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Abstract

The development of atrial fibrillation (AF) is one of the most common occurrences
during follow-up after cardiac surgery. AF is a well recognized risk factor for
increased postoperative complications and mortality. Preoperative use
of antiarrhythmic medications has also been associated with a higher rate of
postoperative AF. To enhance postoperative recovery of sinus rhythm in these
patients, various perioperative antiarrhythmic drug regimens, including
amiodarone, and repeated DC shock cardioversion have been adopted. Despite
such strategies, AF tends to re-establish itself after surgery in over 75% of
patients, with patients having mitral surgery faring worse than those undergoing
aortic valve operations. The development of surgical ablation enables sinus
rhythm to be restored in as many as 70% of patients. However, the large scale
adoption of such techniques has also raised the issue of post-ablation
arrhythmias. Although relapsing atrial fibrillation is generally addressed
conservatively, most automatic arrhythmias require electrophysiological
assessment and ablation, frequently transseptal. Completeness of the lesion
sets and durable transmurality of the ablations are key to preventing most
postoperative dysrhythmias.
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Introduction

The development of atrial fibrillation is one of the most common
occurrences during follow-up after cardiac surgery. Atrial fibrillation is a well
recognized risk factor for increased mortality in the general population [1].
Likewise, in patients undergoing mitral surgery, persistent postoperative
AF has been associated with poorer long-term survival [2, 3]. Additionally,
an irregular heartbeat may frequently cause patients discomfort and anxiety,
and loss of synchronous atrio-ventricular contraction may compromise
haemodynamics [4]. Finally, the detrimental effects of AF are even more
pronounced in the presence of high ventricular rate, which can further
worsen ventricular function in patients with an organic heart disease [5].

The recovery of stable sinus rhythm after surgery promotes better
functional recovery [6], and dramatically increases the freedom from
haemorrhagic and thromboembolic complications [4, 7], often allowing
withdrawal of antiarrhythmic medications [8].

Among factors defining patients at a high risk for developing atrial
fibrillation after open heart surgery are left atrial dilatation [2, 9, 10], older
age [11], concomitant tricuspid procedures [3] and impaired left ventricular

AMS



Restoring sinus rhythm in patients at a high risk for postoperative atrial fibrillation

function [12, 13]. But undoubtedly, history of atrial
fibrillation is by far the most potent predictor of
postoperative persistent atrial fibrillation [2, 10, 12, 14].
Up to 50% of patients undergoing open heart surgery
have had AF [10, 15-17].

The type and duration of preoperative atrial
fibrillation are strong determinants of rhythm
outcome. In patients undergoing mitral repair,
Obadia et al. reported the likelihood of restoring
sinus rhythm spontaneously after surgery to be as
high as 80% when atrial fibrillation was intermittent
or of less than one year duration [2]. The probability
of return to sinus rhythm declined consistently for
patients with atrial fibrillation lasting longer, and
was less than 5% for an arrhythmia duration over
3 years [2]. In a similar series of patients undergoing
valve surgery Jessurun et al. found the rate of
spontaneous postoperative recovery of sinus rhythm
at late follow-up to be 34% in patients with
preoperative paroxysmal atrial fibrillation and
only 4% in those with chronic atrial fibrillation [3].
It is generally accepted that patients with permanent
atrial fibrillation lasting more than 6 months have
less than 30% probability of recovering sinus rhythm
spontaneously after surgery [2, 10, 18]. Among
patients with history of atrial fibrillation concurrent
risk factors such as older age, left atrial enlargement,
left ventricular dysfunction, and increased
pulmonary pressure further contribute to a lessening
of the likelihood of sinus rhythm restoration in
patients with preoperative atrial fibrillation [11-13, 19].
Preoperative use of antiarrhythmic medications has
also been associated with a higher rate of
postoperative atrial fibrillation [11].

To enhance postoperative recovery of sinus
rhythm in these patients, various perioperative
antiarrhythmic drug regimens, including amiodarone
[3, 18] and repeated DC shock cardioversion, have
been adopted [20]. Despite such strategies, atrial
fibrillation tends to re-establish itself after surgery
in over 75% of patients, with patients having mitral
surgery faring worse than those undergoing aortic
valve operations [20].

Surgical approaches to treat atrial fibrillation

Due to the incomplete understanding of the
pathogenesis of atrial fibrillation there is no consensus
on the ideal set of lines to be carried out during open
heart surgery. The extent to which the origin of atrial
fibrillation in the diverse settings relies more on focal
activation or on re-entry circuits is still questioned
[21]. Other possible mechanisms such as an altered
tone of the autonomic nervous system possibly
leading to substrate modification within the atrial wall
have been advocated [22]. Due to the difficulties of
performing an electrophysiological assessment
intraoperatively, surgical approaches to atrial
fibrillation have been traditionally anatomy-based.

The first approach aimed at restoring normal
electrical and mechanical activity of both atria is the
maze procedure, reported by Cox in 1991 and later
modified [23, 24]. The maze operation consists in
multiple incisions, prolonged by nitrous oxide
cryoablation, up to the mitral and tricuspid annulus,
in both atria, to interrupt all possible macroreentrant
circuits. The pulmonary veins are isolated en bloc by
a single box lesion. The incisions force the electrical
activity of the atria to propagate from the sinus node
to the atrioventricular node through narrow corridors
of the atrial myocardium, providing electromechanical
recruitment of both atria. In addition, the right and
the left atrial appendages are resected.

Cox reported a success rate of 98% in a series of
patients mainly affected by paroxysmal AF. Operative
mortality was 2.5, and 25% of the patients required
a permanent pacemaker [9]. Other groups have
combined the maze procedure with other open heart
procedures with a success rate varying between
70 and 96% [16, 22, 25, 26].

When the maze procedure is combined with other
open-heart operations to treat chronic AF, operative
morbidity is consistently increased [27, 28]. In this
context the maze procedure significantly prolongs
cardiopulmonary bypass and aortic cross clamp time
and increases bleeding, blood product requirements
and intubation time after operation [29].

In 1996, Harada et al. reported the constant finding
of regular repetitive activation of the left atrium in
patients with AF undergoing mitral valve surgery [30].
In the same year Sueda et al. documented in a similar
series of patients shorter refractory periods leading
to a shorter mean AF cycle length in the left atrium
[31]. Both studies indicated that the left atrium was
the driving chamber for AF, at least in patients with
mitral valve disease. Such findings stimulated the
search for simplified techniques limited to the left
atrium to treat AF during mitral valve surgery.

Sueda called “simple left atrial procedure”
a surgical encircling of the four pulmonary veins,
connected to the mitral valve annulus by two
cryoablation lines [31, 32]. The procedure was feasible
in less than 30 min and SR was restored in 86% of
patients.

In 2000 Kosakai reported the results of the
Japanese Registry of AF surgery on over 2000 patients
to show no significant difference among the results
of a maze operation, a modified biatrial maze and
Sueda’s left approach [33].

All the different surgical ablation procedures
performed in recent years include isolation of the
pulmonary veins, either en bloc, with a single wide
circle including all the posterior left atrium, or with
two separate oval encirclings around the right and
the left pulmonary vein couples, which are then
connected with one or more additional ablations
[34-36]. Exclusion of the left atrial appendage is also
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generally accepted [34-36]. Instead, the role of the
connecting line to the mitral annulus (or left isthmus
ablation) has been questioned. Some surgeons, in
an attempt to simplify the operation, mainly due to
concern about the risk of injuring a major coronary
artery in the AV groove, reported omitting the mitral
connecting lesion [37-39].

This nevertheless proved to lessen the atrial
fibrillation cure rate considerably and to increase
postoperative flutter [40, 41].

The role of adding the right sided lesions of the
maze operation has been recently reconsidered after
a recently reported extensive meta-analysis described
better results in patients receiving a biatrial ablation
approach, as opposed to those given a left ablation
only, at all time intervals after surgery [42].

Latest developments

The advent of diverse physical means available
for surgical ablation, allowing the creation of atrial
scars without cutting and suturing, played a major
role in stimulating the evolution of modern surgical
approaches to atrial fibrillation.

In 1997, Melo reported the first use of endocardial
radiofrequency in the open heart, to design 2 separate
encircling lines around the left and the right
pulmonary veins [43].

Following Sueda’s experience, other groups
reported performing a box-like lesion around all four
pulmonary veins and a connecting lesion to the
posterior mitral annulus using either cryoablation or
unipolar radiofrequency with a 70 to 90% success
rate [36, 44, 45].

In 1998, Rushat proved RF to be effective in an
animal model even when ablations are performed
from the epicardial surface [46].

In 2000 our group reported for the first time the
use of epicardial RF ablation to perform a left atrial
lesion set in a series of patients undergoing other
cardiac operations [36].

The ablations were performed using
a temperature-controlled unipolar linear RF
catheter epicardially to isolate the pulmonary
veins, and then endocardially to perform the
connecting lines. This technique yielded a 75% SR
maintenance rate at follow-up and allowed
a significant shortening of cross-clamp time, thus
allowing safer concomitant treatment of the
arrhythmia [47].

In the new millennium there has been growing
interest in epicardial ablation. Actually, all the
recently introduced devices are devised to be used
epicardially [48].

Also microwave proved suitable for epicardial
ablation. Maessen reported promising results in
a preliminary experience in 2002 [49]. Saltman et al.
reported the feasibility of a thoracoscopic epicardial
ablation approach using a specifically designed

microwave probe [50]. Chitwood reported ablation
with epicardial microwave and concomitant mitral
surgery in patients undergoing robotic surgery [51].

Recently introduced argon cryothermy, which
brings the tissue to much lower temperatures than
nitrous oxide, has also been tested for epicardial
ablation in the clinical setting [52, 53].

The latest device to be proposed in the beating
heart ablation arena is high intensity focused
ultrasound [54]. The introduction to clinical practice
of laser technology is anticipated in 2008.

Besides shortening aortic cross-clamp time,
epicardial ablation made atrial fibrillation surgery safer.
During endocardial deployment, in fact, the ablation
may spread outward beyond the atrial wall, thus
exposing the surrounding structures (oesophagus,
bronchial tree, phrenic nerves) to potential damage
[55]. But despite clinical success in the range of
70-80%, all the above reported unipolar ablation
devices share a common drawback: epicardial use on
the beating heart does not generally grant
transmurality [47, 56, 57].

Failure to penetrate has been related to the
composition and to the thickness of the atrial wall
[56]. The major obstacle to the progression of
the lesion through the subendocardial layer is the
convective cooling exerted by blood flowing through
the atrial chamber.

Bipolar devices, first introduced into clinical
practice in 2002 [58], were devised to obviate such
problems. The clamping mechanism of bipolar
devices, in fact, eliminates convective endocardial
cooling and compresses the atrial walls, thus
reducing tissue thickness and improving contact.
Transmurality of bipolar radiofrequency atrial
ablations has been proven both in the experimental
[59] and in the clinical setting [58, 60, 61].

Another important aspect of bipolar ablation
is the safety profile. In fact, during bipolar ablation,
only the outer, inactive part of the clamp is in
contact with the parietal pericardium so that only
the tissue that is held between the jaws is
consistently heated. Collateral damage of the
structures surrounding the heart has not been
reported with bipolar ablation to date. Furthermore,
the time required for the ablation procedure is
reduced to a few minutes.

Rhythm disturbances after ablation surgery
Early arrhythmias

Postoperative supraventricular arrhythmias occur
in 35 to 60% of patients undergoing atrial fibrillation
surgery [24, 36, 62]. Therefore, surgical ablation is the
most arrhythmogenic context in cardiac surgery. Atrial
fibrillation surgery shares with other cardiac surgery
procedures the common risk factors for postoperative
tachyarrhythmias: after cardiac surgery, arrhythmias
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are likely to occur because of the inflammatory effects
of cardiopulmonary bypass [63-64] and myocardial
ischaemia [65-66], due to atrial trauma related to
atriotomies, as a consequence of postoperative
pericarditis, and of the postoperative increase of
adrenergic tone. These alterations lead to a temporary
shortening of the refractory period of the atrial
myocytes and to a dispersion of refractoriness, both
favouring the formation of re-entrant circuits [67].

In addition to that, patients undergoing ablation
surgery have larger atrial chambers and tend to be
more frequently affected by valve disease, mostly
involving the mitral valve [39, 47, 68]. Furthermore,
the atrial myocardium in these patients is usually
affected by varying degrees of structural
derangement with cellular changes such as myocyte
dedifferentiation and myocytolysis, and interstitial
remodelling occurring preferentially in the posterior
left atrial wall, in proximity with the confluence of
the pulmonary veins [69, 70].

Finally, the evolution of the scar consequent to
ablation is such that in the first days or weeks after
the procedure, inflammatory processes are the main
histological finding. It is not until 3 to 5 weeks after
ablation that the lesion becomes a fibrotic scar
[59, 71, 72].

The rationale for the use of antiarrhythmic
medications after atrial fibrillation surgery was
outlined for the first time by Cox in 1993 [73].
Exposing the results of his pioneering experience with
the maze operation, the author documented early
recurrences of supraventricular tachyarrhythmias as
the most frequent postoperative complication,
occurring in about one half of the patients. Cox
described using a combination of digoxin and
procainamide to deal with early (<3 months) rhythm
instability.

Since then, all authors reporting results of any
surgical procedure for atrial fibrillation have described
the use of some combination of antiarrhythmic
medications either for primary [32] or for secondary
prevention [27] of postoperative recurrences, up to
3-6 months after operation [27-32].

Amiodarone, first proposed by our group in 2000
[36], is today used by most centres as the first choice
drug for primary prevention of perioperative
arrhythmias after ablation surgery [6, 18, 74-76]. LV.
amiodarone can easily be started during surgery and
continued orally after recovery of peristalsis. The
dosage is generally tapered to the individual
patient’s rhythm, to prevent an accentuation of
post-ablation sinus node dysfunction [77, 78], or of
AV block, possibly related to other aspects of the
surgical procedure. Sotalol, beta-blockers or other
medications are used as second choice drugs
in the same context [49, 76, 79, 80]. Selective
angiotensin Il receptor antagonists such as
irbesartan may further enhance the antiarrhythmic

effect of amiodarone also in the postoperative
course of ablation surgery [81].

Recently, a possible role for perioperative
administration of corticosteroids has been
hypothesized [82], but there is still no solid
evidence supporting large scale adoption.

Early postoperative arrhythmias may occur in the
form of atrial fibrillation, in more than 50% of the
cases, as flutter or as mixed forms. They tend to
occur in the first 10 days after surgery, with a peak
on postoperative day 8 [65]. With optimization of
medical treatment and hydroelectrolytic balance,
these arrhythmias are generally self-terminating in
the span of a few days, usually less than one week
[65]. When needed, electrical cardioversion should
be administered [47, 65, 83]. The timing of DC shock
cardioversion is also a matter of debate. Generally,
in the presence of a controlled heart rate and of
stable clinical conditions it is desirable to postpone
it until 10 to 14 days after surgery, since an
excessively premature cardioversion early after the
occurrence of arrhythmia is more likely to result in
relapse and creates an improper distrust towards DC
shock (which most of the time has been tried
unsuccessfully also before surgery).

The specific set of lesions may influence early
arrhythmias. A wide en bloc isolation of the posterior
left atrium has been found to reduce early
postoperative arrhythmias by a half with respect to
separate isolation of the pulmonary veins as couples
plus a linear connection [84]. This can be explained
by a more effective exclusion of the ganglionic plexi
of the heart, which have been implied in the
determination of atrial arrhythmias, mainly by
enhancing ectopic firing by the pulmonary veins [85].
Most of the ganglionic plexi are in fact located in
the posterior left atrium [86].

It is noteworthy that early arrhythmias are not
necessarily a marker of procedural failure.
Perioperative rhythm disturbances have been
correlated with late failure in most series
[47, 76, 87]. But the consensus on the negative
prognostic value of such arrhythmias is not
unanimous [65]. Therefore repetitive attempts at DC
shock conversion up to 3-6 months after surgery
have been advocated [83].

Late arrhythmias

Among predictors of late failure, left atrial
dilatation has been most frequently found to play
a role [87-89] with a cut-off value of left atrial
diameter ranging from 5 to 7 cm. A longer duration
of atrial fibrillation has also been found to favour
post-ablation relapse when late results are
considered [88, 90, 91]. Low voltage of f waves [88],
rheumatic heart disease [89], older age at surgery
[47], rheumatic heart disease [89] and, arguably,
concomitant ablation with respect to treatment of
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lone atrial fibrillation [87, 91] have also been found
to negatively influence late results.

Operator dependant late arrhythmias depend on
a variety of technical issues, most of which are
related to the positioning and to the consistency of
the ablation lines [92].

Left lesion sets have largely proven effective in
dealing both with concomitant [31, 32, 36, 47] and
with isolated [93] atrial fibrillation. A Japanese survey
of atrial fibrillation surgery published in 2000 could
show no difference among the follow-up results of
the maze operation, a modified biatrial maze-like
approach and a left atrial maze in a series of
over 2000 patients undergoing concomitant ablation
surgery [33]. Likewise, Deneke et al., in a comparative
non-randomized study, demonstrated no significant
difference in the rate of relapses between a left atrial
and a biatrial approach performed with irrigated
radiofrequency [94]. Conversely, a recently published
extensive meta-analysis documented a better
freedom from arrhythmia recurrence of biatrial
approaches compared with left ablation alone at all
time points after surgery [42]. Besides the issue of
a higher efficacy towards AF relapse, omission of right
lesions has been definitely correlated with a 2 to 7.5%
rate of typical counterclockwise right flutter, frequently
requiring further ablation after surgery [36, 95, 96].

The extent of left ablation is also important in the
prevention of post-procedural arrhythmias. Isolation
of the pulmonary veins is the mainstay of all
currently used surgical procedures [31, 36-38, 60, 97].
The pulmonary veins can be isolated either en bloc
or by means of two separate encircling lesions, then
connected by one or more ablations. In the
concomitant open heart ablation setting, the lesion
connecting the isolated pulmonary veins with the
posterior mitral annulus, also named the left isthmus
lesion, plays a major curative role [98]. The omission
of such a line has been related to a consistently
increased higher rate of postoperative AF relapse in
patients with preoperative permanent atrial
fibrillation. Worse than that, a left atrial set of lesions
lacking the mitral lesion has been associated with
a close to 10% rate of atypical flutter [47].

Actually the key role of left atrial connecting lines
was clearly pointed out in 2005 by Gaita and
coworkers, whose randomized study demonstrated
a complete set of left lines to grant much better late
freedom from arrhythmias than pulmonary vein
isolation alone [40].

Incomplete lesion sets may also result from gaps
in the ablation lines. A direct cause-effect relationship
between incomplete ablation lines and arrhythmia
relapse has been clearly outlined both after
percutaneous [99-101] and after surgical ablation
[40, 96]. In patients with organized arrhythmias after
surgical ablation, electrophysiological study shows left
re-entry circuits in about half of the cases

[36, 65, 96, 102]. These are most frequently related to
gaps through the mitral connecting line and/or
coronary sinus [65], frequently following surgical
cryoablation [40, 65]. Atypical left atrial tachycardias
may originate from incomplete isolation of the
pulmonary veins [93]. As is the case for recovered
conduction across the pulmonary vein line after
percutaneous ablation [101, 103, 104], these
arrhythmias are highly responsive to repeat
percutaneous ablation.

Right relapsing arrhythmias are frequently related
to persistent conduction through the cavo-tricuspid
connecting line [36, 95, 102]. Another common
mechanism of right automatic arrhythmia recurrences
is re-entry around ineffectively ablated right
atriotomies [95, 96]. More rarely, right arrhythmias
recognize a focal origin [96, 102].

Finally, specialized atrial structures such as the
Bachman bundle and the crista terminalis, when
crossed by surgical lesions may promote flutter
circuits through slow conduction, in surgically
ablated patients [96].

As to the management of such late recurring
arrhythmias, although an attempt with medical
treatment and electrical conversion is usually
warranted as a first line approach, basically all
patients with automatic arrhythmias are good
candidates for electrophysiological study and ablation.

Regarding patients with relapsing atrial
fibrillation late during follow-up, it has been
observed that they are actually amenable to
conservative treatment in many instances [22]. In
particular, antiarrhythmic medications and DC shock
cardioversion as mentioned above are frequently
effective when dealing with relapsing atrial
fibrillation after an initially successful treatment
[22]. Conversely, patients with relapsing atrial
fibrillation, especially when permanent, are only
occasionally good candidates for percutaneous
mapping and re-ablation [36, 65].

In fact, many organized post-ablation arrhythmias
are often drug resistant and usually poorly tolerated
due to high ventricular rate, and therefore require
electrophysiological assessment and ablation [95, 96].

In conclusion, over the last twenty-five years,
surgical ablation techniques have been progressively
refined. The parallel development of surgical ablation
devices has rendered the procedures quicker and
simpler and therefore feasible in virtually all clinical
contexts. The large-scale adoption of such
techniques has raised the issue of post-ablation
arrhythmias. Although relapsing atrial fibrillation is
generally addressed conservatively, most automatic
arrhythmias require electrophysiological assessment
and ablation, frequently transseptal.

Completeness of the lesion sets and durable
transmurality of the ablations are key to preventing
most postoperative dysrhythmias.
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