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CHAPTER 1  

introDUCtion
Congenital heart disease is the most frequently occurring congenital disorder in new-
borns and is the most frequent cause of infant death from birth defects.1,2 Historically, 
few patients with moderate to severe congenital heart disease reached adulthood.3 The 
ligation of a patent arterial duct by Robert Gross in 1938 was among the first advances in 
pediatric cardiovascular medicine and surgery that prolonged life expectancy in patients 
with congenital heart disease. Since then, a growing understanding of the cardiovascular 
system and its pathology paved the way for new diagnostic, interventional, and surgical 
techniques, which were refined over time. As a consequence, survival increased 
dramatically, and new groups of patients who survived congenital heart disease emerged. 
As these patients grew older, their risk of late complications, such as arrhythmias, 
endocarditis and heart failure, and that their need for additional surgery became clear.4 
The necessity for health-care systems to accommodate the specialized care these patients 
required sparked interest in investigating the epidemiology of congenital heart disease. 
Knowing the number of patients with congenital heart disease who were born, still alive, 
and reaching adulthood at any given time is required for the adequate allocation of care. 
Continuing improvements in the management of newly diagnosed congenital heart 
defects and their late complications have had an effect on epidemiology. In this Review 
we will focus on the changes in the epidemiology of congenital heart disease that have 
occurred in the past 15 years.

inCiDenCe or Birth PrevALenCe
The occurrence of new cases of a certain disease is usually termed incidence. However, in 
congenital heart disease, which is per definition present from birth, the number of new 
cases is generally stated as the number of cases of congenital heart disease per 1000 or 
million live births. This is referred to as ‘birth prevalence’, which is technically not the 
same as incidence, but is the most practical measurement of the occurrence of new cases 
in newborns.5 

Estimates of birth prevalence of moderate to severe congenital heart disease are 
considerably more consistent than the estimates reported on total birth prevalence. Most 
studies report ~1.5 cases per 1000 live births for severe congenital heart disease and 
a similar number for moderately severe congenital heart disease.5-7 Table 1 summarizes 
birth prevalence estimates from 5 of the largest registry studies and 5 studies in which 
some of the highest birth prevalence estimates were reported.8-17 

The incidence of several congenital heart defects is different in girls and boys. In girls, 
the occurrence of mitral valve prolapse, secundum atrial septal defect, persistent ductus 
arteriosus, and complete atrioventricular septal defect, which all affect the inflow of the 
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heart, occur more frequently than in boys.18,19 A male predominance is seen in cases of 
transposition of the great arteries, aortic valve stenosis, coarctation, tetralogy of Fallot, 
and univentricular hearts, which all involve cardiac outflow.3,18,19

table 1. Reported birth prevalence of congenital heart disease

study Years Country 
or region

n in 
population

Birth prevalence 
(per 1000 live births) 

overall ChD severe ChD

Hoffman et al.6 1955–2002 Worldwide NR Median: 7.7
Upper quartile: 

10.5

Median: 1.3
Upper quartile: 

1.5

Wren et al.8 1985–2004 UK 690,215 6.4 1.0

Pradat et al.9 1981–1992 Sweden 1,270,000 2.5 1.4

Pradat et al.9 1983–1992 France 950,000 2.9 1.4

Pradat et al.9 1985–1992 USA 
(California)

2,200,000 3.2 1.4

Botto et al.10 1968–1997 USA 
(Atlanta)

937,195 6.2 1.3

EUROCAT 11 2009 Europe 3,300,000 6.6 1.3

Calzolari et al.12 1980–1994 Italy 330,017 4.7 0.5

Stephensen et al.13 2004 Iceland 44,013 17 5.1*

Wu et al.14 2000–2006 Taiwan 238,143 13.8 1.4

Robida et al.15 1984–1994 Qatar 48,997 12.2 1.7

Roguin et al.16 
(only VSD)

1995 Israel 1053 53.2 NR

Hiraishi et al.17 
(only VSD)

1989–1990 Japan 1028 20 NR

All studies were registry studies except Roguin et al.16 and Hiraishi et al.,17 in which consecutive newborns 
were screened for congenital heart disease, and Hoffman et al.,6 which is a review. *Severe and moderate 
congenital heart disease combined. Abbreviations: CHD, congenital heart disease; NR, not reported; VSD, 
ventricular septal defect.  

With the rising frequency of prenatal ultrasound screening, many congenital malformations 
are detected before birth.20 Consequently, prenatal detection is of increasing importance 
when considering birth prevalence of congenital heart disease. Up to one-third of all 
cardiac malformations and 57–83% of critical cardiac lesions are detected with prenatal 
ultrasonography.21,22 Some studies report that 28–58% of pregnancies are terminated 
when congenital heart disease is detected.21,23,24 According to projections from 2006, 
prenatal screening and pregnancy termination in severe cases might account for a 21% 
reduction in birth prevalence of congenital heart disease.25,26 
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Over the past decade, several reports have shown a decline in the birth prevalence 
of congenital heart disease.27-29 This decline was suggested to be related to folic acid 
supplementation, as many countries, such as Canada and the USA, started folic acid 
fortification of flour and pasta at a time that coincided with the decrease in birth prevalence 
of congenital heart disease.30 However, in Europe, where the decline is equally apparent, 
folic acid fortification is not mandatory, although preconceptional use is advised.11,27,28 
Compliance to folic acid supplementation in European countries is low, ranging from 5% to 
40%, which suggests that folic acid fortification is not solely responsible for the observed 
decline in birth prevalence of congenital heart disease.31 

PrevALenCe
The prevalence of congenital heart disease is defined as the number of living patients 
with this form of disease at a specific period of time. Prevalence can be calculated by 
taking the number of people born with congenital heart disease and subtracting those 
who have died and those in whom an isolated septal defect or a patent ductus arteriosus 
have closed spontaneously. As mentioned above, a wide range of estimates has been 
reported for birth prevalence, which complicates the calculation of the total number of 
people born with congenital heart disease.

In 2001, the ACC Bethesda Conference Task Force 1 was the first group to attempt 
to tackle this problem.32 These researchers calculated the number of patients born with 
congenital heart disease over 3 periods of development of congenital cardiac surgery, and 
estimated the number of survivors for each period. Using this method, they estimated 
that 787,800 adult patients with congenital heart disease were living in the USA in the 
year 2000. Of these, 117,000 had severe lesions according to Connelly’s classification. 
These figures correspond to a prevalence of 3.51 cases of all forms of congenital heart 
disease per 1000 adults and 0.52 cases of severe congenital heart disease per 1000 adults.

In 2007, Marelli et al. published the first empirical data on the prevalence of congenital 
heart disease, from a population-wide cohort in Quebec, Canada.33 Instead of calculating 
the number of living patients with congenital heart disease from birth prevalence and 
survival data, they used data from the Canadian health-care system, which systematically 
registers all diagnoses and health-care services rendered until death. This information 
enabled the researchers to compile a database of all living patients in Quebec with an 
International Classification of Diseases code designating congenital heart disease. For 
the year 2000, they reported a prevalence of congenital heart disease of 11.89 cases per 
1000 children and 4.09 cases per 1000 adults. The prevalence of severe congenital heart 
disease was reported to be 1.45 cases per 1000 children and 0.38 cases per 1000 adults.

The prevalence of congenital heart disease reported by Marelli et al.33 and the Bethesda 
Task Force,32 however, does not reflect the number of patients who are currently attending 
cardiology clinics.34-36 For example, only one-third of patients with all forms of congenital 
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heart disease and only one-fifth of the severe cases expected to exist by the Bethesda 
Task Force’s calculations when applied to the population of the Netherlands is on file in 
Dutch hospitals.34,37 Many patients with mild congenital heart disease are likely to be lost 
to follow-up. Moreover, many simple congenital defects resolve spontaneously and only 
25–35% of patients with congenital heart disease need specialized care.38,39 However, that 
such a large proportion of patients with severe congenital heart disease would be lost 
to follow-up is very unlikely. Consequently, a possibility exists that the aforementioned 
reports overestimate the actual prevalence of severe congenital heart disease.

Several unanswered questions about the prevalence of congenital heart disease 
remain. In particular, what has happened to the patients who were born with severe 
congenital heart disease, according to birth prevalence figures, and are currently not 
being seen in hospitals? Some of these patients have died, but mortality figures are 
unclear. A population-based study from Norway reported a mortality of 11% for all forms 
of congenital heart disease in a 15-year period starting in 1982, when congenital cardiac 
surgery had already passed its pioneering days.39 Although survival data recorded before 
the 1980s are scarce, survival might be much lower for this time period, because surgery 
for congenital heart disease was less advanced. If we assume that all patients who were 
diagnosed as having severe congenital heart disease and are not being seen in hospitals at 
present have died, the often stated 85% survival rate to adulthood might not be accurate. 
Moreover, we should ask why these patients do not show up in national mortality records 
as having died from congenital heart disease. Clearly, a need exists for accurate databases 
that follow patents with congenital heart disease from birth through to adulthood in order 
to obtain a more complete picture of current prevalence of congenital heart disease.

trenDs in sUrvivAL AnD mortALitY
At present, 96% of new-borns with congenital heart disease who survive their first year 
will still be alive at the age of 16 years.38 The median age of patients with severe congenital 
heart disease increased from 11 years in 1985 to 17 years in 2000, and the overall median 
age at death has also increased from 37 years in 2002 to 57 years in 2007 (Figure 1).40,41 
In the past 2 decades, mortality among patients with congenital heart disease declined 
by between 50% and 70%, depending on the defect.42 The greatest reduction was seen 
among patients with moderate to severe defects.42 When comparing age groups, the 
largest decrease in mortality was seen in patients aged 1–4 years, followed by those aged 
5–14 years.43 

The relative contribution of the various causes of death in patients with congenital 
heart disease has also changed over time. The main contributing cause of death was, and 
still is, arrhythmia, followed by congestive heart failure.42 However, the past decade has 
seen a relative increase in myocardial infarction as a major contributing cause of death.42  
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Moreover, the number of non-cardiovascular related deaths in the adult population with 
congenital heart disease has risen from 17% to 23% over the past decade.44-46 These 
trends suggest that patients are living long enough to allow typical age-related afflictions, 
such as coronary artery disease and cancer, to develop whereas, in the past, patients with 
congenital heart disease used to die before they became at risk of these conditions.

Figure 1. Distribution of age at death in adult patients with congenital heart disease (2002–2007).
Data derived from the CONCOR registry.37

ComPLiCAtions
The course of congenital heart disease is associated with many late sequelae. Women 
tend to be more at risk of pulmonary hypertension, whereas men are at higher risk of 
endocarditis, aortic-related outcomes (such as aneurysm or rupture), and events for 
which an implantable cardioverter defibrillator is indicated.47,48 Other complications that 
are frequent in both sexes include reoperation, heart failure, and arrhythmia. 

Endocarditis
The incidence of infectious endocarditis has increased with the growing population of 
patients with congenital heart disease.49 Palliative and corrective surgery for congenital 
heart disease have led to prolonged survival, but have also created additional targets 
for infections, such as shunts, conduits, and prostheses.50-52  Currently, the incidence of 
infectious endocarditis in patients with congenital heart disease varies between 1.4 and 
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11.5 cases per 1000 patient years,53,54 which is a significantly higher incidence than that 
of infectious endocarditis in the general population (5.0–7.0 cases per 100,000 person-
years).55  Patients with complex cyanotic congenital heart disease are at the greatest risk 
of infectious endocarditis, as they often require shunts or grafts, as well as many cardiac 
operations.52 The most frequent complications of infectious endocarditis are increased 
valvular regurgitation (30%), cardiac failure (23%), and systemic emboli (20%).56 These 
complications are important predictors of mortality.56 The complication rate and early 
mortality associated with infectious endocarditis in patients with congenital heart disease 
seem to have declined over the past 2 decades, possibly as a result of earlier and more 
efficient surgical treatment and improved antibiotic management.56-58 At present, in-
hospital mortality from infectious endocarditis has decreased to approximately 6–7%.58 

Arrhythmias
Arrhythmias are the most frequent long-term complications in the population with 
congenital heart disease and are the leading cause of morbidity and mortality in 
adulthood.59-61 Arrhythmias can occur in the early postoperative period or during long-
term follow-up. The risk of arrhythmias is correlated with the severity of the defect. The 
incidence of these conditions generally increases as the patient ages and, therefore, the 
prevalence of arrhythmias is higher in older individuals with congenital heart disease 
(Figure 2).37 Predisposing factors include congenitally malformed or displaced conduction 
systems, hemodynamic abnormalities, mechanical or hypoxic stress, and residual or 
postoperative sequelae.62,63 

Figure 2. Number and percentage of adult patients with congenital heart disease who have arrhythmias 
in 2007 . Data derived from the CONCOR registry.37
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The incidence of arrhythmias is highest in patients with moderate or severe defects. 
Approximately one-third of patients with repaired Tetralogy of Fallot will develop 
symptomatic arrhythmias and about half of patients who have undergone the Fontan 
procedure will develop atrial tachycardia within approximately 15 years of surgery.64,65 
After Senning or Mustard repairs for transposition of the great arteries, loss of sinus 
rhythm occurs in 60% of patients in the 20-year period after surgery.66 The most 
frequent arrhythmias seen in adults with congenital heart disease are summarized in 
Table 2, classified by the type of defect. The high prevalence of arrhythmias in adults 
with congenital heart disease has instigated critical evaluation of operative techniques. 
Refinements in surgical strategies have resulted in promising reductions of the incidence 
of arrhythmias, as seen in long-term follow-up studies.67,68 

table 2. Most frequent arrhythmias during long-term follow-up of patients with congenital heart disease

Defect iArt WPW AF vt sinus node 
dysfunction

Av 
block

ASD x - x - - -

VSD - - - x - x

AVSD - - - x - x

LVOT - - x xx - x

Tetralogy of Fallot x - x xx - -

TGA corrected by the Senning or 
Mustard procedures  

xx - - xx xx -

ccTGA - x - x - xx

Ebstein anomaly x xx - x - -

Single ventricle corrected by the 
Fontan procedure 

xx - x - xx -

Frequency is indicated as nonexistent or very low (-), low to moderate (x), and moderate to high (xx). 
Abbreviations: ASD, atrial septal defect; AF, atrial fibrillation; AV, atrioventricular; AVSD, AV septal defect; 
ccTGA, congenitally corrected transposition of the great arteries; IART, intra-atrial reentrant tachycardia; 
LVOT, left ventricular outflow tract obstruction; TGA, transposition of the great arteries; VSD, ventricular 
septal defect; VT, ventricular tachycardia; WPW, Wolff–Parkinson–White syndrome. Data from Walsh, E. 
& Cecchin, F. (2007),61 Walsh, E. (2007),95  and Khairy, P. et al. (2006).62

Reoperations
The number of patients who have had surgery for congenital heart disease is still rising. 
Moreover, only correction of small simple defects is truly curative. Consequently, an 
increasing number of patients with congenital heart disease require reoperations for 
late complications or residual defects, correction after palliation in childhood, additional 
palliative procedures, or even heart transplantation in the case of irreversible heart 
failure.69-74 At present, almost half of all adult congenital cardiac surgical procedures 
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are reoperations. Of note, patients who require reoperations tend to have more-severe 
defects and require more-complex surgery. Frequent indications for reoperations are 
summarized in Table 3.69-70,75,76

table 3. Indications for reoperation of congenital heart disease in adulthood per defect

Defect Indication

Corrected LVOT Aortic valve replacement for aortic restenosis

Corrected Tetralogy of Fallot Pulmonary valve replacement
Conduit replacement
Ablation of arrhythmias  
Residual ventricular septal defect closure
Aortic valve replacement

Aortic coarctation (Interventional) treatment for re-coarctation
Aortic valve surgery

Single ventricle corrected by the Fontan procedure Pacemaker implantation against arrhythmias
Fontan conversion 
Cardiac transplantation

TGA corrected by the Senning or Mustard procedures Conduit (re)placement
Cardiac transplantation

Atrioventricular septal defect Reconstruction and/or replacement of mitral 
valve
Residual septal defect closure

Abbreviations: LVOT, left ventricular outflow tract obstruction; TGA, transposition of the great arteries.

At present, patients tend to be younger at time of the reoperation than in past decades 
and this trend will probably continue in the future, as evidence supporting the advantages 
of early intervention is emerging and the population of patients with conduits, which 
often need replacement or repair, is growing.69,77,78 In addition, as patients with congenital 
heart disease grow older, they might require additional cardiac surgery for acquired 
coronary and valvular disease. For these reasons, the overall number of reoperations in 
the population with congenital heart disease is likely to continue to rise.

Reoperations in adults with congenital heart disease are not without risk. Adult cardiac 
congenital surgery is associated with substantial morbidity and mortality. Approximately 
20–50% of these patients suffer postoperative complications, including arrhythmias 
(especially supraventricular arrhythmias and atrioventricular block), bleeding, low-
output syndrome, pericardial and pleural effusion, renal and respiratory failure, and 
pneumothorax.71-72 Postoperative mortality is between 3.6% and 6.7% and survival is 
~91% at 5 years.70-72,75,79 Mortality after reoperations has decreased over time.69-71 Factors 
that could have a negative impact on ventricular function, such as cyanosis, preoperative 
heart failure, number of previous operations, and time on cardiopulmonary bypass, are 
being recognized as risk factors for early death.72-73 
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heart failure
A substantial proportion of adults with congenital heart disease develop heart failure.  
Patients with single or systemic right ventricles are particularly at risk.80,81 Up to 40% 
of adult patients who underwent the Fontan procedure and over 20% of those who 
underwent the Mustard procedure were estimated to develop moderate to severe heart 
failure.80,82 These data suggest that heart failure in patients with congenital heart disease is 
predominantly caused by right-sided heart disease.83-87 Unfortunately, the pathophysiology 
of heart failure in adults with congenital heart disease is not well understood, because 
most studies focus on heart failure secondary to acquired heart disease. Nevertheless, 
over the past decade, the number of patients with congenital heart disease included in 
clinical trials of heart failure, and the interest in studying this patient population have 
been growing.88,89

Pulmonary hypertension
Pulmonary hypertension is a rare, but serious complication in both pediatric and adult 
patients with congenital heart disease. Pulmonary arterial hypertension is caused by 
intra-cardiac left-to-right shunting and pulmonary blood volume overload.90,91 Increased 
pressure causes irreversible endothelial dysfunction and increase of pulmonary vascular 
resistance, ultimately resulting in a reversal of the left-to-right shunt, which leads to 
central cyanosis (Eisenmenger syndrome).92 In CONCOR,91 a national database and DNA 
bank of adult patients with congenital heart disease in the Netherlands, the prevalence of 
pulmonary arterial hypertension and the Eisenmenger syndrome are approximately 4.2% 
and 1%, respectively. However, other studies have reported that up to 10% of patients with 
congenital heart disease develop pulmonary arterial hypertension.93 The presence of a 
ventricular septal defect is the most common underlying cause of both pulmonary arterial 
hypertension and the Eisenmenger syndrome.91 Patients with congenital heart disease 
and pulmonary arterial hypertension have lower functional class, more-rapid clinical 
deterioration, and enhanced risk of death when they have the Eisenmenger syndrome 
compared with patients with congenital heart disease who do not have pulmonary 
arterial hypertension.94 The number of patients with congenital heart disease who have 
pulmonary arterial hypertension is anticipated to continue to decrease, as many shunts 
are now closed by surgical or interventional means before pulmonary vascular disease 
can develop. By contrast, however, the number of patients with complex congenital heart 
disease who develop pulmonary arterial hypertension during childhood, such as patients 
who need the Fontan procedure, might increase.
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ConCLUsions
More than 70 years after Gross’ first intervention, the field of congenital heart disease is still 
changing. In the population of patients with congenital heart disease, mortality continues 
to decline and patients are surviving longer. As a result, the rate of late complications is 
increasing and patients more frequently need reoperations. Several large registries show 
a decline in the birth prevalence of congenital heart disease over the past decade, which 
might be related to increased prenatal screening or folic acid fortification. Unknown 
survival rates and a wide range of reported birth prevalence estimates complicate the 
evaluation of the number of patients with congenital heart disease who require care. 
Current estimates do not reflect the number of patients with congenital heart disease 
who are followed in hospitals, which raises questions concerning their validity. 

Furthermore, a need exists for accurate region-wide databases with lifelong follow-up. 
Once birth prevalence, life expectancy, and the course of complications associated with 
congenital heart disease are fully known, these elements might become the foundation of 
models that predict the future size of the population with congenital heart disease. This 
knowledge would greatly help the planning of specialized care for congenital heart disease 
and facilitate the concentration of rare and complex cases that need specialized surgical 
and interventional procedures in centers staffed by physicians with sufficient experience.
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The foundation of this thesis is the CONgenital CORvitia (CONCOR) database, a national 
registry of adults with congenital heart disease, which was initiated in 2001. CONCOR 
facilitates research into the etiology of congenital heart disease and its outcome, 
by collecting DNA and recording patient characteristics and data on cardiovascular 
complications and interventions prior to inclusion and during follow-up. Currently, over 
13,500 adult patients are included from 107 hospitals countrywide.  

oBjeCtive oF this thesis 
The main objective of this thesis is to expand the current knowledge on the long-term 
prognosis of adults with congenital heart disease. We will focus on long-term complications 
and the social implications of congenital heart disease in adults. Furthermore, mortality in 
adults with congenital heart disease will be addressed. 

oUtLine oF this thesis
Part I addresses long-term complications and social burden in adult patients with 
congenital heart disease. In Chapter 2 an overview is given of the prevalence, distribution, 
and outcome of cardiovascular surgery for congenital heart disease in adulthood. In 
addition, the effect of sex on the risk of surgical treatment and on long-term survival 
after surgery n adulthood is determined. Chapter 3 describes risk factors of heart failure 
admission and of mortality after heart failure admission in adults with congenital heart 
disease. Chapter 4 evaluates how the presence and severity of congenital heart disease 
influences social life and lifestyle in adult patients.

Part II covers issues related to mortality in adults with congenital heart disease. Chapter 
5 addresses the question whether adequate clinical research on causes of death can be 
performed among adults with congenital heart disease using national mortality statistics. 
Chapter 6 describes circumstances of death in adults with congenital heart disease. In 
Chapter 7 two large databases from the Netherlands and Quebec, Canada are combined 
to describe hospital admissions and to assess all cause in-hospital mortality in adult men 
and women with congenital heart disease. Furthermore, the impact of reproductive 
health surveillance on in-hospital mortality in women with congenital heart disease is 
studied.

In the general discussion (Chapter 8) the new challenges in the field of adult congenital 
heart disease are discussed. Finally, a summary of the main results presented in this thesis 
is given in Chapter 9.
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