proportion 

of infants fed ‘breast milk only’ and ‘any breast milk’, ‘breast milk fortified with 

formula’, mix of breast milk and formula, ‘formula only’ at monthly intervals in the 

four months of life. To assess aim 2, the relationship between growth patterns and 

breastfeeding/feeding breast milk practices in the first four months of life, descriptive 

statistics (means, SD) were used to describe growth parameters (weight for age 

[WAZ], length for age [LAZ], weight for length [WLZ], body mass index [BMIZ]). A 

generalized estimating equation (GEE) was used to determine if the growth 

trajectories (weight for age Z-scores, length for age Z-scores, weight for length Z-

scores, head circumference Z-scores) of infants with CHD who receive ‘breast milk 

only’, ‘any breast milk’, ‘breast milk fortified with formula’, mix of breast milk and 

formula, and ‘formula only’ differed in the first four months of life. 
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Chapter 5 

RESULTS 

5.1 Parent and Infant Demographics 

 Parent and infant demographics for the 46 mother-infant dyads are summarized 

in Table A1. Thirty-three infants (71.7%) are male and 42 subjects (91.3%) are non-

Hispanic or Latino. Thirty-seven infants (80.4%) are white or Caucasian, six infants 

(13.0%) are black or African American with the remaining infants two or more races 

(4.3%) or ‘other’ (2.2%). 

 The majority of mothers (n=25, 54.3%) report completing 1-4 years of college, 

and 15 mothers (32.6%) completed a graduate education. Similarly, the majority of 

fathers reported completing 1-4 years of college (n=25, 54.3%), and nine fathers 

(19.6%) completed more than four years of college as their highest degree. The mean 

age for mothers and fathers is  31.0.0±5.0 and 32.9±5.9, respectively. 

5.2 Infant Medical History 

 Infant medical history is summarized in Table A2. At two weeks of age, the 

majority of infants have a CHD diagnosis of hypoplastic left heart syndrome (HLHS; 

n=20, 43.5%). Five infants have a diagnosis with truncus arteriosus (TA; 10.9%), and 



 
 

21 

four infants are diagnosed with dextro-Transposition of the great arteries (TGA-D; 

8.7%).  

5.3 Anthropometry 

 Anthropometric data for the first four months of life for infants are 

summarized in Table A4. At birth, the mean weight for age Z-score (WAZ) was 

0.1±1.0, the mean length for age Z-score (LAZ) was 0.04±1.2, and the mean weight 

for length Z-score (WLZ) was 0.1±1.4; head circumference Z-scores (HCZ) were not 

reported at birth. At two weeks of age, the mean WAZ was -0.5±1.5, mean LAZ was -

0.8±1.2, mean HCZ was -1.1±1.2, and the mean WLZ was -0.1±1.7. By one month of 

age, the mean WAZ, LAZ, HCZ, AND WLZ were -1.0±1.1, -1.0±1.1, -1.1±0.9 and -

0.3±1.4, respectively. At two months of age, mean WAZ, LAZ, HCZ, AND WLZ 

were -1.1±1.1, -1.3±1.2, -1.1±1.2 and 0.1±1.2, respectively. At four months of age, the 

mean WAZ was -1.2±1.0, mean LAZ was -1.1±1.0, the mean HCZ was -1.6±4.1, and 

the mean WLZ was -0.6±1.3. 

5.4 Feeding Mode 

 With respect to how the infants were fed (feeding mode), at two weeks of age 

(study enrollment), the majority of infants (N=32, 70%), were fed via a mix of 

breastfeeding, bottle feeding and a nasogastric (NG) tube feed with no infants 

exclusively breast fed. At one month of age, 12 infants (26.1%) were fed via a mix of 
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breast and bottle feeding, 11 infants (24.0%) were fed via a bottle exclusively, 10 

infants (21.7%) were fed via mix of a bottle and nasogastric (NG) tube feeding, seven 

infants (15.2%) were fed via a mix of breastfeeding, bottle feeding and a nasogastric 

tube, while five infants (10.9%) were exclusive fed via a NG tube feeding. Only one 

infant (2.2%) was exclusively breastfed at one month of life. At two months of life, 17 

infants (37.0%) were fed through a mix of breast and bottle feeding, and 17 infants 

(37.0%) were fed exclusively via a bottle, 4 infants (8.7%) were fed by a mix of bottle 

and NG tube, and 4 infants (8.7%) were exclusively fed via NG. At three months of 

life, the majority of infants were exclusively bottle-fed (N=18, 39.1%), 12 infants 

(26.1%) were fed through a mix of breast and bottle feeding, four infants (8.7%) were 

exclusively breastfed at three months of life. At four months of life, the majority of 

infants were still fed exclusively through a bottle (N=21, 45.7%), eight infants 

(17.4%) were fed though a mix of breast and bottle feeding, six infants (13.0%) were 

fed through both a bottle and a NG tube, four infants (8.7%) were exclusively breasted 

at four months of life.  

5.5 Feeding Type 

 To assess specific aim 1, describing breastfeeding/feeding breast milk practices 

of infants with CHD in the first four months of life, the proportion of infants fed 

‘breast milk only’, ‘any breast milk’, ‘breast milk fortified with formula’, mix of 

breast milk and formula, ‘formula only’ was summarized for each visit (Table A3). At 

two weeks of age, the majority of infants were fed breast milk exclusively (N=29, 
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63%). Eleven infants (23.9%) were fed a mix of breast milk and formula, and six 

infants (13.0%) were fed formula exclusively. At one month of age, the number of 

infants receiving exclusively breast milk dropped to 16 infants (34.8%), 18 infants 

(39.1%) were fed breast milk fortified with powder formula, nine infants (19.6%) were 

fed a mix of breast milk and formula, and three infants (6.5%) received formula 

exclusively. At two months of age the number of infants receiving exclusively breast 

milk remained steady at 15 infants (32.6%), eight infants (17.4%) were fed breast milk 

fortified with powder formula, eight infants (17.4%) were fed a mix of breast milk and 

formula, and 15 infants (32.6%) were fed formula only. At three months of life, the 

number of infants receiving exclusively breast milk remained at 15 infants (33.3%), 

and only four infants (8.9%) were fed breast milk fortified with powder formula, 12 

infants (26.7%) were fed a mix of breast milk and formula, and 14 infants (31.3%) 

were fed formula only. Finally, at four months of life, the number of infants receiving 

exclusively breast milk continued to be about the same at 14 infants (31.1%), and six 

infants (13.3%) were fed breast milk fortified with powder formula, 16 infants 

(35.6%) received a mix of breast milk and formula, and nine infants (20.0%) were fed 

formula only.  

 

5.6 Feeding Patterns 

 
 Feeding patterns for the first four months of life are summarized in Table A5. 

Infants who received breast milk as the main food source for the first four months of 



 
 

24 

life were categorized as “Principally BM”. Infants who received breast milk from two 

weeks of age up to one month, then received a mix of breast milk and formula for the 

first four months of life were categorized as “BM, Mix”. Infants who received breast 

milk at two weeks, then a mix of breast milk and formula, and then switched to 

exclusive formula during the first four months of life were categorized as “BM, Mix, 

Formula”. During the first four months of life, fourteen infants (30.4%) received 

breast milk as the main source of nutrition. Eighteen infants (39.1%) received breast 

milk from two weeks up to 1 month of age, then received a mix of breast milk and 

formula for the remainder of the first four months of life. Fourteen infants (30.4%) 

received breast milk at two weeks of age, followed by a mix of breast milk and 

formula, and then exclusive formula feeding during the first four months of life.  

 

5.7 Anthropometry Stratified by Feeding Pattern 

 
 Anthropometry data stratified by feeding pattern are summarized in Table A6. 

For infants who received principally BM in the first four months of life, at two weeks 

of age, mean WAZ was -0.2±2.0, mean LAZ was -0.5±1.0, mean HCZ was -0.8±1.4 

and mean WLZ was 0.5±2.4. At four months of life, WAZ, LAZ, HCZ and WLZ were 

-0.9±1.0, -1.1±0.9, -0.6±1.3 and -0.9±1.3, respectively. For infants categorized as 

“BM, Mix”, two weeks of age, mean WAZ was 0.7±1.2, mean LAZ was -0.7±1.3, 

mean HCZ was -1.3±1.3 and mean WLZ was -0.7±1.0. At four months of life, WAZ, 

LAZ, HCZ and WLZ were -1.3±1.2, -1.0±1.1, -0.7±1.1 and -0.3±1.3, respectively. For 
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infants categorized as “BM, Mix, Formula”, at two weeks of age, mean WAZ was -

0.9±1.1, mean LAZ was -1.3±1.3, mean HCZ was -1.0±1.0 and mean WLZ was --

0.1±1.0. At four months of life, WAZ, LAZ, HCZ and WLZ were -1.2±0.8, -1.2±1.1, -

0.8±1.1 and -0.1±1.1, respectively. Across all feeding patterns, WAZ and LAZ 

showed a decreasing trend. 

 To determine if growth trajectories differed over type by feeding pattern (aim 

2), generalized estimating equations (GEEs) that included feeding group (principally 

BM, BM/Mix, BM/Mix/Formula), time, and group × time interaction were conducted 

on anthropometric outcomes. The GEE approach accounts for the repeated 

measurements of outcomes over time for each infant and examines whether the slopes 

of the line created differ by groups. Visualization of the correlation structure for 

inclusion within the GEE model was conducted and for all anthropometric Z-scores, 

an autoregressive correlation structure was identified. For growth Z-scores measured 

in the first four months of life, we found no significant group × time interactions in 

WAZ (p=0.385), LAZ (p=0.755), or HCZ (p=0.918) indicating these growth 

trajectories did not differ over time by feeding group/pattern. There was a significant 

group × time interaction for WLZ (p=0.035); infants in the principally BM feeding 

pattern tended to be leaner at four months compared to those in the BM/Mix and 

BM/Mix/Formula categories. These data are preliminary and will be repeated when 

the data set is complete with 75 infants.  
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Chapter 6 

DISCUSSION 

The overall aim of this study was to determine the relationship between 

feeding breast milk/breastfeeding and growth in infants with CHD during the first four 

months of life. It is important to note that the infants in this study had complex heart 

defects (e.g., hypoplastic left heart syndrome, truncus arteriosis, transposition of the 

great arteries), that require multiple surgical interventions in the first year of life. The 

data presented in this thesis are preliminary (n=46 infants) and all analyses will be 

repeated when study is complete (n=75 infants). We had two main findings, the first is 

related to the proportion of infants that receive any breast milk in the first four months 

of life. We compared the results of our study, to data from the Infant Feeding Practices 

II (IFPII) study, a longitudinal study of infant feeding practices from birth (n=2907) 

through 12 months of age (n=1782 infants) 29.  In our study of infants with CHD, 

93.5% of infants were receiving any breast milk at 1 months of age, while in the IFPII 

study, only 74% of infants were receiving any BM.29 At two months of age, 67.4% of 

infants with CHD were receiving any breast milk, which was comparable to the IFPII 

study which reported 65.4% of infants receiving any BM.29 The proportions were 

comparable at three months as well. By four months of age, approximately 80% of 

infants with CHD were receiving any BM, which was a higher percentage than the 
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57.2% found in the IFPII study.29 These suggest that the proportion of infants who 

receive any breast milk is comparable or greater than the general population.  

The secondary aim of this study was to determine if the feeding pattern of 

infant (i.e., primarily BM, BM followed by a mix of BM and formula, or BM, 

followed by a mix of BM and formula, and then exclusively formula) impacted growth 

outcome measures. First, for feeding patterns, Z-scores decreased over time. This 

finding is consistent with data from another study which found that at birth, infants 

with CHD had an average WAZ=0.28, which dropped to -0.20 by three months of 

age.31 Another study found that Z-scores were lower in infants with CHD who 

underwent surgery after ten days of life when compared to infants who underwent 

heart surgery during the first days of life, but that Z-scores of both groups were similar 

by six months.18 Our study did not analyze Z-scores in relation to surgery date, 

however this finding should be further explored with the full data set including six-

month time points. 

To our knowledge, this is the first study to evaluate growth of CHD infants 

over time based on feeding patterns. We found no significant differences in WAZ, 

LAZ, or HCZ based on the feeding pattern in the first four months of life. We did find 

that infants who were primarily BM fed had a lower WLZ at four months of age 

compared to the other feeding patterns. Interestingly, this finding is consistent with 

data from other studies of healthy infants which found that BM-fed infants have a 

lower WLZ in the first year of life.32-35 Whether our finding at four months of age 

remains when all infants are enrolled (n=75 infants), and whether the observed WLZ 
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differences continue through 12 months of age will be determined when this 12-month 

observational study is complete. 

 A strength of this study is its longitudinal design, which allows for 

examination of both feeding type, feeding pattern, and growth trajectories over time. 

The preliminary nature of this data is a weakness. This interim analysis included data 

for only the first four months of life in 46 of the 75 infants.  The analyses used in this 

study will be repeated once all subjects have completed the 12-month study. 

 



 
 

29 

Chapter 7 

CONCLUSION 

 

Infants with congenital heart disease are known to have feeding difficulties 

(e.g., chocking and difficulty swallowing)5 and poor growth.12-14, 16, 17 These feeding 

difficulties may contribute to the poor growth outcomes seen in this population.6,7 It 

has been suggested the type of feeding (breast milk or infant formula), may play a role 

in growth. Breastfeeding is recommended for all infants, whether healthy or with 

chronic disease. While it was previously thought that breastfeeding was more 

laborious for infants with congenial heart disease, and this hypothesis was proven 

untrue25, there are no longitudinal studies on the effect of the type of feeding on 

growth in infants with CHD.   

The present study describes breastfeeding practices of infants with CHD 

through four months of age, and also compares infant feeding patterns to growth 

outcomes. This interim analysis found that what an infant is fed (principally breast 

milk, breast milk followed by a mix of breast milk and formula, or breast milk then a 

mix, and then exclusive formula) did not affect WAZ and LAZ growth trajectories 

over the course of four months. Our interim analyses did show that WLZ was 

significantly lower at four months of life for the infants who were principally fed BM 

when compared to other feeding patterns, but it is important to note that this same 
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finding has been reported in healthy infants as well. That WAZ and LAZ did not differ 

by feeding patterns shows that weight gain and length gain trajectories were similar 

among the groups. The results of this interim analysis are preliminary and should be 

further explored when the study is complete. Results of this study have the potential to 

impact future feeding guidance for mothers of infants with CHD with an overall goal 

of achieving normative growth patterns in this population. 
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APPENDIX A 

TABLES 

 
 

Table A1- Demographic Characteristics of Infants and Parents  

 
 N (%) 
Infant Sex  
        Male 33 (71.7) 
        Female 13 (28.2) 
Infant Ethnicity  
        Hispanic or Latino 4 (8.7) 
        Non-Hispanic or Latino 42 (91.3) 
Infant Race  
        White or Caucasian 37 (80.4) 
        Black or African American 6 (13.0) 
        Asian or Asian American 0 (0) 

        Native Hawaiian or Pacific Islander 0 (0) 
        Two or More Races 2 (4.3) 
        Other 1 (2.2) 
Maternal Education  
        11-12 y of high school 5 (10.9) 
        1-4 y of trade school 1 (2.2) 
        1-4 y of college 25 (54.3) 
        More than 4 y of college 15 (32.6) 
Paternal Education  
        12 y of high school 10 (21.7) 
        1-4 y of trade school 2 (4.3) 
        1-4 y of college 25 (54.3) 
        More than 4 y of college 9 (19.6) 
Parental Age  Mean±SD 
        Maternal Age, y 31.0±5.0 
        Paternal Age, y 32.9±5.9 
SD= standard deviation, y=years 
NOTE: Data are preliminary, additional data are forthcoming. 
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Table A2- Infant Medical History at Two Weeks  

CHD Diagnosis N (%) 
        HLHS 20 (43.5) 
        TA 5 (10.9) 
        TGA-D 4 (8.7) 
        TOF 3 (6.5) 
        IAA 2 (4.3) 
        THAA 2 (4.3) 
        Complete TGA 2 (4.3) 
        TGA-L 1 (2.2) 
        DOR 1 (2.2) 
        DIL 1 (2.2) 
        PA 1 (2.2) 
        Single Ventricle 1 (2.2) 
        Pulmonary Vein Stenosis 1 (2.2) 
        TAPVR 1 (2.2) 
        Tricuspid Atresia 1 (2.2) 
SD= Standard deviation, CHD= Congenital Heart Disease, HLHS= Hypoplastic left 
heart syndrome, TGA-L= Transposition of the great arteries-left, TOF= Tetralogy of 
Fallot, TA= Truncus arteriosus, DORV Double outlet right ventricle=, TGA-D= 
Transposition of the great arteries-right, IAA= Interrupted Aortic Arch, DILV= Double 
inlet left ventricle, THAA=Tubular hypoplasia of the aortic arch, PA= Pulmonary 
atresia, TAPVR= Total anomalous pulmonary venous return,  
NOTE: Data are preliminary, additional data are forthcoming. 
 
 

Table A3- Feeding Type and Mode for the First Four Months, by Month 

 2 weeks 
(N=46) 

1 Month 
(N=46) 

2 Months 
(N=46) 
 

3 Months 
(N=45) 

4 Months 
(N=45) 

Infant Age, days 14±4.4 29.9±5.6 63.7±6.6 97.4±11.0 128.7±9.8 
Type of Feeding N (%) N (%) N (%) N (%) N (%) 
        Fed BM only 29 (63.0) 16 (34.8) 15 (32.6) 15 (33.3) 14 (31.1) 
        BM fortified with formula 0 18 (39.1) 8 (17.4) 4 (8.9) 6 (13.3) 
        Mix of BM and formula 11 (23.9) 9 (19.6) 8 (17.4) 12 (26.7) 16 (35.6) 
        Formula only 6 (13.0) 3 (6.5) 15 (32.6) 14 (31.1) 9 (20.0) 
Mode of Feeding      
        Exclusive BF 0 (0) 1 (2.2) 3 (6.5) 4 (8.7) 4 (8.7) 
        Mix BF and bottle 6 (13.0) 12 (26.1) 17 (37.0) 12 (26.1) 8 (17.4) 
        Exclusive bottle 0 (0) 11 (24.0) 17 (37.0) 18 (39.1) 21 (45.7) 
        Mix bottle and NG 6 (13.0) 10 (21.7) 4 (8.7) 5 (10.9( 6 (13.0) 
        Exclusive NG feeding 2 (4.3) 5 (10.9) 4 (8.7) 5 (10.9) 4 (8.7) 
        Mix BF, bottle, NG 32 (70.0) 7 (15.2) 0 (0) 1 (2.2) 2 (4.3) 
NOTE: Data are preliminary, additional data are forthcoming. 
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Table A4 – Anthropometry for the First Four Months, by Month  

 
 Birth 

(N=46) 
2 Weeks 
(N=46) 

1 Month 
(N=46) 

2 Months 
(N=46) 

3 Months 
(N=39) 

4 Months 
(N=39) 

Infant Age, days 0 14±4.4 29.9±5.6 63.7±6.6 97.4±11.0 128.7±9.8 
Average Z-Score       
        Weight for Age Z-score 0.1±1.0 -0.5±1.5 -1.0±1.1 -1.1±1.1 -1.0±1.0 -1.2±1.0 
        Length for Age Z-score 0.04±1.2 -0.8±1.2 -1.0±1.1 -1.3±1.2 -1.1±1.3 -1.1±1.0 
        Head Circumference Z-score1 -- -1.1±1.2 -1.1±0.9 -1.1±1.2 -0.9±0.9 -1.6±4.1 
        Weight for Length Z-score 0.1±1.4 -0.1±1.7 -0.3±1.4 0.1±1.2 -0.2±1.2 -0.6±1.3 
1Head circumference at birth not reported by parent. Data are preliminary, additional data are forthcoming. 
 
 

Table A5 – Breastfeeding Patterns for the First Four Months  

 

 
  

 N (%) 
Feeding Pattern  
        Principally BM 14 (30.4) 
        BM/Mix  18 (39.1) 
        BM/Mix/Formula 14 (30.4) 
NOTE: Data are preliminary, additional data are forthcoming. 
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Table A6- Anthropometry Stratified by Feeding Pattern for the First Four Months of 
Life, by Month  

 
 Birth 

(N=46) 
2 Weeks 
(N=46) 

1 Month 
(N=46) 

2 Months 
(N=46) 

3 Months 
(N=39) 

4 Months 
(N=39) 

Infant Age, days  14±4.4 29.9±5.6 63.7±6.6 97.4±11.0 128.7±9.8 

Average Z-Score  
Principally BM 

      

   Weight for Age Z-score 0.3±1.0 -0.2±2.0 -0.5±0.9 -0.7±1.0 -0.5±0.9 -0.9±1.0 
    Length for Age Z-score -0.1±1.0 -0.5±1.0 -0.9±1.0 -1.0±0.9 -0.7±1.2 -1.1±0.9 
    Head Circumference Z-score1 -- -0.8±1.4 -0.1±0.5 -0.3±1.3 -0.2±0.8 -0.6±1.3 
     Weight for Length Z-score 0.4±0.9 0.5±2.4 0.4±1.4 0.4±1.2 0.1±1.3 -0.9±1.3 
Average Z-Score  
BM, Mix 

      

    Weight for Age Z-score -0.2±1.2 -0.7±1.2 -1.2±1.1 -1.3±1.2 -1.4±1.1 -1.3±1.2 
    Length for Age Z-score -0.0±1.3 -0.7±1.3 -1.1±1.3 -1.1±1.5 -1.2±1.3 -1.0±1.1 
    Head Circumference Zscore1 -- -1.3±1.3 -1.2±0.7 -1.1±1.4 -1.2±0.7 -0.7±1.1 
    Weight for Length Z-score -0.2±1.6 -0.7±1.0 -0.6±1.1 -0.5±1.2 -0.7±1.3 -0.3±1.3 
Average Z-Score 
BM, Mix, Formula 

      

    Weight for Age Z-score -0.1±0.9 -0.9±1.1 -1.2±1.1 -1.2±1.1 -1.2±0.8 -1.2±0.8 
    Length for Age Z-score -0.1±1.4 -1.3±1.3 -1.0±0.9 -2.0±0.7 -1.3±1.3 -1.2±1.1 
    Head circumference Z-score1 -- -1.0±1.0 -1.5±1.0 -1.5±1.0 -1.2±0.9 -0.8±1.1 
    Weight for Length Z-score 0.1±1.3 -0.1±1.0 -0.6±1.6 0.7±1.0 -0.0±1.1 -0.1±1.1 

1Head circumference at birth not reported by parent. Data are preliminary, additional data are forthcoming. 
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APPENDIX B 

STUDY DOCUMENTS 
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B.1 Institutional Review Board Approval Letter 

 



 
 

43 

B.2 Informed Consent Form 
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B.3 Inclusion/Exclusion Criteria Form 

 



 
 

50 

B.4 Infant Feeding History: Visit 1 at 2 Weeks Questionnaire 
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B.5 Monthly Infant Feeding Questionnaire- In Hospital 
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B.6 Monthly Infant Feeding Questionnaire- First Home Contact 
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B.7 Monthly Infant Feeding Questionnaire- All Other Home Contacts 
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B.8 Demography Questionnaire 
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B.9 General Interview Questionnaire 

 



 
 

65 

 



 
 

66 

B.10 Infant Medical History Questionnaire 
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B.11 Maternal Medications Questionnaire 

 


