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Systematic reviews and meta-analyses identify, appraise and syn-
thesise all evidence on a specific research question. They are con-
sidered the highest level of evidence, help physicians stay up to
date and enable them to make informed clinical decisions'. It is
therefore not surprising that this study design has become increas-
ingly popular®?.

Inevitably, the phenomenon of duplicate meta-analyses is also
increasingly common. A recent study showed that more than half of
meta-analyses have at least one overlapping meta-analysis, and
some topics had up to 13 overlapping meta-analyses?. While some
degree of duplication is warranted in research, large numbers of
overlapping meta-analyses seem unnecessary and could reflect
wasted efforts and inefficiency in the process of summarising evi-
dence?. In addition, the interpretation of evidence becomes confus-
ing if the conclusions of duplicate meta-analyses are discordant.

In this paper, we review the current practice of meta-analyses in
cardiovascular medicine, the implications of overlapping meta-
analyses, and provide recommendations on the interpretation and

prioritisation of (duplicate) meta-analyses.

The increasing popularity of meta-analyses
The increasing popularity of meta-analyses is illustrated in Figure 1.
A PubMed search showed that the number of meta-analyses in the

cardiovascular field has increased almost 1800% between 1993 and
2012, whereas the number of randomised controlled trials (RCTs)
increased by only 140% in the same period. In 1993, on average 28
RCTs were published for every meta-analysis, whereas this
RCT:meta-analysis ratio was 2.7:1 in 2012. This trend is an indica-
tion of the relative growth of meta-analyses as compared with other
published research and was seen both in the cardiovascular disci-
pline (Figure 1A) as well as in other medical disciplines (Figure 1B).
Between 1993 and 2013, on average 18% of all meta-analyses con-
cerned a cardiovascular topic. This proportion has remained stable
over time.

This increasing popularity has led to duplicate meta-analyses on
the same topic’. A recent study investigated overlapping meta-analy-
ses on the same topic by assessing a randomly selected 5% of all pub-
lished meta-analyses in 2010. The authors found that 67% of all
meta-analyses had at least one overlapping meta-analysis that did not
represent an update, and 5% of the research questions were investi-
gated in at least eight overlapping meta-analyses®. Replication of
research generally leads to more knowledge and confidence in the
conclusions, but could also represent wasted time and effort. Some
authors suggest that four or more meta-analyses on the same topic
with similar eligibility criteria and outcomes is too many, but there is
no specific number regarding the correct amount of duplication®.
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Figure 1. Number of annually published meta-analyses and RCT5 in (A) the cardiovascular field and (B) all disciplines. The red and blue
bars represent the annually published RCTs and meta-analyses, respectively. The green line represents the number of published meta-

analyses compared with the number of published RCTs in each year: It is an indication of the relative growth of meta-analyses as compared

with the overall growth of published research in the cardiovascular field. Data are based on the following PubMed searches: A) (randomi*
OR meta-analysis [ptyp]); B) (randomi* OR meta-analysis [ptyp]) (“‘Cardiovascular Diseases”[Mesh]). N: number; RCT: randomised

controlled trial

Examples of overlapping meta-analyses
Two case examples of overlapping meta-analyses in the cardiovas-
cular field are illustrated in Table 1, Online Table 1 and Tahle 2,
Online Tahle 2, respectively. For each meta-analysis, we extracted
information on the year of publication, search date, treatment effect
for outcomes of interest, number of studies screened and selected,
and patient population. We also noted first author, journal and year
of publication of the studies included and combined in each
meta-analysis.

Through a PubMed search, seven overlapping meta-analyses of
intracoronary versus intravenous administration of abciximab in

patients with acute coronary syndromes were identified™!". An addi-
tional meta-analysis with patient-level data on the same topic is pub-
lished in this issue of the Journal'?. The meta-analyses were published
between 2010 and 2013 (88% in 2012-2013), and the number of pri-
mary studies included ranged between four and ten (Table 2). Seven
meta-analyses included only RCTs, and one meta-analysis comprised
both RCTs and observational studies (OSs). The search dates ranged
from November 2009 to May 2012, which was reflected in the num-
ber of screened studies (from 37 to 6,562). The treatment effect for
mortality was reported in all meta-analyses but was of inconsistent
statistical significance: four (50%) meta-analyses found a statistically

Table 1. Overlapping meta-analyses on intracoronary versus intravenous administration of abciximab.

Hansen Navarese Shimada De Luca De Rosa Kubica Wang Piccolo
etalf etal’ etal® etal® etal® etal' etal etal
Publication date 2010 2012 2012 2012 2012 2012 2013 2013
Search date November 2009 | March 2011 | August 2011 |December 2011 | March 2012 April 2012 May 2012 NA
Effect (95% Cl) for MACE 0.62 (0.38-1.03) NA 0.59(0.27-1.28) NA 0.47(0.31-0.71) NA 0.55 (0.40-0.76) NA
Effect (95% CI) for mortality 0.57 (0.35-0.94)0.43 (0.20-0.94)|0.44 (0.20-0.95)(0.85 (0.59-1.23)|0.42 (0.20-0.86)|0.67 (0.34—1.34) | 0.69 (0.45-1.07) |0.77 (0.51-1.17)
Effect (95% Cl) for myocardial infarction NA 0.54 (0.23-1.28) NA 0.79 (0.46-1.33) NA 0.61 (0.40-0.92) | 0.59 (0.37-0.93) NA
Effect (95% Cl) for repeat revascularisation NA 0.53 (0.29-0.99) NA NA NA 0.66 (0.40-1.09) | 0.64 (0.32-1.29) NA
Effect (95% Cl) for major bleeding NA 0.91 (0.46-1.79) NA 1.19(0.76-1.87) NA 1.18(0.76-1.83) | 1.00 (0.57-1.74) NA
Screened studies 979 2,351 37 1,865 48 6,562 660 NA
Pooled patients 2,301 1,246 1,148 3,259 4,226 3,331 3916 3,158
Studies included 5RCTs, 3 0Ss 6 RCTs 4RCTs 8 RCTs 10 RCTs 7RCTs 9RCTs 5RCTs
Statistical approach Frequentist Frequentist Frequentist Frequentist Frequentist Frequentist Frequentist Frequentist
Type Study-level Study-level Study-level Study-level Study-level Study-level Study-level Study- and
patient-level
For the selection of overlapping meta-analyses of intracoronary vs. intravenous administration of abciximab in patients with acute coronary syndromes we searched PubMed for meta-analyses
of randomised controlled trials and/or observational studies published any time using the search terms abciximab [Title] AND meta-analysis [Title/abstract] AND intracoronary [Title/abstract]
without language restrictions. Effect estimates are reported for intracoronary vs. intravenous administration. An extension of this table, including the primary studies in each meta-analysis, is
available in the online supplement (Online Table 1). CABG: coronary artery bypass grafting; Cl: confidence interval; MACCE: major adverse cardiac and cerebrovascular events; NA: not
available; 0Ss: observational studies; PCI: percutaneous coronary intervention; RCTs: randomised controlled trials; STEMI: ST-segment elevation myocardial infarction
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Table 2. Overlapping meta-analyses on PCI versus CABG in patients with left main coronary artery disease.

B|0nd|_- Capodanno | Ferrante | Kajimoto

Zoccai

etal®
Publication date 2008 2009 2010 2011 2011 2012 2012 2012 2013 2013 2013 2013
Search date September | December June April NA May July October | January April 2011 NA

2006 2008 2009 2011 2011 2011 2011 2011 2011
Effect (95% CI) for 0.46 1.16 NA 1.28 1.24 0.55 NA NA 1.20 1.26 1.61 (NA), NA
MACCE (0.24-0.90) |(0.68-1.96) (0.95-1.72) | (0.93-1.67) |(0.43-0.70)* (0.92-1.56) [(1.02-1.57)| p<0.001
Effect (95% CI) for NA 1.11 1.12 0.74 0.72 0.92 0.68 0.97 0.81 0.74 | 0.69 (NA), 1.01
mortality (0.66-1.85)|(0.80-1.56)*| (0.43-1.29) | (0.42-1.24) |(0.60-1.40)*|(0.45-1.02)((0.81-1.15)|(0.62-1.06) | (0.46-1.19)| p:0.05 |(0.68-1.45)
Effect (95% Cl) for MI NA NA 0.70 0.98 0.97 0.67 1.07 NA 1.32 1.19 NA NA
(0.45-1.09)*| (0.54-1.78) | (0.54-1.74) |(0.43-1.05)*|(0.65-1.76) (0.91-1.91){(0.69-2.06)
Effect (95% Cl) for NA NA NA 0.15 0.14 NA 0.23 0.29 0.31 0.26 NA NA
stroke (0.03-0.67) | (0.04-0.55) (0.09-0.58)|(0.16-0.51)(0.20-0.49) | (0.10-0.69)
Effect (95% Cl) for NA 4.01 0.44 2.25 2.17 0.40 3.52 4.44 3.73 1.94 | 3.60 (NA), NA
repeat revascularisation (2.01-7.98)|(0.32-0.59)*| (1.54-3.29) | (1.48-3.17) |(0.30-0.55)*|(2.72-4.56)|(3.42-5.78) | (2.71-5.14) | (1.43-2.61)| p<0.001
Screened studies 823 7,294 NA 254 189 106 472 76 355 1,236 9,120 12
Pooled patients 670 3,773 2,905 1,611 1,611 2,601 5,079 6,992 11,148 1,611 5,674 4,574
Studies included 30Ss 2 RCTs, 2 RCTs, A RCTs 4 RCTs 3 RCTs 3RCTs, | 11RCTs, | 4RCTs, | 4RCTs | 3RCTs, | 4RCTs,
8 0Ss 8 0Ss 9 0Ss 2 0Ss 23 0Ss 13 0Ss 8 0Ss

Statistical approach

Frequentist | Frequentist| Frequentist | Frequentist | Frequentist

Frequentist | Frequentist| Frequentist | Frequentist | Frequentist | Frequentist| Bayesian

Type Study-level | Study-level | Study-level | Study-level | Study-level

Study-level | Study-level | Study-level | Study-level | Study-level | Study-level | Study-level

myocardial infarction

For the selection of overlapping meta-analyses of PCl vs. CABG in patients with left main disease we searched PubMed for meta-analyses of randomised controlled trials and/or observational
studies published any time using the search terms left main [Title] AND meta-analysis [Title/abstract] AND PCI [Title/abstract] without language restrictions. An extension of this table,
including the primary studies in each meta-analysis, is available in Online Table 2. *Treatment effects are reported as PCl vs. CABG, except in the meta-analyses by Lee et al and Kajimoto et
al, in which treatment effects were reported as CABG vs. PCI. CABG: coronary artery bypass grafting; Cl: confidence interval; MACCE: major adverse cardiac and cerebrovascular events;
MI: myocardial infarction; NA: not available; 0Ss: observational studies; p: p-value; PCI: percutaneous coronary intervention; RCTs: randomised controlled trials; STEMI: ST-segment elevation

significant benefit of intracoronary abciximab administration,
whereas four studies (50%) did not. Similarly, the risk of major
adverse cardiac events (MACE) was significantly reduced in only
two of four (50%) meta-analyses reporting on this outcome, the risk
of myocardial infarction in two of four (50%), and the risk of repeat
revascularisation in one of three (33%). Of four meta-analyses that
sought to assess the risk of bleeding, none (0%) found a significant
difference between intracoronary and intravenous administration.
Another PubMed search identified twelve meta-analyses of PCI
vs. CABG in patients with left main coronary artery disease. These
meta-analyses were published between 2008 and 2013 (58% in 2012-
2013) and the number of primary studies included ranged between 3

and 27 (Table 3)'32%. Four meta-analyses included only RCTs, one
meta-analysis comprised only OSs and seven meta-analyses included
both RCTs and OSs. The authors’ search dates varied from September
2006 to April 2011, and the number of screened studies ranged
between 12 and 9,120. Mortality was reported in eleven meta-anal-
yses, all of which found no statistically significant benefits of either
treatment. MACCE was reported in eight meta-analyses, of which
three (38%), one (13%) and four (50%) found a higher, lower or simi-
lar risk for this composite endpoint after PCI versus CABG. All meta-
analyses that reported an effect size for myocardial infarction (n=7)
found no statistically significant difference between treatments. Also,

all ten meta-analyses that investigated repeat revascularisation found

Table 3. Potential sources of discordance in overlapping meta-analyses.

Design Analysis

Search (date, key words)

Summary measure (crude OR, HR, RR)

Interpretation

Interpretation of all results, including heterogeneity,
publication bias and quality assessment

Information sources used (databases, abstracts from meetings)

Fixed/random effects analysis

Combining all results and linking this to the overall
conclusion of the meta-analysis

Eligibility criteria

Heterogeneity assessment

Data extraction (solitary/duplicate, retrieving unpublished data)

Publication bias assessment

Study- or patient-level data

Quality assessment of primary studies

Definitions, length of follow-up

Extensiveness of extra analyses (sensitivity
analyses, meta-regression)

OR: odds ratio; HR: hazard ratio; RR: relative risk
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significantly higher rates after PCI than after CABG. On the other
hand, stroke was significantly higher with CABG in all six meta-
analyses reporting this outcome.

Taken together, these findings indicate that meta-analyses on
the optimal administration route for abciximab and the optimal
treatment strategy for left main revascularisation published in the
last five years differed not only in the magnitude of the treatment
effect for some outcomes, but also occasionally in the direction of
the effect (e.g., MACCE in the left main meta-analyses). In the
illustrative examples above, these differences might be attributed
to varying eligibility criteria regarding inclusion of OSs, the target
population analysed (e.g., acute coronary syndromes or ST-segment
elevation myocardial infarction in the abciximab route meta-anal-
yses; patients with diabetes mellitus or acute coronary syndromes
in the left main revascularisation meta-analyses), and the non-
consideration of studies published after the search date of each
meta-analysis. In contrast, while more recent meta-analyses
might have included newly published studies, their incremental
value remains uncertain (e.g., similar results were noted in all
meta-analyses of left main revascularisation with regard to all the
components of MACCE). Interestingly, three meta-analyses of
left main revascularisation included exactly the same four
RCTs but derived slightly different summary effects, underscor-
ing the potential for differences introduced at the stage of data
synthesis!>16:22,

What to do when meta-analyses overlap
Overlapping meta-analyses can result in uncertainty when they
come to discordant conclusions. Discordance can occur at the level
of results or interpretation, and the underlying sources are summa-
rised in Tahle 3?52, Effect sizes can differ because some meta-anal-
yses use slightly different eligibility criteria for study selection,
such as the eligibility of abstracts or language restrictions. Perhaps
more subtle are discordances due to handling and interpretation of
heterogeneity and publication bias.

Heterogeneity is an apparent difference between the results of the
primary studies?*, and may be present when study populations,
interventions, outcomes, or methodologies differ across the studies.
Heterogeneity is generally quantified by the I* or Cochran’s
Q-statistic®. To evaluate heterogeneity, authors should not only
examine the statistic, but also scrutinise potential sources of hetero-
geneity by comparing primary study characteristics, design, follow-
up duration, patient characteristics and outcome definitions®’.
Meta-regression is a typical approach to relate sources of variation
in heterogeneous treatment effects to specific study characteristics.
However, study-level meta-analyses have some limitations in
explaining heterogeneity, and using individual patient data in
patient-level meta-analyses may lead to a more unbiased assess-
ment®'. In addition, patient-level meta-analyses allow better align-
ment of definitions and follow-up. This is illustrated by the
above-mentioned meta-analysis by Piccolo et al, which pooled
individual patient data from trials of intracoronary versus intrave-
nous administration of abciximab, enabling investigation of detailed

endpoints such as post-procedural Thrombolysis In Myocardial
Infarction (TIMI) 3 flow, myocardial blush grade and complete
ST-segment resolution'.

Publication bias is the tendency by investigators, reviewers and
editors to submit or accept manuscripts for publication based on the
direction or strength of the study findings®?. Tests that assess publi-
cation bias include funnel plots, Harbord-Egger tests, and trim and
fill analyses*. If these tests identify missing studies with a smaller
effect or an effect in the opposite direction, investigators should be
very careful with their conclusions regarding the presence and/or
direction of the association under study.

Discordant meta-analyses form challenges for authors, clinicians
and editorial boards. Which meta-analysis is most applicable to the
clinical question, and which one is methodologically most solid?
A flow chart to help with the interpretation of discordant meta-analy-
ses is provided in Figure 22°. When meta-analyses truly study the
same question, the flow chart guides the reader to methodological
appraisal of the discordant meta-analyses. Quality scoring lists might
be useful as well, such as the Oxman Guyatt list and the AMSTAR
checklist**7. These checklists can be used to map the methodological
quality of meta-analyses. AMSTAR includes questions on design
(e.g., “was there duplicate study selection and data extraction?”;
“was a comprehensive search performed?”), analysis (e.g., “was the
scientific quality of the included studies documented?”’; “were the
methods used to combine the findings of the studies appropriate?”),
and interpretation (e.g. “was the scientific quality of the included
studies used appropriately in formulating conclusions?”). The use of
scoring systems for assessing quality seems easy and attractive, and
AMSTAR is a validated quality measurement tool. On the other
hand, calculating these summary scores involves assigning weights
to different items in the scale and thus prioritising studies based on
arbitrary assumptions. Using full reporting of how meta-analyses

were rated based on each criterion is preferable.

How to preserve the value of meta-analyses

A list of considerations for maintaining the value of meta-analyses
and for improving the quality of research in this field is provided in
Table 4. Adherence to accepted guidelines for reporting is essential
to preserve the quality and value of meta-analyses. The PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses, formerly QUORUM) statement consists of a 27-item

Table 4. Maintaining the value of meta-analyses.
Adhere to the PRISMA/MOOSE checklists

Perform high-quality analyses and interpret appropriately (see
Figure 2, Table 3 and PRISMA/MOOSE)

Reflect on timing when updating a meta-analysis

Provide the rationale for performing a meta-analysis, referring to
prior work

Register the protocol in the PROSPERO registry

Evaluate the whole body of evidence on a topic, not only small
fragments




Discordant
meta-analyses

Review and recommendations on meta-analyses

Same eligibility
criteria

Different studies

Different eligibility
criteria

Assess and compare:
— application of eligibility

criteria

— publication and search date

Select most appropriate meta-
analyses for clinical question,
based on:

— patient population
—endpoint definitions

!

Assess quality based on:

— data extraction

— study- or patient-level data

— heterogeneity assessment

— publication bias assessment

— quality assessment primary studies

— extra sensitivity analyses & meta-regression
— appropriate interpretation of results

Select most appropriate
meta-analysis
with the highest quality

Figure 2. Flow chart for the interpretation-of discordant, overlapping meta-analyses. The flow chart helps the reader interpret overlapping,

discordant meta-analyses, by guiding him/her to a methodological appraisal. Adapted from Jadad et al’’.

checklist and a four-phase flow diagram aimed at improving the
consistency and completeness of reporting of meta-analyses of
RCTs*. An analogous document has been elaborated by the
MOOSE  (Meta-Analysis Of  Observational
Epidemiology) group for meta-analyses of OSs*.

Studies in

Because the evidence on a topic is typically dynamic and evolves
over time, incorporation of new studies into an existing meta-anal-
ysis may lead to different conclusions®. Additional incentives for
updating a meta-analysis may include the potential availability of
new tools or markers to characterise subgroups*!, the introduction of
new outcome measures®, or even advances in the methodology for
conducting a systematic review/meta-analysis**. However, the mer-
its of publishing a new meta-analysis on the same topic need to be
evaluated, since redundant overlapping meta-analyses reflect waste
of resources and potentially add confusion. Authors of possibly
overlapping meta-analyses should report the rationale for perform-
ing the meta-analysis (e.g., outdated and/or low-quality previous
meta-analyses). The PICO (Population, Intervention, Comparator,

and Outcome) framework could be used to point out what aspect of
the research question has changed. Optimal timing for a new meta-
analysis depends on the speed of scientific progress in the specific
field and the importance of the research question. Periodic literature
surveillance, expert opinions and scanning of abstracts are helpful
to identify new relevant evidence that may eventually be used for
an updated meta-analysis. Once the need for updating a meta-anal-
ysis has been identified, the update should be performed properly
and effectively. Technically, a previous search strategy can be use-
ful, and specific statistical methods for updating a meta-analysis
have been described, such as “cumulative meta-analysis” and “null
meta-analyses ripe for updating” approaches**. Bayesian meth-
odology for meta-analysis might provide a way to update and/or
consolidate the evidence on a topic. In contrast to the frequentist
approach, Bayesian statistics incorporate clinical judgement and
pertinent information that would otherwise be excluded, and estab-
lish inferences based on a wide range of flexible methods based on
the theory of conditional probability>*45,
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An important potential strategy to avoid multiplication of unnec-
essary meta-analyses is consultation of dedicated registries. For
instance, the PROSPERO registry (http://www.crd.york.ac.uk/
NIHR PROSPERO) includes over 2,000 prospectively registered
protocols of systematic reviews and meta-analyses in health and
social care?#. Registering meta-analyses into a central database,
similar to registration of trials into www.clinicaltrials.gov, helps to
avoid unplanned duplication, increases transparency in the review
process, and enables assessment of the results of reported reviews
versus what was initially planned by the authors in the protocol.
While authors increase the reputation of their work, journal editors
are provided with a safeguard against flawed methodologies.

Finally, meta-analyses should be comprehensive and not only
evaluate small fragments of the evidence on a clinical question of
interest™. To address this issue, umbrella reviews and network meta-
analyses are gaining attention**°!. Umbrella reviews consider multi-
ple treatment comparisons for the management of the same disease or
condition, with each comparison considered separately and clustered
meta-analyses performed as appropriate’>®. A treatment network
typically uses nodes for each available treatment, and each link
between the nodes reflects a comparison of treatments in at least one
or more primary studies. Compared with classic meta-analyses,
umbrella reviews and network meta-analyses provide the reader with
a wider vision on many treatments for a given condition, although
typical limitations of standard meta-analyses (e.g., inherent bias of

studies included, heterogeneity and publication bias) continue to

apply.

Conclusions

The explosive dissemination of meta-analyses entailed the publica-
tion of duplicate meta-analyses on the same topic. The scope of
a meta-analysis is to provide the reader with the most up-to-date evi-
dence on the effect of an intervention and increase the statistical
power of treatment comparisons for a given condition beyond that of
individual studies, with the ultimate goal of informing clinical prac-
tice and guiding healthcare decisions. To reflect the evolving knowl-
edge on a topic, meta-analyses are regularly updated as new studies
become available. However, redundancy of overlapping meta-analy-
ses on the same topic is frequently obvious and reflects waste of time,
energies and economic resources. Considerations regarding hetero-
geneity, publication bias and quality of primary studies serve as
a basis to appreciate the evidence across overlapping meta-analyses.
Raising the quality of research is a collective effort of authors, peer
reviewers, editors and other players in the field. When preparing and
submitting a meta-analysis, authors should take responsibility for
advancing the field by adhering to the appropriate reporting guide-
line, reporting the rationale for performing the (updated) meta-analy-
sis, registering their project in a dedicated database and evaluating
the whole body of evidence. Similarly, peer reviewers and editorial
boards should carefully evaluate the additional merits of the meta-
analysis under review over previous work, thereby filtering out inap-
propriate meta-analyses, avoiding confusion and maintaining the

value of meta-analyses.
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Online Table 1. Overlapping meta-analyses on intracoronary versus intravenous administration of abciximab.

Hansen Navarese Shimada De Luca De Rosa Kubica Wang Piccolo
etal® etal’ etal® et al® etal® et al' etal" et al'
Publication date 2010 2012 2012 2012 2012 2012 2013 2013
Search date November 2009 | March 2011 August 2011 | December 2011 | March 2012 April 2012 May 2012 NA
Statistical approach Frequentist Frequentist Frequentist Frequentist Frequentist Frequentist Frequentist Frequentist
Type Study-level Study-level Study-level Study-level Study-level Study-level Study-level Study- and
patient-level
Effect size (95% Cl) for MACE 0.62 (0.38-1.03) NA 0.59 (0.27-1.28) NA 0.47 (0.31-0.71) NA 0.55 (0.40-0.76) NA
Effect size (95% Cl) for mortality 0.57 (0.35-0.94)0.43 (0.20-0.94) | 0.44 (0.20-0.95) | 0.85 (0.59-1.23){ 0.42 (0.20-0.86) |0.67 (0.34—1.34)(0.69 (0.45-1.07)|0.77 (0.51-1.17)
Effect size (95% Cl) for myocardial NA 0.54 (0.23-1.28) NA 0.79 (0.46-1.33) NA 0.61 (0.40-0.92) |0.59 (0.37-0.93) NA
infarction
Effect size (95% Cl) for repeat NA 0.53 (0.29-0.99) NA NA NA 0.66 (0.40-1.09) | 0.64 (0.32-1.29) NA
revascularisation
Effect size (95% Cl) for major NA 0.91 (0.46-1.79) NA 1.19(0.76-1.87) NA 1.18(0.76-1.83)|1.00 (0.57-1.74) NA
bleeding
Screened studies 979 2,351 37 1,865 48 6,562 660 NA
Pooled patients 2,301 1,246 1,148 3,259 4,226 3,331 3,916 3,158
Studies included 5RCTs, 3 0Ss 6 RCTs A RCTs 8 RCTs 10 RCTs 7 RCTs 9 RCTs 5RCTs
Wohrle et al, Circulation 2003 Yes No No No Yes No Yes No
Kakkar et al, Catheter Cardiovasc Yes No No No Yes No Yes No
Interv2004
Bellandi et al, Catheter Cardiovasc Yes No No Yes No No Yes No
Interv2004
Galanche-Osuna et al, Rev Esp Yes No No No Yes No Yes No
Cardiol 2006
Thiele et al, Circulation 2008 Yes Yes Yes Yes Yes No Yes Yes
Bertrand et al, Int J Cardiol 2008 Yes No No No No No No No
Dominguez-Rodriguez et al, Yes Yes No Yes No Yes Yes Yes
Atherosclerosis 2009
Iversen et al, (abstract) 2009 Yes No No No No No No No
Gu et al, Circulation 2010 No Yes Yes Yes Yes Yes Yes Yes
Bertrand et al, Am J Cardiol 2010 No Yes Yes Yes Yes Yes No No
Dave et al, (abstract) 2010 No Yes No Yes No Yes No No
Iversen et al, / Interv Cardiol 2011 Yes Yes Yes Yes Yes No No Yes
Iversen et al, Cardiology 2011* No No No No Yes Yes Yes No
Eitel et al, Clin Res Cardiol 2011* No No No No Yes Yes No No
Thiele et al, Lancet 2012 No No No Yes Yes Yes Yes Yes

For the selection of overlapping meta-analyses of intracoronary vs. intravenous administration of abciximab in patients with acute coronary syndromes we searched PubMed for meta-analyses
of randomised controlled trials and/or observational studies published any time using the search terms abciximab [Title] AND meta-analysis [Title/abstract] AND intracoronary [Title/abstract]
without language restrictions. Effect estimates are reported for the longest follow-up available. Estimated effects are reported for intracoronary vs. intravenous administration. *Represented
long-term evaluation of previously published studies. CABG: coronary artery bypass grafting; Cl: confidence interval; MACCE: major adverse cardiac and cerebrovascular events; NA: not
available; 0Ss: observational studies; PCI: percutaneous coronary intervention; RCTs: randomised controlled trials; STEMI: ST-segment elevation myocardial infarction

—
c
=
=X
]
=
@
2
<
@
=
=%
=
=
N
o
—
5
O




m
c
=
=
=
=
@
=
<
(1]
=
=%
o
=
N
o
—
55
O

Online Table 2. Overlapping meta-analyses on PCI versus CABG in patients with left main coronary artery disease.

i Ferrante | Kajimoto

Zoccai

etal®
Publication date 2008 2009 2010 2011 2011 2012 2012 2012 2013 2013 2013 2013
Search date September | December | June 2009 | April 2011 NA May 2011 | July2011 | October | January | April 2011 2011 NA

2006 2008 2011 2011
Statistical approach Frequentist | Frequentist | Frequentist | Frequentist | Frequentist | Frequentist | Frequentist | Frequentist | Frequentist | Frequentist | Frequentist| Bayesian
Type Study-level | Study-level | Study-level | Study-level | Study-level | Study-level | Study-level | Study-level | Study-level | Study-level | Study-level | Study-level
Effect size (95% CI) for 0.46 1.16 NA 1.28 1.24 0.55 NA NA 1.20 1.26 1.61 (NA), NA
MACCE (0.24-0.90) | (0.68-1.96) (0.95-1.72) 1(0.93-1.67) |(0.43-0.70)* (0.92-1.56) | (1.02-1.57) | p<0.001
Effect size (95% CI) for NA 1.11 1.12 0.74 0.72 0.92 0.68 0.97 0.81 0.74 0.69 (NA), 1.01
mortality (0.66-1.85)((0.80-1.56)*( (0.43-1.29) |(0.42-1.24) (0.60-1.40)* (0.45-1.02) | (0.81-1.15)| (0.62-1.06) | (0.46-1.19) | p=0.05 |(0.68-1.45)
Effect size (95% Cl) for NA NA 0.70 0.98 0.97 0.67 1.07 NA 1.32 1.19 NA NA
myocardial infarction (0.45-1.09)*| (0.54-1.78) | (0.54-1.74) |(0.43-1.05)* (0.65-1.76) (0.91-1.91) { (0.69-2.06)
Effect size (95% CI) for NA NA NA 0.15 0.14 NA 0.23 0.29 0.31 0.26 NA NA
stroke (0.03-0.67) |(0.04-0.55) (0.09-0.58) | (0.16-0.51) | (0.20-0.49) | (0.10-0.69)
Effect size (95% Cl) for NA 401 0.44 2.25 2.17 0.40 3.52 444 373 1.94 3.60 (NA), NA
repeat revascularisation (2.01-7.98)((0.32-0.59)*| (1.54-3.29) | (1.48-3.17) ((0.30-0.55)* (2.72-4.56) | (3.42-5.78) | (2.71-5.14) | (1.43-2.61) | p<0.001
Screened studies 823 7,294 NA 254 189 106 472 76 355 1,236 9,120 19
Pooled patients 670 3,773 2,905 1,611 1,611 2,601 5,079 6,992 11,148 1,611 5,674 4,574
Studies included 3 0Ss 2 RCTs, 2 RCTs, 4 RCTs 4RCTs 3 RCTs 3RCTs, | 11RCTs, | 4RCTs, 4 RCTs 3 RCTs, 4 RCTs,
80Ss 8 0Ss 9 0Ss 2 0Ss 23 0Ss 13 0Ss 80Ss

Gwon et al, J Kor Med Sci No No No No No No No Yes No No No No
2005
Lee et al, JAm Coll Cardiol Yes No Yes No No No Yes No No No Yes No
2006
Chieffo et al, Circulation Yes Yes Yes No No No Yes No No No No Yes
2006
Palmerini et al, Am J Cardiol Yes Yes No No No No No No Yes No No No
2006
Sanmartin et al, Am J No Yes Yes No No No Yes No Yes No Yes Yes
Cardiol 2007
Briguori et al, Am J Cardiol No No No No No No No Yes No No No No
2007
Lee et al, Int J Cardiol 2007 No No No No No No No Yes No No No No
Palmerini et al, Eur Heart J No No Yes No No No No No Yes No Yes Yes
2007**
Seung et al, N Engl J Med No Yes Yes No No No Yes No No No Yes Yes
2008
Makikallio, Ann Med 2008 No Yes No No No No Yes No Yes No Yes Yes
Daemen et al, J Am Coll No No No No No No No Yes No No No No
Cardiol 2008**
Brener et al, Am J Cardiol No Yes No No No No No No Yes No No Yes
2008
Hsu et al, Int Heart /2008 No No No No No No No No Yes No No No
White et al, JACC No Yes No No No No No No Yes No Yes Yes
Cardiovasc Interv 2008
Wu et al, Ann Thor Surg No Yes No No No No No No Yes No Yes Yes
2008
Buzman, JAm Coll Cardiol No Yes No No No No No No Yes No No Yes
2008
Rodes-Cabau et al, No No No No No No No No Yes No No No
Circulation 2008
Serruys et al, (abstract) No Yes No No No No No No No No No No
2008
Boudriot et al, (abstract) No No Yes No No No No No No No No No
2008
Cheng et al, Circ /2009 No No Yes No No No Yes No Yes No Yes No
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Online Table 2. Overlapping meta-analyses on PCI versus CABG in patients with left main coronary artery disease. (Continued)

Biondi-

Zoccai Naik Lee et al'® Capodanno| Ferrante | Kajimoto | Jang Gao Alam Desch LY Bittl
J etal etal® | etal®™ | etal” | etal” | etal® | etal”® | eta” | etal® | etal™
Buszman et al, J Am Coll No No No Yes Yes No No No Yes Yes No No
Cardiol 2009
Serruys et al, N Engl J Med No No Yes No No Yes No No No No No No
2009
Dominguez-Franco et al, No No No No No No No Yes No No No No
Rev Esp Cardiol 2009
Kin et al, JACC Cardiovasc No No No No No No No Yes No No No No
Interv 2009**
Qiao et al, (abstract) 2009 No No No No No No No Yes No No No No
Tarantini et al, Catheter No No No No No No No Yes No No No No
Cardiovasc Interv 2009
Ghenim et al, / Interv No No No No No No No No Yes No Yes No
Cardiol 2009
Liu et al, Zhonghua Xin Xue No No No No No No No No Yes No No No
Guan Bing Za Zhi 2009
Montalescot et al, Fur No No No No No No No No Yes No No No
Heart 12009
Wu et al, Am J Cardiol 2010 No No No No No No Yes No Yes No No No
Kang et al, Am J Cardiol No No No No No No Yes No Yes No No No
2010
Morice et al, Circulation No No No Yes Yes No Yes No Yes Yes Yes Yes
2010**
Park et al, N Engl J Med No No No Yes Yes Yes Yes No Yes Yes Yes Yes
2010
Banning et al, / Am Coll No No No No No No No Yes No No No No
Cardiol 2010**
Kapur et al, J Am Coll No No No No No No No Yes No No No No
Cardiol 2010
Kapur et al, J Cardiovasc No No No No No No No Yes No No No No
Med, 2010**
Yamagata et al, Circ J 2010 No No No No No No No Yes No No No No
Chieffo et al, JACC No No No No No No No No Yes No Yes No
Cardiovasc Interv 2010
Huang et al, Clin Res No No No No No No No No Yes No No No
Cardiol 2010
Park et al, J Am Coll Cardiol No No No No No No No No Yes No No No
2010%**
Shimizu et al, Circ /2010 No No No No No No No No Yes No Yes No
Boudriot et al, J Am Coll No No No Yes Yes Yes Yes No Yes Yes Yes Yes
Cardiol 2011
Caggegi et al, Am J Cardiol No No No No No No Yes No Yes No Yes No
2011
Park et al, J Am Coll Cardiol No No No No No No No Yes Yes No No No
2011
Rittger et al, Clin Res No No No No No No No No Yes No Yes No
Cardiol 2011
Pepe et al, Heart Vessels No No No No No No No No No No No No
2011
For the selection of overlapping meta-analyses of PCl vs. CABG in patients with left main disease we searched PubMed for meta-analyses of randomised controlled trials and/or observational
studies published any time using the search terms left main [Title] AND meta-analysis [Title/abstract] AND PCI [Title/abstract] without language restrictions. Effect estimates are reported for
the longest follow-up available. * Treatment effects are reported as PCI vs. CABG, except in the meta-analyses by Lee et al and Kajimoto et al, in which treatment effects were reported as
CABG vs. PCI. ** subgroup analysis of previously published study. *** extended follow-up evaluation of previously published study. CABG: coronary artery bypass grafting; Cl: confidence
interval; MACCE: major adverse cardiac and cerebrovascular events; NA: not available; 0Ss: observational studies; p: p-value; PCI: percutaneous coronary intervention; RCTs: randomised
controlled trials; STEMI: ST-segment elevation myocardial infarction
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