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Theresa A. McDonagh5, Ekaterini Lambrinou6, Maria G. Crespo-Leiro7, Fiona Walker8,
and Alexandra A. Frogoudaki9

1Congenital and Structural Cardiology, University Hospitals Leuven, Herestraat 49, B-3000 Leuven, Belgium; 2Department of Cardiology, Erasmus Medical Center Rotterdam,
Rotterdam, The Netherlands; 3Department of Pediatric Cardiology, Saarland University Medical Center, Homburg, Germany; 4Deutsches Herzzentrum München, Munich, Germany;
5Department of Cardiology, King’s College Hospital, London, UK; 6Department of Nursing, School of Health Sciences Cyprus University of Technology, Limassol, Cyprus; 7Advanced
Heart Failure and Heart Transplantation Unit, Cardiology Service, Hospital Universitario A Coruña, La Coruña, Spain; 8Centre for Grown-Up Congenital Heart Disease, St
Bartholomews Hospital, London, UK; and 9Adult Congenital Heart Clinic, Second Cardiology Department, ATTIKON University Hospital and Athens University, Athens, Greece

Received 9 September 2015; revised 5 November 2015; accepted 14 December 2015; online publish-ahead-of-print 18 January 2016

Heart failure in congenital heart
disease: prevalence and outcome
Improved medical care of congenital heart disease patients in-
creased survival into adulthood from 15% in the 1960s to over
85% in the current era. As a consequence, the prevalence of adult
congenital heart disease (ACHD) increased rapidly,1 which is esti-
mated to be .1 million ACHD patients in North America and
1.2 million in Europe. The growing number and aging of ACHD pa-
tients led to an overall increase in hospitalizations over the last dec-
ade and a substantial increase in patients presenting with heart
failure (HF) (!20%).2

The incidence of first HF-admission was 1.2 per 1000 patient-
years in the Dutch national ‘CONCOR’ registry. Patients admitted
with HF had a five-fold higher risk of death than those not admitted.
From the same registry, the mortality was 2.8% during a follow-up
period of 24 865 patient-years. Chronic HF (26%) and sudden death
(19%) were recorded most frequently. The median age at death
from HF was 51.0 years (range: 20.3–91.2 years).3 In another
ACHD cohort, sudden death (26%) was the most common cause
of death, followed by progressive HF (21%) and perioperative death
(18%).4 Although patients with ACHD may not readily report symp-
toms, clinical HF is documented in 22.2% of patients with a Mustard
repair for transposition of the great arteries (TGAs), 32.3% with

congenitally corrected transposition of the great arteries (ccTGA),
and 40% of patients after Fontan palliation.

Pathophysiology of heart failure
in adult congenital heart disease

Heart failure with impaired systolic
ventricular function
The aetiology and triggers of impaired systolic ventricular function in
ACHD patients are summarized in Table 1.

Heart failure with preserved systolic
ventricular function
This occurs less often in ACHD patients, but is associated with spe-
cific conditions such as Shone complex and restrictive right ven-
tricular (RV) physiology in the context of pulmonary atresia,
ventricular septal defect (VSD), and major aorto-pulmonary collat-
eral arteries.

Genetic and neurohormonal background
Heart failure in ACHD is the result not only of a structural defect
but also of defective contractility or conduction. An intriguing and
emerging hypothesis is that genes involved in morphogenesis during
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Part I: General Considerations
Introduction
The past 60 years have brought remarkable advancements 
in the diagnosis and treatment of congenital heart disease 
(CHD). Early diagnosis and improvements in cardiac surgery 
and interventional cardiology have resulted in unprecedented 
survival of patients with CHD, even those with the most com-
plex lesions. Despite remarkable success in treatments, many 
interventions are palliative rather than curative, and patients 
often develop cardiac complications, including heart failure 
(HF). HF management in the setting of CHD is challenged by 
the wide range of ages at which HF occurs, the heterogene-
ity of the underlying anatomy and surgical repairs, the wide 
spectrum of HF causes, the lack of validated biomarkers for 
disease progression, the lack of reliable risk predictors or sur-
rogate end points, and the paucity of evidence demonstrating 
treatment efficacy.

The purposes of this statement are to review the literature 
pertaining to chronic HF in CHD and to elucidate important 
gaps in our knowledge, emphasizing the need for specific stud-
ies of HF mechanisms and improving outcomes for those with 
HF. In this document, the definition of CHD severity is the def-
inition common in CHD documents, including the American 
College of Cardiology (ACC)/American Heart Association 
(AHA) guidelines1 for the management of adults with CHD 

(Table 11–3). The definition of HF corresponds to that found in 
the multiple guidelines on diagnosis and management of HF. 
Although nuances and specific details may be controversial,4 
the broad definition from the Heart Failure Society of America 
guidelines states the following: “In physiologic terms, HF is a 
syndrome characterized by either or both pulmonary and sys-
temic venous congestion and/or inadequate peripheral oxygen 
delivery, at rest or during stress, caused by cardiac dysfunc-
tion.”5 The definition of chronic HF in this document concurs 
with that of the European Society of Cardiology guidelines, 
which emphasize chronic HF (whether stable, progressively 
worsening, or decompensated) rather than acute HF. Although 
specific definitions of acute and chronic HF are not univer-
sally accepted, we focus here on chronic HF as a persistent 
syndrome that requires consideration of therapy to prevent 
progression, decompensation, or death.4

This document focuses on the mechanisms and treat-
ment of myocardial dysfunction while recognizing that HF 
symptoms may be attributable to underlying hemodynamic 
abnormalities such as valve dysfunction, outflow obstruc-
tion, coronary abnormalities, or residual shunting. Therefore, 
all patients with CHD with HF symptoms should undergo 
a detailed hemodynamic assessment by CHD-experienced 
cardiologists for any reversible hemodynamic abnormali-
ties and receive appropriately targeted interventions if pos-
sible. Treatment recommendations for HF caused by valve 

(Circulation. 2016;133:00-00. DOI: 10.1161/CIR.0000000000000352.)
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age of the most rapidly growing segment of the CHD popula-
tion suggests that the next decades will witness an increas-
ingly older population of patients with not only severe CHD 
but comorbidity that is expected to add to the disease burden.13

Improved care, decreased mortality, and improved diag-
nosis over the life-span are likely contributors to the obser-
vation of an increasing prevalence of CHD. We and others 
have found a decrease in mortality of CHD patients, as 
documented in Canada, the United States, and other indus-
trialized nations.4,6,22 This decrease in mortality over time is 
likely an important contributing factor to an increasing pool 
of patients with prevalent CHD, especially for patients with 

severe CHD. For patients with mild forms of CHD, such as 
aortic and mitral valve disease, the rise in prevalence from 
childhood to adulthood is consistent with improvement in 
diagnostic techniques and presentation in adulthood, with an 
increased likelihood of being captured with longer observa-
tion periods. For example, bicuspid aortic valve is often not 
detected in childhood because the physical finding (a click) is 
subtle, and until stenosis or regurgitation develops, often not 
until adulthood, the diagnosis is not made. The reported rise 
in adults of mitral or tricuspid valve disease could be attribut-
able to progressive atrioventricular valve regurgitation after 
endocardial cushion defect repair. Recently, we have observed 
a significant decrease in mortality associated with the deliv-
ery of specialized care for adults with severe and other forms 
of CHD.23 These findings taken together provide the evidence 
base needed to improve quality of care for adults with CHD24 
to improve outcomes.

In the Quebec CHD database, we observed a prevalence 
of CHD in infancy of 8.21 per 1000 from 1998 to 2005 and 
8.12 per 1000 for the year 2010. Our results show that the 
2010 CHD prevalence in infancy was lower than the preva-
lence in childhood. The most likely explanation for this is 
related to ascertainment of mild CHD, which is often diag-
nosed later in childhood. Therefore, it is not surprising that 
with up to 18 years of follow-up in children, we captured 
higher rates of total CHD prevalence, which included both 

Figure 2. The lifetime prevalence of congenital heart disease in 
children and adults in Quebec, Canada, in 2010. 95%CI indicates 
95% credible interval.

Figure 3. The numbers and proportions 
of adults and children in Quebec, 
Canada, with all (A) and severe (B) 
congenital heart disease over time in 
2000, 2005, and 2010.
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tion suggests that the next decades will witness an increas-
ingly older population of patients with not only severe CHD 
but comorbidity that is expected to add to the disease burden.13

Improved care, decreased mortality, and improved diag-
nosis over the life-span are likely contributors to the obser-
vation of an increasing prevalence of CHD. We and others 
have found a decrease in mortality of CHD patients, as 
documented in Canada, the United States, and other indus-
trialized nations.4,6,22 This decrease in mortality over time is 
likely an important contributing factor to an increasing pool 
of patients with prevalent CHD, especially for patients with 

severe CHD. For patients with mild forms of CHD, such as 
aortic and mitral valve disease, the rise in prevalence from 
childhood to adulthood is consistent with improvement in 
diagnostic techniques and presentation in adulthood, with an 
increased likelihood of being captured with longer observa-
tion periods. For example, bicuspid aortic valve is often not 
detected in childhood because the physical finding (a click) is 
subtle, and until stenosis or regurgitation develops, often not 
until adulthood, the diagnosis is not made. The reported rise 
in adults of mitral or tricuspid valve disease could be attribut-
able to progressive atrioventricular valve regurgitation after 
endocardial cushion defect repair. Recently, we have observed 
a significant decrease in mortality associated with the deliv-
ery of specialized care for adults with severe and other forms 
of CHD.23 These findings taken together provide the evidence 
base needed to improve quality of care for adults with CHD24 
to improve outcomes.

In the Quebec CHD database, we observed a prevalence 
of CHD in infancy of 8.21 per 1000 from 1998 to 2005 and 
8.12 per 1000 for the year 2010. Our results show that the 
2010 CHD prevalence in infancy was lower than the preva-
lence in childhood. The most likely explanation for this is 
related to ascertainment of mild CHD, which is often diag-
nosed later in childhood. Therefore, it is not surprising that 
with up to 18 years of follow-up in children, we captured 
higher rates of total CHD prevalence, which included both 

Figure 2. The lifetime prevalence of congenital heart disease in 
children and adults in Quebec, Canada, in 2010. 95%CI indicates 
95% credible interval.

Figure 3. The numbers and proportions 
of adults and children in Quebec, 
Canada, with all (A) and severe (B) 
congenital heart disease over time in 
2000, 2005, and 2010.
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Méconnaissance de la 
cardiopathie

Van Deyk et al. Am J Cardiol 2010

91 patients, âge médian 17 ans



Van Deyk et al. Am J Cardiol 2010



Perdus de vue (1)

Mackie et al. Circulation 2009

643 patients, nés en 1983, vivants à 22 ans et avec 
diagnostic de CHD avant l�âge de 6 ans, au Canada

13% de cardiopathies complexes, 61% de simples shunts

Facteurs prédictifs: sexe masculin, lésion peu sévère, suivi dans un 
centre non universitaire



Mackie et al. Circulation 2009

21% des patients avec 
cardiopathie complexe 
perdus de vue après 18 
ans

Perdus de vue (2)



Quelles conséquences? (1)

Warnes. JACC 2005



Quelles conséquences? (2)

Gurvitz et al. JACC 2007

CHD

non CHD

Hospitalisations en urgence



Quelles conséquences? (3)
Complications évitables

De Bono et al. Int J Cardiol 2012

Coarctation aortique

41% HTA

Soufflet et al. Am J Cardiol 2010

Fermeture 
spontanée

8 (4 %)

Mortalité 2 (1%)

Insuffisance 
valvulaire 
aortique

53 (26 %)

Arythmies V 1 (0.5 %)

Troubles de 
conduction

2 (1 %)

Endocardite 
infectieuse

8 (4 %)

Occlusion 
instrumentale

15 (7 %)

CIV pm

Oosterhof et al. Circulation 2007

Pour normaliser les volumes VD en post-opératoire: RVP 
quand VTDVD <160 ml/m2 ou VTSVD<82 ml/m2

Tétralogie de Fallot



Les congénitaux adultes sont-ils 
seulement de grands enfants?

• Changement de problèmes médicaux
• Cardiopathies acquises surajoutées (ischémie 

coronaire, HTA…)
• Techniques d�examens différentes
• Considérations sociales: emploi, assurance, 

revenus, logements, prêts…
• Contraception et grossesse



Transition-Principes

Kovacs et al. Prog Cardiovasc Dis 2011

• Support institutionnel

• Coordinateur de transition

• Plan de transition écrit 

• Faciliter la communication directe 

patient-soignant

• Education permanente 

des parents et du patient

• Consultations spécifiques de transition



Recommandations européennes

Deanfield et al. Eur Heart J 2003



Recommandations américaines

Sable et al. Circulation 2011



Quelles thématiques aborder?

Sable et al. Circulation 2011

• Connaissance de la cardiopathie

• Modalités de suivi et enjeux

• Conseil génétique, risque de récidive

• Sexualité, contraception, grossesse

• Activité physique possible, limites

• Apports alimentaires

• Tabac, alcool, drogues

• Emplois possibles

• Assurances, prêts

• Support psychologique?



• Notions générales

• Cardiopathies



Mme Marine A, ddn 18/07/1981

• Tétralogie de Fallot

• Cure complète le 11 septembre 1984 (large patch 
d�élargissement infundibulo-pulmonaire, fermeture de CIV)

• Suivi aléatoire (asymptomatique)

• 1 grossesse sans complications en 2008

• Revient avant nouvelle grossesse…

• Se dit asymptomatique

• BDC réguliers, SS 2/6 RSG, SD court 3/6 RSG, absence 
d�IVD



Que lui dites-vous?

• Aucun problème!

• Nécessité d�un bilan préalable avec 
ETT et HolterECG

• Bilan plus complet

• Contre-indication absolue

• Cathétérisme cardiaque





Revalvulation pulmonaire chirurgicale 
(homogreffe) et annuloplastie tricuspide

VTDVD 234 ml/m2

VTDVD 125 ml/m2



• 1 an après : grossesse

Brickner et al. NEJM 2000


