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Technical Update of MAZE Operation
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Minimally Invasive Maze Procedure
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Surgical Ablation for AF during Cardiac Surgery

79, 134 Medicare Beneficiaries
28% had Atrial Fibrillation (AF)

Mitral Valve Surgery
38% had Surgical Ablation

| Pre-operative Atrial Fibrillation by procedure type

| Non-Mitral Valve Surgery
N 16% had Surgical Ablation
all | »

AVR CAB MVR MVrep CAB CAB AVR AVR CAB CAB MV Non-MV

Wi IR Wep AR AR Only 22% had surgical ablation

MVR  MVrep

Cardiac Surgeries with Prior AF (%)
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Concomitant AF Surgery

Recommended with Mitral Valve Surgery

201 7 AATS » Class | Level A

Recommended with CABG, AVR, CABG+AVR
Expert Consensus Tt

Guidelines for AF ”"‘°’°"e;°"°’a“"° mortality
. ass I, Level A

Does not affect operative morbidity
« Class lla, Levels A, B-R, B-NR
Decreases perioperative stroke
« Class lla, Level A
Improves quality of life
« Class lla, LevelS B-R,C-LD
Decreases long-term stroke/TIA
« Class lla, Levels A, B-NR
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Introduction

« Strong recommendation to perform Maze for AF during cardiac surgery
 Variable rate of surgical ablation, despite strong recommendation

 Factors influencing decision to perform Maze

v Surgeon experience and training
v Type of concomitant surgery
v Perceived risk of Maze

v" Knowledge transfer and education

W KHRS 2023




2023 AATS Presentation: JK Kang

94. STATEWIDE DATA ON SURGICAL ABLATION
FOR ATRIAL FIBRILLATION: THE DATA

PROVIDE A PATH FORWARD

May 7, 2023

Presented by: Source:

Richard Lee, Invited Discussant , Augusta University 103rd Annual Meeting, the Los Angeles Convention Center,
Medical Center Los Angeles, CA, USA

Jin Kook Kang , Abstract Presenter Los Angeles Convention Center, 515A
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Maryland Statewide Registry

AF Procedure
B None [l LAAO Only B Surgical Ablation

= Surgical ablation
— 2014: 33%
— 2022: 48%

100

51% %o 48% 35%

75

= LAAO only
— 2014: 7%
— 2022: 20%

25

PERCENT OF PATIENTS WITH PREOPERATIVE AF

2014 2015 2016 2017 2018 2019 2020 2021 2022
YEAR OF SURGERY
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Maryland Statewide Registry

= No volume .
correlation z
was found 5 =
O
= Academic & 2
training centers A e N 61
performed =
below o
statewide rate
- 1 2 3 4 5 6 7 8 9 10
. Low Volume Center mssssss———) High Volume Center
k. KHRS 2023
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Maryland Statewide Registry: MV vs. Non-MV

— Surgery Type aid

A Any mitral valve surgery B Non-mitral valve surgery

Surgery Type

Statewide = 63%

60% A A

40% A 40% |

Statewide = 26%

20%

PERCENT WITH SURGICAL ABLATION
>
PERCENT WITH SURGICAL ABLATION
[ |

0% 0% .

Low Volume Center w=ssssss===) High Volume Center Low Volume Center wwsssm===) High Volume Center

oll VIIAE‘.
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KHRS 2021 Guidelines
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Evidence of Uncertainty

The NEW ENGLAND JOURNAL of MEDICINE All Patients
1009 pifference, 33.8 percentage points
| ORIGINAL ARTICLE ‘ 3 90 (95% Cl, 21.1 to 46.5)
= g0 P<0.001
Surgical Ablation of Atrial Fibrillation - -
o . x 63.2
during Mitral-Valve Surgery & % i
“ -
A. Marc Gillinov, M.D., Annetine C. Gelijns, Ph.D., Michael K. Parides, Ph.D., § i 50 -
Joseph ). DeRose, Jr., M.D., Alan J. Moskowitz, M.D., Pierre Voisine, M.D., -
Gorav Ailawadi, M.D., Denis Bouchard, M.D., Peter K. Smith, M.D., § (o} 40~
Michael J. Mack, M.D., Michael A. Acker, M.D., John C. Mullen, M.D., & R 294
Eric A. Rose, M.D., Helena L. Chang, M.S., John D. Puskas, M.D., e 30~
Jean-Philippe Couderc, Ph.D., Timothy ). Gardner, M.D., Robin Varghese, M.D., < 20~
Keith A. Horvath, M.D., Steven F. Bolling, M.D., Robert E. Michler, M.D., .g
Nancy L. Geller, Ph.D., Deborah D. Ascheim, M.D., Marissa A. Miller, D.V.M,, e 10
Emilia Bagiella, Ph.D., Ellen G. Moquete, R.N., Paula Williams, M.S.,
Wendy C. Taddei-Peters, Ph.D., Patrick T. O'Gara, M.D., Eugene H. Blackstone, M.D.,
and Michael Argenziano, M.D., for the CTSN Investigators* MVS alone MVS +ablation

e KHRS 2023

= Gillinov et al. NEJM 2015,372:1399-409



Evidence of Uncertainty

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Surgical Ablation of Atrial Fibrillation
during Mitral-Valve Surgery

A. Marc Gillinov, M.D., Annetine C. Gelijns, Ph.D., Michael K. Parides, Ph.D.,
Joseph ). DeRose, Jr., M.D., Alan J. Moskowitz, M.D.,
Gorav Ailawadi, M.D., Denis Bouchard, M.D., Peter K. Smith, M.D.,
Michael J. Mack, M.D., Michael A. Acker, M.D., John C. Mullen, M.D.,
Eric A. Rose, M.D., Helena L. Chang, M.S., John D. Puskas, M.D.,
Jean-Philippe Couderc, Ph.D., Timothy J. Gardner, M.D., Robin Varghese, M.D.,
Keith A. Horvath, M.D., Steven F. Bolling, M.D., Robert E. Michler, M.D.,
Nancy L. Geller, Ph.D., Deborah D. Ascheim, M.D., Marissa A. Miller, D.V.M
Emilia Bagiella, Ph.D., Ellen G. Moquete, R.N., Paula Williams, M.S.,
Wendy C. Taddei-Peters, Ph.D., Patrick T. O'Gara, M.D., Eugene H. Blackstone, M.D

and Michael Argenziano, M.D., for the CTSN Ir

Pierre Voisine, M.D
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00 Hazard ratio with ablation, 0.76 (95% Cl, 0.32-1.84)
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Months
No. at Risk
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90 Hazard ratio with ablation, 1.12 (95% CI, 0.67-1.89)
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he NEW ENGLAND

JOURNAL oo MEDICINE

LAA Occlusion: LAAOS lii S

Left Atrial Appendage Occlusion during Cardiac Surgery
to Prevent Stroke

100
10+
90 gl No Occlusion
o . . . ED- 2'
* 2.2% Reduct : -
.2% Reduction in g A
u
] &0 3
=
Stroke at 3.8 years 3 i
£ S04 3
3 2] Hazard ratio, 0.67 (95% CI, 0.53-0.85)
B 404 1 P=0.001
=
E 104 0 T T T T T T
5 0 12 24 36 43 60 72
» No Diff
O virrerence In
10 —_—
.
SU rVIVaI 0 T T T | T T T T T T T T
0 6 12 1% 24 30 i6 42 43 54 &0 &6 72
Months since Surgery
Mo. at Risk
Mo Occlusion 2391 2134 2081 2030 1981 1897 1eD7 1291 10le 751 540 348 205
Occlusion 2379 2163 2105 2059 2020 1948 1642 1322 1046 VBl 550 349 199

Figure 1. Cumulative Incidence of Stroke or Systemic Arterial Embolism.
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2023 AATS Presentation: Niv Ad, J. Hunter

135. SURGICAL ABLATION OF ATRIAL
FIBRILLATION IS SUPERIOR TO APPENDAGE

OBLITERATION ALONE: ANALYSIS OF 100,000
MEDICARE BENEFICIARIES

May 7, 2023

Presented by: Source:

Niv Ad , Invited Discussant , Adventist White Oak Medical 103rd Annual Meeting, the Los Angeles Convention Center,
Center Los Angeles, CA, USA

J. Hunter Mehaffey , Abstract Presenter , West Virginia Los Angeles Convention Center, 515A

University

KHRS 2023

= J. Hunter presented at AATS 2023




Patients

* 103,382 Patients

* Centers for Medicare and Medicaid Services
* Atrial Fibrillation
* Elective, First time
* CABG and/or Valve Operations
« 2018-2020

KHRS 2023

e
“J Hunter presented at AATS 2023



Treatment options

Bl No AF Treatment
Bl | AAO Alone
B SA+LAAO

B Total=103,382 KHRS 2023

= J Hunter presented at AATS 2023



Treatment: Persistent vs. Paroxysmal

Bl No AF Treatment
Bl LAAO Alone
BEm SA+LAAO

Persistent AF Paroxysmal AF
n=24076 n=79,298

= J Hunter presented at AATS 2023
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Treatment: Open vs. Closed

El No AF Treatment
Bl LAAO Alone
B SA+LAAO

Open Atrial
n=17,206

= J Hunter presented at AATS 2023

Closed Atrial
n=86,176

KHRS 2023



Survival: SA better than LAAO alone

8 If'/ T JIIE“.
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SurvivaIlProbabil'itv (%)
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1

All Patients
n=103,382
B SA+LAAO
LAAO alone
. No AF treatment
+95% Cl
p<0.0001

J. Hunter presented at AATS 2023

1 1 1

1 2 3
Years Post-Procedure
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Stroke free survival: SA better than LAAO alone

100 T

N
(&)
L

Overall Group

 —
¢ &
W
o >
25 50 - B SA +LAAO
23 LAAO alone
T P B No AF treatment
< 3 +95% Cl
S IL 207 p<0.0001
o
0 -
1 [] [] ]
Patient: 0 1 2 3
At Risk Years Post-Procedure
No LAAL/Abl 88,044 52.090 24.994 848
. LAAL 12,901 8.391 4,008 155
B LAAL+Abl 10,437 7.098 3.580 135
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= J Hunter presented at AATS 2023
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Stroke free Survival in Persistent vs. Paroxymal AF

100 1

\‘
(&)
L

P

o8

W%

3 % 50 Persistent AF

g U:) B SA +LAAO

<o LAAO alone

< &’ 25 - ™ No AF treatment

I +95% ClI

p<0.0001
0 -

Patients 0 1 2 S
At Risk Years Post-Procedure
No LAAL/Abl 15,691 9,224 4,086 117
LAAL 3,724 2,385 1,185 46
LAAL+ Abl 4,661 3,175 1,643 61
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Risk-Adjusted Event-
Free Survival (%)
o
o

Paroxysmal AF

= \--=====================

B SA +LAAO
LAAO alone
25 - B No AF treatment
+95% Cl
p<0.0001
0 -

Patients 0 1 2 -
At Risk Years Post-Procedure
No LAAL/Abl 64,358 48,079 22,528 604
LAAL 9,177 6,244 2,992 176
LAAL+ Abl 5,776 3,868 1,926 73
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Stroke free Survival in Open LA vs. Closed LA

#27 \

€~ 751
s
I ,
T2 Open Atrial
DS 50
33 B SA +LAAO
<0 LAAO alone
< L&L) 25 - No AF treatment
& +95% Cl
p<0.0001
0 —~
Patients e 1 2 2
At Risk Years Post-Procedure
No LAAL/Abl 7,679 5,287 2,910 743
LAAL 4,259 2,945 1,493 387
LAAL+Abl 5,268 3,601 2,007 534
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o 2 Closed Atrial

L5 50

33 B SA+LAAO

<O LAAO alone

~ L“t’ 25 - B No AF treatment

2 +95% Cl

p<0.0001
0 -

Patients 0 1 2 3
At Risk Years Post-Procedure
No LAAL/Abl 72,365 49,832 26,374 4,232
LAAL 8,642 5,756 2,934 874
LAAL+Abl 5,169 3,523 2,003 475
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KHRS 2021 Guidelines
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Maze in MV Surgery: Polish Heart Surgery Registry (KROK)

100 \ d Hi 1
L\ | 0.79): F
« Concomitant SA: o] NS e
- Significant survival benefit 5
HR alter PS matching 0.82
(95% Cls: 0.70096) P on
« Sustained survival benefit in PSM
yoalrs
Nur t nsk
AV alone 14
M hor 24 1038 {

) i-“_/ﬁri’ﬁr/
= Suwalski et al. JTCVS, 2019 Mar:157(3):1007-1018. KHRS 2023



Maze in MV Surgery: Korea National Data

From 2010 to 2017 were reviewed

Maze performed in 58.0% (5508/9501)

In PSM: 3,376 pairs compared
In this real-world Korean population data,

Maze lowering mortality, stroke & bleeding

EHIPS I

el
éﬁr{.\p-

S WKim et al JTCVS. 2022

Mortality Rates

50% —

40%

30% —

20% —

10% -

0 2 4 6 8 10
Years from Index Surgery

3376 2357 1576 959 455 1 No-MAZE

3376 2500 1606 981 492 0 MAZE



Maze in CABG

w
o

Conclusions: Log-rank P = .002

N
o,
’

CABG

« CABG + SA: 29% lower risk-adjusted hazard for

N
o
e

late mortality

s
o
'S

CABG + Ablation

Estimated Mortality (%)
o

 Total inpatient costs similar after 2 years

.
i

« SA: cost-effective & enhance late 2-year survival o 3 6 9 12 15 18 21 24
Months After CABG
No. at Risk
CABG 3119 2794 2685 2598 2495
CABG + Ablation 626 574 565 553 535

e KHRS 2023

= Rankin et al. JTCVS. 2020 Sep,160(3).675-686.



Maze in Isolated AVR: Korea National Data

Total AVR in 2003-2019 in Korea, age 219 (n=23,330)

v

Patients who had previous atrial fibrillation history
or underwent concomitant Cox-Maze procedure (n = 6,197)

Exclusion
- Previous history of AVR or other open heart surgery (n = 172)
*| - Previous history of infective endocarditis (n = 328)

- Patients who underwent aortic root replacement or other
concomitant procedure other than Cox-Maze procedure (n = 3,956)

L J

Isolated AVR +/- Cox-Maze procedure in patients with underlying AF
Without Maze (n = 1,296) vs. With Maze (n = 445)

Propensity score-matching : Extracted 445 pairs

- KHRS 2023

e
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= JS Kim. Presented KSTCVS annual meeting 2022



Maze in Isolated AVR: Korea National Data

Total cohort population Matched population
_ No. of F/U duration, Incidence, _ No. of F/U duration, Incidence,
Variables Group N event (%) montlhs, per 100pyr Adjusted HR P N event (%) mont_hs, per 100pyr Crude HR(95%CIl) P
(median) (95%Cl) (median) (95%Cl)
All cause death, n (%) no Maze 1296 529 (40.8) 57.3(26,97) 7.3(6.7-8.0)  reference 445 160 (36.0) 60.9 (25, 108) 6.22 (5.33-7.26) reference
~ with Maze 445 147 (33.0) 50.7 (26, 84) 6.6 (5.6-7.8) 0.94 (0.78-1.13) 0.53 445 147 (33.0) 50.7 (26, 84) 6.60 (5.61-7.75) 1.10(0.88-1.38) 0.42
Smken( o ) noMaze 918 205(22.3) 50.4 (22,75) 4.3(3.8-5.0)  reference 324 78(24.1) 516 (25 96) 446 (357-557)  reference
’ with Maze 342 45(13.2) 49.7 (25,79) 2.9 (2.2-3.9) 0.70 (0.51-0.97) 0.03 324 45(13.9) 49.7 (25,79) 2.89(2.16-3.87) 0.66 (0.45-0.95) 0.03
Ischemic, n (%) no Maze 918 164 (17.9) 50.4 (22, 75) 3.5(3.0-4.0)  reference 324 58 (17.9) 51.6(25,96) 3.32(2.57-4.29) reference
: with Maze 342 28(8.2) 49.7(25,79) 1.8(1.2-2.6) 0.55 (0.37-0.83) 0.00 324 28(8.6) 49.7 (25,79) 1.80(1.24-2.60) 0.55(0.35-0.86) 0.01
Hemorrhagic, n (%) noMaze 918 75(8.2) 50.4(22,75)1.6(1.3-2.0) reference 324 32(9.9) 51.6(25,96) 1.83(1.29-2.59) reference
7 withMaze 342 23(6.7) 49.7(25,79) 1.5(1.0-2.2) 0.91 (0.61-1.56) 0.91 324 23(7.1) 49.7(25,79) 1.48(0.98-2.22) 0.81(0.47-1.39) 0.44
no Maze 1293 34 (2.6) 56, 7 (25, 96) 0.5 (0. 3-0. 7) reference 445 12 (2.7) 576 (26 100) 048 (0. 27-0. 85) reference

R ti %
soperation. (%) it Maze 445 6 (14) 50.5(26,84) 0.3 (0.10.6) 053 (022-127) 0.16 445 6(14) 505 (26,84) 027 (0.12-0.60) 057 (0.22-1.48) 025

patlents with hlstory of stroke before surgery were excluded

C Conclusion 0

- In patients with AV disease with underlying AF, occurrence of new late ischemic stroke were
significantly lower when the concomitant Cox-Maze procedure were performed during AVR
- Therefore, concomitant Cox-Maze procedure must be considered in patients with AF

on.\_ Planning to undergo isolated AVR )
T 0 | KHRS 2023

= JS Kim. Presented KSTCVS annual meeting 2022




Maze in TVP for Severe TR: data from SMC

Rehospitalization for HF

Cardiac Death

40 % -
- Non-maze
o 30% -
<
-
3 P = .048
© 20 % -
2 15.9%
-
E
-
©10% -
0% -
T T T T T
0 5 10 15 20
N el ik Time after the Operation (years)
Maze: 106 84 51 19 2
Non-maze: 106 82 40 24 11

sl
= oLV

w2

= IK Park presented at AATS 2023

40 % -
= 29.6%
o 30% - on-maze .
c
@
o
e
220% 1 P=.026
®
-
'3
-
O 10% -
4.9%
0% -
| T | T T
0 5 10 15 20
Number at risk Time after the Operation (years)
Maze: 106 83 51 19 5
Non-maze: 106 79 37 20 9
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Maze in TVP for Severe TR: data from SMC

MACCE (cardiac death, HF readmission, stroke) PPM insertion
100 % 40 %
- Maze — e
- Non-maze
®75% - ®30% - — Non-maze
2 (& ]
S e
4 5
2 53.3% S P= 911
= c
250% 2 ® 20 % -
3 8 14.4%
E
3 21.4% :
0 25% - 3 10% 13.7%
10 /0
0% - 0% r—'—'
T T I T T .
T T T T T
0 5 10 15 20 0 . 0 o .
T
Number at risk SR SE s DR RRCR YRR ) Time after the Operation (years)
Maze: 106 80 48 19 2 Number at risk
Non-maze: 106 75 32 16 5 Maze: 106 82 48 16 1
Non-maze: 106 80 39 21 10

N\"

= IK Park presented at AATS 2023
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Maze in TVP for Severe TR: data from SMC

" Acceptable sinus rhythm restoration rate

* Low incidence of MACCE, cardiac death, HF rehospitalization

" Possible LA reverse remodeling

Sl
b

= IK, Park presented at AATS 2023

Percent Sinus Rhythm

100%

80%

60%

40%

20%

0%

78%

57% 55%

64% 73%
0 ]
I - 5 I
3

Postoperative 1

16%
.' -] g
5 10

Time (Years)
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<Crude>
No Ablation = Ablation

Maze in Redo Cardiac Surgery ¢ ...
"—é 0.25
- SNUH & AMC, 2000~2015, n=338 T

Time

° Maze(143) VS. NO Maze (195) Number at risk

1195 149 131 119 109 91 71 59 39
11143 128 118 105 80 61 46 35 22

. 24 48 T2 T?'ieme 120 144 168 192
’ IPTW anaIySIS <Adjusted> No Ablation ~ Ablation
» Survival benefit in ablation group £ OCO O T e
Crude | IPTW-adjusted g o
HR 95% Cl Pvalue HR 95% Cl P value i % & 7 & W W e .
0.336 0.218-0.519  <0.001 0.455 0.277-0.747  0.002 WO 81 1185

318 247 219 200 188 164 134 116 74
364 334 319 276 182 147 123 103 47

0 24 48 72 96 120 144 168 192
Time

= Y. Kang presented at AATS 2023 KHRS 2023




Maze in Redo Cardiac Surgery: TE event

<Crude> = No Ablation = Ablation
0.20
=
4 0.154
Qo
(0]
S 0.104
o
-
£ 0.05 4
: |
$) g |
L - e . v v ' v .
0 24 48 72 96 120 144 168 192
Time
Number at risk
195 145 126 113 102 82 67 54 36
Ablation{ 143 127 116 104 79 60 45 34 20
0 24 48 72 96 120 144 168 192
Time

<Adjusted>

Ablation { 364

Number at risk

318 241 211 191 177 144
333 315 275 181 146

No Ablation - Ablation

=

o

o 0.104

o

=

©

S 0.054

£

3 Jr——

0.00 1 v —
0 24 48 72 96 120 144 168 192
Time

123 103 70
122 101 45

0 24 48 72 96 120
Time

144 168 192

Cumulative incidence
of AF recurrence at 5 years

Crude IPTW-adjusted
HR 95% CI P value HR 95% CI P value
0.234 0.068-0.808 0.022 0.193 0.053-0.697 0.012

Y. Kang presented at AATS 2023

1.5% + 0.0% (Ablation)
4.2+ 0.0% (No Ablation)

KHRS 2023



Summary

« Maze is still underutilized in 2023, especially in closed cardiac surgery

* Maze is mostly performed with mitral valve surgery

 Surgical volume was not associated with adoption rate of Maze

- Despite new evidences, big gaps between guidelines and real practice

« KHRS 2023 meeting shed light on education and training

- KASNet is actively working on this issue

KHRS 2023



Atrial fibrillation surgery in rheumatic mitral valve disease COR LOE

KAS N et 2 02 3 Concomitant AF surgery can be performed without increasing the risk of
n = early mortality, and is recommended at the time of rheumatic MV surgery.
AF GUIdellne (Class I, Level of Evidence B)

Concomitant AF surgery can efficaciously restore sinus rhythm, and is | A
recommended at the time of rheumatic MV surgery. (Class |, Level of Evidence A)

It is reasonable to perform concomitant AF surgery to decrease the long
-term risk of thromboembolic events and mortality at the time of rheumatic lla B
MV surgery (Class lla, Level of Evidence B)

Atrial fibrillation surgery in degenerative mitral valve disease COR LOE

Concomitant AF surgery in degenerative MV disease is recommended to
restore sinus rhythm, because this procedure has not increased risk of | A
operative mortality or major complications (Class |, Level of Evidence A)

The Korean Arrhythmia Surgery Network

Concomitant AF surgery in degenerative MV disease is reasonable to improve
early mortality and long-term survival (Class lla, Level of Evidence B) lla B

Concomitant AF surgery in degenerative MV disease is reasonable to prevent
late stroke (Class lla, Level of Evidence B) lla B
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