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Designing & Delivering Trials that Matter 

• Randomised Trials can generate the best
evidence of what works

• But they need to be well designed, conducted,
analysed and reported

• This talk will focus on pragmatic trials (real
world evidence of effectiveness)
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Explanatory & Pragmatic RCT

Explanatory – given ideal
conditions, perfect delivery
(perfect staff and patients) –
can it work (efficacy)

Pragmatic – in the real world,
with imperfections
throughout – how does it
work (effectiveness)

Need both efficacy and
effectiveness demonstrated!
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Pragmatic trials
Ford & Norrie, NEJM, 4 August 2016

Attribute Explanatory / Efficacy Pragmatic / Effectiveness

Population Highly select.
The perfect patients.

All comers. 
Those that might be treated

Intervention To achieve the highest payload. 
Delivered by experts

What is achievable … 
Imperfect delivery by a range of 
health professionals

Control Highly designed. 
Might be a placebo. 

Usual care. Active control. Might vary 
considerably locally.

Outcomes Mechanistic – does it work?
Surrogates.  

Hard clinical outcomes
Patient reported – quality of life
Cost effectiveness 
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Four Dimensions to a Pragmatic Trial

• Affordable?

• Accessible?

• Acceptable?

• Patients

• Clinicians

• Is it safe?• Does it 
work?

Effect Safety

CostAcceptable
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Additional Requirement -
Efficient Trials
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A Game Changing Trial
A large simple placebo controlled trial, among
adults with head injury and impaired
consciousness, of effects of 48 hour infusion
of corticosteroids on death and neurological
disability.

Evidence: risk of death on corticosteroids ~2% lower than control (95% CI -6% to +2%).

So overall evidence is compatible with there being no benefit, but is also easily
compatible with a benefit of a few percent. CRASH trial will determine reliably the
effects on death and on disability of a short term corticosteroid infusion following
significant head injury.

Stopped at ~10,000 (half way) due to harm. Changed practice almost overnight. Saved
many thousands of lives and continues to do so.

This is important. Adequately powered can show that accepted standard treatments are
either not useful or even harmful.
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Randomized controlled trials of aprotinin in cardiac 
surgery: could clinical equipoise have stopped the 
bleeding? Dean Fergusson et al Clinical Trials 2005; 2: 
218 – 232. 

Background Aprotinin limits perioperative bleeding, reducing blood transfusions 
during cardiac surgery. RCT of aprotinin have been published since 1987, and 
systematic reviews were conducted in 1992 and 1997.

Findings Sixty-four randomized, controlled trials of aprotinin were found, 
conducted between 1987 and 2002, reporting an endpoint of perioperative 
transfusion. Median trial size was 64 subjects, with a range of 20 to 1784. 

A cumulative meta-analysis indicated that aprotinin greatly decreased the need for 
perioperative transfusion, stabilizing at an odds ratio of 0.25 by the 12th study, 
published in June of 1992. 

The upper limit of the confidence interval never exceeded 0.65 and results were 
similar in all subgroups.
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Aprotinin cumulative meta-analysis 
– the initial evidence



@EdinUniUsher 

www.ed.ac.uk/usher



@EdinUniUsher 

www.ed.ac.uk/usher

• Publish all studies 

• Define in advance what you are going to do e.g. 
• Primary outcome measure
• Analysis method
• Whether you will ‘adjust’ (and by what)
• Which subgroups you will look at

• Clearly label everything else ‘post-hoc’ and/or ‘exploratory’
• Be careful interpreting post-hoc analyses –
• Don’t be tempted by unexpected significant p-values … 

Selective Outcome Reporting
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• Trials with significant results are more likely to be published 
than those with non-significant results (publication bias)

• “A review of over 2000 oncology trials registered in ClinicalTrials.gov 
showed that less than 20% were available in PubMed, with substantial 
differences between trials sponsored by clinical trial networks and 
those sponsored by industry regarding both publication rates (59% vs. 
6%) and the proportion of trials with positive results (50% vs. 75%)” 

McGauran, Trials 2010

• Within a published report, analyses with statistically significant 
differences between treatment groups are more likely to be 
reported than non-significant differences (outcome reporting 
bias). (Chan BMJ 2005)

Publication biases
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• Do the important trials to a high quality 

• Register all the trials 

• Report all the outcomes 

• Make data sharing routine  

Reproducibility Crisis –
what can be done? 
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The Building Blocks: PICO(S)

Population Intervention

Control Outcomes

Setting

P
I
C
O
S
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Population

• Pragmatic trials generate ‘real world’ 
evidence (few inclusion / exclusion criteria) 

However, for efficiency maybe consider :
• Selecting a higher risk population? 

• Smaller sample size
• Screen out the non-compliers? 

• Larger treatment effect
• Select large centres? urban hospitals

• But is urban generalisable to rural? 
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Intervention

• What evidence is there 
for ‘dose’, intensity, 
duration?

• What training is 
needed? 

• Can the intervention be 
delivered? 
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Control

• Choice of control condition is difficult
• E.g. Placebo (CRASH trial)

• What is the standard of care (SOC)? 
• Novel + SOC vs. SOC alone
• Or Novel alone vs. SOC? 

• What about variability in the control?
• Heterogeneity across sites
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Outcomes 

• Worthwhile treatment effect on important outcome 
• real-world evidence change/ confirm clinical practice 

• TACTICS FOR EFFICIENT TRIALS?

• Stop trial early if no ‘separation’ between randomised 
groups for surrogate outcome on  causal pathway

• E.g. lowering BP (surrogate) vs. mortality (hard outcome)

• Composite outcomes
• E.g. cardiovascular trials – MACE (major 

cardiovascular endpoints) – fatal & non-fatal MI, CHD 
death, hospitalisation for heart failure
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Setting – Bayesian designs?

 Frequentist – given the estimate (the null hypothesis 
of no treatment effect) how likely are the data? 

 Bayesian - given the data, how likely is the estimate 
(what is the probability of a hypothesised treatment 
effect)?  

 Application – given something works in a developed 
country, how might it work in a developing country? 
 Different context – use an informative prior, 

reduce sample size, cost and time to get answer?
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Pilot studies
• Check on all aspects – recruitment, 

event rates, variability, outcome 
measurement

• In many pragmatic studies, there is 
an internal pilot to establish 
recruitment is feasible 

• Beware the expert centres 
(exporting best practice, scaling up)

• Pilot and/or feasibility studies are 
uniquely challenging to do well
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Blinding (masking) 
Think the unthinkable …

 WHY?

 PERFORMANCE BIAS
 Participants are 

managed differently
 DETECTION BIAS

 Differences in how 
outcomes are assessed

 RANDOMISATION FIDELITY 
 Differential loss to 

follow up between arms  

 WHY NOT? 

 PRACTICALITY
 Surgical trial

 COST
 E.g. drug trial – added 

>£1m to cost
 SAFETY

 Emergency unblinding 
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Does it matter? 

• Lack of double blinding on average 13% 
over estimation of the treatment effect 
Savovic et al, 2012, Annals Internal Medicine

• Blinding should never be considered an 
end in itself. It is merely a tactic applied 
to achieve far more important purposes 
[the avoidance of bias] and that it is the 
achievement of these greater purposes 
that warrants measurement and 
monitoring once your trial is underway  
Dave Sackett, Clinical Trials 2011; 8; 674-676
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Adjustable Anchored Single-Incision Mini-Slings Versus Standard
Tension-Free Mid-Urethral Slings in the Surgical Management Of
Female Stress Urinary Incontinence; A Non–Inferiority
Randomised Controlled Trial

Safety

• High quality data on the surgical harms is missing

• Who benefits and who is harmed? 

• Routine recording needs to be mandatory 

• High quality real world evidence on benefits and 
harms is fundamental to implementation 
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Missing data – loss to follow up

 Randomisation property requires full data

 The more pragmatic, the more likely there are to 
be some missing data? 

 Pragmatic trials often have Patient Reported 
Outcomes (PROMS) long time after intervention
 e.g. failure of knee surgery (~decades)
 100% data highly unlikely
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Missing data – loss to follow up

• Statisticians characterise missing data as Missing 
Completely at Random (MCAR) or Missing at Random 
(MAR) or Missing Not at Random (MNAR) (or informative
or non-ignorable missingness)

• Most missing data is probably informatively missing. Most 
statistical approaches e.g. multiple imputation assume 
missing at random. 

• Many authors ignore the problem (complete case 
analysis). Watch out for large proportions of missing data, 
or differential missingness between randomised groups. 



@EdinUniUsher 

www.ed.ac.uk/usher

Cross-over?  

• A feature of many trials is that participants can 
crossover to an alternative treatment – which often is 
the other randomised intervention 
• E.g. placebo -> active drug
• E.g. laparascopic -> open surgery

• Won’t this influence the estimates of benefit or harm? 
• Generally no. In an effectiveness study, usually 

interested in the policy of starting on the 
treatment. What happens next is usual clinical 
practice. So not usually a problem. Contrast for an 
efficacy study. 
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Adaptive designs

• Adaptive designs – increasingly popular

• Can be much more efficient than fixed designs i.e. 
reach a definitive answer more quickly, cheaply

• Broadly, an adaptive design using accumulating 
information from the trial to change the design 
• E.g. change the sample size
• Or drop an arm 
• Or stop the study
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Adaptive designs - examples

• Sample size re-estimation
• Group sequential designs 

• interim analyses for benefit or futility 
• Multi-Arm Multi-Stage (MAMS)
• Bayesian designs

• However:
• More difficult to fund, implement, analyse and 

report – and interpret. 
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Ultra pragmatic trial …

• Three catheters : latex, antibiotic, antiseptic
• Cost: £0.90 vs. £5.53 vs £6.75 each
• Sample size >7,000
• Next catheter off the shelf
• For emergencies, no consent at time

• Retrospective consent, free to withdraw
• Primary outcome – antibiotic use rather than lab 

confirmed infection 

Types of urethral catheter for reducing 

symptomatic urinary tract infections in 

hospitalised adults requiring short-term 

catheterisationVolume 380, No. 9857, p1927–1935, 1 Dec 2012
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Routine data – DUAL-ACS

• Post-surgery for acute coronary syndrome (ACS) 

• Dual antiplatelet therapy – for 3 months or 12 
months

• Trade off between effectiveness (less recurrence) 
and harm (major bleeding) 

• All the cardiac care centres in Scotland 

• Randomise 20,000 people in 2 years

• All the follow up from routine NHS data

• Total budget - £663,000
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Global health

• As for pragmatic trials, great potential for gain in 
working out how to implement safe and effective 
interventions in diverse healthcare settings 
found in Lower & Middle Income Countries …

• Effectiveness of calcium channel blockade for 
organophosphorus and carbamate pesticide 
poisoning - an open, pragmatic, 3-arm 
randomised controlled trial repurposing two 
widely available licensed medicines in 
Bangladesh
• CCBOC, Professor Michael Eddleston
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Summary

• Randomised trials are important.  Do the RCT that matter. 

• Is the intervention effective, safe, acceptable, accessible 
and affordable? 

• Good design is essential, coupled with excellent conduct, 
analysis and reporting

• Adaptive designs can be efficient, but add complexity

• Register all your trials, report all your outcomes. 

• Are findings robust to any missing data? 

• Make trials as efficient as possible without compromising 
quality


