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Substrate of AF 

• Paroxysmal AF 

• Pulmonary vein: trigger of AF 

• Majority (90%) of patients cured with PV isolation   

• Chronic AF 

• LA (dilated) : substrate for AF 

• Macro-reentrant circuits in dilated LA 

• Failed with PV isolation 

• Cured with Cox-maze procedure. 



Chronic AF 
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Maze procedure 





Main Sequelae of AF  

1. Patients anxiety : rapid heart rate 

2. Cardiac hemodynamic deterioration : loss of synchronous AV 

contraction 

3. Stroke : thromboembolic risk 

 

• Management:  Rate control vs. rhythm control 

                                  Prevention of thromboembolism 



AFFIRM (Atrial Fibrillation Follow-Up Investigation of 
Rhythm Management) trial 

• Poor long-term success 

• 63% resumed sinus rhythm 

• Unwanted side effects of chronic medical therapy  



 



 



Novel strategies for treatment of AF  

1. Ablation and pace strategy 

– AV node ablation and permanent PM implantation 

– Disadvantages 

• Rate controlled, but PM dependent and thromboembolic risk (stroke) 

– Advantages 

• Exercise performance and ventricular function comparable to medically 

managed patients 



2. Cox work 

– Indications 

• AF associated with structural heart disease 

• Isolated (lone) AF that is symptomatic despite medical treatment and 

catheter ablation 

– Selection of surgical ablation 

• Surgical indication 

• Anticipated morbidity  

ex) Double valve replacement + cut-and-sew technique + aged + well-

controlled AF with medication 



Cox-Maze procedure 

• Standard ‘cut-and-sew’ method 

– Most effective and reliable method  

• Complete transmural atrial lesion 

• Partial modification 

– Cryolesion instead of ’cut’ lesion 

• On medial aspect of RA  

• For pulmonary vein isolation 

• Modified Cox-maze procedure (Cox-maze IV) 



‘Cut-and-sew’ technique  
for complete transmural atrial lesion 

Most effective and reliable method 



Partial (two) modification from ‘Cut-and-sew’ 
technique 

1. Cryolesion for RA medial aspect  

2. Cryolesion for pulmonary vein 
isolation 



Cox-maze IV procedure 

• Most incisions        Cryolesion and/or bipolar RF energy 

• Less invasive 

• Shorter ablation time 

• Minimal collateral injuries 

 Questioned durability  







Mitral Valve Surgery 

• AF in 40% of patients undergoing MV surgery  

• Chronic LA enlargement : substrate for AF 

• Majority of patients chronic AF 

• Failed with medical therapy and PV isolation 

• Cured with Cox-maze procedure. 

• Paroxysmal AF 

• Pulmonary vein: trigger of AF 

• Majority of patients cured with PV isolation   



Paroxysmal AF 

• 90% of patients 

– Pulmonary vein : substrate for AF 

– Cured with PV isolation 

• 10%  

– Pulmonary vein : not a substrate for AF 

– PV isolation : not ablation procedure.  

– ‘Macro reentry pathways’ in MV regurgitation 



Cox-maze op in MV surgery 

Objective: The objective was to determine whether the Cox maze procedure provides 
adjunctive benefit in patients with atrial fibrillation undergoing mitral valve repair. Methods: 
We compared the outcome of 39 patients who had the Cox maze procedure plus mitral valve 
repair between January 1993 and December 1996 (maze group) with that of 58 patients with 
preoperative atrial fibrillation who had mitral valve repair during the same interval by the same 
surgeons (control group). Patients in the 2 cohorts were similar for age, gender, preoperative 
New York Heart Association class III or IV, and duration of preoperative atrial fibrillation. The 
control group had a higher incidence of previous heart surgery and coronary artery disease. 
Results: No operative deaths occurred, and 1 patient in each group required pacemaker 
implantation after the operation. Duration of cardiopulmonary bypass (122 ± 40 minutes vs 58 
± 27 minutes, P < .0001) and hospitalization (12.6 ± 6.4 vs 9.3 ± 3.4 days, P < .0025) were 
prolonged in patients having the Cox maze procedure. Overall, 2-year survival was similar (92% 
± 5% for maze patients and 96% ± 3% for controls). Freedom from atrial fibrillation in the 
maze group was 74% ± 8% 2 years after the operation compared with 27% ± 7% for the control 
group (P < .0001). Freedom from stroke or anticoagulant-associated bleeding in the maze group 
was 100% 2 years after the operation compared with 90% ± 8% in the control group (P = .04). 
At most recent follow-up, 82% of maze patients were in normal sinus rhythm (53% in control 
group). Conclusion: The addition of the Cox maze procedure to mitral valve repair is safe and 
effective for selected patients, and elimination of atrial fibrillation decreased late 
complications. (J Thorac Cardiovasc Surg 1999;118:628-35) 



 



 



Coronary Bypass Surgery and Aortic valve Surgery 



 



• PV isolation + LA appendage 
exclusion for CABG or AV surgery 
(+/-) 

• Cox-maze procedure for enlarged LA 
and long-standing AF (++) 



Septal Myectomy for hypertrophic Cardiomyopathy  

• Loss of LA component of LV filling 
– Profound clinical deterioration 

– After myectomy: dramatic relief of symptom and improved exercise capacity
  

• AF in many patients 
– Due to diastolic dysfunction, LAP increased, and LA enlargement 

– Septal myectomy without AF ablation: 2/3 free from AF 

• Maze operation  
– Indication: symptomatic with medical therapy, intolerable to medication, 

failed catheter ablation 

– AF ablation: safe, mortality and morbidity not increased,  

– Recurrence rate: LV muscle regression and decreased; but higher than MV 
surgery 



Congenital Heart Diseases 

• Most common atrial tachyarrhythmia among adults with CHD 

– Atrial flutter and fibrillation 

– Effective with right-sided Cox-maze procedure. 

– Procedure time shortened with newer devices (RF or Cryoablation) 

• Chronic AF, LA dilatation, concomitant mitral regurgitation 

– Biatrial maze procedure 

• Atrial flutter 

– Maze procedure + right atrial isthmus lesion 

 



 



 



 



Atrial Fibrillation and Tricuspid Valve Disease 

• Tricuspid valve disease 
– 10-50% of patients with significant MV disease 

– Concomitant TR and pulmonary hypertension 

– Functional in etiology 

• AF 
– Predictor of late development of TR after MV surgery 

 



 



Low Ejection Fraction 

• AF         LV dysfunction 

• Conversion to sinus rhythm         LV dysfunction cured 

• Mechanism of impaired hemodynamics 
– Loss of AV synchrony and atrial contraction (C/O reduced) 

Ex) Hypertrophied ventricles, restrictive CM, MS 

– Tachycardia-induced CM 

• Rapid ventricular response to minimal activity 

  Ex) Resting HR not important (Paroxymal AF 62/min; postop HR 84/min; 
tachycardia-induced CM 84/min)  

• Diagnosis of tachycardia-induced CM 
– No structural heart disease 

– Documentation of AF before LV dysfunction 



Prophylactic Cox-maze 

• New AF after MV repair 
– No history of preop AF 

– Old age 

– RV strain and function changed; AF developing not decreased with TV repair 

• Predictors of late AF (Stulak JM, etc. Ann Thorac Surg 2010;89;1395-401) 

– Advanced age 

– LA size > 50 mm 

– Moderate preop TR 

– Diabetes 

• Indication of prophylactic Maze 
– Severe MR 

– Enlarged LA 

– Moderate TR 

 



Postoperative Management 

• Coumadin for 3 months 

• High normal range of potassium and magnesium 

• Liberal use of diuretics 
– Atrial appendages: important source of natriuretic peptide 

• Postop recurrent AF: amiodarone for 3 months 

  



Outcomes 

• Cox-maze procedure 
– Most effective surgical procedure to manage AF and its adverse 

consequences 

• New techniques and instruments 
– Indication of its application evolved 

– Surgical application simplified 

– Surgical ablation expanded 

• Report of surgical results 
– EKG / Holter monitoring 

• Report of results 
– Last follow-up findings: high success rate 

– Freedom from AF: low success rate 

– Confusing factors 

• Terminology (intermittent vs. paroxysmal) 

• Patients population (Lone paroxysmal AF vs. AF with MV disease) 



Future Directions 

• New instruments and lesion sets vs. standard cut-and-sew maze 
procedure 

• PV isolation vs. full Cox-maze procedure 
– For both paroxysmal AF and AF with MV disease 

• LA reduction plasty (?)for dilated LA  

• Prophylactic maze procedure (?) for MV disease, dilated LA and 
sinus rhythm 

 



 



 



 



 



 



 



 



 



Conclusion 

• Cox-maze procedure 
– New instruments : simplified and effective surgery 

– Biatrial maze procedure for chronic AF (LA enlargement) 

 

• Structural cardiac diseases with AF 
– Maze procedure  

• Mortality/morbidity 

– Biatrial cox-maze procedure 

 

• Prophylactic maze procedure 
– Severe MR + dilated LA +Moderate TR 

– Considering morbidity and mortality 


