


Hierarchy of Evidence 
H

ig
h

er
 q

u
al

it
y 

o
f 

ev
id

e
n

ce
 



Systematic Review and Meta-Analysis 

Systematic 
review 
(SR) 

Meta-analysis 
(MA) 

Narrative Review 
(Review article) 



Meta-Analysis in Cardiology 

` 



one of the first cardiac “mega-trials” 
(involving more than 10,000 patients) 

GISSI trial 
Italian Group for the Study of Streptokinase in Myocardial Infarction 
(Gruppo Italiano per lo Studio della Streptochinasi nell'Infarto Miocardico) 
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Results by year 

“Meta-Analysis” in the PubMed 



Warfarin in AF 

Warfarin vs. control Aspirin vs. control 



To increase power.  
Power is the chance of detecting a real effect as statistically significant if it exists. 
Many individual studies are too small to detect small effects, but when several are 
combined there is a higher chance of detecting an effect. 

 

To improve precision.  
The estimation of an intervention effect can be improved when it is based on more 
information. 

 

To answer questions not posed by the individual studies.  
Primary studies often involve a specific type of patient and explicitly defined 
interventions. A selection of studies in which these characteristics differ can allow 
investigation of the consistency of effect and, if relevant, allow reasons for differences 
in effect estimates to be investigated. 

 

To settle controversies arising from apparently conflicting studies 
or to generate new hypotheses.  
Statistical analysis of findings allows the degree of conflict to be formally assessed, 
and reasons for different results to be explored and quantified. 

Why Meta-Analysis? 

1 

2 

3 

4 



(1) A clearly defined prior hypothesis 

(2) Thorough search of trials 

(3) Strict inclusion criteria 

(4) Uniform data analysis 

Scientific Rules  



1) A clearly defined prior hypothesis 



Inclusion criteria 
(1) reported mortality, hospitalization, changes in functional 

outcomes (New York Heart Association [NYHA] class, 6-
minute walk test, LV ejection fraction [LVEF], and/or 
quality of life), or peri-implant/postimplant safety with 
CRT in 

(2) Patients with LV systolic dysfunction (LVEF≤35%,whether 
or not heart failure symptoms were present) that 

(3) followed participants for at least 2 weeks, (4) had more 
than 25 participants, (5) reported original research, and (6) 
represented the primary report from studies with 
multiple publications. 

3) Strict inclusion criteria 



2) Thorough search of trials 



4) Uniform data analysis 



Kang et al. Eur Heart J 2014 

Kang et al. JACC Intv 2016 



Study Aim 

• To compare the safety of contemporary DES including BVS in terms 

of the risk of stent thrombosis (ST) or device thrombosis.  

• Due to the low incidence rates 

of ST, a very large sample size 

is required to detect the 

differences in a single trial 

setting.  

• A network meta-analysis has 

the advantage of providing 

comprehensive information by 

combining data from a complex 

network of multiple trials.  

• We performed a systematic literature review of randomized 
controlled trials and updated a multiple-treatment network meta-
analysis using a Bayesian framework. 



Methods 

• Inclusion criteria 

– RCT comparing 2 or more coronary stents in patients undergoing PCI 

– Study stents  

(1) BMS (Bare metal stents) 

(2) PES (Paclitaxel-eluting stents, Boston Scientific) 

(3) SES (Sirolimus-eluting stents, Cordis) 

(4) E-ZES (Endeavor zotarolimus-eluting stents, Medtronic) 

(5) CoCr-EES (Cobalt-chromium everolimus-eluting stents, Abbott Vascular and Boston 
Scientific) 

(6) PtCr-EES (Platinum-chromium everolimus-eluting stents, Boston Scientific) 

(7) BP-EES (BP everolimus-eluting stents, Boston Scientific) 

(8) R-ZES (Resolute zotarolimus-eluting stents, Medtronic) 

(9) BP-BES (BP biolimus A9-eluting stents, Biosensors and Terumo) 

(10) O-SES (Orsiro hybrid SES, Biotronik) 

(11) Dual DES (polymer-free sirolimus- and probucol-eluting stents, B. Braun) 

(12) BVS (Bioresorbale vascular scaffolds, Abbott Vascular). 



Methods 

• Exclusion criteria 

1) Studies comparing two stents with different stent design within the same 
category described above, 

2) Studies in which specific type of DES was not predefined and the choice 
among available DES was left to the investigators’ discretion 

3) Studies published in a language other than English. 

 

※ No restrictions were imposed on study period, sample size, or publication 
status as well as patient or lesion criteria.  



Data Sources 

• Electronic search (from the inception to December 2015) 

– PubMed 

– Embase 

– Cochrane Central Register of Controlled Trials (CENTRAL) 

– Relevant websites (www.crtonline.org, www.clinicaltrialresults.com, 
www.tctmd.com, www.cardiosource.com, and www.pcronline.com) 

 

• A manual review of reference lists of included articles complemented the 
search. References of recent reviews, editorials, and meta-analyses were 
also examined.  

 

• The quality of eligible RCTs was assessed using the Cochrane 
Collaboration’s tool for assessing the risk of bias. 



Study Outcomes & Definitions 

• Principal safety endpoint:  
definite or probable ST at 1 year 
(defined according to the ARC consensus) 

 

• Other safety endpoints 

– definite ST  

– all-cause death 

– cardiac death 

– myocardial infarction 

 

• Efficacy endpoints 

– TLR (target lesion revascularization) 

– TVR (target vessel revascularization) 

 



Statistical Analysis 

• Bayesian random effects model 
– Bayesian extension of the hierarchical random-effects  

– Markov chain Monte Carlo (MCMC) samplers 
• Running 3 chains with different starting values 

• Noninformative prior distributions 

• A burn-in phase of 20,000 iterations were followed by 50,000 updates 

– Odds ratios (OR) with 95% credible intervals (CrIs) 

– Results for which the CrIs of the ORs did not include 1 were considered significant 

 

• Sensitivity analysis 
(1) studies with little potential risk of bias 

(2) studies with a sample size ≥ 100 

(3) excluding studies that compared BMS, PES, SES, or E-ZES 

 

• Node-splitting models 
– To assess the level of inconsistency between the estimates from direct and indirect 

evidence 



Flow Diagram of Systematic Review 

Medline 

(N=1,102) 

Embase 

(N=976) 

CENTRAL 

(N=732) 

Articles after duplication removed (N=2,516) 

Full article obtained (N=322) 

Articles excluded (N=2,194) 
   - Irrelevant subjects, patients, or outcomes (N=1,573) 
   - Editorials, comments (N=84) 
   - Review or meta-analysis (N=97) 
   - Observational studies (N=87) 
   - Stents other than study stents compared (N=147) 
   - Substudy of RCT (N=143) 
   - Pooled analysis of RCTs (N=39) 
   - Design paper only (N=17) 
   - Other language (N=1) 
   - Comparison within the same category (N=6) 

Articles excluded (N=53) 
   - Duplicated (N=6) 
   - Specific type of DES not defined (N=5) 
   - Irrelevant outcomes – no clinical events reported (N=20) 
   - Observational studies (N=7) 
   - Stents other than study stents compared (N=4) 
   - Substudy of RCT (N=9) 
   - Pooled analysis of RCTs (N=1) 
   - Retracted due to violation of ethical policy (N=1) 

Online 

(N=947) 

Articles included after manual search (N=13) 

Articles included (N=283) 

Trials included (N=147) 



Meta-Analysis: EES vs. SES 



(1) Publication Bias 

(2) “Mixing apples and oranges”  

(3) “Garbage in, garbage out” 
: quality of included studies 

 

Potential Pitfalls 



Publication Bias 

A case of Rofecoxib (Vioxx, Merck) 

VIGOR study 

Treatment with rofecoxib is associated with significantly fewer clinically important upper 
gastrointestinal events than treatment with naproxen 



Publication Bias 

Merck recalls Vioxx in 2004 



Publication Bias 

• An increased risk of myocardial infarction became evident in 2000. 
• The most recent data became available in October, 2001. 
• Later trials did not report on cardiovascular outcomes. 



Funnel Plot 



Mixing Apples and Oranges  



Mixing Apples and Oranges  



Mixing Apples and Oranges  



Meta-Regression 

“On average, BCG vaccine significantly reduces the risk of TB by 50%.” 
“Geographical latitude explained 41% of the variance.” 



Meta-Analysis: CRT vs. Controls 

Heterogeneity: I2=25%, τ2=0.0327 (P=0.146) 



Meta-Regression: QRS duration 

Residual Heterogeneity: I2=0%, τ2=0.00 (P=0.367) 

log 𝑂𝑅 = −0.01 × 𝑄𝑅𝑆 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 + 1.34 

130 ms 145 ms 



“Garbage in, garbage out” 



“Garbage in, garbage out” 



“Garbage in, garbage out” 



Multiple Treatment Comparison 

Rationale for Recommendation of Thiazide-Type 

Diuretics as Preferred Initial Agent 
… there were no differences in the primary CHD outcome or 

mortality between the thiazide-type diuretic, chlorthalidone; 

the ACEI, lisinopril; or the CCB, amlodipine….. 

JNC 7. Hypertension 2003 



Psaty et al. JAMA 2003 



Bayesian Statistics 

Noninformative Prior 

Estimated OR: treatment A vs. treatment B 

20,000 iterations (burn-in phase) 

→ 50,000 iterations 

After 1st observation 

After 2nd observation 

After 3rd observation 

MCMC (Monte Carlo Markov chain) 

using Gibbs sampling 



Elliot et al. Lancet 2007 

“The association of antihypertensive drugs with incident diabetes is therefore lowest for 

ARB and ACE inhibitors followed by CCB and placebo, β blockers and diuretics in 

rank order.” 



Kang et al. Eur Heart J 2014 

Kang et al. JACC Intv 2016 



 



BVS Meta-Analyses 

Cassese et al. Lancet 2016 Lipinski et al. JACC Intv 2016 Stone et al. Lancet 2016 

6 RCTs 25 trials, 2 RCTs 4 RCTs 

Absorb BVS vs. CoCr-EES Absorb BVS vs. DES Absorb BVS vs. CoCr-EES 

Study-level data Study-level data Pooled patient data 



Network Plot of Included Trials 

(N=11,986) 

BMS 
(N=19,684) 

PES 

(N=27,802) 

SES 

E-ZES 
(N=10,344) 

CoCr-EES 
(N=24,267) 

PtCr-EES 
(N=5,382) 

R-ZES 
(N=7,895) 

BP-BES 
(N=10,671) 

O-SES 
(N=2,872) 

(N=2,332) 

BVS 

BP-EES 
(N=945) 

(N=2,335) 

Dual DES 

147 trials with 126,526 patients  

Kang et al. JACC Intv 2016 



Study Characteristics 

...... 

147 trials with 126,526 patients  

Kang et al. JACC Intv 2016 



Risk of Bias Assessment 

• Open-label / single-blind designs > a double-blind design 

• Clinical outcome assessment blinding in 66% of the trials 

0% 20% 40% 60% 80% 100%

Free of other bias

Free of selective reporting

Incomplete outcome data addressed

Blinding of clinical outcome assessment

Blinding (treating physician)

Blinding (study patient)

Allocation concealment

Random sequence generation

Yes (Low risk of bias) Unclear No (High risk of bias)

Kang et al. JACC Intv 2016 



Stent Thrombosis (definite or probable) 

Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

(A) PtCr-EES vs. comparators (B) R-ZES vs. comparators 

Favors R-ZES Favors control 

0.25 0.5 1 2 4 8 0.125 0.25 0.5 1 2 4 

Favors PtCr-EES Favors control 

(BP-EES ≒ PtCr-EES ≒ O-SES ≒ Dual DES ≒ CoCr-EES) 
 > (ZES-R ≥ BP-BES ≥ SES) > (E-ZES) > (BVS ≥ PES ≥ BMS) 

Kang et al. JACC Intv 2016 



Stent Thrombosis (definite or probable) 

Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

Control OR (95%CrI) 

BMS 

PES 

BVS 

E-ZES 

SES 

BP-BES 

R-ZES 

CoCr-EES 

Dual DES 

O-SES 

PtCr-EES 

BP-EES 

(C) O-SES vs. comparators (D) BVS vs. comparators 

Favors O-SES Favors control Favors BVS Favors control 

0.125 0.25 0.5 1 2 4 0.5 1 2 4 8 16 

(BP-EES ≒ PtCr-EES ≒ O-SES ≒ Dual DES ≒ CoCr-EES) 
 > (ZES-R ≥ BP-BES ≥ SES) > (E-ZES) > (BVS ≥ PES ≥ BMS) 

Kang et al. JACC Intv 2016 



Stent Thrombosis (definite or probable) 

  BMS PES BVS E-ZES SES BP-BES R-ZES CoCr-EES Dual DES O-SES PtCr-EES BP-EES 

vs. BMS - 0.87 (0.64-1.18) 0.73 (0.31-2.06) 0.64 (0.43-0.90) 0.51 (0.38-0.69) 0.48 (0.31-0.72) 0.37 (0.21-0.63) 0.31 (0.22-0.44) 0.28 (0.10-0.69) 0.25 (0.13-0.48) 0.22 (0.09-0.55) 0.12 (0.02-0.72) 

vs. PES 1.15 (0.85-1.56) - 0.85 (0.36-2.34) 0.73 (0.50-1.05) 0.59 (0.45-0.80) 0.55 (0.33-0.85) 0.43 (0.24-0.71) 0.36 (0.26-0.49) 0.32 (0.12-0.78) 0.29 (0.15-0.55) 0.26 (0.10-0.62) 0.13 (0.02-0.84) 

vs. BVS 1.38 (0.49-3.21) 1.18 (0.43-2.77) - 0.88 (0.29-2.09) 0.71 (0.25-1.65) 0.65 (0.22-1.59) 0.51 (0.17-1.22) 0.44 (0.16-0.93) 0.39 (0.10-1.22) 0.35 (0.11-0.91) 0.31 (0.08-0.96) 0.16 (0.02-1.15) 

vs. E-ZES 1.57 (1.11-2.31) 1.36 (0.95-2.00) 1.13 (0.48-3.39) - 0.81 (0.57-1.17) 0.75 (0.44-1.25) 0.58 (0.32-1.03) 0.49 (0.33-0.75) 0.44 (0.16-1.08) 0.40 (0.21-0.80) 0.35 (0.14-0.89) 0.18 (0.03-1.15) 

vs. SES 1.95 (1.45-2.61) 1.70 (1.25-2.23) 1.41 (0.61-3.93) 1.24 (0.85-1.77) - 0.93 (0.61-1.37) 0.72 (0.42-1.17) 0.61 (0.44-0.81) 0.54 (0.21-1.30) 0.50 (0.27-0.92) 0.43 (0.17-1.03) 0.24 (0.04-1.42) 

vs. BP-BES 2.10 (1.39-3.25) 1.81 (1.18-3.06) 1.54 (0.63-4.52) 1.33 (0.80-2.28) 1.07 (0.73-1.63) - 0.77 (0.45-1.29) 0.66 (0.43-0.99) 0.58 (0.22-1.44) 0.53 (0.30-0.96) 0.47 (0.19-1.12) 0.25 (0.04-1.55) 

vs. R-ZES 2.69 (1.59-4.79) 2.33 (1.41-4.12) 1.96 (0.82-5.87) 1.71 (0.97-3.12) 1.39 (0.85-2.41) 1.30 (0.78-2.23) - 0.84 (0.55-1.38) 0.74 (0.34-1.62) 0.69 (0.35-1.42) 0.60 (0.27-1.38) 0.32 (0.06-1.93) 

vs. CoCr-EES 3.20 (2.27-4.54) 2.79 (2.03-3.88) 2.28 (1.07-6.29) 2.02 (1.33-3.07) 1.63 (1.23-2.26) 1.53 (1.01-2.31) 1.18 (0.73-1.83) - 0.89 (0.35-2.10) 0.80 (0.47-1.44) 0.71 (0.30-1.65) 0.38 (0.06-2.33) 

vs. Dual DES 3.63 (1.44-9.57) 3.13 (1.27-8.27) 2.59 (0.82-10.3) 2.29 (0.92-6.10) 1.86 (0.77-4.82) 1.71 (0.70-4.48) 1.35 (0.62-2.94) 1.12 (0.48-2.82) - 0.94 (0.33-2.64) 0.82 (0.26-2.53) 0.42 (0.06-3.21) 

vs. O-SES 3.94 (2.10-7.52) 3.40 (1.80-6.48) 2.83 (1.10-8.90) 2.50 (1.26-4.85) 2.02 (1.09-3.74) 1.88 (1.04-3.37) 1.45 (0.71-2.89) 1.24 (0.69-2.14) 1.06 (0.38-2.99) - 0.87 (0.32-2.36) 0.45 (0.07-3.06) 

vs. PtCr-EES 4.56 (1.82-11.3) 3.87 (1.60-9.81) 3.28 (1.04-12.1) 2.88 (1.12-7.28) 2.31 (0.97-5.76) 2.12 (0.89-5.27) 1.67 (0.73-3.76) 1.42 (0.60-3.34) 1.22 (0.39-3.80) 1.15 (0.42-3.14) - 0.53 (0.11-2.50) 

vs. BP-EES 8.51 (1.39-54.7) 7.44 (1.19-46.9) 6.13 (0.87-49.5) 5.50 (0.87-33.8) 4.24 (0.70-27.6) 4.05 (0.65-26.1) 3.09 (0.52-18.2) 2.64 (0.43-16.5) 2.36 (0.31-16.2) 2.20 (0.33-14.8) 1.90 (0.40-8.84) - 

• All DES except for PES and BVS > BMS  
• All the others except BVS > PES 
• CoCr-EES, O-SES, and PtCr-EES > BVS and E-ZES 
• CoCr-EES and O-SES > SES and BP-BES.  

Kang et al. JACC Intv 2016 



Stent Thrombosis (definite or probable) 

Kang et al. JACC Intv 2016 



Consistency btw direct & indirect evidence 

Node-splitting models 

Estimates from direct and indirect evidence were mostly consistent. 

Kang et al. JACC Intv 2016 



Meta-analysis의 장점 

• IRB를 통과할 필요가 없다. 

• 비용과 시간이 적게 든다. 

• 하나의 연구로 답을 얻기 어려운 
질문에 답을 찾을 수 있다. 

 

Meta-analysi의 단점 

• Review에 너무 많은 노력이 든다. 

• Red ocean이 되어가고 있다. 

• 시간 싸움? 

• 누군가 해놓은 연구 위에서만 분석
이 가능하다. 

Meta-Analysis 





Kang et al. Int J Cardiol 2016 



Ambient Temperature and Cardiac Arrest 

Kang et al. Int J Cardiol 2016 



Ambient Temperature and Cardiac Arrest 

Kang et al. Int J Cardiol 2016 



Ambient Temperature and Cardiac Arrest 

Kang et al. Int J Cardiol 2016 

• A 1-°C increase in maximal temperature was associated with a 1.3% 
excess risk of OHCA. 

• Heatwaves were shown to be associated with a 14-% increase in the risk 
of OHCA. 



• Meta-analysis is the statistical combination of results from two or more 
separate studies. 

• Potential advantages of meta-analyses include an increase in power, an 
improvement in precision, the ability to answer questions not posed by 
individual studies, and the opportunity to settle controversies arising from 
conflicting claims.  

• However, they also have the potential to mislead seriously, particularly if 
specific study designs, within-study biases, variation across studies, and 
reporting biases are not carefully considered. 

• It is important to be familiar with the type of data (e.g. dichotomous, 
continuous) that result from measurement of an outcome in an individual 
study, and to choose suitable effect measures for comparing intervention 
groups. 

• Most meta-analysis methods are variations on a weighted average of the 
effect estimates from the different studies. 

• Variation across studies (heterogeneity) must be considered, although most 
Cochrane reviews do not have enough studies to allow the reliable 
investigation of the reasons for it. Random-effects meta-analyses allow for 
heterogeneity by assuming that underlying effects follow a normal 
distribution. 

Summary 
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