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The Cox-maze procedure is a surgical technique that has 
been especially designed in order to eliminate all possi-
ble cause for atrial fibrillation or flutter. It is composed 
by a set of surgical incisions or burn lines strategically 
placed in both atria, so the electric impulse can be con-
ducted from the sinus node to the atrioventricular one 
whilst preserving the contractile and transport function 
in the atria. With the current incessant ebb and flow to-
wards minimally invasive surgical techniques, several 
possibilities of performing the Cox-maze procedure are 
now at hand. The endocardial Cox-maze, epicardial sur-
gical ablation, hybrid procedure and convergent proce-
dure are just a mere example for this kind of procedures. 
While the approach for the concomitant AF is by on-
pump procedures, in the case of the stand-alone AF is 
eminently through off-pump techniques. In this article, 
we sought to review the current status and applications 
for the Cox-maze procedure accordingly the type of AF, 
as concomitant or stand-alone AF.
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El procedimiento de Cox-maze es una técnica quirúrgica 
que ha sido especialmente diseñada para eliminar todas las 
posibles causas de fibrilación auricular (FA) o flutter. Está 
compuesto por un conjunto de incisiones quirúrgicas o lí-
neas de quemaduras estratégicamente colocadas en ambas 
aurículas, de manera que el impulso eléctrico se pueda con-
ducir desde el nódulo sinusal al atrioventricular, conservan-
do la función contráctil y de transporte de ambas aurículas. 
Con el flujo y reflujo incesante actual hacia técnicas quirúr-
gicas mínimamente invasivas, existen varias posibilidades de 
realizar el procedimiento de Cox-maze. El procedimiento de 
Cox-maze endocárdico, la ablación quirúrgica epicárdica, el 
procedimiento híbrido y el procedimiento convergente son 
solo un mero ejemplo de este tipo de procedimientos. Mien-
tras que el abordaje de la FA concomitante es mediante pro-
cedimientos con bomba, en el caso de la FA asilada es emi-
nentemente a través de técnicas sin bomba. En este artículo, 
buscamos revisar el estado actual y las aplicaciones para el 
procedimiento de Cox-maze de acuerdo con el tipo de FA, 
como FA concomitante o aislada.

Palabras clave: Fibrilación auricular; Aurícula; Arrit-
mia; procedimiento de Cox-maze; Fibrilación auricular 
concomitante; Orejuela izquierda; Fibrilación auricular 
aislada.
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Atrial fibrillation (AF) is the most sustained cardiac 
arrhythmia world-wide [1]. Approximately 2.3 mil-
lion US adults currently have AF. Overall general 

prevalence is 0.95% in adult population, being more common 
in men (1.1% vs 0.8%, p<0.001), with an ever increase from 
0.1% in adults younger than 55 years to 9.0% in older than 
80 years or older [2]. It is estimated that 12.1 million people 

in the United States will have AF in 2030, with an increase of 
2.5-fold by 2050 [3-6]. 

The sole presence of AF increases 5-fold the chance for 
stroke [7], 3-fold for heart failure [8-10], and 2-fold for de-
mentia [11] and mortality [8]. 

The progression from paroxysmal AF to persistent or 
long-term persistent AF at 1 year is from 10% to 20%, with a 
progression up to 50% - 77% after 12 years of follow-up [12]. 
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Regarding the number of patients having preoperative AF 
undergoing cardiac surgery, an analysis from the STS Nation-
al Database between July 1, 2011 and June 30, 2014, a total 
amount of 837,978 cardiac operations were registered. Out of 
them, 112,401 (13.4%) had preoperative AF. Of them, 86,941 
(non-endocarditis nor emergent cardiac surgery) were candi-
dates for surgical ablation. In turn, 42,066 of 86,941 of these 
patients (48.3%) underwent surgical ablation for AF [13]. Of 
note, only 3.26% (2,836 of 86,941) were stand-alone AF cases, 
and 96.7% were concomitant AF. The mitral valve group with 
or without concomitant procedures (CABG, AVR) had the 
highest rate for surgical ablation [13]. 

BASIC CONCEPTS IN ATRIAL FIBRILLATION AND 
THE COX-MAZE PROCEDURE

First concept: paroxysmal and non-paroxysmal AF. 
In paroxysmal AF, the pulmonary vein triggers are the 

main responsible for the ectopic electric impulses generating 
the AF. Under normal circumstances, such as normal or near-
ly normal atrial myocardium, these electric impulses tend to 
disappear on their own. The same situation can be repeated 
over an over again, giving rise to a new “paroxysm”. In such 
a way, it can be called paroxysmal AF. However, after certain 
special circumstances in the atrial myocardium [14,15], the 
paroxysmal AF can become non-paroxysmal AF. Now, the ar-
rhythmia can stay in the atrial myocardium for longer.  Since 
it is not dependent on the pulmonary vein triggers anymore, 
the non-paroxysmal AF is self-sustained by means of some 
macro reentrant circuits (also known as rotors, mother-ro-

tors, or drivers) located anywhere in both atria. In this con-
text, it is quite understandable that the simple pulmonary 
veins isolation is not enough to eliminate the non-paroxysmal 
AF. A much more complex strategy is necessary in order to 
eliminate this arrhythmia [16]. (Fig. 1). 

Second concept: the size of the macro reentrant circuits.
The minimum size of these rotors to sustain AF in the hu-

man atria is 6 cm in diameter or even longer [17]. Consid-
ering that the fibrocyte does not conduct the electricity, any 
consequential fibrotic line can act as a wall or barrier. Surgical 
incisions or burn lines both produce fibrocytes. Hence, if two 
separate incisions or burn lines are placed on the atrial myo-
cardium less than 6 cm one from the other, then no enough 
space for the development of the macro reentrant circuit. That 
means to say that there is no more AF as final result. By strate-
gically placing some surgical incisions or burn lines through 
both atria (not just in the left atrium), a labyrinth (or maze) 
can be obtained (Fig. 2). 

Third concept: The map for the Cox-maze procedure.
With this framework, a map of the procedure can be 

achieved and translated from the theory into the practice. 
The electric impulse must be conducted from the sinus node 
to the atrioventricular node while preserving the contractile 
and transport atrial function (Fig. 3). When all anatomic 
structures in both atria are considered, all incisions can be 
placed all along both atria. Thus, the map of the Cox-maze 
procedure is conceived in a bi-atrial fashion. The Cox-maze 
procedure must be understood as a full bi-atrial procedure 
[18,19]. (Fig. 4). 

Figure 1. The two main types of atrial fibrillation and the proposed different surgical ablative strategies according the type of atrial fibrillation. 
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The evolution of the Cox-maze procedures. 
From the very beginning to the present time, there have 

been several iterations in order to improve the efficacy of 
the Cox-maze procedure. The first reported procedure 
used to treat AF in the human being was the left atrial tran-
section. It took place in October 13, 1986, at the Barnes 
Hospital, in St Louis, Missouri, US [15]. It goes without 
saying it was not a true Cox-maze procedure. The first 
true Cox-maze procedure goes all the way back to Septem-
ber 25, 1987, and it was performed by Dr. James L. Cox 
at the aforementioned Barnes Hospital.  Interestingly, the 
previously mentioned left atrial transection was surgically 
converted to Cox-maze procedure in September 07, 1988, 
being the second officially recognized Cox-maze proce-
dure [20]. By the first days of January 1992, after having 
several inconveniences regarding the chronotropic issue, 
the Cox-maze II procedure was brought into existence. 
Shortly thereafter, in April 1992 the original Cox-maze III 
procedure was developed and performed as it stands now 
[personal communication by Dr. James L. Cox].  However, 
all these procedures are made by means of “cut-and-sew” 
Thus, all of them are very time-consuming procedures. 
Nevertheless, by replacing most of these surgical incisions 
by burn lines utilizing some alternative energy sources, we 
can obtain an easier, faster and safer procedure, known as 
Cox-maze IV procedure, ever since 2002 [21]. Certainly, in 
2003, the U.S. Food and Drug Administration cleared one 
of the marketing available bipolar surgical radiofrequency 
ablation tool. Therefore, since 2004, the industry launched 
the widespread use of the bipolar radiofrequency devices 
for AF surgery [22]. 

ALTERNATIVE ENERGY SOURCES FOR THE COX-
MAZE IV PROCEDURE.

The only proved alternative energies getting full transmu-
rality in the burn lines are the bipolar radiofrequency abla-
tion and cryolesion. The epicardial unipolar radiofrequency 
or unidirectional bipolar RF ablation have a questionable effi-
cacy [23]. Cryolesion has demonstrated to have high efficacy 
when is used to perform the Cox-maze IV procedure. Con-
sequently, we assume that a full transmurailty is guaranteed 
by using cryolesion as ablation device [24-26]. In fact, cryo-
surgery has revolutionized the surgery for cardiac arrhythmia 
improving the efficacy of the procedure getting full transmu-
railty in a consistent way [27]. 

With respect to radiofrequency (RF) ablation, it has been 
demonstrated that the only useful in terms of getting con-
sistent full transmurailty is the bipolar RF. Unipolar RF has 
very limited power to produce transmural lesions [28, 29]. 
Nevertheless, several issues are to be considered in the daily 
practice. Bipolar RF is highly dependent on the time of ap-
plication. However, the longer the application time and the 
more intensity, the greater the possibility of bubble formation 
between the burned tissue. In addition, steam pop formation 
is related to a greater drop in impedance than lesions with 
no steam pop formation [30]. In common parlance, it means 
incomplete transmurailty in burn lines. Another problem 
we have to analyze is the despair pressure force in the bipo-
lar clamp for bipolar RF ablation. This clamp has different 
pressure profiles affecting the degree of transmurality [31]. 
In addition, every 1 mm increase in overlying fat decreased 
the possibility of transmurality by 11% [31]. Because of the 

Figure 2. A: The macro reentrant circuit (also called driver, rotor or mother-rotor) sustaining the atrial fibrillation in the human atria. B: Two burn lines or 
surgical incisions, represented by the dotted lines, which are sepatarted less than 6 cm one from the other. Red arrows represent the electric impulse which 
is not able to move in circles anymore to generate macro reentrant circuits. So, if no enough space or continuous tissue, therefore, there cannot be atrial 
fibrillation anymore. This is the principle of the Cox-maze procedure. 
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Figure 3. Map for the Cox-maze procedure. Of note, both atria are invloved in the design of the Cox-maze procedure. It results more than impossible to 
conceive the Cox-maze procedure out of the continuum of the both atrial myocardium. 

epicardial fat, one single ablation can fail to create a transmu-
ral lesion in 35% of the times; hence, two ablations without 
releasing the clamp resulted in 100% of transmurality lesion 
transmurality with the bipolar RF clamp [32]. Finally, the im-
portance of producing ischemia between the clamp jaws for 
delivering bipolar RF is a matter of great concern, since it can 
affect the algorhytm for full transmurality: Hence, we cannot 
be sure if transmurality is due to colliquative necrosis or just 
simple temporary ischemia in the atrial tissue [33]. 

Needless to say, all the other alternative energy sources 
have not demonstrated true consistency to produce full trans-
murality in the human alive atrial tissue.

EFFECTIVENESS OF THE COX-MAZE PROCEDURE
After all information that we have reviewed thus far, the 

question arises as to how effective is the maze procedure. We 
analyze both modalities, the classic Cox-maze III procedure 
by means of “cut-and-sew” as well as the Cox-maze IV utiliz-
ing bipolar RF ablation with cryoablation or just cryoablation. 
We analyzed the results from studies showing the outcome 
from 1-year to 8.5-years follow-up. We only included those 
reports working under the form of full bi-atrial lesion pattern, 
regardless the treatment for concomitant or stand-alone AF. 
The standard “cut-and-sew” Cox-maze III remains as the gold 
standard for surgical ablation of AF, with results around 90% 
of effectiveness in terms of freedom from AF [34-44] (Fig. 5). 
The Cox-maze IV, only including papers using bi-atrial ap-

proach by means of bipolar RF ablation in combination with 
cryoablation, or just cryoablation for the whole procedure, 
the development of the procedure is reflected in the statis-
tics, from 2-years to 7-years follow-up, between 90% and 61% 
for recovery of sinus rhythm [45-52] (Fig. 6). Despite there 
was a large variability in the outcome for different surgical 
groups in the CURE-AF trial ranging between 33% and 100% 
for freedom from AF [53], the Cox-maze IV is highly recom-
mended to be used for our daily practice nowadays. 

HOW TO DO IT THE COX-MAZE IV PROCEDURE IN 
THE CURRENT ERA

To answer this question, we have to recognize that there is 
a critical need to make a gross division between the two types 
of AF which we can figure out in our daily practice. Firstly, the 
most common type of AF seen in patients undergoing cardiac 
surgery is the concomitant AF. In turn, the most frequent as-
sociation is with mitral valve disease, although it may be seen 
in combination with aortic valve disease or coronary artery 
disease, among many other pathologies. In patients undergo-
ing primary non-emergent cardiac surgery, up to 13.4% had 
preoperative AF. Out of them, 96.7% had concomitant AF, 
and only 3.26% as stand-alone AF [13]. 

In recent years, there has been a growing interest in the 
possible therapeutic usefulness as mini-invasive procedures. 
The Cox-maze procedure is not the exception to that trend. 
Ever since 2002 when the Cox-maze IV, also called “electric” 
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Figure 4. Schematic representation of the full bi-atrial lesion pattern of the Cox-maze procedure. The same pattern is applicable to the Cox-maze III as "cut-
and-sew" as well as to the Cox-maze IV with alternative energy sources, regardless the approach, through full median sternotomy, bilateral or unilateral 
approach by videoscopy, etc. 

Cox-maze, was brought to light [54], the possibility of per-
forming the same operation through a right mini-thoracot-
omy began to take root. Nowadays, it is a well standardized 
technique which has been previously published yet [55, 56]. 
Needless to say, the key point is always performing the proce-
dure as a full bi-atrial procedure [57]. 

The author has previously published how to perform the 
classic Cox-maze IV procedure through a full median ster-
notomy [58]. 

CONCOMITANT AF
Endocardial Cox-maze procedure

In the context of concomitant AF, we previously cited 
above, the mitral valve disease is the most common under-
lying pathology in cases with concomitant AF. As such, the 
whole matter can be approached through the same right mini 
thoracotomy. However, the procedure must be performed on 
pump including aortic-cross clamping [56]. The so-called en-
docardial Cox-maze procedure is a very good case in point in 
order to illustrate this technique [59].  Apparently, this rep-
resents a real disadvantage when compared to other lesser in-
vasive procedures. Nevertheless, this on-pump technique has 
proved that it can be as safe as the other off-pump procedures, 
in term of mortality and morbidity, as well as efficacy in free-
dom from AF [60]. Overall freedom from AF of 90% and 79% 
off-ADD has been described with the endocardial Cox-maze 
procedure [61]. Another point to underline is the efficacy and 

safety in terms of mortality, morbidity and the like by using 
the mini-invasive Cox-maze IV. No differences in mortality 
or freedom from atrial tachyarrhythmias between the clas-
sic approach and the endocardial one for the procedure [62]. 
Overall complication rate was lower when compared to the 
standard approach (6% vs. 13%, p=0.044), as well as the early 
mortality rate (0% vs. 4%, p=0.039) [63]. 

Now, in terms of concomitant AF, how safe is the proce-
dure? does it add morbidity or mortality? By using the classic 
Cox-maze IV procedure by median a full sternotomy, we pre-
viously knew that there is no important difference in this re-
gard. No additional perioperative morbidity is added with the 
Cox-maze procedure [23, 64]. In fact, in the setting of mitral 
valve disease, the concomitant AF (persistent or long-standing 
persistent AF) is currently a recommendation class I level of 
evidence A to be treated in the course of the mitral valve oper-
ation [57]. 

Nonetheless, specifically speaking about the combination 
of mitral valve surgery with Cox-maze IV procedure by means 
of mini-invasive operation, as endocardial Cox-maze, Jiang 
et al. [65] have demonstrated that not only was it possible to 
perform, but that the results were much better when the right 
mini-thoracotomy approach was used for this purpose. Postop-
erative ventilation time, length of stay in ICU, in-hospital stay, 
and blood transfusion were in favor of right mini-thoracotomy 
as approach for the endocardial Cox-maze procedure and mi-
tral valve surgery (p < 0.001, for each of the subsets above) [65]. 
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Given the fact that the mitral group is the large one ex-
hibiting concomitant AF, all the aforementioned constitutes 
the core part of this discussion. However, shall we say that, in 
the setting of aortic valve disease and CABG with concomi-
tant AF, the procedure can be added with no additional risk 
of operative mortality or important morbidity. Actually, this 
represents an indication I, level of evidence B [57]. 

We should emphasize the fact that no additional risk for 
operative mortality or morbidity is observed after utilizing 
the on-pump endocardial Cox-maze procedure. On that note, 
cardiological community should be reeducated in order to be 
more expansive with our spreading recommending the endo-
cardial Cox-maze procedure in a more extensive way, regard-
less the underlying type of AF. 

STAND-ALONE AF
This special type of AF is presented with no underlying 

structural cardiac pathology explaining the presence of the AF. 
Most often, this is the result of a failure in the antiarrhythmic 
medical treatment, or after several failed attempts of catheter 
ablation. To the best of our knowledge, operative morbidity 
or mortality remains unaltered when using the mini-invasive 
Cox-maze procedure IV as a treatment for stand-alone AF 
[23, 57]. When the stand-alone AF is the result of refractori-
ness to AAD or catheter ablation or both, the Cox-maze pro-
cedure is recommended under the form of Class IIA, Level B 
randomized. Moreover, the full bi-atrial lesion pattern is rec-
ommended to be used in this kind of patients [57]. 

In the light of the foregoing, the premise of being more 
invasive, more lethal and with more potential complications 
when using “on-pump” procedures, such as endocardial Cox-
maze procedure, cannot be sustained for longer [60-63]. Un-
fortunately, the general feeling towards lesser invasive proce-
dures seems to exceed up to expectations. The concept about 
“off-pump” procedures turns out to be very attractive for peo-
ple who are not plunged into these special procedures, even 
when no solid arguments underpinning this ebb and flow of 
information can be identified as of yet. As a result, a second 
wave as “off-pump” surgical ablation procedures have been 
proposed in order to surgically treat the stand-alone AF. In 
this connection, several procedures stand out; viz, epicardi-
al surgical ablation, hybrid approach, and convergent proce-
dure. Shall we tackle every single one of them in the remain-
der of this article. 

Epicardial surgical ablation
This procedure is performed without needing cardiopul-

monary bypass, as off-pump procedure, on beating heart, 
and usually using just videoscopy. For all these reasons, these 
types of procedures have become so popular in recent years. 
Nevertheless, a word of caution should be remarked before 
using these special techniques. For this purpose, a closer look 
at these techniques is mandatory. 

The critical part on which this modality is based on is the 
box lesion set in the left atrium. That is, it is not only necessary 
to bilaterally isolate the pulmonary veins, but to complete the 

Figure 5. Results of the Cox-maze III procedure using the classic "cut-and-sew" technique.
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entire box lesion set including connecting lines in the roof 
and the floor of the antrum containing the pulmonary veins. 
It has been well demonstrated the box lesion set is an essential 
step of the Cox-maze procedure [66]. All the other additional 
lines of the Cox-maze procedure can be checked out in the 
article by Dr. Cox in the context of the electrophysiologic ba-
sis for lesions of the contemporary Maze operation [18]. The 
sole pulmonary vein isolation is not sufficient to eliminate the 
non-paroxysmal AF [67,68]. In addition, the procedure must 
be performed as a full bi-atrial procedure, as stated out by Dr. 
Cox [69,70] and some other authors [71]. Postoperative AF 
may be developed on the right atrium, despite the right atrial 
size [70]. Thus, there no room for doubting about the imper-
ative necessity of performing the Cox-maze procedure to the 
fullest of the completeness [72,73]. 

The epicardial surgical ablation was brought to light as an 
“off-pump” alternative to the endocardial Cox-maze procedure, 
which is made “on-pump” including aortic-cross clamping [59]. 
Since the stand-alone AF is commonly the result of a failure in 
the medical antiarrhythmic treatment as well as after several 
failed attempts of catheter-based ablation, there is no underly-
ing structural cardiac pathology justifying the primary surgical 
procedure. As such, the lesser invasive the procedure, the better 
the acceptance of it. According to all the aforementioned con-
cepts in this section above, we can identify several ways of per-
forming the same procedure. There are three ways to perform 
the same procedure, which vary depending on the device used 
for this purpose [74]. The ultimate goal is to achieve complete 
transmurality in every burn line. As we have already mentioned 

previously, only bipolar radiofrequency and cryoablation offer 
consistency in this regard [23]. On the grounds previously laid 
down, other than these alternative energies should be avoided 
when performing the Cox-maze procedure. 

In the case of using the device by Atricure, the ablation 
clamp (Isolator Synergy, AtriCure, OH, USA) is used to get 
the pulmonary vein isolation through a bilateral approach by 
videoscopy [75]. Thus, the transmurality at these spots around 
the pulmonary veins may be assured. However, all the other 
additional lines for the box lesion set and trigone line are made 
using a linear pen device (Bipolar Linear Pen, AtriCure, OH, 
USA). Despite described as bipolar energy, truth be told, this 
kind of energy is not a true bipolar radiofrequency ablation. 
Energy is going between two poles of the pen, which makes 
the power of its penetration very limited and highly depen-
dent on tissue thickness. In a study by Sakamoto et al. using 
this device, 80% of ablations on the arrested heart and 67% on 
the beating heart were transmural. The deepest penetration of 
the burn in the atrial tissue was 6.1 mm. No transmural lesions 
were observed when the tissue was thicker than 6.7 mm [76]. 
An analysis of the box lesion set 6-8 weeks after having applied 
the epicardial ablation time has shown that the highest degree 
of full transmurality was observed around the pulmonary veins 
at the site of application of the bipolar clamp, 80% in the left 
pulmonary veins, and 96% in the right ones. In stark contrast, 
the lowest degree of complete transmurality was observed in 
the lines made by the linear pen device, 34% in the roof line, 
60% in the floor line, and 5% in the trigone line [77]. 

Figure 6. Results of the Cox-maze IV procedure using alternative energy sources, such as bipolar radiofrequency and/or cryoablation.
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With the COBRA FusionTM 150 (Estech, an AtriCure® 
Company, San Ramon, CA, USA), a final catheter loop is 
placed around the pulmonary veins through a right unilater-
al approach using videoscopy [78].  Then, a suction system is 
applied up to 500mmHg, to get a consistent contact between 
the atrium and the electrodes. According to the specifications 
by the manufacturer, bipolar and monopolar can be delivered 
by means of this multisegmental catheter. However, getting an 
eyeful of this procedure after 6-8 weeks of the epicardial pro-
cedure, only 25% of cases had a complete posterior left atrial 
isolation [79]. 

The third possibility to perform the epicardial surgical ab-
lation is by using the Medtronic Cardioblate™ Gemini™-S Sur-
gical Ablation System, including the bipolar clamp (Medtron-
ic, Inc., Minneapolis, USA). This is a bilateral thoracoscopic 
approach using only the bipolar clamp delivering bipolar ra-
diofrequency ablation in order to isolate the PV as well as the 
entire left atrial antrum [80]. While the full transmurality 
may be obtained, it is exclusively limited to box lesion set in 
the left atrium. So, the success rate is very limited in cases of 
non-paroxysmal AF. Doty et al. [81] demonstrated with this 
GALAXY technique an overall freedom from AF of 63% at 24 
months in cases of non-paroxysmal AF. 

As we could realize, the chief problem with all these less-
er invasive off-pump procedures, all of them are missing 
the left-sided additional lines and right-sided lesions of the 
original Cox-maze IV procedure, which underpins all these 
procedures. The results for the non-paroxysmal AF are not 
that convincing. It has been previously stated out by Dr. Cox, 
the aim of the set of lesions in the Cox-maze procedure is to 
interrupt all macro-reentrant circuits that might theoretically 
be sustaining AF in both atria. Hence, the complete pattern as 
described by Dr. Jim Cox should be always applied [18]. 

Regarding the right-sided lesions, it turns out to be more 
than impossible to confine the Cox-maze procedure only to 
one atrium. The atria should be understood as a continuum 
of muscle electrically speaking. So, the Cox-maze procedure 
should always be conceived as a full bi-atrial procedure. Sev-
eral publications have demonstrated the lack of efficacy when 
the right-sided lesions are missed, at the time of full efficacy 
when a bilateral approach is performed [82-86]. In this set-
ting, it is imperative to improve the previous results of the 
epicardial surgical ablation procedures. Natural next step is to 
add something else to the previous epicardial procedure. By 
adding endocardial approach to the previous one, we can get 
the so-called hybrid approach [87]. 

Hybrid approach
The hybrid procedure can be called Hybrid Maze IV pro-

cedure as long as provided it is adhered to the same principle 
underpinning the Cox-maze IV procedure: the full bi-atrial 
lesion pattern [87]. With this endocardial approach, all epi-
cardial lesions previously made can be now checked in terms 
of the degree of transmurality by catheter-based techniques. 
If any gap is discovered, then it is burned from inside the 
heart getting in this way a complete transmural burn line. 
This second endocardial stage is classically performed after 

6-8 weeks after the initial epicardial approach. Every single 
one of the epicardial lesions is now checked out by means of 
electrophysiological studies from inside the heart. Every gap 
is closed by burning with a tip catheter. Finally, two important 
lines are performed by catheter ablation. The mitral and the 
cavo-tricuspid lines. For this purpose, in order to make easier 
and safer the procedure, during the epicardial procedure the 
surgeon is encouraged to leave some “landmarks” by placing 
some small surgical clips (as those used of the internal mam-
mary artery dissection) as a reference points on the mitral 
annulus as well on the coronary sinus from outside the heart. 
In this way, the electrophysiologist can deliver in a safer and 
faster way the RF energy, usually as unipolar RF working as 
tip-by-tip technique from inside the heart [87]. 

RESULTS FROM HYBRID APPROACH
The epicardial surgical ablation is much better than the 

sole catheter ablation approach to treat other than paroxys-
mal AF, viz, persistent or long-standing persistent AF. The lit-
erature is full of corroborative articles in this regard [88-93]. 
In this way, the existence of the hybrid approach seems to be 
fully justified.

With respect the hybrid approach, a search in the web-
site ClinicalTrials.gov (https://clinicaltrials.gov/ct2/home) 
with the key words “hybrid ablation” and “atrial fibrillation” 
“and “convergent procedure” showed that there are current-
ly 19 studies registered. Out of them, 15 met criteria for our 
purpose. Thirteen trials have not completed or published the 
results yet. Only two of them have had some publication auto-
matically indexed to the ClinicalTrials.gov Identifier number. 
As of yet,13 trials have not completed or published the results.  
The complete list of these trials can be consulted in Table 1. 

The overall results for the hybrid procedure using a bi-
lateral or unilateral thoracoscopic approach complemented 
by catheter-based techniques are observed in a very wide 
range from 56% to 78% freedom from AF between 12 and 
18 months of follow-up [94-97]. Interestingly, the best results 
were observed using the convergent approach as a combina-
tion of subxyphoideal pericardial approach and percutaneous 
catheter ablation. These results ranged between 74% and 92% 
from 12 and 24 months after the full procedure [98-99]. Thus, 
further studies with longer follow-ups are absolutely neces-
sary in order to get a better overview with stronger conclu-
sions. 

In addition, one of the most important limitations with 
the analysis of this studies is the large variability in the surgi-
cal technique, lesion sets, alternative energies used, left atrial 
appendage management, among many other variables. What 
is truth is that actually there is a lack of standardization with 
the Cox-maze procedure in our daily practice [100-101]. 

As a conclusion, we can highlight two main facts. The first 
of them is the necessity of always understanding the Cox-
maze procedure as a bi-atrial procedure with the inherent full 
bi-atrial lesion pattern regardless the approach. The second 
important fact is the comprehension that there are only two 
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NAME OF THE TRIAL ClinicalTrials.gov Identifier Status Completion Date

Publications 

automatically 

indexed

Hybrid Ablation of  Persistent and Long-standing Persistent 

Stand-alone Atrial Fibrillation
NCT02832206 Complete with no 

results posted yet.

Not applicable no

Two-stage Hybrid Ablation or Thoracoscopic Epicardial Ablation for 

Long-standing Persistent Atrial Fibrillation (THAT-LSPAF)
NCT03708471 Recruiting December 2022 no

Comparison Between One-stage Hybrid Ablation and Thoracoscopic 

Surgical Ablation for Intractable Atrial Fibrillation.
NCT03127423 Recruiting December 2022 no

Hybrid Versus Catheter Ablation in Persistent AF (HARTCAP-AF). NCT02441738 Complete with no 

results posted yet.

Not applicable no

Serial Hybrid Atrial Fibrillation Ablation (SHAFT)
NCT01582828

Unknown with no 

results found as 

published yet.

December 2017 no

One Staged Hybrid Approach of  Surgical/Catheter Ablation for 

Persistent Atrial Fibrillation. NCT02968056

Unknown with no 

results found as 

published yet.

October 2019 no

Hybrid Staged Operating Room and Interventional Catheter Ablation 

for Atrial Fibrillation (HISTORIC-AF).
NCT01622907 Complete Not applicable doi: 10.1093/ejcts/

ezx162.

Hybrid Therapy and Heart Team for Atrial Fibrillation (HT2AF) NCT03737929 Recruiting Juanuary 2022 no

Hybrid Procedure in Patients with Persistent Atrial Fibrillation NCT02392338 Complete Not applicable

doi: 10.1016/j.amj-

card.2019.12.046.

Subxyphoid Hybrid MAZE Registry for Patients with Persistent Atrial 

Fibrillation (SubXMAZE) NCT04148625. Enrolling

December 30, 

2021 no

Comparison of  Treatment Outcomes Between Convergent Pro-

cedure and Catheter Ablation for Persistent and Longstanding 

Persistent Atrial Fibrillation
NCT04509180. Recruiting September 1, 2024 no

CONVERGE CAP Study-For the Treatment of  Symptomatic Persis-

tent or Long-standing Persistent AF (CAP)
NCT04239534. Suspended for 

Covid19

November 2026 no

Combined Endoscopic Epicardial and Percutaneous Endocardial 

Ablation Versus Repeated Catheter Ablation in Persistent and 

Longstanding Persistent Atrial Fibrillation (CEASE-AF)
NCT02695277 Active, not recruiting. December 2024 no

Dual Epicardial Endocardial Persistent Atrial Fibrillation (AF) Study 

(Staged DEEP) (Staged DEEP)
NCT01661205 Complete with no 

results posted yet

Not applicable no

Table 1. Trials listed in the website ClinicalTrials.gov regarding the hybrid approach, including the convergent procedure, to treat the non.paroxysmal  
atrial fibrillation



102 GARCÍA-VILLARREAL
COX-MAZE PROCEDURE

CIR CARD MEX 
2021; 6(4): 93-104

CIRUGÍA CARDIACA
EN

MÉXICO

REFERENCES
1.	 Wyndham CR. Atrial fibrillation: the most common arrhythmia. Tex Heart 

Inst J. 2000;27(3):257-67. 
2.	 Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrilla-

tion in adults: national implications for rhythm management and stroke pre-
vention: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) 
Study. JAMA. 2001;285(18):2370-5. doi: 10.1001/jama.285.18.2370.

3.	 Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular trends in incidence of 
atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, and impli-
cations on the projections for future prevalence external icon. Circulation. 
2006;114:199–225. doi: 10.1161/CIRCULATIONAHA.105.595140.

4.	 Colilla S, Crow A, Petkun W, Singer DE, Simon T, Liu X. Estimates of cur-
rent and future incidence and prevalence of atrial fibrillation in the U.S. adult 
population. Am J Cardiol. 2013 Oct 15;112(8):1142-7. doi: 10.1016/j.amj-
card.2013.05.063.

5.	 Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrilla-
tion in adults: national implications for rhythm management and stroke pre-
vention: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) 
Study. JAMA. 2001;285(18):2370-5. doi: 10.1001/jama.285.18.2370.

6.	 https://www.cdc.gov/heartdisease/atrial_fibrillation.htm. Last accessed Au-
gust 10, 2021. 

7.	 Kannel WB, Wolf PA, Benjamin EJ, et al. Prevalence, incidence, progno-
sis, and predisposing conditions for atrial fibrillation: population-based esti-
mates. Am J Cardiol 1998;82:2N-9N.

8.	 Wang TJ, Larson MG, Levy D, et al. Temporal relations of atrial fibrillation 
and congestive heart failure and their joint influence on mortality: the Fram-
ingham Heart Study. Circulation 2003;107:2920-5.

9.	 Krahn AD, Manfreda J, Tate RB, et al. The natural history of atrial fibrilla-
tion: incidence, risk factors, and prognosis in the Manitoba Follow-Up Study. 
Am J Med 1995;98:476-84.

10.	 Stewart S, Hart CL, Hole DJ, et al. A population-based study of the long-term 
risks associated with atrial fibrillation: 20-year follow-up of the Renfrew/
Paisley study. Am J Med 2002;113:359-64.

11.	 Ott A, Breteler MM, de Bruyne MC, et al. Atrial fibrillation and dementia in 
a population-based study. The Rotterdam Study. Stroke 1997;28:316-21.

12.	 Proietti R, Hadjis A, AlTurki A, et al. A Systematic Review on the Progres-
sion of Paroxysmal to Persistent Atrial Fibrillation: Shedding New Light on 
the Effects of Catheter Ablation. JACC Clin Electrophysiol. 2015;1(3):105-
115. doi: 10.1016/j.jacep.2015.04.010.

13.	 Badhwar V, Rankin JS, Ad N, et al. Surgical Ablation of Atrial Fibrillation 
in the United States: Trends and Propensity Matched Outcomes. Ann Thorac 
Surg. 2017;104(2):493-500. doi: 10.1016/j.athoracsur.2017.05.016.

14.	 Wijffels MC, Kirchhof CJ, Dorland R, Power J, Allessie MA. Electrical 
remodeling due to atrial fibrillation in chronically instrumented conscious 
goats: roles of neurohumoral changes, ischemia, atrial stretch, and high rate 
of electrical activation. Circulation. 1997; 96(10):3710-20.

15.	 Allessie MA. Atrial electrophysiologic remodeling: another vicious circle? J 
Cardiovasc Electrophysiol. 1998; 9(12):1378-93.

16.	 Cox JL. Atrial fibrillation I: a new classification system. J Thorac Cardiovasc 
Surg. 2003 Dec;126(6):1686-92. doi: 10.1016/j.jtcvs.2003.06.002.

17.	 Cox JL. A brief overview of surgical for atrial fibrillation. Ann Cardiothorac 
Surg 2014;3(1):80-8. doi: 10.3978/j.issn.2225-319X.2014.01.05.

18.	 Cox JL, Malaisrie SC, Kislitsina ON, McCarthy PM. The electrophysiologic 
basis for lesions of the contemporary Maze operation. J Thorac Cardiovasc 
Surg. 2019;157(2):584-590. doi: 10.1016/j.jtcvs.2018.08.007. 

19.	 Cox JL, Boineau JP, Schuessler RB, et al. Electrophysiologic basis, surgical 
development, and clinical results of the maze procedure for atrial flutter and 
atrial fibrillation. Adv Card Surg. 1995;6:1-67. 

20.	 Cox JL. The first Maze procedure. J Thorac Cardiovasc Surg. 
2011;141(5):1093-7. doi: 10.1016/j.jtcvs.2010.12.012. 

21.	 Melby SJ, Zierer A, Bailey MS, et al. A new era in the surgical treatment 
of atrial fibrillation: the impact of ablation technology and lesion set on 
procedural efficacy. Ann Surg. 2006;244(4):583-92. doi: 10.1097/01.
sla.0000237654.00841.26.

22.	 García-Villarreal OA. Garcia-Villarreal OA. eComment. Alternative energy 
sources in surgery for atrial fibrillation. Interact Cardiovasc Thorac Surg. 

2012;15(1):128. doi: 10.1093/icvts/ivs239.
23.	 Ad N, Damiano RJ Jr, Badhwar V, Calkins H, La Meir M, Nitta T, Doll N, 

Holmes SD, Weinstein AA, Gillinov M. Expert consensus guidelines: Ex-
amining surgical ablation for atrial fibrillation. J Thorac Cardiovasc Surg. 
2017;153(6):1330-1354.e1. doi: 10.1016/j.jtcvs.2017.02.027.

24.	 Okada M, Usui A, Sakurai T, et al. Comparative study between cryoablation 
and radiofrequency ablation for surgical intervention of atrial fibrillation as-
sociated with mitral valve disease. Kyobu Geka. 2010;63(4):297-302.

25.	 Camm CF, Nagendran M, Xiu PY, Maruthappu M. How effective is cryoab-
lation for atrial fibrillation during concomitant cardiac surgery? Interact Car-
diovasc Thorac Surg. 2011;13(4):410-4. doi: 10.1510/icvts.2011.271676. 

26.	 Cai W, Hu J, Wang H, Chen S, Zhu G, Chen X. Valve surgery in combina-
tion with cryoablation in the treatment of atrial fibrillation. Pak J Med Sci. 
2018;34(6):1402-1407. doi: 10.12669/pjms.346.15537. 

27.	 Cox JL, Malaisrie SC, Churyla A, et al. Cryosurgery for Atrial Fibrillation: 
Physiologic Basis for Creating Optimal Cryolesions. Ann Thorac Surg. 
2021;112(2):354-362. doi: 10.1016/j.athoracsur.2020.08.114.

28.	 Nagashima K, Watanabe I, Okumura Y, et al. Epicardial ablation with irrigat-
ed electrodes: – effect of bipolar vs. unipolar ablation on lesion formation –. 
Circ J. 2012;76(2):322-7. doi: 10.1253/circj.cj-11-0984. 

29.	 Nagashima K, Watanabe I, Okumura Y, Ohkubo K, Kofune M, Ohya T, Kasa-
maki Y, Hirayama A. Lesion formation by ventricular septal ablation with 
irrigated electrodes: comparison of bipolar and sequential unipolar ablation. 
Circ J. 2011;75(3):565-70. doi: 10.1253/circj.cj-10-0870. 

30.	 Koruth JS, Dukkipati S, Miller MA, Neuzil P, d'Avila A, Reddy VY. Bipolar ir-
rigated radiofrequency ablation: a therapeutic option for refractory intramural 
atrial and ventricular tachycardia circuits. Heart Rhythm. 2012;9(12):1932-
41. doi: 10.1016/j.hrthm.2012.08.001. 

31.	 Varzaly JA, Chapman D, Lau DH, Edwards S, Louise J, Edwards J, Mahajan 
R, Worthington M, Sanders P. Contact force and ablation assessment of surgi-
cal bipolar radiofrequency clamps in the treatment of atrial fibrillation. Inter-
act Cardiovasc Thorac Surg. 2019;28(1):85-93. doi: 10.1093/icvts/ivy191.

32.	 Khiabani AJ, MacGregor RM, Manghelli JL, Ruaengsri C, Carter DI, Melby 
SJ, Schuessler RB, Damiano RJ Jr. Bipolar Radiofrequency Ablation on Ex-
planted Human Hearts: How to Ensure Transmural Lesions. Ann Thorac Surg. 
2020;110(6):1933-1939. doi: 10.1016/j.athoracsur.2020.04.079.

33.	 Ad N, Holmes SD, Rongione AJ, Massimiano PS, Fornaresio LM. Does Sur-
gical Ablation Energy Source Affect Long-Term Success of the Concomitant 
Cox Maze Procedure? Ann Thorac Surg. 2017;104(1):29-35. doi: 10.1016/j.
athoracsur.2017.04.004.

34.	 Musci M, Pasic M, Siniawski H, Lehmkuhl H, Edelmann B, Hetzer R. “Cox/
Maze-III operation” as surgical therapy of chronic atrial fibrillation during 
mitral valve and atrial septal defect II operation. Z Kardiol. 1998;87(3):202-
8. [German]. doi: 10.1007/s003920050172.

35.	 Arcidi JM Jr, Doty DB, Millar RC. The Maze procedure: the LDS Hospital 
experience. Semin Thorac Cardiovasc Surg. 2000;12(1):38-43. doi: 10.1016/
s1043-0679(00)70015-3.

36.	 Schaff HV, Dearani JA, Daly RC, Orszulak TA, Danielson GK. Cox-Maze 
procedure for atrial fibrillation: Mayo Clinic experience. Semin Thorac Car-
diovasc Surg. 2000;12(1):30-7. doi: 10.1016/s1043-0679(00)70014-1. 

37.	 McCarthy PM, Gillinov AM, Castle L, Chung M, Cosgrove D 3rd. The Cox-
Maze procedure: the Cleveland Clinic experience. Semin Thorac Cardiovasc 
Surg. 2000;12(1):25-9. doi: 10.1016/s1043-0679(00)70013-x. 

38.	 Handa N, Schaff HV, Morris JJ, Anderson BJ, Kopecky SL, Enriquez-Sa-
rano M. Outcome of valve repair and the Cox maze procedure for mitral 
regurgitation and associated atrial fibrillation. J Thorac Cardiovasc Surg. 
1999;118(4):628-35. doi: 10.1016/S0022-5223(99)70007-3. 

39.	 Wang CT, Zhang L, Qin T, et al. Cox-maze III procedure for atrial fibrilla-
tion during valve surgery: a single institution experience. J Cardiothorac Surg 
2020; 15; 111. https://doi.org/10.1186/s13019-020-01165-4.

40.	 Stulak JM, Sundt TM 3rd, Dearani JA, Daly RC, Orsulak TA, Schaff HV. 
Ten-year experience with the Cox-maze procedure for atrial fibrillation: how 
do we define success? Ann Thorac Surg. 2007;83(4):1319-24. doi:10.1016/j.
athoracsur.2006.11.007.

alternative energies capables to produce consistency on get-
ting full transmurality in burn lines: bipolar radiofrequency 
ablation and cryolesion. Other than these becomes ques-
tionable to use. When all these principles are rigorously and 
severly applied to the surgical ablation for AF, regardless the 
approach, the results can be impressive. 
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