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Problems of meta-analysis

Wetterslev et al. BMC Medical Research Methodology (2017) 17:39

The credibility of statistical 
significant meta-analyses with 
too few participants

• spuriously overestimated 
(type I errors) 

• spuriously underestimated 
(type II errors)
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TSA diagram



Definition of terms used in TSA
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Z score: 
A statistic test under the null hypothesis (H0) that two interventions do not differ.
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Cumulative Z curve:
The series of Z scores plotted every time when a meta-analysis is updated. 
Z curve is plotted with respect to the time the new information is added (X axis).
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Conventional meta-analysis significance boundaries :
The horizontal dashed lines at Z + 1.96 and - 1.96 represent significant threshold given the 
Type I error is equal to 5% (two-sided test). 
The cumulative Z curve that crosses this dashed line is considered significant effect 
(corresponding to p < 0.05) in conventional meta-analysis (unadjusted significant test).



Required information size: 
• The number of participants and events necessary to detect or reject an a priori assumed 

intervention effect in a meta-analysis

• The calculation is performed considering the variability (heterogeneity variance) between the 
estimates of the intervention effects of the included trials.
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Futility boundaries:
indicating that it will be unlikely to reach a statistical significant P < 0.05, even if we proceed to include trials 

randomizing patients until the required information size of 2040 is reached.



Trial sequential monitoring boundaries for futility

Wetterslev et al. BMC Medical Research Methodology (2017) 17:39



Monitoring boundaries:
The cumulative Z curve that is greater than the trial sequential boundary is 
considered a significant effect.



Trial sequential monitoring boundaries for benefit

Wetterslev et al. BMC Medical Research Methodology (2017) 17:39





Introduction

• Stroke contributes 5% to all DALYs loss and 

10% to all deaths worldwide
• Hemorrhagic stroke accounts for more 

DALYs loss than ischemic stroke



Introduction
• Several randomized trials failed to prove effectiveness of surgical 

evacuation of hemorrhage

• More and more patients were treated with these minimally 
invasive surgeries, but benefit by MIS were controversial 

Minimally invasive surgery Conservative treatmentCraniotomy



Introduction

Previous SR and MA of MIS 
• potential confounding and bias
• different outcome measurements and control group selections



MISTIE-III

Lancet. 2019 Mar 9;393(10175):1021-1032.

P Patients with intracerebral hemorrhage

I Minimally invasive catheter evacuation followed by thrombolysis (MISTIE)

C Standard medical care

O Good functional outcome (mRS 0-3) at 365 days



MISTIE-III

Lancet. 2019 Mar 9;393(10175):1021-1032.

P Patients with intracerebral hemorrhage

I Minimally invasive catheter evacuation followed by thrombolysis (MISTIE)

C Standard medical care

O Good functional outcome (mRS 0-3) at 1 year

Adjusted risk difference 4% 
(95% CI -4 to 12); p=0·33



Curr Neurol Neurosci Rep. 2018 May 9;18(6):34.

Front Neurol. 2020 Jun 4;11:426



Objective

Front Neurol. 2020 Jun 4;11:426

To answer the question: 

Do we need more trials to compare MIS vs. conservative 

treatment in patients with intracerebral hemorrhage?



METHODS
Search Strategy and Selection Criteria

Front Neurol. 2020 Jun 4;11:426



P Patients with intracerebral hemorrhage

I Minimally invasive surgery (MIS)

C Conservative treatment

O Significant neurological debilitation or 
death
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Exclusion criteria:
• Studies with brain hemorrhage due to traumatic brain injury, tumor, coagulopathy, or vascular disease
• Studies with both craniotomy and MIS, but the decision of craniotomy or MIS was made at the 

discretion of surgeons
• Nonrandomized studies
• Trials in which outcome information was not available

METHODS
Detailed search strategy
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1o outcome: 
proportion of patients with significant neurological debilitation or 
death (mRS >3 or GOS <4) at the postrandomization follow-up

2o outcome: 
proportion of patients who died at the postrandomization follow-up

• Regarding crossover in the included trials, we used the intention-to-treat effect. 
• We also imputed the loss to follow-up data as the worst outcome.

METHODS
Outcomes
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• X.Z. and L.X. independently screened the literature, selected 
studies, extracted the relevant information, and assessed the risk 
of bias with the Cochrane risk of bias tool. 

• Any controversies were resolved by consensus and arbitration by 
the entire review team.

METHODS
Data Extraction
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• A conventional MA was used to pool risk ratios comparing MIS with 
conservative treatment

• We initially used random-effects models to aggregate data and the I2

tests to examine heterogeneity

• Subgroup analysis by 
• Different mean ages (<60 or >60 years old)
• Follow-up period ( < 1 year)
• Study quality (blind or unblind outcome assessment 
• Publication year (before 2010 or after 2010)
• Study location (Eastern Asia or Western)
• Surgical modality (endoscopic surgery or stereotactic evacuation)

METHODS
Data Synthesis and Statistical Methods
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• We conducted a TSA assuming 5% as an acceptable risk of type I 
error (⍺).

We set several prior to the TSA: 
1) Effect size: 18.8% RRR as a priori (from the conventional MA)

2) Statistical power: 80%

3) Event proportion in the control arm: 67.4% (from the pooled 1o outcome from 

all the control groups)

4) Amount of heterogeneity: 81.9% as the observed diversity across the included 

trials

METHODS
Trial sequential analysis
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1. We used more conservative analyses prior, such as a 
• reduced risk reduction (15 and 10%)
• increased power (90%)
• decreased event proportion in the control arm (58%) according to the 

most recent trial 

2. We repeated the analysis only in trials with high quality (blind 
outcome assessment). 

3. We further assumed the result of the ongoing RCT 
(NCT02880878) to be futile to discern the impact on the analysis.

METHODS
Sensitivity analyses
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Statistical analyses were performed with RStudio version 1.0.143 
(Boston, MA) for the conventional meta-analysis and Trial Sequential 
Analysis software 0.9 (Copenhagen Trials Unit, Copenhagen, 
Denmark) for the TSA.

METHODS
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RESULTS



PRISMA flow chart
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Characteristics of included studies



Conventional meta-analysis
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Subgroup analysis in conventional MA
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Trial sequential analysis
with ⍺ = 5%, β = 80% to detect 18.8%RRR
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Z = 2.73

Z = 2.97



TSA on 1o and 2o outcome with different prior
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TSA on 1o and 2o outcome with different prior
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TSA on 1o and 2o outcome with different prior
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Sensitivity analysis:
Studies with blind outcome assessment
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Sensitivity analysis:
Assuming future trial futile



DISCUSSION



Discussion
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The analysis answered the question of 

1. which treatment is better, especially in the 

circumstances that the latest trial was futile
2. whether we need more trials to compare MIS vs. 

conservative treatment in patients with intracerebral 
hemorrhage



STUDY CONCLUSION
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• Minimally invasive surgery seems to be more effective
than conservative treatment

• Sensitivity analyses show that our results were robust

• We answered the question whether we need more trials 

to save the cost of future unnecessary trials



Advantages of TSA
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• Avoid premature conclusion when meta-analyses based 

on traditional hypothesis testing would have falsely 
identified the effect as significant (12, 15)

• Estimate the sample size of future trials if the current 

result is inconclusive



Limitation of TSA
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• Prespecified prior may have a significant impact on the 

result, which requires many sensitivity analyses to test 
the robustness



CONCLUSION

• TSA can be a powerful tool capable of assessing the 

conclusiveness of meta-analytical findings

• Updating the MA in a SR each time a new trial is 
published is a rational decision

• Previous trial results ought to be considered whenever 

we evaluate the cons and pros of designing new trials, 
as the evidence on a given intervention may already be 

sufficient


