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Introduction
Congenital heart defects occur in approximately 9 per 1,000 

newborns and are responsible for nearly 30% of all major congenital 
birth defects.[1] In the modern era of advanced surgical techniques 
and postoperative care and management, more than 90% of children 
with congenital heart disease (CHD) will reach adulthood.[2],[3] The 
successful outcomes of the earlier surgical era have resulted in an 
ever-increasing number of adults with CHD. As of 2011, more adults 
than children are alive with CHD. Estimates suggest that there 
may be as many as 3 million adult survivors of CHD throughout 
North America and Europe. As this population has aged and the 
time from surgical palliation lengthened, new comorbidities have 
been increasingly recognized.[4] Repaired and unrepaired CHD is 
commonly associated with atrial tachyarrhythmias as a consequence 
of atrial dilatation, atrial scar, sinus nodal dysfunction, and congenital 
conduction system abnormalities.[5] Atrial tachyarrhythmias, 
including atrial fibrillation (AF), and atrial flutter, are associated with 
thromboembolic phenomena and hemodynamic compromise and 
are, thus, a major cause of morbidity and mortality in patients with 
and without CHD.[1]-[5] The higher incidence of AF is also linked to 

increasing rates of hospitalization and longer hospital stays, leading to 
higher use of health care resources. As the number of CHD patients 
continues to increase, a pressing need exists for effective and novel 
strategies to manage the care of these patients and yet minimize the 
impact on their otherwise complex pathophysiology. Our aim is to 
review the most recent literature for epidemiology, pathophysiology, 
and outcomes of available treatment modalities for AF and other 
atrial arrhythmias for patients with CHD.
Epidemiology

The incidence of AF in patients with CHD has been reported 
primarily for adults with simple, palliated CHD. The more 
complicated the congenital heart defect and the palliation required, 
the higher and earlier the incidence of atrial arrhythmias. Patients 
who underwent surgical closure of an atrial septal defect (ASD) 
before 15 years of age had a 0% incidence of AF and a 2% incidence 
of atrial flutter, confirmed by 24-hour Holter monitoring, at 33-year 
and 35-year follow-up in 2 studies.[6],[7] In contrast, the incidence 
of atrial arrhythmias was higher when ASD repair occurred during 
adulthood.[6],[7] In a study of 213 patients who underwent surgical 
closure of the ASD after age 40 years, 23% had AF or atrial flutter 
preoperatively.[8] Of these patients, only 60% continued to have these 
atrial arrhythmias during follow-up. Of the total patient cohort, an 
additional 2.9% developed new onset AF or atrial flutter. Predictors 
of late postoperative AF or atrial flutter were age greater than 40 
years at the time of surgery, preoperative atrial flutter or fibrillation, 
and early postoperative atrial flutter or fibrillation or junctional 
rhythm. Similarly, patients who underwent percutaneous ASD 
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Abstract
Advances in surgical techniques have led to the survival of most patients with congenital heart disease (CHD) up to their adulthood. During 

their lifetime, many of them develop atrial tachyarrhythmias due to atrial dilatation and scarring from surgical procedures. More complex 
defects and palliative repairs are linked to a higher incidence and earlier occurrence of arrhythmias. Atrial fibrillation (AF) is common in 
patients who have atrial septal defects repaired after age 55 and in patients with tetralogy of Fallot repaired after age 45. Patients with 
dextrotransposition of the great arteries who undergo Mustard or Senning atrial switch procedures have an increased risk of atrial flutter 
due to atrial baffle suture lines. Patients with Ebstein’s anomaly are also prone to supraventricular tachycardias caused by accessory bypass 
tracts. Patients with a single ventricle who undergo Fontan palliation are at risk of developing persistent or permanent AF due to extreme 
atrial enlargement and hypertrophy. In addition, obtaining vascular access to the pulmonary venous atrium can present unique challenges 
during radiofrequency ablation for patients with a Fontan palliation. Patients with cyanotic CHD who develop AF have substantial morbidity 
because of limited hemodynamic reserve and a high viscosity state. Amiodarone is an effective therapy for patients with arrhythmias from 
CHD, but its use carries long-term risks for toxicity. Dofetilide and sotalol have good short-term effectiveness and are reasonable alternatives 
to amiodarone. Pulmonary vein isolation is associated with better outcomes in patients taking antiarrhythmic medications. Anticoagulants 
are challenging to prescribe for patients with CHD because of a lack of data that can be extrapolated to this patient population. Surgical 
ablation is the gold standard for invasive rhythm control in patients with CHD and should be considered at the time of surgical repair or 
revision of congenital heart defects. When possible, patients with complex CHD should be referred for care to an adult congenital heart 
disease center of excellence.
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Ebstein’s anomaly is a rare condition characterized by atrialization 
of the right ventricle and is frequently associated with additional 
structural defects, including persistent atrioventricular canal defects 
and accessory bypass tracts. Supraventricular tachycardias from 
rapid conduction through these accessory bypass tracts can result in 
profound hemodynamic compromise and even death. Chauvaud et 
al[14] evaluated 98 patients with Ebstein’s anomaly; 45 of the patients 
had preoperative arrhythmias, including 12 with AF or atrial flutter. 
Increasing age was a significant risk factor for the development of 
arrhythmia. Interestingly, preoperative tricuspid regurgitation, ASD, 
and severity of Ebstein’s anomaly were not associated with AF. Early 

closure after age 55 had an increased incidence of new onset atrial 
tachyarrhythmias.[9]

Tetralogy of Fallot is the most common cyanotic congenital heart 
defect, affecting 0.02% of live births. Tetralogy of Fallot is most 
commonly associated with ventricular tachycardia, although AF 
is also frequently observed. Khairy et al[10] reported a 7% overall 
prevalence of AF in 556 patients with tetralogy of Fallot. AF occurred 
more frequently in patients over age 45, with a prevalence of more 
than 30% by the age of 55. Similar to patients without CHD, AF in 
these patients is associated with increased left atrial volumes and may 
lead to a decrease in left ventricular systolic ejection fraction.

Before the arterial switch procedure for palliation of 
dextrotransposition of the great arteries (D-TGA) became common 
practice in the 1980s, the atrial switch procedure (Mustard or Senning) 
was the standard of care since the mid-1960s. As a result, there is 
a large, albeit finite, cohort of patients with this type of palliation 
moving through adulthood. After a Mustard procedure, sinus rhythm 
progressively deteriorates at a rate of 2.4% per year.[11] Patients often 
present with a junctional rhythm and are at increased risk of atrial 
flutter.[12] In a single-center study of patients with D-TGA who 
had undergone Mustard repair, 24% of patients had developed atrial 
flutter and 11% of patients had undergone pacemaker implantation 
at 20-year follow-up.[13]

postoperative AF developed in 8 patients, 6 of whom had preoperative 
AF. On follow-up, 5 patients with preoperative or early postoperative 
AF had recurrence, and 2 patients died suddenly.

Single ventricle disease, which encompasses tricuspid atresia, 
double-inlet left ventricle, double-outlet right ventricle, heterotaxy, 
and hypoplastic left heart syndrome, are the most complex CHD 
diagnoses. The final stage in palliation, the Fontan procedure, first 
performed in 1968, was established as a standard of care in the early 
1970s. Peters et al[15] reported that 6 out of 60 patients (10%) who 
underwent a Fontan palliation had early postoperative AF. This was 
more frequently seen in patients with double-inlet left ventricle than 
in patients with tricuspid atresia. One patient had preoperative AF, 
with recurrence in the early postoperative period. All 6 patients in 
the study with early postoperative AF died because of progressive 
hemodynamic instability. During the follow-up period, another 
3 patients developed AF. Fujita et al[16] reported on the incidence 
of postoperative AF in 199 patients with a single ventricle. After a 
follow-up period of 20 years, 16 patients (8%) had developed AF, 10 
of whom had either persistent or permanent AF.

In CHD populations, AF develops with increasing age, 
increasing complexity of CHD, and increasing numbers of surgical 
interventions [Figure 1]. Acquired cardiovascular comorbidities, 
such as hypertension, obesity, sleep apnea, and coronary disease, will 
continue to occur in patients with CHD as they grow older, which 
will result in an increase in the incidence and burden of AF.
Pathophysiology

In patient populations without cardiac structural abnormalities, 
there are well-established risk factors for the development of AF, 
including increasing age, hypertension, congestive heart failure, 
diabetes mellitus, obesity, obstructive sleep apnea, myocardial 
infarction, valvular heart disease, alcohol use, hyperthyroidism, 
cardiothoracic surgery, and left atrial enlargement on 
echocardiography.[17] In addition to these risk factors, patients with 
CHD have a unique set of risk factors specific to those with corrected 
and uncorrected lesions. These include atrial enlargement caused by 
ASD (primum, secundum, and sinus venosus), increased atrial volume 
after operative intervention, and Fontan palliation. Atrial scarring 
leading to arrhythmogenic foci may develop after surgical repair 
of an ASD or patent foramen ovale, unifocalization of anomalous 
pulmonary venous return, repair of coronary fistulae, or construction 
of an interatrial baffle during an atrial switch procedure (ie, Mustard 
or Senning).[18] [Figure 2] The scars created by atrial baffles also 
provide an ideal environment for isthmus-dependent atrial flutter 
although the isthmus is located on the pulmonary venous side of 
the baffle. After a Mustard procedure, atrial flutter is associated with 
an increased risk of sudden death, which may be related to rapid 
ventricular response from 1:1 atrioventricular conduction or from 
further impairment of ventricular filling, reducing cardiac output.[19]

Fontan surgical procedures create multiple right atrial scars and 
Fontan hemodynamics create atrial enlargement and hypertrophy 
which also increase the risk of atypical atrial flutters (incisional reentry 
or IART) as well as AF. Specific sequelae of the Fontan procedure 
that further increase this risk include right atrial gigantism with 
subsequent right upper pulmonary vein compression, as well as right 
atrial substrate changes, such as hypertrophy of the right atrial wall. 
Approximately 50% of patients with right atrial–right ventricular or 
atriopulmonary Fontan procedures develop atrial tachycardia within 
10 years of their palliative procedure. Risk factors include older age 

Figure 1: AP Fontan atrium obtained at time of transplant 2 weeks after 
8mm high power RF ablation.

Panel A shows a low (4x) power cross section of right atrial tissue in an AP Fontan patient 2 weeks 
after RF ablation. Notice the extreme atrial hypertrophy with alternating areas of myocytes and 
fibrous connective tissue.Panel B shows a higher (20x) magnification image showing residual areas 
of viable myocytes following extensive high power endocardial RF ablation. 
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at palliation and increased time to follow-up.[20] Improved surgical 
techniques have begun to improve risks, which will benefit future 
patients.

Congenital structural abnormalities allow for the development 
of AF attributable to effects on the conduction system. One such 
example is Ebstein’s anomaly, which is associated with the presence 
of accessory bypass tracts, as well as a fractured conduction system.[13] 

Surgical palliation of CHD places patients at risk for the development 
of postoperative AF, which is similar to that of adult patients without 
CHD who undergo other cardiac surgical procedures. Many CHD 
patients have had multiple cardiac and non-cardiac operations before 
the age of 18, and each episode of postoperative AF has a cumulative 
risk for the further development of AF that is not related to surgery. 
With each such episode, the underlying atrial substrate undergoes 
fundamental changes.[21], [22]

Patients with CHD are more likely to have comorbid conditions 
that contribute to the risk of developing AF, including scoliosis 
with pulmonary restriction, pulmonary hypertension, and premature 
systemic hypertension. Patients with cyanosis are also at increased 
risk for AF due to chronic subendocardial ischemia. Their baseline 
hemodynamic state is precarious, with limited oxygen reserves and 
a high viscosity state.[23] If patients with CHD develop AF, they are 
more likely to have substantial morbidity due to poorly tolerated 
rapid rates and thromboembolic events. Compared with patients who 
do not have CHD, patients with CHD develop AF at a younger age, 
and their AF is more challenging to manage medically, minimally 
invasively, or surgically.
Pharmacotherapy

AF is poorly tolerated in patients with CHD and requires 
multimodality and multidrug regimens for adequate rhythm 
control. Limited knowledge exists regarding safety and efficacy of 
drug therapy in CHD. Class I antiarrhythmic agents can depress 
ventricular function, particularly in patients with decreased systolic 
ejection fraction.[24] Of the class IA agents, quinidine carries a black 
box warning for use in structural heart disease, and procainamide 
is relatively contraindicated in the setting of depressed myocardial 
contractility. The class IC agents, propafenone and flecainide, are 

relatively contraindicated in structural heart disease, including after a 
myocardial infarction.[25] They also increase the defibrillation threshold 
in patients with implantable cardioverter defibrillators (ICDs).[26]-

[28] Although class IC agents may be useful for CHD patients with 
AF who also have an ICD, little data are available to support their 
use in this setting. The use of non-dihydropyridine calcium channel 
blockers, verapamil and diltiazem, should be avoided in those with 
more than mild systemic ventricular dysfunction because they cause 
depressed myocardial contractility.

Amiodarone has been used for adults since the 1960s and is widely 
considered to be the most effective antiarrhythmic drug, even for the 
CHD population. Amiodarone is effective at controlling incessant 
postoperative atrial arrhythmias, including junctional ectopic 
tachycardia.[29] It should be administered with caution in adolescents 
and children because of its daunting long-term side-effect profile, 
which includes thyroid dysfunction, pulmonary fibrosis, hepatic 
dysfunction, and corneal deposition.[30] Patients with CHD are more 
likely to present with arrhythmias that are refractory to single-drug 
therapy, demonstrate depressed myocardial function, and have an 
intolerance of agents with negative inotropic effects.[31] Amiodarone 
also carries additional risks for toxicity in patients with CHD, 
particularly women, patients with unrepaired cyanotic lesions, and 
patients who have a prior history of Fontan-type palliation.[32] Close 
monitoring is necessary in these high-risk groups.[33]

Other class III antiarrhythmic agents have also been used with 
variable success to manage atrial arrhythmias in patients with CHD. 
In a small, multicenter, retrospective review of dofetilide treatment 
in CHD patients with AF, 85% of patients initially responded well, 
and 55% were free from arrhythmia at 1-year follow-up. Long-term 
suppression was achieved in 35% of patients.[34] In a study of sotalol 
treatment in children after palliative surgery for CHD, freedom 
from arrhythmia was observed to be 96% and 81% after 1 and 2 
years, respectively.[35] In a study of CHD patients with refractory 
tachyarrhythmias treated with sotalol, complete rhythm control was 
achieved in 41% of patients, and partial rhythm control was achieved 
in 35% of patients at 13-month follow-up.[36] Amiodarone, dofetilide, 
and sotalol should all be initiated at lower doses in patients with 

Figure 2: A and B. Pulmonary Vein focus driving coarse atrial fibrillation in a patient with complex atrioventricular septal defect repair. C. pulmonary 
vein pre-ablation D. pulmonary vein post-ablation
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and drug-refractory AF who underwent pulmonary vein isolation.
[41] Freedom from symptomatic AF at 300 days post-ablation was 
42% in patients in the absence of antiarrhythmic therapy and 84% 
in patients taking antiarrhythmic therapy. At 4-year follow-up, these 
success rates decreased to 27% and 61%, respectively. Additionally, 
atypical atrial flutter may mimic AF on the surface electrocardiogram 
[Figure 4]; however, the true mechanism of arrhythmia may only 
become apparent during an electrophysiologic study at the time of 
ablation. An electrophysiology study revealed rapid scar based left 
atrial intraatrial reentrant tachycardia with a slowly conducting 
critical zone accounting for 97/205 milliseconds of the atrial flutter 
cycle length. Ablation of the critical zone resulted in atrial flutter 
termination.

Obtaining vascular access for ablation procedures in CHD patients 
may be challenging due to the presence of scar tissue, particularly 
in patients who have had a number of cardiac catheterization 
procedures, percutaneously inserted central lines, or periods of 
extracorporeal membrane oxygenation. Femoral and internal jugular 
venous access sites are also frequently occluded. In order to use 
catheter-based ablation techniques, the first hurdle to overcome is 
access into the pulmonary venous atrium. Although the incidence 
of atrial tachycardia after Fontan surgery is high, access to the 
pulmonary venous atrium, a frequent site of arrhythmia origin, is 
often limited. Thus conventional transseptal access to the left atrium 
is usually achievable in those CHD patients with a separated 2 
ventricle circulation. In Fontan patients, transseptal access is largely 
limited to those with an “old style” atriopulmonary Fontan and can 
be quite challenging due to the degree of atrial enlargement and 
hypertrophy and the lack of commercially available appropriately 
sized transeptal catheters. In atrial switch (Mustard or Senning) 
patients, transcatheter access to the pulmonary veins can only be 
accomplished with a magnetic navigation catheter ablation system. 

The transhepatic approach is well documented in a number 
of fields, with indications for treatment of portal hypertension, 
hemodialysis, and also catheter-based ablation therapies.[42],[43] Under 
fluoroscopic and ultrasound guidance, a percutaneous needle is 
advanced into a hepatic vein and exchanged for a vascular sheath over 
a wire. Catheters are then advanced into the systemic venous atrium 

CHD because medication toxicity appears to be higher. Additionally, 
intravenous ibutilide has also demonstrated a 71% success rate in 
cardioverting AF and atrial flutter in children with CHD, which is 
comparable to the success rate in non-CHD populations.[37]

Anticoagulation is recommended for AF to decrease the risk of 
thromboembolic phenomena. The 2014 management guidelines for 
AF recommend anticoagulation for a CHA2DS2-VASc score of 1 
or more; however, this scoring system has not been validated for 
CHD patients.[17] Patients with CHD and atrial tachyarrhythmias 
have been reported to have a 42% prevalence of left or right atrial 
thrombi during preprocedural transesophageal echocardiography 
before cardioversion.[38] Fortunately, thromboembolic stroke after 
cardioversion appears to be rare, particularly in patients with a 
single atrium or single ventricle. Additionally, patients with single 
ventricle who have undergone surgical repair before the routine use 
of the Damus-Kaye-Stansel reconstruction have a pulmonary artery 
stump that is oversewn with a resultant pulsatile swirling of blood, 
creating a high-risk nidus for thrombus formation. This type of repair 
necessitates life-long anticoagulation even in the setting of normal 
rhythm.[39] Patients with Fontan repairs are uniquely challenging 
because they are likely to develop progressive cardiac cirrhosis, 
leading to changes in the intrinsic and extrinsic clotting cascade. 
Such changes may increase the risk of both bleeding and thrombosis 
due to decreased production of vitamin K–dependent clotting factors 
(factors II, VII, IX, and X), as well as the anticoagulants protein C and 
protein S.[40] Additionally, the novel oral anticoagulants dabigatran, 
rivaroxaban, apixaban, and edoxaban do not have indications or data 
to support their use in patients with CHD. Thus peri procedural 
and long term anticoagulation in this group of patients is largely 
accomplished through the use of well monitored warfarin and/or 
LMW heparin.
Transcatheter Therapies
   The pathophysiology of AF in CHD appears to be comparable to 
that of normal adults in that pulmonary vein foci drive coarse AF. 
Isolation of the pulmonary veins through radiofrequency ablation 
appears to be of comparable therapeutic benefit. [Figure 3]. Only one 
study to date has evaluated the success of pulmonary vein isolation in 
patients with complex CHD, which included 36 patients with CHD 

Figure 3: Automaticity demonstrated pre-and post ablation in a patient with single ventricle heart disease who is status post-Fontan.
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for whom size precludes the use of catheter-based approaches.[53],[54] 
In one study, ablative surgery during surgical revision of complex 
congenital heart defects had a 93% success rate with approximately 
7% rate of recurrence.[55] A right-sided atrial maze performed during 
surgical repair of Ebstein’s anomaly has also been associated with 
good short-term outcomes.[56]

A surgical approach that incorporates a modification to the 
Fontan for the prophylaxis of intraatrial reentrant tachycardia 
should be considered as a part of preoperative planning. In a small 
feasibility study, an interventional atrial incision placed during the 
Fontan operation resulted in an increase in intraatrial conduction 
time without any spontaneous or inducible intraatrial reentrant 
tachycardias during electrophysiologic testing.[57] Although the 
procedure was shown to fundamentally change the atrial substrate, its 
long-term efficacy in reducing the incidence of intraatrial reentrant 
tachycardias is unknown. 

A hybrid approach may be useful in select situations, for example, in 
patients with tetralogy of Fallot and inducible ventricular tachycardia 
on electrophysiologic testing before they undergo thoracotomy 
for other congenital cardiac surgery.[58],[59] With 3-dimensional 
mapping and pace-mapping techniques, the focus of ventricular 
arrhythmias can by marked by an ablation catheter. This allows for 
the localization and surgical excision of the arrhythmogenic tissue, 
thereby substantially reducing the possibility of future ventricular 
arrhythmias and resultant ICD discharges.[60] Patients with a single 
ventricle that are scheduled to undergo Fontan revision may be 
appropriate candidates for similar hybrid approaches that include 
surgical resection of arrhythmogenic atrial tissue. With advanced 
planning, patients undergoing open-thoracotomy procedures can 
have epicardial leads placed intraoperatively, potentially avoiding 
another open thoracotomy if they develop a pacing indication in the 
future. 

Care of patients who have undergone Fontan palliation continues 
to be challenging both from an arrhythmia and an access perspective. 
Fontan surgery has progressed from a classic Fontan (right atrial to 
pulmonary artery), to a lateral-tunnel Fontan (inferior vena cava 
and superior vena cava to the pulmonary artery within the right 
atrium), and finally to an extracardiac Fontan circuit. Each of these 
procedures has a unique set of access and arrhythmia challenges.[61]-

[63] Therefore, any opportunity to perform a surgical ablation during 
an open-thoracotomy procedure should be considered as a part of the 
preoperative planning discussion. Finally, elective surgical excision of 
thrombogenic structures such as the left atrial appendage and residual 
ligated blind ended pulmonary artery stump should be performed at 
the time of concomitant open heart cardiac surgical repairs.
Conclusions

The adult CHD population is increasing rapidly, and patients with 
CHD are more likely to be referred for cardiac electrophysiology 
procedures. AF occurs at a younger age in patients with CHD who 
are less tolerant of the arrhythmia and whose comorbid conditions 
make medical arrhythmia therapy more difficult to manage. Multiple 
drugs and many interventions will likely be required. Amiodarone is 
an effective antiarrhythmic agent but has long-term toxicity risks for 
this young population but is a very good short term bridging therapy; 
dofetilide and sotalol may be viable long term alternatives. Before 
any catheter-based therapy is undertaken, identification of vascular 
access to the systemic and pulmonary venous atria is essential. 
This generally mandates the use of advanced imaging such as CT 

for mapping and ablation.[44] This approach is useful in those CHD 
patients with acquired occlusion of the IVC and those patients with 
heterotaxy syndrome and congenital interruption of the IVC with 
azygous vein continuation. The presence of conventional basket type 
IVC filters has not been a significant impediment to catheterization.

 Transthoracic percutaneous access with fluoroscopic guidance 
provides a direct route to the pulmonary venous atrium for successful 
mapping and radiofrequency ablation in patients after a Fontan 
palliation. Nehgme et al[45] performed 6 transthoracic ablation 
procedures in patients with a lateral-tunnel Fontan. Under biplane 
fluoroscopy, a percutaneous needle was advanced toward the 
pulmonary venous atrium. Mapping and ablation catheters were 
placed in the atrium, and additional catheters were placed in the baffle 
and esophagus for pacing and reference. Complications included 
1 pneumothorax and 2 hemothoraces that were drained. Another 
new procedure that was recently described involves a CT-guided 
transconduit puncture in patients with an extracardiac Fontan, in 
which the dilator tip is grasped with a snare catheter.[46] Subxiphoid 
and epicardial approaches may be used in patients without CHD, 
however, they are generally not employed for patients with CHD.[47] 
Both these approaches rely on the ability to access the pericardial sac 
in patients who have had multiple sternotomies. Nevertheless, these 
patients frequently have a pericardium that is immobile and often 
scarred with thick adhesions.[48] 
Surgical Therapies

Surgical ablation is considered the gold standard for invasive rhythm 
control in patients with CHD. The initial surgical treatment of CHD 
with concomitant surgical ablation began with an atriopulmonary 
to total cavopulmonary Fontan conversion performed in conjunction 
with surgical ablation for AF.[49] Fontan conversion that did not 
include surgical ablation has been associated with a high incidence of 
atrial arrhythmias postoperatively.[50] The surgical approach has since 
progressed from isthmus ablation, to a modified right-sided maze 
procedure, and eventually to the MAZE-Cox III (right and left-
sided maze) procedure for AF.[51],[52] Referral for surgical ablation 
includes patients for whom catheter ablation has failed, patients with 
concomitant CHD and arrhythmias, and patients with low body mass 

Figure 4: Prevalence of atrial fibrillation by age and defect
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in patients receiving encainide, flecainide, or placebo. The Cardiac Arrhythmia 
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26. Dorian P, FainE S, DavyJ M, WinkleR A. Lidocaine causes a reversible, 
concentration-dependent increase in defibrillation energy requirements. J. Am. 
Coll. Cardiol. 1986;8 (2):327–32.
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or MRI with 3D reconstruction. Any time an open-thoracotomy 
operation is planned, a discussion of concomitant surgical ablation 
of the arrhythmogenic substrate and excision or exclusion of residual 
thrombogenic structures should occur. A preoperative diagnostic EP 
study without ablation is often useful in guiding subsequent surgical 
ablation. In conclusion, patients with complicated CHD and atrial 
arrhythmias should have the benefit of referral to or collaboration 
with an adult congenital center of excellence prior to invasive rhythm 
management therapies.
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