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Table S1. Inclusion and Exclusion Criteria of Studies. 
Study Inclusion Criteria  Exclusion Criteria 

Yang et al. 1 Patients with acute STEMI treated with primary PCI between 

January 2005 and December 2008, from the Database of 

Shanghai Rui Jin Hospital Percutaneous Coronary 

Intervention Outcomes Program. STEMI was diagnosed 

according to American Heart Association criteria including 

symptoms consistent with ongoing myocardial ischemia 

≥30min, ST-segment elevation ≥1 mm in two contiguous leads 

or more, new left bundle branch block, or true posterior 

infarction.  
 

 

Nine patients were excluded from analysis 

as they died during hospital stay (n = 6) or 

were lost to follow-up (n = 3). 

Shi et al. 2 Patients with acute STEMI treated with primary PCI between 
January 2005 to June 2009 admitted to Guangdong General 
Hospital. Acute STEMI was 
diagnosed according to American Heart Association criteria 
including symptoms consistent with ongoing myocardial 
ischemia ≥ 30min, accompanied by an electrocardiogram with 
ST-segment elevation ≥ 1mm(0.1mV) in two contiguous leads 
or more, new left bundle branch block, or true posterior 
infarction. 
Multivessel was defined as ≥ 1 stenosis > 70% of the coronary 
lumen diameter in > 1 of the noninfarct 
related epicardial arteries or left main stenosis > 50%. 
A CTO was defined as a total occlusion in a non-IRA before 
PCI without antegrade flow or with antegrade or retrograde 
filling through collateral vessels. 

 

 Not available 

Valenti et al. 3 Consecutive patients from the Florence PCI registry treated by 

successful primary PCI (Thrombolysis in Myocardial Infarction 

[TIMI] grade 3 flow and residual infarct artery stenosis <30%). 

Coexisting none infarct-related artery (IRA) CTO. Evidence of 

viable myocardium in the territory supplied by the CTO vessel. 

In-hospital death during the first week 

after primary PCI. 

Watanabe et al. 4 STEMI patients enrolled in the Coronary Revascularization 

Demonstrating Outcome study in Kyoto (CREDO-Kyoto) AMI 

registry with multi-vessel disease who underwent primary PCI 

within 24 hours after the symptom.  

Presence of CTO in the non-IRA 

 Not available 

Deng et al. 5 STEMI patients who underwent successful primary PCI from 

January 2006 to December 2014 at The General Hospital of 

Shenyang Military Region, China and had a non-IRA CTO 

lesion.  

CTO was defined as a flow vessel of Thrombolysis in 

Myocardial Infarction (TIMI) grade 0, and a complete 

obstruction of a native coronary artery over a period for more 

than 3 months. 

 Not available 

Henriques et al. 6 STEMI patients with a non–infarct-related chronic total 

occlusion undergoing successful primary PCI for STEMI 

(within 12 hours of onset of symptoms) from November 2007 

through April 2015 in 14 centers in Europe and Canada.  

Successful primary PCI was defined as a residual stenosis of 

the culprit lesion <30% and the TIMI flow of ≥2.  

CTO was defined as a 100% luminal narrowing without 

antegrade flow or with antegrade or retrograde filling through 

collateral vessels.  

CTO located in a coronary vessel with a reference diameter of 

at least 2.5 mm. 

 

Hemodynamic instability persisting for >48 

h after primary PCI and factors precluding 

reliable CMR imaging such as persistent 

or permanent atrial fibrillation, severe 

renal insufficiency, and indications for 

pacemaker or implantable cardioverter-

defibrillator insertion 



Table S2. Risk of bias across individual observational studies.  

Author Newcastle-Ottawa Scale  

Yang 1 7/9 

Shi 2 7/9 

Valenti 3 6/9 

Watanabe 4 6/9 

Deng 5 6/9 

 
 



 
Table S3. Risk of bias across individual randomized control trials. 

Study Name Sequence 

generation 

Allocation 

concealment 

Blinding Incomplete 

outcome 

data 

Selective 

reporting 

Baseline Source of 

funding 

bias 

Academic 

bias 

Henriques 6 Low Low High Moderate Low Low Low Low 

 

 
 
 
 
 
 
 



Figure S1. Sensitivity Analysis with removal of each study one at a time 
 
A. Major Adverse Cardiovascular Events 

 
 
B. All-Cause Mortality 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name MH odds ratio (95% 

CI) with study removed

Lower Upper 

Point limit limit

Yang 0.57 0.31 1.04

Shi 0.60 0.32 1.11

Deng 0.59 0.30 1.13

Henriques 0.43 0.24 0.76

0.54 0.32 0.91
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Study name MH odds ratio (95% 

CI) with study removed

Lower Upper 

Point limit limit

Yang 0.50 0.22 1.17

Shi 0.50 0.21 1.17

Valenti 0.54 0.24 1.22

Watanabe 0.36 0.15 0.85

Deng 0.57 0.24 1.34

Henriques 0.39 0.18 0.86

0.47 0.22 1.00

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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C. Cardiovascular Mortality 

 
 
 
D. Myocardial Infarction 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name MH odds ratio (95% 

CI) with study removed

Lower Upper 

Point limit limit

Yang 0.46 0.19 1.11

Shi 0.46 0.19 1.13

Valenti 0.49 0.21 1.13

Watanabe 0.33 0.14 0.81

Deng 0.54 0.22 1.32

Henriques 0.36 0.16 0.80

0.43 0.20 0.95

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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Study name MH odds ratio (95% 

CI) with study removed

Lower Upper 

Point limit limit

Yang 0.75 0.39 1.44

Shi 0.82 0.38 1.79

Valenti 0.74 0.39 1.42

Watanabe 0.85 0.42 1.73

Deng 0.90 0.45 1.82

Henriques 0.64 0.32 1.30

0.78 0.41 1.46

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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4	

3	



E. Repeat Revascularization 

 
 
F. Stroke 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name MH odds ratio (95% 

CI) with study removed

Lower Upper 

Point limit limit

Yang 1.25 0.59 2.65

Shi 1.30 0.61 2.80

Valenti 0.85 0.39 1.83

Watanabe 1.20 0.56 2.59

Deng 1.28 0.59 2.76

Henriques 0.96 0.44 2.09

1.13 0.56 2.27

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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Study name MH odds ratio (95% 

CI) with study removed

Lower Upper 

Point limit limit

Shi 0.45 0.15 1.38

Valenti 0.52 0.18 1.50

Watanabe 0.50 0.14 1.79

Henriques 0.56 0.21 1.54

0.51 0.20 1.33

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control

2	

3	

6	

4	



G. Heart Failure 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name MH odds ratio (95% 

CI) with study removed

Lower Upper 

Point limit limit

Yang 0.60 0.36 0.98

Shi 0.66 0.40 1.10

Watanabe 0.50 0.31 0.82

Deng 0.51 0.28 0.95

0.57 0.36 0.89

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control

1	

2	
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Figure S2. Cumulative analysis for Each Outcome.  
 
A. Major Adverse Cardiovascular Events 

 
 
B. All-Cause Mortality 

 
 
C. Cardiovascular Mortality 

 

Study name Cumulative statistics Cumulative mh odds ratio (95% CI)

Lower Upper Relative Relative 

Point limit limit Intervention Control weight weight

Yang 0.44 0.15 1.28 19 / 87 19 / 49 24.34

Shi 0.41 0.20 0.87 47 / 187 43 / 97 50.46

Deng 0.43 0.24 0.76 90 / 408 97 / 253 86.42

Henriques 0.54 0.32 0.91 98 / 556 101 / 407 100.00

0.54 0.32 0.91

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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5	

Study name Cumulative statistics Cumulative mh odds ratio (95% CI)

Lower Upper Relative Relative 

Point limit limit Intervention Control weight weight

Yang 0.34 0.06 2.00 7 / 87 10 / 49 18.60

Shi 0.36 0.10 1.21 18 / 187 22 / 97 38.89

Valenti 0.31 0.11 0.88 20 / 245 39 / 208 52.40

Watanabe 0.46 0.19 1.12 40 / 323 48 / 251 72.84

Deng 0.39 0.18 0.86 49 / 544 72 / 407 94.53

Henriques 0.47 0.22 1.00 53 / 692 72 / 561 100.00

0.47 0.22 1.00

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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Study name Cumulative statistics Cumulative mh odds ratio (95% CI)

Lower Upper Relative Relative 

Point limit limit Intervention Control weight weight

Yang 0.34 0.06 2.02 7 / 87 10 / 49 19.79

Shi 0.34 0.10 1.17 16 / 187 21 / 97 40.61

Valenti 0.28 0.09 0.85 17 / 245 34 / 208 50.51

Watanabe 0.42 0.17 1.08 33 / 323 42 / 251 71.54

Deng 0.36 0.16 0.80 41 / 544 66 / 407 94.13

Henriques 0.43 0.20 0.95 45 / 692 66 / 561 100.00

0.43 0.20 0.95
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D. Myocardial Infarction 

 
 
E. Repeat Revascularization 

 
 
F. Stroke 

 
 
 
 

Study name Cumulative statistics Cumulative mh odds ratio (95% CI)

Lower Upper Relative Relative 

Point limit limit Intervention Control weight weight

Yang 1.72 0.07 42.95 1 / 87 0 / 49 3.87

Shi 0.76 0.27 2.15 10 / 187 6 / 97 37.25

Valenti 0.85 0.32 2.25 11 / 245 7 / 208 42.40

Watanabe 0.73 0.33 1.64 15 / 323 11 / 251 61.76

Deng 0.64 0.32 1.30 18 / 544 16 / 407 80.92

Henriques 0.78 0.41 1.46 23 / 692 19 / 561 100.00

0.78 0.41 1.46

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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Study name Cumulative statistics Cumulative mh odds ratio (95% CI)

Lower Upper Relative Relative 

Point limit limit Intervention Control weight weight

Yang 0.61 0.09 3.95 8 / 87 7 / 49 13.99

Shi 0.56 0.16 2.03 23 / 187 19 / 97 29.99

Valenti 1.19 0.43 3.32 47 / 245 34 / 208 46.87

Watanabe 1.08 0.45 2.60 85 / 323 57 / 251 63.82

Deng 0.96 0.44 2.09 106 / 544 79 / 407 81.71

Henriques 1.13 0.56 2.27 145 / 692 100 / 561 100.00

1.13 0.56 2.27

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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5	

4	

3	

Study name Cumulative statistics Cumulative mh odds ratio (95% CI)

Lower Upper Relative Relative 

Point limit limit Intervention Control weight weight

Shi 0.71 0.11 4.40 3 / 100 2 / 48 27.46

Valenti 0.60 0.15 2.46 4 / 158 6 / 159 46.07

Watanabe 0.56 0.21 1.54 8 / 236 10 / 202 90.15

Henriques 0.51 0.20 1.33 8 / 384 12 / 356 100.00

0.51 0.20 1.33

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control

2	

3	

6	

4	



G. Heart Failure 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name Cumulative statistics Cumulative mh odds ratio (95% CI)

Lower Upper Relative Relative 

Point limit limit Intervention Control weight weight

Yang 0.45 0.15 1.32 7 / 87 8 / 49 17.20

Shi 0.38 0.19 0.78 16 / 187 19 / 97 39.03

Watanabe 0.51 0.28 0.95 26 / 265 24 / 140 54.40

Deng 0.57 0.36 0.89 45 / 486 44 / 296 100.00

0.57 0.36 0.89

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control

1	

2	

5	

4	



Figure S3. Sensitivity Analysis with fixed effect model. 
 
A. Major Adverse Cardiovascular Events 

 
 
B. All-Cause Mortality 
 

 
 

 
 
 
 
 
 
 
 
 
 

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 

ratio limit limit

Yang 0.44 0.20 0.95

Shi 0.39 0.19 0.79

Deng 0.46 0.29 0.73

Henriques 2.14 0.63 7.27

0.49 0.35 0.69

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control

1	

2	
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 

ratio limit limit

Yang 0.34 0.12 0.96

Shi 0.37 0.15 0.92

Valenti 0.20 0.04 0.89

Watanabe 1.30 0.53 3.18

Deng 0.23 0.11 0.52

Henriques 9.62 0.51 180.31

0.43 0.28 0.66

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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C. Cardiovascular Mortality 

 
 
 
D. Myocardial Infarction 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 

ratio limit limit

Yang 0.34 0.12 0.96

Shi 0.33 0.13 0.87

Valenti 0.13 0.02 1.04

Watanabe 1.13 0.44 2.90

Deng 0.21 0.09 0.47

Henriques 9.62 0.51 180.31

0.40 0.25 0.62

0.01 0.1 1 10 100

Favors PCI CTO Favors Control
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 

ratio limit limit

Yang 1.72 0.07 42.95

Shi 0.69 0.23 2.07

Valenti 1.93 0.12 31.43

Watanabe 0.53 0.12 2.22

Deng 0.42 0.10 1.77

Henriques 1.76 0.41 7.50

0.78 0.41 1.46

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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E. Repeat Revascularization 

 
 
F. Stroke 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 

ratio limit limit

Yang 0.61 0.21 1.79

Shi 0.53 0.23 1.24

Valenti 4.52 2.12 9.61

Watanabe 0.83 0.39 1.74

Deng 0.64 0.34 1.21

Henriques 2.27 1.26 4.08

1.23 0.91 1.65

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 

ratio limit limit

Shi 0.71 0.11 4.40

Valenti 0.47 0.05 4.30

Watanabe 0.53 0.12 2.22

Henriques 0.21 0.01 4.31

0.51 0.20 1.33

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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6	
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G. Heart Failure 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 

ratio limit limit

Yang 0.45 0.15 1.32

Shi 0.33 0.13 0.87

Watanabe 1.12 0.36 3.51

Deng 0.64 0.33 1.24

0.57 0.36 0.89

0.01 0.1 1 10 100

Favors CTO-PCI Favors Control
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Figure S4.  Meta-regression analysis by representative plots. 
 
A. Age 

  

 
 
B. Male sex  
 
 

 
 
C. Hypertension 
 

 
 



D. Diabetes Mellitus 
 
 

 
 
E. Hyperlipidemia 
 

 
 
F. Smoking 
 
 

 
 



G. 3-vessel disease 
 

 
 
 
H. Ejection Fraction 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



I.  CTO of the left anterior descending artery 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S5. Funnel Plots for each outcome. 
 
A. Major Adverse Cardiovascular Events 

 
 
B. All-Cause Mortality 

 
 
C. Cardiovascular Mortality 
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D. Myocardial Infarction 

 
 
E. Repeat Revascularization 

 
 
F. Stroke 
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G. Heart Failure 
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Figure S6. Quantification of Bias for each outcome using Begg and Mazumbar rank 
correlation, Egger’s regression intercept, Duval and Tweedie’s trim and fill test.  
 
A. Major Adverse Cardiovascular Events 

 

 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 



B. All-Cause Mortality 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 



C. Cardiovascular Mortality 

 

 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



D. Myocardial Infarction 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



E. Repeat Revascularization 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



F. Stroke 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



G. Heart Failure 
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