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Introduction

The idea that prophylactic arrhythmia surgery should be 
incorporated into reparative open heart procedures stems 
from the reality that many patients with specific congenital 
cardiac anatomic substrates are subject to atrial arrhythmia 
development in the course of their lives, which will impact 
negatively on ventricular function, physical well being, 
and long-term survival (1-3). Patients presenting later 
in life with any form of atrial septal defect (ASD) have a 
30% to 50% incidence of atrial arrhythmias [mostly atrial 
fibrillation (AF)] with or without operative repair (4-8). 
Patients with Ebstein anomaly of the tricuspid valve and 

patients undergoing repeat surgery for tetralogy of Fallot 
(TOF) are at significantly increased risk of atrial arrhythmia 
development (9-11). Patients who have had staged 
procedures en route to Fontan physiology also have a high 
incidence of atrial arrhythmias whether the connections be 
atriopulmonary, total cavopulmonary, or extracardiac/lateral 
tunnel (12-15). Others with complex atrial baffles such as 
atrial switch procedures in association with arterial switch 
(double switch for congenitally corrected transposition 
of the great arteries) are associated with a predictable 
incidence of atrial arrhythmias, which theoretically can be 
ameliorated or neutralized (mitigated) by a prophylactic 
maze procedure. 
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Presently, there is emerging consensus regarding 
indications for prophylactic arrhythmia surgery in 
congenital heart disease (16). The surgical community has 
not reached unanimity of opinion as to what constitutes a 
standard prophylactic maze procedure (1,17-21). While the 
operation was conceived to be complication-free owing to 
the lesions being placed in areas that theoretically do not 
interfere with normal sinus rhythm mechanism and one-to-
one conduction, the reality is that there have been reported 
cases of sinus node dysfunction resulting in nodal rhythm 
following maze procedures (21,22). Understandably, one 
must approach such a conundrum with a rationale as to 
which forms of heart disease are associated with sufficiently 
high risk of developing arrhythmia (Table 1) (16) to warrant 
consideration for prophylactic arrhythmia surgery, as well 
as clarity regarding the set of prophylactic lesions to be 
performed, the appropriate lesion sets, and techniques. 
These considerations are important in light of the fact 
that prophylactic arrhythmia therapy may be performed 
without advanced knowledge that the patient in question 
will actually develop an arrhythmia during the course of 
his or her life. Invocation of bioethical principles of non-
maleficence, beneficence, patient autonomy, and justice all 
come to mind and apply (1,23-25). The idea is to establish 
the historic incidence of these arrhythmias, identify the 
arrhythmia (right-sided, left-sided, both right and left 
sided) and offer a safe, effective, and complication-free 
prophylactic procedure (4,22,26-28). 

The aim of this review is to identify preoperative 

congenital heart surgery patients who are at risk for 
developing future atrial arrhythmias, assess the efficacy of 
techniques of arrhythmia surgery in treating the specific 
arrhythmia substrate, and assess the risk/benefit of 
prophylactic arrhythmia surgery. Concomitant prophylactic 
arrhythmia surgery in association with reparative procedures 
is discussed based on a literature review and considered 
application of safe lesion sets for standardization and future 
interprogram comparisons. 

Arrhythmias and congenital heart disease 

The natural history of unrepaired and repaired congenital 
heart disease is fraught with late arrhythmogenic 
complications and therefore is an important field of 
inquiry. As the complexity of types of congenital heart 
disease undergoing surgery advanced, the recognition of 
associated arrhythmia development as a significant source 
of late morbidity evolved. The marked improvement in 
survival among patients with congenital heart disease has 
been associated with the recognition that late arrhythmias 
and heart failure account for over half of late deaths 
(29,30). Among adults with congenital heart disease, the 
development of atrial arrhythmias is associated with a 50% 
increase in early mortality, a two-fold increase in stroke and 
congestive heart failure, and a three-fold increase in the 
need for cardiac interventions (31). Lesions associated with 
the highest prevalence of supraventricular tachycardia (SVT) 
include Ebstein anomaly, atrial repairs of transposition of 

Table 1 Reoperation rates and estimated prevalence of arrhythmias in adults with congenital heart disease

Congenital heart disease lesion Reoperation Atrial arrhythmias Ventricular tachycardia

Ebstein anomaly 30–50% 33–60% >2%

Single ventricle >25% 40–60% >5%

Tetralogy of Fallot 26–50% 15–25% 10–15%

Transposition of the great arteries, atrial switch 15–27% 26–50% 7–9%

Transposition of the great arteries, arterial l switch 12–20% <2% 1–2%

Congenitally corrected transposition of the great arteries 25–35% >30% >2%

Truncus arteriosus 55–89% >25% >2%

Atrioventricular septal defect 19–26% 5–10% <2%

Atrial septal defect <2% 16–28% <2%

Reproduced with permission from Khairy P, et al. PACES/HRS Expert Consensus Statement on the Recognition and Management of 
Arrhythmias in Adult Congenital Heart Disease. Heart Rhythm 2014;11:e102-e165. Copyright © 2014 with permission from Elsevier (16).
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the great arteries, univentricular hearts, ASDs, and right 
heart obstructive lesions such as TOF and double outlet 
right ventricle (31). Of these defects, more than 25% 
of patients with right heart obstructive lesions, Ebstein 
anomaly, and univentricular hearts undergo reoperations 
(10,32). Patients with ASDs may present for intervention 
in adulthood (1,6,8). Clearly, a surgical intervention that 
reduces the risk of later arrhythmia development by the 
inclusion of successful prophylactic arrhythmia surgery 
should result in improved quality of life for a significant 
number of patients (1). 

ASDs, although technically straightforward substrates 
for surgical repair, are associated with late atrial flutter 
(AFL) and AF in as many as 20% to 35% of patients 
(6,26,33). In 1990, Murphy et al. studied 123 patients 
with ostium secundum or sinus venosus ASD in an effort 
to determine the natural history of surgically corrected 
ASDs, 27 to 32 years following the repair (6). Patients 
repaired before age 25 had excellent prognosis; patients 
aged 25 to 41 had good survival but less than age matched 
controls; and patients greater than 41 years had poor 
survival and more frequent late cardiac failure, stroke, 
and AF. Their results indicate “that age at operation is 
the most powerful independent predictor of long-term 
survival”. The idea that ASD closure after 40 years of 
age is associated with increased risk of late complications 
and arrhythmias was heralded by this study (6). Gatzoulis 
and associates [1999] from Toronto retrospectively 
identified 213 adults who underwent surgical ASD 
closure owing to symptoms or substantial left-to-right 
shunt (ratio of pulmonary to systemic blood flow >1.5:1), 
or both (26). In comparison with patients who did not 
have preoperative AF or AFL, the 40 patients with AF 
or AFL were older and had higher pulmonary artery 
pressure, and 24 of the 40 patients (60%) continued 
with AF or AFL after mean follow-up of 3.8 years.  
New onset AF or AFL was found at follow up at greater 
frequency in patients who were older than 40 years at the 
time of surgery, echoing Murphy’s 1990 report (6). The 
authors concluded via multivariate analysis that older 
age at time of surgery (>40 years; P=0.001); presence of 
preoperative AF or AFL; and presence of postoperative 
AF, AFL, or junctional rhythm were predictive of late 
postoperative AF or AFL in adults with ASD (26). In 
Belgium, 155 patients who underwent ASD closure were 
selected from 3 databases (33). All patients were 18 years 
or older; 24 were surgically repaired, and 131 underwent 
transcatheter device closure (33). Over a median follow-

up of 25 months (range, 1–289 months), 25% developed 
atrial arrhythmia. Risk factors for arrhythmia development 
were preoperative or early postoperative atrial tachycardia, 
female gender, and mean pulmonary artery pressure ≥25 
Torr (33). 

Arrhythmia development following surgical repair 
of TOF was initially focused on the risk of ventricular 
tachycardia, related to ventriculotomy, fibrosis, scarring 
and ventricular dilatation and hypertrophy. Subsequently, 
as surgical techniques evolved and repairs were performed 
at younger ages, atrial arrhythmias were recognized in over 
40% of patients, which contributed to important morbidity 
and hospitalizations (11). Ebstein anomaly of the tricuspid 
valve is associated with SVT in 20% to 50% of patients, 
related to accessory connections as well as AF and AFL 
(9,19,34). Perhaps the most challenging patients are those 
with postoperative Fontan complications who develop atrial 
arrhythmias with increasing incidence over time which 
can be as high as 50% (32,35). Oftentimes, these patients 
present with gigantic right atria, atrial reentry tachycardia, 
AF, and hemodynamically important lesions requiring 
surgery such as: venous and arterial pathway obstructions, 
valvar insufficiency, aneurysms, and intracavitary clot 
formation. Modification of the Fontan operation has 
decreased the incidence of late atrial tachycardia to 
approximately 8% to 15% in extracardiac connections, 13% 
to 60% in lateral tunnel connections, and over 60% in the 
earlier atriopulmonary connection repairs (36). Incidence of 
late arrhythmias in patients with modified connections can 
be expected to rise with longer follow-up. Catheter ablation 
in the Fontan patient has acute success rates of about 50% 
with at least 70% recurrence of tachycardia within two years 
(37,38). Catheter access to the right atrium in patients with 
extracardiac connections is limited to the transhepatic or 
transthoracic approach with potential morbidity. Certainly 
patients with prior Fontan surgery undergoing reoperations 
should be considered for prophylactic lesion sets, taking on 
greater importance in light of limited transcatheter access.

Arrhythmia surgery 

The historic record of arrhythmia surgery has been mostly 
confined to therapeutic application of specific lesion sets 
developed to treat existing refractory arrhythmias with 
or without associated intracardiac repair. Sealy and Cox 
originated the descriptions of surgical treatment of accessory 
connections and successfully applied the techniques to 
hundreds of patients (39). Guiradon et al. extended surgical 
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therapy to patients with AFL by developing the isthmus lesion 
from the coronary sinus to the inferior vena cava (IVC) (40). 
Theodoro and colleagues applied the techniques of the right 
sided maze as described by Cox to patients with congenital 
heart disease and atrial arrhythmias (21). Mavroudis extended 
the application of surgical treatment of both AFL and AF 
to patients with congenital heart disease of all ages and to 
patients with prior Fontan surgeries (1,15,41-43). During 
preoperative electrophysiologic studies the recognition of 
three dominant reentrant circuits for atrial tachycardia in 
Fontan patients led to the development of the modified right 
atrial maze, which included an isthmus lesion that was not 
part of the Cox right atrial maze (12,15). Multiple centers 
have successfully applied these various operative arrhythmia 
techniques to patients with congenital heart lesions. 

In 2006, Karamlou and colleagues have demonstrated 
efficacy of concomitant atrial arrhythmia surgery in TOF 
patients with preexisting atrial arrhythmias who were 
undergoing pulmonary valve surgery and or tricuspid 
valve repair (44). In patients without arrhythmia by  
18 years of age, reported SVT prevalence during long-
term follow-up was over 15% (3). Giamberti and colleagues 
published their cumulative experience of 50 adults with 
congenital heart disease in 2006 (8) and 2008 (45). Patients 
underwent irrigated radiofrequency ablation concomitantly 
(31 right-sided maze procedures; 13 Cox-maze III 
procedures; 6 right ventricular ablations; and additional 
14 pacemakers). Two patients died from causes not related 
to intraoperative ablation. During average follow up of 
28 months, 48 patients were alive and in New York Heart 
Association class I or II. All patients were discharged with 
antiarrhythmic medication for 3 months. Forty three 
patients were still in sinus rhythm, 2 were in sinus rhythm 
and taking permanent antiarrhythmic medication for 
recurrent AF, 2 were in stable AF, and 1 was in pacemaker 
rhythm at the time of publication (45). The authors found 
irrigated radiofrequency ablation to be effective to control 
arrhythmias in adults with congenital heart disease (45).

Recognizing the increasing contribution of arrhythmias 
to long-term morbidity, three recent groups have published 
recommendations for concomitant arrhythmia surgery in 
patients with existing arrhythmias undergoing planned 
surgical repairs (Table 2) (16,46). The 2015 American 
College of Cardiology/American Heart Association/Heart 
Rhythm Society guidelines for the management of SVT in 
adults include a class I recommendation for assessment of 
associated hemodynamic abnormalities for potential repair 
in adults with congenital heart disease as part of therapy for 

SVT (46). In the consensus statement for management of 
arrhythmias in adults with congenital heart disease, surgical 
ablation of associated atrial tachycardia is recommended 
in patients undergoing planned surgical repair, and a left 
atrial Cox-maze III procedure with right atrial cavotricuspid 
isthmus ablation is recommended for adults with congenital 
heart disease and AF. Guidelines for the management of AF 
in adults consider it reasonable to perform surgical ablation 
for AF in select patients undergoing cardiac surgery for other 
indications. These guidelines were made in recognition of 
the efficacy of surgical techniques for treating AFL and AF, 
as well as SVT related to accessory connections (16,46).

Arrhythmia surgery techniques

AF

The original maze procedures for AF were characterized 
as Cox-maze I, II, and III (47-49). Because original lesion 
sets were designed as “cut and sew”, energy ablative 
sources were introduced to shorten the procedure and limit 
bleeding complications, termed the Cox-maze IV. Lesion 
sets were designed to isolate left atrial macro and micro-
reentry and prevent AF, while preserving conduction from 
the sinoatrial node to the atrioventricular node to maintain 
atrioventricular synchrony, preserve left atrial transport 
function, and reduce thromboembolism. The left atrial maze 
procedure is effective owing to the specific lesions designed 
to encircle the pulmonary veins and to limit reentry circuits 
that would occur in the left atrioventricular valve isthmus, 
reentry via the coronary sinus, and reentry via Bachmann’s 
bundle in the dome of the left atrium (1). Originally, the 
Cox-maze procedure included left atrial appendectomy and 
an incision to the confluence of pulmonary vein encircling 
lesion(s). Resection of the left atrial appendage was thought 
to remove the source of thrombi known to occur in AF; it is 
not clear whether the left atrial appendectomy plays a role 
in arrhythmia ablation. 

Cox articulated the following observations regarding 
AFL/AF and the maze procedure (50):

(I)	 The local effective refractory periods of the left 
atrium are shorter than in the right atrium;

(II)	 AFL most likely occurs on the basis of reentry in 
the right atrium (longer effective refractory periods 
and larger reentrant circuits);

(III)	 AF likely occurs on the basis of reentry in the left 
atrium (shorter effective refractory periods and 
smaller reentrant circuits);
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Table 2 2014 ACC/AHA/HRS Guidelines and Consensus Statements

Class of 
recommendation

Level of 
evidence

Recommendation

2014 Guidelines for arrhythmia management in adult congenital heart disease

I B A modified right atrial maze procedure is indicated in adults undergoing Fontan conversion with symptomatic 
right atrial IART 

A modified right atrial maze procedure in addition to a left atrial Cox maze III procedure is indicated in 
patients undergoing Fontan conversion with documented AF 

IIa B Concomitant atrial arrhythmia surgery should be considered in adults with Ebstein anomaly undergoing 
cardiac surgery

A (modified) right atrial maze procedure can be useful in adults with CHD and clinical episodes of sustained 
typical or atypical right atrial flutter

A left atrial Cox maze III procedure with right atrial cavotricuspid isthmus ablation can be beneficial in adults 
with CHD and AF 

2014 Guidelines for the management of AF in adult congenital heart disease

IIa C An AF surgical ablation procedure is reasonable for selected patients with AF undergoing cardiac surgery for 
other indications

2015 Guidelines for the management of SVT in adult congenital heart disease

I C-LD Assessment of associated hemodynamic abnormalities for potential repair of structural defects is 
recommended in ACHD patients as part of therapy for SVT

IIa B-NR Preoperative catheter ablation or intraoperative surgical ablation of accessory pathways or AT is reasonable 
in patients with SVT who are undergoing surgical repair of Ebstein anomaly

Surgical ablation of AT or atrial flutter can be effective in ACHD patients undergoing planned surgical repair

Recommendations for prophylactic arrhythmia surgery in adult congenital heart disease

IIa B A modified right atrial maze procedure should be considered in adults undergoing Fontan conversion or 
revision surgery without documented atrial arrhythmias 

Concomitant atrial arrhythmia surgery should be considered in adults with Ebstein anomaly undergoing 
cardiac surgery 

IIb B Adults with CHD and inducible typical or atypical right atrial flutter without documented clinical sustained 
atrial tachycardia may be considered for (modified) right atrial maze surgery or cavotricuspid isthmus ablation 

C Adults with CHD undergoing surgery to correct a structural heart defect associated with atrial dilatation may 
be considered for prophylactic atrial arrhythmia surgery

Adults with CHD and left-sided valvar heart disease with severe left atrial dilatation or limitations of venous 
access may be considered for left atrial maze surgery in the absence of documented or inducible atrial 
tachycardia 

Closure of the left atrial appendage may be considered in adults with CHD undergoing atrial arrhythmia 
surgery 

III C Prophylactic arrhythmia surgery is not indicated in adults with CHD at increased risk of surgical mortality 
from ventricular dysfunction or major co-morbidities, in whom prolongation of cardiopulmonary bypass or 
cross clamp times owing to arrhythmia surgery might negatively impact outcomes 

Empiric ventricular arrhythmia surgery is not indicated in adults with CHD and no clinical or inducible sustained VT 

Reproduced with permission from Khairy P, et al. PACES/HRS Expert Consensus Statement on the Recognition and Management of 
Arrhythmias in Adult Congenital Heart Disease. Heart Rhythm 2014;11:e102-e165. Copyright © 2014 with permission from Elsevier (16) 
and Page RL, et al. 2015 ACC/AHA/HRS Guideline for the Management of Adult Patients With Supraventricular Tachycardia: A Report of 
the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. 
J Am Coll Cardiol 2016:67;e27-e115. Copyright © 2016 with permisson from Elsevier (46). ACC, American College of Cardiology; AHA, 
American Heart Association; HRS, Heart Rhythm Society; IART, intra-atrial reentrant tachycardia; AF, atrial fibrillation; CHD, congenital 
heart disease; SVT, supraventricular tachycardia; LD, limited data; NR, nonrandomized; ACHD, adult congenital heart disease; AT, atrial 
tachycardia; VT, ventricular tachychardia.
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(IV)	 Maze incisions confined to the left atrium are likely 
to ablate AF but not AFL (50).

Subsequent modifications to the maze procedure, 
all developed to shorten the operation, allow epicardial 
approaches without cardiopulmonary bypass and facilitate 
a transcatheter ablation (1,51,52). Further, because AF 
typically originates in the left atrium, potential exclusion of 
the right-sided lesions was introduced (50,51). Subsequent 
efforts to minimize the pulmonary vein and left atrial 
lesions resulted in procedures labeled as mini-maze, 
“modified” maze, “right atrial” maze, ”left atrial” maze, 
and “biatrial” maze. “Maze” became synonymous with any 
modified lesion set that was applied to the atria as therapy 
for reentrant atrial arrhythmias. 

The original “cut and sew” Cox-maze III procedure 
resulted in long-term freedom from AF in greater than 
97% of patients (1,49,53). All subsequent modifications 
have achieved varying degrees of efficacy, approaching 93% 
(1,54-56). The superiority of a biatrial maze procedure for 
AF prevention has been demonstrated in several studies 
(1,17,55,56). In a review of many different lesion sets for 
AF, Barnett and Ad [2006] reviewed 69 studies and 5,885 
patients who underwent surgical ablation (67% biatrial 
and 33% left atrial) for AF lasting >6 or 12 months (56). 
Survival rates were similar for both procedures, however, 
the biatrial maze ablation demonstrated superior long-term 
freedom from AF at all time points. 

AFL

The classic “cut and sew” right-sided maze procedure (49) 
involves a linear incision from the superior vena cava (SVC) 
to the IVC, right atrial appendectomy, incision from the 
base of the resected right atrial appendage to the midpoint 
of the right atrial anterior wall not in communication with 
the SVC-IVC incision, an incision posteriorly from the base 
of the right atrial appendage to the anterior tricuspid valve 
annulus, and a communicating incision from the SVC-IVC 
incision to the posterior tricuspid valve annulus (1). It is 
important to recognize that these lesions were developed 
from animal models without congenital heart disease or 
previous operations. 

Subsequent electrophysiology studies have demonstrated 
the key role played by the right atrial isthmus in typical 
right AFL (isthmus dependent right atrial macroreentry) 
(1,57-60). The right atrial isthmus is considered the area 
between the tricuspid valve annulus and the coronary sinus 
and the IVC. Targeted ablation of this isthmus region 

transforms the area of “slow conduction” to an area of “no 
conduction” and effectively terminates typical AFL (1,61). 

In the congenital heart disease population, additional 
right atrial macroreentrant circuits have been identified 
commonly referred to as “non-isthmus” dependent 
tachycardia (1,62). These circuits may involve reentry 
around prior incisions (“incisional tachycardia”) or 
prosthetic material such as ASD patches. The lateral right 
atrial wall at the inferior aspect of the crista terminalis is 
often an area of unexcitable atrial tissue with low voltage 
electrograms and is labeled as “scar”. This area of “slow 
conduction” or scar can contribute to an additional 
macroreentrant circuit. Elimination of the isthmus of slow 
conduction between these incisions, patches, or electrical 
scars forms the basis of ablation strategies for non-isthmus-
dependent right atrial tachycardia. These alternative 
lesion sets are referred to as “modified right atrial maze 
procedures” and appear to be responsible for elimination of 
right atrial tachycardia in the setting of complex congenital 
heart disease (14,62). The lesion sets of the modified right 
atrial maze (Figures 1,2) (1,63) may not be appropriate to 
employ as prophylactic lesion sets as the evidence for first 
time arrhythmia occurrence favors an isthmus-dependent 
circuit. In light of the accumulated retrospective studies, we 
favor an isthmus lesion (Figure 1) for right atrial arrhythmia 
prophylaxis (1,63).

Energy sources

Technical concerns relative to the “cut and sew” maze 
include the length of the procedure and risk of perioperative 
bleeding (1). Energy sources have been developed to 
minimize the need for incisions and subsequent bleeding 
complications (1,8,48-51,53,64).

Khargi and colleagues [2005] compared alternative 
sources of energy (radiofrequency-microwave and 
cryoablation; group I) for treating AF with a classic cut and 
sew Cox-maze III (group II), which claims 97% to 99% 
sinus rhythm success rate (1,65). Forty eight studies were 
reviewed with 3,832 patients (2,279 in group I and 1,553 
in group II). There was no difference in mean duration of 
preoperative AF, left atrial diameter and left ventricular 
ejection fraction. Freedom from AF was 78% (group I), 
85% (group II), and not statistically significant, implying 
no significant difference in the two sources of energy (1). 
Schuessler et al. [2009] summarized their experience in 
porcine models with 9 different unidirectional devices to 
create continuous transmural lines of ablation from the 
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atrial epicardium and thereby replace the cut and sew 
lesions with lines of ablation and perform the procedure 
without cardiopulmonary bypass (66). The devices included 
radiofrequency, microwave, lasers, and a cryothermia device. 
The maximum penetration of any device was 8.3 mm  
and therefore all devices except one (a radiofrequency 
device) failed to penetrate 2.0 mm in some non-transmural 
sections.

It appears that depth of lesions by whatever means is 
more important than the energy sources/incisions that are 
used to achieve the result. Patients with congenital heart 
disease have varying degrees of atrial thickness owing to the 
specific heart defect and the adaptive mechanisms over a 
lifetime of perturbed hemodynamics. For example, patients 
with tricuspid atresia have thick atrial walls, while patients 
with double inlet left ventricle tend to have thin atrial 
walls. These anatomic variances become important when a 
transmural lesion needs to be accomplished. 

What we know about lesion sets for atrial 
tachycardia 

The right-sided maze procedure as described by Cox et al. 
[1991] has a number of lesion sets that are performed by 
the classic “cut and sew” technique (47). The traditional 
surgical lesions in the classical right atrial maze include 
right atrial appendectomy, a lesion between the amputated 
right atrial appendage and the anterior tricuspid annulus, 
and the lesion from the SVC to the IVC (63). In particular, 
the lesion between the SVC and the IVC is similar to the 
incision that is oftentimes performed to repair a sinus 
venosus ASD (63). This incision is commenced in the upper 
third of the right atrial free wall and extends through the 
area of the sinoatrial node into the SVC. This repair, when 
performed in this manner has a high incidence of sinus node 
dysfunction, resulting in nodal rhythm.

Subsequent development of the modified right atrial 

Figure 1 A right atrial view of potential prophylactic ablative 
lesions after aortobicaval cardiopulmonary bypass and cardioplegic 
arrest. The two cryoablation lines (cryoablation or radiofrequency 
ablation) connect the coronary sinus with the os of the inferior 
vena cava and the tricuspid annulus with the os of the inferior vena 
cava, respectively. Reproduced with permission from Mavroudis 
C, et al. Prophylactic atrial arrhythmia surgical procedures with 
congenital heart operations: review and recommendations. Ann 
Thorac Surg 2015;99:352-59. Copyright © 2015 with permission 
from Elsevier (1).

Figure 2 Right and left atrial views of potential prophylactic 
ablative lesions after aortobicaval cardiopulmonary bypass and 
cardioplegic arrest. Added to the lesion set in Figure 1 are the 
lesion sets that comprise the left sided maze procedure without 
performing a left atrial appendectomy. Shown in the left atrium 
are circumferential isolation of the pulmonary vein confluence, 
connection of the pulmonary vein confluence with the P3 
location of the posterior mitral valve annulus, and connection 
of the pulmonary vein confluence with the base of the left atrial 
appendage. Reproduced with permission from Mavroudis C, 
et al. Prophylactic atrial arrhythmia surgical procedures with 
congenital heart operations: review and recommendations. Ann 
Thorac Surg 2015;99:352-59. Copyright © 2015 with permission 
from Elsevier (1).
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maze includes lesions between the IVC and the tricuspid 
valve, the coronary sinus and the tricuspid valve, and 
between the IVC and the coronary sinus. The right 
atrial cavotricuspid isthmus represents areas of “slow 
conduction” which together with an area of unidirectional 
block contribute to atrial reentry tachycardia (1,61,63). 
Converting these locations from areas of slow conduction to 
areas of no conduction using transcatheter radiofrequency 
ablation techniques can be effective. This area at the 
so-called “isthmus” is usually the first set of applied 
radiofrequency lesions that are delivered by transcatheter 
techniques in a hierarchical series that includes the area 
between the fossa ovalis and the lateral wall crista terminalis, 
the base of the atrial appendage and the tricuspid annulus, 
as well as other areas of slow conduction that are identified 
by electrophysiologic mapping. 

Because of the severity of the tachycardia in patients with 
complex congenital heart disease such as Fontan patients, 
arrhythmia ablation tends to be more important than the 
risk of nodal rhythm, which can be treated by pacemaker 
therapy (63). In addition, surgical ablation in these 
populations does not lend itself to a step wise hierarchical 
treatment plan because access to the anatomic areas of 
interest often require extending the cross clamp time 
under some type of systemic hypothermia. Separation from 
cardiopulmonary bypass, remapping and recommencement 
of cardiopulmonary bypass/aortic cross clamp to ablate 
the next area of interest increases the risks of myocardial 
ischemia, systemic inflammation, and air embolism (63). As 
a result, surgeons are more likely to ascribe to the axioms 
“more is better” and “getting it right the first time”. These 
tenets are not operative, however, when considering simple 
cases of atrial tachycardia or recent onset of AF in patients 
with two ventricles and congenital heart disease. This is 
especially true when considering prophylactic arrhythmia 
surgery, which raises the tenet of “do no harm”. 

In light of evidence of sinus node dysfunction following 
the classic right atrial maze in the ASD population, it seems 
unwise to include the lesion between the SVC to IVC to 
prevent atrial tachycardia as a prophylactic procedure, 
especially because there is little proof as to the validity of 
this lesion when compared with the isthmus ablation line. 
The same is true for the lesion that is sometimes placed 
from the fossa ovalis to the posterior atrial flap of the 
atriotomy, when an atriotomy is required for right atrial 
access. While this lesion might be indicated for treatment of 
incessant atrial tachycardia, there is very little evidence that 
such a lesion might be effective as a prophylactic measure. 

Proposed lesions sets for prophylactic 
arrhythmia surgery 

Prophylactic arrhythmia surgery in humans with congenital 
heart disease has not been tested by a prospective, 
randomized, clinical study owing to non-standardized lesion 
sets, variable patient populations, and lack of unanimity 
for the need of this additive procedure, which requires a 
measurable amount of cardiopulmonary bypass and cross-
clamp times (1). In addition to these impediments are the 
paucity of retrospective clinical studies, which can help to 
define various approaches to certain patient populations and 
can form the basis for clinical equipoise and the need for an 
organized multi-institutional study (1).

There have been very few studies that have applied 
therapeutic lesion sets as prophylactic measures in 
humans (1,5,17,21). Based on animal studies that induce 
atrial tachycardia and lysis with one incision, Collins and 
associates applied a single incision in the anterior atrial flap 
to the anterior tricuspid annulus in Fontan patients (67). 
The idea was that this lesion would mitigate against the 
incidence of atrial tachycardia. The short-term results failed 
to show efficacy, which was perhaps related to the small 
number of patients with limited follow up or alternatively 
related to a lesion set that did not address the right atrial 
cavotricuspid isthmus (1).

Based on the limited clinical studies, retrospective surgical 
and transcatheter ablation results, and the debated opinion 
of surgeons, prophylactic arrhythmia lesion sets are offered 
for diagnostic subsets with predictive arrhythmia occurrence 
that are undergoing a primary or secondary therapeutic 
anatomic surgical intervention (Table 3, Figures 1,2) (1,63). 
Based on the historic data regarding populations with the 
highest incidence of atrial arrhythmia development, targeted 
populations for prophylactic arrhythmia surgery in the right 
atrium include patients with unrepaired ASDs presenting 
over 40 years of age (1,5), patients with Ebstein anomaly (1), 
tetralogy patients presenting for pulmonary valve insertion 
(1,68,69), and single-ventricle patients who present for 
Fontan operations (1,16,32,70-72). Prophylactic surgery for 
AF would be considered for patients with significant left-
sided atrioventricular disease and severe left atrial dilatation 
undergoing planned surgery, with lesions including left atrial 
maze and right-sided cavotricuspid isthmus ablation (16).

Figure 1 shows a lesion set that interrupts the potential 
areas of slow conduction at the “isthmus” (1,63). This is the 
first area that is approached for therapeutic transcatheter 
radiofrequency ablation in patients with atrial reentry 
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tachycardia, which is successful in 75% of cases. The area 
of interest is easy to locate, easy to ablate and has minimal 
risks. Figure 2 shows the lesion set for prevention of AF.

Lesion sets should be standardized not only for 
therapeutic measures but also for prophylactic applications 
for patients with congenital heart disease undergoing 
repair. The principles of prophylactic procedures should be 
preserved, namely that the prophylactic procedure should 
be simple to perform, should be attended by a minimum of 
complications, and be supportive of potential problems that 
can cause significant hemodynamic problems to the patient 
over the long term.
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