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Surgery aims to eliminate atrial fibrillation (AF) through direct mod-
ification of the arrhythmogenic substratum. The Maze procedure,
developed two decades ago, has proven to be clearly effective in
restoring sinus rhythm in AF patients with or without associated
organic cardiac disorders. Indications for surgery may be tailored to
the clinical situation involved. In patients with continuous AF associ-
ated with structural heart disease (eg, valvular, congenital or coronary
artery disease), the performance of a concomitant AF ablation proce-
dure proven to add minimal morbidity to the operation may be highly
beneficial to patient outcome. It is likely, although not entirely
proven, that the restoration and maintenance of sinus rhythm after
mitral valve surgery promotes survival by preventing tachycardia-
induced cardiomyopathy and stroke. Novel strategies for AF surgery
involve the use of alternate energy sources to create the lines of block
in the atria and the simplification of the lesion pattern compared with
the earlier Cox-Maze procedure. Published clinical data support the
contention that left atrial ablation techniques performed concomi-
tantly with valvular and/or coronary artery bypass surgery are likely to
result in a 70% to 90% cure rate of AF in patients with preoperatively
documented AFE Despite the lack of evidence for long-term outcome
benefit, intraoperative pulmonary vein ablation, feasible with minimal
morbidity, clearly appears to be an improvement over simply ignoring
AF in patients undergoing cardiac surgery. Left atrial appendectomy
appears warranted in patients with chronic persistent AE
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Le traitement chirurgical de la fibrillation
auriculaire

La chirurgie vise 2 mettre fin a la fibrillation auriculaire (FA) par une
modification directe du substrat arythmogeéne. La technique du labyrinthe,
mise au point il y a une vingtaine d’années, s’est montrée vraiment efficace
pour rétablir le rythme sinusal chez des patients atteints de FA, associée ou
non a des troubles cardiaques organiques. Les indications de la chirurgie
peuvent étre adaptées A différentes situations cliniques. Dans les cas de FA
permanente, associée a une cardiopathie structurale (lésion valvulaire,
congénitale ou coronarienne), la réalisation d’une intervention
concomitante de suppression de la FA, qui augmente de trés peu le risque
de morbidité associé a 'opération peut s’avérer grandement bénéfique. Par
ailleurs, il est probable, mais non confirmé encore, que le rétablissement et
le maintien du rythme sinusal aprés une opération valvulaire mitrale
puissent améliorer la survie en prévenant la myocardiopathie d’origine
tachycardique et les accidents vasculaires cérébraux. Des techniques
chirurgicales novatrices utilisent des sources nouvelles d’énergie pour créer
les lignes de segmentation des oreillettes tout en simplifiant la forme des
lésions par rapport a celles produites par I'intervention originelle de Cox,
en labyrinthe. Des données cliniques publiées étayent le point de vue selon
lequel les techniques d’ablation tissulaire de Poreillette gauche, pratiquées
en méme temps qu’une intervention chirurgicale valvulaire ou un pontage
coronarien sont susceptibles de se solder par un taux de guérison de 70 %
2 90 % chez les patients souffrant de FA avérée en phase préopératoire.
Malgré I'absence de données sur les résultats a long terme, l’ablation
peropératoire des veines pulmonaires, intervention réalisable tout en étant
associée a une tres faible morbidité, paralt comme une nette amélioration
par rapport au simple traitement abstentionniste de la FA chez les patients
subissant une opération cardiaque. Enfin, I'auriculectomie gauche semble
justifiée chez les patients présentant de la FA chronique.

RECOMMENDATIONS
Class 1

1) Patients undergoing intraoperative ablation of atrial
fibrillation (AF) should be anticoagulated
postoperatively unless they have a strong
contraindication to oral anticoagulation therapy
(level of evidence C).

Class Ila

1) In patients undergoing mitral valve replacement or
repair with a history of symptomatic persistent or
paroxysmal AF, concomitant intraoperative AF ablation
should be considered to increase the likelihood of the
restoration of sinus rhythm (level of evidence B).

Class IIb

1) Patients with symptomatic persistent or paroxysmal AF
undergoing other cardiac surgery (eg, coronary artery
bypass grafting, aortic valve replacement or both) may

be considered for intraoperative AF ablation (level of
evidence C).

2) Patients with refractory, symptomatic AF not associated
with organic heart disease and without comorbidities
may be considered for surgical ablation when other
nonpharmacological procedures have failed (level of
evidence C).

3) Patients who have undergone intraoperative AF
ablation should be re-evaluated for anticoagulation
therapy after three months of follow-up according to
the general recommendations made after valvular
surgery (level of evidence C).

INTRODUCTION
Earlier attempts at surgical therapy of AF targeted the reduction
of rapid ventricular rate by interrupting the nodohisian pathway
and inserting a permanent pacemaker (1). Soon after these
first attempts at ventricular rate control, Scheinman et al (2)
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introduced the concept of catheter-based ablation techniques.
However, these procedures led to permanent pacemaker
dependency. To overcome this problem, surgical procedures
aimed at preserving the patient’s own sinus nodal function
were introduced (3-5). In spite of the relative success in sup-
pressing most of the symptoms associated with uncontrolled
ventricular response, these procedures hardly offered any
advantage over radiofrequency catheter ablation of the
nodohisian pathway (6).

Further developments in arrhythmia surgery were aimed at
the elimination of AF through direct modification of the
arrhythmogenic substrate. Varying degrees of surgical modifi-
cation may be tailored to the clinical situation involved (7). In
the case of occasional paroxysmal ‘lone” AF, where symptoms
may be the main treatment objective, the invasiveness of surgical
therapy has a major impact on decision making. However, in
patients with structural heart disease (eg, valvular or congen-
ital) or associated coronary artery disease, the performance of a
concomitant AF ablation procedure, proven to add minimal
morbidity to the operation, may be highly beneficial to patient
outcome.

INDICATIONS FOR SURGICAL THERAPY
The physiological objectives of AF surgery are to prevent
symptoms associated with rapid and irregular heart beat, to
avoid blood stasis in the atrium and the attendant risk of
thromboembolic events, and to preserve atrial function, which
ensures optimal cardiac performance. However, the clinical
value of surgical AF ablation procedures needs to be assessed
with respect to the rate of freedom from AF recurrence, the
rate of freedom from thromboembolic events, and the
improvement of long-term survival.

The need for AF surgery during mitral valve operations
There is no large-scale randomized clinical trial that demon-
strates the long-term benefits of a concomitant Maze proce-
dure or any of its later modifications. However, inferences can
be made based on a historical comparison of the results of
valvular operations. The maintenance of sinus rhythm after
successful cardioversion promotes both atrioventricular syn-
chrony and active diastolic ventricular filling (8). The restora-
tion and maintenance of sinus rhythm after mitral valve
surgery may improve survival by preventing tachycardia-
induced cardiomyopathy and stroke. AF occurs in 30% to 50%
of patients undergoing mitral valve surgery (9-13). These studies
have also demonstrated that preoperative AF is a strong deter-
minant of postoperative AF (9-13). According to Jessurun et al
(14), preoperative sinus rhythm, preoperative paroxysmal AF
and preoperative chronic continuous AF would confer a rela-
tive risk of AF recurrence of 1.18 (95% CI 54+79), 2.35 (95% CI
18+54) and 19.2 (95% CI 0.8+12), respectively. In the same
study, AF continued in 94% of the cases with preoperative
chronic AE whereas sinus rhythm persisted in 86% of patients
undergoing mitral valve surgery with preoperative sinus
thythm (14). Similarly, paroxysmal AF persisted after surgery
in 95% of the patients with preoperative AF despite anti-
arrthythmic drugs. At the end of follow-up, more patients with
preoperative chronic AF had died than those with preopera-
tive sinus rhythm or paroxysmal AF, and AF persisting after
surgery tended to determine survival (P=0.05). Other studies
(13,15) also showed that patients with AF had a worse survival
rate after mitral valve repair than patients in sinus rhythm.
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Results of the Maze-III procedure

Interpretation of published results from the classic Maze-III pro-
cedure is confounded by the inconsistency of patient selection
regarding the severity of symptoms, the type and duration of AE,
and whether the operation was performed for ‘lone’ or ‘valvular’
AE Reports (16-20) of the Cox-Maze operation have demon-
strated a long-term elimination of AF in 84% to 98% of cases.
Only a few studies have demonstrated a long-term benefit of the
Maze procedure in reducing late morbidity and improving func-
tional outcomes. Bando et al (21) showed that the addition of a
Maze procedure to mitral valve operations did not increase mor-
bidity in the immediate postoperative period. Their results indi-
cated that a combined Maze procedure restored sinus thythm in
84% of patients at three years after surgery, whereas only 6% of
patients with mitral valve replacement alone avoided recurrent
AE Although survival benefit from the Maze procedure is not
yet fully demonstrated, a number of reports (16-26), mainly with
case-matched comparisons, have shown that the procedure is
highly effective in restoring sinus thythm compared with valvular
surgery alone. Of further interest, 97% of the patients in the
series by Bando et al (21) were free from late stroke at five years
after surgery, compared with only 79% of patients who under-
went mitral valve replacement alone. That study also showed
that, according to multivariate analysis, the omission of a Maze
procedure was the most significant risk factor for the develop-
ment of late stroke. However, their selection criteria for actually
performing a Maze procedure may have introduced a significant
bias, suggesting that more diseased atria are more important for
patient outcome than the arrhythmia itself.

Some surgeons suggest avoiding the Maze procedure in
addition to mitral valve replacement with mechanical valves,
arguing that these patients receive permanent systemic anti-
coagulation therapy anyway. However, in the study by Bando
et al (21), most of the late strokes among patients receiving
warfarin occurred in patients with mechanical valves. These
findings confirmed that the restoration of sinus rthythm after
mitral valve surgery by a Maze procedure is the most effective
means of preventing late strokes, even for patients with
mechanical valves. This propensity to reduce stroke rate may
be related to the resection of the left atrial appendage and to
the preserved atrial transport function. Several groups have
reported their results with Doppler echocardiography after
AF surgery. Most of them claimed a 75% to 90% incidence of
biatrial contraction (27-32). However, atrial function is likely
to remain abnormal in such patients who already have dam-
aged atria (28). The resection or obliteration of the left atrial
appendage may have contributed to the low incidence of late
stroke. Although controversial, left atrial appendectomy is
considered to have a high potential for stroke rate reduction in
several studies (33-36). However, at least two reports (36,37)
suggest that incomplete obliteration of the left atrial
appendage may, in fact, promote stroke.

In summary, the Maze procedure has proven effective in
restoring sinus rhythm in AF patients with or without associated
organic cardiac disorders. Although attempts to restore post-
operative sinus rhythm at the time of mitral valve surgery may
appear worthwhile, the definitive proof of a long-term survival
benefit has yet to be determined in a randomized study.

CHANGING CONCEPTS IN AF SURGERY
For arrhythmias associated with stable macroreentrant circuits
(eg, Wolff-Parkinson-White syndrome), the ablation process
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TABLE 1
Energy sources for atrial fibrillation surgical ablation

Radiofrequency Nonirrigated monopolar coil
Irrigated monopolar coil
Irrigated tip

Nonirrigated bipolar jaws

Irrigated, malleable bipolar jaws

Microwave Rigid linear probe
Flexible catheter

Cryoablation Malleable linear coil
Rigid focal probes

Laser Rigid linear probe*

High-frequency ultrasounds Flexible catheter*

*Not yet commercially available in Canada

TABLE 2
Summary of atrial fibrillation (AF) surgical approaches

Procedure Advantages Disadvantages

Cox-Maze-lll High success rate
(freedom from AF);
low TEE rate

Easier to learn;
proven efficacy

(85% early, 75% late survival

Increased operative
difficulty/time;
reduced atrial function
Risk of left atrial flutter;
unknown effect on late

(Cut-and-sew)

Full Maze-lll
design using
ablation energy

freedom from AF)

Left atrial RF
ablation including
LAA resection

Easy to perform with
valvular surgery (75%
to 88% freedom from

Does not address right
atrial flutter; unknown
effect on late survival

AF after five years)

Pulmonary veins

‘en bloc’ isolation

Easier to perform;
amenable to minimally
invasive approaches

Does not address right
atrial flutter; unknown
effect on late TEE rate
and late survival

LAA Left atrial appendage; RF Radiofrequency; TEE Thromboembolism

follows the classic paradigm of arrhythmia surgery that is based
on the identification of the arrhythmia mechanism, the
anatomical localization of the arrhythmogenic substrate and
the design of effective surgical technique ablating the deter-
mined target (38,39). The same paradigm linked to the use of
radiofrequency energy led to the development of percutaneous
procedures that have proven to be highly effective for arrhyth-
mias due to discrete anatomical substrates (40). AF, however,
remains the most complex and least understood among the
supraventricular arrhythmias, despite the significant research
advances that have taken place in the past few years (41).
Nevertheless, nearly two decades ago, a group at Washington
University (St Louis, Missouri, USA) (42-44) came up with the
idea that multiple lesions created in both atria aimed at sup-
pressing all possible AF mechanisms might lead to an effective
procedure. The two major principles of the operation were the
fragmentation of the atria into smaller myocardial segments
not able to withstand microreentrant circuits, and the creation
of connecting lines of block to the mitral and tricuspid valve
annuli to prevent macroreentry in the left or right atria.
Although these concepts aimed for the suppression of the main-
tenance mechanism of AF, they inadvertently affected the trig-
gering mechanisms through the isolation of the pulmonary
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Figure 1) Left atrial lesion pattern currently used for atrial fibrillation
ablation. Inside view of the left atrium from an atriotomy in the
Waterston groove (standard for mitral valve [MV] surgery). Pulmonary
veins are encircled in pairs. Connecting lesions are made between pul-
monary veins, the mitral valve annulus and the left atrial appendage,
which is resected or tightly closed. LPV Left pulmonary veins; rTLAA
Resected left atrial appendage; RPV Right pulmonary veins

veins. New information on the electrophysiological triggers of
AF came well after the development phase of the Cox-Maze
procedure. A major step in the understanding of AF came
more recently when Haissaguerre et al (45) found that ectopic
activity initiating AF originates in the pulmonary vein ostia.
This work had a remarkable impact on the clinical manage-
ment of AF (40), and not only paved the way to catheter-based
interventions, but also contributed to the design of new opera-
tive approaches. Although it appears quite clear that ectopic
foci within or near the pulmonary vein orifices are the major
arrhythmogenic event in patients with paroxysmal AF, intra-
operative mapping studies in patients with mitral valve disease
are rather scarce (46-51). Moreover, in most series, the success
rate achieved by Cox et al (16) could hardly be duplicated, as
the rate of freedom from AF recurrence varied between 70% and
90% (17-19,21-25). The Cox-Maze procedure was also per-
formed at the expense of long pump runs, prolonged cardio-
plegic arrest, increased risk of bleeding, increased risk of
postoperative fluid retention and poor atrial function (24).
The new knowledge regarding the role of pulmonary vein-left
atrial junction, combined with the low adoption rate of the
Maze procedure in the surgical community, led several groups
to evaluate novel strategies based on the following changes:
the use of alternate energy sources replacing cutting and sewing
to create the lines of block (Table 1); and the simplification
of the lesion pattern consisting of the omission of some of the
Maze-I1I incisions (Table 2 and Figure 1).

The first attempts at replacing the Maze incisions were
based on radiofrequency energy (52-60). Sie et al (53) and
Giiden et al (54) used an irrigated tip monopolar radio-
frequency catheter, with which lesions can be drawn on the
endocardium with a pen-like action. Actuarial freedom from
AF was 80% and 70% at three and five years, respectively.
Raman et al (32) used a dry monopolar coil to create right and
left atrial lesions, and they reported 100% freedom from AF at
12 months. Clinical data suggest that left atrial ablation alone
can afford the same results as biatrial ablation (54,56-58,60).
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Although variable, reported results indicate success rates ranging
between 70% and 90% (52-60). Mohr et al (58) achieved an
85% cure rate with a continuous lesion connecting all four
pulmonary veins to the mitral valve annulus. Smaller series
using left atrial ablation patterns with microwave energy or
cryosurgery have also reported acceptable results (61,62). The
difficulty in drawing any firm conclusion from these data
comes from the fact that these series are not comparable in
terms of incidence of type of AF, duration of AF before the
operation, the definition of success, the left atrial diameter and
the lesion pattern itself. Many series indicate that large quies-
cent atria and an AF duration of more than 15 years would
hamper the expected benefit of the procedure (18-24). Figure 1
shows the most commonly used left atrial lesion pattern. This
pattern, created by means of either irrigated tip or coiled
monopolar radiofrequency devices, only takes approximately
14 min to complete (55). Despite this apparent simplicity,
damage to adjacent structures (eg, esophageal perforation) may
occur, particularly with the use of dry monopolar coil radio-
frequency devices (63). Finally, the feasibility of left atrial abla-
tion on the closed heart would be of particular interest in
patients with aortic valve diseases or coronary bypass proce-
dures. This will be made possible by the refinement of newer
devices (eg, bipolar radiofrequency clamps) (61,64).

Although these comments seem to favour the use of intra-
operative AF ablation devices in patients with documented AF
preoperatively (see recommendations), we believe that in
patients undergoing mitral valve surgery without documented
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