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Abstract

With improved surgical techniques and medical management for patients with congenital heart diseases, more patients are living
longer and well into adulthood. This improved survival comes with a price of increased morbidity, mainly secondary to increased risk of
tachyarrhythmias. One of the major arrhythmias commonly encountered in this subset of cardiac patients is AF. Similar to the general
population, the risk of AF increases with advancing age, and is mainly secondary to the abnormal anatomy, abnormal pressure and volume
parameters in the hearts of these patients and to the increased scarring and inflammation seen in the left atrium following multiple
surgical procedures. Catheter ablation for AF has been shown to be a very effective treatment modality in patients with refractory AF.
However, data and guidelines regarding catheter ablation in patients with congenital heart disease are not well established. This review
will shed light on the procedural techniques, success rates and complications of AF catheter ablation in patients with different types of
CHD, including atrial septal defects, tetralogy of Fallot, persistent left superior vena cava, heterotaxy syndrome and atrial isomerism, and

Ebstein anomaly.
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Although there is no formal database of adults with congenital heart
disease (CHD) in the United States, the prevalence and incidence of
CHD can be estimated and extrapolated from data in the Canadian
providence." As such, the prevalence of CHD in the United States has
been estimated in 2010 to be around 2.4 million people (1.4 million adults
and 1 million children), with an incidence of between four and 10 per
1,000. Forty-five per cent of these adults have mild disease, 37 % have
moderate disease, and 14 % have severe disease.™ Furthermore, the
prevalence of patients living with CHD has been increasing secondary
to the improvements in surgical techniques and medical management
over the past few decades. Mortality secondary to CHD is highest during
infancy and childhood declining gradually with age to reach a steady
state between 15 and 65 years. It is higher in men than women.*

One of the most important causes of morbidity in patients with CHD is
the development of cardiac arrhythmias, in particular tachyarrhythmias.
These result from multiple surgical scars, haemodynamic abnormalities
and structural defects that create arrhythmogenic substrates.®In fact,
about 11 % of patients with CHD develop atrial arrhythmias (intra-atrial
reentrant tachycardia [IART] and AF), with the risk being higher in
patients with right-sided heart lesions.¢ The most common arrhythmia
in patients with CHD is IART that occurs secondary to reentrant circuits
in the right atrium. AF is a less common cause of atrial arrhythmia
in CHD, but its prevalence is increasing in these patients because of
improved survival to older age.®

The 2014 American College of Cardiology/American Heart Association/
Heart Rhythm Society guidelines for the management of AF
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describe medical therapies including rate control, rhythm control
and anticoagulation, with radiofrequency catheter ablation mainly
reserved for patients who are refractory or intolerant to treatment with
antiarrhythmic medication.” Here in this review we describe the efficacy,
technical limitations and common complications of radiofrequency
catheter ablation for AF in patients with different types of CHD.

Atrial Septal Defect

Patients with atrial septal defect (ASD) are prone to developing
different types of atrial arrhythmias. These include atrial flutter,
atrial tachycardia and — most commonly — AF. Just as in the general
population, the incidence of AF in patients with ASD increases with
age. Since ASD is usually asymptomatic early on because of the
absence of signs and symptoms, many patients may present with
AF before correction of the defect. Although correction of the ASD
prevents recurrence of most cases of paroxysmal AF, this is not the
case in patients with persistent AF2?

AF Catheter Ablation in Patients with ASD

Catheter ablation has been one of the primary treatment strategies
for patients with AF and ASD. Several reports have described the
different approaches to perform this procedure, along with success
rates and possible complications. Nie et al.”® described catheter
ablation in patients with uncorrected ASD via direct access through the
defect when feasible. Success rates were similar to those in matched
patients without ASD. The procedure can also be performed in patients
who have already had their ASDs closed. This has been described
by Lakkireddy et al.”"and Santangeli et al.? In these patients, CT
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scanning can be useful in defining the anatomy, location of the closure
device and any calcifications around the site of closure. Intracardiac
echocardiography can also be very helpful in determining a suitable site
for transseptal puncture through the native septum. However, in some
cases access through the native septum is not feasible. Santangeli et
al. have described access into the left atrium (LA) through the closure
device.”? In this study, because the device increases resistance to
access directly via the transseptal sheath, the authors reported that
extra steps of dilation of the access site were required. The needle
was introduced into the LA through the device. Once the needle was
in the LA, a dilator (8 Fr in this case) was introduced over the needle.
The needle was removed and a guide wire introduced into the left
pulmonary vein. Then the dilator was removed and a larger dilator (11
Fr in this case) introduced over the wire. This sequential dilation allowed
the transseptal catheter to be advanced through the stiff closure device
into the LA.

When transseptal access is done through the native septum, total
procedure time, fluoroscopy time and transseptal time are not significantly
between patients with corrected ASD compared with those without an
ASD." However, when the LA is accessed through the occlusion device,
more time is required to puncture and dilate the device to allow the
transseptal sheath to pass, and as such total procedure time, fluoroscopy
time and transseptal time are significantly increased compared with
access through the native septum.™The success rate of the procedure is
similar between patients with ASD and patients without ASD, and between
patients who had LA access through the native septum compared with
patients who had access through the device.™ ™ Arrhythmia-free survival
rates >14 months after the procedure in patients with ASD range between
56 % and 77 %, and are not significantly different from those seen in
patients without ASD undergoing catheter ablation for AR"-12

While Santangeli et al.’? successfully demonstrated that transseptal
access through the occlusion device is feasible, several concerns have
been raised. In an accompanying editorial commentary by Demosthenes
Katritsis, it was argued that a transoesophageal echocardiogram should
have been used after the procedure to confirm there was no residual
shunt secondary to the puncture.” The issue of device dislodgement
was also raised. The concern was mainly that smaller devices and
inadequately supported large devices are more likely to dislodge as a
result of forces exerted by large sheaths. Therefore, an atrial-septal rim
of >5 mm should be present for safe access through the device. Another
point that the author made is that Santangeli et al. performed the device
puncture only in patients with the Amplatzer device and therefore that
the safety of this procedure with other devices (e.g., Cardioseal) is
unknown. Finally, it was argued that access through a native septum
via a large sheath or via double puncture has been associated with
a 20-30 % rate of iatrogenic ASDs. Hence, it was recommended that
patients should be carefully selected for this procedure and that the
procedure should be performed in symptomatic patients with high AF
burden only 6 months or more following the device insertion.™

Reported adverse effects of catheter ablation in patients with ASDs in
the literature include mild pericardial effusion, haematoma formation,
acute heart failure, and transient ischaemic attack. All reported
complications resolved and patients achieved full recovery.”?
Therefore radiofrequency catheter ablation for AF is a technically
feasible procedure in patients with ASD closure devices. Efficacy is
similar to that in patients without ASD, and it is a safe procedure with
minimal complications. However, special care should be taken when
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selecting patients with closure devices and AF, especially when access
through the device is contemplated.

Tetralogy of Fallot

Tetralogy of Fallot (ToF) is the most common cyanotic congenital heart
defect, with an estimated incidence in the range of 0.23-0.63 cases per
1,000 live births.™ Surgical techniques for the correction of ToF have
improved dramatically since the first operation was performed in 1955
and patients are living well into adulthood. With increased survival,
increased morbidity secondary to long-term complications of ToF is seen.
Atrial and ventricular arrhythmias are major contributors to long-term
morbidity from ToF."*" It is estimated that the total arrhythmia burden in
patients with ToF ranges from 30-43 %, with atrial arrhythmias being
more common than ventricular arrhythmias.’> The most common atrial
arrhythmia in younger patients (aged <45 years) is IART. However, with
age, the incidence of AF increases and exceeds IART making it the most
common atrial arrhythmia in patients aged >55 years.™"”

AF Catheter Ablation in Tetralogy of Fallot

Unlike in patients with ASDs, limited data exist for radiofrequency
catheter ablation for AF in patients with ToF. In a retrospective study by
Philip et al.™ attempted ablation in one patient with ToF and AF failed
secondary to difficulties reaching the LA. In a study by Ezzat et al.”
describing ablation in ToF patients with tachyarrhythmias, the most
common arrhythmia was cavo-tricuspid-dependent tachyarrhythmia
with only four patients presenting with, or having induced AF during
the electrophysiology study. Of those four cases, only two left-sided
procedures were performed (wide area circumferential ablation of
the pulmonary veins and complex fractionated electrogram ablation).
Thus, the effectiveness of radiofrequency ablation of AF in this cohort
of ToF patients could not be assessed. More studies are needed
to study the efficacy of this treatment modality in ToF patients,
particularly those with AR

Persistent Left Superior Vena Cava

Although persistent left superior vena cava (PLSVC) is the most
common congenital anomaly affecting thoracic venous structures, it
is quite a rare disorder with a prevalence of 0.1-3 % in the general
population.22 PLSVC results when the left cardinal vein fails to
obliterate into the ligament of Marshall during the foetal period. The
PLSVC drains into the right atrium after joining a dilated coronary
sinus. In rare cases, PLSVC may be associated with absence of a right
SVC. 22123241t js thought that the PLSVC contains remnant pacemaker
tissues from foetal development. These tissues can be a source of
ectopy that can initiate AR

AF Catheter Ablation in PLSVC

Because PLSVC is an uncommon condition, studies on AF ablation in
patients with PLSVC are mainly case series or case reports. Hsu et al.®
reported their experience with five patients who had refractory AF and
PLSVC. All patients underwent pulmonary vein isolation (PVI), followed
by isolation of the PLSVC. On follow-up, three of the five patients were
arrhythmia free, one had an unsuccessful PLSVC isolation and AF
recurrence and one did not have recurrence of AF but required two
further procedures for atrial flutter. In another study by Elayi et al.,
Six patients with refractory AF and PLSVC were studied. After PVI and
PLSVC isolation, none of the six patients had recurrence of AF on
follow-up. While the above two studies reported PLSVC isolation after
the patients had undergone PVI, Anselmino et al.?reported success in
keeping two patients free of AF with only PLSVC isolation without PVI.
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Figure 1: Patient with PLSVC who Underwent AF Catheter
Ablation

Figure 2: Patient with Ebstein Anomaly who Underwent
Pulmonary Vein Isolation

A: CARTO map, B: transseptal puncture, C: normal sinus rhythm during isolation of the
right pulmonary vein, D: isolation of the PLSVC, E: no reconnection after administration of
adenosine. PLSVC = persistent left superior vena cava.

Most studies described above showed that there are two sites of
connection between the PLSVC and the myocardium.??2 One
connection is located proximally at the junction of the PLSVC and the
coronary sinus, and another connection to the LA located higher up
along the PLSVC. Ablation of only one of these sites is not sufficient
to completely electrically isolate the PLSVC and both sites should be
ablated. Complications during this procedure include cardiac tamponade
and left phrenic nerve palsy.

Overall, PLSVC isolation as a treatment for refractory AF in this
population subset seems to be feasible. However, caution should
be practiced during radiofrequency energy delivery to avoid injury
to nearby structures such as the circumflex coronary artery and the
left phrenic nerve. Figure 1 shows images of the electroanatomical
mapping, fluoroscopy images, and electrophysiological tracings in one
of our patients with PLSVC who underwent AF catheter ablation.

Heterotaxy and Atrial Isomerism

Atrial isomerism is a rare disorder, but improved surgical procedures
have resulted in improved survival and more patients are living
into adulthood. Just like in other types of CHD, improved survival into
adulthood is associated with an increased burden of arrhythmia.
Suman-Horduna et al.* reported eight patients with atrial isomerism
and atrial tachyarrhythmias. These included twin atrioventricular nodal
reentrant tachycardia, atrial tachycardia and AF. Out of the two patients
with AF who underwent PVI, one patient remained arrhythmia free on
follow-up, while the other developed paroxysmal episodes of atrial
tachycardia and AF.

No conclusion can be drawn regarding PVI for AF in patients with

heterotaxy syndrome because of the very small number of patients.
However, the above mentioned study pointed out that in patients
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A: CARTO map; B: intracardiac tracings showing pulmonary vein isolation.

with complex CHD such as atrial isomerism, the use of more
advanced techniques and equipment such as magnetic navigation
to guide the ablation procedure may provide better dexterity and
easier access to the desired locations in the heart, possibly leading
to better outcomes.?

Ebstein Anomaly

Patients with Ebstein anomaly are predisposed to AF. PVI by catheter
ablation can be successfully done in this group of patients. We report a
38 year old with repaired Ebstein anomaly and AF who underwent PVI
at another hospital. The patient had recurrent arrhythmia with reconnection
of the right inferior pulmonary vein that was isolated (see Figure 2).

Other Congenital Heart Defects

AF is seen in other congenital heart defects that include aortic
stenosis and single ventricle after the Fontan operation.?” For Fontan
patients who have AF, the atrial MAZE can be extended to the LA with
a variation of the Cox procedure and with a recurrence rate <12 %.
Surgical ablation with Fontan has a combined mortality or need for
postoperative heart transplant risk that exceeds 5 %.%

Conclusion

With improved surgical methods and medical management, patients
with CHD are living well into adulthood. This increased survival is
associated with increased morbidity secondary to many factors, with
arrhythmias being major players in this regard. Atrial arrhythmias
including AF are common and tend to become refractory to medical
treatment as patients live longer. Catheter ablation for AF can be
successfully performed in patients with CHD, and despite the lack of
large multicentre controlled trials, available data point to the safety and
efficacy of this method in this group of patients. The procedure can be
challenging and adjunctive ablation of non-pulmonary vein triggers is
often needed in addition to PVI. B

Clinical Perspective:

e Adult CHD puts patients at increased risk of AF and the
electrophysiologist in a treatment dilemma.

e Catheter ablation for AF is a very appealing modality in patients
with ACHD especially because treatment with antiarrhythmic
drugs in this group may be ineffective or may carry a higher risk
of adverse effects.

e Because solid evidence and guidelines are lacking for AF
ablation in ACHD, more studies are needed to establish the
safety and efficacy of this technique in this group, and patients
should undergo careful evaluation and selection.
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