
Different evidence for
different questions



This session

• How to frame a diagnostic question

• Design diagnostic accuracy studies

• Design impact studies



• Helen, 67 years old

• No remarkable clinical history

• Sees her GP for discrete
discomfort in the chest

• Not really painful

• Worsens with exercise

• Exercise ECG?



Formulate your question
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How would I describe a group of patients similar to
mine?

Which test am I considering?

What is the reference standard considered to be ideal
to diagnose the target condition?

Which target condition/diagnosis do I want to either
rule in or rule out?

Let’s
exercise





Think

…..about a diagnostic question

What’s your PIRT?



Diagnostic Accuracy Study:
Basic Design

Consecutive patients

Index test

Reference standard

Blind cross-classification



Selected Patients

Index test

Reference standard

Blind cross-classification

Spectrum and Selection Bias







Case-control vs consecutive



Cases

Index test

Blind cross-classification

Controls

“Case-control” design



The ‘gold’ problem

Consecutive patients

Index test

Reference standard

Blind cross-classification



Consecutive patients

Index test

Blind cross-classification

Ref. Std A Ref. Std. B

Differential Reference Bias



Consecutive patients

Index test

Blind cross-classification

Ref. Std A

Partial Reference Bias



Incorporation bias

Consecutive patients

Index test

Reference standard

Blind cross-classification



Observer bias

Consecutive patients

Index test

Reference standard

UNBLINDED cross-classification



Quality published studies

• Lijmer et al. JAMA 1999

• 218 studies

• Non-consecutive patient inclusion 56%

• Differential verification 22%

• Unblinded cross-classification 68%

• Unknown/retrospective data collection 55%

Let’s
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Relative Diagnostic Odds Ratios and 95% CIs of the 9 Study Characteristics.

Lijmer, J. G. et al. JAMA 1999;282:1061-1066

Copyright restrictions may apply.



Copyright ©2006 CMA Media Inc. or its licensors
Rutjes, A. W.S. et al. CMAJ 2006;174:469-476

Effects of study design on diagnostic accuracy estimates



Create your own diagnostic accuracy
study



Checklist for diagnostic studies: QUADAS-2
http://www.bris.ac.uk/quadas/resources/quadas2.pdf



STARD Statement
STAndards for the Reporting of Diagnostic accuracy studies



Forest plot for studies included in meta-analysis comparing adherence post-Standards for
Reporting of Diagnostic Accuracy Studies (STARD) and pre-STARD.

Korevaar D A et al. Evid Based Med 2014;19:47-54
*Wilczynski evaluated only 13 STARD items; the other studies evaluated 25 STARD items. **Results of the studies on obstetrics.
***Results of the studies on gynaecology.

©2014 by BMJ Publishing Group Ltd



• Helen, 67 years old

• No remarkable clinical history

• Sees her GP for discrete
discomfort in the chest

• Not really painful

• Worsens with exercise

• Would an exercise ECG make
it less likely Helen dies of a
heart attack?



Formulate your question
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PICO

• P
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• C

• O

How would I describe a group of patients similar to
mine?

Which test am I considering?

What is the diagnostic strategy I would like to compare
with?

What are the outcomes that the new test could affect?

Let’s
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Stiell CMAJ 2010



Studying impact of tests

• On
– Patient outcome

– Costs

– Organisation of care

• Designs:
– RCT

– Before-after trial

– Modelling



What is being evaluated?

Medical Test Information

Decision

ActionPatient Outcome

Test harms and
placebo effects

RCT combines
effects

Diagnostic
accuracy

Diagnostic
yield

Management

Deeks JJ



Indications for diagnostic trials

• Tests detect disease earlier (screening and case-finding)

• Test itself has a harmful effect

• Interventions have harmful effects
– Treating some non-diseased may outweigh benefits of treating

diseased

• No reference standard

• Rare goods:
– Only 37 (95% CI 35-40) diagnostic test strategies RCTs on patient

outcomes per year.

– 21,949 per year for all RCTs indexed in CENTRAL.



What is being evaluated?

• Conditions for a test to be of diagnostic benefit
– Test is more accurate

– Interpretation of test results is rational and consistent

– Management is rational and consistent

– Treatment is effective

• Conditions for a trial to be informative
– Rules for interpretation of test results are described

– Management protocol is described

• No descriptions given in example trials
– Applying the results requires faith that the behaviour of your patients

and clinicians is the same as the trial

Trial finds no difference:

????



Clinically important differences

Test delivery

Timing of test

Feasibility

Test process

Test result

Interpretability

Accuracy

Timing of results

Diagnostic decision
Timing of diagnosis

Diagnostic confidence

Treatment decision
Therapeutic yield

Therapeutic confidence

Treatment implementation

Time to treatment

Efficacy of treatment

Adherence to treatment



Imagine… direct impact?





RCT architecture
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RCT architecture
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RCT architecture
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Validity Concerns

• Blinding
– Rare in diagnostic trials (cluster randomisation!)

• Drop-out
– Lack of blinding can induce differential drop-out

– More stages at which drop-out occurs

• Compliance
– Lack of blinding and complexity in strategies can reduce compliance

• Power calculations



Sample size calculations for test-treatment randomised controlled trials.

Ferrante di Ruffano L et al. BMJ 2012;344:bmj.e686

©2012 by British Medical Journal Publishing Group



Sample size calculations for test-treatment randomised controlled trials.

Ferrante di Ruffano L et al. BMJ 2012;344:bmj.e686

©2012 by British Medical Journal Publishing Group



Sample size calculations for test-treatment randomised controlled trials.

Ferrante di Ruffano L et al. BMJ 2012;344:bmj.e686

©2012 by British Medical Journal Publishing Group



Create your own trial



Modelling

• New test affects patient outcome?

• Only diagnostic accuracy studies

• No trials

• model impact on patient outcome



Lord, S. J. et. al. Ann Intern Med 2006;144:850-855

Trial evidence versus linked evidence of test accuracy and treatment efficacy







Diagnostic Before-and-After Studies

• To evaluate clinical impact of single or
additional testing

• Change in doctor’s assessment and
management plan

• Impact on clinical course more difficult
– Long follow-up

– Interfering factors

• Alternative if RCT impossible, infeasible or
unethical



Pre-test baseline
Doctor’s assessment of clinical problem:
• Diagnostic or prognostic interpretation
• Clinical management

Patient:
• Baseline health status

Test

Outcome 1
Doctor’s assessment of clinical problem:
• Diagnostic or prognostic interpretation
• Clinical management

Outcome 2
Patient:
• Health status

Follow
-up



Assessing clinicians’ behaviours

• Documentation and standardisation of decision-
making
– Particularly difficult when the comparison group is

standard practice

• Assessing behaviour observed in a trial may not be
representative
– Future behaviour will depend on the trial results

– Learning curves may affect compliance

• Becoming acquainted with a test

• Ascertaining how best to use it

• Gaining confidence in its findings

• Allowing it to replace other investigations



In conclusion

Think very carefully about your research question

Choose optimal design for that question

Questions?
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