
Vol.:(0123456789)

Current Treatment Options in Pediatrics 
DOI 10.1007/s40746-021-00231-w

Cardiology/CT Surgery (K Gist, Section Editor)

Management of Atrial 
Tachyarrhythmias in Adults With 
Single Ventricle Heart Disease
Megan M. SooHoo, MD1* 
Matthew L. Stone, MD PhD2 
Johannes von Alvensleben, MD1 
Roni Jacobsen, MD1

Address

*1Division of  Cardiology, Department of  Pediatrics, University of  Colorado School 
of Medicine, Children’s Hospital Colorado, 13123 East 16th Avenue, Box 100, Aurora, 
CO 80045, USA
 Email: Megan.SooHoo@childrenscolorado.org
2Division of  Cardiothoracic Surgery, Department of  Surgery, University of  Colorado 
School of Medicine, Aurora, CO, USA

© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2021

This article is part of the Topical Collection on Cardiology/CT Surgery

Keywords  Single ventricle heart disease · Fontan palliation · Adult congenital heart disease · Atrial 
tachyarrhythmia · Intra-atrial reentrant tachycardia

Abstract

Purpose of review  In this manuscript, we review the modifications to the Fontan operation 
along with the incidence, etiology, and outcomes of atrial tachyarrhythmias in adults with 
single ventricle heart disease. Medical, interventional, device, and surgical management 
of these arrhythmias is discussed in detail.
Recent findings  Atrial tachyarrhythmias are the most common late complication following 
the Fontan operation present in > 50% of patients 20 years after palliation. Management 
of these arrhythmias is difficult, but advances in device and electrophysiology technology 
have made treatment more successful. For patients with atrio-pulmonary Fontan circula-
tion, Fontan conversion surgery may be warranted.
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Summary  Atrial tachyarrhythmias in adults with single ventricle heart disease are very 
common and associated with poor outcomes. The etiology of these dysrhythmias is mul-
tifactorial and change over time. Treatment of atrial tachyarrhythmias in this population 
is challenging, involving both medical and invasive therapies, and recurrence is common. 
These complex patients are best served by a multi-disciplinary team involving adult con-
genital cardiologists and congenital heart disease interventionalist and surgeons.

Introduction

Since the introduction of the Fontan palliation in 
1968 [1], survival of patients with single ventricle 
congenital heart disease has improved, with the cur-
rent 20-year survival after Fontan completion around 
75–85% [2–6]. With improved survival, there is an 
ever-growing number of these patients entering adult-
hood. In 2018, the estimated worldwide population of 
patients with Fontan circulation was between 50,000 
and 70,000, with 40% of these patients > 18 years 
of age [7]. Despite advances in surgical and medi-
cal therapy, adults with single ventricle heart disease 
have significant multisystem morbidities secondary 
to their Fontan circulation, including exercise intol-
erance, heart failure, hepatic, gastrointestinal, renal, 
and pulmonary disease, thromboembolic events, and 
tachyarrhythmias. Of these, tachyarrhythmias are the 
most common long-term complication and the focus 
of this review [8•].
An understanding of the surgical modifications of the 
Fontan palliation is necessary when evaluating the risk 
of tachyarrhythmias in this group of patients. The orig-
inal Fontan procedure involved an atrio-pulmonary 
(AP) connection from the right atrial appendage to the 
proximal right pulmonary artery (RPA) with the supe-
rior vena cava (SVC) anastomosed to the distal right 

pulmonary artery [1]. While there have been multiple 
modifications, the two major technical modifications 
since the original procedure are the lateral tunnel (LT) 
technique introduced by de Laval et al. in 1988 and 
the extracardiac (EC) technique introduced by Marcel-
letti et. al in 1989 [9, 10]. The LT technique involves 
creation of an intra-cardiac pathway utilizing most 
commonly a Gore-Tex baffle such that IVC blood flow 
is channeled to the pulmonary artery either through 
creation of an atrial-pulmonary artery anastomosis 
following bi-directional Glenn stage two palliation 
or through the creation of an atrial-pulmonary artery 
communication following hemi-Fontan stage two pal-
liation. The EC Fontan operation involves the creation 
of a connection between the IVC and the pulmonary 
arteries utilizing a size-selected Gore-Tex graft and 
most commonly involves creation of a fenestration 
between the conduit and atrium. Proponents of bi-
directional Glenn and EC Fontan palliation favor this 
approach as it can be performed with a beating heart 
while others favor hemi-Fontan and intra-cardiac lat-
eral tunnel palliation given perceived improvements 
in augmentation of pulmonary artery diameter and 
orientation.

Atrial tachyarrhythmias

Atrial tachyarrhythmias are the most common late complication following 
the Fontan operation, with freedom from tachyarrhythmia between 23 and 
50% at 20 years post-Fontan operation [2, 5, 6, 11–13]. The type of Fontan 
surgery and the duration of follow-up dictate the incidence of tachyarrhyth-
mias in these patients. The incidence of atrial tachyarrhythmias is clearly 
highest in the AP Fontan group, with an incidence approaching 100% in 
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some studies by 25 years following surgery [14]. While the occurrence of 
atrial tachyarrhythmias in the LT and EC Fontan populations is less, the 
incidence is still reported between 10 and 20% [2, 5, 13–19]. In addi-
tion, most of these studies evaluated a still largely pediatric or adolescent 
population with follow-up periods of 10 years or less. The results compar-
ing risk of late atrial tachyarrhythmias between the LT and EC Fontan are 
conflicting and few in number. While there seems to be a higher risk of 
early post-operative tachyarrhythmias following LT Fontan, the prevalence 
of late atrial tachyarrhythmias between the 2 groups is similar [14–16, 
20–22]. While it is likely that surgical modifications have contributed to 
decreased incidence of atrial tachyarrhythmias in these patients with par-
ticular attention to the preservation of the crista terminalis and strategic 
placement of atrial incisions and suture lines, there is the potential that 
the long-term incidence of this complication remains unknown within an 
increased aging population and that atrial tachyarrhythmias may signifi-
cantly increase over time.

The most common atrial tachyarrhythmia in adult Fontan patients is intra-
atrial reentrant tachycardia (IART), a type of macroreentrant tachycardia that 
accounts for up to 80% of atrial tachyarrhythmias in these patients [11, 13, 
14, 23–26]. IART is also referred to as “incisional tachycardia” and is classified 
in this way to distinguish it from typical atrial flutter that occurs in structur-
ally normal hearts. Adult Fontan patients also experience atrioventricular 
nodal reentry tachycardia, focal atrial tachycardia, and atrial fibrillation (AF), 
but to a lesser degree than IART. However, as this population ages, the inci-
dence of AF increases [13, 27–29] and is present in almost half of patients 
who present for Fontan conversion surgery [27].

The etiology of atrial tachycardias in these patients is likely multi-factorial 
and includes injury to the sinus node or its arterial supply, effects of long-
term cyanosis, atrial scar and suture lines, chronic atrial dilation, hypertrophy 
and elevated atrial pressure, and inherently abnormal atrial tissue related to 
the underlying congenital heart defect [8•, 13, 18, 25, 30]. Multiple risk fac-
tors for the development of atrial tachycardias have been identified. These 
include older age at Fontan repair, heterotaxy syndrome, ventricular dysfunc-
tion, more than mild atrioventricular valve regurgitation, previous history 
of tachyarrhythmia, and presence of atrial tachyarrhythmias in the early 
post-operative period [5, 14, 18, 19, 31, 32]. Above all, the most important 
risk factors for the development of atrial tachycardia are duration of Fontan 
circulation and Fontan type, with the AP Fontan being associated with sig-
nificantly higher risk [2, 6, 13, 14, 18, 19, 22, 25, 31]. While there is data 
showing decreased incidence of atrial tachyarrhythmias in patients with LT 
and EC Fontan compared to AP Fontan circulation, the follow-up period for 
these patients is less [20, 22, 30, 31, 33, 34]. It is unclear whether the higher 
incidence of tachyarrhythmias seen in the AP Fontan cohort is most strongly 
influenced by surgical technique or rather the longer duration of Fontan 
circulation. At this time, it is unknown whether LT and EC Fontan patients 
will develop the same steep increase in atrial tachyarrhythmia burden seen 
in the AP Fontan population 20–25 years following palliation. Ultimately, 
longer follow-up time will help further elucidate tachyarrhythmia risk factors 
in these patients.
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There is clear evidence that tachyarrhythmias in adult Fontan patients are 
associated with worse outcomes. Development of dysrhythmias is associ-
ated with increased rates of hospitalization, worse patient-reported quality 
of life, atrial thrombus formation and subsequent thromboembolic events, 
and protein losing enteropathy [4, 31, 35, 36]. Atrial tachycardias can lead 
to progressive compromise of ventricular function and accelerate the time to 
Fontan circuit failure [37–39]. Carins et al. showed the 10-year freedom from 
Fontan failure after onset of tachycardia to be on 50% [17]. Finally, multiple 
studies have shown atrial tachyarrhythmias in adult Fontan patients to be an 
independent predictor of death or cardiac transplantation [17, 40, 41]. Given 
the high incidence of atrial tachyarrhythmias in these patients and the strong 
association with increased morbidity and mortality, timely recognition and 
optimal management of these arrhythmias are crucial.

Management

The management options for atrial tachyarrhythmias in the adult Fontan 
population includes periodic cardioversions, anti-arrhythmic medications, 
catheter ablation, atrial pacing (both anti-bradycardic and anti-tachycardic), 
Fontan conversion with arrhythmia surgery, and heart transplantation [42•]. 
Determining the appropriate therapy is a complex and multi-factorial deci-
sion that depends on the patient’s hemodynamics and severity of symptoms 
in the tachyarrhythmia, along with their surgical history, baseline hemody-
namics, comorbidities, and arrhythmia frequency and progression. Any Fon-
tan patient who presents with new onset tachyarrhythmia mandates a thor-
ough evaluation, including a detailed history, comprehensive exam, 12-lead 
electrocardiogram, transthoracic or transesophageal echocardiogram, and 
a low threshold for cross-sectional imaging and cardiac catheterization to 
obtain invasive hemodynamic data [43•, 44•]. The involvement of a multi-
disciplinary team involving adult congenital heart disease (ACHD) special-
ists, cardiac intensivists, electrophysiologists, congenital interventionalists, 
and congenital heart disease surgeons is critical in managing these complex 
patients.

Medical management

Patients with hemodynamic instability secondary to IART or AF warrant 
urgent electrical cardioversion to terminate the tachycardia regardless of dura-
tion of tachycardia and anticoagulation status. Anterior–posterior pad posi-
tioning may be needed in the setting of significant atrial dilation [44•]. The 
team planning electrical cardioversion must be prepared for the presence of 
long sinus pauses or severe sinus bradycardia following rhythm restoration as 
many Fontan patients have sinus node dysfunction [25]. Patients with atrial 
or dual chamber pacemakers or defibrillators may undergo overdrive pac-
ing to terminate the tachycardia, although one must ensure that ventricular 
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pacing is maintained in pacemaker-dependent patients. For patients who 
present with preserved hemodynamics in an atrial tachyarrhythmia, acute 
management includes initiation of anticoagulation, pharmacologic rate con-
trol, and cardioversion. While a minimum of 3 weeks of anticoagulation is 
recommended prior to cardioversion for adults with 2 ventricles who have 
been in a tachyarrhythmia for ≥ 48 h or unknown duration [45, 46], patients 
with Fontan circulation are unlikely to tolerate persistent tachyarrhythmia 
and may develop congestive heart failure within a few days. Therefore, prompt 
cardioversion within 24–48 h after presentation of tachycardia is recom-
mended for these patients [25, 27, 42•]. Transesophageal echocardiogram 
(TEE) is recommended to evaluate for atrial thrombus formation prior to 
cardioversion if tachycardia duration is ≥ 48 h or unknown [25, 27, 42•, 43•, 
44•]. Given Fontan patients are predisposed to thrombus formation even in 
the absence of atrial tachyarrhythmias, some argue for TEE prior to cardiover-
sion even if the IART/AF is < 48-h duration [47, 48].

There is limited data regarding the use of antiarrhythmic medications for 
both pharmacologic cardioversion and long-term use in adults with Fontan 
circulation, and no randomized controlled trials exist. Many of these studies 
have grouped patients with either various congenital heart disease lesions 
or different tachycardia mechanisms, making interpretation of the results 
challenging [25, 26, 49–53]. Regardless, antiarrhythmic medications are pre-
scribed for these patients, and specific recommendations for their individual 
use do exist in the various ACHD guidelines [43•, 44•, 54].

There is no consensus regarding pharmacologic cardioversion for adults 
with single ventricle heart disease. One should proceed with caution given 
the pro-arrhythmia side effects of many antiarrhythmics, including ventricular 
tachycardia with class IA and IC drugs and torsades de pointes with class III 
drugs. Type 1C drugs are generally avoided given the potential to slow atrial 
arrythmia cycle length and allow for 1:1 atrioventricular (AV) conduction 
[55]. Pharmacologic cardioversion should be done in an ICU setting with 
continuous monitoring and preparation for potential resuscitation. Intrave-
nous calcium channel blocking medication, like diltiazem, can help to slow 
the ventricular response or even break the tachycardia [42•]. Intravenous 
ibutilide, a class III drug, has been used successfully to cardiovert IART and 
AF in adults with CHD, including those with Fontan circulation [51, 56]. Side 
effects include QTc prolongation and ventricular arrhythmias, including tor-
sades de pointes. Magnesium and potassium levels should be repleted prior 
to administration, and its use is contraindicated when the QTc is > 440 ms. 
Sotalol, a class III anti-arrhythmic with class II effects, has also been used 
for pharmacologic cardioversion for atrial tachycardias in patients with con-
genital heart disease, including Fontan patients [53]. Side effects include QTc 
prolongation, torsades de pointes, and bradycardia. It should be avoided if 
the QTc is > 450 ms. Amiodarone, another class III drug, can be given as an 
IV bolus followed by a continuous infusion to achieve sinus rhythm or slow 
ventricular response if cardioversion fails [25, 56]. Dosing recommendations 
for acute pharmacologic therapy for atrial tachyarrhythmias can be found in 
Table 1.

Overall, long-term success rates of chronic pharmacologic therapy for 
atrial tachycardias in the Fontan population have not been stellar, leading to 

Management of Atrial Tachyarrhythmias in Adults With Single…SooHoo et al. 191



Ta
bl

e 
1  

A
cu

te
 p

ha
rm

ac
ol

og
ic

 t
he

ra
py

 f
or

 a
tr

ia
l t

ac
hy

ar
rh

yt
hm

ia
s

m
g 

in
di

ca
te

d 
m

ill
ig

ra
m

; 
IV

, 
in

tr
av

en
ou

s;
 m

in
, 
m

in
ut

e;
 m

g/
m

in
, 
m

ill
ig

ra
m

 p
er

 m
in

ut
e;

 h
r,

 h
ou

r;
 S

A,
 s

in
oa

tr
ia

l; 
AV

, 
at

rio
ve

nt
ric

ul
ar

; 
PO

, 
pe

r 
os

Dr
ug

Re
co

m
m

en
de

d 
do

se
Ad

ve
rs

e 
ef

fe
ct

s
Us

e 
w

it
h 

ca
ut

io
n 

an
d 

dr
ug

 in
te

ra
c‑

ti
on

s

Am
io

da
ro

ne
 (

cl
as

s 
II

I)
15

0 
m

g 
IV

 o
ve

r 
10

 m
in

 f
ol

lo
w

ed
 b

y:
In

fu
si

on
 a

t 
1 

m
g/

m
in

 o
ve

r 
ne

xt
 6

 h
 t

he
n 

0.
5 

m
g/

m
in

 o
ve

r 
ne

xt
 1

8 
h 

(2
4 

h 
to

ta
l)

H
yp

ot
en

si
on

, 
br

ad
yc

ar
di

a,
 Q

T 
pr

ol
on

ga
-

ti
on

, 
to

rs
ad

es
 d

e 
po

in
te

s
• 

Si
nu

s 
or

 A
V 

co
nd

uc
ti

on
 d

is
ea

se
• 

H
ep

at
ic

 d
ys

fu
nc

ti
on

• 
Av

oi
d 

ot
he

r 
dr

ug
s 

w
it

h 
SA

 a
nd

/o
r 

AV
 

no
da

l b
lo

ck
in

g 
pr

op
er

ti
es

• 
Re

du
ce

 w
ar

fa
ri

n 
do

se
 b

y 
50

%
 a

nd
 

di
go

xi
n 

do
se

 b
y 

30
–5

0%
Ib

ut
ili

de
 (

cl
as

s 
II

I)
1 

m
g 

IV
 o

ve
r 

10
 m

in
Op

ti
on

al
 s

ec
on

d 
do

se
 o

f 
1 

m
g 

IV
 c

an
 b

e 
gi

ve
n

Co
nt

ra
in

di
ca

te
d 

w
he

n 
QT

c >
 4

40
 m

s
QT

 p
ro

lo
ng

at
io

n,
 t

or
sa

de
s 

de
 p

oi
nt

es
, 

ve
nt

ric
ul

ar
 a

rr
hy

th
m

ia
s,

 A
V 

bl
oc

k

• 
Pr

ol
on

ge
d 

QT
• 

H
is

to
ry

 o
f 

to
rs

ad
es

 d
e 

po
in

te
s

• 
Av

oi
d 

ot
he

r 
QT

 p
ro

lo
ng

in
g 

m
ed

ic
at

io
ns

• 
Re

pl
et

io
n 

of
 m

ag
ne

si
um

 a
nd

 p
ot

as
si

um
 

re
co

m
m

en
de

d 
pr

io
r 

to
 g

iv
in

g
So

ta
lo

l (
cl

as
s 

II
I 

w
it

h 
cl

as
s 

II
 e

ff
ec

ts
)

2 
m

g 
PO

Br
ad

yc
ar

di
a,

 Q
T 

pr
ol

on
ga

ti
on

, 
to

rs
ad

es
 

de
 p

oi
nt

es
, 

br
on

ch
os

pa
sm

• 
Si

nu
s 

or
 A

V 
co

nd
uc

ti
on

 d
is

ea
se

• 
QT

 p
ro

lo
ng

at
io

n
• 

Re
ac

ti
ve

 a
ir

w
ay

 d
is

ea
se

• 
Re

na
l d

ys
fu

nc
ti

on
• 

De
co

m
pe

ns
at

ed
 h

ea
rt

 f
ai

lu
re

 a
nd

 c
ar

-
di

og
en

ic
 s

ho
ck

• 
Av

oi
d 

ot
he

r 
QT

 p
ro

lo
ng

in
g 

m
ed

ic
at

io
ns

• 
Av

oi
d 

ot
he

r 
dr

ug
s 

w
it

h 
SA

 a
nd

/o
r 

AV
 

no
da

l b
lo

ck
in

g 
pr

op
er

ti
es

Di
lt

ia
ze

m
 (

cl
as

s 
IV

)
0.

25
 m

g/
kg

 I
V 

bo
lu

s 
ov

er
 2

 m
in

 f
ol

lo
w

ed
 

by
In

fu
si

on
 a

t 
5–

10
 m

g/
hr

, 
up

 t
o 

15
 m

g/
hr

H
yp

ot
en

si
on

, 
br

ad
yc

ar
di

a,
 w

or
se

ni
ng

 
he

ar
t 

fa
ilu

re
• 

Si
nu

s 
or

 A
V 

co
nd

uc
ti

on
 d

is
ea

se
• 

Pr
e-

ex
ci

ta
ti

on
• 

H
yp

ot
en

si
on

• 
H

ep
at

ic
 o

r 
re

na
l d

ys
fu

nc
ti

on
• 

Av
oi

d 
ot

he
r 

dr
ug

s 
w

it
h 

SA
 a

nd
/o

r 
AV

 
no

da
l b

lo
ck

in
g 

pr
op

er
ti

es

Cardiology/CT Surgery (K Gist, Section Editor)192



most centers preferring non-pharmacologic therapies for arrhythmia control 
[26, 44•]. However, there are several instances when chronic pharmacologic 
therapy is pursued secondary to multiple factors, including previous unsuc-
cessful ablation attempt, feasibility of a procedure, arrhythmia frequency, 
comorbidities, and patient preference. No guidelines for long-term pharma-
cologic management of arrhythmias in adults with Fontan circulation exist, 
but rather, recommendations are based on general ACHD guidelines, which 
are derived from small retrospective studies or expert opinion. Long-term use 
of class 1 antiarrhythmics is not recommended given their pro-arrhythmia 
side effects and association with mortality in both structurally normal hearts 
and CHD [44•, 57, 58]. Amiodarone is successful in achieving rhythm control 
and is recommended as a first-line agent for adults with CHD with IART or 
AF and ventricular hypertrophy, ventricular dysfunction, or coronary artery 
disease [25, 44•]. However, long-term therapy is limited by side effects such as 
hepatic and pulmonary toxicity, adverse cardiac effects, and thyroid dysfunc-
tion (hypothyroidism and hyperthyroidism). These adverse effects, especially 
amiodarone-induced thyrotoxicosis, are especially common in adults with 
single ventricle circulation [59, 60]. Given the high incidence of organ toxicity 
in Fontan patients, many experts do not recommend its use other than as a 
bridge to more definitive therapy. Deal et al. [13, 42•] recommend a combi-
nation of sotalol with lose-dose beta blockade to be most effective chronic 
pharmacologic therapy for atrial tachyarrhythmias in patients with Fontan 
circulation. Sotalol has been shown in several studies to elicit complete or 
partial rhythm control in ACHD patients with atrial tachyarrhythmias, includ-
ing those with Fontan circulation. However, the risk of significant bradyar-
rhythmias is higher in single ventricle patients with sotalol [61–63]. The use 
of sotalol carries class IIb indication as a first-line anti-arrhythmic agent for 
maintenance of sinus rhythm in adults with CHD [44•]. Dofetilide, a class 3 
anti-arrhythmic drug, has been used successfully for long-term rhythm con-
trol in adults with various congenital heart disease lesions, including single 
ventricle heart disease [49, 64, 65]. However, given the 5–10% incidence 
of torsades de pointes with dofetilide initiation, inpatient monitoring with 
daily electrocardiograms to follow QTc and surveillance of renal function 
for a minimum of 3 days is mandated by the Food and Drug Administra-
tion. Dofetilide has a class IIa recommendation as a reasonable alternative 
to amiodarone in adults with CHD and atrial tachyarrhythmias [44•]. Dos-
ing recommendations for chronic pharmacologic therapy are summarized in 
Table 2. Despite pharmacologic therapy, recurrence of atrial tachyarrhythmias 
exceeds 50% in adult Fontan patients. [2, 24, 31, 66]. Thus, given poor long-
term freedom from arrhythmia, exploration of non-pharmacologic therapies 
is strongly recommended.

Patients with Fontan palliation are at high risk of thromboembolic com-
plications given a multitude of factors, including stasis of blood flow, pres-
ence of prosthetic material, altered levels of clotting and fibrinolytic factors, 
hepatic congestion, protein-losing enteropathy, ventricular dysfunction, and 
tachyarrhythmias [67–69]. Despite this, no consensus regarding thrombo-
prophylaxis in this group exists and there are significant institutional varia-
tions in practice. However, long-term anticoagulation in adult Fontan patients 
with IART or AF for the prevention of thromboembolic complications is a 
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class I recommendation from both the AHA/ACA ACHD and PACES/HRS 
arrhythmias in ACHD guidelines [44•, 54]. Warfarin is the recommended 
drug of choice and most centers target an INR of 2–3. Despite a class III 
recommendation from the PACES/HRS guidelines, many institutions have 
started using non-vitamin K oral anticoagulants (NOACs) for thromboem-
bolism prophylaxis in adults with congenital heart disease, including the 
Fontan population [70–73]. These studies show NOACs have equal efficacy 
and safety when compared to vitamin K antagonists for thromboembolism 
prophylaxis. Further studies are necessary before more uniform recommen-
dation of NOACs for thromboembolism prophylaxis in Fontan palliated 
patients can be made.

Catheter‑based intervention

For patients with recurrent atrial tachyarrhythmias, catheter ablation should 
be considered. Acute success rates for catheter ablation are lower in Fon-
tan patients when compared to other forms of congenital heart disease 
and recurrence rates are higher [74–76]. This is secondary to several fac-
tors, including anatomic challenges, multiple re-entrant circuits or foci, and 
evolving arrhythmogenic substrate over time. However, with improvements 
in technology, including 3D electroanatomic mapping along with the use 
of irrigated-tip and large-tip ablation catheters, the acute success rate has 
improved. Recent studies have reported acute ablation success rates greater 
than 75% for adult Fontan patients with various atrial tachyarrhythmias [12, 
23, 77, 78]. As mentioned previously, the vast majority of atrial tachyarrhyth-
mias in adult Fontan patients are re-entry type, including IART, typical atrial 
flutter, and AF, with focal atrial tachycardias less frequently observed. Most 
of these tachycardias are due to macro-reentrant circuits bordered by scar 
tissue, suture lines, prosthetic materials, or anatomic structures such as the 
inferior vena cava or the systemic atrioventricular valve annulus [23, 79, 80]. 
Multiple reentrant circuits are often possible given considerable substrate. 
Electropathologic alterations in the atrial myocardium, atrial pressure and/
or volume overload, and progressive scarring along previous atriotomy sites 
or suture lines are responsible for intra-atrial conduction delay, changes in 
atrial refractoriness, and other conduction abnormalities. These anomalies, 
paired with a higher incidence of premature atrial contractions, make these 
patients vulnerable to tachyarrhythmia development [81].

The location of the IART circuit may depend on the type of Fontan pal-
liation, with the anastomosis from the right atrium to the pulmonary artery, 
atriotomy incision, or caval veins serving as electrical barriers in those with 
AP Fontan patients [52, 77, 79]. However, circuits involving the cavotricuspid 
isthmus (CTI) or other areas within the pulmonary venous atrium do exist in 
AP Fontans as well [12, 76, 80]. IART circuits in LT and EC Fontan patients 
more commonly involve reentry around the systemic atrioventricular valve 
annulus, as well as atriotomy scar in the right atrial free wall. There are various 
anatomic challenges in addressing arrhythmia substrate in the Fontan popula-
tion, especially when reentrant circuits involve atrial tissue excluded from the 
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Fontan circuit. For example, with CTI-dependent flutter, there are essentially 2 
separate isthmuses —one between the tricuspid valve and the conduit/baffle 
and the second from the conduit/baffle to the inferior vena cava, with the for-
mer not accessible via standard catheter placement in the systemic veins. When 
electroanatomic mapping suggests a portion of a circuit or arrhythmogenic 
substrate is not accessible with systemic venous mapping alone, access to the 
area of interest can be obtained in a few different ways. These include crossing 
a pre-existing fenestration, retrograde via the aorta to the subaortic ventricle 
and across the AV valve, or transconduit, transbaffle, or transcaval puncture 
into the atrium [77, 78, 82, 83]. When direct puncture is needed, transesopha-
geal or intracardiac echocardiography is used in addition to biplane angiogra-
phy to accurately identify the ideal puncture site. A transseptal needle is used, 
although radiofrequency energy is also sometimes needed to successfully access 
the atrium. For patient with an EC Fontan, the standard transconduit approach 
is best performed at the lower portion of the conduit. Otherwise, when enough 
overlap between the inferior vena cava and the pulmonary venous atrium is 
present, a transcaval approach is feasible [84, 85]. Because of the potential for 
catastrophic intrathoracic hemorrhage with forceful needle puncture, these pro-
cedures should only be done in centers with considerable experience with adult 
congenital heart disease and ready availability of congenital heart surgeons.

Device intervention

Implantation of an antitachycardia pacing (ATP) device is an option for atrial 
tachyarrhythmia management and prevention in adult Fontan patients, espe-
cially in those with sinus bradycardia or junctional bradycardia [27, 39, 55]. 
Permanent pacing, ideally with a device with antitachycardia pacing proper-
ties, is a PACES/HRS class IIa recommendation for adults with CHD and sinus 
or junctional bradycardia for the prevention of recurrent IART [44•]. These 
dual-chamber devices are not only able to pace terminate episodes of IART but 
are also able to prevent atrial tachyarrhythmia occurrence via 2 mechanisms. 
The first is atrial preference pacing, which essentially paces the atrium slightly 
faster than the intrinsic sinus rate to suppress tachycardia. The second is atrial 
rate stabilization, which increases the pacing rate following a premature atrial 
beat to prevent long pauses, which can be proarrhythmic [86]. Several studies 
have shown successful termination of atrial tachyarrhythmias with ATP and 
reduction in need for cardioversion in adults with congenital heart disease, 
including those with Fontan palliation [86–88]. Implantation of a dual-cham-
ber device is preferred given the potential need for ventricular pacing over 
time, but devices should be programmed for atrial pacing only unless there is 
atrioventricular block. Fontan palliation type influences device implantation 
approach (surgically versus transvenous) with an epicardial surgical approach 
often needed, especially in EC Fontan patients. Transvenous pacing is possible, 
although technically challenging, and chronic anticoagulation is necessary 
given thrombosis risk [89, 90]. Finally, anti-tachycardia pacing devices are 
routinely implanted in patients undergoing Fontan conversion to further help 
prevent and treat atrial tachyarrhythmias over time [13, 42•, 87].
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Surgical intervention

Surgical risk factors for the development of post-Fontan tachydysrhythmia 
have been established as: an older age at initial repair, early post-Fontan 
arrhythmia, double-inlet left ventricle, AV valve regurgitation, and abnormal 
AV valve morphology [26].

The surgical treatment of arrhythmia following Fontan palliation has 
aimed both to address predisposing anatomic and hemodynamic factors 
while also incorporating established ablative techniques to minimize arrhyth-
mia burden following Fontan conversion. In addition to post-Fontan abla-
tive techniques and structural conversion, longitudinal knowledge of post-
Fontan arrhythmia risk has supported the avoidance of intra-atrial suture 
lines with an extra-cardiac conduit palliation and potential incorporation of 
prophylactic ablation from the atriotomy across the anterior atrial wall to the 
right-sided valve annulus at the time of lateral tunnel palliation [91]. While 
the more historical technique of Fontan palliation with the performance of 
an atrial-pulmonary artery anastomosis has been largely abandoned, sinus 
node dysfunction has been reported in up to 40% of atriopulmonary connec-
tion patients and remains a primary indication for corrective Fontan conver-
sion surgery with many advocating for the concomitant performance of right 
atrial reduction, bi-atrial MAZE procedures, and the addition of dual chamber 
antitachycardia pacing systems for nearly all patients at the time of Fontan 
conversion [36, 92, 93]. While variable results are reported, meta-analysis 
has demonstrated a recurrence of tachyarrhythmia in 76% of patients dur-
ing short-term follow-up post-Fontan revision alone prompting many cent-
ers to incorporate concomitant ablation at the time of Fontan revision with 
reported recurrence as low as 8.8–12.8% at 56 months of follow-up [42•]. 
While current outcome measures are limited by heterogenous adoption of 
preoperative electrophysiologic mapping, variable lesion set application, and 
use of both radiofrequency and cryoablative techniques, reported recurrence 
rates are superior to that reported for catheter-based techniques [42•, 74, 94].

Advancements in surgical technique with the adoption of lateral tunnel 
and extracardiac cavopulmonary connections operations have lowered the 
incidence of post-Fontan atrial dysrhythmias to 25%. Comparative analysis 
has demonstrated equivocal rates of supraventricular atrial arrhythmias when 
comparing lateral tunnel versus total cavopulmonary Fontan palliation tech-
niques in short-term follow-up [21, 95]. Systematic reviews, however, have 
favored the extra-cardiac conduit technique for decreased late arrhythmia risk 
with higher rates demonstrated within the lateral tunnel technique popula-
tion (OR 1.96; 95% CI 1.64–2.35; p < 0.01) [96]. Proposed factors for preser-
vation of sinus rhythm following extra-cardiac conduit palliation include the 
avoidance of exposure of the right atrium to elevated systemic pressures, lack 
of need for atrial incisions and suture lines, absence of sinus node manipu-
lation, and elimination of cross-clamp and associated ischemic times [97]. 
Modifications to the lateral tunnel technique have been adopted; however, 
in an attempt to minimize the post-Fontan arrhythmia burden and include 
a right atriotomy extending to the coronary sinus to block the slow conduc-
tion isthmus, cryoablation performed between the right atriotomy and right 
AV valve annulus, avoidance of the crista terminalis, and use of a sandwich 
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technique in closure of the atriotomy incorporating the GoreTex baffle [98]. 
Furthermore, absence of sinus rhythm at the conclusion of the Fontan pallia-
tion has been established as a primary predictor for post-Fontan atrial tachy-
dysrhythmia development supporting the placement of an atrial pacemaker 
at the Fontan operation in these select patients [99]. While promising early 
results have been published, long-term data remain limited, supporting pro-
spective comparative analyses for lateral tunnel versus extra-cardiac conduit 
Fontan techniques and concomitant approaches to atrial ablation.

As reviewed, an ever-increasing and aging post-Fontan population has 
afforded a growing body of knowledge regarding long-term risk and predis-
posing risk factors to the development of post-Fontan atrial dysrhythmia. 
Surgical technique modification, Fontan conversion indications, and defined 
prophylactic and therapeutic ablative techniques will be dependent upon 
standardized approaches to longitudinal follow-up and technical compari-
sons to ultimately advance and improve our surgical treatment strategies for 
this complex patient population.

Conclusion

Atrial tachyarrhythmias are the most common late complication follow-
ing Fontan operation and a significant source of morbidity and mortality 
in these patients. Treatment includes medical, interventional, and surgical 
options, and therapy should consider each individual patient’s symptoms, 
comorbidities, and risk factors. As this patient population ages into adult-
hood, the incidence of atrial tachyarrhythmias is likely to increase. Given 
the complexities of adults with Fontan circulation, including the challenges 
of managing tachyarrhythmias, these patients should be cared for in cent-
ers with a multi-disciplinary team including ACHD cardiologists, congenital 
heart disease surgeons, and interventionalists and electrophysiologists with 
congenital heart disease expertise. This unique, challenging, and growing 
patient population will continue to need focused attention and research to 
advance care and improve outcomes.
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