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Case Presenta2on

•  38	yrs	old,	woman	with	tetralogy	repair	25	years	ago.	
• Residual	VSD	with	mild-moderate	PR	
•  Followed	without	any	symptoms	
• AdmiAed	to	emergency	department	with	symptoms	of	shortness	of	
breath	for	two	days.	

•  She	had	palpitaEon	for	10	days	which	was	incessant	all	day	round.		



Exam
•  Irregular	heart	beat	
•  Tachypneic	and	unable	to	lying	down	
•  Distended	jugular	veins	
•  Grade	2-3/6	systolic	and	early	
diastolic	murmur	at	the	leO	second	
ICS	

•  Crackles	at	the	both	lung	basal	area	
•  3cm	of	hepatomegaly,		no	ascites	
• Mild	edema	



DC	
Cardioversion	

Transcatheter	VSD	
Closure	

AAD	for	prophylaxis	
Diure>cs	

Tachycardia	
125bpm	

IV	Adenosine	

NSR		
Followed	with	Sotalol	

An>coagula>on	
ECHO	for	

thrombus	Diure>cs	

Treatment	AVNRT??	
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The Adult With Congenital Heart Disease
Born to Be Bad?
Carole A. Warnes, MD, MRCP, FACC
Rochester, Minnesota

The population of patients with adult congenital heart disease is approximately 800,000 in the
U.S. Those with prior cardiac surgery often consider themselves “cured,” although the
majority faces a lifetime of problems including arrhythmias, ventricular dysfunction, and one
or more re-operations. Even patients with repaired “simple” lesions such as an atrial septal
defect may not have normal survival if they are repaired in adulthood. Patients with repaired
coarctation may have premature cardiovascular complications including sudden cardiac death,
myocardial infarction, and stroke. They also have aortic complications such as aneurysm and
dissection, which result from a diffuse arteriopathy and continued hypertension that may be
caused by underlying endothelial dysfunction. In addition, bicuspid aortic valve occurs in
more than one-half of the patients with coarctation, so continued surveillance for significant
aortic valvular heart disease is necessary. More complex lesions also pose problems after “total
correction.” Patients with repaired tetralogy of Fallot often have pulmonary regurgitation,
which is frequently overlooked on clinical exam and echocardiography. Pulmonary valve
replacement should be performed before the development of irreversible right ventricular
dysfunction and an increased risk of ventricular tachycardia or sudden cardiac death. Because
they are vulnerable to deterioration of systemic ventricular function, those with congenitally
corrected transposition require special vigilance, usually with concomitant atrio-ventricular
valve regurgitation. Late referral is common with a deleterious effect on long-term survival.
These patients need lifelong follow-up and the residua and sequelae of their complex
anomalies must be understood in order to provide optimum care. (J Am Coll Cardiol 2005;
46:1–8) © 2005 by the American College of Cardiology Foundation

The last 50 years have witnessed dramatic changes for the once
threatened and limited life of the baby born with congenital
heart disease. The advances in echocardiography, anesthesia,
intensive care, and particularly cardiac surgery have facilitated
the survival of babies born with even the most complex cardiac
anomalies. Fifty years ago, only 25% of these infants would
survive beyond the first year of life, but now more than 95%
will survive to adulthood. This triumph of survival, which has
evolved over the last few decades, has led to a “new population”
of adults with congenital heart disease. This population size is
estimated to be approximately 800, 000 in the U.S. (1).

Some patients may have mild defects and have never needed
surgery; in others, the defect may have been missed and may
not be discovered until adulthood. The majority, however, have
had previous cardiac surgery and may consider themselves
“cured.” The perception of “cure” is fostered by the surgical
description “total correction,” which is applied to many oper-
ative repairs of complex congenital anomalies. In reality, there
is almost no surgical cure for congenital heart disease, perhaps
with the exception of a successfully ligated and divided ductus
arteriosus. All other repaired lesions have the potential for
residua and sequelae, and although this may be a painful
realization for patients and their families, it is a fundamental

and important concept. The misperception of “cure” has
potentially serious consequences. Patients may forget to use
antibiotic prophylaxis, are unlikely to endeavor to understand
the nature of their anomaly, and, much more importantly, see
no need to seek continued medical advice. As a result, residual
lesions and sequelae are frequently overlooked until patients
present with symptoms.

These patients are different from those with acquired heart
disease. One of the most common presentations is with an
arrhythmia, and cardiologists unfamiliar with congenital heart
disease often focus on the electrophysiologic aspects of the
symptom complex, unaware of the underlying hemodynamic
problems so commonly associated with the onset of arrhyth-
mias. In contrast to patients with acquired heart disease, who
usually notice a distinct change in symptoms at the onset of
their problems, patients with congenital heart disease, having
lived with a lifelong cardiac problem, may not detect subtle
changes in exercise capacity until they are significant. By the
time the patients notice dyspnea and exercise limitation,
valvular residua and ventricular dysfunction are often severe
and irreversible.

All of these challenges emphasize the importance of im-
pressing on patients, their families, and their physicians that all
cardiac surgery is palliative rather than curative and that
patients with congenital heart disease require lifelong
follow-up at centers where expertise is available to deal with
their complex problems. Two “simple” and two “complex”

From the Division of Cardiovascular Diseases and Pediatric Cardiology, Mayo
Clinic College of Medicine, Rochester, Minnesota.

Manuscript received February 6, 2005; revised manuscript received February 15,
2005, accepted February 22, 2005.

Journal of the American College of Cardiology Vol. 46, No. 1, 2005
© 2005 by the American College of Cardiology Foundation ISSN 0735-1097/05/$30.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2005.02.083

In conclusion, are these patients “born to be 
bad”? In many ways, the answer is yes. They 
are seldom “cured” by surgery and continue to 
have cardiac problems. The cardiology 
community serves them poorly, and, as we 
look to the future, we must make provision for 
lifelong care by trained physicians with 
expertise in their complex problems. 	



Arrhythmias in adults with congenital heart disease: What are risk factors 
for specific arrhythmias? Loomba SH et al. PACE 2016  

•  27,088/	109,168	(25%)	paEents	with	CHD,	had	an	arrhythmia	at	
some	point.		

•  In	those	with	an	arrhythmia		
•  Atrial	fibrilla>on	in	85.7%.		
•  Atrial	fluRer	(19.5%)		
•  Ventricular	tachycardia	(5.4%)		

•  The	largest	burden	of	arrhythmia		
•  Tricuspid	atresia	with	a	51%	prevalence		
•  Ebstein	anomaly	with	a	39%	prevalence.		

•  Increasing	age,	male	gender,	heart	failure,	obstrucEve	sleep	
apnea,	are	addiEonal	risk	factors	



Background
•  Supraventricular	tachyarrhythmia	is	the	most	common	form	of	
arrhythmia	in	ACHD	paEents,	with	an	esEmated	50	%	lifeEme	risk	for	
paEents	entering	their	third	decade	of	life.		

•  The	most	common	mechanism:		
•  Intraatrial	reentrant	tachycardia	(IART)	
•  Non-	automa>c	focal	atrial	tachycardia	(NAFAT)		
•  Atrioventricular	reentrant	tachycardia	(AVRT)	mediated	by	twin	
atrioventricular	(AV)	nodes,	typical	forms	of	AVRT	

•  AV	node	reentrant	tachycardia	
•  Atrial	fibrilla>on	(AF).		

• While	almost	all	CHD	carries	a	risk	for	SVA,	there	are	frequent	
associaEons	owing	to	unique	embryology	and	subsequent	surgical	
repair.		



CHD and Arrhythmias

hemodynamic stresses and intermittent inflam-
matory effects of surgical intervention
(Fig. 2).7,12,24,35,40–43 The natural history of IART
is characterized by gradual loss of normal sinus

node function followed by increasingly frequent re-
currences of tachycardia. Older age at operation
and longer follow-up are prominent risk fac-
tors.44,45 Ectopic atrial tachycardias are also

Table 1
Spectrum of bradyarrhythmias and tachyarrhythmias seen with selected CHD subtypes

CHD Type IART AF WPW VT/SCD
SA Node
Dysfunction

Spontaneous
AV Block Acquired AV Block

VSD 1 — — 1 — — 1

ASD 11 1 — — — — —

TOF 111 — — 11 — — 1

Aortic stenosis — 1 — 11 — — 1

d-TGA (Mustard or
Senning)

111 — — 11 111 — —

CAVC 1 — — — — 1 11

Fontan 111 11 — 1 111 — —

l-TGA 1 — 1 1 — 11 111

Ebstein’s anomaly 11 — 111 11 — — —

Abbreviations:AF, atrial fibrillation; ASD, atrial septal defect; AV, atrioventricular; IART, intra-atrial reentrant tachycardia;
SA, sinoatrial; SCD, sudden cardiac death; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; VSD, ventric-
ular septal defect; VT, ventricular tachycardia.

Adapted from Walsh EP. Interventional electrophysiology in patients with congenital heart disease. Circulation
2007;115:3225.

Fig. 1. Congenital malformations associated with arrhythmias. (From Triedman JK. Arrhythmias in adults with
congenital heart disease. Heart 2002;87:384; with permission.)
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Incidence	of	SVT	in	rela>on	to	congenital	defect	and	type

Congenital	defect		
	

Type	of	surgery		 Incidence	
	

ASD		
	

Uncorrected/corrected	as	adult	
Surgical	closure	prior	to	age	15		

50%	
16%		

TGA	 Mustard/Senning		
Arterial	switch	surgery		

28%–37%		
5%		

Single	ventricle		 Atriopulmonary	Fontan		
Lateral	tunnel		
Extracardiac	tunnel		

50%	>10	yrs,	100%	≥26	yrs	
13%	acer	10	yrs	
0%	acer	10	yrs		

Tetralogy	of	Fallot		 Age-dependent	up	to	20%	



Atrial arrhythmia & CHD type
Anomaly		 N	(%)	

Single	Ventricle	 75	(20%)	

Repaired	TOF	 58	(15%)	

TGA	 53	(14%)	

ASD	 40	(11%)	

AVSD	 25 (7%)	
L-TGA	 20 (5%)	
Ebstein’s	 8 (5%)	
VSD	 15 (4%)	
Others	 74 (20%)	

v 378	adult	paEents	with	CHD	
(mean	age	39	years)	and	atrial	
arrhythmias		

v During	a	median	follow-up	of	5.2	
years,	there	were	40	deaths	
(11%).		

v Common	modes	of	death	
included	heart	failure–related	
death	(35%),	sudden	cardiac	
death	(20%),	and	perioperaEve	
death	(18%).	

v Intra-atrial	reentrant	tachycardia	
239	(63%)	and	atrial	fibrillaEon	
128	(34%)	

	

Identifying High Risk in Adults With Congenital Heart 
Disease and Atrial Arrhythmias.  Am J Cardiol 2011	



Categorical variables are represented by frequencies and
percentages. Time 0 (index visit) was defined as the time of
the first patient visit during the study period. Patient-years
were accrued from time of entry until occurrence of death,
study termination, or loss to follow-up. Overall survival was
plotted using the Kaplan–Meier method and log-rank sta-
tistics were used to compare risk categories.

To determine predictors of mortality, univariate and mul-
tivariate Cox proportional hazard models were constructed
after proportional hazard assumptions were verified. The
following variables were entered into the multivariate Cox
model (forward stepwise): age, male gender, prosthetic
heart valve, subaortic ventricular dysfunction, previous
stroke/transient ischemic attack/systemic embolism, single-
ventricle physiology, valvular heart disease, pulmonary hy-
pertension, and NYHA functional class !III. Relative val-
ues of beta coefficients calculated from the multivariate
model were used to devise a risk score to estimate overall
mortality. Two-tailed probability values !0.05 were con-
sidered statistically significant.

Results

In total 378 adult patients with CHD and sustained
atrial arrhythmias were included. Baseline characteristics
including types of arrhythmias are presented in Table 1.
Of all study patients 212 patients (56%) had a history of
emergency room visit or hospital admission for sustained
atrial arrhythmia. Two hundred fifty-one patients (66%)
had paroxysmal atrial arrhythmias; the remainder (n "
127, 34%) had persistent/permanent atrial arrhythmias.
Of patients with paroxysmal atrial arrhythmia most (n "
236, 94%) had a clinical presentation requiring interven-
tion including antiarrhythmic therapy in 220, anticoagu-
lation in 146, cardioversion in 102, and catheter ablation
in 24.

A large proportion of patients were classified as hav-
ing complex CHD (43%; Tables 1 and 2). Cyanosis was
present in 18 of 75 patients (24%) with single-ventricle
physiology primarily restricted to those with a palliative
shunt (92% of patients with palliative shunts were cya-
notic). Most patients with pulmonary hypertension had
left-sided valvular disease (39%) or a diagnosis of (re-
paired) intracardiac shunt (45%). Common valvular heart
disease included atrioventricular valve regurgitation or
pulmonary regurgitation particularly in patients with te-
tralogy of Fallot.

During a median follow-up of 5.2 years (range 0.3 to
10.6) 40 deaths (11%) occurred. Characteristics of mode
of death are presented in Table 3. Primary cardiovascular
causes of death were death secondary to progressive heart

Figure 1. Kaplan–Meier survival curve for all-cause mortality in adults
with congenital heart disease and atrial arrhythmias after the index visit.

Table 3
Characteristics of mode of death

Mode of death Number of
Patients

Age at Death,
Median (range)

Ventricular
Dysfunction*

CHD Diagnosis (Patients) Details of Death (Patients)

Heart failure 14 (35%) 44 (29–69) 14 (100%) SV (4), TGA (3), TOF (2), Ebstein
anomaly (1), cc-TGA (1), AVSD
(1), PAPVC (1), MR (1)

contraindication for heart transplantation (7),
no formal heart transplantation assessment
(4), waiting for heart transplant (2),
declined heart transplantation (1)

Sudden death 8 (20%) 35 (21–48) 4 (50%) SV (3), TGA (2), AVSD (2),
AR (1)

arrhythmia/sudden collapse (6), no witnessed
death during sleep (2)

Perioperative 7 (18%) 44 (34–58) 5 (71%) SV (3), TOF (1), cc-TGA (1), TGA
(1), Eisenmenger syndrome (1)

Fontan conversion (3), heart transplantation
(2), pulmonary arterial band for arterial
switch conversion (1), conduit revision (1)

Cardiovascular 2 (5%) 40 (37–43) 1 (50%) aortic coarctation (1), cc-TGA (1) aortic aneurysmal rupture (1), hemoptysis in
presence of aortopulmonary collaterals (1)

Noncardiovascular 4 (10%) 40 (30–60) 1 (25%) SV (1), ASD (1), AVSD (1), Shone
complex (1)

septic shock (2), severe COPD (1),
hemorrhage after pelvic surgery for
twisted ovarian cysts (1)

Unknown 5 (13%) 51 (45–63) 2 (40%) TOF (1), AS (1), PS (1), cc-TGA
(1), AR (1)

no details on death

* Ventricular dysfunction determined at last cardiac imaging study before death.
AR " aortic regurgitation; AS " aortic stenosis; ASD " atrial septal defect; AVSD " atrioventricular septal defect; cc-TGA " congenital corrected

transposition of great arteries; COPD " chronic obstructive pulmonary disease; MR " mitral regurgitation; PAPVC " partial anomalous pulmonary venous
connection; PS " pulmonary stenosis; SV " single-ventricle physiology; TGA " complete transposition of great arteries; TOF " tetralogy of Fallot.
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Kaplan–Meier survival curve for all-cause mortality in 
adults with congenital heart disease and atrial arrhythmias 
after the index visit. 	



Risk	Factors:	
Valvular	heart	disease		
Pulmonary	hypertension	
Single-ventricle	physiology		
New	York	Heart	AssociaEon	funcEonal	class	≥	III		

failure (35%), sudden death (20%), perioperative death
(18%), and other cardiovascular causes (5%). Noncardio-
vascular causes occurred in 4 patients (10%). In 5 pa-

tients (13%) cause of death was unknown. Crude mor-
tality rate was 2.0% (95% confidence interval [CI] 1.4 to
2.7) per person-year. Cumulative survival rates at 2, 5,
and 8 years were 97.1 ! 0.9%, 91.3 ! 1.7%, and 84.8 !
2.6%, respectively (Figure 1).

Univariate and multivariate predictors of mortality are
listed in Table 4. In the multivariate model valvular heart
disease, single-ventricle physiology, pulmonary hyper-
tension, and NYHA functional class !III were indepen-
dent predictors of mortality. A risk score to predict death
was derived from the 4 variables identified by multivar-
iate analysis. Every predictor attributed 1 point to the risk
score. A 1-point increase in risk score was associated
with a hazard ratio of 3.12 (95% CI 2.24 to 4.35, p "
0.001). From a possible maximum of 4 points, 3 risk
categories were identified: low (0 point), moderate (1
point), and high (#1 point). After schema collapse, the
hazard ratio was 3.75 (95% CI 2.33 to 6.02, p "0.001),
indicating a 3.75 times higher risk of death for each
increase in the cohort (from low to moderate or moderate
to high). Cumulative survival according to risk category
and actuarial annualized rates are depicted in Figure 2.
Crude mortality rates for the low-, moderate-, and high-
risk groups were 0.5%, 1.9%, and 6.5% per patient-year,
respectively. Cumulative survival rates at 5 years for the
low-, moderate-, and high-risk groups were 98.3 ! 1.2%,
92.7 ! 2.4%, and 70.1 ! 7.1%, respectively.

Discussion

The present study provides an estimate of the mortal-
ity risk in adult patients with CHD and atrial arrhythmias.
In this heterogenous group of adults we found that mor-
tality rates were not uniform. Adults with functional
limitation and specific high-risk congenital cardiac le-
sions (i.e., valvular heart disease, single-ventricle phys-
iology, and pulmonary hypertension) were at increased
risk of death. Based on those variables, a risk score was
derived to help identify the high-risk adult patient with
CHD and atrial arrhythmias. These findings highlight the
important adverse interactions that can exist between
structural and hemodynamic changes and atrial arrhyth-
mias and their impact on mortality. Mechanisms behind
these interactions require further study.

In this adult CHD population with atrial arrhythmia,
overall 5-year mortality rate was 8.7%. In the highest-
risk group (#1 risk factor, mean age 40 ! 14 years)
5-year mortality rate was 30%, which is comparable to
the mortality rate in a much older cohort of patients (55
to 64 years old) with atrial fibrillation from the Framing-
ham Heart Study.9 The most common modes of death in
our cohort were progressive heart failure and sudden
death, similar to previous studies in adult CHD popula-
tions.2,8,10 The pathophysiology of increased mortality in
adult patients with ACHD and atrial arrhythmias is com-
plex and likely multifactorial. Atrial arrhythmias can
precipitate heart failure, sudden death owing to rapid 1:1
atrioventricular conduction, and death associated with
thromboembolic complications.1,11–14 Alternatively, atrial ar-
rhythmias in the adult CHD population can be a consequence
of structural and hemodynamic changes, which in turn may

Figure 2. Kaplan–Meier survival curves are plotted and compared in adults
with congenital heart disease and atrial arrhythmias according to low-risk
(top curve), moderate-risk (middle curve), and high-risk (bottom curve)
categories. Risk score, corresponding risk category, number of patients,
and annualized rate of death are presented below the graph.

Table 4
Predictors of mortality in patients with atrial arrhythmias

Variable Hazard Ratio
(95% CI)

p Value

Univariate analysis
Age (years) 1.02 (0.99–1.04) 0.162
Prosthetic heart valve 1.32 (0.70–2.51) 0.391
Previous stroke, transient ischemic

attack, or systemic embolism
1.39 (0.58–3.30) 0.462

Single-ventricle physiology 1.65 (0.83–3.31) 0.156
Male gender 1.76 (0.92–3.38) 0.087
Subaortic ventricular dysfunction 1.79 (0.95–3.35) 0.070
Valvular heart disease* 2.70 (1.43–5.08) 0.002
Pulmonary hypertension† 4.15 (2.21–7.78) "0.001
New York Heart Association

functional class !III
6.53 (3.23–13.2) "0.001

Multivariate analysis‡

Valvular heart disease* 2.73 (1.33–5.59) 0.006
Pulmonary hypertension† 2.96 (1.41–6.19) 0.004
Single-ventricle physiology 3.33 (1.51–7.35) 0.003
New York Heart Association

functional class !III
3.69 (1.69–8.03) 0.001

* At least moderate stenosis or regurgitation.
† Mean pulmonary arterial pressure at rest #25 mm Hg by cardiac

catheterization or systolic pulmonary arterial pressure #40 mm Hg by
echocardiography.

‡ Variables were entered into multivariate Cox proportional hazards
model in a forward-stepwise fashion using a threshold p value "0.05 as the
criterion for inclusion.
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In conclusion, in adult with CHD and atrial 
arrhythmias specific clinical variables identify 
patients at high risk for death. Importantly, the 
absence of any of these risk factors is associated 
with an excellent survival despite the presence 
of atrial arrhythmias. 	



Mechanism of Atrial Tachycardia

• Central	obstacles:		
• NaEve	structures	such	as	the	tricuspid	valve	annulus	and	vena	
cavae		

• ArEficial	structures	created	by	prior	surgical	manipulaEon	
•  Sutures	
•  Scars	
•  Patches	
•  Incisions		

•  Fibrosis	due	to	altered	hemodynamics	in	the	late	postoperaEve	
segng.		



seen, thought to be mediated by scarred tissues
supporting micro-reentry.46,47

Patients with single ventricular physiology and
Fontan circulation (particularly with right atrial to
pulmonary artery connections), atrial baffles
created by Mustard and Senning procedures for
treatment of d-transposition of the great arteries
(d-TGA), and repaired TOF are at greatest risk,
but patients with simple atrial septal defect repair
are also vulnerable years after repair.2,7,11,23,48,49

Approximately 50% of patients with atriopulmo-
nary Fontan repairs will develop IART within a
decade of surgery and few patients with d-TGA
will remain in sinus rhythm 10 years after Mustard
or Senning repair.44,50 Although ventricular arrhyth-
mias are important in patients with TOF, IARTs are
more prevalent and themain source ofmorbidity.51

IART has a stable cycle length and P-wave
morphology. It tends to have slower atrial rates
than typical atrial flutter (150–250 beats per min-
ute). Atypical P waves are common, and multiple
morphologies may be seen within one patient,
suggesting “shift” from one circuit to another. In
the presence of a healthy AV node, rapid conduc-
tion may cause symptomatic hemodynamic
decompensation (Fig. 3).18,20,52–54 Conversely,
IART may masquerade as sinus rhythm when 2:1
or 3:1 conduction is present, thus the index of sus-
picion must be high. Hidden P waves may be un-
covered by vagal maneuvers or diagnostic use of
adenosine.11

Atrial Fibrillation

Prevalence of AF is increasing in the ACHD popu-
lation, with a reported prevalence of 31% in one

cardioversion study.23 In patients with TOF, AF
has surpassed IART as the most prevalent atrial
arrhythmia in patients older than 55 years.19 Aortic
stenosis, mitral valve deformities, unrepaired (or
unpalliated) single ventricles, unrepaired atrial
septal defect (ASD), and to a lesser extent, Fontan
surgery, are associated with development of
AF.22,23,55 Some concerning trends are that
approximately 30% of patients who have previ-
ously undergone successful catheter ablation for
IART develop AF at in follow-up and nearly 25%
will develop AF many years after an ASD
closure.55,56 The mechanism of AF in the CHD
population is likely linked to chronic hemodynamic
stress and remodeling of the left atrium.

Ventricular Arrhythmias

Although ventricular ectopy and nonsustained
ventricular tachycardia (VT) are common in
ACHD populations, sustained monomorphic VT
is quite rare.2,57–60 The most common substrate
for sustained VT is TOF. The prevalence of VT after
TOF repair is estimated to be 3% to 14%,25,26,51,61

and risk of sudden cardiac death (SCD) estimated
to be 0.2% per year,15,24–28 which may reach as
high as 1% per year in adulthood by the fourth or
fifth decade of life.26,27 Greatest risk for ventricular
arrhythmias is posed via 2 distinct mechanisms,
which are not necessarily exclusive in a particular
patient: (1) those who have undergone repair
involving a ventriculotomy, and (2) those with
long-standing hemodynamic overload causing
ventricular dysfunction and/or hypertrophy inde-
pendent of surgical incisions.2,7,12,24,62–66

Fig. 2. Example of flutter circuit
created by natural conduction bar-
riers, surgical incisions or patches
following CHD repair. ASD, atrial
septal defect; IVC, inferior vena cava;
LA, left atrium; PV, pulmonary veins;
RA, right atrial; SVC, superior vena
cava. (Adapted from Lee G, Sanders
P, Kalman JM. Catheter ablation of
atrial arrhythmias: state of the art.
Lancet 2012;380:1512; with
permission.)
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Problems at Fontan 
Circula2on

• Heart	failure	
• Arrrhythmias	
•  Thromboembolic	complicaEons	
• Protein-losing	enteroptahy	



Australian	and	New	Zealand	Fontan	Registry	1034	pt	
Carins	TA	ve	ark.	J	Thorac	Cardiovasc	Surg	2016;152:1355-63)	
#	195	paEent	with	tachycardia	162,		bradyarrhythmia	74	paEent,	both	41	paEent	
#	Survival	at	20	years	without	arrhythmia	66%	
#	Extracardiac	Fontan’s	had	the	lowest	incidence	
#	İzomerism	leads	to		more	arrhythmia	



Variable	 HR	
	

95%	CI	lower	
	

95%	CI	upper	
	

P	value	
	

	Any	arrhythmia	
ECC	Fontan	(vs	AP)	
LT	Fontan	(vs	AP)		
LA	isomerism		
RA	isomerism		

Tachycardia	
ECC	Fontan	(vs	AP)y.		
LA	isomerism	(vs	none)		
RA	isomerism	(vs	none)		
Dextrocardia		

Bradycardia	
ECC	Fontan	(vs	AP)	
LT	Fontan	(vs	AP)	

	
0.23	
0.60	
3.18	
4.	00		
	
0.	34	
4.17	
4.61	
1.64	
	
0.06	
0.23		

	
0.10	
0.31	
.456		
2.	41		
	
0.13	
1.77	
2.70	
0.99		
	
0.02	
0.09		

	
0.51		
1,01	
6.95	
6.	61		
	
0.	92		
9.79	
7.86	
2.70	
	
0.20	
0.58		

	
<.001	
0.055	
.004	
<.001	
	
033	
.001	
<.001	
.054	
	
<.001	
.002	

Predictors	of	developing	arrhythmia	post-Fontan	procedure	



Prognosis	acer	the	arrhythmia		
development	

Death	at	33	pts	
HTX	at		12	pts	
Fontan	conversion	at	30		pts	
Fontan	take-down	3	pts	
PLE	in	12	pts	
NYHA	Class	III-IV	heart	failure	
Total	84	paEent	had	Fontan	problem	



Impact of arrhythmia (as a 2me-varying covariate) on late 
outcomes: Mul2variable Cox propor2onal hazards regression

Event	 HR	 95%	CI	
lower	

95%	CI	upper		 P	value	
	

Risk	of	event	acer	developing	any	arrhythmia	

Death	 1.53	 0.85	 2.76	 .16	

Death/transplantaEon	 1.76	 1.02	 3.02	 .042	

Fontan	failure	 2.20	 1.44	 3.34	 <.001	

Risk	of	event	acer	developing	tachycardia	

Death	 1.65	 0.86		 3.18	 .13	

Death/transplantaEon	 1.87	 1.02	 3.45	 .043	

Fontan	failure		 2.56		 1.60		 4.11	 <.001	

Risk	of	event	acer	developing	bradycardia	

Death	 1.20	 0.62	 2.30		 .59	

Death/transplantaEon	 1.81		 1.04	 3.15	 .037	

Fontan	failure		 1.85		 1.16	 2.95		 .010	

(69/162, 43%). After the onset of tachyarrhythmia,
freedom from decreased ventricular function at 5, 10,
and 15 years was 72% (95% CI, 64-79), 58% (95% CI,
49-67), and 38% (95% CI, 27-50), respectively.

Bradyarrhythmias
A pacemaker was implanted in 66 of the 74 patients

(89%) with bradyarrhythmias. Of these, 24 were for sick si-
nus syndrome (36%), 24 were for complete heart block
(36%), and 18 (27%) were for isolated bradycardia
(31%). After the onset of a bradyarrhythmia, 31 patients
were subsequently found to have reduced ventricular func-
tion. Freedom from decreased ventricular function at 5, 10,
and 15 years was 69% (95%CI, 58-80), 63% (95%CI, 50-
75), and 46% (95% CI, 30-61), respectively.

DISCUSSION
Despite the high prevalence of arrhythmias after Fontan

surgery, data are lacking on the clinical outcomes of these
patients after the first onset of arrhythmias. Also, many of
the previous publications have quoted the incidence of ar-
rhythmias without distinguishing the difference between
tachyarrhythmias and bradyarrhythmias.10-12

There is concern that the onset of an arrhythmia is the first
sign of deterioration of the Fontan circulation. Ascertaining
how true this hypothesis iswill help guide therapy in these pa-
tients and in particular help to optimize the timing of interven-
tions such as the Fontan conversion. The recently commenced
Australia and New Zealand Fontan Registry gave us the
unique opportunity to investigate these clinical outcomes af-
ter arrhythmias in patients with a Fontan circulation.9

We found atriopulmonary Fontan, atrial isomerism, and
dextrocardia to be predictors of developing arrhythmias,
and these are consistent with those previously reported by
our group.1 Of note, patients with the extracardiac conduit
variant were less likely to experience an arrhythmia
compared with those with an atriopulmonary connection.
In patients with an atriopulmonary connection, referral for
Fontan conversion should be considered relatively early
because it been shown to be more effective.13

Survival after the onset of an arrhythmia was surprisingly
good with 67% and 84% of patients alive at 10 years after
the onset of a tachyarrhythmia and bradyarrhythmia,
respectively. There was no association between occurrence
of arrhythmia and survival. Previously, we had suspected
that the onset of an arrhythmia would be associated with a
rapid decline in survival. Nevertheless, the onset of an
arrhythmia is associated with a substantial burden of late
adverse events with approximately half of patients experi-
encing failure of the Fontan circulation within 10 years.
On multivariable analyses, patients with arrhythmias had
a higher risk of the composite end point of death/transplan-
tation and of Fontan failure than those without arrhythmias.

Freedom from Fontan failurewas similar after onset of an
arrhythmias among the various types of Fontan techniques.
One may have expected that outcomes would have been
worse in patients with an atriopulmonary connection, who
are known to have dilated atrial chambers. Even the need
for DCCV did not indicate as rapid a deterioration as
perhaps expected, with approximately half of the patients
who had an initial DCCV not requiring a second cardiover-
sion for a median of 2 years. In our experience, ablation
therapy was reasonably effective, with 50% of the patients
being free from Fontan failure after 10 years. Therefore,
ablation therapy should be considered when multiple cardi-
oversions are required.

In this study, approximately 40% of patients with a tachy-
arrhythmia or bradyarrhythmia were found to have reduced
ventricular function at 10 years after onset of the arrhythmia.
Although the assessment of ventricular function in this study
was clearly subjective, we nonetheless believe that these
findings suggest that the onset of an arrhythmia is associated
with a progressive deterioration in cardiac function. After
the first onset of an arrhythmia, close surveillance of ventric-
ular systolic function is required.

Study Limitations
The study is limited by its retrospective nature. Depend-

ing on the degree of follow-up, arrhythmic events may not
have been detected. Indeed, without the presence of ambula-
tory rhythm monitoring, arrhythmias may have remained
undetected. Nevertheless, our study shows the influence of
clinically manifest arrhythmias on long-term outcomes.
Ventricular function data were not collected in a systematic
fashion, which negated our ability to perform longitudinal
data analyses. In addition, the relatively contemporaneous
shifts in surgical practice among the centers limit the ability
to analyze the impact of surgical era, follow-up duration, and
surgical technique despite the use of multivariable analyses.

CONCLUSIONS
After the first onset of arrhythmia, patients with a Fontan

circulation are at increased risk of late Fontan failure.

Webcast
You can watch a Webcast of this AATS meeting presen-
tation by going to: http://webcast.aats.org/2015/Video/
Monday/04-27-15_6A_1500_Carins.mp4.

Congenital: Fontan Carins et al
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Prevalence of atrial tachyarrhythmia in adults aVer 
Fontan opera2on

Total	 No	arrhythmia		 Arrhythmia		 p	Value	

N	 166	 96		 70	

Mean	current	age	(years)	 29.1	(±9.2)	 25.3	(±5.6)	 34.4	(±10.5)	 <0.001	

Mean	age	at	Fontan	(years)	 9.0	(±8.5)		 6.4	(±5.4)		 12.6	(±10.5)		 <0.001	
	

Median	age	at	Fontan	(years)	 5.6	(3.8–11.9)		 4.8	(3.3–7.6)	 11.0	(5.3–14.9)	 <0.001	

Type	of	Fontan	

Modified	AP	 104(63%)		 48	(50%)		 56	(80%)	

Lateral	tunnel		 22	(13%)	 17	(18%)	 5	(7%)	

TCPC		 40	(24%)		 31	(32%)		 9	(13%)	

Mean	follow-up	(years)	 18.6	(±4.7)		 17.3	(±3.7)	 20.5	(±5.2)	

Mortality	 21	(13%)	 9	(9%)	 12	(17%)	 0.21	



Total	
(n=70)	

Modified	AP		
(n=56)	

Lateral	
tunnel	
(n=5)		

TCPC	
(n=9)	
	

Aritmi	Tipi	

IART	 46	(66%)		 39	(70%)		 2	(40%)		 5	(56%)	

Atrial	fibrilla>on	(AF)	 8	(11%)		 6	(11%)		 –	 2	(22%)	

IART+AF	 12	(17%)		 9	(16%)		 2	(40%)		 1	(11%)	

SVT	 4	(6%)		 2	(4%)		 1	(20%)		 1	(11%)	

Mean	age	at	arrhythmia	onset	
(years)	

26.7	(±9.3)		 27.4	(±9.1)		 22.9	(±4.7)	 24.1	(±11.7)	

Mean	>me	since	Fontan	to	
arrhythmia	onset	(years)	

14.2	(±6.4)		 15.3	(±6.2)		 12.3	(±1.6)		 7.3	(±5.3)	
	

Arrhythmia Characteris2cs & Fontan Types

Conclusion		
There	is	a	long-term	risk	of	late	arrhythmia	among	pa>ents	with	a	Fontan		
circula>on.	This	study	has	shown	that	the	incidence	of	arrhythmias	increases		
with	>me	since	surgery.	In	this	study	arrhythmia	appears	almost	inevitable	in	
	 pa>ents	 with	 an	 AP	 Fontan	 by	 26	 years	 post-surgery.	 It	 is	 likely	 that	 the	
number	of	pa>ents	presen>ng	with	arrhythmia	will	rise	sharply	over	the	next	
decade.	 This	 has	 huge	 implica>ons	 for	 clinical	 prac>ce	 and	 requires	 the	
development	of	dedicated	Electrophysiologists	to	work	with	their	colleagues	
in	ACHD	to	manage	these	pa>ents.		



those with nonperioperative tachycardia ranged from 9.1% to
33% and was highest for patients with VF (Table 1).

INTERVENTION. A total of 30 patients (20.4% of those with
nonperioperative tachycardia, 2.4% annually) received
tachycardia interventions during the study period: 22 RFCA
procedures (44% of AFL, 21% of VT, 16% of AF, and 9% of
SVT), 4 surgical maze procedures for atrial arrhythmias, and
9 ICD implantation procedures. Almost all of the tachycardia
interventions were performed in adults (Figure 2). ICD was
administered at ages ranging from 15 to 48 years (median 27
years, mean 28 ! 12) in 8 of 21 survivors (38.1%) of VT
(after ablation therapy in 3 patients) and 1 of the 2 survivors
(50%) of VF. Cardiac surgery to improve hemodynamics and
thereby ameliorate the occurrence of tachycardia was per-
formed in 9 patients (6.1% of those with nonperioperative
tachycardia), including pulmonary valve replacement along
with surgical maze in 1, tricuspid valve replacement (com-
bined with surgical maze) in 3, and unspecified in 5. One
surgical death occurred.

Bradycardia
All bradycardias. The incidence of bradycardia was 1.2 %
(1.0% for AVB and 0.2% for SSS). The sex distribution was
similar among the 3 groups with bradycardia. In patients with
AVB, there were 2 hospital deaths; no deaths were noted during
follow-up. Among the 11 patients with SSS, 4 exhibited

tachycardia. Because bradycardia included surgical AVB and
late SSS, the distribution of ages at intervention for bradycardias
was even: the age groups within the age of 3 years comprised
those who exhibited AVB after cardiac repair, and late age
groups were those who received a pacemaker or generator
replacement or who developed late SSS (Figure 2).
AVB in the subgroup of patients born between 2000 and

2010. In the subgroup of those born between 2000 and
2010 with complete postnatal data, the incidence of AVB
was 0.9% (17/1960), and 12 patients (0.6%) received a
permanent pacemaker.

Discussion
This is the first national database study, without institutional
bias, exploring the risk of arrhythmias in TOF patients. The
study led to several findings: (1) arrhythmias were more
common in adult (8.3%) than in pediatric (2.8%) patients and
exhibited a higher mortality risk; (2) the chance of non-
perioperative tachycardia increased with age and was 10.2%
and 16.9% in the 40–49 andZ50 year age groups; and (3) in
the subgroup of patients born between 2000 and 2010, the 1-,
5-, and 10-year survival was 0.911, 0.826, and 0.788,
respectively; the risk of AVB requiring permanent pace-
maker was 0.6%. These data suggest that the outcomes of
TOF patients were improved, but the arrhythmias,

<1961 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010

VF 0.5% 0.0% 0.0% 0.1% 0.1% 0.0%

VT 1.0% 2.4% 1.9% 0.5% 0.5% 0.2%

AF 10.3% 5.8% 1.9% 0.4% 0.1% 0.0%

AFL 1.0% 0.5% 0.5% 0.3% 0.1% 0.1%

SVT 4.1% 1.5% 0.8% 2.0% 1.0% 1.1%
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Figure 1 Distribution of birth year of patients with tetralogy of Fallot who received medical care for arrhythmia, obtained from the national database in Taiwan
between 2000 and 2010. AF ¼ atrial fibrillation; AFL ¼ atrial flutter; SVT ¼ supraventricular tachycardia; TOF ¼ tetralogy of Fallot; VF ¼ ventricular flutter/
fibrillation; VT ¼ ventricular tachycardia.
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those with nonperioperative tachycardia ranged from 9.1% to
33% and was highest for patients with VF (Table 1).
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tachycardia interventions during the study period: 22 RFCA
procedures (44% of AFL, 21% of VT, 16% of AF, and 9% of
SVT), 4 surgical maze procedures for atrial arrhythmias, and
9 ICD implantation procedures. Almost all of the tachycardia
interventions were performed in adults (Figure 2). ICD was
administered at ages ranging from 15 to 48 years (median 27
years, mean 28 ! 12) in 8 of 21 survivors (38.1%) of VT
(after ablation therapy in 3 patients) and 1 of the 2 survivors
(50%) of VF. Cardiac surgery to improve hemodynamics and
thereby ameliorate the occurrence of tachycardia was per-
formed in 9 patients (6.1% of those with nonperioperative
tachycardia), including pulmonary valve replacement along
with surgical maze in 1, tricuspid valve replacement (com-
bined with surgical maze) in 3, and unspecified in 5. One
surgical death occurred.

Bradycardia
All bradycardias. The incidence of bradycardia was 1.2 %
(1.0% for AVB and 0.2% for SSS). The sex distribution was
similar among the 3 groups with bradycardia. In patients with
AVB, there were 2 hospital deaths; no deaths were noted during
follow-up. Among the 11 patients with SSS, 4 exhibited

tachycardia. Because bradycardia included surgical AVB and
late SSS, the distribution of ages at intervention for bradycardias
was even: the age groups within the age of 3 years comprised
those who exhibited AVB after cardiac repair, and late age
groups were those who received a pacemaker or generator
replacement or who developed late SSS (Figure 2).
AVB in the subgroup of patients born between 2000 and

2010. In the subgroup of those born between 2000 and
2010 with complete postnatal data, the incidence of AVB
was 0.9% (17/1960), and 12 patients (0.6%) received a
permanent pacemaker.

Discussion
This is the first national database study, without institutional
bias, exploring the risk of arrhythmias in TOF patients. The
study led to several findings: (1) arrhythmias were more
common in adult (8.3%) than in pediatric (2.8%) patients and
exhibited a higher mortality risk; (2) the chance of non-
perioperative tachycardia increased with age and was 10.2%
and 16.9% in the 40–49 andZ50 year age groups; and (3) in
the subgroup of patients born between 2000 and 2010, the 1-,
5-, and 10-year survival was 0.911, 0.826, and 0.788,
respectively; the risk of AVB requiring permanent pace-
maker was 0.6%. These data suggest that the outcomes of
TOF patients were improved, but the arrhythmias,
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those with nonperioperative tachycardia ranged from 9.1% to
33% and was highest for patients with VF (Table 1).

INTERVENTION. A total of 30 patients (20.4% of those with
nonperioperative tachycardia, 2.4% annually) received
tachycardia interventions during the study period: 22 RFCA
procedures (44% of AFL, 21% of VT, 16% of AF, and 9% of
SVT), 4 surgical maze procedures for atrial arrhythmias, and
9 ICD implantation procedures. Almost all of the tachycardia
interventions were performed in adults (Figure 2). ICD was
administered at ages ranging from 15 to 48 years (median 27
years, mean 28 ! 12) in 8 of 21 survivors (38.1%) of VT
(after ablation therapy in 3 patients) and 1 of the 2 survivors
(50%) of VF. Cardiac surgery to improve hemodynamics and
thereby ameliorate the occurrence of tachycardia was per-
formed in 9 patients (6.1% of those with nonperioperative
tachycardia), including pulmonary valve replacement along
with surgical maze in 1, tricuspid valve replacement (com-
bined with surgical maze) in 3, and unspecified in 5. One
surgical death occurred.

Bradycardia
All bradycardias. The incidence of bradycardia was 1.2 %
(1.0% for AVB and 0.2% for SSS). The sex distribution was
similar among the 3 groups with bradycardia. In patients with
AVB, there were 2 hospital deaths; no deaths were noted during
follow-up. Among the 11 patients with SSS, 4 exhibited

tachycardia. Because bradycardia included surgical AVB and
late SSS, the distribution of ages at intervention for bradycardias
was even: the age groups within the age of 3 years comprised
those who exhibited AVB after cardiac repair, and late age
groups were those who received a pacemaker or generator
replacement or who developed late SSS (Figure 2).
AVB in the subgroup of patients born between 2000 and

2010. In the subgroup of those born between 2000 and
2010 with complete postnatal data, the incidence of AVB
was 0.9% (17/1960), and 12 patients (0.6%) received a
permanent pacemaker.

Discussion
This is the first national database study, without institutional
bias, exploring the risk of arrhythmias in TOF patients. The
study led to several findings: (1) arrhythmias were more
common in adult (8.3%) than in pediatric (2.8%) patients and
exhibited a higher mortality risk; (2) the chance of non-
perioperative tachycardia increased with age and was 10.2%
and 16.9% in the 40–49 andZ50 year age groups; and (3) in
the subgroup of patients born between 2000 and 2010, the 1-,
5-, and 10-year survival was 0.911, 0.826, and 0.788,
respectively; the risk of AVB requiring permanent pace-
maker was 0.6%. These data suggest that the outcomes of
TOF patients were improved, but the arrhythmias,
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219/4781 (4.6%): 8.3%	in	adults	and	2.8%	in	pediatric	
160 (73.1%) : tachycardia and 59 (26.9%): 
bradycardia 
33/212	(15,6%)		died	with	arrhythmia	

What	about	Tetralogy	



particularly late-onset nonperioperative tachycardia, remained
a prime concern.

The prevalence rate of TOF based on the national
cohort comprising children (0.63/1000) was close to that
of the Quebec Congenital Heart Disease database from
1983 to 2010 (0.59/1000), but the rate in adults was
considerably lower (0.06/1000 vs 0.23/1000).13 The
causes of this difference remain unclear. Outcomes of
TOF patients have continued to improve over the past
decades such that 495% of TOF children survive repar-
ative surgery.5–7 However, late follow-up revealed hemo-
dynamic disturbances as well as electrophysiologic
disturbances.5,8–11 As shown in this national database
study, of those born between 2000 and 2010 who under-
went complete postnatal follow-up, the 1-, 5-, and 10-year
survival was 0.911, 0.826, and 0.788, respectively. Such
population survival data were close to or even slightly
more favorable than those from the Congenital Malforma-
tions Registry of New York State from 1983 to 2006, in
which the 1-, 5-, and 10-year survival was 0.86, 0.80, and
0.78, respectively.14,15 The incidence of AVB requiring a
permanent pacemaker (0.6%) was lower than that of the
Kids’ Inpatient Databases 2000, 2003, 2006, and 2009
(0.9%).16 The improvement reflects notable medical
advances as well as the effectiveness of the health care
system in Taiwan. The coverage rate of the NHI program is
499%, and copayment is waived for those with congenital
heart diseases.

The burden of arrhythmias in TOF patients varied with
the duration of postoperative follow-up and the type of study
cohort. The lowest incidence was 10% and was reported
from a Japanese multi-institutional study with mean

follow-up of 4 years.8 In a study by Khairy et al,11 based
on an adult multi-institutional cohort (age 36.8 ! 12.0
years), the arrhythmia burden was as high as 43%. The
prevalence of tachycardia was 29.9% and increased with age,
particularly after the age of 45 years for VTs.11 As shown in
the present population study, 4.6% of all TOF patients
required medical care for arrhythmia (8.3% adult, 2.8%
pediatric). For nonperioperative tachycardia, the value was
o2% before the age of 20 years and subsequently increased
almost 2-fold at 10-year intervals; it was 16.9% in the those
agedZ50 years. The results are consistent with observations
during a quiescent period of 10 to 15 years after corrective
surgery in TOF patients, followed by a steady increase of the
event rates of atrial and ventricular arrhythmias.8–11,17–19

Although NHI started to reimburse ICD treatment as
secondary prevention for sudden death in 2003, fewer than
half of the survivors of VT/VF patients received ICD
therapy. This rate is similar to the rate reported by the
Alliance for Adult Research in Congenital Cardiology, in
which one-third of the patients with VT and VF received an
ICD as secondary prevention.11 In that cohort, a similar
percentage of patients received an ICD as primary prevention
after risk stratification, and approximately half of the patients
experienced shocks for VT or VF.11 Nevertheless, the
number of our patients who received an ICD was relatively
few. The reasons may include (1) conservativeness in
choosing ICD therapy because of concern about inappro-
priate shocks in patients with repaired congenital heart
disease, or invasiveness of the procedure20,21; and (2) late
NHI reimbursement policy for secondary prevention only.
An initiative for sudden cardiac death prevention by ICD in
selected patients is advocated.
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particularly late-onset nonperioperative tachycardia, remained
a prime concern.

The prevalence rate of TOF based on the national
cohort comprising children (0.63/1000) was close to that
of the Quebec Congenital Heart Disease database from
1983 to 2010 (0.59/1000), but the rate in adults was
considerably lower (0.06/1000 vs 0.23/1000).13 The
causes of this difference remain unclear. Outcomes of
TOF patients have continued to improve over the past
decades such that 495% of TOF children survive repar-
ative surgery.5–7 However, late follow-up revealed hemo-
dynamic disturbances as well as electrophysiologic
disturbances.5,8–11 As shown in this national database
study, of those born between 2000 and 2010 who under-
went complete postnatal follow-up, the 1-, 5-, and 10-year
survival was 0.911, 0.826, and 0.788, respectively. Such
population survival data were close to or even slightly
more favorable than those from the Congenital Malforma-
tions Registry of New York State from 1983 to 2006, in
which the 1-, 5-, and 10-year survival was 0.86, 0.80, and
0.78, respectively.14,15 The incidence of AVB requiring a
permanent pacemaker (0.6%) was lower than that of the
Kids’ Inpatient Databases 2000, 2003, 2006, and 2009
(0.9%).16 The improvement reflects notable medical
advances as well as the effectiveness of the health care
system in Taiwan. The coverage rate of the NHI program is
499%, and copayment is waived for those with congenital
heart diseases.

The burden of arrhythmias in TOF patients varied with
the duration of postoperative follow-up and the type of study
cohort. The lowest incidence was 10% and was reported
from a Japanese multi-institutional study with mean

follow-up of 4 years.8 In a study by Khairy et al,11 based
on an adult multi-institutional cohort (age 36.8 ! 12.0
years), the arrhythmia burden was as high as 43%. The
prevalence of tachycardia was 29.9% and increased with age,
particularly after the age of 45 years for VTs.11 As shown in
the present population study, 4.6% of all TOF patients
required medical care for arrhythmia (8.3% adult, 2.8%
pediatric). For nonperioperative tachycardia, the value was
o2% before the age of 20 years and subsequently increased
almost 2-fold at 10-year intervals; it was 16.9% in the those
agedZ50 years. The results are consistent with observations
during a quiescent period of 10 to 15 years after corrective
surgery in TOF patients, followed by a steady increase of the
event rates of atrial and ventricular arrhythmias.8–11,17–19

Although NHI started to reimburse ICD treatment as
secondary prevention for sudden death in 2003, fewer than
half of the survivors of VT/VF patients received ICD
therapy. This rate is similar to the rate reported by the
Alliance for Adult Research in Congenital Cardiology, in
which one-third of the patients with VT and VF received an
ICD as secondary prevention.11 In that cohort, a similar
percentage of patients received an ICD as primary prevention
after risk stratification, and approximately half of the patients
experienced shocks for VT or VF.11 Nevertheless, the
number of our patients who received an ICD was relatively
few. The reasons may include (1) conservativeness in
choosing ICD therapy because of concern about inappro-
priate shocks in patients with repaired congenital heart
disease, or invasiveness of the procedure20,21; and (2) late
NHI reimbursement policy for secondary prevention only.
An initiative for sudden cardiac death prevention by ICD in
selected patients is advocated.
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Monitoriza2on of Pa2ents for Atrial Tachycardia

• Regular	follow-up:	
• ECG,	exercise	test,	CPET,		Holter	ECG	
• ECHO,	MRI	scanning	
• Event	monitor	in	presumed	arrhythmia	
symptoms	

• Timely	treatment	of	hemodynamic	
problems	either	intervenEonal	or	
surgically	



 


Circulation Journal Vol.78, February 2014

450 NAGEL B et al.
Circulation Journal
Official Journal of the Japanese Circulation Society
http://www.j-circ.or.jp

interventions, remain concealed until the next visit.
Pacemakers, ICD and cardiac resynchronization therapy de-

vices with (CRT-D) or without an ICD (CRT) equipped with 
a remote monitoring (RM) system are able to overcome this 
lack of information by providing automatically transmitted data 
about arrhythmias and about implant and lead status on a daily 
basis including storage and transmission of intracardiac elec-
trocardiograms (ECG).8

The aim of the present study was to clarify if a cardiac device-
integrated RM system in TGA patients following atrial switch 
repair enables physicians to improve medical care by early rec-
ognition of arrhythmias or lead-related problems.

Methods
Patients
After approval from the institutional ethics board, patients were 

fter atrial switch operation (ASO; either the Mustard or 
Senning procedure for transposition of the great arter-
ies; TGA), patients are at increased risk of arrhythmia.1 

Ventricular and supraventricular arrhythmia as well as dysfunc-
tion of the systemic right ventricle (RV) have been shown to be 
associated with sudden death.2,3 Sick sinus syndrome and high-
er degree atrioventricular block may necessitate an antibrady-
cardic pacemaker system.4 Implantable cardioverter defibril-
lators (ICD) may become necessary in selected patients with 
ventricular arrhythmia.5,6 

Patients undergoing device implantation are followed up by a 
schedule that ranges from 3 to 6 months for ICD and up to 12 
months for pacemakers.7 The absence of information about the 
occurrence or the progression of a tachyarrhythmia between 
scheduled outpatient visits is a major limitation of conventional 
follow-up. Important data, recorded and stored in the device 
memory, which may warrant further diagnostic or therapeutic 
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Detection and Reaction Times
In the RM group the acknowledged routine intracardiac electro-
grams confirmed normal pacemaker function in all cardiac de-
vices. The 18 adverse events (5.8% of all transmissions, 35% of 
all adverse events) resulted in 18 advanced in-house visits and 
could be approved as correctly transmitted in all cases by analyz-
ing the respective intracardiac electrograms and the device set-
tings. Detection and reaction times for all messages are shown in 
Figure 2. In the 3 patients with first episodes of atrial flutter and 
in the patient with self-limiting ventricular flutter the reaction 
time was ≤7 days. Longest reaction time was 32 days in patient 
4 with a third recurrence of atrial flutter 8 weeks after preceding 
synchronized cardioversion despite high-dose β-blocker therapy. 
Because of his good clinical condition we decided to wait for 
RFA, which was performed with success 6 weeks later. Tachyar-
rhythmia diagnosis and thus clinical decision-making could be 
carried out up to 6 months earlier as a consequence of RM de-
tection (mean gain of time, 77.5 days; range, 10–197 days) if 
compared to a conventional standard follow-up schedule in the 

In patient 11 a sudden increase in the coronary sinus lead 
impedance was noticed 918 days after implantation of CRT 
device. A lead fracture was able to be confirmed at an advanced 
in-house visit. Given that he had significant reduction of ven-
tricular ectopics after device implantation it was decided to 
replace the lead. Patient 7 had a syncope during his work as a 
lumberman, requiring cardiopulmonary resuscitation 680 days 
following implantation of a CRT-D, but no adverse event was 
documented by the RM system. On that day the patient had 
febrile diarrhea with only minimal fluid intake while he contin-
ued to take his diuretics. This episode was interpreted as syn-
cope due to acute hypovolemia. 

In the control group 16 tachyarrhythmias (atrial, n=10; ven-
tricular, n=6) occurred in 12 patients. In 2 patients with previ-
ously documented asymptomatic non-sustained supraventricular 
tachycardia, sudden cardiac death occurred during the follow-
up period. Three patients presented with symptoms, 2 of them 
with cardiac failure due to long-standing atrial tachycardia and 
1 with stroke after persistent asymptomatic atrial fibrillation.

Figure 2.  Time intervals for the remote mon-
itoring (RM) group. Detection time, interval 
between transmission of messages by the 
RM system via email until acknowledgement 
by the physician; reaction time, interval be-
tween transmission of adverse events and 
the advanced in-house visit with clinical ac-
tion; time gain, time difference between ad-
vanced in-house visit and originally sched-
uled standard follow-up of the same patients.

Table 4. RM Group vs. Control Group

RM group (n=11) Control group (n=21)
Age at enrollment (years)         25 (18.8–31.8)      29.4 (24.4–34.7)

Patients with detected arrhythmias 10 (91)　　　 12 (57)　　
Patients with symptoms due to arrhythmias leading to advanced follow-up visit 2 (20)† 3 (25)

Arrhythmias detected in total 17 16

SCD   0   2

Detection time (days) 2.4 (0–4.5) 108.5 (15–164)　
Reaction time (days) 13.3 (1–31.8) 9.5 (1–22)‡

Time gain (days)  77.5 (10–197) 56.3 (34–72)‡

Cardiac failure due to arrhythmias   0   2

Thromboembolic event due to arrhythmia   0   1

Data given as mean (range) or n (%). †Conceded symptoms after they were contacted; ‡symptomatic patients (n=3). Detection time, interval 
between transmission of messages by the RM system via email (RM group) or occurrence of the arrhythmia stored in the device memory 
(control group) until acknowledgement by the physician; reaction time, interval between transmission of adverse events (RM group) or occurrence 
of cardiac symptoms (control group) and subsequent advanced in-house visits.
RM, remote monitoring; SCD, sudden cardiac death; Time gain, time difference between advanced in-house visits and originally scheduled 
standard follow-up within the same patient group.

A	con>nuous	wireless	RM	system	allows	reliable	and	early	diagnosis	of	
tachyarrhythmias	compared	to	conven>onal	follow-up	in	TGA	pa>ents	
following	atrial	switch		repair	requiring	implantable	cardiac	devices.	The	
majority	of	pa>ents	were	asymptoma>c	at	the	>me	of	adverse	events.		
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Pulmonary valve replacement (PVR) reduces right ventricular (RV) volumes in the setting of long-term pulmo-
nary regurgitation after Tetralogy of Fallot (ToF) repair; however, little is known of its effect on RV diastolic func-
tion. Right atrial volumes may reflect the burden of RV diastolic dysfunction. The objective of this paper is to
evaluate the clinical, echocardiographic, biochemical and cardiac magnetic resonance (CMR) variables, focusing
particularly on right atrial response and right ventricular diastolic function prior to and after elective PVR in adult
patients with ToF. This prospective studywas conducted from January 2009 to April 2013 in consecutive patients
N18 years of age who had undergone ToF repair in childhood and were accepted for elective PVR. Twenty pa-
tients (mean age: 35 years; 70% men) agreed to enter the study. PVR was performed with a bioporcine prosthe-
sis. Concomitant RV reduction was performed in all cases when technically possible. Pulmonary end-diastolic
forward flow (EDFF) decreased significantly from 5.4 ml/m2 to 0.3 ml/m2 (p b 0.00001), and right atrial
four-chamber echocardiographic measurements and volumes by 25% (p = 0.0024): mean indexed diastolic/
systolic atrial volumes prior to surgery were 43 ml/m2 (SD +/− 4.6)/63 ml/m2 (SD +/− 5.5), and dropped to
33 ml/m2 (SD +/− 3)/46 ml/m2 (SD +/− 2.55) post-surgery. All patients presented right ventricular diastolic
and systolic volume reductions, with a mean volume reduction of 35% (p b 0.00001). Right ventricular diastolic
dysfunctionwas common in a population of severely dilatedRVpatients long termafter ToF repair. Right ventric-
ular diastolic parameters improved as did right atrial volumes in keeping with the known reduction in RV vol-
umes, after PVR.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Indication for pulmonary valve replacement (PVR) has been increas-
ing between adult population long term after Tetralogy of Fallot (ToF)
repair [1,2]; improvement of symptoms and right ventricular volume
reduction has been demonstrated [3–7]. No specific information regard-
ing right atrial volumes and function and their response post PVR has
been described previously.

In ToF, the presence of pulmonary end-diastolic forward flow
(EDFF) during atrial systole, so called restrictive physiology, has
been described as the main indicator of decreased right ventricular
compliance or diastolic dysfunction [8]. In the long term post-ToF re-
pair, the significance of its presence has been debated with opposite
results [9,10], being deleterious in some of them and positive in
others. Lee et al. [11] suggested that the controversy may be ex-
plained by the presence of two restrictive physiology patterns: the
primary phenomenon that limits RV dilatation, supported by an ex-
perimental model where right ventricular hypertrophy attenuates
the RV remodelling process secondary to PR [12], and the secondary
phenomenon, that is present when the massively-dilated RV un-
dergoes fibrotic remodelling or encounters space constraints due to
the pericardium and thoracic cavity, and becomes a secondary re-
strictive physiology.
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Right Atrial Volume is Increased in Corrected Tetralogy of Fallot and 
Correlates with the Incidence of Supraventricular Arrhythmia: A 
CMR Study. Pediatr Cardiol (2015) 

•  The larger the RA volume was measured in our 
study population, the higher the incidence of SV 
arrhythmia. 

•  This correlation was independent of patients’ 
age, pulmonary valve replacement,	RV volume 
and function, and tricuspid regurgitation or 
pulmonary valve regurgitation.  

•  CMR-derived RA volumes may contribute 
valuable information to assess the risk of 
arrhythmia in cTOF patients. 	



Contour detection was performed, using semiautomatic
segmentation. Endocardial and epicardial ventricular were

drawn using every phase of the SSFP cine stack from apex

to base (Fig. 1b atrial, d ventricular contours). Papillary
muscles were excluded in the ventricular segmentation.

Atrial endocardial contours were drawn in transversal and

coronal HASTE sequences (Fig. 1a, c). If necessary,
manual correction of segmentation was performed. Corre-

sponding cine short-axis images were used to help deter-

mining atrioventricular borders, mitral valve planes, and
the definition of pulmonary vein ostia as described before

by Sarikouch et al. [15]. The vena cava superior and in-

ferior and the pulmonary veins were excluded from the
analysis for the right and left atrium, respectively. Atrial

appendages were included in the atrial volumetry, whereas

the coronary sinus was excluded. In order to compare the
reliability of HASTE-derived atrial volumes with those

derived from SSFP, in 23 patients, atria were also seg-

mented on SSFP sequences. In SSFP sequences, maximal
atrial volume (atrial diastole) was determined at ventricular

end systole (ES) and minimal atrial volume (atrial systole)

at ventricular end diastole (ED).

For correct segmentation, atrial wall and septum were
carefully reviewed and manual changes were adjusted if

necessary. Contours were placed independently by a junior

(CR, 1 year of CMR experience) with the help of an ex-
perienced observer (MS, more than 5 years experience in

pediatric CMR). A third reviewer (JL, long-term experi-

ence in pediatric CMR, over 10 years) reviewed all con-
tours, and consensus agreement was used to define final

contours.

Statistical Analysis

For statistical analysis, Statistica10 (StatSoft Inc., Tulsa,
OK, USA) and SAS 9.3 were used (regression analysis and

validation; SAS Institute Inc., Cary, NC, USA). Statistical

planning, consultation, and analysis were performed by
AZ, Institute for Medical Statistics, University Medical

Center, Goettingen.

Detailed descriptive analysis was performed for all
clinical data, and values were expressed as mean or median

and standard deviation as appropriate. The relationship

between CMR and 24-h Holter ECG was assessed using a

Fig. 1 Segmentation of atria
and ventricles in HASTE and
SSFP cine images: Atrial
segmentation in a transversal
and c coronal HASTE
sequences and b in short-axis
SSFP sequences. Red left
atrium, yellow right atrium.
d Segmentation of ventricles in
short-axis SSFP sequences
(panel shown: systole). Green
left ventricle epicard. Red left
ventricle endocard. Orange and
violet papillary muscles left
ventricle. Blue right ventricle
epicard. Yellow right ventricle
endocard
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carefully reviewed and manual changes were adjusted if

necessary. Contours were placed independently by a junior

(CR, 1 year of CMR experience) with the help of an ex-
perienced observer (MS, more than 5 years experience in

pediatric CMR). A third reviewer (JL, long-term experi-

ence in pediatric CMR, over 10 years) reviewed all con-
tours, and consensus agreement was used to define final

contours.

Statistical Analysis

For statistical analysis, Statistica10 (StatSoft Inc., Tulsa,
OK, USA) and SAS 9.3 were used (regression analysis and

validation; SAS Institute Inc., Cary, NC, USA). Statistical

planning, consultation, and analysis were performed by
AZ, Institute for Medical Statistics, University Medical

Center, Goettingen.

Detailed descriptive analysis was performed for all
clinical data, and values were expressed as mean or median

and standard deviation as appropriate. The relationship

between CMR and 24-h Holter ECG was assessed using a

Fig. 1 Segmentation of atria
and ventricles in HASTE and
SSFP cine images: Atrial
segmentation in a transversal
and c coronal HASTE
sequences and b in short-axis
SSFP sequences. Red left
atrium, yellow right atrium.
d Segmentation of ventricles in
short-axis SSFP sequences
(panel shown: systole). Green
left ventricle epicard. Red left
ventricle endocard. Orange and
violet papillary muscles left
ventricle. Blue right ventricle
epicard. Yellow right ventricle
endocard
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negative binomial regression analysis (as generalization of

the Poisson regression) with the number of arrhythmia as

dependent variable (separately for the different types of
arrhythmias). Baseline characteristics as well as CMR pa-

rameters were used as independent variables. A simple

regression analysis with only one independent variable was
performed initially. Subsequently, multiple regression

analysis was performed including all relevant independent

variables, which tended to significant correlation (i.e.,
p\ 0.05). The final model was chosen using backward

selection. Instead of r2 of linear regression, deviance di-

vided by the degrees of freedom (df) was used as a pa-
rameter representing the goodness of fit (deviance/df = 1

means a perfect model fit). Beside the p values, also the

estimators, which can be interpreted as relative risks, are
given. A p value of\0.05 was assumed to be significant

Results

Study Population

Of the 67 patients studied, 29 had higher-grade SV ar-

rhythmia as SV couplets or bigeminus and non-sustained SV
tachycardia (Table 3). Out of the 29 patients with SV

arrhythmia, 15 patients were symptomatic, i.e., com-
plained about palpitations and were aware of arrhythmias

or ectopic beats. Eight patients had paroxysmal sustained

SVT divided into five atrial flutters and three intra-atrial
reentrant tachycardias (IARTR). Mean values for CMR-

derived measures of ventricular function and volumes

were RVEDVi 98 ± 27 SD ml/m2; pulmonary valve re-
gurgitation fraction 21 ± 19 %; RV EF 46 ± 11 %; LV

EF 60 ± 7 %; and mean heart rate on 24-h Holter ECG

75/min, ranging from 43/min to 105/min (Table 1). Tri-
cuspid regurgitation obtained from last echocardiography

report was none in 10, mild in 31, moderate in 24, and

severe in 2 patients.

Atrial Volume

Mean RA volumes in atrial systole were 50 ml/m2

(±15 ml/m2, transversal HASTE), 47 ml/m2 (±15 ml/m2,

coronal HASTE), and 41 ml/m2 (±13 ml/m2, SSFP, i.e.,
minimal volume) as well as 59 ml/m2 (±16 ml/m2, SSFP

cine atrial diastole, i.e., maximal volume; Table 2). To

assess the reliability of atrial volume measurements in
HASTE sequences compared to SSFP cine sequences,

minimal and maximal RA volumes were obtained from

SSFP cine and were compared to HASTE sequences in 23
patients. In the interest of scan time and patient comfort,

not all cTOF scans included atrial coverage in short-axis

stacks. Bland–Altman plots were calculated for both SSFP
atrial systole (minimal volume) and diastole (maximal

volume) in comparison with volumes of transversal and

coronal HASTE sequences (Fig. 2a, b). Bland–Altman
analysis confirmed a good correlation of RA volumes from

SSFP cine and HASTE sequences with a minor overesti-

mation of RA volumes in HASTE sequences. Atrial vol-
umes from HASTE sequences obtained in ventricular

diastole (i.e., atrial systole) corresponded well with SSFP

atrial systole (Table 2; Fig. 2).

Table 1 Patients’ characteristics

Patient groups Total numbers
(n ± SD)

Patients 67

Female 34

Male 33

Age at study inclusion (years) 30 ± 11.3

BMI (kg/m2) 25 ± 4.4

Age at corrective surgery 4.2 ± 3.2

Heart beat/min 75 ± 11

Surgical correction

Ventricular septal defect patch closure 67

Previous a–p shunt 38

RV PA conduit or homograft 40

Transannular patch 27

Myectomy 24

Pulmonary artery plasty 22

RVOT plasty 19

Commissurotomy 12

Atrial septal defect patch closure 4

Mechanical pulmonary valve 2

Total number ± SD (standard deviation) or absolute numbers (for
surgery numbers); previous a–p shunt, previous aorto-pulmonal shunt;
RV PA conduit, right ventricular pulmonal artery conduit; RVOT
plasty, right ventricular outflow tract plasty

Table 2 Atrial volumes in SSFP cine and HASTE sequences

SSFP cine Haste trans Haste coro

Right atrium

End-diastole index (ml/m2) 41 ± 13 50 ± 16 47 ± 15

End-systole index (ml/m2) 60 ± 16

Left atrium

End-diastole index (ml/m2) 20 ± 9 24 ± 8 25 ± 8

End-systole index (ml/m2) 40 ± 10

Values mean ± SD (Standard deviation), end diastole = ventricular
end diastole, end systole = ventricular end systole, end-diastole and
end-systole index = volume indexed to body surface area (ml/m2)

SSFP cine steady-state free precession, HASTE half-Fourier acquisi-
tion single-shot turbo spin-echo, Trans transversal, Coro coronal
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Conclusions

• Atrial	arrhythmias	are	common	in	operated	CHD	paEents	
• ModificaEon	of	surgical	methods	may	change	the	incidence	of	atrial	
arrhythmias	in	single	ventricle	physiology;	but	the	risk	is	not	zero	
aOer	this	modificaEon	

• Monitoring	the	paEents	with	operated	Fallot	tetralogy	cases	should	
be	combined	by	ECHO	and	MRI	studies	

•  Treatment	of	underlying	hemodynamic	problem	in	this	paEent	group	
may	postpone	or	delay	the	development	of	atrial	arrhythmias	

• Atrial	fibrillaEon	has	been	developed	eventually	in	long-standing	
arrhythmia	cases	with	tetralogy	of	Fallot	






