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Tratamento cirúrgico da fibrilação atrial

Surgical treatment of atrial fibrilation

INTRODUCTION

Atrial fibrillation (AF) is a sustained tachyarrhythmia
commonly seen in the clinical practice. It can present with
high morbid-mortality rates due to hemodynamic
involvement, the cardiomyopathy originating from the
tachycardia and to the occurrence of thromboembolic
phenomena [1].

The association between AF and structural heart
diseases is common among patients with mitral valve disease
indicated for surgery, with from 40% to 60% of the cases
presenting with AF during the surgery [2].

It is fundamental that the electrophysiological bases of
this arrhythmia are well understood to comprehend its
symptoms and to establish the correct treatment. James Cox
[3] proposed a new classification of the symptoms of the
disease. The classification is based on the constancy of
arrhythmia or not. Thus, AF can appear in two principal

Fig. 1 – Electrophysiologic bases of the two main clinical forms of
atrial fibrillation AF), paroxysmal (intermittent) and Permanent
(continuous) adapted from Cox3
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ultrasound and laser.
The systems available for ablation consist of an energy

generator and an apparatus that applies the energy to the
tissues. The application apparatus allows ablation lines to
be created in the endocardium or in the atrial epicardium.

The ablation lines are created sequentially similar to the
incisions of the conventional “Cox-Maze” III technique, but
the concept of vital lesions must be remembered, that is,
only the lesions considered essential should be made so as
to obstruct the abnormal impulses and to revert the AF.

In the right atrium, the essential lesions involve the
cavotricuspid isthmus, that is, the lesion performed along
the lower edge of the tricuspid valve annulus, passing by
the coronary sinus and continuing in the direction of the
inferior vena cava orifice [8]. When creating this lesion,
independently of the energy source utilized, it is
recommended to perform an associated cryoblation of the
coronary sinus ostium. Due to its thickness cryoablation is
necessary to produce the transmural lesion.

In the left atrium, the essential lesions involve the
isolation of the pulmonary veins, with the left veins in one
block and the right veins in another and the left atrium
isthmus, that is the connection between the left pulmonary
veins and the mitral valve annulus.

Figure 2 shows the electrophysiological bases of
surgeries for the treatment of AF, with the obstruction of
abnormal impulses by incisions and sutures or by ablation
using energy sources.

clinical forms, intermittent and continuous, constituted by
different electrophysiological bases. Figure 1 shows the
electrophysiological bases of the two main clinical forms
of AF.

According to the American College of Cardiology/
American Heart Association classification [4], the
intermittent form corresponds to the paroxysmal and
persistent forms, while the continuous form would be
equivalent to the permanent form of AF.

Surgical treatment of AF is normally recommended in
cases of permanent AF with associated structural heart
diseases with surgical indication. The main aims of the
surgical treatment of permanent AF are: to relieve the
propitiated symptoms by reestablishing sinus rhythm,
atrioventricular resynchronization, to maintain the effective
atrial contractility, with a consequent improvement in the
hemodynamic performance and to reduce the risk of
thromboembolic phenomena occurring [5].

The surgical procedure able to fulfill these objectives
was described as the Maze technique, presented by James
L. Cox et al. [6] in 1991. The “Cox-Maze” surgery consists in
performing multiple incisions and atrial sutures with the
purpose of blocking abnormal electrical impulses, involved
in the synthesis and maintenance of AF, as well as allowing
electric impulses to homogeneously activate all the atrial
myocardium.

After two technical alterations, the authors arrived at
the “Cox-Maze” III surgery [7], which has been used since
1992, presenting satisfactory results in terms of
reestablishing the sinus rhythm, with success rates of around
98%. But in spite of its high efficacy, its utilization has not
been widely spread due to the surgery’s high technical
complexity, demanding a long cardiopulmonary bypass time
and presenting with a high risk of bleeding in the
postoperative period because of the many surgical incisions.

Hence, in spite of the “Cox-Maze” III surgery being
efficient and reliable (operative mortality is less than 1%)
few patients with AF are submitted to the surgery. This
proves the need for surgical alternatives to treat permanent
AF with a lower degree of complexity, in order to provide
the benefits of the surgery to a greater number of patients.

MODERN ALTERNATIVES IN THE SURGICAL
TREATMENT OF ATRIAL FIBRILLATION

The evolution of AF surgery included the development
of less invasive surgical techniques, through the
substitution of the incisions and atrial sutures by the use of
energy sources on the atrial myocardium, with the goal of
creating transmural lesions which block abnormal electric
impulses. The main energy sources employed currently
include cryothermia, radiofrequency, microwaves,

1. Cryoablation

Cryothermia was the fist energy source to be utilized to
create transmural lesions in the surgical treatment of AF.

Fig. 2 – Diagram illustrating: the sectioning lines and sutures
blocking the abnormal electric impulses responsible for the
maintenance of atrial fibrillation
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The surgery called the “Mini-Maze” surgery [9] also created
by James L. Cox, involves creating only the essential lesions
in the right and left atria and can be achieved by sectioning
and atrial sutures associated with the utilization of
cryothermia.

Cryoablation was employed by several authors giving
satisfactory results in terms of the reestablishment of sinus
rhythm. Sueda et al. [10] reported a success rate of 78%,
Gaita et al. [11] performed cryoablation only in the left atrium
in patients who underwent associated valve surgeries,
obtaining a conversion rate to sinus rhythm of 70%.

2. Radiofrequency

Endocardial ablation
There are several studies about the endocardial

radiofrequency ablation technique. Gillinov et al. [1], in a
review article, considered radiofrequency ablation to be an
efficient technique in the treatment of permanent AF in
patients with associated heart diseases. According to these
authors, the success rate of reestablishing sinus rhythm
varies from 70% to 80%.

Sie et al. [12] accompanied patients who were submitted
to mitral valve surgeries associated with surgical
radiofrequency ablation, with a mean clinical follow-up time
of 40 months. These authors observed a rate of reversal to
the sinus rhythm that varied from 72% to 87%.

In a metanalysis study performed by Khargi et al. [13]
the results of the surgical ablation using several energy
sources including radiofrequency were compared with the
traditional “Cox-Maze” III technique. Among the cases of
ablation, the success rate was from 78.3% and with the
conventional technique it was from 84.9% (p=0.03). The more
favorable results found in the patients who were submitted
to the traditional “Cox-Maze” III technique were justified
by the greater percentage of patients with paroxysmal and
isolated AF included in this group.

In Brazil, in the Instituto do Coração (InCor) of the
Hospital das Clínicas, the Medical School of the University
of São Paulo (HC-FMUSP), a study involving 70 patients
with permanent atrial fibrillation and rheumatic mitral valve
disease was performed [14]. The patients were divided into
two groups, the Treated Group was composed of 42 patients
who underwent radiofrequency ablation of AF and mitral
valve surgery and the Control Group consisted of 28 patients
who underwent mitral valve surgery in isolation.

In the Treated Group, radiofrequency ablation, with
cardiopulmonary bypass, was mainly performed in the atrial
endocardium. The mean times necessary for the application
of the radiofrequency to the right and left atria were 8.2 and
14.1 minutes, respectively. After a mean follow up of 13.8 ±
3.4 months for the Treated Group and 11.5 ± 7.3 months for

Fig. 3 - Unipolar apparatus with a tip irrigated with saline solution
used to apply endocardial radiofrequency in the left atrium to isolate
the pulmonary veins

the Control Group, the cumulative rates of reversal to sinus
rhythm were 79.4% and 26.9%, respectively (p<0.05).

Figure 3 illustrates the unipolar endocardial
radiofrequency ablation apparatus being utilized in the
endocardium of the left atrium proceeding to the isolation
of the pulmonary veins.
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Epicardial ablation
The possibility of epicardial ablation has the advantage

of enabling the procedure to be performed in association
with surgeries without the use of cardiopulmonary bypass,
for example, during coronary arterial bypass grafting,
highlighting the importance of this procedure due to a high
prevalence of from 15% to 40% of this arrhythmia among
patients who are submitted to this type of surgery [15].

The currently available apparatus of epicardial ablation
is in the form of bipolar clamps. Electrodes are placed in the
arms of the clamps through which the energy is transmitted.

Benussi et al. [16] performed epicardial radiofrequency
ablation in associated with mitral valve surgery in 40 patients.
After a mean clinical follow-up of 11.6 ± 4.7 months, 76.9%
of the patients presented with sinus rhythm.

Gillinov and McCarthy [17] reported clinical experience
using the “Atricure” bipolar apparatus for AF ablation in
120 patients who were submitted to associated heart
surgeries. In 10 patients, blocking of the electrical impulses
near to the pulmonary vein orifices was tested. In all patients
this objective was achieved.
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3. Microwaves

The apparatus used to apply microwaves can be rigid or
flexible and the application can also be achieved in the
epicardium or in the atrial endocardium.

The use of the microwaves for permanent AF ablation
presents success rates of approximately 80% [18]. The
method has some advantages including a short time of
application, a high capacity to create transmural tissue
lesions, a reduced risk of thromboembolic complications
and the technique is easy to employ through minimally
invasive techniques due to the high flexibility of the
apparatus [19].

Endocardial ablation
Schuetz et al. [20] performed a study of 43 patients with

permanent AF. The patients were randomized into two
groups. In the first group of 24 patients, the Treated Group,
ablation by microwaves was performed in the left atrium
together with amputation of the left auricle. In the second
group of 19 patients, the Control Group, only valve or
coronary surgeries were performed. After 12 months of
postoperative follow-up, 80% of the patients of the Treated
Group and 33.3% of the patients of Control Group presented
with sinus rhythm (p=0.036).

Epicardial ablation
Maessen et al. [21] performed microwave ablation in 24

patients who were submitted to heart surgeries. The surgical
technique consisted in the amputation of the left auricle
and microwave epicardial ablation around the pulmonary
vein orifices. After a clinical follow-up of up to 9 months,
86.9% of the patients presented with sinus rhythm.

4. Ultrasound

The use of ultrasound as an energy source to create
transmural lesions and AF ablation is recent with the initial
experience more directed to its application through
percutaneous catheters and for the treatment of paroxysmal
AF [22].

Brick et al. [23] performed intraoperative ablation to treat
permanent AF. Twenty-seven patients were submitted to
ablation associated with other surgical procedures. The
ablation lines followed the “Cox-Maze” III technique. At
the moment of hospital discharge, the rate of reversal to
sinus rhythm was 81.4%.

5. Laser rays

The utilization of laser in the treatment of AF is recent
with, until now, only experimental studies. Fried et al. [24]

conducted an experimental study using the Nd:YAG LASER
system through optical fibers. The authors reported
transmural lesions without evidence of tissue perforation
or of lesions of adjacent structures. Thus they suggested
that laser can be an alternative energy source to achieve the
“Cox-Maze” III procedure.

6. Left atrial isolation

The isolation of electric impulses of the posterior region
of the left atrium, which includes the pulmonary vein orifices,
is closely linked to the physiopathology of AF [3]. Several
authors recommend the isolation of the left atrium by ablation
using different energy sources. Recently published reports
related to the use of this technique present satisfactory
rates of reversal to sinus rhythm.

Mohr et al. [25] performed radiofrequency ablation only
in the left atrium associated with other surgical procedures
in 243 patients. After a follow-up of up to 20 months, 72.5%
of the patients remained in sinus rhythm.

In spite of the satisfactory outcomes observed by some
authors with ablation only in the left atrium, permanent AF
electrophysiological bases indicate the necessity of
performing surgical procedures involving both atria. With
this, the importance of lesions in the right atrium to prevent
atrial flutter episodes after surgery is stressed.

7. Surgical treatment of atrial fibrillation by minimally
invasive techniques.

Technological advances propitiated the development of
minimally invasive techniques in the surgical treatment of
AF. Saltman et al. [26] reported the case of a 74-year-old
patient with AF who successfully underwent isolation of
the pulmonary veins, by microwave ablation performed
using videothoracoscopy.

Radiofrequency epicardial ablation around the
pulmonary veins can also be performed using
videothoracoscopy. A long and flexible probe is introduced
into the thorax through special trocaters. The probe is
positioned near the pulmonary veins, so that, on turning on
of the apparatus, radiofrequency energy is released, causing
a transmural lesion around the pulmonary veins.

End considerations and future perspectives.

The outcomes of the surgical treatment of AF must be
considered over the long-term as in the first 3 to 6 months
after the surgery the incidence of relapse of arrhythmia is
high, without signifying an error in the procedure. It is
acceptable that up to 40% of patients who undergo the
“Cox-Maze” or some variant of this surgery, present AF
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episodes in the postoperative period [27]. Maintenance
using oral antiarrhythmic and anticoagulant medications in
this period is recommended.

On analyzing the outcomes of the surgical treatment of
AF, apart from reversal to sinus rhythm, it is fundamental to
evaluate the rate of reestablishment of atrial contractility
among patients who remain in sinus rhythm. The presence
of effective atrial contractility is important to prevent the
development of thromboembolic phenomena and is related
with the hemodynamic performance, because it can
contribute to up to 30% of the heart output [28].

According to different authors, the function of atrial
transport can be reestablished in from 70% to 100% of
patients after the “Cox-Maze” procedure using the
conventional technique or with ablation, for example, by
radiofrequency [2,5]. In the study developed in InCor –
HCFMUSP using radiofrequency in patients with
rheumatic mitral valve disease, we observed atrial
contractility return rates in 90.3% of the patients
maintained in sinus rhythm [14].

There are complications related to the techniques
currently available for the surgical treatment of AF, two of
which deserve mentioning: atrio-esophageal fistula and
coronary artery injuries. Atrio-esophageal fistulae occur due
to a perforation of the base of the left atrium close to the
anterior wall of the esophagus. This complication, although
rare, has been described by some authors [25,29]. In a study
of 234 patients treated by radiofrequency ablation for AF
with associated procedures, Mohr et al. [25] reported the
occurrence of this complication in 3 (1.3%) patients, who
needed surgical repair. In one of the patients, air embolization
occurred causing a stroke, which evolved to the death of
this patient. Gillnov et al. [30] described esophageal lesions
during surgical ablation for AF in the base of the left atrium,
which also caused the death of the patient.

There are surgical maneuvers that can be performed to
reduce the risk of this complication, such as placing a
compress in the posterior pericardial sack, to isolate the
esophagus from the inferior section of the left atrium. In
cases where transesophageal echocardiography is being
utilized, the procedure must be cranially traced using the
transducer during ablation in the inferior section of the left
atrium.

Manasse et al. [31] reported a case of acute myocardial
infarction, with a coronary cineangiography revealing a
critical lesion in the left coronary artery trunk 3 months after
microwave epicardial ablation associated with mitral valve
surgery. The patient was submitted to coronary artery bypass
grafting and presented with a satisfactory evolution. The
authors attributed the occurrence of the left coronary artery
lesion to bad positioning of the apparatus utilized for
microwave ablation.

Fayad et al. [32] described stenosis of the circumflex
artery after surgical ablation by radiofrequency. The authors
reported the case of a patient who evolved with clinical
angina pectoris and acute pulmonary edema, one year after
AF ablation by radiofrequency. A coronary cineangiography
revealed the presence of stenosis of the circumflex artery,
adjacent to the site of the application of the radiofrequency
energy. The stenosis was successful opened by coronary
transluminal angioplasty.

The alternatives available today utilizing different energy
sources to achieve the modified “Cox-Maze” III surgery
present satisfactory results, with success rates of around
80%. These procedures are important as they allow the return
to sinus rhythm through less invasive and rapidly performed
techniques.

The future perspectives for the surgical treatment of
AF will attempt to form a procedure considered ideal. This
must present several characteristics including the creation
of only the essential atrial lesions, using some currently
available energy source to create the transmural lesions,
which can be applied both to the endocardium and the atrial
epicardium, can be performed without using
cardiopulmonary bypass, and can be achieved through
minimally invasive techniques, including with the utilization
of thoracoscopy and robotics. The procedure should be
effective in the treatment of several clinical forms of AF and
atrial flutter [33].

Thus, the indication of surgical treatment for AF can
be made earlier, involving the cases of isolated AF, that is,
cases not associated with structural heart diseases and will
be able to treat a greater number of patients with arrhythmias
unresponsive to the clinical treatment.
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