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Arrhythmia Burden Among Adult 
Patients With Congenital Heart Disease: 
A Population-Based Study
Nili Schamroth Pravda , MbbCh; Ofra Kalter-Leibovici , MD; Amiram Nir, MD; Avraham Lorber , MD; 
Alexander Dadashev, MD; Rafael Hirsch, MD; Michal Benderly , PhD;  for the Israeli Congenital Heart Disease 
Research Group*

BACKGROUND: A significant percentage of patients with congenital heart disease surviving into adulthood will develop arrhythmias. 
These arrhythmias are associated with an increased risk of adverse events and death. We aimed to assess arrhythmia preva-
lence, risk factors, and associated health care usage in a large national cohort of patients with adult congenital heart disease.

METHODS AND RESULTS: Adults with a documented diagnosis of congenital heart disease, insured by Clalit and Maccabi health 
services between January 2007 and December 2011, were included. We assessed the associations between arrhythmia and 
subsequent hospitalization rates and death with mixed negative binomial and Cox proportional hazard models, respectively. 
Among 11 653 patients with adult congenital heart disease (median age, 47 years [interquartile range, 31–62]), 8.7% had a 
tachyarrhythmia at baseline, 1.5% had a conduction disturbance, and 0.5% had both. Among those without a baseline ar-
rhythmia, 9.2% developed tachyarrhythmias, 0.9% developed a conduction disturbance, and 0.3% developed both during 
the study period. Compared with no arrhythmia (reference group), arrhythmia in the previous 6 months was associated with a 
higher multivariable adjusted hospitalization rate, 1.33-fold higher than the rate of the reference group (95% CI, 1.00–1.76) for 
ventricular arrhythmia, 1.27-fold higher (95% CI, 1.17–1.38) for atrial arrhythmias, and 1.33-fold higher (95% CI, 1.04–1.71) for 
atrioventricular block. Atrial tachyarrhythmias were associated with an adjusted mortality hazard ratio (HR) of 1.65 (95% CI, 
1.44–2.94), and ventricular tachyarrhythmias with a >2-fold increase in mortality risk (HR, 2.06 [95% CI, 1.44–2.94]).

CONCLUSIONS: Arrhythmias are significant comorbidities in the adult congenital heart disease population and have a significant 
impact on health care usage and survival.
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A significant proportion of patients with congenital 
heart disease reaching adulthood will develop ar-
rhythmias.1,2 Patients with adult congenital heart 

disease (ACHD) are vulnerable to arrhythmias due to 
the underlying heart defect and its sequelae includ-
ing persistent pressure and volume changes, as well 

as due to postintervention scarring. The arrhythmias 
affecting patients with ACHD, ranging from bradyar-
rhythmias to tachyarrhythmias, are often poorly toler-
ated. Moreover, the rate of sudden cardiac death in 
patients with ACHD is up to 100 times more frequent 
that sudden cardiac death in patients with acquired 
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heart disease.3 With medical and surgical advances 
and the ensuing longer life expectancy of this patient 
population, the incidence and prevalence of arrhyth-
mias in the adult years is expected to increase.4,5 A 
large body of data support the significant burden of 
arrhythmias in patients with ACHD with a prevalence 
of up to 25%.6 These arrhythmias are associated with 
increased risk of adverse events and death.7

The aims of our study were multifold. First, we 
aimed to assess the extent of the arrhythmia burden, 
prevalence and range of both bradyarrhythmias and 
tachyarrhythmias, in a large national cohort of patients 
with ACHD. Second, we aimed to assess the risk fac-
tors for specific arrhythmias among these patients and 
their clinical outcomes. Third, we aimed to assess the 
health care usage of these patients, in terms of both 
interventional procedures performed and hospitaliza-
tions. This information is important in understanding 
the expected course of these conditions and can guide 
patient-specific care.

METHODS
The study population has been previously described.8 
In brief, this study was conducted in Israel in a frame-
work of national health insurance. It was based on 
deidentified data retrieved from electronic records of 
2 health care providers (Maccabi and Clalit health ser-
vices) covering 77% of the population at the time of 
the study.

The data that support the findings of this study are 
available upon reasonable request. Requests from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to Michal Benderly.

Adult patients with a diagnosis of congenital heart 
disease insured between January 2007 and December 
2011 were included. Patients were aged ≥18 years 
and had at least 1 documented congenital heart le-
sion or a specific congenital heart malformation repair 
procedure.

Patients who switched providers during the data 
collection period (N=628) were excluded to avoid over-
lap of deidentified records from different providers. We 
also excluded 1809 patients for whom congenital heart 
defect diagnosis could not be ascertained on the basis 
of the available data, and 3547 patients for whom dis-
ease complexity could not be determined on the basis 
of diagnosis codes.

Arrhythmia and related procedures were deter-
mined on the basis of the International Classification of 
Diseases, Ninth Revision (ICD-9; Data S1). It is import-
ant to note that tachyarrhythmias comprised atrial or 
ventricular tachyarrhythmias, whereas bradyarrhyth-
mias were regarded as a conduction abnormality.

Four patients with recorded ablation and no other 
record of tachyarrhythmia were considered to have 
tachyarrhythmia. Similarly, 23 additional patients 
identified as having conduction disturbances (CDs) 
solely on the basis of recorded diagnosis of a cardiac 
pacemaker.

Congenital heart disease complexity was catego-
rized according to the 32nd Bethesda Conference 
report as simple, moderate, or severe by a hierarchal 
algorithm according to the most severe congenital 
heart defect.9

Comorbidities were summarized with the Charlson 
comorbidity score.10 Outcomes assessed were health 
care usage, death, stroke, and a composite of death 
and stroke during the follow-up period.

The health care services examined included pri-
mary care and cardiology outpatient visits, emergency 
department visits, hospital admissions, and intensive 
care unit admissions. Maternity ward hospitaliza-
tions were excluded. Only face-to-face patient–doc-
tor encounters were counted. Several visits to the 
same specialty clinic (general practice or cardiology) 
on the same day were counted once. Data limitation 

CLINICAL PERSPECTIVE

What Is New?
•	 Based on a large cohort, almost 20% of 

community-dwelling patients with adult con-
genital heart disease (ACHD) present with ar-
rhythmia at baseline or develop arrhythmia over 
the next 5 years.

•	 Arrhythmias have a significant impact on health 
care usage and survival among patients with 
ACHD, and in patients with ACHD, ventricular 
and atrial tachyarrhythmias and atrioventricular 
block are associated with 30% higher hospitali-
zation rates.

•	 Tachyarrhythmia is associated with a substan-
tially increased risk of death, beyond age, co-
morbidities, and defect complexity.

What Are the Clinical Implications?
•	 The high risk of arrhythmias among patients 

with ACHD should be accounted for in risk 
stratification aimed at improving prognosis.

•	 With the increasing number and age of patients 
with ACHD, clinicians and health care systems 
must prepare for the rising prevalence of ar-
rhythmias in this population and their conse-
quential effect on health care service usage.

Nonstandard Abbreviations and Acronyms

ACHD	 adult congenital heart disease
CD	 conduction disturbance
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prevented distinction between specialized ACHD clin-
ics and other outpatient cardiology visits.

This study was approved by the institutional review 
boards of the Sheba Medical Center and the partic-
ipating health care providers. Informed consent was 
not required.

Statistical Analysis
Age-adjusted rates of arrhythmia by congenital disease 
complexity and defect type was calculated by a direct 
method, with the entire cohort as the reference group. 
We used quintile regression to compute age-adjusted 
median number of health services usage.

Arrhythmia variables considered in multivariable 
analysis included atrial tachyarrhythmia, ventricular 
tachyarrhythmia, other tachyarrhythmia, atrioventricu-
lar block, bundle branch block, and premature beat.

The association between arrhythmia status in the 
previous 6-month period and subsequent hospitaliza-
tion rates in repeated 6-month follow-up periods were 
assessed with a multivariable negative binomial mixed 
model. The results are therefore counts per 6 months. 
Random intercept for each patient, allowed for correla-
tion between periods within patient. The model also 
included a variable representing the period to account 
for the effect of time.

The cumulative mortality rate was assessed using 
Kaplan–Meier curves. The probability of difference 
between the age-adjusted curves was assessed by a 
Cox proportional hazard model adjusting for age, with 
group as a time-dependent covariate.

The associations with stroke, death, and the com-
bined end point of stroke or death were examined 
with multivariable Cox proportional hazard models. 
Arrhythmia variables were entered in the model as 
time-dependent variables (coded as 0 until first re-
corded diagnosis and 1 thereafter). The validity of the 
proportional hazard assumption was ascertained by 
including a time-dependent explanatory variable for 
each variable in the model to test the assumption of 
no time-dependent effect. In case of a violation of the 
assumption, an interaction term between each violat-
ing variable and time was added to the model (defect 
severity in all models and age in models predicting the 
combined end point). Patients with a baseline history 
of stroke (N=586) were excluded from the models pre-
dicting stroke or the combined stroke/death end point. 
Data were analyzed with SAS version 9.4 (SAS Institute 
Inc., Cary, NC).

RESULTS
The study cohort comprised 11 653 patients with 
ACHD with a median age of 46.9 years (interquartile 

range [IQR], 31–62 years). The majority of the cohort 
(83.3%) had a single heart defect, and most of the pa-
tients (74.1%) had only a simple defect. The most com-
mon heart defects were atrial septal defects (30.4%), 
aortic valve disease (26.0%), and ventricular septal de-
fects (14.2%). Hypertension was the most prominent 
baseline cardiovascular comorbidity, present in 17.9% 
of the cohort.

A baseline diagnosis of tachyarrhythmia was re-
corded for 1017 patients (8.7%). Among those with 
tachyarrhythmias, 611 (60.1%) had an atrial tachyar-
rhythmia, and 58 (5.7%) had a ventricular tachyarrhyth-
mia. There were 30 patients (2.9%) with both an atrial 
and ventricular tachyarrhythmia diagnosis at baseline. 
Of 169 (1.5%) patients who had a CD at baseline, 69 
patients (40.8%) had atrioventricular node block. The 
other tachyarrhythmia and CD diagnoses are detailed 
in Data S1. Both a tachyarrhythmia and CD at baseline 
were found in 60 patients (0.5%).

Patient Characteristics by Arrhythmia 
Type
As depicted in Table 1, patients with no arrhythmia at 
baseline were younger (median age, 45 years [IQR, 
30–61]) compared with patients with arrhythmia (me-
dian age, 50 years [IQR, 34–64], 61 years [IQR, 47–73], 
64 years [IQR 49–77] for patients with CD, tachyar-
rhythmia, or both, respectively).

Although the majority of the cohort had a single 
heart defect, patients with a CD were more likely to 
have >1 heart defect compared with the other sub-
groups (Table 1).

A higher proportion of patients with both CD and 
arrhythmias had a complex defect (16.7%) compared 
with those with only CD (8.3%), only tachyarrhythmias 
(6.5%) or no arrhythmia (4.5%). The most prevalent 
defect in all groups was atrial septal defect followed 
by aortic valve disease in second place (third place 
amongst patients with tachyarrhythmia; Table 1).

The baseline combination of tachyarrhythmia and 
CD was associated with a higher burden of comorbid-
ities (baseline median Charlson comorbidity score, 4 
[IQR, 1–7]) compared with only a CD (median, 2 [IQR, 
0–3]), only tachyarrhythmia (median, 3 [IQR, 1–5]), or 
no arrhythmias (median, 0 [IQR, 0–1]).

The combination of CD and tachyarrhythmia was 
also associated with the highest prevalence of indi-
vidual comorbidities and cardiovascular risk factors 
(Table 1), with the exception of diabetes (11.2%, 11.8%, 
7.1%, and 4.4% among those with tachyarrhythmia, 
CD, both, and no arrhythmia, respectively) and stroke 
or transient ischemic attack, for which the highest 
frequency was found amongst patients with tachyar-
rhythmia (Table 1).
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Among those with tachyarrhythmias, those with atrial 
tachyarrhythmias were on average older than those 
with ventricular arrhythmias. The prevalence of atrial 
tachyarrhythmias was relatively higher among those 

with atrial septal defect and single/common ventri-
cles. Ventricular arrhythmia was more common among 
those with tetralogy of Fallot and ventricular septal de-
fects compared with other cardiac defects (Table S1).

Table 1.  Baseline Characteristics of 11 653 Patients With Adult Congenital Heart Disease by Arrhythmia at Baseline

Baseline arrhythmia

None Tachyarrhythmia
Conduction 
disturbances Both P value

N N=10 527 N=957 N=109 N=60

Age, y, median (IQR) 45 (30–61) 61 (47–73) 50 (34–64) 64 (49–77) <0.0001

Number of heart defects, N (%)

1 8845 (84.0) 749 (78.3) 71 (65.1) 46 (76.7) <0.0001

2 1389 (13.2) 150 (15.7) 27 (24.8) 11 (18.3)

3+ 293 (2.8) 58 (6.1) 11 (10.1) 3 (5.0)

Other congenital anomaly, N (%)

0 9893 (94.0) 848 (88.6) 100 (91.7) 52 (86.7) <0.0001

1 595 (5.7) 97 (10.1) 8 (7.3) 7 (11.7)

2+ 39 (0.4) 12 (1.3) 1 (0.9) 1 (1.7)

Defect complexity, N (%)

Simple 7856 (74.6) 680 (71.1) 62 (56.9) 39 (65.0) <0.0001

Intermediate 2193 (20.8) 215 (22.5) 38 (34.9) 11 (18.3)

Complex 478 (4.5) 62 (6.5) 9 (8.3) 10 (16.7)

Heart defect type, N (%)

Patent ductus arteriosus 513 (4.9) 27 (2.8) 4 (3.7) 3 (5.0) 0.036

Aortic valve stenosis/insufficiency 2799 (26.6) 193 (20.2) 29 (26.6) 11 (18.3) 0.0001

Transposition of great arteries 67 (0.6) 6 (0.6) 4 (3.7) 0 (0.0) 0.0014

Atrial septal defect 3186 (30.3) 306 (32.0) 34 (31.2) 13 (21.7) 0.3

Mitral valve anomaly 855 (8.1) 213 (22.3) 11 (10.1) 11 (18.3) <0.0001

Pulmonary valve anomaly 377 (3.6) 25 (2.6) 9 (8.3) 4 (6.7) 0.01

Ebstein anomaly of tricuspid valve 133 (1.3) 11 (1.1) 1 (0.9) 1 (1.7) 0.96

Tetralogy of Fallot 352 (3.3) 20 (2.1) 8 (7.3) 5 (8.3) 0.002

Ventricular septal defect 1551 (14.7) 81 (8.5) 14 (12.8) 8 (13.3) <0.0001

Endocardial cushion 608 (5.8) 137 (14.3) 21 (19.3) 9 (15.0) <0.0001

Anomalies of the aorta 849 (8.1) 78 (8.2) 10 (9.2) 0 (0.0) 0.14

Other anomaly 1102 (10.5) 90 (9.4) 12 (11.0) 5 (8.3) 0.7

Single/common ventricle 147 (1.4) 44 (4.6) 3 (2.8) 7 (11.7) <0.0001

Comorbidities, N (%)*

Malignancy 198 (2.0) 70 (4.8) 6 (5.1) 5 (5.6) <0.0001

Diabetes 442 (4.4) 159 (11.2) 14 (11.8) 7 (7.1) <0.0001

Hypertension 1487 (14.6) 516 (38.7) 38 (32.1) 41 (51.7) <0.0001

Dyslipidemia 1408 (13.8) 419 (31.8) 36 (30.4) 32 (50.0) <0.0001

Ischemic heart disease 504 (5.0) 265 (18.8) 15 (12.8) 23 (28.9) <0.0001

Heart failure 180 (1.8) 150 (11.2) 7 (6.0) 15 (30.5) <0.0001

Other heart disease† 432 (4.2) 225 (18.2) 97 (89.8) 52 (92.8) <0.0001

Stroke/TIA 432 (4.2) 167 (12.8) 5 (4.3) 11 (10.2) <0.0001

Charlson comorbidity score, 
median (IQR)

0 (0–1) 3 (1–5) 2 (0–3) 4 (1–7) <0.0001

IQR indicates interquartile range; and TIA, transient ischemic attack.
*Age-adjusted percentage.
†Excluding arrhythmia.
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Progression of Arrhythmias in ACHD
Of 10 527 patients with no history of arrhythmia at 
baseline, 974 (9.2%) developed tachyarrhythmias dur-
ing the study period (median follow-up, 5.2 years), 97 
(0.9%) developed CD, and 33 (0.3%) developed both 
tachyarrhythmia and CD. Those who developed tach-
yarrhythmias during follow up were significantly older 
and had more baseline comorbidities compared with 
those who did not. The number of heart defects and 
defect complexity did not differ between the groups. 
However, atrial septal defects were more prevalent 
among those who subsequently developed tachyar-
rhythmias (Table S2). Among 957 who had only tachyar-
rhythmia at baseline, 23 (2.4%) developed an additional 
CD during follow-up, and of the 109 with only a CD at 
baseline, 11 (10.0%) developed tachyarrhythmia.

Health Care Usage
Almost all patients in all subgroups visited a primary care 
physician at least once, with an age-adjusted median 
of 45 (IQR, 36–55) visits per 5 years in those with both 
tachyarrhythmia and CD, median of 43 (IQR, 41–46) vis-
its among those with tachyarrhythmias, median of 33 
(IQR, 26–39) visits among those with CD, and median of 
33 (IQR, 33–34) visits among those without an arrhyth-
mia (Table 2). The proportion of patients under cardiol-
ogy follow-up during the study period ranged between 
76.2% for patients without any arrhythmia and 89.2% for 
patients with both CD and tachyarrhythmia, with an age-
adjusted median number of visits per 5 years ranging 
between 3 in patients without arrhythmia and 9 among 
patients with both CD and tachyarrhythmia (Table 2).

Over half of the patients were hospitalized during 
the follow-up period, with more admissions and lon-
ger hospital stays among those with both arrhythmias, 
compared with the other subgroups (Table 2).

Following adjustment for age, defect complex-
ity, baseline chronic comorbidities, and time, atrial or 
ventricular tachyarrhythmia or atrioventricular block 
recorded in the previous 6 months or earlier was asso-
ciated with a higher hospitalization rate compared with 
no arrhythmia (Figure 1).

The number of hospitalizations significantly increased 
to 1.33-fold higher (95% CI, 1.00–1.76) in those with ven-
tricular arrhythmia,  1.27-fold higher (95% CI, 1.17–1.38) 
in those with atrial arrhythmias, and to 1.33-fold higher 
(95 CI, 1.04–1.71) in those with atrioventricular block com-
pared with the reference group with no arrhythmia. Those 
with a diagnosis of premature beats or other arrhythmias, 
on the other hand, had significantly fewer hospitalizations, 
when other arrhythmias were included in the model.

Arrhythmia type was not significantly associated 
with the adjusted number of days spent in the hospital 
(Figure 1). The same is true for days in the intensive care 
unit with the exception of atrioventricular block, which was 
associated with fewer days in the intensive care unit than 
no arrhythmia (relative rate, 0.22 [95% CI, 0.07–0.68]).

Other characteristics associated with a higher hos-
pitalization rate were older age (1.48-fold increase [95% 
CI, 1.31–1.67] among patients aged 25–44 years; 3.12-
fold increase [95% CI, 2.77–3.52] among those aged 
45–64 years; and 8.46-fold increase  [95% CI, 7.48–
9.57] among those aged >64 years than in patients 
aged 18–25 years; P<00.1), male sex (1.09-fold in-
crease [95% CI, 1.02–1.15] compared with female sex; 

Table 2.  Health Service Usage

Baseline arrhythmia

None Tachyarrhythmia
Conduction 
disturbances Both P value

Used the service at least once,* N (%†)

Primary care 10 388 (98.7) 949 (99.3) 108 (99.1) 58 (98.5) 0.2

Outpatient cardiology 7995 (76.2) 866 (88.6) 98 (88.1) 56 (89.2) <0.0001

Emergency department only visits 5846 (56.6) 640 (58.1) 64 (55.6) 46 (64.2) 0.5

Hospital admissions 5433 (52.7) 601 (54.0) 58 (50.4) 45 (63.4) 0.3

Intensive care unit 856 (15.1) 62 (11.6) 6 (11.3) 3 (3.5) <0.0001

Frequency/5 y,‡ median (IQR)

Primary care visits 33 (33–34) 43 (41–46) 33 (26–39) 45 (36–55)

Outpatient cardiology visits 3 (2.7–2.8) 6 (5.6–7.0) 4 (3.4–5.1) 9 (6.2–12.0)

Emergency department only visits 1.0 (0.7–1.3) 0.0 (0.0–0.6) 1.0 (0.6–1.3) 0.0 (0.0–0.8)

Hospital admissions 0.9 (0.9–1.0) 1.0 (0.8–1.1) 0.8 (0.5–1.1) 2.2 (1.1–3.3)

Days in hospital 7 (6.7–7.2) 8 (6.0–9.2) 6 (1.8–9.6) 13 (5.1–20.1)

IQR indicates interquartile range.
*Used the service at least once in the data collection period (2007–2011).
†Age-adjusted percentage.
‡Age-adjusted.
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P=0.01), a more severe congenital heart lesion (inter-
mediate lesion, 1.10-fold increase [95% CI, 1.02–1.18]; 
complex lesion, 1.87-fold increase [95% CI, 1.63–2.14]; 
P<0.001, respectively, compared with simple lesions), 
and a higher baseline comorbidity score (1.08-fold in-
crease with every addition of 1 point to the Charlson 
comorbidity score [95% CI, 1.05–1.10]; P<0.001).

On a separate model with individual baseline comor-
bidities, patients with heart failure had increased hospital-
ization rate (relative rate, 1.37 [95% CI, 1.22–1.53]), while 
those with hypertension had significantly fewer hospi-
talizations (relative rate, 0.90 [95% CI, 0.84–0.97]) com-
pared with those without other chronic comorbidities.

Among those with any arrhythmias, 43.2% were 
treated with a β blocker at baseline (65.2% over the 
follow-up period), 55.9% were on an antithrombotic 
drug (72.8% over the follow-up), and 20.8% were on 
an antiarrhythmic drug (33.6% during the follow-up).

Clinical Outcomes
During the follow-up period, 1133 (9.7%) patients died. 
The age-adjusted death rate was 17.2 per 1000 person-
years among patients with no baseline arrhythmia, 18.5 

per 1000 person-years for patients with a baseline CD, 
and 25.0 per 1000 person-years for patients with tach-
yarrhythmias. Those with both conditions had a height-
ened risk of 29.6 per 1000 person-years age-adjusted 
risk of death. The crude mortality rate was significantly 
higher among those with both arrhythmias than among 
those with tachyarrhythmias and CD, and those with 
no arrhythmias at baseline had the lowest mortality 
rates. (Figure  2). However, the mortality rate did not 
differ among the subgroups when adjusted for age. 
(Figure S1) Following multivariable adjustment for age, 
sex, defect severity, and baseline comorbidity (Charlson 
index), atrial tachyarrhythmias were associated with a 
hazard ratio (HR) of 1.6 (95% CI, 1.4–1.9; P<0.001) for 
death, and ventricular tachyarrhythmias were associ-
ated with a >2-fold increased risk of death (HR, 2.06 
[95% CI, 1.44–2.94]; P<0.001).

When individual baseline comorbidities were in-
cluded in the model, hypertension was associated with 
a lower mortality hazard (HR, 0.31 [95% CI, 0.22–0.43]; 
P<0.001), and heart failure with a significant mortality 
hazard of almost 3-fold (HR, 2.94 [95% CI, 2.00–4.32]; 
P<0.001).

Figure 1.  Relative number of hospital admissions and days in hospital among 11 653 patients 
with ACHD by arrhythmia type.
Reference=no arrhythmia. AV indicates atrioventricular; BB, bundle branch; ICU, intensive care unit; PM, 
premature; and RR, relative rate.
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The combined outcome of death or stroke occurred 
in 1805 (16.3%) of 11 067 patients with no history of 
stroke at baseline. Following multivariate analysis, there 
was no significant increased risk associated with the 
subtypes of arrhythmias in terms of stroke. There was 
an increased risk of the combined outcome of stroke/

death among those with an atrial or ventricular arrhyth-
mia (HR, 1.33 [95% CI, 1.17–1.51]; HR, 1.57 [95% CI, 
1.09–2.26], respectively) driven by an increased risk of 
death as shown in Figure 3. Age, male sex, and se-
verity of congenital lesion were all associated with an 
increased risk of death.

DISCUSSION
Our main findings are that arrhythmias are a significant 
comorbidity in the ACHD population and have a sig-
nificant impact on health care usage and health out-
comes. The prevalence of arrhythmias is associated 
with both the severity of the congenital defect itself 
and other traditional cardiovascular risk factors that are 
more common in adulthood.

With the improvement of medical and surgical 
techniques, the number of patients with congenital 
heart disease surviving into adulthood is expected to 
increase as well as the complications and clinical se-
quelae associated with ACHD. A significant proportion 
of patients with ACHD surviving into adulthood will 
have a diagnosis of an arrhythmia or develop an ar-
rhythmia during adulthood.1,2

Figure 2.  Crude mortality rate per arrhythmia subgroup. 

Figure 3.  Multivariable adjusted outcome HR by arrhythmia type.
Arrhythmia variables considered in multivariable analysis included atrial tachyarrhythmia, ventricular 
tachyarrhythmia, other tachyarrhythmia, atrioventricular block, bundle branch block, and premature beat. 
AV indicates atrioventricular; BB, bundle branch; HR, hazard ratio; and PM, premature.
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The prevalence of arrhythmia at baseline and the in-
cidence rate during follow-up are in line with other data 
reporting the prevalence of arrhythmias in patients with 
ACHD up to 25%.6 A large cohort study from Taiwan 
on 122 518 patients with ACHD assessed the epide-
miological profile of these patients, including the prev-
alence of arrhythmias. Concurrent with our findings, 
the prevalence of tachyarrhythmias in this cohort was 
7.22% and the prevalence of bradyarrhythmias was 
low and reported as 0.99%.11 They found that patients 
with all types of ACHD had a >10% risk of experiencing 
a tachyarrhythmia by age 50 years.

Comorbidities are prevalent among patients with 
ACHD.12 In our study, we found that those with both 
arrhythmias had a higher comorbidity burden than 
those with tachyarrhythmias, bradyarrhythmias, and 
no arrhythmias, respectively. Chronic diseases are 
known to be risk factors for progression of heart failure 
and tachyarrhythmias in adult patients without ACHD, 
and are increasingly recognized as a potent risk factor 
in those with ACHD.13 With the increasing survival of 
these patients into later adulthood, the risk of these 
comorbidities is expected to increase.14

Stroke and Death
Arrhythmias increase the risk for adverse outcomes.15 
We found that atrial and ventricular arrhythmias were 
independently associated with a significantly increased 
risk of stroke and death. This is concurrent with other 
studies reporting an association between arrhythmias 
and increased risk of adverse events and death.7,15

Arrhythmias themselves may reflect the hemody-
namic status of the patients and be an early indicator 
of worsening heart failure.15 Arrhythmias can addi-
tionally cause rapid hemodynamic decline in patients 
with ACHD. This is particularly noted in patients with 
complex and altered anatomy with less hemodynamic 
reserve for arrhythmias and are more dependent on 
atrial kick in sinus rhythm. For this reason, there is a 
class I recommendation to maintain sinus rhythm in all 
patients with ACHD.5

In the current study, the congenital lesion’s sever-
ity, age, sex, and comorbidities were all independent 
risk factors for death. The seemingly protective effect 
of hypertension against death could suggest a stron-
ger systemic ventricle due to the chronically increased 
afterload that may improve resilience to arrhythmias.

Health Care Usage
To our knowledge, this is the first report on health care 
usage in association with arrhythmias in the patient 
population with ACHD. This population requires life-
long follow-up and has an increased risk of later com-
plications. Data from Germany has shown that as this 
population ages, the health care usage increases.14,16 

The main complications among patients with ACHD 
are heart failure and arrhythmias, both associated with 
higher hospitalization rates.15 The cost for ACHD hos-
pitalization has increased by 258% in a decade in a 
US nationwide inpatient sample.17 We found that those 
with an arrhythmia had a higher usage of the health 
care system than those without. Interestingly, we found 
that patients with a diagnosis of atrioventricular block 
in the prior 6 months had significantly fewer days in in-
tensive care compared with other subgroups. It could 
be that these patients had pacemakers inserted and 
thus would be protected from the hemodynamic ad-
verse effects of bradycardias. Furthermore, in patients 
with dual-chamber pacemakers, these pacemakers 
are programmed with a maximum tracking rate that 
avoids the ventricle tracking a tachyarrhythmia and 
prevents pacing fast atrial arrhythmias. This could pre-
vent major hemodynamic changes and could possibly 
explain this finding.

It is important to note that our study was conducted 
in the setting of a national health insurance granting 
every resident, since 1995, universal coverage for pri-
mary to tertiary care with a broad benefits package, 
including physician consultations, hospitalizations, im-
aging, laboratory services, medications, and advanced 
technologies, with low copayment or no additional 
charge. The outpatient cardiology care in the majority 
of the patients could have been a factor that prevented 
hospitalizations by implementing preemptive measures 
and ensuring adequate follow-up in this unique popu-
lation. In contrast, in health care systems based on fee 
for service, patients may have lower access to regu-
lar cardiology follow-up due to financial constraints. 
Thus, our hospitalization rate may be lower than in 
other health care systems where universal access is 
not available.

The population of ACHD is heterogeneous, com-
prising many different lesions and different arrhyth-
mia risks. One of the strengths of our study is that the 
ACHD lesions and associated arrhythmia risk were as-
sessed as well as outcomes related to the cohort as a 
whole. Furthermore, our study included a large cohort 
of patients; data were derived from administrative da-
tabases, and thus the information on health care usage 
and adverse outcomes are accurate. ICD-9 codes 
were used to identify and classify patients with ACHD 
and the diagnosis of arrhythmia. This was based on 
administrative data and was limited in nature, mainly 
due to the need for comprehensive and valid input of 
ICD-9 codes. Another limitation was that data were 
available following the date of the development of the 
electronic database, and thus prior data on surgical 
procedures and childhood clinical status were lacking 
in many patients. Our data are reporting on the ACHD 
population and have inherent survival bias by includ-
ing only those that reached adulthood. Our study was 
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observational in nature and has inherited biases (in-
cluding indication bias and residual confounding) and 
therefore was not suited to assess causal relationships 
such as that of medication efficacy or ablation ther-
apy. In conclusion, arrhythmias are common comor-
bidities in the ACHD population and have a significant 
impact on health care usage and survival. This should 
be taken into consideration in this population in which 
lifelong follow-up is needed.
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