Supplementary Figure S1. ROBINS-I Summary Bar Chart
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Supplementary Figure S2. Leave-One-Out — Mortality
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Supplementary Figure S3. Forest Plot — Renal Failure
[image: ]


Supplementary Figure S4. Forest Plot — Reoperation for Bleeding
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Supplementary Figure S5. Forest Plot — Sepsis
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Supplementary Figure S6. Forest Plot — Deep Sternal Wound Infection
[image: ]


Supplementary Figure S7. Forest Plot — Myocardial Infarction
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Supplementary Figure S8. Sensitivity — Mortality (Excluding Drexel 2016)
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Supplementary Figure S9. Sensitivity — Stroke (Excluding Drexel 2016)
[image: ]


Supplementary Figure S10. Funnel Plot — Stroke
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Supplementary Figure S11. Funnel Plot — Atrial Fibrillation
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Supplementary Figure S12. Funnel Plot — Renal Failure
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Supplementary Figure S13. Funnel Plot — Respiratory Failure
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Supplementary Figure S14. Funnel Plot — Reoperation
[image: ]


Supplementary Figure S15. Funnel Plot — Transfusion
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Supplementary Figure S16. Subgroup Analysis — Mortality
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Supplementary Figure S17. Subgroup Analysis — Stroke
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Supplementary Figure S18. Subgroup Analysis — Atrial Fibrillation
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Supplementary Figure S19. Subgroup Analysis — Renal Failure
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Supplementary Figure S20. Subgroup Analysis — Respiratory Failure
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Supplementary Figure S21. Meta-Regression — Mortality by Year
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Supplementary Figure S22. Meta-Regression — Stroke by Year
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Supplementary Figure S23. Meta-Regression — Atrial Fibrillation by Year
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Supplementary Figure S24. Meta-Regression — Renal Failure by Year
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Supplementary Figure S25. Meta-Regression — Respiratory Failure by Year
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Supplementary Figure S26. Leave-One-Out — Stroke
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Supplementary Figure S27. Leave-One-Out — Atrial Fibrillation
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Supplementary Figure S28. Leave-One-Out — Renal Failure
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Supplementary Figure S29. Leave-One-Out — Respiratory Failure
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Supplementary Figure S30. Leave-One-Out — Reoperation
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Supplementary Figure S31. Leave-One-Out — Transfusion
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Supplementary Figure S32. Trial Sequential Analysis — Mortality (RA-CABG vs C-CABG)
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Supplementary Figure S33. Trial Sequential Analysis — Stroke (RA-CABG vs C-CABG)
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Supplementary Figure S34. Trial Sequential Analysis — Atrial Fibrillation (RA-CABG vs C-CABG)
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Supplementary Figure S35. Trial Sequential Analysis — Respiratory Failure (RA-CABG vs C-CABG)
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Supplementary Figure S36. Trial Sequential Analysis — Blood Transfusion (RA-CABG vs C-CABG)
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Supplementary Figure S37. Trial Sequential Analysis — Renal Failure (RA-CABG vs C-CABG)
[image: ]


Supplementary Figure S38. Trial Sequential Analysis — Reoperation for Bleeding (RA-CABG vs C-CABG)
[image: ]
image2.png
Kofler 2017

Dokollari 2023

Yokoyama 2021

Liu 2025

Zhou 2025

Drexel 2016

Poston 2008

Leyvi 2015

Overall

sFig S2. Mortality -- Leave-One-Out

:
:
i~
i—
;
+

02

0.5

1.0 20

QOdds Ratio (log scale)

0.55 (0.44 - 0.70)

0.54 (0.43 - 0.69)

0.64 (0.40 - 1.03)

0.52 (0.40 - 0.67)

0.55 (0.43 - 0.69)

0.55 (0.44 - 0.70)

0.55 (0.44 - 0.70)

0.55 (0.44 - 0.70)

0.55 (0.43 - 0.69)




image3.png
sFig $3. Renal Failure

Experimental Control
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Poston 2008 3 100 5 100 4*‘* 0.59 [0.14; 2.53] 15.9%
Leyvi 2015 1 141 1 141 %7 1.00 [0.06;16.15] 5.1%
Yokoyama 2021 59 7330 59 7330 i 3 1.00 [0.70; 1.44] 62.9%
Dokollari 2023 1 267 5 267 7 0.20 [0.02; 1.70] 8.2%
Zhou 2025 1 338 4 338 — 0.25 [0.03; 2.23] 7.9%

Common effect model 8176 8176 : 0.88 [0.63; 1.23] .
Random effects model 0.72 [0.38; 1.38] 100.0%

Heterogeneity: /2 = 0.0%, 1> = 0.1413, p = 0.4205
01 0512 10

Favors RA-CABG Favors C-CABG




image4.png
sFig S4. Reoperation for Bleeding

Experimental

Control

Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Poston 2008 1 100 6 100 4.—" 0.16 [0.02; 1.34] 21.5%
Leyvi 2015 2 14 5 141 —— 0.39 [0.07; 2.05] 27.5%
Dokollari 2023 2 267 1 267 4?4-7 2.01 [0.18;22.27] 18.7%
Zhou 2025 8 338 3 338 - 271 [0.71;10.29] 32.3%
Common effect model 846 846 0.86 [0.41; 1.83] .

Random effects model

Heterogeneity: /> = 54.1%, 1> = 0.9749, p = 0.0881

Favors RA-CABG Favors C-CABG

01 051 2 10

0.82 [0.21; 3.11] 100.0%




image5.png
sFig S5. Sepsis

Experimental Control
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Leyvi 2015 0 141 0 141 0.0%
Yokoyama 2021 81 7330 139 7330 0.58 [0.44;0.76] 69.7%
Zhou 2025 0 338 8 338 ‘ 0.06 [0.00;1.00] 30.3%
Common effect model 7809 7809 <> 0.55 [0.42;0.72]

Random effects model ﬂ 0.29 [0.04;2.30] 100.0%

Heterogeneity: /> = 59.8%, 1> = 1.5942, p = 0.1148
001 01 1 10 100

Favors RA-CABG Favors C-CABG




image6.png
sFig S6. Deep Sternal Wound Infection

Experimental Control
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Poston 2008 0 100 2 100 4‘.77 0.20 [0.01;4.14] 48.0%
Leyvi 2015 0 141 4 141 +f 0.11 [0.01;2.02] 52.0%
Dokollari 2023 0 267 0 267 0.0%
Common effect model 508 508 Ee— 0.14 [0.02; 1.14]
Random effects model — 0.14 [0.02; 1.19] 100.0%
[ T T 1

Heterogeneity: /2= 0.0%, 2= 0, p = 0.7823

0.01 0.1 1 10 100
Favors RA-CABG Favors C-CABG




image7.png
sFig S7. Myocardial Infarction

Experimental Control
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Poston 2008 1 100 7 100 ——— 0.13 [0.02; 1.11] 66.4%
Leyvi 2015 0 141 0 141 0.0%
Kofler 2017 0 134 3 134 4.7* 0.14 [0.01;2.73] 33.6%
Common effect model 375 375 — 0.14 [0.02; 0.76]
Random effects model —_— 0.14 [0.02; 0.76] 100.0%

T T T 1
0.01 0.1 1 10 100
Favors RA-CABG Favors C-CABG

Heterogeneity: /2= 0.0%, 12 = 0, p = 0.9829




image8.png
sFig S8. Mortality excl. Drexel 2016

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Poston 2008 0 100 2 100 — 0.20 [0.01; 4.14] 1.3% 0.6%
Leyvi 2015 0o 14 2 14 — 0.20 [0.01; 4.14] 1.3% 0.6%
Kofler 2017 0 134 2 134 — 0.20 [0.01; 4.14] 1.3% 0.6%
Yokoyama 2021 81 7330 154 7330 . 0.52 [0.40; 0.68] 77.4% 75.9%
Dokollari 2023 1 267 0 267 4‘*4'7 3.01 [0.12; 74.25] 0.3% 0.5%
Liu 2025 23 1796 32 1796 4* 0.72 [0.42; 1.23] 16.1% 19.1%
Zhou 2025 3 338 5 338 %Hf 0.60 [0.14; 2.52] 2.5% 2.7%
Common effect model 10106 10106 <‘> 0.55 [0.43; 0.69] 100.0% .
Random effects model | ‘ * ‘ | 0.55 [0.44; 0.70] . 100.0%

Heterogeneity: /2= 0.0%, 12 = 0, p = 0.7479
001 01 1 10 100

Favors RA-CABG Favors C-CABG




image9.png
sFig S9. Stroke excl. Drexel 2016

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Poston 2008 0 100 2 100 — 0.20 [0.01; 4.14] 2.4% 0.9%
Leyvi 2015 0 141 2 141 — 0.20 [0.01; 4.14] 2.4% 0.9%
Kofler 2017 0 134 1 134 — 0.33 [0.01; 8.19] 1.4% 0.8%
Yokoyama 2021 73 7330 95 7330 = 0.77 [0.56; 1.04] 90.0% 92.1%
Dokollari 2023 2 267 2 267 4*7 1.00 [0.14; 7.15] 1.9% 22%
Zhou 2025 4 338 2 338 44*7 2.01 [0.37; 11.06] 1.9% 3.0%
Common effect model 8310 8310 : 0.76 [0.57; 1.02] 100.0% .
Random effects model < 0.77 [0.57; 1.03] 100.0%
Heterogeneity: /2= 0.0%, 12 = 0, p = 0.6850 ‘ ‘ ‘ ‘

0.01 0.1 1 10 100

Favors RA-CABG Favors C-CABG




image10.png
Standard Error

0.409

0.819

1.228

1.638

sFig $10. Stroke -- Funnel
Egger's p = 0.467 (No significant asymmetry)

[10.10<p<1.00
M 0.05<p<0.10
[]0.01<p=<0.05
[10.00<p=<0.01
® Studies

Log Odds Ratio





image11.png
Standard Error

0.099

0.198

0.297

0.396

sFig S11. AFib -- Funnel
Egger's p = 0.385 (No significant asymmetry)

[10.10<p<1.00
M 0.05<p<0.10
[]0.01<p=<0.05
[10.00<p=<0.01
® Studies

Log Odds Ratio





image12.png
Standard Error

0.355

0.71

1.064

1.419

sFig S12. Renal Failure -- Funnel
Egger's p = 0.0966 (No significant asymmetry)

[10.10<p<1.00
M 0.05<p<0.10
[]0.01<p=<0.05
[10.00<p=<0.01
® Studies

Log Odds Ratio





image13.png
Standard Error

0.203

0.405

0.608

0.811

sFig $13. Resp Failure -- Funnel
Egger's p = 0.963 (No significant asymmetry)

[10.10<p<1.00
M 0.05<p<0.10
[]0.01<p=<0.05
[10.00<p=<0.01
® Studies

Log Odds Ratio





image14.png
Standard Error

0.307

0.614

0.921

1.228

sFig S14. Reoperation -- Funnel
Egger's p = 0.524 (No significant asymmetry)

[10.10<p<1.00
M 0.05<p<0.10
[]0.01<p=<0.05
[10.00<p=<0.01
® Studies

Log Odds Ratio





image15.png
Standard Error

0.077

0.154

0.231

0.308

sFig $15. Transfusion -- Funnel
Egger's p = 0.353 (No significant asymmetry)

[10.10<p<1.00
M 0.05<p<0.10
[]0.01<p=<0.05
[10.00<p=<0.01
® Studies

Log Odds Ratio





image16.png
Year: <2020 (k=4)

Year: >=2020 (k=4)

Region: Europe (k=1)

Region: USA (k=6)

Region: International (k=1)

Size: Small (<500) (k=6)

Size: Large (>=500) (k=2)

sFig S16. Mortality -- Subgroup

o
—a—
o
—a—
—n—
o
—a—
I I I I I I
0.05 0.10 0.20 0.50 1.00 2.00 5.00

Odds Ratio

OR 0.21 (0.05-0.96) p-int=0.21

OR 0.56 (0.44-0.72) p-int=0.21

OR 0.20 (0.01-4.14) p-int=0.46

OR 0.52 (0.40-0.67) p-int=0.46

OR 0.72 (0.42-1.23) p-int=0.46

OR 0.45 (0.17-1.20) p-int=0.68

OR 0.56 (0.43-0.72) p-int=0.68

10.00




image17.png
Year: <2020 (k=4)

Year: >=2020 (k=3)

Region: Europe (k=1)

Region: USA (k=6)

Size: Small (<500) (k=6)

Size: Large (>=500) (k=1)

sFig S17. Stroke -- Subgroup

OR 0.27 (0.06-1.26) p-int=0.18

OR 0.79 (0.59-1.07) p-int=0.18

OR 0.33 (0.01-8.20) p-int=0.61

OR 0.77 (0.57-1.03) p-int=0.61

OR 0.74 (0.28-1.98) p-int=0.94

OR 0.77 (0.56-1.04) p-int=0.94

0.05

0.10

0.20

0.50 1.00 2.00

Odds Ratio

I
10.00

I
20.00




image18.png
sFig S18. AFib -- Subgroup

Year: >=2020 (k=2) —a— OR 0.50 (0.38-0.65) p-int=0.42

Year: <2020 (k=2) L] OR 062 (0.39-0.99) p-int=0.42

02 0.5 1.0 20

Odds Ratio




image19.png
Year: >=2020 (k=3)

Year: <2020 (k=2)

Size: Small (<500) (k=4)

Size: Large (>=500) (k=1)

sFig S$19. Renal -- Subgroup

0.1

02 0.5 1.0

Odds Ratio

20

5.0

OR 0.55 (0.17-1.76) p-int=0.90

OR 0.66 (0.18-2.40) p-int=0.90

OR 0.42 (0.16-1.13) p-int=0.11

OR 1.00 (0.70-1.44) p-int=0.11




image20.png
Year: >=2020 (k=2)

Year: <2020 (k=2)

sFig S20. Resp Failure -- Subgroup

0.1

02

Odds Ratio

0.5

1.0

20

OR 0.26 (0.14-0.51) p-int=0.45

OR 0.40 (0.17-0.95) p-int=0.45




image21.png
sFig S21. Mortality -- Meta-Regression
Slope=0.0880, p=0.121

1.0

Dokollari 2023

Log OR

2010

2015 2020

2025
Publication Year




image22.png
Log OR

0.5

0.0

-0.5

-1.0

-1.5

sFig S22. Stroke -- Meta-Regression
Slope=0.1492, p=0.094

Zhou 2025
.

Drexel 2016

Kofler 2017

Poston 2008 Leyvi 2015

2010 2015 2020 2025

Publication Year




image23.png
Log OR

-0.40

-0.45

-0.50

-0.55

-0.60

-0.65

-0.70

sFig S23. AFib -- Meta-Regression
Slope=-0.0130, p=0.567

Post% 2008

Drexel 2016

Dokw023

Zhy

2010

2015

Publication Year

2020

2025





image24.png
0.0

-0.5

Log OR

-1.0

-1.5

sFig S24. Renal -- Meta-Regression

Slope=-0.0222, p=0.765
Leyvi 2015

Yoko'2021
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e E—. |

Poston 2008
[

Zhou 2025
.
Dokollari 2023
.
I I I I
2010 2015 2020 2025

Publication Year




image25.png
Log OR

-0.8

-0.9

-1.0

-1.1

-1.2

-1.3

sFig S25. Resp Failure -- MetaReg
Slope=-0.0320, p=0.386

Posioos

Leyvi 2015

Zh‘?S
Doko“2023

2010 2015 2020 2025

Publication Year





image26.png
sFig S26. Stroke -- L10

Kofler 2017 S E— 0.77 (0.57 - 1.03)

Dokollari 2023 e e 0.76 (0.56 - 1.02)

Yokoyama 2021 L 0.74 (0.28 - 1.98)

Zhou 2025 _— 0.74 (0.55 - 1.00)

Drexel 2016 _ 0.77 (0.57 - 1.03)

Poston 2008 —a— 0.77 (0.58 - 1.04)

Leyvi 2015 —_— 0.77 (0.58 - 1.04)

Overall +— 0.76 (0.57 - 1.02)

02 0.5 1.0 20

QOdds Ratio (log scale)




image27.png
Dokollari 2023

Zhou 2025

Drexel 2016

Poston 2008

Overall

sFig S27. AFib --L10

02

04

06

QOdds Ratio (log scale)

0.8

1.0

12

1.4

16

0.54 (0.41-0.72)

0.54 (0.40 - 0.74)

0.50 (0.39 - 0.65)

0.53 (0.41 - 0.67)

0.53 (0.42 - 0.66)




image28.png
sFig S28. Renal -- L10

Dokollari 2023 —{—l—— 0.94 (0.66 - 1.32)

Yokoyama 2021 L 0.42 (0.16 - 1.13)

Zhou 2025

o 0.88 (0.55 - 1.41)

F-————---€@®----—-——-r-—-—-—-=--}l-————-—--}F-——-—————}-——-=-

Poston 2008 . 0.66 (0.27 - 1.62)
Leyvi 2015 l 0.66 (0.30 - 1.41)
Overall 0.72 (0.38 - 1.38)
I I I I
0.1 0.2 05 1.0 20

QOdds Ratio (log scale)




image29.png
sFig $29. Resp Failure -- L10

[}
[}
[}
[}
[}
[}
[}
[}
[}
Dokollari 2023 o8 0.32 (0.18 - 0.58)
[}
[}
[}
[}
[}
[}
Zhou 2025 —n 0.34 (0.17 - 0.67)
[}
[}
[}
[}
[}
[}
[}
Poston 2008 L T 0.27 (0.15 - 0.48)
[}
[}
[}
[}
[}
[}
|
Leyvi 2015 . 0.31(0.18 - 0.54)
[}
[}
[}
[}
[}
[}
I
Overall ? 0.31(0.18 - 0.52)
[}
[}
[}
[}
[}
[}
[}
[}
1
I I I

0.1 02 0.5 1.0

QOdds Ratio (log scale)




image30.png
Dokollari 2023

Zhou 2025

Poston 2008

Leyvi 2015

Overall

sFig S

30. Reoperation -- L10

F--——-——-—---€@----—---4-—-—=——--"-"-"d4--—-—----d-~- e ___—__—_—

0.05

0.10

0.20

I
0.50

1.00 2.00

QOdds Ratio (log scale)

5.00

10.00

0.64 (0.12 - 3.42)

0.44 (0.14 - 1.38)

1.29 (0.35 - 4.78)

1.05 (0.18 - 6.07)

0.82 (0.21 - 3.11)




image31.png
Dokollari 2023

Yokoyama 2021

Leyvi 2015

Overall

sFig S31. Transfusion -- L10

-
‘

0.1

02

0.5 1.0

QOdds Ratio (log scale)

0.37 (0.31 - 0.45)

0.21(0.14 - 0.31)

0.27 (0.13 - 0.57)

0.28 (0.17 - 0.45)




image32.png
Cumulative Z-Score

sFigure S32. Trial Sequential Analysis - Mortality
O'Brien-Fleming Boundaries | RRR = 40% | alpha = 5% | Power = 80%

Cumulative Z
TSA Boundary

Conventional z=1.96

- Futiity

RIS

Kofler 2017

|
|
|
t
|
|
[
|
|
L
|
|
|
|
|
|

Liu 2025

Dokollari 2023 Zhou 2025
RIS = 4,631

I I I I I
0 5000 10000 15000 20000

Cumulative Number of Patients
Z-curve CROSSED the TSA boundary -> CONCLUSIVE evidence

25000




image33.png
Cumulative Z-Score

sFigure S33. Trial Sequential Analysis - Stroke
O'Brien-Fleming Boundaries | RRR = 40% | alpha = 5% | Power = 80%

Cumulative Z
TSA Boundary
Conventional z=1.96

- Futiity
RIS

Postq P81

r 2017

Drexel

YokoyaraBgia 20,
hou 2025

RIS =7,314

I I I I I
0 5000 10000 15000 20000

Cumulative Number of Patients
RIS reached but Z-curve did NOT cross boundary (]Z|=1.81) -> No significant effect




image34.png
Cumulative Z-Score

sFigure S34. Trial Sequential Analysis - Atrial Fibrillation
O'Brien-Fleming Boundaries | RRR = 40% | alpha = 5% | Power = 80%

—#— Cumulative Z
TSA Boundary
Conventional z=1.96
Futility

- - RIS

Drexel 2016

Dokollari 2023

Zhou 2025

I I I I
500 1000 1500 2000

Cumulative Number of Patients
Z-curve CROSSED the TSA boundary -> CONCLUSIVE evidence




image35.png
Cumulative Z-Score

sFigure S35. Trial Sequential Analysis - Respiratory Failure
O'Brien-Fleming Boundaries | RRR = 40% | alpha = 5% | Power = 80%

Poston 2008 Leyvi 2015

Dokollari 2023

Zhou 2025

RIS = 1,168

Cumulative Z
TSA Boundary
Conventional z=1.96

- Futiity
RIS

I I I
500 1000 1500

Cumulative Number of Patients
Z-curve CROSSED the TSA boundary -> CONCLUSIVE evidence

2000




image36.png
Cumulative Z-Score

10

-10

sFigure S36. Trial Sequential Analysis - Blood Transfusion
O'Brien-Fleming Boundaries | RRR = 40% | alpha = 5% | Power = 80%

Cumulative Z
TSA Boundary
Conventional z=1.96

- Futiity
RIS

Dokolfari 2023

‘Yokoyanfa 2021

RIS = 275

I I I
5000 10000 15000

Cumulative Number of Patients
Z-curve CROSSED the TSA boundary -> CONCLUSIVE evidence




image37.png
Cumulative Z-Score

sFigure S37. Trial Sequential Analysis - Renal Failure
O'Brien-Fleming Boundaries | RRR = 40% | alpha = 5% | Power = 80%

Cumulative Z

< |
! TSA Boundary
! Conventional z=1.96
! - Futility
: RIS
|
|
|
|
|
|
|
N T
|
|
|
|
|
|
------------------- R e L R R R P R PP PP
--------------------- |
------------ \
""""""""""" \
et |
o 4 . )
Tl |
Lewi2ots e : Yokoy: 2023
___________________________ !
------------------- |
Poston 2008 |
: Zhou 2025
|
|
|
o~ |
' ]
|
|
|
|
|
|
| RIS = 10,076
|
|
|
¥ A |
L
I T T . ‘
0 5000 10000 15000 20000

Cumulative Number of Patients
RIS reached but Z-curve did NOT cross boundary (]Z|=0.99) -> No significant effect




image38.png
Cumulative Z-Score

Poston 2008

okollari 2023

sFigure S38. Trial Sequential Analysis - Reoperation for Bleeding
O'Brien-Fleming Boundaries | RRR = 40% | alpha = 5% | Power = 80%

Cumulative Z
TSA Boundary
Conventional z=1.96
---- Futility

RIS

|
|
|
|
|
Zhou 2025 |
|
|
|
I

RIS = 5,100

1000

I I I I
2000 3000 4000 5000

Cumulative Number of Patients
Z-curve has NOT crossed TSA boundary (]Z|=0.30 < 3.40) -> INCONCLUSIVE; more data needed




image1.png
100%

75%

X 50%

25%

0%

D1

D2

D3

sFigure S1. ROBINS-I Summary

Judgement

D4

Low

D5

Moderate . Serious

D6

D7

Overall








