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Abstract
Introduction: The maze procedure for primary atrial

fibrillation treatment, initially proposed by Cox, is somewhat
complex, and it increases the morbidity risk compared to
isolated mitral valve surgery.

Objective: To describe the surgical technique, the concepts
of electrophysiology adopted and the preliminary results of a
new surgical and electrophysiological approach, including
specific atrial circuit blocking as defined by Frame and
optimization of the surgical tactic for atrial fibrillation
treatment.

Method: Eight patients with chronic atrial fibrillation and
mitral valve dysfunction, associated in one case with tricuspid
valve regurgitation were operated on. The following
modifications of the classic Cox procedure were employed:
1- Exclusion of the left atrium appendage by an internal
suture closing its left atrial ostium; 2- Exclusion of the right
atrium appendage by a purse-string suture used for fixation
of the superior vena cava draining cannula; 3- Single atrial
incision; 4- Trans-endocardium electrocauterization in the
left atrium wall around all pulmonary vein ostia; 5-
Substitution of the incisions and sutures in the left atrium
by trans-endocardium electrocauterization.

Results: The cardiopulmonary bypass time varied from 64
to 133 min (mean 107.5 min) and the cardioplegic time from
40 to 105 min. (mean 76.7 min). At the end of the surgery all
patients were in regular atrial rhythm. The postoperative
period was uneventful with all patients discharged from
hospital showing regular atrial rhythm, without definitive
pacemaker implantation. In the six-month postoperative
follow up after surgery, six patients were in regular atrial
rhythm (75%) with preserved atrial contractions, and two
(25%) with clinically controlled atrial fibrillation (NYHA II).
Also there were no embolic complications nor thrombotic
evidence in the Doppler echocardiography control.

Conclusion: It is concluded in this initial series of cases
that the electrophysiological approach and the surgical
technique employed improved the surgical treatment of the
atrial fibrillation making correction of mitral and tricuspid
valve injuries possible without additional morbidity.

Descriptors: Atrial fibrillation, surgery. Atrial fibrillation,
etiology. Arrhythmia, surgery. Heart valve diseases, surgery.
Cardiac surgical procedures. Electrophysiology.
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INTRODUCTION

COX [1] in 1991 proposed a technique for surgical
treatment of primary atrial fibrillation, based on multiple
incisions and sutures in the right and left atria giving
satisfactory results in the recover of atrial synchronism.

JATENE et al. [2] in 1992 confirmed the benefits of the
‘maze’ technique in patients with rheumatic valvar disease
and GREGORI JR. et al. [3] in 1993 reduced part of the
complexity of this operation demonstrating its feasibility
without the necessity of cryoablation.

Aiming at optimizing the reproducibility of the operation
and reducing its risk in relation to the multiple atrial incisions
and with the increased adherences in reoperations,
alternative surgeries were proposed by JAZBIK et al. [4],
BENUSSI et al. [5], KOTTKAMP et al. [6] and KALIL et al.
[7], limiting the treatment to the left atrium, as in the original
proposals by COUMEL et al. [8] and WILLIAMS et al. [9].

However, the existence of arrhythmogenic foci located
in the right appendages, in the upper portion of the interatrial
septum and the free wall of the right atrium have also been
demonstrated [10,11].

A special contribution was seen with the studies of
FRAME et al. [12] in 1987, who accurately described the
electrophysiologic anatomy of the four main circuits of
reentry to the right atrium, which are: two at the outlets of
the upper and lower vena cavas to the right atrium, one
medium-atrial encircling the medium portion of the free wall

of the atria and the interatrial septum and one para-tricuspid
circuit, near to the right atrium junction with the tricuspid
valvar annulus (Figure 2).

Resumo:
A cirurgia do “Labirinto” para tratamento da fibrilação

atrial primária, inicialmente proposta por Cox, é
relativamente complexa e aumenta o risco de morbidade
próprio da cirurgia da valva mitral isoladamente.

Objetivo: Apresentar o detalhamento técnico, os conceitos
de eletrofisiologia adotados e os resultados iniciais de nova
abordagem cirúrgica e eletrofisiológica, incluindo o bloqueio
de macrocircuitos atriais específicos definidos por Frame, e
otimizando a tática cirúrgica de tratamento da fibrilação atrial.

Método: Foram operados oito pacientes portadores de
fibrilação atrial crônica e disfunção de valva mitral, associada
à disfunção de valva tricúspide em um paciente, empregando-
se as seguintes modificações principais da cirurgia de Cox: 1-
Exclusão da aurícula esquerda por sutura interna, na junção
com o átrio esquerdo; 2- Exclusão de aurícula direita por sutura
em bolsa de fixação da cânula de drenagem venosa para a veia
cava superior; 3- Incisão biatrial única; 4- Eletrocauterização
transendocárdica no tecido atrial esquerdo circunjacente aos
óstios das veias pulmonares; 5- Substituição das incisões e
suturas no átrio esquerdo por eletrocauterização
transendocárdica.

Resultados: O tempo de circulação extracorpórea variou de
64 a 133 min (média de 107,5 min) e o tempo de cardioplegia de
40 a 105 min (média de 76,7 min). Ao final da cirurgia, todos os
pacientes estavam em ritmo atrial regular. O pós-operatório
transcorreu sem complicações cirúrgicas e todos os pacientes
receberam alta hospitalar em ritmo atrial regular. Em nenhum
paciente foi necessário o implante de marcapasso definitivo.
No seguimento ambulatorial, seis meses após a cirurgia, seis
(75%) pacientes mantiveram o ritmo atrial com as contrações
atriais regulares, e dois apresentaram fibrilação atrial,
clinicamente controlada (NYHA II). Também não ocorreram
complicações embólicas nem evidência de trombose no controle
ecocardiográfico.

Conclusão: Pode-se concluir, como experiência inicial, que
a abordagem eletrofisiológica e a técnica empregada
otimizaram o tratamento cirúrgico da fibrilação atrial,
possibilitando a correção de lesões valvares mitrais e tricúspide
sem morbidade adicional.

Descritores: Fibrilação atrial, cirurgia. Fibrilação atrial,
etiologia. Arritmia, cirurgia. Doenças das valvas cardíacas,
cirurgia. Procedimentos cirúrgicos cardíacos. Eletrofisiologia.

Fig. 1 - Diagram of the foci of ectopic atrial tachycardia in the
posterior wall of the right appendages (1), in the upper septal
portion (2) and in the free wall of the right atrium (3) [19-21]
SVC – superior vena cava, PV – pulmonary vein, RA – right
atrium, IVC – inferior vena cava, RV – right ventricle, RAp – right
appendages, AO – aorta
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This study describes the initial results obtained from an
optimized biatrial approach in patients with rheumatic valvar
diseases, based on electrophysiologic concepts, which had
not been considered previously in the surgical procedures
for the treatment of chronic atrial fibrillation.

METHOD

With the study project approved by the Ethics Committee
of the Sao Francisco Cardiovascular Foundation of Assis/
ServCor, eight symptomatic patients (NYHA II/III) with mitral
valve dysfunction of a rheumatic etiology and symptomatic

tricuspid valvar insufficiency in one case evolving to chronic
arterial fibrillation over a period of at least one year were
operated on. The patients were submitted to general
anesthesia, longitudinal sternotomy and surgical treatment
of the valvar dysfunctions and atrial fibrillation.

Six (75%) patients were female and ages ranged from 21
to 67 years old (mean 35.1 years) – Table 1.

Cardiopulmonary bypass with hypothermia (30 – 32 ºC)
were employed with total venous drainage by means of
cannulae introduced to the superior and inferior vena cavas
through areas delimited by purse-string sutures in the right
atrium with the suture of the superior vena cava positioned
about 5 mm from the base of the right appendages (Figure 1).

The cannula for systemic arterial perfusion was
introduced in the distal portion of the ascending aorta and
the cannula for cardioplegic arterial perfusion was
introduced in its proximal portion.

Myocardial protection was achieved with perfusion of
continuous, hypothermiac (30 -32 ºC), hyperkalaemic (25
mEq/L) sanguineous coronary perfusion at 60 to 90 mmHg
in a circuit independent of the systemic arterial perfusion
(Model Comex Ind. Com. Ltda, BH – MG).

To access the mitral valve, the atrial ostia of the
pulmonary veins and left appendages, as well as a sectioning
of the, septal and right atrial interatrial conduction zones, a
single oblique incision was employed as proposed by
DUBOST et al. [13], starting 5 mm above the right
atrioventricular groove and stretching 15 mm around the
anterior portion of the right superior pulmonary vein, with
sectioning of the interatrial septum up to 10 mm above the
annulus of the tricuspid valve (Figure 3).

Table 1 – Data of the patients

OBS
Nº
1
2
3
4
5
6
7
8

Sex

M
F
F
F
F
M
F
F

Age

21
37
67
22
43
46
38
31

Diagnosis

MS + AF
DLM+AF+AT
MSCa+++AF
MSCa++AF

MS+ AF
DLM+ TI +AF

MRE+ AF
DLM+ AF

Surgery

 MVP + MT
MVR+ MT +TC

MVR+ MT
MVR+ MT
MVR+ MT

MVR+AT + MT
MVR+ MT
MVR+ MT

Occlusion
Aortic

50
05
90
40
53
98
94
84

CPB
(min)

90
133
122
64
73
129
127
122

MS = Mitral   stenosis AF = Atrial fibrillation
VPM = Mitral Valvuloplasty DLM = Double lesion of the mitral valve
MVR = Mitral valve replacement MT = Maze technique
MRE =   Mitral re-stenosis AT = Atrial thrombosis
TC = Thrombectomy TA = Tricuspid annuloplasty
TI = Tricuspid insufficiency

TºC
(min)

32
31
32
32
32
32
31
31
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Fig.2 - Diagram of the activation atrial circuits according to Frame
et al. [23]
SVC – superior vena cava, PV – pulmonary vein, RA – right
atrium, IVC – inferior vena cava, RV – right ventricle, RAp – right
appendages, AO – aorta
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Compartmentalization of the left atrium was achieved
using running sutures using 3-0 polypropylene thread in
the first two cases and using an electric scalpel in the others,
attempting to isolate the ostia of the pulmonary veins from
the left appendages, similar to the system used by
WILLIAMS et al. [9] and modified by BRICK [14] (Figure 4).

The left appendage was excluded by a running suture
from its base, in the communication ostium with the left atrium.

In the patient with associated tricuspid insufficiency, a De
Veja-type annuloplasty was performed [15], with plicature a ¼
way around the tricuspid annulus (from 12 o’clock to 3 o’clock).

For the reconstruction of the interatrial septum of the
right superior pulmonary vein and the right atrial wall,
continuous sutures on a single plane were used with a 3-0
polypropylene thread.

The right appendage was excluded by simply closure
using purse-string sutures, after the removal of the superior
vena cava cannula.

RESULTS

A regular atrial heart rhythm was achieved in all the patients,
with hemodynamic stabilization at the end of the cardiopulmonary
bypass.

The perfusion time ranged from 64 to 133 minutes with a
mean of 107.5 minutes and the aortic clamping varied from 40 to
105 minutes with an average of 76.7 minutes. All the patients
were released from hospital with the regular atrial heart rhythm
maintained.

During hospitalization, two patients presented with atrial
fibrillation which was reverted using digital and amiodarone.

All the patients were released in stable clinical conditions,
with a regular rhythm and with the presence of a morphologically
varying P-wave. No patients required the permanent implantation
of a pacemaker. In the six-month postoperative follow up, two
patients returned to an atrial fibrillation rhythm, with the others
(75%) continued with regular atrial rhythms, with preservation
of the atrial contraction and absence of thrombosis as evidenced
by control echocardiograms.

COMMENTS

The historical basis of modern surgical treatment of atrial
fibrillation initiated with the demonstration that the presence of
left atrial striated musculature extended to the pulmonary veins,
reported in 1836 by RAUSCHEL [16] and in 1869 by ELISCHER
[17]. In 1914 ROTHBERGER & WINTERBERG [18] postulated
electrophysiologic concepts considering that the same single
ectopic focus could determine the total atrial fibrillation.

LEWIS [19] and LEWIS et al. [20], in 1920, postulated the
importance of the circular movement of the reentry circuits and
GARREY [21], in 1924, studied the atrial segmentation to block
the propagation of the abnormal stimuli and impede total atrial
fibrillation, a concept adopted in the surgical approach of the
Cox operation.

However, it was COUMEL et al. [8], in 1973, who performed
the first surgery for the treatment of the ectopic focus of
arrhythmia located in the left atrial, causing the subsequent

Fig. 4 - Diagram of the exclusion of the left appendages and of the
electrocauterization of the left atrium around the pulmonary veins
(Modified by Brick [14])

Fig. 3 - Diagram of the purse-string sutures at the right appendage
base and of the biatrial incision to section the interatrial septum
(modified by Dubost et al [13])

Electrocauterization was performed with a sufficient
intensity to pass through the endocardium, exposing the
subjacent atrial muscles but avoiding perforation of the
chamber itself. Another concern was the cauterization of
the atrium, leaving a border of at least 5 mm around the ostia
of the pulmonary veins.
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development of techniques to isolate the left atrial, to treat the
atrial fibrillation.

With the right atrium and the interatrial septum, some studies
demonstrated the possibility of treating tachyarrhythmias with
the ablation of the arrhythmogenic foci located in the walls of the
right appendage, in the upper portion of the interatrial septum
and/or the free atrial wall [10,11,22] and the studies of FRAME et
al. [12,23] defined the main circuits responsible for sustained
tachyarrhythmias. Considering this surgical anatomy of
arrhythmogenesis of the right atrium and remembering that ample
surgical exposure facilitates the septation of the left atrium, it is
thought that the biatrial incision, proposed by DUBOST et al.
[13] for the surgery of the mitral valve, would also facilitate the
electroablation and electro-septation in the left atrium at the same
time in which it would block arrhythmogenic circuits in the free
wall of the right atrium and in the upper septal portion.

The relative complexity and the potential increase of morbidity
of the ‘maze’ surgery [24-26] has motivated the procedure to be
restricted to the left atrium and only using an ultrasound scalpel
[27], or by applying radiofrequency [28], reducing sectioning
and the sutures necessary in the atrial walls, keeping, however,
the success of the conversion to regular atrial rhythm in 70 to
80% of the patients.

In this study, we opted for a simple electric scalpel
(electrocauterization or diathermic scalpel), as defined by BATH
[29] and also based on satisfactory results obtained by BRICK
(personal communication). Special care was taken with the atrial
electrocauterization, respecting a border of a minimum of 5 mm
around the ostia of the pulmonary veins to prevent stenosis
[30]. The technique utilized in this work optimized the atrial
fibrillation surgery, substituting the resection of the right and left
appendages for purse-string suturing of the entry of the cannula
in the superior vena cava in the right atrium, and by the closing
suture of the left appendage neck through the left intra-atrial
membrane, respectively. Also the ample internal exposure of the
left atrium was facilitated by the technique of DUBOST et al. [13],
reducing the length of the sutures in the right atrium. From the
electrophysiologic point of view, the single incision in the right
atrium excluded one of the circuits of reentry of the stimuli in the
atrial wall and also the septal channels. As the circuits near to the
ostia of the superior and inferior vena cavas were acknowledged
by FRAME et al. [12] as being incapable of generating
tachyarrhythmias, their ablation can be easily achieved by
applying radiofrequency or epimyocardial diathermia in cases of
persistent atrial fibrillation at the end of the operation. The last
option, in refractory cases, may be, the interruption of the para-
tricuspid circuit of FRAME et al. [12], that can be blocked by
intracardiac electrocauterization and sectioning the interatrial
septum to the tricuspid valve or externally, prolonging atriotomy
of the free wall of the right atrium to the atrioventricular groove,
taking care not to injure the right coronary artery. The block of
this circuit, however, might make the functioning of the

atrioventricular node difficult and cause the necessity of the
definitive implantation of a pacemaker.

In recent studies, CHIAPPINI et al. [31] and COX et al. [32]
proved the convenience and advantages of procedures with
lesser morbidity and less surgical complexity in the general
context of treatment for atrial fibrillation, which stresses the
potential benefits of the approach defined in this study.

In a general analysis of this initial study, we conclude that
the technique employed and the electrophysiologic basis
considered, simplified the surgery, practically reducing the
operation to a single atrial incision and determining the different
stages to block the potentially arrhythmogenic circuits, enabling
the treatment of the atrial fibrillation and the correction of the
mitral and tricuspid valve lesions without additional morbidity.
The same criteria of electrophysiologic blocks facilitate the
determining of endovascular treatment of atrial fibrillation, when
direct intervention of the mitral and tricuspid valves is not
necessary.
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