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Atrlal Frbrlllatron

* Most common arrhythmia requrrrng treatment
prevalence = 2%

* Age > 70 yrs: preVaIence 10% o = .

. Clrnrcal |ssues Palprtatron symptoms
e . CHE e
| | ¢ Thromboembolrsm (stroke)
s Response to anti- arrhythmlc agents 30 60%
~+ Long-term efficacy: <30% o
Most patlents need Irfelong antrcoagulatron therapy

Stroke
prevention
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REFLECTIONS OF THE PIONEERS

The first Maze procedure In 1987

James L. Cox, MD L. . ) e
J Thorac Cardiovasc Surg 2011;141:1093-7
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Development of Maze Procedure

. 1st anrmal (canrne) model forAF |n 1980 (Duke Un.vers.ty)
- Stepwise chordae rupture > I\/IR mductron -
- Wait > 3 months% AF mductlon s

Transmural scar. |n the atrrum block the Conductron
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Development of Maze Procedure

- 15t drgrtal mapprng In mrd 19805 (Washrng Unersiy)

i Multrple macro reentrant crrcurts |n the atrra
2 It remarns In one Iocatron for onIy 0. 2 sec
D map gurded surgery is |mpract|cal
3 Drameter of macro reentrant crrcurt
5 6cm in LA much Iarger in RA '
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ATRIAL

ATRIUM LEFT
ATRIUM

AV Node

Ventricles

" Cox et aI.:‘J'ThQr'aC C'ardiovaSC 'Surg 2011
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» cedure. A “window™ has been drawn in the posterior left atrium to allow S
visualization of the location of the mitral valve, atrial septum, and AV node. ’
- Coxet al. JAMA 1991
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In

FIGURE 3. Photograph taken by Research Fellow Byung-Chul Chang, now the Professor and Chief of Cardiothoracic Surgery at Yonsei University in
Seoul, Korea, in early 1987 of the author performing the first experimental Maze procedure in the Cardiothoracic Surgery Research Laboratories at

Washington University in St Louis.




| Successful Srgical Treatment of

Atrial Fibrillation

Review and Clinical Update

UNIVERSITY OF ULSAN
OLLEGE OF MEDICINE

James L. Cox, MD; John P. Boineau, MD; Richard B. Schuessler, PhD; T. Bruce Ferguson, Jr, MD; Michael E. Cain, MD;
Bruce D. Lindsay, MD; Peter B. Corr, PhD; Kathy M. Kater, MSN; Demetrios G. Lappas, MD

B Atrial fibrillation is the most common of all sustained cardiac arrhythmias, yet it
has no effective medical or surgical therapy. During the past decade, multipoint
computerized electrophysiological mapping systems were used to map both
experimental and human atrial fibrillation. On the basis of these studies, a new
surgical procedure was developed for atrial fibrillation. Between September 25,
1987, and July 1, 1991, this procedure was applied in 22 patients with paroxys-
mal atrial flutter (n = 2), paroxysmal atrial fibrillation (n = 11), or chronic atrial
fibrillation (n = 9) of 2 to 21 years’ duration. All patients were refractory to all
antiarrhythmic medications, and each patient failed to receive the desired thera-
peutic benefits of an average of five drugs administered preoperatively. There
i were no operative deaths and all perioperative morbidity resolved. All 22 patients
d have been successfully treated for atrial fibrillation with surgery alone. Three
patients developed one late isolated episode of atrial flutter at 5, 6, and 15
months postoperatively, and each of these patient’s symptoms is now controlled
by a single antiarrhythmic drug. Preservation of atrial transport function has been
documented in all patients postoperatively, and all have experienced marked
clinical improvement.

(JAMA. 1991;266:1976-1980)

symptomatic. However, the threat of §
thromboembolism is more ominous.” |

Pharmacologic treatment of atrial fi-
brillation is directed initially at convert- |
ing the rhythm to normal sinus. When
the abnormal rhythm cannot be con- |
trolled, pharmacologic therapy is di-
rected at decreasing the ventricular re- |
sponse rate by limiting the number of
atrial impulses that can traverse the
atrioventricular node (AVN). Control
of the heart rate in the presence of con-
tinued atrial fibrillation, however, does
not alleviate the untoward subjective
symptoms associated with an irregular
heartbeat, does not restore cardiac he-
modynamics to normal, and does not
decrease the risk of thromboembolism.
Thus, it is apparent that a more effec-
tive form of therapy for atrial fibrilla-
tion is needed.
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Initial Maze Procedure

Summary of the Preoperative Status and Postoperative Results of the Maze Procedure for Atrial Flutter and Atrial Fibrillation*

Duration of
Precperative Rhythm, y Post- Time
Patient/ Sick ————————"—————— Preoperative In-Hospital Rhythm at operative Post- Atrial Since
Age, y/ Sinus  Paroxysmal Paroxysmal Chronic Drugs Perioperative Hospital Follow-up Permanent operative Transport Surglry.
Gender Syndrome  A-Flutter A-Fib A-Fib That Falled  Arrhythmia Discharge Rhythm Pacemaker Drugs Function

1/589M No 3 No V.Q.D,P.Pr, A-Flutter NSR NSR MNone None Preserved 46
Am

No D,P.Pr,F.Am A-Fib NSR NSR None None Preserved 42

D,E,Am None NSR NSR DDD-R None Preserved 32

Q.,D,P None Sinbrady  Sin brady None  Preserved 23

D,E,Am None NSR NSR Preserved 21

% vQ,D,PrF None Sinbrady  Sin brady Preserved 20

VQ,D,PrFE, None NSR NSR Preserved 18
Di,Ac,Am

' None Junctional  Sin brady Preserved 13
AVD,M,FE, A-Flutter NSR NSR Preserved

D,0i,Q, VA, None Junctional NSR Preserved
PtF.E,Am

D None NSR NSR Preserved
D.E,RV.AmM None NSR NSR Preserved

Pr,FE.Di,A, S Junctional  Accelerated Preserved
Am junctional

Di,Pf.Ac,DV, None Junctional NSR - Preserved
Am

Q,DiMm.DV None NSR NSRH

V.Pr.F,P{,Am A-Flutter Junctional NSR

D,0i,Q,PPrV None NSR NSR

D,Q,Di,Pi,F.E NSR NSR

D.Q,So.VA, - NSR
MNf

>|2|%|%|3| &| #|z|"

~ N

D.Q.PrF i NSR NSR
QP Sinbrady  Sin brady
D.PVQF Sinbrady  Sin brady

Cox et al. JAMA 1991
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Initlal 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%)

« PPMin9 (41%)

Cox et al. JAMA 1991
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Cox-Maze I in 1994.
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*. Multiple reentry Wavelets in the atrlum .
Theoretlcal ratlonale of the I\/Iaze operatlon

S t—'*mt Hﬁtt.-'tﬁwn 2007: 4: 816-61. |
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Pacemaker act|V|ty e
. EspeCIaIIy in pulmonary veins % PV isolation”

= {-‘*m Rhythm 2007 4: 816-61. |
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Autonomic Nervous System

1

Py, A
(4

%\‘—* S
veln and S Y

ligament of Marshall

» Ganglionic plexi -

{-‘*m Rhythm 2007 4: 816-61. |
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Paroxysmal AF

Coarse AF wave -
‘Preserved atrial size

Preserved attial thickness
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Peréi'étént-AF :

Fine AF wave .

~ Enlarged atrial size

~ Atrialviall thinning
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~ Cut-and Sew Maze =
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'Alternati:v,e Energy Sou;rceS‘-'_.

'Replace the surgical incision

~ Lines of transmural ablation = conduction block -
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Alternatlve Energy Sources

‘Cryoablation
Radlofrequency
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“Cryoablation

i alternative approach In AF ablatron surgery

— most time-tested " e
-+ well- characterrzed safety profrle

, I\/Iarntarn structural mtegrlty |

. Inexpensrve reasonable results

.
@ .

I_\IZQ-based' FrigitroniCS@’CryOprc')bé:,, ,2mi'n,‘ 6OC |
Argon-based technology: rapidly achieve -160°C
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Cryoablatlon
SurglFrost CryoSurglcaI System
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Radrofrequency Lesrons

I\/Iore incisive than cryotherapy
Current of 350 kHz to 1I\/|Hz
Adjacenttrssue |nJur|es |

- Saline |rr|gat|on L e e R
Unrpolar probe brpolar clamp
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Fig 1. Ablation devices used in this study. (A) Argon-based cryo-
thermy clamp (FrostByte Clamp on SurgiFrost, CryoCath Technolo-
gies Inc, Montreal, Quebec, Canada). (B) Radiofrequency clamp
(Isolator Synergy, Atricure Inc, Cincinnati, OH).

RF unipolar probe ~ RF bipolar clamp

| L e éfficaby
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. - Rt. Corenary Artery
Mitral Amnulus—~2> - o D

Coronary Sinus / ON
Circumflex: Coromnary Artery \\\ (.

@ Cryoablation
SUT7 g I 1l on

- = Radiofre quency Ablation

Figure 1. Cox-maze IV procedure lesion set. Lt. Appendage, Left
atrial appendage; SVC, superior vena cava; Rt. Appendage, right

£ atrial appendage; /VC, inferior vena cava; Rt. Coronary Artery,
right coronary artery.

Dé,,r’ni‘arjo: et a_I'.:J'Th.orac__'Card'iol\/asc Surg 2007
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Approgach - = i

Aortic suction line —

Retrograde cardioplegia line

Cardioplegia line

Temperature
probe

CO;
delivery line
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‘Let Atrial Lesion -
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Aortic suction line

Cardioplegia line

Temperature
probe

co,
delivery line ——
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Cardioplegia
Retrograde cardioplegia

Left atrial suction
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orifice of left citcumflex coronary artery
atrial appendage

coumadin ridge

mitral valve

orifice of LIPV w

s 9

. BN orifice of LSPV

coronary sinus

orifice of RSPV 7/ orifice of RIPV
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[ superior
connecting lesion

right pulmonary inferior connecting
vein isolation lesion
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cryoablation connecting
superior and inferior :
lesions
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~ Right Atrial Lesion =~
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right atrial
appendange
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Left Atrial Ablation Versus Biatrial Ablation in the |

Surgical Treatment of Atrial Fibrillation

Joon Bum Kim, MD, Ji Hyun Bang, MD, Sung Ho Jung, MD, Suk Jung Choo, MD,
Cheol Hyun Chung, MD, and Jae Won Lee, MD

Department of Thoracic and Cardiovascular Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, South
Korea

Resection

(Ann Thorac Surg 2011;92:1397-405)
© 2011 by The Society of Thoracic Surgeons
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orifice of left citcumflex coronary artery
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coumadin ridge

mitral valve

orifice of RSPV




\ UNIVERSITY OF ULSAN

o COLLEGE OF MEDICINE

~ Right Atrial Lesion =~
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............
...............

‘e
‘.
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atrioventrical node coronary sinus

fossa ovale

tendon of Todaro
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Mitral Anmslus— i . .~ /] — Re. Coronary Artery

Coronary Sinus =

. - /
Cirenmflex: Coromary Artery @ Cryoablation

Surgical Incision

= = Radiofre quency Ablation

Figure 1. Cox-maze IV procedure lesion set. Lt. Appendage, Left
atrial appendage; SVC, superior vena cava; Rt. Appendage, right
atrial appendage; IVC, inferior vena cava; Rt Coronary Artery,
right coronary artery.

Maze procedure

UNIVERSITY OF ULSAN
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Left Atrial Ablation Versus Biatrial Ablation in the
Surgical Treatment of Atrial Fibrillation

Joon Bum Kim, MD, Ji Hyun Bang, MD, Sung Ho Jung, MD, Suk Jung Choo, MD,
Cheol Hyun Chung, MD, and ] Non Lee, MD

Department of Thoracic and Cardiovascular Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, South
Korea

Resection

(Ann Thorac Surg 2011;92:1397-405)
© 2011 by The Society of Thoracic Surgeons

Surgical AF ablation
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AF Correction

Maze == A/ E < 40%
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Time Interval

Fig 1. Prevalence of surgical atrial fibrillation (AF) correction proce-
: dures among patients with preoperatipe atrial fibrillation undergoing
- cardiac surgery, P < 0.0001, test for frend, -

Gammleet al: Ann Thorac; S_'urg_ 2008 o
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Adult: Arrhythmias

Concomitant ablation of atrial fibrillation in rheumatic

mitral valve surgery

"] Check for updates

Wan Kee Kim, MD, Ho Jin Kim, MD, Joon Bum Kim, MD, PhD, Sung-Ho Jung, MD, PhD,
Suk Jung Choo, MD, PhD, Cheol Hyun Chung, MD, PhD, and Jaec Won Lee, MD, PhD

ABSTRACT

Objective: Efficacy of atrial fibrillation ablation in rheumatic mitral valve disease
has been regarded inferior to that in nontheumatic diseases. This study aimed to
evaluate net clinical benefits by the addition of concomitant atrial fibrillation abla-
tion in rheumatic mitral valve surgery.

Methods: Among 1229 consecutive patients with atrial fibrillation from 1997 to
2016 (54.4 £ 11.7 years; 68.2°% were female), 812 (66.1% ) received concomitant
ablation of atrial fibrillation (ablation group), and 417 (33.9%) underwent valve
surgery alone (no ablation group). Death and thromboembolic events were
compared between these groups. Mortality was regarded as a competing risk to
evaluate thromboembolic outcomes. To reduce selection bias, inverse probability
of treatment weighting methods were performed.

Results: Freedom from atrial fibrillation occurrence at 5 years was
76.5% + 1.8% and 5.3% + 1.1% in the ablation and no ablation groups, respec-
tively (P <.001). The ablation group had significantly lower risks for death (haz-
ard ratio [HR], 0.69; 95% confidence interval [CI], 0.52-0.93) and
thromboembolic events (HR, 0.49; 95% CI, 0.32-0.76) than the no ablation
group. Time-varying Cox analysis revealed that the occurrence of stroke after sur-
gery was significantly associated with death (HR, 3.97; 95% CI, 2.36-6.69). In
subgroup analyses, the reduction in the composite risk of death and thromboem-
bolic events was observed in all mechanical (n = 829; HR, 0.53; 95% CI, 0.39-
0.73), bioprosthetic replacement (n = 239; HR, 0.67; 95% CI, 0.41-1.08), and
repair (n = 161; HR, 0.17; 95% CI, 0.06-0.52) subgroups (P for
interaction = .47).

Conclusions: Surgical atrial fibrillation ablation during rheumatic mitral valve
surgery was associated with a lower risk of long-term mortality and thromboem-
bolic events. Therefore, atrial fibrillation ablation for rheumatic mitral valve dis-
ease may be a reasonable option. (J Thorac Cardiovasc Surg 2019:;157:1519-28)

Survival benefit by the addition of surgical AF ablation
for rheunatic heart disease. Central Image was illus-
frated by Jinsoo Rhu.

Central Message

The addition of surgical AF ablation for pa-
tients undergoing rheumatic MV surgery may
be a reasonable option.

Perspective

Although the efficacy of AF ablation in rheu-
matic MV disease has been reported to be infe-
rior to that in nonrheumatic diseases in terms of
the elimination of AF, whether there are net
clinical benefits of concomitant AF ablation
in rheumatic MV surgery has been debated.

See Commentaries on pages 1529 and
pages 1531.
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Postoperative Rhythm Outcomes

Log rank P < .001

— Ablation
———— no-Ablation

Ablation
Mo Ablation

Years from Index Surgery

498 360 274 175 a3
28 21 13 10 1

100% -

80% -

60% -

40% -

20% -

Adjusted Freedom from AF

0

HR =0.07 (95% CI: 0.06-0.08), P < .001

— Ablation
-——— no-Ablation

Ablation
No Ablation

B

Years from IndeX Surgery

812 501 367 281 175
415 30 20 16 13
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90.0%

— Ablation
———— No Ablation

— Ablation
———— Mo Ablation

Adjusted Free from
Thromboembolic Events

Adjusted Survival Rates

HR = 0.62 (95% CI: 0.46-0.83), P =.002 HR = 0.49 (95% CI- 0.32-0.76), P = .001

2 - 6 g 10 12 14 2 4 6 8 10 12
Years from IndeX Surgery Years from Index Surgery
Ablation 812 580 463 370 265 170 109 47 Ablation 812 554 435 344 243 149 Q2

A B o [ =8 ot




ASAN ‘ o UNIVERSITY OF ULSAN

i

Medical Center : : 5 _ ; 7> COLLEGE OF MEDICINE

e

Circulation s

Learn and Live..
JOURNAL. OF THE AMERICAN HEART ASSOCIATION

Long-Term Outcomes of Mechanical Valve Replacement in
Patients With Atrial Fibrillation

Impact of the Maze Procedure

Joon Bum Kim, MD: Joon Suk Moon: Sung-Cheol Yun, PhD: Wan Kee Kim, MD:
Sung-Ho Jung, MD: Suk Jung Choo, MD. PhD; Hyun Song, MD, PhD:
Cheol Hyun Chung, MD. PhD: Jae Won Lee, MD, PhD

Background—The long-term benefits of the maze procedure in patients with chronic atrial fibrillation undergoing
mechanical valve replacement who already require lifelong anticoagulation remain unclear.

Methods and Results—We evaluated adverse outcomes (death:; thromboembolic events; composite of death, heart failure,
or valve-related complications) in 569 patients with atrial fibrillation—associated valvular heart disease who underwent
mechanical valve replacement with (n=317) or without (n=252) a concomitant maze procedure between 1999 and |
2010. After adjustment for differences in baseline risk profiles, patients who had undergone the maze procedure were \
at similar risks of death (hazard ratio, 1.15: 95% confidence interval, 0.65-2.03: P=0.63) and the composite outcomes
(hazard ratio, 0.82: 95% confidence interval, 0.50-1.34; P=0.42) but a significantly lower risk of thromboembolic
events (hazard ratio, 0.29; 95% confidence interval, 0.12-0.73; P=0.008) compared with those who underwent valve
replacement alone at a median follow-up of 63.6 months (range, 0.2-149.9 months). The effect of superior event-free
survival by the concomitant maze procedure was notable in a low-risk EuroSCORE (0-3) subgroup (P=0.049), but it
was insignificant in a high-risk EuroSCORE (=4) subgroup (P=0.65). Furthermore, the combination of the maze
procedure resulted in superior left ventricular (P<<0.001) and tricuspid valvular functions (P<<0.001) compared with
valve replacement alone on echocardiographic assessments performed at a median of 52.7 months (range, 6.0-146.8
months) after surgery.

Conclusion—Compared with valve replacement alone, the addition of the maze procedure was associated with a reduction
in thromboembolic complications and improvements in hemodynamic performance in patients undergoing mechanical
valve replacement, particularly in those with low risk of surgery. (Circulation. 2012;125:2071-2080.)
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Outcomes HR  950%Cl  Pvalue
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 042 0.17-1.03  0.059
PTropensity score U028 U0.10-0.77  0.01F
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
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Echccardio'graphic O'utcomes_';

A. LV ejection fraction B. LV systolic dimension
P=0.39 |
fi— g 40 ]—| 40=
4 'P=o0.s4 | 1 3 I 3 @
*® 55— J | 56 E i 1 J— 3=
% * T é’: " & T a4 " E

54~ E { 54— + ;— 32 I ¥

Maze Igrr:nup Gontrcorl group Mazergruup Ccmtrul1 group Maze]grnup Contrurl group Maze]gruup Cuntrall group
"P< 0.001,TP=0.32 P< 0.001. ¥ P<0.001
Preoperative Lastfollow-up Preoperative Lastfollow-up

Kim'JB et al. Circulation 2012
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Preoperative Last follow-up

A

All matched patients: | | , -
n=103vs. 103 ' '
Preo JE!E!‘W& F’ Q.72 . p

Maze group  Control group Maze group Control group

Kim'JB et al. Circulation 2012
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