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Presentation Presentation 

Prevention trials 

 

Hang methods on Acute trials and Optimising Analysis of Stroke 

Trials Collaboration 

 

Ordinalising prevention trials – experimental concept 

 Examples 

 Issues 



Stroke trials Stroke trials 

Acute trials: 

 Few effective interventions: alteplase, aspirin, hemicraniectomy 

 Suboptimal design: interventions inadequately worked up, trials 

too small, wrong outcomes, poorly analysed, … 

 7-level modified Rankin Scale (mRS) analysed as 2 levels 

 Several examples where neutral becomes significant 

 

Prevention trials: 

 Many effective interventions: antiplatelets, anticoagulation, BP 

lowering, lipid lowering, carotid endarterectomy, … 

 Remaining reduction limited: mega-trials now the norm but 

expensive in £$€ and time, site availability, site quality 

 Vascular events/stroke recurrence analysed as binary events with 

no account of severity 



Stroke recurrence rates by time Stroke recurrence rates by time 
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Optimising Analysis of Stroke Trials Optimising Analysis of Stroke Trials 

Drivers for OAST: 

ECASS-2 trial 

 Results vary by 

position of dichotomy 

[1] 

 Primary – neutral 

 Post hoc - positive 

 Significant with ordinal 

analysis: 

 Bootstrap [2] 

Mann-Whitney U [3] 1. Hacke et al. Lancet 1998;352:1245-51. 
2. Stingele et al. Cerebrovasc Dis 2001;11:30-3. 
3. OAST. Stroke 2007;38:1911-15.  



OAST: Acute stroke trials – Analysis OAST: Acute stroke trials – Analysis 

Aim: 

 To identify optimal 

ways of analysing 

acute trials 

Methods: 

 Empirical 

 Trial individual patient 

data 

 Analyse each trial 

using each approach 

 Rank analysis results 

 

55 datasets, 16 tests 

OAST. Stroke 2007;38:1911-15.  



OAST: Acute stroke trials – Analysis OAST: Acute stroke trials – Analysis 

Number of trials that are ‘significant’ increases with 

optimal analysis 

OAST. Stroke 2007;38:1911-15.  



OAST: Acute stroke trials – Sample size OAST: Acute stroke trials – Sample size 

Sample size estimations: 

 

 Binary outcomes 

 

 

 Ordinal outcomes 

(Whitehead) 

 

 Continuous outcomes 

OAST. Int J Stroke 2008;3:78-84.  



OAST: Acute stroke trials – Sample size OAST: Acute stroke trials – Sample size 

Comparison of sample sizes estimated using binary, 

ordinal and continuous approaches 

OAST. Int J Stroke 2008;3:78-84.  



OAST: Acute stroke trials - NNT OAST: Acute stroke trials - NNT 

Ordinal Numbers Needed to Treat (NNT) can be 

calculated and are smaller, i.e. better, than binary 

Bath et al. Int J Stroke 2011;6:472-9.  



OAST: Acute stroke trials - Covariates OAST: Acute stroke trials - Covariates 

Sample size can be reduced by ~20% (or power 

increased) in large trials if analyses are adjusted for 

baseline covariates, including any used in 

minimisation. 

 

Typical covariates: 

Age, sex, severity, premorbid mRS, time to 

randomisation, … 

 

Should use covariate analysis of minimisation 

OAST. Stroke 2009;40:888-94.  



Results consistency for non-binary 

analyses 

Results consistency for non-binary 

analyses 

Projects: 

 OAST  stroke 

 Lees et al  stroke 

 Saver et al  stroke 

 Murray et al TBI 

 

Methods: 

 Statistical lore: continuous ~ ordinal > binary 

 Empirical 

 Modeling with trial data/artificial treatment effects 

 Modeling with artificial data and treatment effects 



European Stroke Organisation European Stroke Organisation 



Can we optimise prevention trials? Can we optimise prevention trials? 

As compared with dichotomous or time-to-event 

analyses, ordering vascular outcomes or stroke 

recurrence might allow: 

 Superior power / smaller sample size 

 Demonstration that an intervention reduces both 

events AND their severity 



Prevention trials Prevention trials 

Ordering of vascular outcome/stroke events: 

 Fatal, non fatal, no event   = 3 levels 

 Fatal, severe non fatal, mild, no event  = 4 levels 

 Fatal, severe non fatal, mild, TIA, no event = 5 levels 

 



OA-prevention: Summary data OA-prevention: Summary data 

Ordinalised 4-level stroke data from NASCET 

p: 2-level 0.002, 3-level 0.001, 4-level 0.0009 

 

Bath et al. Stroke 2008;39:2817-23.  



OA-prevention:   Summary data OA-prevention:   Summary data Identified trials 

Cochrane Library 

Reviews 

225 trials 

Included 

N = 83 

334,963 subjects 

Excluded 

No relevant data 

142 trials 

345,182 subjects 

Stroke 

3 level 

N = 70 

Stroke 

4 level 

N = 19 

Stroke/TIA 

4 level 

N = 24 

Stroke 

5 level 

N = 9 

MI 

3 level 

N = 52 

Vascular 

3 level 

N = 39 

Bath et al. Stroke 2008;39:2817-23.  



OA-prevention: Summary data OA-prevention: Summary data 

 The statistical tests differed 

substantially for each 

outcome in their efficiency 

(ANOVA p <0.0001) 

 Ordinal analyses ranked 

above dichotomous 

approaches 

 Similar results for stroke, 

MI, vascular events 

Bath et al. Stroke 2008;39:2817-23.  



OA-prevention: Summary data OA-prevention: Summary data 

Aim: 

 To assess whether 

prevention outcomes 

can be ordinalised 

Methods: 

 Empirical 

 Trial published 

summary data 

 Analyse each trial 

using each approach 

 Rank analysis results 

85 trials, 10 tests 

Bath et al. Stroke 2008;39:2817-23.  



OA-prevention: Summary data OA-prevention: Summary data 

Number of trials that are ‘significant’ increases with 

optimal analysis 

Bath et al. Stroke 2008;39:2817-23.  



Hazard: Bleeding Hazard: Bleeding 

Same approach applies: 

 3 level bleeding: major / minor / none 

 16 trials 

 Significant difference in tests, ANOVA p<0.00001 

 Most efficient tests 

Ordinal logistic regression, bootstrapping, MWU 

Bath et al. Stroke 2008;39:2817-23.  



OA-prevention: Summary data OA-prevention: Summary data 

Testing assumption of proportionality of odds 

Bath et al. Stroke 2008;39:2817-23.  



OA-prevention: SHEP OA-prevention: SHEP 

Chlorthalidone 

 

 

 

 

Stroke outcome 

Levels z  p 

2  -3.53  0.0005 

3  -3.53 

4 (TIA) -3.94  0.00009 

Bath et al. Stroke 2008;39:e145.  



OA-prevention: Triple antiplatelets OA-prevention: Triple antiplatelets 

Chronic aspirin, clopidogrel, dipyridamole vs aspirin 

N=17 

 

 

Adverse events 

4-level: p<0.01 

 

Bleeding 

3-level: p<0.01 

Sprigg et al. PLoS ONE 2008;3:e2852.  



OA-prevention – stroke/TIA: WEST OA-prevention – stroke/TIA: WEST 

60% 70% 80% 90% 100%

N
o

  
H

R
T

  
Y

e
s

%

No stroke TIA Non-fatal Fatal

Stroke dichotomy p=0.61, Stroke/TIA ordinal p=0.37 



OA-prevention: Summary data OA-prevention: Summary data 

Ordinal approach worked for different outcomes: 

 Stroke: 3-, 4- (stroke), 4- (TIA), and 5-levels 

 MI: 3-level – fatal / non-fatal / none 

 MACE: 3-level - fatal / non-fatal / none 

 Bleeding: 3-level – major / minor / none 

 

Ordinal approach worked for different patient groups: 

 Age; Recent / distant event 

 Hypertension, HRT, post-stroke, post-MI 

 Low / high risk of death; Low / high risk of stroke 

 Bath et al. Stroke 2008;39:2817-23.  



OA-prevention: Summary data, 2 OA-prevention: Summary data, 2 

Ordinal approach worked for different interventions: 

 Prevention: primary, secondary 

 Interventions: anticoagulants, antiplatelets, 

antihypertensives, lipid lowering, endarterectomy, 

hormone replacement 

 Effect direction: positive, negative (HRT) 

 

Approach worked for different trial designs: 

 Small / large size 

 Short / long follow-up 

Bath et al. Stroke 2008;39:2817-23.  



OA-prevention: Sample size calculations OA-prevention: Sample size calculations 
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Number-needed-to-treat: NASCET  Number-needed-to-treat: NASCET  
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OAST: Prevention trial OAST: Prevention trial 

Ordinal Numbers Needed to Treat (NNT) can be 

calculated and are smaller, i.e. better, than binary 

Bath et al. Int J Stroke 2011;6:472-9.  



OA-prevention: Ordinal meta-analysis OA-prevention: Ordinal meta-analysis 



TARDIS: Ordinal outcomes TARDIS: Ordinal outcomes 

First vascular trial to be designed with ordinal rather 
than binary outcome: 

 Stroke (5): 

 Fatal / mRS 3-5 / mRS 0-2 / TIA / none 

 MI (3): 

 Fatal / non-fatal / none 

 Vascular (3): 

 Fatal / non-fatal / none 

 Bleeding (5): 

 Fatal / severe / moderate / mild / none 

 Adverse events (4): 

 Fatal / SAE / AE / none 



TARDIS Sample size calculation, 1 TARDIS Sample size calculation, 1 

Stroke/TIA: Distribution of events 

 

 

 

 

Alpha 0.05, power 0.90 

Odds ratio 0.68 (= OR 0.57 if binary) 

 (EARLY 0.54, CARESS 0.40, CLAIR 0.74) 

Crossovers 5% (2.1%), losses to follow-up 2% (0.8%) 

N=4,100 (2,050 per group) 

Would need 8,900 if stroke alone with OR 0.68 

Power for stroke alone as is = 0.626 

 Bath et al. HTA Grant Application 2011 



TARDIS Sample size calculation, 2 TARDIS Sample size calculation, 2 

Bleeding: Distribution of events 

 

 

 

 

With N=4,100 and for alpha 0.05, power 0.90 

Crossovers 5%, losses to follow-up 2%, covariate adjustment 

Can detect odds ratio 1.32 

Bath et al. HTA Grant Application 2011 



OA-prevention: Individual patient data OA-prevention: Individual patient data 

To assess the relative efficiency of dichotomous 

versus ordered categorical outcomes and their 

analysis using ordinal and binary statistical tests 

 Individual patient data from vascular prevention 

trials 

 Same outcomes 

 Same number of levels 

 But more trials with 5+ levels based on more datasets 

 Same statistical tests 

 Same questions: efficiency of tests, sample size 

benefits, NNT, covariate adjustment 



Issue 1: Statistical assumptions Issue 1: Statistical assumptions 

 Dichotomous - few 

 Ordinal – some, e.g. proportional odds 

Reasonably robust 

Can use alternative ordinal approaches 

 Continuous – many, e.g. normal distribution 

Robust if large samples, even with ordinal data (central 

limit theorem) 

 

 To be examined in OA-prevention using IPD 



Issue 2: Interpretation of results Issue 2: Interpretation of results 

 Dichotomous – easy, use absolute risk reduction 

 Ordinal – can be challenging, use odds ratio (vs relative risk) 

or difference in medians 

 ‘Lowering BP reduces recurrence and its severity’ 

 Continuous – moderately challenging; use difference in 

means 

 Is difference of mRS 0.3 useful? Minimum Important Difference 

 

 Can use NNT for any of the above 

 Can use QALYs or DALYs 

 Health economics 

 

 To be examined in OA-prevention using IPD 



Issue 3: Low event rates Issue 3: Low event rates 

80% 90% 100%

%

No stroke

Mild

Severe

Fatal

 If the total rate is very low, say <5%, ordinalising will not 

help! 

 No binary, ordinal or continuous system can be sensitive to 

treatment effects if very low event rate and sample size not 

massive 

 To be examined in OA-prevention using IPD 



Issue 4: Late events Issue 4: Late events 

 Events occurring late in follow-up will not change 

the event frequency but will bias severity since little 

chance for patient to recover to stable state 

 Unlikely to be a major issue because: 

 Acute stroke - most events occur early, not late, in 3 

month follow-up 

Chronic stroke – events spread out across all of follow-up 

so few proximal to end 

 

 To be examined in OA-prevention using IPD 



Issue 5: Death Issue 5: Death 

 Death or vascular death? 

 mRS includes all death 

 Not using all death will mean missing data 

 So use all death 



Issue 6: Ordinal versus dichotomous Issue 6: Ordinal versus dichotomous 

 Ordinal is not a panacea for poor interventions or 

trial design 

 Ordinal/dichotomous design/analysis does not 

always beat dichotomous - no guarantee! 

 ECASS-I 



Conclusion: Ordinal (vs dichotomous) Conclusion: Ordinal (vs dichotomous) 

 Applies to acute stroke 

 May apply to vascular and stroke prevention trials 

 Advantages probably outweigh disadvantages 

 Smaller less complex trials (for a given power) 

 Provides additional information on outcome severity 

 Net NNTs better 

 Interpretation and presentation of results might be 

more challenging 

Use mixed model – design/analyse as ordinal/continuous 

but present (non-significant) binary results 

 More work needed to assess pros and cons 


