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Evolution of AF surgery
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Sealy in 1973 Cox in 1980

Guiraudon in 1985 Cox in 1986

2 macro-reentrant circuits: 1 around 
the SVC and IVC orifices and 1 around 
the pulmonary veins and the orifice of 
the LAA



1 entrance site, 1 exit site, 1 true route between
the entrance and exit, and multiple “blind alleys” 

branching off from the 1 true route



the maze pattern of lesions specifically avoid compartmentalization of 
the atrial myocardium and all areas of the atrial myocardium would 
remain contiguous for both atria to be activated and functional
postoperatively



Final suggestion



Intra-atrial conduction delay that 
resulted in the LA and LV being 
activated simultaneously, resulting in
apparent loss of LA transport function 
because the LA was contracting against 
a closed mitral valve

It was extremely difficult to perform 
technically and required complete 
transection of the SVC above the RA in 
order to obtain sufficient operative 
exposure of the internal LA

In 1997, the minimally invasive 
cryosurgical Maze-III procedure that 
was performed through a 6-cm RMT, 
and all the surgical lesions were 
replaced by cryosurgical lesions

Damiano in 2002

Modification using a combination of 
bipolar RF clamps and linear 
Cryoprobes



Cornerstone of AF surgery



Modification of Cox Maze III



RMT Cox maze III operation



LAA internal occlusion by double layer suture



Evolution of Lesion set to Cox IV
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Thoracoscopic surgical ablation



The Annals of Thoracic Surgery 2008



Cox maze operation modifications
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Cox maze III modifications







79%, 70%, and 63% after 5, 10, and 15 years

J Thorac Cardiovasc Surg 2010



Circ J 2010; 74



Interactive CardioVascular and Thoracic Surgery, April 2005



Ann  Thorac  Surg  2008;85



Ann Thorac Surg 2001;72



3 and 5-year atrial fibrillation–free rates, respectively, were 88.7% ± 2.4% and 
80.9% ± 3.7% in repair (MVP) group and 83.2% ± 3.1% and 77.3% ± 4.1% in 
replacement (MVR) group

J Thorac Cardiovasc Surg 2010;139



Ann Thorac Surg 2015



Freedom  from  atrial  fibrillation  occurrence  at  5  years  was76.5% ± 1.8% 

J Thorac Cardiovasc Surg 2019



J Thorac Cardiovasc Surg 2014;147

AADNo AAD



82%

Ann Thorac Surg 2016;101

Mean follow-up: 111 ± 44 months (range, 36–223 months). 



J Thorac Cardiovasc Surg 2018;155

Burden of atrial arrhythmias during 7 years of follow up



Similar proportion of patients who received Cox maze in sinus rhythm (A) and sinus rhythm 
off class I/III antiarrhythmic medications during follow-up (B) for patients with and without 
concomitant MV procedures.

J Thorac Cardiovasc Surg 2019



Circ Arrhythm Electrophysiol. 2017;10



65% 

Circ Arrhythmia Electrophysiol. 2009



Heart Rhythm 2017;14









475 patients, October 2012 and October 2015 

Europace. 2019 

65%



• July 2011 to June 2014, 86,941 AF patients
• 48.3% (42,066 of 86,941) underwent SA 

Conclusions
Contemporary utilization of SA is 
increasing across all operative categories. 
Performance of SA is accompanied by a 
30-day reduction in mortality and stroke. 



Conclusions

This is the first report on the preoperative use of the ECUVE in 
surgical candidates for concomitant surgical procedures. The 
fact that a biatrial mechanism for atrial fibrillation was 
detected in all patients emphasizes the importance of a Cox-
Maze III/IV procedure to treat patients with valvular heart 
disease and nonparoxysmal atrial fibrillation. Preoperative 
mapping has the potential to significantly improve our 
understanding of the pathophysiology in atrial fibrillation and 
better guide the surgical ablation procedure of choice in a 
single patient.



“Coke” as a generic for all sweet, brown, carbonated drinks. 
However, there is a difference between an actual Coca-Cola 

and other sweet, brown, carbonated drinks



Thus, the Left-Sided Maze procedure is not a maze procedure. Other 
procedures like the Dallas lesion set and the 5-Box Maze procedure 
neither of which has any RA lesions, are also not maze procedures. Yet, 
when any of these non-maze procedures fail, a common refrain from 
patients is: “I had a maze procedure but it didn't work.” The only true 
maze procedures are the historical Maze-I and Maze-II procedures and 
the contemporary Maze-III and Maze-IV procedures because they are 
the only ones that adhere to the maze concept

Canadian Journal of Cardiology 34 (2018)



No coronary sinus lesions were performed, and notoriously 
unreliable unipolar surgical ablation devices were used to create 
many of the left atrial lesions and all of the right atrial lesions





Conclusions

The addition of atrial fibrillation ablation to 
mitral-valve surgery significantly increased the 
rate of freedom from atrial fibrillation at 1 
year among patients with persistent or long-
standing persistent atrial fibrillation, but the 
risk of implantation of a permanent 
pacemaker was also increased. (Funded by the 
National Institutes of Health and the Canadian 
Institutes of Health Research; ClinicalTrials.gov 
number, NCT00903370.)

N Engl J Med 2015;372

They failed to mention the coronary 
sinus lesion as a part of their “Bi-Atrial 
Maze Procedure,” suggesting that no 

patient in that multicentre trial received 
a true maze procedure



J Am Heart Assoc. 2018

https://www.ahajournals.org/toc/jaha/7/19


The reasons new permanent pacemakers are required after a maze 
procedure include the high success rates of the surgery with subsequent 
unmasking of preoperative sick sinus syndrome, excessive extracardiac
dissection that damages the autonomic nerve input to the heart, 
premature pacemaker implantation for a temporary junctional rhythm 
immediately postoperatively, surgical error, and patient selection.

Ann Thorac Surg 2018



Take home messages

• Cox maze operation is very strict technique and 
limited categorized in real world many 
modifications

• Beating Heart surgical ablations with or without 
endovascular addition is inferior than classic Cox 
lesion setting

• Cox maze operation is not so complex and difficult, 
so we should routinely consider for AF treatment, 
also improve minimal approach



LA transport function was quantified by the ratio of peak flow velocities of 
the atrial filling wave(A) to the early filling wave (V) (peak A/E)

J Thorac Cardiovasc Surg 2016



Semin Thoracic Surg 30, 2018

LAD=64.2±5.6mm(Q4:58.0-82.0mm)





• Surgical ablation for atrial fibrillation (AF) can be 
performed without additional risk of operative mortality 
or major morbidity, and is recommended at the time of 
concomitant mitral operations to restore sinus rhythm. 
(Class I, Level A)

• Surgical ablation for AF can be performed without 
additional operative risk of mortality or major morbidity, 
and is recommended at the time of concomitant isolated 
aortic valve replacement, isolated coronary artery 
bypass graft surgery, and aortic valve replacement plus 
coronary artery bypass graft operations to restore sinus 
rhythm. (Class I, Level B nonrandomized)



• Surgical ablation for symptomatic AF in the absence of 
structural heart disease that is refractory to class I/III 
antiarrhythmic drugs or catheter-based therapy is 
reasonable as a primary stand-alone procedure to 
restore sinus rhythm. (Class IIA, Level B randomized)

• Surgical ablation for symptomatic persistent or 
longstanding persistent AF in the absence of structural 
heart disease is reasonable as a stand-alone procedure 
using the Cox-Maze III/IV lesion set compared with PVI 
alone. (Class IIA, Level B nonrandomized)



• Surgical ablation for symptomatic AF in the setting of left atrial 
enlargement (4.5 cm) or more than moderate mitral regurgitation 
by pulmonary vein isolation alone is not recommended. (Class III 
no benefit, Level C expert opinion)

• It is reasonable to perform left atrial appendage excision or 
exclusion in conjunction with surgical ablation for AF for 
longitudinal thromboembolic morbidity prevention. (Class IIA, 
Level C limited data)

• At the time of concomitant cardiac operations in patients with AF, 
it is reasonable to surgically manage the left atrial appendage for 
longitudinal thromboembolic morbidity prevention. (Class IIA, 
Level C expert opinion)

• In the treatment of AF, multidisciplinary heart team assessment, 
treatment planning, and long-term follow-up can be useful and 
beneficial to optimize patient outcomes. (Class I, Level C expert 
opinion)





• Class IIa
• 1. An AF surgical ablation procedure is reasonable for 

selected patients with AF undergoing cardiac surgery for 
other indications. (Level of Evidence: C)

• Class IIb
• 1. A stand-alone AF surgical ablation procedure may be 

reasonable for selected patients with highly symptomatic AF 
not well managed with other approaches.(Level of Evidence: 
B)





• The mitral line blocks conduction through the 
myocardium of the LA isthmus, but the coronary 
sinus can also conduct electrical activity across the 
LA isthmus. Thus, if the coronary sinus is ignored, 
10% to 15% of patients will develop perimitral
flutter postoperatively, even in the presence of a 
perfect mitral line.



(i) A horizontal atriotomy, continued medially as a linear cryolesion across 
the posterior tricuspid annulus, (ii) a cavocaval lesion, and (iii) a lateral 
cryolesion from the midportion of the atriotomy to the tip of the right atrial 
appendage (RAA).





Figure 1. Kaplan-Meier analysis of atrial fibrillation (AF) recurrence over time in patients with giant 
left atrium 50 years old or younger and older than 50 years.

J Thorac Cardiovasc Surg 2011;141
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