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EDITORIAL

Tempering the Storm of Arrhythmias in 
Adults With Congenital Heart Disease
Edward O’Leary , MD; Anne Marie Valente , MD; Thomas Tadros , MD

According to the National Weather Service, a 
thunderstorm lifecycle typically progresses 
through 3 stages: (1) a developing stage, 

marked by updrafts of moist air with no precipitation 
but perhaps lightning; (2) a mature stage, whereby 
precipitation, lightning, and wind gusts manifest and 
are balanced by ongoing updrafts; and (3) a dissi-
pating stage, consisting of a shift from updrafts to 
downdrafts and declining precipitation. This frame-
work serves as a fitting analogy to the present state 
of arrhythmia burden in adults with congenital heart 
disease (CHD). Although surgical and interventional 
advancements in CHD management have resulted 
in remarkable increases in patient survival over the 
past half century, we are now faced with an aging 
population of patients with combinations of chronic 
valvular heart disease, ventricular dysfunction, cya-
nosis, chamber dilation, pressure and volume over-
load, and surgical scar, the perfect electrical milieu 
for arrhythmogenesis. The developing stage of this 
storm has passed; we have witnessed the warning 
signs when adults with CHD first began presenting 
with sustained atrial and ventricular arrhythmias 
20 years ago, resulting in seminal works describing 
the unique mechanisms of the arrhythmias at play.1,2

See Article by Pravda et al.

In this issue of the Journal of the American Heart 
Association (JAHA), Pravda et al demonstrate that we 
are firmly in the midst of this storm’s mature stage.3 
In this study, the authors use 2 national health care 
insurance registries that account for >75% of health 
care use in Israel. The data included >11 000 patients 
with adult congenital heart disease (ACHD) (median 
age ≈47 years) who received care between 2007 and 
2011, although >4000 of these patients were excluded 
for lack of sufficient details about their disease. The 
population included all types of ACHD, with >70% of 
them comprising simple complexity (atrial septal de-
fects, ventricular septal defects, and aortic valve dis-
ease). It was not known whether the patients were on 
antiarrhythmics, had prior surgical repair, or had other 
interventions. The patients and their health care use 
were tracked using the International Classification of 
Diseases, Ninth Revision (ICD-9) codes to determine 
their specific ACHD, arrhythmias, and other diagno-
ses at the time of inpatient and outpatient visits. The 
arrhythmias were bundled into 3 categories: atrial 
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arrhythmias (including ICD-9 codes for atrial fibrillation, 
atrial tachycardia, atrial premature beats); ventricular 
arrhythmias (ventricular tachycardia, ventricular fibril-
lation, cardiac arrest, any ICD-9 code related to pres-
ence of a defibrillator); and conduction disturbances 
(sinoatrial node dysfunction, second- and third-degree 
atrioventricular block, bundle-branch block, any ICD-9 
code related to presence of a pacemaker). The study 
tracked incident arrhythmias and correlations to sub-
sequent health care use as well as mortality.

The main findings were the following: (1) At base-
line, 8.7% of the patients with ACHD had atrial or ven-
tricular arrhythmia, 1.5% had conduction disturbance, 
and 0.5% had both. (2) Over a median follow-up of 
5.2 years, 9.2% of patients developed incident tach-
yarrhythmia, 0.9% developed conduction disturbance, 
and 0.3% developed both. (3) The patients with incident 
arrhythmias had significantly more frequent outpatient 
visits (median 45 visits versus 33 visits over 5 years). 
(4) Atrial tachyarrhythmia (relative risk (RR), 1.27 [95% 
CI, 1.17–1.38]) and atrioventricular block (RR, 1.33 [95% 
CI, 1.04–1.71]) correlated with increased hospital ad-
missions, although arrhythmias did not correlate with 
increased intensive care unit length of stay or hospi-
tal length of stay. (5) Atrial tachyarrhythmia (RR, 1.65 
[95% CI, 1.44–1.89]) and ventricular tachyarrhythmia 
(RR, 2.06 [95% CI, 1.44–2.94]) correlated with mor-
tality. (6) Atrial tachyarrhythmia did not correlate with 
incident stroke (RR, 1.04 [95% CI, 0.86–1.27]). Atrial 
tachyarrhythmias were 10 times more prevalent than 
ventricular tachyarrhythmias or conduction disease. 
The strength of the study was the use of the insurance 
system registries that provided comprehensive data on 
health care use over a long period of time. The main 
limitations were that clinical diagnoses were made 
solely based upon ICD-9 codes, and a substantial 
portion of the potential target population was excluded 
for insufficient data. There were a multitude of ICD-9 
codes that were unspecified with regard to arrhythmia 
types (premature beats not otherwise specified, car-
diac dysrhythmia not otherwise specified, paroxysmal 
tachycardia not otherwise specified) as well as ACHD 
types, and the lack of detail on these codes was the 
primary reason for exclusion of so many patients.

On the surface, these data are unsurprising, be-
cause numerous studies have reported similar statis-
tics. A 20-year-old person with CHD carries a similar 
20-year risk of atrial arrhythmia development (7%) as a 
55-year-old person in the general population.4,5 Adult 
patients with repaired tetralogy of Fallot, the most 
common cyanotic CHD lesion, are faced with a 20% 
risk of atrial arrhythmias and 15% risk of ventricular 
arrhythmias by the fourth decade of life.6 Sinus node 
dysfunction requiring permanent pacemaker implanta-
tion occurs in 13% to 25% of patients following atrial 
switch operations (for D-looped transposition of the 

great arteries) and Fontan palliation (for single ventricle 
lesions).7,8 Atrial and ventricular arrhythmias consis-
tently are each independently associated with mortal-
ity among patients with CHD, with hazard ratios of 1.5 
to 2.0.4,9–11

Where this study adds novelty are its findings that 
(1) arrhythmias correlate with a significantly higher fre-
quency of outpatient visits (on average a visit every 5 
to 6 weeks), and (2) both atrial and ventricular tachyar-
rhythmias correlate with significantly higher mortality. 
Although the latter point has been demonstrated else-
where, replicating this association in multiple popula-
tions is critical and demonstrates its potentially grave 
significance. With regard to mortality, the main ques-
tion that comes to mind is whether the arrhythmias 
are the cause of death or a marker of more advanced 
heart failure. The answer is unknown, but it is likely 
a combination of both. In adults with noncongenital 
heart disease, this question also remains unanswered, 
with data showing that heart failure increases risk of 
arrhythmia, and arrhythmia increases risk of heart 
failure.12 Diagnosis of arrhythmia and heart failure fre-
quently happens concomitantly and are inextricably 
linked in the ACHD population.13

With these data in hand, the holy grail questions 
become (1) how best to treat these arrhythmias and 
(2) whether arrhythmia treatment modifies mortality 
as has been shown in adults without congenital heart 
disease.14–16 Outcome data following radiofrequency 
catheter ablation for atrial fibrillation and flutter in pa-
tients with ACHD exist, yet are limited to retrospective, 
observational study designs and by overrepresentation 
of simple CHD lesions. Unsurprisingly, recurrence rates 
following such ablation procedures are higher than 
those observed in adults without CHD. Antiarrhythmic 
drugs are frequently used to control tachyarrhythmias 
in patients with ACHD but have mediocre efficacy and 
high adverse event rates.17,18 Vascular access limita-
tions and lead-related endocarditis and thromboembo-
lism negatively impact transvenous pacing outcomes 
in the ACHD population.19 Patient selection for primary 
prevention implantable cardioverter-defibrillator place-
ment remains challenging, and patients with ACHD are 
known to experience a substantial burden of implant-
able cardioverter-defibrillator–related complications.20

Some rays of optimism do exist, however. Ablation 
procedures are presently performed more safely than 
ever, with major procedural adverse event rates of only 
~1%, due to advances in contact force sensing tech-
nology, intracardiac echocardiography, and transsep-
tal puncture technology. Many electrophysiologists are 
shifting to fluoroless ablation techniques, eliminating 
radiation exposure, which is important to the ACHD 
population that has often already undergone numer-
ous fluoroscopic-based cardiac catheterizations.21 
Nonthermal pulsed field ablation received Food and 
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Drug Administration approval just this year and will likely 
make ablation procedures faster (reducing time under 
anesthesia and its associated postoperative risks) and 
safer (minimizing the risks of pulmonary vein stenosis, 
phrenic nerve injury, and atrioesophageal fistula forma-
tion observed with thermal ablation).22 Conduction sys-
tem pacing is now routinely performed in patients with 
ventricular pacing indications and preserves cardiac 
function and synchrony better than traditional biventric-
ular cardiac resynchronization therapy (with less trans-
venous hardware and not reliant on suitable coronary 
venous tributaries).23 Leadless pacing technology now 
includes atrial and ventricular implant options and ob-
viates the infectious and thromboembolic risks asso-
ciated with transvenous leads.24 Finally, subcutaneous 
implantable cardioverter-defibrillators have been shown 
to be safe and effective in CHD populations, eliminating 
transvenous lead-related complications while maintain-
ing acceptable inappropriate shock rates.25

We find ourselves at a critical juncture in the 
evolution of ACHD arrhythmia care. The proverbial 
storm is here (Figure), and it will only get worse as 
evidenced by the data presented by the authors. Our 

patients are experiencing more complications, occu-
pying more health care resources, and having higher 
mortality, much of which is related to development of 
arrhythmias. The question we must ask ourselves is 
how can we alter this storm’s course and be confi-
dent we are entering the dissipating phase? Can we 
apply the exciting new technological developments in 
interventional electrophysiology to our patients with 
ACHD? Will aggressive comorbidity management 
and earlier ablation referral alter arrhythmia course 
(as has been shown in adults with atrial fibrillation)? 
Does quality evidence supporting certain interven-
tional strategies in adults without CHD translate to the 
ACHD population? These questions will only be an-
swered, and our patients will only benefit, via (1) close 
collaboration among cardiologists and surgeons with 
expertise in ACHD, electrophysiology, advanced car-
diac therapies, and structural interventions; and (2) 
organized research efforts across ACHD centers that 
will design appropriate studies and iteratively analyze 
outcomes.

Figure.  Stages of the storm of arrhythmias in adults with CHD.
ACHD indicates adult congenital heart disease; AT, atrial tachycardia; AVB, atrioventricular block; CHD, congenital heart disease; ICD, 
implantable cardioverter-defibrillator; and VT, ventricular tachycardia.
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