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Atrial Fibrillation

• Most common arrhythmia requiring treatment: 
prevalence ≈ 2%

• Age > 70 yrs: prevalence ≈ 10%

• Clinical issues – Palpitation symptoms

– CHF

– Thromboembolism (stroke)

• Response to anti-arrhythmic agents: 30-60%

• Long-term efficacy: <30%

• Most patients need lifelong anticoagulation therapy

Stroke 

prevention



In 1987

Maze = Labyrinth = 미로



Development of Maze Procedure

• 1st animal (canine) model for AF in 1980 (Duke University)

- Stepwise chordae rupture → MR induction 

- Wait > 3 months→ AF induction

“Transmural scar in the atrium block the conduction”



Development of Maze Procedure

• 1st digital mapping in mid-1980s (Washing University)

1. “Multiple macro-reentrant circuits in the atria”

2. It remains in one location for only 0.2 sec

→ map-guided surgery is impractical…

3. Diameter of macro-reentrant circuit:

5-6cm in LA, much larger in RA



Observations from Animals



Development of Maze Procedure

Cox et al. J Thorac Cardiovasc Surg 2011



Development of Maze Procedure

Cox et al. J Thorac Cardiovasc Surg 2011



Initial Cox-Maze Procedure

Cox et al. JAMA 1991



Initial Cox-Maze Procedure





Initial Maze Procedure

Cox et al. JAMA 1991



Initial Maze Procedure

• There were no operative deaths 

• Perioperative atrial arrhythmias in 8 (36%)

• Surgical bleeding in 3 (14%) 

• Stroke in 1 (5%)

• Pneumonia in 1 (5%)

• PPM in 9 (41%)

Cox et al. JAMA 1991



Modifications of Maze Procedure

Cox-Maze III in 1994

Cox-Maze I in 1987

Gold Standard



Current Understandings on 

Pathophysiologic Mechanisms of 

Atrial Fibrillation



Multiple Wavelet Hypothesis

• Multiple reentry wavelets in the atrium

• Theoretical rationale of the Maze operation



Focal Trigger

• Pacemaker activity

• Especially in pulmonary veins → “PV isolation”



Autonomic Nervous System

• Ganglionic plexi



Multifactorial Mechanism



Trigger

Substrate

Paroxysmal AF Persistent AF

Coarse AF wave Fine AF wave

Preserved atrial size Enlarged atrial size

Preserved atrial thickness Atrial wall thinning



Cut-and Sew Maze



Alternative Energy Sources

Replace the surgical incision

Lines of transmural ablation→ conduction block 



Alternative Energy Sources

1. Cryoablation

2. Radiofrequency

3.   Microwave

4.   High-intensity focused ultrasound (HIFU)



Cryoablation 

• 1st alternative approach in AF ablation surgery

→ most time-tested 

+ well-characterized safety profile 

• Maintain structural integrity

• Inexpensive, reasonable results 

• N2O-based FrigitronicsⓇ cryoprobe: 2min, -60℃

• Argon-based technology: rapidly achieve -160°C



Cryoablation

SurgiFrost CryoSurgical System



Radiofrequency Lesions

• More incisive than cryotherapy

• Current of 350 kHz to 1MHz

• Adjacent tissue injuries

• Saline irrigation

• Unipolar probe, bipolar clamp



Radiofrequency Lesions

Low efficacy

RF unipolar probe RF bipolar clamp



Cox-Maze IV

Damiano et al. J Thorac Cardiovasc Surg 2007



Cox-Maze IV



Approach



Let Atrial Lesion



Let Atrial Lesion





Let Atrial Lesion



Let Atrial Lesion



Let Atrial Lesion



Right Atrial Lesion



Right Atrial Lesion





Let Atrial Lesion

Mitral isthmus



Right Atrial Lesion

Cavo-tricuspid isthmus 

(CTI)



MICS Multi-Valve Surgery



Right Side Lesion



Which One Better?

Maze procedure Surgical AF ablation



STS Database

Gammie et al. Ann Thorac Surg 2008

Maze 수술시행률 < 40%











Adjusted Hazard Ratios for Clinical 

Outcomes: Maze vs. Control

Outcomes HR 95% CI P value

Death Crude 0.91 0.53-1.56 0.73

Propensity score 1.13 0.63-2.01 0.69

IPTW 1.15 0.65-2.03 0.63

Thromboembolism Crude 0.42 0.17-1.03 0.059

Propensity score 0.28 0.10-0.77 0.014

IPTW 0.29 0.12-0.73 0.008

Composite outcome Crude 0.83 0.59-1.16 0.27

Propensity score 0.80 0.55-1.16 0.24

IPTW 0.82 0.50-1.34 0.42

Kim JB et al. Circulation 2012



Echocardiographic Outcomes

Kim JB et al. Circulation 2012



Postoperative TV Function

Kim JB et al. Circulation 2012



Summary

• Pathophysiology of AF: 

– Multifactorial

– Trigger from PV-major focus

• Essential part of surgical AF ablation

– PV isolation

• Alternative energy sources

– Cryoablation

– Radiofrequency ablation

• Proven benefits of AF ablation?

– Positive based on observational studies



Thank you


