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Table S1. MOOSE Checklist for Meta-analyses of Observational Studies.

Item No Recommendation Page No.

1 Problem definition 2

3 Description of study outcome(s) 2

5 Type of study designs used 3

Reporting of search strategy should include

8 Search strategy, including time period included in the synthesis and key words 3

10 Databases and registries searched 3

12 Use of hand searching (eg, reference lists of obtained articles) 3

14 Method of addressing articles published in languages other than English 3

16 Description of any contact with authors 3

17 Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be 3
tested

19 Documentation of how data were classified and coded (eg, multiple raters, blinding and interrater 3



21 Assessment of study quality, including blinding of quality assessors, stratification or regression on 4
possible predictors of study results

23 Description of statistical methods (eg, complete description of fixed or random effects models, 4
justification of whether the chosen models account for predictors of study results, dose-response
models, or cumulative meta-analysis) in sufficient detail to be replicated

Reporting of results should include

26 Table giving descriptive information for each study included Tables

28 Indication of statistical uncertainty of findings 6-7

K
-

30 Justification for exclusion (eg, exclusion of non-English language citations)

Reporting of conclusions should include

33 Generalization of the conclusions (ie, appropriate for the data presented and within the domain of the 8-11
literature review)

35 Disclosure of funding source 12

From: Stroup DF, Berlin JA, Morton SC, for the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) Group. Meta-analysis of Observational
Studies in Epidemiology. A Proposal for Reporting. JAMA. 2000;283:2008-2012.



Table S2. The Search Strategy for Ovid MEDLINE.

Ovid MEDLINE® (Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE® - 1946 to

Present)

Line# | Searchterm (Searched on 04/11/2018)

1

(Intraoperative Complications/ or Postoperative Complications/) and exp Stroke/

2

((intraoperative or intra-operative or peroperative or per-operative or perioperative or peri-operative or early or postoperative
or post-operative or post-surgical or postsurgical or delayed) adj4 (stroke or strokes or cerebrovascular accident® or cerebro
vascular accident™® or CVA or CVAs or apoplexy or apoplexia or brain vascular accident® or vascular brain accident* or acute
cerebrovascular lesion or acute focal cerebral vasculopathy or brain blood flow disturbance or brain accident or brain attack or
brain insult or brain insultus or brain ischaemic attack or brain ischemic attack or cerebral insult cerebral vascular accident or
cerebral vascular insufficiency or cerebrovascular arrestor cerebrovascular failure or cerebrovascular injury or cerebrovascular
insufficiency or cerebrovascular insult or ischaemic cerebral attack or ischaemic seizure or ischemic cerebral attack or ischemic
seizure or brain infarction® or brain venous infarction* or cortical infarction or hemisphere infarct* or hemispheric infarct* or
brain stem infarction® or brainstem infarction* or Claude Syndrome or Weber Syndrome or Millard-Gublar Syndrome or Top of
the Basilar Syndrome or Benedict Syndrome or Foville Syndrome or cerebral infarct* or cerebrovascular infarct* or subcortical
infarction® or posterior choroidal artery infarction* or anterior choroidal artery infarction* or lacunar syndrome* or lacunar

infarct®)).tw

lor2

Cardiac Surgical Procedures/




5 (cardiac surgery or cardiac surgical procedure* or heart surgery or heart valve surgery or heart surgical procedures* or cardiac
operation® or heart operation™® or cardiosurgery or myocardial resection).tw.

6 Coronary Artery Bypass/

7 (CABG or aortic coronary bypass or aorticocoronary anastomosis or Total arterial revascularization or total arterial
revascularisation or Multiple arterial revascularization or multiple arterial revascularisation).tw.

8 ((aortocoronary or aorta or coronary) adj2 (anastomosis or bypass or shunt or graft)).tw.

9 Coronary Artery Bypass, Off Pump/

10 Internal Mammary-Coronary Artery Anastomosis/

11 Myocardial Revascularization/

12 (cardiac muscle revascularisation or cardiac muscle revascularization or coronary revascularisation or coronary revascularization
or heart muscle revascularisation or heart myocardium revascularisation or heart revascularisation or heart revascularization or
internal mammary arterial anastomosis or internal mammary arterial implantation or internal mammary artery anastomosis or
internal mammary artery graft or internal mammary artery implant or internal mammary artery implantation or internal
mammary-coronary artery anastomosis or Coronary Internal Mammary Artery Anastomosis or myocardial revascularisation or
myocardial revascularization or myocardium revascularisation or myocardium revascularization or transmyocardial laser
revascularisation or transmyocardial laser revascularization or vineberg operation).tw.

13 (Aortic Valve Repair or Aortic Valve Replacement or aorta valve replacement or aorta valve transplantation or aortic valve
transplantation or aortic valve xenotransplantation).tw.

14 Cardiac Valve Annuloplasty/




15 (Cardiac Valve Annuloplasty or Cardiac Valve Annuloplasties or Valvular Annuloplasties or Valvular Annuloplasty or Heart Valve
Annuloplasty or Heart Valve Annuloplasties or Cardiac Valve Annulus Repair or Heart Valve Annulus Repair or Cardiac Valve
Annular Repair or Heart Valve Annular Repair or Cardiac Valve Annular Reduction or Cardiac Valve Annulus Shortening or Cardiac
Valve Annulus Reduction).tw.

16 Mitral Valve Annuloplasty/

17 (Mitral Valve Annuloplasties or Mitral Valve Annuloplasty or Mitral Annuloplasty Mitral Annuloplasties or Mitral Valve Annulus
Repair or mitral valve surgery or mitral valve replacement or mitral valve repair).tw.

18 Heart Valve Prosthesis Implantation/

19 heart valve prosthesis implantation.tw.

20 or/4-19

21 3and 20

22 limit 21 to English language




Table S3. Critical Appraisal of Included Studies Using the Newcastle-Ottawa Quality Assessment Scale for Cohort Studies.

Study/Year Selection Comparabili Outcome/Exposure Total Score

Boivie 20052 * ok k K * * % * ok kK % %

Bull 19934 *k %k %k %k * * ¥ 3k %k % 5k %k %k %

Cao 201158 %k %k >k k * * *k %k %k 5k %k k

Chen 20158 *k %k %k %k * * ¥ 3k %k % 5k %k %k %

Fessatidis 199110 * % % % * * % * 3 3k 5k %k %k k

Filsoufi.B 200812 * % %k % * % * % % 3k 5k %k %k %k %k ok

Goto 200314 * ok k K * * % * ok kK % %

Hedberg 201116 * ok % % * * * % % ok %k % k K

Hogue 199918 * % %k % * % * % % 3k 5k %k %k %k %k k

Karhausen 201720 * %k %k % * % * % sk 3k 3k %k %k 3k Kk

Kinnunen 201522 * % % % * % * % K 3k 5 %k % % %k

Lee 201124 %k %k %k %k * % * 3k %k %k %k % Xk %

Martin 198226 * %k % * %k ok ok ok ok ok ok

Murdock 200328 * ok % % * * % * % % ok % % k



Peel 200430 * % k% * * Kok ok ok ok ok

Salazar 200132 * % % % * * % 3K 5 %k k% %

Toumpoulis 200834 * % %k % * % * % % 5k %k %k %k ok ok ok

Wijdicks 199636 * %k % * * % ok ok ok ok ok ok




Table S4. Stroke Definitions in the Included Studies.

e In 23 studies, early strokes were defined as strokes observed at awaking or extubation, while delayed strokes were defined as

strokes occurring after a symptom-free interval after awaking or extubation.

e In 7 studies, early strokes were defined as strokes that occurred within 24 hours after cardiac surgery, while delayed strokes

after 24 hours.

e In 2 studies, early were strokes occurring intraoperatively, while delayed were those occurring postoperatively

e In 1 early strokes were defined as stroke at recovering from anesthesia or within 12h, while delayed strokes were defined as

strokes occurring after 12 hours

e In 1 study early strokes were strokes occurring by 15t POD, while delayed strokes were defined as strokes occurring between

POD 2 and 30.

e In 1 study early strokes were strokes presenting on day 0, while delayed strokes were defined as strokes occurring afterwards

e In 1 study early strokes were strokes presenting within 3@ POD, while delayed strokes were defined as strokes occurring

afterwards

POD, Post-operative day
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Table S5. Demographics of the included studies.

Carotid
Age Females DM AF Urgent/
Study/Year Cohort disease Prior Stroke (%) PVD (%) CKD (%) Redo (%) Type of Surgery (%)
(Yr) (%) (%) (%) %) Emergent (%)
%

CABG 1882; Valve
Boivie 20052 2641 66 27 NR NR NR NR NR 3 NR NR
195; CABG+Valve 200

Bull 19934 245 NR NR 21 6 11 12 NR NR NR NR CABG

Cao 20116 430 64 24 37 3 NR 100 NR 3 NR NR CABG

Chen 20158
1010 67 15 NR NR NR NR 27 NR NR NR CABG

CABG 943; Valve 496;

Fessatidis 199110 1487 NR NR NR NR NR NR NR NR NR NR
Congenital 46

Filsoufi.B 2008%2 2985 65 31 40 NR NR 8 5 13 5 4 CABG

Goto 2003 463 70 31 35 NR NR 17 NR 10 11 NR CABG

CABG 8136;
Hedberg 20116 9122 68 25 22 NR NR 9 NR NR NR 5
CABG+Valve 986
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CABG (88.4);
Hogue 199918 2972 68 36 28 NR 32 7 NR NR NR NR CABG/valve (15.0);
Valve (26.6)

Karhausen 201720 6130 NR 28 38 NR NR 10 NR NR 6 2 CABG

Kinnunen 201522 1314 66 21 29 11 NR 4 56 12 NR 1 CABG

Lee 201124 1367 63 26 44 4 NR 9 NR 2 7 NR CABG

Martin 198226 253 54 83 5 8 NR 6 NR 7 NR NR CABG

CABG 1798, Valve
Murdock 200328 2104 60 50 46 6 NR 22 NR 30 NR NR 135, CABG+Valve

151, Other 20

Peel 200430 10573 NR NR NR NR NR NR NR NR NR NR CABG

CABG 3,974; Valve

Salazar 200132 5971 NR NR NR NR NR NR NR NR NR NR
828; CABG/valve 463;
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Tarakji 201133 45432
Toumpoulis

4140
200834

Weinstein 200135 2217
Wijdicks 199636 8270

68

64

71
NR

21

31

35
NR

23

35

33
NR

NR

19
NR

NR

NR
NR

NR
NR

70

NR
NR

16

NR

6
NR

CABG/CEA 52;
CABG/Other 76;
Aortic 310;
Transplant 94; Other

174
3 19 CABG
3 NR CABG
NR NR CABG
NR NR CABG

DM, diabetes mellitus; CKD, chronic kidney disease; PVD, peripheral vascular disease; CABG, coronary artery bypass graft; CEA, carotid

endarterectomy; NR, not reported.



Table S6. Summary of the outcomes (fixed effect model).

Perioperative

No. of Proportion Heterogeneity Early vs delayed
Outcomes stroke vs No

Studies | [Confidence interval] (142, P-value) stroke difference q|

stoke 9|
FIXED EFFECT MODEL

Pooled rate of perioperative stroke 36 2.15% [2.08; 2.22] 94.1%, P<0.0001 - -
Pooled rate of early stroke 36 1.25% [1.19; 1.30] 94.7%, P<0.0001 - <0.0001
Pooled rate of delayed stroke 36 1.08% [1.03; 1.14] 91.5%, P<0.0001 - <0.0001
Pooled rate of operative mortality in the whole group 20 3.39% [3.28; 3.50] 96.9%, P<0.0001 -—-- -—--
Pooled rate of operative mortality for patients with perioperative stroke 22 20.76% [19.12; 22.49] 58.8%, P=0.0003 <0.0001 -
Pooled rate of operative mortality for patients without stroke 16 3.19% [3.08; 3.31] 96.9%, P<0.0001 <0.0001 -—--
Pooled rate of operative mortality for patients with early stroke 12 25.97% [21.80; 30.62] 84.2%, P<0.0001 -—-- 0.0049
Pooled rate of operative mortality for patients with late stroke 13 17.85% [14.57; 21.67] 20.1%, P=0.2407 -—-- 0.0049
Incidence rate of late mortality in the all group 5 5.78% [5.71; 5.84] 99.3%, P<0.0001 - -
Incidence rate of late mortality in patients with perioperative stroke 5 8.44% [7.83; 9.10] 84.8%, P< 0.0001 <0.0001 -—--
Incidence rate of late mortality in patients without stroke 8 5.37% [5.32; 5.43] 99.7%, P=0 <0.0001 -—--
Incidence rate of late mortality in patients with early stroke 5 8.64% [7.49; 9.95] 87.6%, P< 0.0001 - 0.3738
Incidence rate of late mortality in patients with delayed stroke 5 7.73% [6.34; 9.43] 71.2%, P=0.008 - 0.3738

9 P value for subgroup difference
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Table S7. Meta-Regression for Early and Delayed Stroke (Restricted maximum likelihood model). By getting exponential of Beta (exp

Beta):

1% in prior stroke history—=>* absolute risk of peri-operative stroke by 1.01%, P=0.001
1% in on-pump = T absolute risk of early stroke by 1.00%, P=0.006

1% in in off-pump = absolute risk of early stroke by 0.99%, P=0.012

1% in in prior stroke history =T absolute risk of delayed stroke by 1.02%, P<0.001)

Perioperative Stroke Beta £SD (P-value) Exp (Beta)
Age (years) 0.0041+0.0265, P=0.8774 1.004
Female (%) 0.0071+0.0076, P=0.3527 1.007
Diabetes (%) 0.0015+0.0080, P=0.8470 1.002
AF (%) -0.0111+0.0246, P=0.6530 0.989
Carotid disease (%) -0.0220 0.0144, P=0.1271 0.978
Prior stroke (%) 0.012940.0040, P=0.0014 1.013
Urgent or Emergent Procedure (%) 0.0043+0.0041, P=0.2957 1.004
On-pump (%) 0.0017+0.0025, P=0.4927 1.002
Off-pump (%) -0.0014+0.0028, P=0.6152 0.999
Single clamp (%) 0.0034+0.0055, P=0.5385 1.003
Multiple clamp (%) -0.0034+0.0055, P=0.5385 0.997
Asc Aorta atheroma or calcification (%) 0.0017+0.0065, P=0.7927 1.002
Use of circulatory arrest (%) NA (no enough study) NA
CPB time (in minutes) 0.0007+0.0030, P=0.8220 1.001
Aortic clamp time (in minutes) 0.0002+0.0038, P=0.9522 1.000
Early Stroke Beta +SD (P-value) Exp (Beta)
Age (years) 0.0158+0.0318, P=0.6202 1.016
Female (%) 0.0074+0.0102, P=0.4687 1.007
Diabetes (%) -0.0178+0.0097, P= 0.0678 0.982
AF (%) -0.0153+0.0240, P=0.5256 0.985
Carotid disease (%) -0.0473+0.0252, P=0.0600 0.954
Prior stroke (%) -0.0046+0.0072, P=0.5244 0.995
Urgent or Emergent Procedure (%) 0.005640.0074, P=0.4508 1.006
On-pump (%) 0.0091+0.0034, P=0.0064 1.009




Off-pump (%) -0.0097+0.0038, P=0.0115 0.990
Single clamp (%) 0.0012 0.0087, P=0.8874 1.001
Multiple clamp (%) -0.0012+0.0087, P=0.8874 0.999
Asc Aorta atheroma or calcification (%) 0.0005+0.0115, P=0.9634 1.001
Use of circulatory arrest (%) NA (no enough studies) NA
CPB time (in minutes) -0.0030+0.0047, P=0.5267 0.997
Aortic clamp time (in minutes) -0.0035+0.0059, P=0.5600 0.997
Delayed Stroke Beta +SD (P-value) Exp (Beta)
Age (years) 0.0108 0.0420, P=0.7982 1.011
Female (%) 0.0087+0.0115, P=0.4502 1.009
Diabetes (%) 0.0233+0.0120, P=0.0523 1.024
AF (%) 0.0193+0.0465, P=0.6782 1.019
Carotid disease (%) 0.0059+0.0091, P=0.5185 1.006
Prior stroke (%) 0.0224+0.0056, P<.0001 1.023
Urgent or Emergent Procedure (%) 0.0005+0.0077, P=0.9510 1.001
On-pump (%) -0.0057+0.0036, P=0.1166 0.994
Off-pump (%) 0.0062+0.0039, P=0.1103 1.006
Single clamp (%) 0.0041+0.0091, P=0.6511 1.004
Multiple clamp (%) -0.0041+0.0091, P=0.6511 0.996
Asc Aorta atheroma or calcification (%) 0.0010£0.0045, P=0.8213 1.001
Use of circulatory arrest (%) NA (no enough studies) NA
CPB time (in minutes) 0.0065+0.0050, P=0.1943 1.007
Aortic clamp time (in minutes) 0.0062+0.0064, P=0.3356 1.006

AF, Atrial Fibrillation; Asc, ascending; CPB, cardiopulmonary bypass; NA, not applies.
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Figure S1. PRISMA flowchart.
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Figure S2. Pooled event rate for perioperative stroke.

Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)

Cao 2011° 32 430

—_— 0.07

0.05;0.10] 0.9% 2.7%

i [

Goto 20034 18 463 p———— 0.04 [0.02;0.068] 0.5% 2.4%
Carrascal 20147 32 844 —— 0.04 [0.03;0.05] 0.9% 2.7%
Boivie 20052 98 2641 oo 0.04 [0.03;0.05] 2.8% 3.0%
Salazar 2001 214 5971 . 0.04 [0.03;0.04] 6.2% 3.1%
Toumpoulis 20083* 138 4140 e 0.03 [0.03;0.04] 4.0% 3.1%
Murdock 200328 68 2104 h—.— 0.03 [0.03;0.04] 2.0% 3.0%
Martin 198226 8§ 253 b 0.03 [0.01;0.06] 0.2% 1.9%
Hedberg 2013 339 10809 R 0.03 [0.03;0.03] 9.8% 3.2%
Hedberg 200513 77 2641 i—.— 0.03 [0.02;0.04] 2.2% 3.0%
Lisle 2008% 202 7201 e 3 0.03 [0.02;0.03] 5.9% 3.1%
Hedberg 201116 245 9122 D 0.03 [0.02;0.03] 7.1% 3.1%
Lee 2011 33 1367 e 0.02 [0.02;0.03] 1.0% 2.7%
Weinstein 20013 51 2217 o 0.02 [0.02;0.03] 15% 2.9%
Filsoufi.A 2008 63 2808 m 0.02 [0.02:0.03] 1.8% 3.0%
Bull 19934 5 245 —H— 0.02 [0.01;0.05] 0.1% 1.5%
Peel 200430 211 10573 q 0.02 [0.02;0.02] 6.2% 3.1%
Lahtinen 200423 52 2630 % 0.02 [0.01;0.03] 1.5% 2.9%
Ridderstolpe 2002 %! 64 3282 @ = 0.02 [0.02;0.02] 1.9% 3.0%
Marui 2012%7 45 2446  —=- 0.02 [0.01;0.02] 1.3% 2.9%
Nishiyama 2009 46 2516  —=- 0.02 [0.01;0.02] 1.4% 2.9%
Karhausen 20172° 110 6130 = 0.02 [0.01;0.02] 3.2% 3.1%
Imasaka 20181° 20 1134 —— 0.02 [0.01;0.03] 0.6% 25%
Kinnunen 201522 23 1314 —i 0.02 [0.01;0.03] 0.7% 2.6%
Hogue 19998 48 2972 = 0.02 [0.01:0.02] 1.4% 2.9%
Filsoufi.B 2008 12 48 2985 = 0.02 [0.01;0.02] 1.4% 2.9%
Tarakji 201132 688 45432 [ 0.02 [0.01;0.02] 20.3% 3.2%
Borger 20013 98 6682 = 0.01 [0.01;0.02] 2.9% 3.0%
Karkouti 2005%* 160 10948 = 0.01 [0.01;0.02] 4.7% 3.1%
Blossom 1992" 46 3428 =i 0.01 [0.01;0.02] 1.4% 2.9%
Doi 20107 8 611 ——i- 0.01 [0.01;0.03] 0.2% 1.9%
Chen 20158 111010 —— 0.01 [0.01;0.02] 0.3% 2.1%
Gaudino 199913 31 2987 = | 0.01 [0.01;0.01] 0.9% 2.7%
Fessatidis 199110 15 1487 —— i 0.01 [0.01;0.02] 0.4% 2.3%
Calafiore 2002°% 49 4875 = | 0.01 [0.01;0.01] 15% 2.9%
Wijdicks 199636 25 8270+ i 0.00 [0.00;0.00] 0.7% 2.6%
Fixed effect model 174969 # 0.02 [0.02; 0.02] 100.0% -
Random effects model < 0.02 [0.02; 0.02] - 100.0%
Prediction interval [0.01; 0.05]

Heterogeneity: /% = 94%, % = 0.1804, p < 0.01 ' ' I ' |
0.02 0.04 0.06 0.08 0.1
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Figure S3. Reconstructed Kaplan-Meier survival curves from derived individual patient data (IPD)

for A) No stroke versus perioperative stroke and B) No stroke versus early and delayed stroke.

Solid/dotted line represents aggregation of all available Kaplan-Meier curves with 95% Cl.
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Figure S4. Leave-one-out analysis (top) and funnel plot (bottom) for incidence of A)

and B) delayed stroke.
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