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ABSTRACT
Background: This study aimed to evaluate age at the first onset of
cardiac complications and variation of frequency of complications
between different congenital heart defects.
Methods: The analysis included participants of the Swiss Adult
Congenital Heart Disease Registry (SACHER). For this study, cardiac
complications up to the time of inclusion in SACHER were analysed.
Complications included atrial fibrillation, atrial flutter, supraventricular
tachycardia, ventricular tachycardia, complete heart block, heart
failure, stroke, endocarditis, myocardial infarction, and pulmonary
hypertension. Incidence rates (IR; incidence rate per 1000 patient-
years) for different age categories and diagnosis groups were
analysed.
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R�ESUM�E
Contexte : Cette �etude visait à �evaluer l’âge à l’apparition des com-
plications cardiaques et la variation de la fr�equence des complications
d’une cardiopathie cong�enitale à l’autre.
M�ethodologie : L’analyse portait sur les patients inscrits au Swiss
Adult Congenital Heart Disease Registry (SACHER). Aux fins de la
pr�esente �etude, les complications cardiaques survenues jusqu’au
moment de l’inclusion du patient dans le registre SACHER ont �et�e
analys�ees. Au nombre des complications figuraient la fibrillation
auriculaire, le flutter auriculaire, la tachycardie supraventriculaire, la
tachycardie ventriculaire, le bloc cardiaque complet, l’insuffisance
cardiaque, l’accident vasculaire c�er�ebral (AVC), l’endocardite, l’infarc-
tus du myocarde et l’hypertension pulmonaire. Les taux d’incidence
With the invention of cardiac surgery and better cardiology
care, most clinically relevant congenital heart defects are
amenable to repair. Particularly, the survival of patients with
moderate and complex congenital heart disease (CHD) into
adulthood has improved and is still increasing.1 Morbidity
and mortality of adult survivors with CHD is, however,
substantial, and many patients suffer from cardiac complica-
tions during lifetime.2 We aimed to describe the frequency of
the occurrence of cardiac complications stratified for age
categories and types of patients with CHD and to calculate
the incidence rates in different age categories from patients
included in the Swiss Adult Congenital Heart Disease Reg-
istry (SACHER). We hypothesized that cardiac complications
predominantly occur in adult life and that incidence rates
increase with age.
Methods

Study population and data collection

From SACHER (ClinicalTrials.gov Identifier
NCT2258724) we analysed all patients included up to
December 2016. SACHER includes patients with structural
congenital heart defects or hereditary aortopathies. The
detailed design of SACHER has previously been published.3

The following baseline characteristics were analysed for this
study: age at inclusion into SACHER, prior cardiac surgery
ll rights reserved.
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Results: Of 2731 patients (55% male, mean age 34 � 14 years,
92,349 patient-years), a total of 767 (28%) had experienced at least 1
cardiac complication. The majority of complications (550; 72%)
occurred in adulthood (> 18 years). Apart from perioperative stroke
(IR: 1.77 in age group � 4 years) and complete heart block (IR: 2.36 in
age group � 4 years), IR were much lower in childhood (IR < 1 for all
complications between 5 and 17 years). Incidence of cardiac compli-
cations increased during adult life with highest IR for atrial fibrillation
and atrial flutter in the age group � 50 years (IR: 17.6 and 9.7,
respectively). There were important variations of the distribution of
complications among different diagnosis groups.
Conclusions: Cardiac complications are frequent in congenital heart
disease. Apart from perioperative stroke and complete heart block, IR
are low in childhood but the incidence increases during adult life.
These data underscore the need of lifelong follow-up and may help for
better allocation of resources maintaining follow-up.

(TI; taux d’incidence pour 1000 ann�ees-patients) pour diff�erents
groupes de diagnostic et d’âge ont �et�e analys�es.
R�esultats : Sur 2731 patients (55 % de sexe masculin, âge moyen de
34 � 14 ans, 92349 ann�ees-patients), 767 au total (28 %) avaient eu
au moins 1 complication cardiaque. La majorit�e des complications
(550; 72 %) �etaient apparues à l’âge adulte (> 18 ans). À l’exception
de l’AVC p�eriop�eratoire (TI : 1,77 dans le groupe d’âge � 4 ans) et du
bloc cardiaque complet (TI : 2,36 dans le groupe d’âge � 4 ans), les TI
�etaient beaucoup moins �elev�es pendant l’enfance (TI < 1 pour toutes
les complications entre 5 et 17 ans). L’incidence des complications
cardiaques augmentait au cours de la vie adulte, avec un TI atteignant
un maximum pour la fibrillation auriculaire et le flutter auriculaire dans
le groupe d’âge � 50 ans (TI : 17,6 et 9,7, respectivement). Des var-
iations importantes de la distribution des complications ont �et�e
observ�ees entre les diff�erents groupes de diagnostic.
Conclusions : Les complications cardiaques sont fr�equentes chez les
patients atteints d’une cardiopathie cong�enitale. À l’exception de l’AVC
p�eriop�eratoire et du bloc cardiaque complet, les TI sont peu �elev�es
pendant l’enfance, mais augmentent au cours de la vie adulte. Ces
donn�ees mettent en lumière l’importance du suivi tout au long de la
vie et pourraient contribuer à am�eliorer l’affectation des ressources
permettant un tel suivi.
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(defined as the main intracardiac repair procedure), palliative
interventions (defined as each procedure [surgery or percuta-
neous intervention]) before the main repair, > 1 cardiac
intervention (defined as having had a subsequent procedure
after the main repair [surgery or percutaneous interventions]),
valve surgery, implantation of a ventricular to pulmonary
artery conduit, and device implantation (defined as the
implantation of a pacemaker, an intracardiac defibrillator, or a
cardiac resynchronization device). Within SACHER, lesions
were grouped within different lesion categories, including
shunt lesions, valve lesions (stratified for repair status),
hereditary aortopathies, complex left ventricular outflow-tract
obstructions, right heart lesions, and cyanotic and other
complex lesions. Each category was further divided into
subcategories: atrial septal defects (ASD II), sinus venosus
defects with and without anomalous pulmonary connections,
ventricular septal defects and patent ductus arteriosus (shunt
lesions); unrepaired and repaired or replaced simple valve
lesions (valve lesions); aortopathies including arch anomalies
and patients with Marfan syndrome or other syndromes
associated with aortopathies (excluding patients with a
bicuspid aortic valve who were included in the category of
valve lesions); repaired and unrepaired aortic coarctation and
sub- and supravalvular aortic stenosis (complex obstruction of
the left ventricular outflow tract); Ebstein anomaly, repaired
tetralogy of Fallot and pressure-loaded ventricles including the
double-chambered right ventricle and isolated branch
pulmonary stenosis (right heart lesions); implantation of
ventricular to pulmonary artery conduits, arterial switch,
systemic right ventricle (including atrial switch and congeni-
tally corrected transplantation of the great arteries), Fontan
palliation, cyanotic heart disease (defined as Eisenmenger
syndrome or unrepaired complex cyanotic heart disease). For
all patients included in SACHER, the age at the first onset of
the following cardiac complications were obtained from the
chart review at the time of inclusion: atrial fibrillation, atrial
flutter/intra-atrial re-entrant tachycardia, supraventricular
tachycardia, ventricular tachycardia or fibrillation, complete
heart block, infective endocarditis, stroke, myocardial infarc-
tion, congestive heart failure, and pulmonary hypertension.

Statistics

Data analysis was performed using SPSS software (Version
22.0; SPSS Inc, Chicago, IL). Data were described as medians
with ranges or means with standard deviations, as appropriate.
Comparisons of continuous or categorical variables were
performed with the c2 test or Fisher exact test and Student’s
t-test or Mann-Whitney U test as appropriate. A P value of
< 0.05 was considered significant. Six different age categories
were created reflecting meaningful life stages: 0-4 years (young
children, comprising the age of reparative surgery for the
majority of patients), 5-17 years (older children and teenager),
18-29 years (young adults), 30-39 years (adults), 40-49 years
(middle-aged adults), and � 50 years (older adults). In each
age category, the number of patient-years was calculated by
multiplying the number of patients in the specific age category
with the number of years of follow-up. The number of the
first events of each cardiac complication in the specific age
group was divided by the patient-years of follow-up in the
specific age group and reported as events per 1000 patient-
years (incidence rate). Patients with a first event have been
censored in the specific complication for the next coming age
categories.
Results

Frequency of cardiac complications

Of 2731 patients enrolled in SACHER from May 2014 to
December 2016, we identified 767 (28%) patients with a
history of cardiac complications (Table 1). The frequency of
cardiac complications in different lesion groups and lesions are
summarized in Figure 1 (detailed data are shown in
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Supplemental Table S1). With the exception of atrial fibril-
lation (P ¼ 0.15) the frequency of cardiac complications
differed between lesion groups (P ¼ 0.008 for heart failure
and P < 0.001 for all other cardiac complications). The
highest prevalence of any complication (with the exception of
endocarditis and complete heart block) was found in patients
with cyanotic and other complex heart disease. Endocarditis
was most prevalent in patients with replaced valves and right
ventricle to pulmonary artery conduits; complete heart block
was most prevalent in patients with atrioventricular septal
defects, Ebstein anomaly, and systemic right ventricles. The
number of patients with prior myocardial infarction was small
(n ¼ 24).

Distribution of the first onset and incidence rates of
cardiac complications

The mean age of the first onset differed between cardiac
complications (P < 0.001) and was lowest for complete
heart block (22 � 19 years) and highest for atrial fibrillation
(43 � 16 years). The majority of all complications (550;
72%) occurred in adult age (> 18 years) with the exception
of perioperative complete heart block, as illustrated in
Figure 2.

When calculated for different age categories, 4 different
time patterns of incidence rates were found: (a) increasing
incidence rates with ageing, (b) highest incidence rates in early
childhood and older adults (U-curve), (c) decreasing incidence
rates after early childhood and only increasing after age 30
years with the highest incidence rates in older adults (J-curve
pattern), and (d) highest incidence rates in young adults;
decreasing in the older population (Fig. 3).
Discussion
In this study, we demonstrated important differences in

incidence rates of various cardiac complications in patients
with CHD. Overall, apart from perioperative strokes and
atrioventricular block, complications were exceedingly rare in
childhood, but for most complications, increasing incidence
rates were documented in adult life.

Four distinctive patterns of incidence rates could be elab-
orated: (a) increasing incidence rates with ageing, (b) highest
incidence rates in early childhood and older adults (U-curve),
(c) J-curve pattern, and (d) highest incidence rates in young
adults.

As expected, cardiac complications differed between lesions
and lesion groups. Overall, cardiac complications were most
common in patients with complex and cyanotic lesions and
infective endocarditis was most prevalent in patients with
prosthetic heart valves.

Time pattern: (a) increasing incidence rates with ageing

Several studies have demonstrated increasing incidence
rates of tachyarrhythmia in patients with CHD during
adulthood.4-7 In line with these observations, we found in
SACHER that the first onset of tachyarrhythmias typically
occur in adulthood. This is particularly true for atrial fibril-
lation: in 87% of cases with atrial fibrillation, the event
occurred after age 18 years with a steady increase with ageing
and incidence rates in patients older than 50 years were 100



Figure 1. Frequency of patients with cardiac complications. Frequency (in %) of patients with cardiac complications among different lesions.
Pink bars: shunt lesions. Blue bars: valve lesions. Green bars: aortopathies. Orange bars: complex left ventricular outflow tract obstructions.
Purple bars: right heart lesions. Brown bars: cyanotic and other complex lesions. ASD II, atrial septal defects; AVSD, atrioventricular septal defect;
IART, intra-atrial re-entry tachycardia; LVOT, left ventricular outflow tract; PA, pulmonary artery; PDA, patent ductus arteriosus; PVR, pulmonary valve
replacement; RV, right ventricle; SVD, sinus venosus defect; TOF, tetralogy of Fallot; VSD, ventricular septal defect.
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times higher compared with children and adolescents. In
general cardiology, atrial fibrillation is the most common
cardiac arrhythmia and becomes more prevalent with
ageing.8-12 In the Anticoagulation and Risk Factors in Atrial
Fibrillation study (United States), the overall prevalence of
atrial fibrillation in the general population was 1%, much
lower compared with the SACHER cohort (6.5% of pa-
tients).12 In the Manitoba Follow-up Study, the incidence rate
among 3983 male air crew recruits observed over 44 years rose
from less than 0.5 per 1000 person-years before age 50 years
to 9.7 per 1000 person-years after age 70 years.13 In our
cohort, the incidence rate was 8 per 1000 patient-years in



Figure 2. Distribution of the first cardiac complication before and af-
ter the age of 18 years. Percentage of first events stratified by age 18
years. Dark blue bars: percentage of patients in the cohort with a
particular complication who were less than 18 years of age at the first
onset. Light blue bars: percentage of patients in the cohort with a
particular complication who were above 18 years of age at the first
onset. IART, intra-atrial re-entry tachycardia.
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the age category 40-50 years and rose to 17.6 per 1000
patient-years in patients over age 50 years, which is similar to
incidence rates of patients in the age group of 80-85 years in
the Rotterdam study, a large European population-based
study.11 We believe that incidence rates will further increase
in the CHD population with ageing of patient cohorts
particularly in those with complex repaired lesions. In our
cohort, atrial fibrillation was common across all lesions and
equally distributed among different lesion types and lesion
groups. In contrast, other types of tachyarrhythmias, such as
intra-atrial re-entrant tachycardia and monomorphic ventric-
ular tachycardia, were predominantly found in patients with
Patients (n

Patient-ye

Events

Patients (n

Patient-yea

Events

Patients (n) 2731 2730 2580 1320 726 378

Patient-years 13’655 35’225 22’611 9’936 5’442 3’910

First events 1 30 60 39 36 38

Patients (n) 2731 2730 2602 1332 724 365

Patient-years 13’650 35’362 22’897 9’995 5’391 3’636

First events 1 8 30 31 43 64

Patients (n) 2731 2726 2584 1338 745 381

Patient-years 13’636 35’206 22’788 10’084 5’553 4’056

First events 5 22 35 20 25 10

Patients (n) 2731 2729 2601 1339 748 388

Patient-years 13’650 35’346 22’949 10’097 5’608 4’090

First events 2 8 24 25 22 20

Patients (n) 2731 2699 2558 1328 738 386

Patient-years 13’543 34’800 22’617 10’004 5’563 4’072

Events 32 24 14 19 9 12

Patients (

Patient-ye

Events

Figure 3. Incidence rates of cardiac complications in congenital heart dise
with ageing. Green bars: highest incidence rates in young children and in ol
childhood and only increasing after age 30 years with the highest incidence
rates in young adults; decreasing in the older population. IART, intra-atrial r
repaired complex defects and repaired right heart lesions,
likely reflecting the notion that most of these arrhythmias are
scar related and determined by the type of surgical repair and
concomitant residual haemodynamic lesions.

Time pattern: (b) highest incidence rates in early
childhood and older adults (U-curve)

Whereas all types of tachyarrhythmia occurred predomi-
nantly in adulthood, the first onset of complete heart block
occurred predominantly in early childhood and older adults.
Complete heart block in childhood can be either a lesion-
specific complication mainly associated with congenitally
corrected transposition of the great arteries14 based on the
anatomical features of this specific lesion or subsequently after
open-heart surgery in early repair. The incidence of complete
heart block after open-heart surgery for CHD is approxi-
mately 1% to 3% in older series.15,16 Most of postoperative
complete heart blocks are the consequence of procedures
involving the closure of ventricular septal defect such as in
tetralogy of Fallot, complete atrioventricular septal defect, or
ventricular septal defect.17 They usually occur immediately
after surgery or early in the postoperative period, and in few
cases, they also may occur many months or years after surgery.
In line with these previous data, in SACHER, complete heart
block is most prevalent in patients with repaired atrioven-
tricular septal defect and congenitally corrected transposition
of the great arteries.

Complete heart block in older adults may be the result of
degenerative changes as seen in patients without CHD, may
occur in patients with abnormal conduction system anatomy
(atrioventricular septal defects and congenitally corrected
transposition of the great arteries), or may be a consequence of
operation/reoperation, particularly valve surgery.18
) 2731 2706 2582 1328 728 377

ars 13’569 35’045 22’772 9’985 5’451 4’043

24 5 28 36 32 22

Patients (n) 2731 2708 2577 1339 746 399

Patient-years 13’572 35’003 22’747 10’124 5’616 4’130

Events 22 14 13 14 17 20

Patients (n) 2728 2706 2607 1354 760 396

Patient-years 13’641 35’348 23’072 10’249 5’714 4’111

Events 3 1 2 5 5 8

) 2731 2726 2604 1351 753 394

rs 13’635 35’316 23’025 10’211 5’680 4’148

5 4 8 18 17 20

n) 2731 2724 2583 1317 734 381

ars 13’628 35’154 22’690 9’921 5’512 4’036

7 24 46 20 10 5

ase per 1000 patient-years. Red bars: incidence rates are increasing
der adults (U-curve). Blue bars: decreasing incidence rates after early
rates in older adults (J-curve pattern). Violet bars: highest incidence
e-entrant tachycardia.
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Time pattern: (c) J-curve

The incidence rates of heart failure, stroke, myocardial
infarction, and pulmonary hypertension showed a J-curve
pattern. As described in literature, event rates of heart failure
in CHD were increasing with age.19,20 However, in
SACHER, incidence rates of heart failure were 3 times higher
in young children compared with adolescents. There are
several explanations for this observation with perioperative
failure and left-right shunting with subsequent volume over-
load in not corrected shunt lesions as the most possible ones.
Whereas stroke and myocardial infarction are likely associated
with peri-interventional accidents in childhood, pulmonary
hypertension in childhood is mainly a sequela of untreated
left-right shunt leading to elevated pulmonary arterial resis-
tance and Eisenmenger syndrome. Later in adulthood, the
prevalence of pulmonary hypertension is increasing, most
probably due to left heart disease and the occurrence of
postcapillary pulmonary hypertension.21,22 We have previ-
ously demonstrated that the etiology of stroke in SACHER
patients is only in approximately 50% of atrial arrhythmiae
related origin.23 Other etiologies of stroke were paradoxical
emboli (air or thrombi) in 20%, peri-interventional in 17%,
and of other etiology in 14% with septic emboli among
others. These nonearrhythmia-related reasons are typically
seen in children with stroke. Nevertheless, as the cohort of
patients with CHD is still getting older, the incidence of atrial
fibrillation and atrial flutter is further increasing. This will very
likely lead to a higher incidence rate of cardioembolic strokes.

Myocardial infarction is still a rare complication in CHD.
Of note are the 2 patients with an arterial switch operation,
who had a myocardial infarction. Coronary events have been
described as frequent as 7% in older series,24 but seems less
frequent in young adult patients.25-27 In SACHER, we anal-
yse only adult survivors, and children who deceased after an
arterial switch operation will not be included into the registry
and therefore will be missed.

Time pattern: (d) highest incidence rates in young adults

The time pattern of infective endocarditis was unique.
We found the highest rates between age 18 and 40 years,
whereas incidence rates were lower in children and older
adults. Not surprisingly, 50% of the cases with an infective
endocarditis occurred in patients with prosthetic valves.
Patients with simple valve lesions and replaced (but not
repaired) valves (17.6%), patients with a right ventricle to
pulmonary artery conduit (12.5%), and patients with
repaired tetralogy of Fallot and postpulmonary valve
replacement (9.5%) were the most prevalent. The lower
incidence rate of infective endocarditis in older adults is
probably an artefact of our analysis as the majority of pa-
tients with high-risk conditions, such as prosthetic heart
valves within our cohort, are < 50 years and simple lesions
with low risk of endocarditis, such as ASD II, may be
overrepresented in the older patient cohorts. Recent studies
reported a higher incidence of infective endocarditis in
bovine jugular vein grafts and percutaneously implanted
pulmonary valves compared with homografts.28,29 In the
Dutch registry (CONCOR), the median age of adult pa-
tients with new onset of infective endocarditis was 37.8
years, similar to our data.30
Limitations
SACHER includes adult patients with CHD, and there-

fore, only prior complications of survivors of CHD could be
analysed. Children with CHD who have died from tachyar-
rhythmia (eg, sudden death), heart failure (eg, undiagnosed
child with aortic coarctation), myocardial infarction (eg, after
the arterial switch operation), or stroke (eg, perioperative) are
not included in the registry, and complications in deceased
children have not been analysed in this study. Therefore, the
incidence rates of cardiac complications may be under-
estimated in children. However, mortality has decreased
dramatically in the previous decades, and even if slightly more
events per patient-year occurred, it is unlikely that the time
patterns of the incidence rates will significantly change.
Another contribution to underestimation of cardiac compli-
cation in childhood is heart transplantation. However, in
Switzerland, only 30 children have undergone heart trans-
plantation in the last decade and many of them had non-
congenital reasons (acute myocarditis, cardiomyopathy).
Because of the retrospective study design, we had to rely on
the reported cardiac complications by the attending physi-
cians, but due to very regular follow-ups, in these patients
nearly no relevant complications should be missed.

Patients with simple lesions such as bicuspid aortic valves
or patients with ASD II are underrepresented in SACHER as
many of these patients are followed by general cardiologists.
Therefore, cardiac complications associated with these lesions
may not have been represented adequately in this study.
Conclusions
Cardiac complications are frequent in CHD. Apart from

perioperative stroke and complete heart block, incidence rates
are low in childhood but the incidence increases during adult
life. These data underscore the need of lifelong follow-up and
may help for better allocation of resources maintaining follow-
up.
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