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What is a congenital  
heart defect?

Congenital heart defects (CHDs) are problems present 
at birth that af fect the structure or function of the heart. 
They can af fect how blood flows through the heart and 
out to the rest of the body. 

There are many types of heart defects, with dif ferent 
degrees of severity based on size, location, and other 
associated defects. Common examples include holes in 
dif ferent areas of the heart and narrow or leaky valves. 
In more severe forms of CHDs, blood vessels or heart 
chambers may be missing, poorly formed, or in the 
wrong place. 

What is the dif ference between congenital heart 
defect and congenital heart disease? 

These terms are of ten used interchangeably and 
are nearly synonymous. However, there is a slight 
dif ference between them. A congenital heart defect 
refers specifically to a problem with the formation 
of the structure of the heart or major heart vessels in 
utero. Congenital heart disease refers to the clinical 
manifestation of an underlying anatomical defect, or 
more broadly describes functional problems which may 
be congenital, including certain arrhythmias.

What are critical congenital heart defects? 

Critical CHDs (CCHDs) are defects that typically result 
in low oxygen levels in the newborn. Babies with critical 
CHDs usually require surgery or other procedures in the 
first year of life. Some examples of critical CHDs include 
coarctation of the aorta, transposition of the great 
arteries, hypoplastic lef t heart syndrome, and tetralogy 
of Fallot.1

Detection

When can CHDs be detected?

CHDs can be detected as early as the prenatal period or 
as late as adulthood (or escape detection altogether).2 
The more severe the form of CHDs, the more likely it is to 
be detected earlier.3

How can CHDs be detected?

There are a number of tools that can be used to aid 
in the diagnosis of CHDs, including echocardiogram, 
electrocardiogram, chest X-ray, chest CT, cardiac 
MRI, and prenatal ultrasound.4 One or more of these 
diagnostic tests may be ordered if a healthcare provider 
finds a reason to suspect that the child has a CHD or if the 
child fails a newborn screening test.

What is newborn screening for critical congenital 
heart disease?

Newborn screening for critical congenital heart disease 
uses pulse oximetry to check the level of oxygen in the 
blood of newborns. This test is painless and non-invasive, 
which means that nothing is inserted into the newborn. 
In 2011, critical congenital heart disease was added to the 
United States Recommended Uniform Screening Panel. It is 
estimated to prevent approximately 120 infant deaths each 
year from critical congenital heart disease.5, 6 As of 2018, 
policies for screening newborns have been implemented 
in all states in the U.S. Children who fail this screening can 
then have further testing to evaluate for congenital heart 
disease or for other potential causes of low oxygen.1

CHDs include holes in the inside 
walls of the heart and narrowed or 
leaky valves. In severe forms of CHDs, 
blood vessels or heart chambers may 
be missing, poorly formed and/or in 
the wrong places.

Approximately 120 infant deaths are prevented each 
year with pulse oximetry screening
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Prevalence 

How many babies are born each year with some form 
of CHD?

Of the nearly 4 million infants born in the United States 
each year, approximately 3% have some type of birth 
defect.7 CHDs are the most common birth defect, 
occurring in about 1 in 110 births, or nearly 1% of births. 
Thus, in the U.S. approximately 40,000 infants are 
af fected each year. 3, 9-11

Worldwide birth prevalence has been relatively stable 
since 1995 but has significant geographic variation. On 
average, about 1 in 110 births are af fected, representing 
approximately 1.35 million live births with CHD each year.8 

How many babies are born each year with a critical CHD?

Approximately 1 in every 4 babies born with a CHD has a 
critical CHD and needs surgery or other procedures in the 
first year of life.9, 10

How does the prevalence of CHDs at birth compare to 
other childhood and adult disease states and defects? 

For comparative purposes, cystic fibrosis occurs in 1 in 
3,400 live births,11 autism is diagnosed in 1 in 59 children 
aged 8 years,12 and new diagnoses of cancer are made in 
1 in 6,024 children and teens annually.13 Thus, the public 
health significance of CHDs in terms of numbers of 
people af fected is much greater than or similar to that of 
disorders having higher levels of public awareness. 

What is the most common form of CHDs in children? 

In children, the most common form of CHDs is the 
ventricular septal defect, a hole between both main 
lower chambers, or ventricles, of the heart. The severity 
of the defect depends on its size and other associated 
anomalies.3, 9, 16

How many children and adults with CHDs are living in 
the U.S.?

Because there is no population-based surveillance of 
CHDs across the lifespan in the United States, little 
data are available on children, adolescents, and adults 
living with CHDs. Based on Canadian data from 201014 
extrapolated to U.S. Census data, it is estimated that 
approximately 1 million children (966,000-993,000) and 
1.4 million adults (1.41 – 1.46 million) were living in the 
U.S. in 2010, of whom approximately 12% (290,000) had 
severe CHDs. These estimates are increasing over time, 
especially for adults, as children with more severe defects 
are having a greater likelihood to survive to adulthood.

How does the prevalence of CHDs vary around  
the world?

Worldwide birth prevalence of CHD has been relatively 
stable. Asia has the highest reported birth prevalence 
of 9.3 per 1,000 (1 in 108 births) and Africa the lowest of 
1.9 per 1,000 (1 in 526 births).8 The highest reported total 
CHD birth prevalence was in high-income countries.8 
Because many of these births occur in developing 
countries that lack adequate care for CHD, hundreds of 
thousands of children die each year from CHDs. In high-
income countries, over 85% of children with CHDs survive 
into adulthood, and as such, the worldwide burden of 
adult CHDs is expected to increase.15 In most Western 
countries, the number of adults with CHDs outnumbers 
the children with an increasing margin. In Canada from 
2000-2010 the prevalence of CHDs rose nearly six times 
faster among adults than children, and by 2010 adults 
accounted for nearly 66% of the CHD population.14

Mortality

How do CHDs affect the infant mortality rate in the U.S.?

All birth defects combined account for approximately 
20% of infant deaths.16 CHDs are the most common 
cause of infant death related to birth defects, accounting 
for 23.5% of infant deaths due to birth defects in 2014.17 

How many deaths occur from unrecognized CHD? 

The use of variable definitions and terminology make it 
dif ficult to accurately determine the number of deaths 
from unrecognized CHD. Furthermore, with improved 
prenatal detection of CHD and newborn screening for 

CHDs occur in nearly 1% (1 in 110) of births and  
about a quarter are life-threatening.
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critical CHD, there is expected to be a decrease in the 
number of infants with unrecognized CHD.  Prior to the 
advent of newborn screening for critical CHD, it was 
estimated that at least 280 infants with unrecognized 
critical CHD were discharged from the newborn nurseries 
each year in the United States.18 Based on results from a 
study that examined the association of having a state 
policy for critical CHD screening and infant cardiac death, 
it is estimated that approximately 120 lives are saved each 
year via newborn screening for critical CHD.6

How many people in the U.S. die each year from CHDs?

From 1999 to 2006 there were 19.4 million deaths in the 
United States. Of these, 41,494, or 0.21%, were related 
to CHDs.19 

How is a person’s lifespan af fected by CHD? 

With improved treatment, people with CHDs are living 
longer, with over 85% of children born with CHDs living 
into adulthood. Following guidelines for coordinated and 
continued care has been shown to decrease mortality 
and thus may improve lifespan, health, and quality of 
life.20, 21 However, studies have shown that individuals 
with CHDs of ten fall out of appropriate care. For 
example, 47-60% of young adults in Canada aged 18-22 
never received recommended follow-up care.22 In 2005, 
among all those with CHDs who were less than 55 years 
of age living in the United States, 192,000 total years were 
not lived in good health because of their condition. This 
loss in years of good health is approximately comparable 
to the many years of good health lost due to leukemia, 
prostate cancer, and Alzheimer’s disease combined.17, 23

What percentage of people with CHDs undergoing 
surgery survive the surgery? 

In 2017, surgical survival (i.e. those without operative 
mortality) for congenital heart disease surgery in the 
Society of Thoracic Surgeons database was 97.3% overall. 
By age group this was 92.6% for newborns (<1 month 
old), 97.4% for infants (1 month to 1 year of age), 98.9% for 

children ages 1-18 years, and 98.7% for adults.24 Operative 
mortality includes (1) all deaths occurring during the 
hospitalization in which the operation was performed, 
even if af ter 30 days; and (2) all deaths occurring af ter 
discharge from the hospital, but before the end of the 
thirtieth postoperative day.25 From 1988 to 2003, the 
in-hospital death rate for adults undergoing surgery 
for CHD was shown to be significantly lower when the 
surgery was performed by pediatric vs. non-pediatric 
heart surgeons.26

How has mortality due to CHDs changed over time?

Mortality associated with several types of CHDs has 
decreased among both children27 and adults,28 with 
more people living to adulthood and thereby increasing 
the prevalence of CHD among adults.29 Survival among 
infants with critical CHD improved from 67% in the era 
from 1979-1993 to 82.5% in the era from 1994-2005.10 In 
the United States, among those who were operated on 
between 1982 and 2003 who survived their first CHD 
surgery, mortality declined over time, but it remains 
higher (8.3 times) than the general population and varies 
by severity of disease (35 times greater for single ventricle 
CHD; 4.3 times greater for mild forms of CHD).30 In 
Sweden, survival improved for individuals with CHD who 
were born more recently, but there was less improvement 
in survival among adults with CHD.31, 32

What percent of individuals receiving care for severe 
CHDs are still alive at age 18?

In the current era, 85-90% of patients born with severe 
CHDs who undergo surgery are expected to survive 
to age 18.9, 29, 33 This varies widely by type of defect, 
however. Survival for severe two-ventricle lesions such 
as transposition of the great arteries is close to 98% 
in the current era.34 On the other hand, for the most 
severe defects such as hypoplastic lef t heart syndrome, 
survival to even 5 years can be as low as 38%.35 However, 
much of the mortality is in the first year. Among those 
with hypoplastic lef t heart syndrome who survive to 
one year of age, survival to adolescence and adulthood 
approaches 90%.36

Are there racial and ethnic dif ferences in death rates 
due to CHDs?

Death rates due to CHDs have been found to be lower 
among Hispanics (0.7/100,000 females, 0.8/100,000 
males) than whites (0.8/100,000 females, 1.1/100,000 
males) and blacks (1.1/100,000 females, 1.3/100,000 

85-90% of patients born with 
severe CHDs who undergo 
surgery are expected to survive 
to age 18
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males).37 The risk of in-hospital mortality has been noted 
to be higher among Hispanics (1.22) and blacks (1.27) 
compared with whites.37

Risk factors and causes 

What factors can lead to CHDs? 

Although some CHDs have been linked to genetic 
disorders, maternal conditions, and environmental 
factors, the causes for the majority of CHDs are 
unknown.38, 39

 

What genetic factors have been linked to CHDs?

At least 15% to 20% of CHDs have been linked with 
known genetic disorders. Of these, the more commonly 
seen are Down syndrome and other types of trisomies, 
Turner syndrome, and 22q11.2 deletion. With the use of 
available new technology, the ability to identify genetic 
disorders that are related to CHDs will increase.40, 41 

What non-genetic factors have been linked to CHDs?

While the causes of most CHDs are unknown, research 
has shown that women who are obese, have pre-existing 
diabetes, use tobacco and/or take certain medications 
during pregnancy may have an increased risk of having 
a baby with a CHD.38, 39 Other studies have indicated that 
parental age, use of assisted reproductive techniques, 
prior pregnancies, and maternal chronic conditions such 
as epilepsy, and use of medications, such as valproate, 
phenytoin, and isotretinoin may be associated with the 
occurrence of some types of CHDs.42 Finally, psychosocial 
factors including socioeconomic status and stress have 
been shown to be associated with CHD risk.39

Despite finding factors that can increase the risk of having 
a baby with a CHD, evidence showing that modifying 
these risk factors would decrease the occurrence of 

CHDs are inconclusive. Furthermore, some studies may 
indicate risks potentially associated with particular CHDs 
but not with other CHDs. One study estimated that the 
proportion of identifiable, modifiable risk factors may be 
as high as 30% for some defects.43 While minimizing risk 
factors does not eliminate the possibility of having a child 
with a CHD, reducing risk factors before and during the 
first trimester of pregnancy when the heart is forming 
may help prevent CHDs.

What can I do to minimize the chance that my child 
will have a CHD?

Prospective mothers should discuss any medical 
conditions and health behaviors that may af fect a 
pregnancy, such as nutrition, physical activity, lifestyle, 
and occupation with their health care providers.

In particular, women of childbearing age should take 
multivitamins containing folic acid daily both before 
and during pregnancy, avoid tobacco and alcohol use, 
use only medications necessary for maternal health, 
and achieve a healthy weight before pregnancy. Women 
with diabetes should be in good glycemic control before 
becoming pregnant.38, 44 Planning for pregnancy may 
help avoid inadvertent harmful exposures to the fetus in 
the first trimester, when mothers may not yet realize they 
are pregnant. 

In addition, women of childbearing age should obtain 
preconception and prenatal care, including testing for 
diabetes and past rubella exposure. They should discuss 
any medication use with their physicians, and avoid 
contact with anyone who is ill, especially with febrile 
respiratory illnesses.38, 45

Do most people with CHDs have other family 
members with these conditions?

Some persons with CHD do have other family members 
with similar conditions. This familial association is more 
common with parents and siblings than with other 
relatives. In a study of sibling risks of CHD, CHD in a 
firstborn child is associated with increased risk for CHD in 
subsequent children.46 The types of CHDs that may occur 
among family members may be dif ferent, however. The 
majority of persons with CHDs have no other family 
members exhibiting CHD.40 Reasons for familial links in 
CHD conditions could be a combination of shared genes 
and environmental factors.46

Most causes of CHDs are unknown. 
Only 15-20% of all CHDs are related 
to known genetic conditions. 
Expecting parents should talk to 
their doctor about their health and 
family history. 
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Are people with a CHD more likely to have children 
with CHDs? How much more likely?

Parents with CHDs are more likely to have children with 
CHDs than those without CHD. An infant born to a family 
without a close relative with CHD has about a 1% chance 
of having CHD. The risk increases about three-fold for a 
family in which the mother, father, or sibling has CHD.40

Morbidity and other non-medical 
considerations over the lifespan

Do people with CHDs have other genetic or congenital 
health problems?

About 20% to 30% of persons with CHDs have other 
birth defects or genetic disorders, and may have 
developmental and cognitive disorders. Such physical 
abnormalities and developmental disorders may dif fer 
among those with dif ferent types or even the same type 
of CHD.47-50 

How many surgeries are performed on children and 
adults each year to treat CHDs? 

According to the Society of Thoracic Surgeons Congenital 
Heart Surgery Database, in 2017 there were 30,172 
surgeries performed on 24,996 patients. Of these, 51% 
were newborns or infants, 40% were between 1 and 18 
years of age, and 10% were adults.24

How many surgeries does an adult with a CHD have 
during his or her lifetime?

Many people with CHDs are not cured with one surgery. 
They may develop problems that need additional 
surgeries or interventions. The need for more surgery 
depends on the type of CHD, initial operation type, and 
the year it was performed.51-54 In one specialized cardiac 
center, almost 50% of adults with CHD who had surgery 
for their condition had two or more operations.55

Are other procedures besides surgery available for 
children and adults with CHDs?

There are catheter-based procedures for a variety of 
interventions, such as closure of a secundum atrial 
septal defect, occlusion of a patent ductus arteriosus, or 
placement of a pulmonary valve.56 The choice of whether to 
do a catheter-based intervention or surgery depends on a 
number of factors, including the technical difficulty of the 
procedure, the nature of the defect, and patient preference.

What acquired cardiac conditions are of concern for 
individuals with CHD?

In addition to managing the CHD, af fected individuals 
remain at risk for developing acquired cardiac conditions 
of adulthood including both those related and unrelated 
to the CHD.57-60 These include:

• Arrhythmias61-65

• Atherosclerotic heart disease66

• Congestive heart failure67

• Endocarditis68

• Hypertension66, 69-71 
• Hyperlipidemia66

• Pulmonary hypertension72

The risk of these conditions will vary by type of CHD and 
prior procedures. 

What do women with CHD need to know about 
reproductive health?

CHD is now the most common form of heart disease 
during pregnancy in the United States.60 Because 
pregnancy among women with CHD may increase the 
risk of maternal and infant morbidity and mortality, 
guidelines have been developed for the management 
of pregnancy and preconception care.102 Women with 
CHD should discuss their health concerns with an Adult 
Congenital Heart Disease (ACHD) cardiologist before 
becoming pregnant to determine how the pregnancy 
may af fect them or the future baby.20 

About 50% of children with CHD 
may require special education 
services. About 50% of youth and 
adults with CHD experience anxiety 
or depression. Pregnancy can be high risk for women 

with congenital heart defects. It is crucial 
that women with CHD obtain care from a 
team of experts during pregnancy. 
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Multiple types of birth control are available for women 
with CHD. Each type has risk and benefit that vary 
with the underlying heart condition or type of repair.20 
For example, estrogen-containing birth control can 
increase the risk of clot formation and is not appropriate 
for patients with an underlying risk of clotting such as 
those with mechanical valves or who have had a Fontan 
operation. 

If a woman with CHD is pregnant, it is recommended that 
she have an evaluation by a specialized multi-disciplinary 
care team at the time of pregnancy to formulate a care 
plan.20, 102-104 As previously stated, CHD occurs in about 
1% of births, with increased risk to 3-8% depending 
on parental CHD. Thus, fetal echocardiography is 
recommended at approximately 18-20 weeks gestation 
to screen for a CHD in the fetus.105-107

What are important neurodevelopmental, 
neurocognitive, and psychosocial considerations for 
individuals with CHD?

CHD is known to have important ef fects on the brain and 
brain development, with important ramifications both 
during childhood and adulthood.108 People with CHD 
have a spectrum of such outcomes: many may notice few 
to no neurodevelopmental or neurocognitive defects, 
while others may have severe dif ficulties in life. During 
childhood, there can be challenges in neurodevelopment 
and academic achievement in school.109-111 Into adulthood, 
there are various psychosocial considerations such as 
employment, social relationships, or mental health 
challenges.112 It is therefore important that individuals 
with CHD, particularly those with the most severe forms, 
be screened for neurodevelopmental and neurocognitive 
challenges and be connected with services that may be 
of assistance.113 With awareness, early identification 
and management of the neurodevelopmental, 
neurocognitive, and psychosocial challenges, the quality 
of life as perceived by those with CHD can be quite 
good.114, 115

What other acquired non-cardiac conditions are of 
concern for individuals with CHD?

Individuals with CHD are at risk of non-cardiac 
conditions that may be related to the underlying heart 
condition or may be sequelae of prior procedures or 
ongoing physiology. The prevalence of these conditions 
will dif fer depending on the underlying CHD and prior 
procedures. As some of these conditions may have a 

significant impact on quality of life and/or mortality, it is 
important for healthcare providers to be aware of these 
complications related to dif ferent CHDs or procedures 
and to assess patients appropriately.73 Table 1 lists some 
of these potential non-cardiac conditions.  

What mental health challenges are of ten 
encountered by individuals with CHD?

Although mental health challenges certainly do not 
af fect every person with CHD, it has been shown that 
adults with CHD have a higher incidence of mental 
health issues than other heart healthy adults. Estimates 
range from approximately 36% of adults with CHD 
experiencing a diagnosable psychiatric disorder, with 
anxiety or depressive symptoms being prominent,116 to 
at least 50% of interviewed patients meeting diagnostic 
criteria for at least one lifetime mood or anxiety 
disorder.117 Unfortunately, most adults with CHD “suf fer 
silently and worry alone”, and many are not referred to 
a mental health professional.118 According to one study, 
“approximately, 70% of the patients who met diagnostic 
criteria at the time of study participation were not 
engaged in mental health treatment.”117 

Table 1

System Condition

Pulmonary Restrictive lung disease74-77

Plastic bronchitis78

Chylothorax79

Renal Chronic renal insufficiency80

Gastrointestinal/ 
Nutrition

Obesity81-84

Malnutrition84, 85

Protein losing Enteropathy86

Hepatitis C87, 88

Fontan-associated Liver Disease89, 90

Chronic congestive hepatopathy91, 92

Neurologic Seizure disorder93

Cerebrovascular accident (stroke)94, 95

Dementia96

Hematologic Iron Deficiency anemia97

Secondary erythrocytosis97, 98

Oncology Potential increased risk of 
malignancy99-101
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Healthcare Access and Cost 
Considerations

What is the national cost burden for treating 
congenital heart disease? 

Cardiac and circulatory anomalies accounted for more 
than one-third of all hospital stays for birth defects and 
had the highest in-hospital mortality rate.119 In 2013, 
hospital costs for all individuals with CHD exceeded $6.1 
billion; this represents 27% of all birth defect-associated 
hospitalization costs.120 Costs vary by age and type 
of CHD. Costs for infants less than 1 year of age, for 
hospitalizations for critical CHDs, and for hospitalizations 
in which the patient died were highest. For example, 
among privately insured children in 2005 in the United 
States, it was estimated that the average medical cost for 
children with CHD younger than 3 years old was 10 to 20 
times greater than for children of the same age without 
CHD.121 The greatest cost dif ference was in the care of 
infants less than 1 year old. 
 

In 2009, estimates from a nationwide database showed 
the hospital cost for 27,000 children treated primarily 
for CHD was nearly $1.5 billion and for about 12,000 
adults it was at least $280 million.122 However, these are 
minimum cost estimates for all those with CHD, as they 
do not reflect the total reimbursement hospitals actually 
received and do not include costs for: discharges where 
CHD was not the primary condition, inpatient doctor 
care, medications, outpatient care, or nonmedical costs to 
families such as transportation, lost wages, or child care.

In the US, admissions to the hospital via the emergency 
department increase during transition years from 

pediatric to adult care settings.123 All adults with 
CHD, even those with mild to moderate disease, have 
significantly higher rates of health care utilization than 
their age-matched peers. Data from Canada have shown 
that adults with severe CHD use three to four times 
more health services and that those with other forms of 
CHD use twice as many health services than the general 
population.124 

Does early detection play a role in reducing healthcare 
costs for critical congenital heart disease?

From 1998 to 2007, approximately 23% of infants with 
critical congenital heart disease were diagnosed af ter 
birth hospitalization.125 Late detection (detection af ter 
birth hospitalization) was associated with 52% more 
hospital admissions, 18% more hospitalized days, and 
35% higher inpatient costs during infancy. Infants 
whose CCHD is detected at birth hospitals experience 
cost savings in terms of hospitalization. Potentially 
preventable deaths occurred in 1.8% of infants with 
late detection of CCHD.125 These findings support the 
recommendation for increased CCHD screening.

What are important health insurance considerations 
for those with CHD? 

Lack of health insurance has been shown to be associated 
with increased mortality among infants with complex 
congenital heart disease.126 Moreover, lack of insurance 
can lead to significant financial burdens for families 
af fected by congenital heart disease.127 

Adults with CHD may encounter significant challenges in 
obtaining or utilizing health insurance.128 It is important 
not only for individuals with CHD to have appropriate 
health insurance coverage, but also that such coverage 
includes the necessary access and benefits unique to this 
special population.129 

What percentage of adults with CHD receive care at a 
specialty adult congenital heart defect program?

With approximately 1.4 million adults with CHD in 
201019 yet fewer than 100,000 visits to adult CHD 
centers in 2016130, it is estimated that fewer than 10% 
of adults who might benefit from adult CHD programs 
are in such programs. Since 2015 the American Board of 
Internal Medicine has been certifying ACHD physicians 
to fill a critical need for specialized healthcare for the 
growing population of adults with CHD. However, as of 
2018, ACHD centers are only available in 42 states and 

28% of children with a CHD will stop seeing a 
cardiologist by the time they are 6 years old, 

increasing to 61% by age 18 years. Don’t be a  
lost-to-care statistic. 
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Washington DC, and in more than half of these states 
there is only one specialty clinic for the entire state.

What are reasons persons with CHD are lost to care? 

Although most individuals with CHD require life-long 
cardiology care, many adults are lost to cardiac follow-
up or may experience gaps in care up to 10 years. Current 
guidelines recommend a guided transition be initiated in 
early adolescence to encourage continuity of care with 
adult providers. Despite this recommendation, lapses in 
care are common. This population is vulnerable to loss 
to follow-up from cardiology care: about 28% do not see 
a CHD provider af ter age 6, 47% af ter age 13, and 61% 
af ter age 18.22 Approximately 42% of adults with CHD 
presenting at an adult CHD clinic had a gap in care of 
greater than 3 years. Some of the leading reasons for gaps 
in care include changes or loss of insurance, financial 
barriers, feeling healthy, the inaccurate belief that their 
defect has “been cured,” failure to track appointment 
timing, and decreased parental involvement. Most losses 
to follow-up or gaps in care begin during the late teen 
years, during the transition from pediatric to adult care.131

The congenital heart defects fact sheet is an output of the 
Congenital Heart Public Health Consortium (CHPHC); it 
was supported in part by Cooperative Agreement Number 
NU38OT000282, funded by the Centers for Disease Control 
and Prevention. The contents of the fact sheet are solely the 
responsibility of the CHPHC and do not necessarily represent the 
of ficial position of the Centers for Disease Control and Prevention, 
Department of Health and Human Services, American Academy 
of Pediatrics or other member organizations of the Congenital 
Heart Public Health Consortium. 

1. Oster ME, Aucott SW, Glidewell J, Hackell J, Kochilas L, Martin GR, Phillippi 
J, Pinto NM, Saarinen A, Sontag M and Kemper AR. Lessons Learned From 
Newborn Screening for Critical Congenital Heart Defects. Pediatrics. 
2016;137.

2. Ailes EC, Gilboa SM, Honein MA and Oster ME. Estimated number of 
infants detected and missed by critical congenital heart defect screening. 
Pediatrics. 2015;135:1000-8.

3. Hof fman JI and Kaplan S. The incidence of congenital heart disease. J Am 
Coll Cardiol. 2002;39:1890-900.

4. Driscoll D, Allen HD, Atkins DL, Brenner J, Dunnigan A, Franklin W, 
Gutgesell HP, Herndon P, Shaddy RE, Taubert KA and et al. Guidelines for 
evaluation and management of common congenital cardiac problems 
in infants, children, and adolescents. A statement for healthcare 
professionals from the Committee on Congenital Cardiac Defects of 
the Council on Cardiovascular Disease in the Young, American Heart 
Association. Circulation. 1994;90:2180-8.

5. Kemper AR, Mahle WT, Martin GR, Cooley WC, Kumar P, Morrow WR, 
Kelm K, Pearson GD, Glidewell J, Grosse SD and Howell RR. Strategies for 
implementing screening for critical congenital heart disease. Pediatrics. 
2011;128:e1259-67.

6. Abouk R, Grosse SD, Ailes EC and Oster ME. Association of U.S. State 
Implementation of Newborn Screening Policies for Critical Congenital 
Heart Disease With Early Infant Cardiac Deaths. JAMA. 2017;318:2111-2118.

7. Centers for Disease Control and Prevention. Update on overall prevalence 
of major birth defects--Atlanta, Georgia, 1978-2005. MMWR Morb Mortal 
Wkly Rep. 2008;57:1-5.

8. van der Linde D, Konings EE, Slager MA, Witsenburg M, Helbing WA, 
Takkenberg JJ and Roos-Hesselink JW. Birth prevalence of congenital 
heart disease worldwide: a systematic review and meta-analysis. J Am Coll 
Cardiol. 2011;58:2241-7.

9. Moller JH, Taubert KA, Allen HD, Clark EB and Lauer RM. Cardiovascular 
health and disease in children: current status. A Special Writing Group 
from the Task Force on Children and Youth, American Heart Association. 
Circulation. 1994;89:923-30.

10. Oster ME, Lee KA, Honein MA, Riehle-Colarusso T, Shin M and Correa A. 
Temporal trends in survival among infants with critical congenital heart 
defects. Pediatrics. 2013;131:e1502-8.

11. O’Sullivan BP and Freedman SD. Cystic fibrosis. Lancet. 2009;373:1891-904.

12. Baio J, Wiggins L, Christensen DL, Maenner MJ, Daniels J, Warren Z, 
Kurzius-Spencer M, Zahorodny W, Robinson Rosenberg C, White T, Durkin 
MS, Imm P, Nikolaou L, Yeargin-Allsopp M, Lee LC, Harrington R, Lopez M, 
Fitzgerald RT, Hewitt A, Pettygrove S, Constantino JN, Vehorn A, Shenouda 
J, Hall-Lande J, Van Naarden Braun K and Dowling NF. Prevalence of 
Autism Spectrum Disorder Among Children Aged 8 Years - Autism and 
Developmental Disabilities Monitoring Network, 11 Sites, United States, 
2014. MMWR Surveill Summ. 2018;67:1-23.

13. Cronin KA, Lake AJ, Scott S, Sherman RL, Noone AM, Howlader N, Henley 
SJ, Anderson RN, Firth AU, Ma J, Kohler BA and Jemal A. Annual Report 
to the Nation on the Status of Cancer, part I: National cancer statistics. 
Cancer. 2018;124:2785-2800.

14. Marelli AJ, Ionescu-Ittu R, Mackie AS, Guo L, Dendukuri N and Kaouache M. 
Lifetime prevalence of congenital heart disease in the general population 

References



10      Congenital Heart Defects: Know the facts Congenital Heart Public Health Consortium

from 2000 to 2010. Circulation. 2014;130:749-56.

15. Webb G, Mulder BJ, Aboulhosn J, Daniels CJ, Elizari MA, Hong G, Horlick E, 
Landzberg MJ, Marelli AJ, O’Donnell CP, Oechslin EN, Pearson DD, Pieper 
EP, Saxena A, Schwerzmann M, Stout KK, Warnes CA and Khairy P. The 
care of adults with congenital heart disease across the globe: Current 
assessment and future perspective: A position statement from the 
International Society for Adult Congenital Heart Disease (ISACHD). Int J 
Cardiol. 2015;195:326-33.

16. Rosano A, Botto LD, Botting B and Mastroiacovo P. Infant mortality and 
congenital anomalies from 1950 to 1994: an international perspective. J 
Epidemiol Community Health. 2000;54:660-666.

17. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, de Ferranti 
SD, Floyd J, Fornage M, Gillespie C, Isasi CR, Jimenez MC, Jordan LC, Judd 
SE, Lackland D, Lichtman JH, Lisabeth L, Liu S, Longenecker CT, Mackey 
RH, Matsushita K, Mozaf farian D, Mussolino ME, Nasir K, Neumar 
RW, Palaniappan L, Pandey DK, Thiagarajan RR, Reeves MJ, Ritchey 
M, Rodriguez CJ, Roth GA, Rosamond WD, Sasson C, Towfighi A, Tsao 
CW, Turner MB, Virani SS, Voeks JH, Willey JZ, Wilkins JT, Wu JH, Alger 
HM, Wong SS and Muntner P. Heart Disease and Stroke Statistics-2017 
Update: A Report From the American Heart Association. Circulation. 
2017;135:e146-e603.

18. Knapp AA, Metterville DR, Kemper AR, Prosser LA and Perrin JM. Evidence 
review: Critical congenital cyanotic heart disease, Final Draf t. 2010.

19. Gilboa SM, Salemi JL, Nembhard WN, Fixler DE and Correa A. Mortality 
resulting from congenital heart disease among children and adults in the 
United States, 1999 to 2006. Circulation. 2010;122:2254-63.

20. Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman 
JM, Crumb SR, Dearani JA, Fuller S, Gurvitz M, Khairy P, Landzberg MJ, 
Saidi A, Valente AM and Van Hare GF. 2018 AHA/ACC Guideline for the 
Management of Adults With Congenital Heart Disease: A Report of the 
American College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines. J Am Coll Cardiol. 2018.

21. Mylotte D, Pilote L, Ionescu-Ittu R, Abrahamowicz M, Khairy P, Therrien J, 
Mackie AS and Marelli A. Specialized adult congenital heart disease care: 
the impact of policy on mortality. Circulation. 2014;129:1804-12.

22. Mackie AS, Ionescu-Ittu R, Therrien J, Pilote L, Abrahamowicz M and 
Marelli AJ. Children and adults with congenital heart disease lost to follow-
up: who and when? Circulation. 2009;120:302-9.

23. Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone G, 
Ferguson TB, Ford E, Furie K, Gillespie C, Go A, Greenlund K, Haase N, 
Hailpern S, Ho PM, Howard V, Kissela B, Kittner S, Lackland D, Lisabeth L, 
Marelli A, McDermott MM, Meigs J, Mozaf farian D, Mussolino M, Nichol G, 
Roger VL, Rosamond W, Sacco R, Sorlie P, Staf ford R, Thom T, Wasserthiel-
Smoller S, Wong ND and Wylie-Rosett J. Executive summary: heart 
disease and stroke statistics--2010 update: a report from the American 
Heart Association. Circulation. 2010;121:948-54.

24. Society of Thoracic Surgeons Congenital Heart Surgery Database Spring 
2018 Harvest. 2018.

25. Overman DM, Jacobs JP, Prager RL, Wright CD, Clarke DR, Pasquali SK, 
O’Brien SM, Dokholyan RS, Meehan P, McDonald DE, Jacobs ML, Mavroudis 
C and Shahian DM. Report from the Society of Thoracic Surgeons National 
Database Workforce: clarifying the definition of operative mortality. 
World J Pediatr Congenit Heart Surg. 2013;4:10-2.

26. Karamlou T, Diggs BS, Person T, Ungerleider RM and Welke KF. National 
practice patterns for management of adult congenital heart disease: 
operation by pediatric heart surgeons decreases in-hospital death. 
Circulation. 2008;118:2345-52.

27. Boneva RS, Botto LD, Moore CA, Yang Q, Correa A and Erickson JD. 
Mortality associated with congenital heart defects in the United States: 
trends and racial disparities, 1979-1997. Circulation. 2001;103:2376-81.

28. Pillutla P, Shetty KD and Foster E. Mortality associated with adult 
congenital heart disease: trends in the U.S. population from 1979 to 2005. 
Am Heart J. 2009;158:874-9.

29. Khairy P, Ionescu-Ittu R, Mackie AS, Abrahamowicz M, Pilote L and Marelli 
AJ. Changing mortality in congenital heart disease. J Am Coll Cardiol. 
2010;56:1149-57.

30. Spector LG, Menk JS, Knight JH, McCracken C, Thomas AS, Vinocur JM, 
Oster ME, St Louis JD, Moller JH and Kochilas L. Trends in Long-Term 
Mortality Af ter Congenital Heart Surgery. J Am Coll Cardiol. 2018;71:2434-
2446.

31. Mandalenakis Z, Rosengren A, Skoglund K, Lappas G, Eriksson P and 
Dellborg M. Survivorship in Children and Young Adults With Congenital 
Heart Disease in Sweden. JAMA Intern Med. 2017;177:224-230.

32. Cohen S and Marelli A. Increasing Survival in Patients With Congenital 
Heart Disease-A Glass Half Full or Half Empty? JAMA Intern Med. 
2017;177:1690-1691.

33. Moons P, Bovijn L, Budts W, Belmans A and Gewillig M. Temporal trends in 
survival to adulthood among patients born with congenital heart disease 
from 1970 to 1992 in Belgium. Circulation. 2010;122:2264-72.

34. Kiener A, Kelleman M, McCracken C, Kochilas L, St Louis JD and Oster ME. 
Long-term Survival following Arterial vs. Atrial Switch in d-Transposition 
of the Great Arteries. Ann Thorac Surg. 2018.

35. Fixler DE, Nembhard WN, Salemi JL, Ethen MK and Canfield MA. Mortality 
in first 5 years in infants with functional single ventricle born in Texas, 1996 
to 2003. Circulation. 2010;121:644-50.

36. Sif fel C, Riehle-Colarusso T, Oster ME and Correa A. Survival of Children 
With Hypoplastic Lef t Heart Syndrome. Pediatrics. 2015;136:e864-70.

37. Oster ME, Riehle-Colarusso T, Alverson CJ and Correa A. Associations 
between maternal fever and influenza and congenital heart defects. J 
Pediatr. 2011;158:990-5.

38. Jenkins KJ, Correa A, Feinstein JA, Botto L, Britt AE, Daniels SR, Elixson 
M, Warnes CA, Webb CL and American Heart Association Council on 
Cardiovascular Disease in the Y. Noninherited risk factors and congenital 
cardiovascular defects: current knowledge: a scientific statement from 
the American Heart Association Council on Cardiovascular Disease in 
the Young: endorsed by the American Academy of Pediatrics. Circulation. 
2007;115:2995-3014.

39. Patel SS and Burns TL. Nongenetic risk factors and congenital heart 
defects. Pediatr Cardiol. 2013;34:1535-55.

40. Oyen N, Poulsen G, Boyd HA, Wohlfahrt J, Jensen PK and Melbye 
M. Recurrence of congenital heart defects in families. Circulation. 
2009;120:295-301.

41. Hartman RJ, Rasmussen SA, Botto LD, Riehle-Colarusso T, Martin CL, Cragan 
JD, Shin M and Correa A. The contribution of chromosomal abnormalities 
to congenital heart defects: a population-based study. Pediatr Cardiol. 
2011;32:1147-57.

42. Riehle-Colarusso TJ and Patel SS. Maternal Nongenetic Risk Factors for 
Congenital Heart Defects. 2017:57-69.

43. Simeone RM, Tinker SC, Gilboa SM, Agopian AJ, Oster ME, Devine OJ and 
Honein MA. Proportion of selected congenital heart defects attributable 
to recognized risk factors. Ann Epidemiol. 2016;26:838-845.

44. Correa A, Gilboa SM, Besser LM, Botto LD, Moore CA, Hobbs CA, Cleves 
MA, Riehle-Colarusso TJ, Waller DK and Reece EA. Diabetes mellitus and 
birth defects. American journal of obstetrics and gynecology. 2008;199:237 
e1-9.

45. Alverson CJ, Strickland MJ, Gilboa SM and Correa A. Maternal smoking 
and congenital heart defects in the Baltimore-Washington Infant Study. 
Pediatrics. 2011;127:e647-53.

46. Brodwall K, Norway UoBDoGPHaPCB, Norway HUHDoPB, Greve G, Norway 
UoBDoMSB, Norway HUHDoHDB, Leirgul E, Norway UoBDoGPHaPCB, 
Norway HUHDoHDB, Tell GS, Norway UoBDoGPHaPCB, Norway NIoPHB, 
Vollset SE, Norway UoBDoGPHaPCB, Norway NIoPHO, Øyen N, Norway 
UoBDoGPHaPCB and Norway HUHCfMGaMMB. Recurrence of congenital 
heart defects among siblings—a nationwide study. American Journal of 
Medical Genetics Part A. 2018;173:1575-1585.



Congenital Heart Public Health Consortium Congenital Heart Defects: Know the facts      11      

47. Miller A, Riehle-Colarusso T, Alverson CJ, Frias JL and Correa A. Congenital 
heart defects and major structural noncardiac anomalies, Atlanta, 
Georgia, 1968 to 2005. J Pediatr. 2011;159:70-78 e2.

48. Limperopoulos C, Majnemer A, Shevell MI, Rosenblatt B, Rohlicek C and 
Tchervenkov C. Neurodevelopmental status of newborns and infants with 
congenital heart defects before and af ter open heart surgery. J Pediatr. 
2000;137:638-45.

49. Shillingford AJ, Glanzman MM, Ittenbach RF, Clancy RR, Gaynor JW and 
Wernovsky G. Inattention, hyperactivity, and school performance in a 
population of school-age children with complex congenital heart disease. 
Pediatrics. 2008;121:e759-67.

50. Gelb B, Brueckner M, Chung W, Goldmuntz E, Kaltman J, Kaski JP, Kim 
R, Kline J, Mercer-Rosa L, Porter G, Roberts A, Rosenberg E, Seiden H, 
Seidman C, Sleeper L, Tennstedt S, Schramm C, Burns K and Pearson G. 
The Congenital Heart Disease Genetic Network Study: rationale, design, 
and early results. Circulation research. 2013;112:698-706.

51. Jacobs JP, O’Brien SM, Pasquali SK, Kim S, Gaynor JW, Tchervenkov CI, 
Karamlou T, Welke KF, Lacour-Gayet F, Mavroudis C, Mayer JE, Jr., Jonas 
RA, Edwards FH, Grover FL, Shahian DM and Jacobs ML. The importance of 
patient-specific preoperative factors: an analysis of the society of thoracic 
surgeons congenital heart surgery database. The Annals of thoracic 
surgery. 2014;98:1653-8; discussion 1658-9.

52. O’Brien SM, Jacobs JP, Pasquali SK, Gaynor JW, Karamlou T, Welke KF, 
Filardo G, Han JM, Kim S, Shahian DM and Jacobs ML. The Society of 
Thoracic Surgeons Congenital Heart Surgery Database Mortality Risk 
Model: Part 1-Statistical Methodology. The Annals of thoracic surgery. 
2015;100:1054-62.

53. Jacobs JP, O’Brien SM, Pasquali SK, Gaynor JW, Mayer JE, Jr., Karamlou T, 
Welke KF, Filardo G, Han JM, Kim S, Quintessenza JA, Pizarro C, Tchervenkov 
CI, Lacour-Gayet F, Mavroudis C, Backer CL, Austin EH, 3rd, Fraser CD, 
Tweddell JS, Jonas RA, Edwards FH, Grover FL, Prager RL, Shahian DM and 
Jacobs ML. The Society of Thoracic Surgeons Congenital Heart Surgery 
Database Mortality Risk Model: Part 2-Clinical Application. The Annals of 
thoracic surgery. 2015;100:1063-8; discussion 1068-70.

54. Pasquali SK, Jacobs ML, O’Brien SM, He X, Gaynor JW, Gaies MG, Peterson 
ED, Hirsch-Romano JC, Mayer JE and Jacobs JP. Impact of Patient 
Characteristics on Hospital-Level Outcomes Assessment in Congenital 
Heart Surgery. The Annals of thoracic surgery. 2015;100:1071-6; discussion 
1077.

55. Warnes CA, Liberthson R, Danielson GK, Dore A, Harris L, Hof fman JI, 
Somerville J, Williams RG and Webb GD. Task force 1: the changing profile 
of congenital heart disease in adult life. J Am Coll Cardiol. 2001;37:1170-1175.

56. Hijazi ZM and Awad SM. Pediatric cardiac interventions. JACC Cardiovasc 
Interv. 2008;1:603-11.

57. Billett J, Cowie MR, Gatzoulis MA, Vonder Muhll IF and Majeed A. 
Comorbidity, healthcare utilisation and process of care measures 
in patients with congenital heart disease in the UK: cross-sectional, 
population-based study with case-control analysis. Heart. 2008;94:1194-9.

58. Engelfriet P, Boersma E, Oechslin E, Tijssen J, Gatzoulis MA, Thilen U, 
Kaemmerer H, Moons P, Meijboom F, Popelova J, Laforest V, Hirsch R, 
Daliento L, Thaulow E and Mulder B. The spectrum of adult congenital 
heart disease in Europe: morbidity and mortality in a 5 year follow-up 
period. The Euro Heart Survey on adult congenital heart disease. Eur Heart 
J. 2005;26:2325-33.

59. Green A. Outcomes of congenital heart disease: a review. Pediatr Nurs. 
2004;30:280-4.

60. Williams RG, Pearson GD, Barst RJ, Child JS, del Nido P, Gersony WM, Kuehl 
KS, Landzberg MJ, Myerson M, Neish SR, Sahn DJ, Verstappen A, Warnes 
CA and Webb CL. Report of the National Heart, Lung, and Blood Institute 
Working Group on research in adult congenital heart disease. J Am Coll 
Cardiol. 2006;47:701-7.

61. Bouchardy J, Therrien J, Pilote L, Ionescu-Ittu R, Martucci G, Bottega N 
and Marelli AJ. Atrial arrhythmias in adults with congenital heart disease. 
Circulation. 2009;120:1679-86.

62. Yang H, Kuijpers JM, de Groot JR, Konings TC, van Dijk A, Sieswerda GT, 
Post MC, Mulder BJM and Bouma BJ. Impact of atrial arrhythmias on 
outcome in adults with congenital heart disease. International journal of 
cardiology. 2017;248:152-154.

63. Labombarda F, Hamilton R, Shohoudi A, Aboulhosn J, Broberg CS, Chaix 
MA, Cohen S, Cook S, Dore A, Fernandes SM, Fournier A, Kay J, Macle L, 
Mondesert B, Mongeon FP, Opotowsky AR, Proietti A, Rivard L, Ting J, 
Thibault B, Zaidi A and Khairy P. Increasing Prevalence of Atrial Fibrillation 
and Permanent Atrial Arrhythmias in Congenital Heart Disease. Journal of 
the American College of Cardiology. 2017;70:857-865.

64. Khairy P, Van Hare GF, Balaji S, Berul CI, Cecchin F, Cohen MI, Daniels CJ, 
Deal BJ, Dearani JA, Groot N, Dubin AM, Harris L, Janousek J, Kanter RJ, 
Karpawich PP, Perry JC, Seslar SP, Shah MJ, Silka MJ, Triedman JK, Walsh 
EP and Warnes CA. PACES/HRS expert consensus statement on the 
recognition and management of arrhythmias in adult congenital heart 
disease: developed in partnership between the Pediatric and Congenital 
Electrophysiology Society (PACES) and the Heart Rhythm Society (HRS). 
Endorsed by the governing bodies of PACES, HRS, the American College 
of Cardiology (ACC), the American Heart Association (AHA), the European 
Heart Rhythm Association (EHRA), the Canadian Heart Rhythm Society 
(CHRS), and the International Society for Adult Congenital Heart Disease 
(ISACHD). The Canadian journal of cardiology. 2014;30:e1-e63.

65. Silka MJ, Hardy BG, Menashe VD and Morris CD. A population-based 
prospective evaluation of risk of sudden cardiac death af ter operation 
for common congenital heart defects. Journal of the American College of 
Cardiology. 1998;32:245-51.

66. Bhatt AB, Foster E, Kuehl K, Alpert J, Brabeck S, Crumb S, Davidson WR, 
Earing MG, Ghoshhajra BB, Karamlou T, Mital S, Ting J and Tseng ZH. 
Congenital Heart Disease in the Older Adult. 2015.

67. Faccini A, Micheletti A, Negura DG, Giugno L, Butera G, Carminati M, 
Giamberti A and Chessa M. Heart failure in grown-up congenital heart 
disease. Minerva cardioangiologica. 2018;66:329-336.

68. Wilson W, Taubert KA, Gewitz M, Lockhart PB, Baddour LM, Levison M, 
Bolger A, Cabell CH, Takahashi M, Baltimore RS, Newburger JW, Strom BL, 
Tani LY, Gerber M, Bonow RO, Pallasch T, Shulman ST, Rowley AH, Burns 
JC, Ferrieri P, Gardner T, Gof f D and Durack DT. Prevention of infective 
endocarditis: guidelines from the American Heart Association: a guideline 
from the American Heart Association Rheumatic Fever, Endocarditis, and 
Kawasaki Disease Committee, Council on Cardiovascular Disease in the 
Young, and the Council on Clinical Cardiology, Council on Cardiovascular 
Surgery and Anesthesia, and the Quality of Care and Outcomes Research 
Interdisciplinary Working Group. Circulation. 2007;116:1736-54.

69. Harris KC, Voss C, Rankin K, Aminzadah B, Gardner R and Mackie AS. 
Modifiable cardiovascular risk factors in adolescents and adults with 
congenital heart disease. Congenit Heart Dis. 2018.

70. Ware AL, Young PC, Weng C, Presson AP, Minich LL and Menon SC. 
Prevalence of Coronary Artery Disease Risk Factors and Metabolic 
Syndrome in Children with Heart Disease. Pediatric cardiology. 
2018;39:261-267.

71. Giannakoulas G and Ntiloudi D. Acquired cardiovascular disease in adult 
patients with congenital heart disease Heart England; 2018(104): 546-547.

72. Hansmann G. Pulmonary Hypertension in Infants, Children, and Young 
Adults. J Am Coll Cardiol. 2017;69:2551-2569.

73. Lui GK, Saidi A, Bhatt AB, Burchill LJ, Deen JF, Earing MG, Gewitz M, Ginns 
J, Kay JD, Kim YY, Kovacs AH, Krieger EV, Wu FM, Yoo SJ, American Heart 
Association Adult Congenital Heart Disease Committee of the Council 
on Clinical C, Council on Cardiovascular Disease in the Y, Council on 
Cardiovascular R, Intervention, Council on Quality of C and Outcomes R. 
Diagnosis and Management of Noncardiac Complications in Adults With 
Congenital Heart Disease: A Scientific Statement From the American 
Heart Association. Circulation. 2017;136:e348-e392.

74. Diller GP, Dimopoulos K, Okonko D, Li W, Babu-Narayan SV, Broberg 
CS, Johansson B, Bouzas B, Mullen MJ, Poole-Wilson PA, Francis DP and 
Gatzoulis MA. Exercise intolerance in adult congenital heart disease: 
comparative severity, correlates, and prognostic implication. Circulation. 



12      Congenital Heart Defects: Know the facts Congenital Heart Public Health Consortium

2005;112:828-35.

75. Ginde S, Bartz PJ, Hill GD, Danduran MJ, Biller J, Sowinski J, Tweddell JS and 
Earing MG. Restrictive lung disease is an independent predictor of exercise 
intolerance in the adult with congenital heart disease. Congenit Heart Dis. 
2013;8:246-54.

76. Fredriksen PM, Therrien J, Veldtman G, Warsi MA, Liu P, Siu S, Williams 
W, Granton J and Webb G. Lung function and aerobic capacity in adult 
patients following modified Fontan procedure. Heart. 2001;85:295-9.

77. Alonso-Gonzalez R, Borgia F, Diller G-P, Inuzuka R, Kempny A, Martinez-
Naharro A, Tutarel O, Marino P, Wustmann K, Charalambides M, Silva 
M, Swan L, Dimopoulos K and Gatzoulis MA. Abnormal Lung Function 
in Adults with Congenital Heart Disease: Prevalence, Relation to Cardiac 
Anatomy and Association with Survival. 2013.

78. Schumacher KR, Stringer KA, Donohue JE, Yu S, Shaver A, Caruthers RL, 
Zikmund-Fisher BJ, Fifer C, Goldberg C and Russell MW. Fontan-associated 
protein-losing enteropathy and plastic bronchitis. J Pediatr. 2015;166:970-7.

79. Kreutzer J and Kreutzer C. Lymphodynamics in Congenital Heart Disease: 
The Forgotten Circulation. J Am Coll Cardiol. 2017;69:2423-2427.

80. Dimopoulos K, Diller GP, Koltsida E, Pijuan-Domenech A, Papadopoulou 
SA, Babu-Narayan SV, Salukhe TV, Piepoli MF, Poole-Wilson PA, Best N, 
Francis DP and Gatzoulis MA. Prevalence, predictors, and prognostic value 
of renal dysfunction in adults with congenital heart disease. Circulation. 
2008;117:2320-8.

81. Brida M, Dimopoulos K, Kempny A, Liodakis E, Alonso-Gonzalez R, Swan L, 
Uebing A, Baumgartner H, Gatzoulis MA and Diller GP. Body mass index in 
adult congenital heart disease. Heart. 2017;103:1250-1257.

82. 82. Deen JF, Krieger EV, Slee AE, Arslan A, Arterburn D, Stout KK and 
Portman MA. Metabolic Syndrome in Adults With Congenital Heart 
Disease. J Am Heart Assoc. 2016;5.

83. Tamayo C, Manlhiot C, Patterson K, Lalani S and McCrindle BW. 
Longitudinal evaluation of the prevalence of overweight/obesity in 
children with congenital heart disease. Can J Cardiol. 2015;31:117-23.

84. O’Byrne ML, Kim S, Hornik CP, Yerokun BA, Matsouaka RA, Jacobs JP, 
Jacobs ML and Jonas RA. Ef fect of Obesity and Underweight Status on 
Perioperative Outcomes of Congenital Heart Operations in Children, 
Adolescents, and Young Adults: An Analysis of Data From the Society of 
Thoracic Surgeons Database. Circulation. 2017;136:704-718.

85. Schwartz S, Olsen M, Woo JG and Madsen N. Congenital heart disease and 
the prevalence of underweight and obesity from age 1 to 15 years: data on a 
nationwide sample of children. BMJ Paediatr Open. 2017;1:e000127.

86. John AS, Johnson JA, Khan M, Driscoll DJ, Warnes CA and Cetta F. 
Clinical outcomes and improved survival in patients with protein-losing 
enteropathy af ter the Fontan operation. J Am Coll Cardiol. 2014;64:54-62.

87. Wang A, Book WM, McConnell M, Lyle T, Rodby K and Mahle WT. Prevalence 
of hepatitis C infection in adult patients who underwent congenital heart 
surgery prior to screening in 1992. Am J Cardiol. 2007;100:1307-9.

88. Cox DA, Ginde S, Tweddell JS and Earing MG. Outcomes of a hepatitis C 
screening protocol in at-risk adults with prior cardiac surgery. World J 
Pediatr Congenit Heart Surg. 2014;5:503-6.

89. Daniels CJ, Bradley EA, Landzberg MJ, Aboulhosn J, Beekman RH, 3rd, Book 
W, Gurvitz M, John A, John B, Marelli A, Marino BS, Minich LL, Poterucha JJ, 
Rand EB and Veldtman GR. Fontan-Associated Liver Disease: Proceedings 
from the American College of Cardiology Stakeholders Meeting, October 1 
to 2, 2015, Washington DC. J Am Coll Cardiol. 2017;70:3173-3194.

90. Surrey LF, Russo P, Rychik J, Goldberg DJ, Dodds K, O’Byrne ML, Glatz 
AC, Rand EB and Lin HC. Prevalence and characterization of fibrosis in 
surveillance liver biopsies of patients with Fontan circulation. Hum Pathol. 
2016;57:106-115.

91. Asrani SK, Asrani NS, Freese DK, Phillips SD, Warnes CA, Heimbach J 
and Kamath PS. Congenital heart disease and the liver. Hepatology. 
2012;56:1160-9.

92. Ford RM, Book W and Spivey JR. Liver disease related to the heart. 

Transplant Rev (Orlando). 2015;29:33-7.

93. Leisner MZ, Madsen NL, Ostergaard JR, Woo JG, Marino BS and Olsen MS. 
Congenital Heart Defects and Risk of Epilepsy: A Population-Based Cohort 
Study. Circulation. 2016;134:1689-1691.

94. Pickard SS, Gauvreau K, Gurvitz M, Gagne JJ, Opotowsky AR, Jenkins KJ 
and Prakash A. Stroke in Adults With Coarctation of the Aorta: A National 
Population-Based Study. J Am Heart Assoc. 2018;7.

95. Mandalenakis Z, Rosengren A, Lappas G, Eriksson P, Hansson PO and 
Dellborg M. Ischemic Stroke in Children and Young Adults With Congenital 
Heart Disease. J Am Heart Assoc. 2016;5.

96. Bagge CN, Henderson VW, Laursen HB, Adelborg K, Olsen M and Madsen 
NL. Risk of Dementia in Adults With Congenital Heart Disease: Population-
Based Cohort Study. Circulation. 2018;137:1912-1920.

97. Broberg CS. Challenges and management issues in adults with cyanotic 
congenital heart disease. Heart. 2016;102:720-5.

98. Broberg CS, Jayaweera AR, Diller GP, Prasad SK, Thein SL, Bax BE, Burman 
J and Gatzoulis MA. Seeking optimal relation between oxygen saturation 
and hemoglobin concentration in adults with cyanosis from congenital 
heart disease. Am J Cardiol. 2011;107:595-9.

99. Diller GP, Kempny A, Alonso-Gonzalez R, Swan L, Uebing A, Li W, Babu-
Narayan S, Wort SJ, Dimopoulos K and Gatzoulis MA. Survival Prospects 
and Circumstances of Death in Contemporary Adult Congenital Heart 
Disease Patients Under Follow-Up at a Large Tertiary Centre. Circulation. 
2015;132:2118-25.

100. Gurvitz M, Ionescu-Ittu R, Guo L, Eisenberg MJ, Abrahamowicz M, 
Pilote L and Marelli AJ. Prevalence of Cancer in Adults With Congenital 
Heart Disease Compared With the General Population. Am J Cardiol. 
2016;118:1742-1750.

101. Lee YS, Chen YT, Jeng MJ, Tsao PC, Yen HJ, Lee PC, Li SY, Liu CJ, Chen TJ, 
Chou P and Soong WJ. The risk of cancer in patients with congenital heart 
disease: a nationwide population-based cohort study in Taiwan. PLoS One. 
2015;10:e0116844.

102. Canobbio MM, Warnes CA, Aboulhosn J, Connolly HM, Khanna A, Koos 
BJ, Mital S, Rose C, Silversides C, Stout K, American Heart Association 
Council on C, Stroke N, Council on Clinical C, Council on Cardiovascular 
Disease in the Y, Council on Functional G, Translational B, Council on 
Quality of C and Outcomes R. Management of Pregnancy in Patients With 
Complex Congenital Heart Disease: A Scientific Statement for Healthcare 
Professionals From the American Heart Association. Circulation. 
2017;135:e50-e87.

103. Warnes CA, Williams RG, Bashore TM, Child JS, Connolly HM, Dearani 
JA, del Nido P, Fasules JW, Graham TP, Jr., Hijazi ZM, Hunt SA, King ME, 
Landzberg MJ, Miner PD, Radford MJ, Walsh EP and Webb GD. ACC/AHA 
2008 Guidelines for the Management of Adults with Congenital Heart 
Disease: a report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (writing committee to 
develop guidelines on the management of adults with congenital heart 
disease). Circulation. 2008;118:e714-833.

104. Rao S and Ginns JN. Adult congenital heart disease and pregnancy. 
Seminars in perinatology. 2014;38:260-72.

105. Insley J. The heritability of congenital heart disease. British medical journal 
(Clinical research ed). 1987;294:662-3.

106. Ellesoe SG, Workman CT, Bouvagnet P, Lof fredo CA, McBride KL, Hinton 
RB, van Engelen K, Gertsen EC, Mulder BJM, Postma AV, Anderson RH, 
Hjortdal VE, Brunak S and Larsen LA. Familial co-occurrence of congenital 
heart defects follows distinct patterns. Eur Heart J. 2018;39:1015-1022.

107. Blue GM, Kirk EP, Sholler GF, Harvey RP and Winlaw DS. Congenital heart 
disease: current knowledge about causes and inheritance. The Medical 
journal of Australia. 2012;197:155-9.

108. Marelli A, Miller SP, Marino BS, Jef ferson AL and Newburger JW. Brain in 
Congenital Heart Disease Across the Lifespan: The Cumulative Burden of 
Injury. Circulation. 2016;133:1951-62.



Congenital Heart Public Health Consortium Congenital Heart Defects: Know the facts      13      

109. Riehle-Colarusso T, Autry A, Razzaghi H, Boyle CA, Mahle WT, Van 
Naarden Braun K and Correa A. Congenital Heart Defects and Receipt of 
Special Education Services. Pediatrics. 2015;136:496-504.

110. Oster ME, Watkins S, Hill KD, Knight JH and Meyer RE. Academic Outcomes 
in Children With Congenital Heart Defects: A Population-Based Cohort 
Study. Circ Cardiovasc Qual Outcomes. 2017;10.

111. Gaynor JW, Stopp C, Wypij D, Andropoulos DB, Atallah J, Atz AM, Beca 
J, Donofrio MT, Duncan K, Ghanayem NS, Goldberg CS, Hovels-Gurich 
H, Ichida F, Jacobs JP, Justo R, Latal B, Li JS, Mahle WT, McQuillen PS, 
Menon SC, Pemberton VL, Pike NA, Pizarro C, Shekerdemian LS, Synnes 
A, Williams I, Bellinger DC, Newburger JW and International Cardiac 
Collaborative on Neurodevelopment I. Neurodevelopmental outcomes 
af ter cardiac surgery in infancy. Pediatrics. 2015;135:816-25.

112. Zomer AC, Vaartjes I, Uiterwaal CS, van der Velde ET, Sieswerda GJ, Wajon 
EM, Plomp K, van Bergen PF, Verheugt CL, Krivka E, de Vries CJ, Lok DJ, 
Grobbee DE and Mulder BJ. Social burden and lifestyle in adults with 
congenital heart disease. Am J Cardiol. 2012;109:1657-63.

113. Marino BS, Lipkin PH, Newburger JW, Peacock G, Gerdes M, Gaynor JW, 
Mussatto KA, Uzark K, Goldberg CS, Johnson WH, Jr., Li J, Smith SE, Bellinger 
DC, Mahle WT, American Heart Association Congenital Heart Defects 
Committee CoCDitYCoCN and Stroke C. Neurodevelopmental outcomes 
in children with congenital heart disease: evaluation and management: 
a scientific statement from the American Heart Association. Circulation. 
2012;126:1143-72.

114. Apers S, Kovacs AH, Luyckx K, Thomet C, Budts W, Enomoto J, Sluman 
MA, Wang JK, Jackson JL, Khairy P, Cook SC, Chidambarathanu S, Alday L, 
Eriksen K, Dellborg M, Berghammer M, Mattsson E, Mackie AS, Menahem 
S, Caruana M, Veldtman G, Soufi A, Romfh AW, White K, Callus E, Kutty 
S, Fieuws S, Moons P, consortium A-I and Isachd. Quality of Life of Adults 
With Congenital Heart Disease in 15 Countries: Evaluating Country-
Specific Characteristics. J Am Coll Cardiol. 2016;67:2237-2245.

115. Loup O, von Weissenfluh C, Gahl B, Schwerzmann M, Carrel T and 
Kadner A. Quality of life of grown-up congenital heart disease patients 
af ter congenital cardiac surgery. Eur J Cardiothorac Surg. 2009;36:105-11; 
discussion 111.

116. Bromberg JI, Beasley PJ, D’Angelo EJ, Landzberg M and DeMaso DR. 
Depression and anxiety in adults with congenital heart disease: a pilot 
study. Heart Lung. 2003;32:105-10.

117. Kovacs AH, Saidi AS, Kuhl EA, Sears SF, Silversides C, Harrison JL, Ong 
L, Colman J, Oechslin E and Nolan RP. Depression and anxiety in adult 
congenital heart disease: predictors and prevalence. Int J Cardiol. 
2009;137:158-64.

118. Horner T, Liberthson R and Jellinek MS. Psychosocial profile of adults with 
complex congenital heart disease. Mayo Clin Proc. 2000;75:31-6.

119. Russo CA and Elixhauser A. Hospitalizations for Birth Defects, 2004: 
Statistical Brief #24 Healthcare Cost and Utilization Project (HCUP) 
Statistical Briefs Rockville (MD): Agency for Healthcare Research and 
Quality (U.S.); 2006.

120. Grosse ACASCTRMSECAJDCSD. Inpatient Hospitalization Costs 
Associated with Birth Defects Among Persons of All Ages — United States, 
2013. Morbidity and Mortality Weekly Report (MMWR). 2017;66:41-46.

121. Boulet LS, Grosse SD, Riehle-Colarusso T and Correa A. Health care costs 
of congenital heart defects. In: D. F. Wyszynski, A. Correa and T. P. Graham, 
eds. Congenital Heart Defects From origin to Treatment: Oxford University 
Press; 2010: 493-501.

122. Heathcare Cost and Utilization Project (HCUPnet).

123. Gurvitz MZ, Inkelas M, Lee M, Stout K, Escarce J and Chang RK. Changes 
in hospitalization patterns among patients with congenital heart disease 
during the transition from adolescence to adulthood. J Am Coll Cardiol. 
2007;49:875-82.

124. Mackie AS, Pilote L, Ionescu-Ittu R, Rahme E and Marelli AJ. Health care 
resource utilization in adults with congenital heart disease. Am J Cardiol. 
2007;99:839-843.

125. Peterson C, Dawson A, Grosse SD, Riehle-Colarusso T, Olney RS, Tanner 
JP, Kirby RS, Correia JA, Watkins SM and Cassell CH. Hospitalizations, 
costs, and mortality among infants with critical congenital heart disease: 
how important is timely detection? Birth Defects Res A Clin Mol Teratol. 
2013;97:664-72.

126. 126. Kucik JE, Cassell CH, Alverson CJ, Donohue P, Tanner JP, Minkovitz 
CS, Correia J, Burke T and Kirby RS. Role of health insurance on the survival 
of infants with congenital heart defects. Am J Public Health. 2014;104:e62-
70.

127. McClung N, Glidewell J and Farr SL. Financial burdens and mental health 
needs in families of children with congenital heart disease. Congenit Heart 
Dis. 2018;13:554-562.

128. Sluman MA, Apers S, Bouma BJ, van Melle JP, Peels CH, Post MC, 
Waskowsky WM, Moons P and Mulder BJ. Uncertainties in insurances for 
adults with congenital heart disease. Int J Cardiol. 2015;186:93-5.

129. Gaies MG, Jacobs JP, Cotts TB and Davis MM. The Patient Protection 
and Af fordable Care Act: impact on care to patients with paediatric and 
congenital cardiac disease. Cardiol Young. 2014;24:1-4.

130. Kogon BE, Miller K, Miller P, Alsoufi B and Rosenblum JM. Adult Congenital 
Cardiac Care. World J Pediatr Congenit Heart Surg. 2017;8:242-247.

131. Gurvitz M, Valente AM, Broberg C, Cook S, Stout K, Kay J, Ting J, Kuehl K, 
Earing M, Webb G, Houser L, Opotowsky A, Harmon A, Graham D, Khairy 
P, Gianola A, Verstappen A and Landzberg M. Prevalence and Predictors of 
Gaps in Care Among Adult Congenital Heart Disease Patients (The Health, 
Education and Access Research Trial: HEART-ACHD). J Am Coll Cardiol. 
2013;61:2180-4.


