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Arrhythmias are a common cause of morbidity in patients with palliated single ventricle pathology. The relative risk of ar-

rhythmia in Fontan patients strongly favors the development of intra-atrial reentry tachycardia (IART) or sinus node dysfunc-

tion (SND). More than 50% of Fontan patients will develop atrial tachycardias over long term follow-up. This review focuses 

on the characteristics and treatment of IART and SND. In general, IART is an arrhythmia specific to post-atriotomy atria; and 

is frequently a non-cavotricuspid isthmus dependent circuit, especially in the Fontan patient. Drug therapy alone is often inad-

equate for prevention of IART. Atrial antitachycardia pacing has not been reliable in patients with congenital heart disease. 

Radiofrequency (RF) ablation has shown increasing success rates as new technologies are implemented. Knowledge of both 

the anatomy and physiology are critical for successful ablation. Surgery is appropriate with significant hemodynamic abnor-

malities or failed arrhythmia management. Most importantly, recurrences are common and optimal therapy should include a 

combination of the discussed techniques.
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Introduction

The Fontan operation has undergone significant modifi-

cation since its initial description in 1971.1) While conver-

sion to total cavo-pulmonary connection and addition of the 

fenestrations have improved clinical outcomes, other varia-

tions such as extracardiac conduits instead of lateral tunnels 

still have not established superiority. Persistent throughout 

the evolution of the Fontan has been the high risk of devel-

oping arrhythmias and the daunting task of treating those ar-

rhythmias given their high risk of recurrence.

Arrhythmias are a common cause of morbidity in patients 

with palliated single ventricle pathology. The relative risk of 

arrhythmia in Fontan patients strongly favors develop of in-

tra-atrial reentry tachycardia (IART) or sinus node dysfunc-

tion (SND), with a lesser risk of atrial fibrillation (AF) or 

ventricular tachycardia (VT).2) This review will focus on the 

characteristics and treatment of IART and SND. 

Sinus node dysfunction

SND, defined as resting heart rate (HR) <5th percentile, 

peak HR 75% predicted, or non-sinus rhythm on electrocar-

diogram (ECG),3) is common in Fontan patients due to the 

effects of multiple right atriotomies over several operations, 

in addition to the chronic high pressure state of the right 

atrium. Cohort and cross sectional studies have shown a pre-

dominance of sinus rhythm on ECG in 63–71% of Fontan 

patients, dependant on age.3, 4) Twenty-four hour Holter 

monitoring in patients nearly 8 years after Fontan operation 

showed a normal mean heart rate and low maximum heart 

rate.5) Studies comparing the extracardiac conduit Fontan 

and the lateral tunnel have reported conflicting results re-

garding improvement in SND.6, 7) In addition to baseline 

heart rhythm, Fontan patients perform below normal on ex-

ercise testing with peak HR <75% predicted in 41%3) and 

VO2 max only 69% of normal.5) There is a weak association 
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have moderate to severe systemic atrioventricular valve re-

gurgitation; however, no differences in survival have been 

attributed to the presence of IART alone.14) Of note, al-

though atrial fibrillation can be observed in Fontan patients, 

a cohort study evaluating congenital heart disease (CHD) 

patients with IART and/or atrial fibrillation found no evi-

dence of progression from IART to AF over time.15)

IART can be treated with medication, pacing, catheter 

ablation, or surgery. Each approach has its varied successes 

and risks. In fact, the most successful treatment regimens 

usually include a combination of various techniques. De-

spite rapid progress in this area, recurrence rates remains 

higher than desirable.

1. Drug therapy

There are no prospective studies on drug therapy for 

IART. Retrospective experience shows <40% of IART pa-

tients treated with drug therapy are free from recurrence at 1 

year post-presentation regardless of the antiarrhythmic drug 

used.16) Antiarrhythmics can be proarrhythmic, aggravate 

SND and compromise ventricular function. One important 

drug therapy to utilize is prophylactic anticoagulation with 

aspirin or vitamin K antagonists to prevent the up to 19% 

incidence of thromboembolic events.17)

2. Pacing

Pacing therapies target two methods for reducing IART: 

pacing to prevent bradycardia-mediated tachycardia, and 

antitachycardia pacing to treat episodes of IART. Current 

guidelines consider pacing to be reasonable for the preven-

tion of recurrent episodes of IART in patient with CHD;18) 

however, benefits have varied across studies. Although pac-

ing has been shown to be useful in preventing bradycardia-

mediated tachyarrhythmias,19) rates of IART specifically did 

not differ with pacing. Studies concerning optimal mode of 

pacing have also shown variable results. One study showed 

atrial or dual chamber pacing was significantly more suc-

cessful for prevention than single chamber ventricular pac-

ing,19) while another showed no difference in development 

of IART between single chamber ventricular pacing and 

dual chamber pacing.20) Neither study was specific to the 

Fontan population.

Atrial antitachycardia pacing has not been reliable in pa-

tients with CHD.21) Effective use of this modality requires 

accurate sensing of atrial activity, a sometimes challenging 

task, due to the abnormal anatomy and electrophysiology, 

between lower resting HR and higher peak HR with higher 

functional status.3) Specific risk factors for developing SND 

within the Fontan population are still being defined; however, 

importantly, SND is associated with a higher risk of IART.8)

Intra-atrial reentry tachycardia

More than 50% of Fontan patient will develop atrial 

tachycardias over long term follow-up.9) Animal and human 

electrophysiologic studies have established the reentrant na-

ture of these tachycardias, leading to the common usage of 

the term IART. In general, IART is an arrhythmia specific 

to post-atriotomy atria, differentiating it from atrial flutter, 

which is typically dependent on the cavo-tricuspid isthmus 

(CTI). IART is frequently a non-CTI dependent circuit, es-

pecially in the Fontan patient. Diagnosis may be elusive as 

classic flutter waves on surface ECG are uncommon and re-

entry cycle lengths are usually slower than typical atrial 

flutter.

The specific factors predisposing Fontan patients to atrial 

reentry include: 1) atrial scarring from atriotomies and peri-

cardial inflammation, 2) high atrial wall stress and hypertro-

phy due to increased pressure and chamber size, and 3) 

changes in atrial refractoriness associated with SND and 

concomitant bradycardia. Fontan patients have a longer P-

wave duration and greater P-wave dispersion; and among 

Fontan patients, IART patients have a longer P-wave dura-

tion and greater dispersion.10, 11)

Additional risk factors for development of IART include: 

age <3 or >10 years, systemic atrioventricular valve (AVV) 

replacements,12) duration of Fontan circulation,9) and the 

presence of SND.8) Type of Fontan, extracardiac conduit vs 

lateral tunnel, has also been evaluated, with one study show-

ing no difference9) and another demonstrating less IART 

with the extracardiac conduit.7) A shorter time to develop-

ment of IART has been found when the Fontan is performed 

after 10 years of age, after a prior pulmonary artery (PA) re-

construction, and with an atrial baffle.8) Predisposition to 

IART may even be present before the Fontan operation, 

with demonstrated inducibility of IART in 27% of patients 

studied prior to the Fontan.13)

The underlying congenital lesions and the surgical proce-

dures that create the substrate for development of this ar-

rhythmia are often associated with marginal hemodynamic 

status, which exacerbates the effects of the tachycardia. 

Fontan patients with IART are significantly more likely to 

develop congestive heart failure, right atrial thrombus, and 
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and the multiple prosthetic patches placed at the time of sur-

gery. False detection is not uncommon and delivered thera-

py is successful only ~50% of the time.21, 22)

Pacemaker implantation obviously carries its own risks 

beyond those intrinsic to the Fontan. Pacemaker implanta-

tion appears to occur relatively early in the pediatric Fontan 

population with 11–13% of patients <15 years old having a 

pacemaker, increasing to only 20% of patients ≥15 years 

old.4) Generator replacements are required every 5 to 10 

years; and may include lead replacements and extractions. 

Nearly 50% of operations in Fontan patients are pacemaker 

related.23) Because of the anatomic separation of systemic 

venous and intracardiac spaces, most Fontan patients require 

epicardial implantation which requires a more invasive ap-

proach than transvenous implantations. Implantation of 

transvenous leads in Fontan patients have been reported 

with leads placed in both the atria and the ventricle via 

trans-baffle delivery including 1 patient with an extracardiac 

conduit Fontan.24, 25) Lead performance was nominal at mid-

term follow-up. Transvenous leads increase the risk of 

thromboembolus when an intracardiac shunt is present.26) 

Additionally, anti-tachycardia pacing may exacerbate the 

tachycardia. This has been reported in one case22) where an-

ti-tachycardia pacing caused an increase in the IART rate 

subsequently leading to a rapid ventricular response and de-

generation into ventricular fibrillation (VF) and sudden death.

3. Ablation

The techniques for ablation of IART have evolved con-

siderably over the past two decades. Early studies on treat-

ment of IART in patients with congenital heart disease dem-

onstrated poor outcomes and high recurrence rates.27) Fontan 

patients are at especially high risk of recurrence as demon-

strated in a more recent study where 53% recurred com-

pared to a 21% recurrence in other repaired CHD.28) The 

biggest barriers to ablation of IART in the Fontan patient 

are the combination of a very thick atrial wall and a multi-

plicity of circuits. Two important technologies have greatly 

improved outcomes: cooled-tip catheters and 3D mapping 

systems.

Cooled-tip catheters allow for the application of more 

power to the tip, which causes deeper tissue heating and 

larger lesion formation; sometimes critical for success in the 

thickened Fontan atrium.29) Tip cooling can be achieved 

with an irrigated tip catheter or can also be accomplished 

passively using a catheter tip with larger mass (8 mm, 10 

mm) or more conductivity (gold). Studies on irrigated tip 

catheters have shown that a lower number of lesions are 

necessary for successful ablation.30) A prospective random-

ized study to determine if irrigated radiofrequency (RF) in-

creased ablation success rates found no difference between 

standard and irrigated RF during the limited randomized pe-

riod although cross over from standard to irrigated resulted 

in better success overall.31)

The evolution, interpretation, and use of 3D mapping sys-

tems has been reviewed in detail elsewhere.32–34) Current 3D 

mapping systems localize catheter position using magnetic 

fields (CARTO, Biosense Webster, Inc, Diamond Bar, CA, 

USA), ultrasound ranging (Boston Scientific, Natick, MA, 

USA), and impedance (EnSite NavX, St. Jude Medical, St. 

Paul, MN, USA). Electroanatomic mapping is performed by 

direct catheter contact with the endocardium or via non- 

contact mapping in the Ensite / NavX system which creates 

derived endocardial electrograms based on far field signal 

strengths detected by a basket catheter wrapped around a 

balloon.

Preliminary studies demonstrated the utility of 3D map-

ping for ablation of IART.35, 36) Additionally, 3D mapping 

allowed for the demonstration of the diversity of circuits in 

patients with IART.37) A comparison of electroanatomic and 

noncontact mapping systems to map IART circuits in Fon-

tan patients showed that electroanatomic contact mapping 

identified a much lower surface area of abnormal endocardi-

um compared to non-contact mapping; and reconstructed 

electrograms created by the non-contact mapping system 

were significantly different from local electrograms accu-

rately represented with contact mapping.38) In that study, 

successful arrhythmia mapping was superior with electroan-

atomic mapping in 58% and superior with non-contact in 

19%. However, the two techniques are in many ways com-

plimentary with electroanatomic mapping being better for 

consistent IART circuits and non-contact being better for 

changing circuits.

IART circuits in Fontan patients are anatomically dis-

tinct. Successful ablation requires a simultaneous consider-

ation of both the anatomy and electrophysiology. Two stud-

ies have evaluated IART circuits after various cardiac opera-

tions.39, 40) In both studies, Fontan patients had statistically 

different circuit locations, most commonly involving the 

right atriotomy scar. Successful ablation locations in the 

Fontan patients were lateral right atrium (RA) wall 53%, an-

terior RA 25%, isthmus 15%, atrial septum 7%.40) Circuits 
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involving the atriotomy rotate in either direction on the lat-

eral right atrial wall, typically with one arm of the circuit 

passing between the atriotomy and the crista terminalis. 

Lines of block from the atriotomy to the inferior vena cava 

(IVC), superior vena cava (SVC), crista terminalis, and tri-

cuspid valve (TV) annulus all may be effective in blocking 

these circuits. The CTI may harbor the slow region of the 

circuit even in the presence of tricuspid atresia when there is 

a tricuspid “dimple”. Peri-caval reentry has been identified 

as an atypical mechanism of CTI-dependent arrhythmias in 

Fontan patients,41) when circuits rotate around the IVC and 

through the CTI, between the IVC and right AVV or dimple. 

The atrial septal defect may also serve as central foci for re-

entrant circuits.

The target for ablation of IART is the critical slow region 

of the circuit which exists between two conduction barriers. 

A complete ablation line between these barriers prevents 

further reentry using this site. The slow region can be identi-

fied by concealed entrainment, low amplitude fractionated 

electrograms, or by the location of the typical anatomic bar-

riers. Electroanatomic mapping can be used in sinus rhythm 

to define these anatomic barriers and identify successful ab-

lation sites even if IART cannot be induced.42) Once ablation 

is performed, it is important to attempt to document the 

presence of electrical block across the ablation target zone 

and to document non-inducibility of all sustained IARTs. 

The combined use of 3D mapping and tip cooling tech-

niques has improved acute success to approximately 90%.

4. Surgical therapy 

Operative intervention is perhaps the most successful in-

tervention for preventing recurrences of IART. Early tech-

niques consisting of single ablation lines across the CTI43) or 

between the atriotomy and the AVV showed no improve-

ment in recurrence rate compared to no intervention.44) Cur-

rently, the modified right atrial maze procedure is the pre-

ferred and most successful approach, combining a series of 

atrial incisions and intraoperative cryoablation lesions de-

tailed in prior publications.43, 45–47) One center has reported a 

late recurrence rate of 12–14% with this approach to treat-

ment;43) compared to the 33% recurrence after simple isth-

mus ablation.

The risks of such a procedure are considerably higher 

than for catheter procedures. Thus, a reasonable approach is 

to attempt at least one catheter ablation in Fontan patients 

who do not have hemodynamic reasons for revision and to 

move to surgical revision with a right atrial maze procedure 

for patients who fail catheter-based procedures or who have 

hemodynamic reasons for surgery.

Summary

Despite improvements in the palliation of single ventricle 

CHD, arrhythmias remain a common and serious complica-

tion after conversion to Fontan anatomy. Drug therapy alone 

is often inadequate for prevention of IART. RF ablation has 

shown increasing success rates as new technologies are im-

plemented. Knowledge of both the anatomy and physiology 

are critical for successful ablation. Surgery is appropriate 

with significant hemodynamic abnormalities or failed ar-

rhythmia management. Most importantly, recurrences are 

common and optimal therapy should include a combination 

of the discussed techniques.
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