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Base rate neglect



statistical 
power



probability of 
detecting a 

difference if one 
exists



P of <0.05



P of <0.05 does 

NOT mean that 

there is a 1 in 20 

chance the result is 

a fluke



assuming that there is no 
difference, the P value is 
defined as the probability 
of obtaining a result equal 
to or more extreme than 

what was actually 
observed



•what are 
the chances 
that this 
person is a 
Satanist?



•what are 
the chances 
that this 
person is a 
Christian?



•there are 
two billion 
Christians in 
the World

•there are 
10,000 
Satanists in 
the World



Alcohol + 

driving



Breath test
5% false positive 

rate

detects 100% of 

drunk drivers



•If the breath 
test is 
positive, what 
is the chances 
the driver is 
drunk?

95%



•If the breath 
test is 
positive, what 
is the chances 
the driver is 
drunk?

1 out of every 1000 drivers 

is drunk

1 true positive

from 999 non-drunk 

drivers expect ≈49 false 

positives

1/50 are drunk = 2%



•Base-rate 
neglect



•Base-rate 
neglect in 

clinical trials

Imagine you are going 

to test 100 hypotheses 

in a clinical trial

How many do you 

expect will be true?



effective treatments

ineffective treatments

67% chance that 

the ‘proven’ 

treatment is 

actually effective



•what if only 
1% of 

hypotheses are 
correct?

a significant result is 

>5 times more likely 

to be false than true



If the prior 
probability that 
an intervention 

is useful is 
ZERO the 
posterior 

probability 
MUST equal 

ZERO







An epidemic of 

marginal P 

values





Most ICU trial 

hypotheses are 

long shots



no 
difference

false 
positive



Fragility Index



Take the 

treatment group 

with the lowest 

event rate

Increase the 

number of events 

until statistical 

significance is gone

Number of ‘non-

events’ that need 

to be changed into 

‘events’ equals the 

fragility index



•2/50 participants die

Treatment A Treatment B

•9/50 participants die

Dead Alive





STEP 1:
Take the treatment group with the 

lowest event rate



STEP 2:
change one event



STEP 3:
Calculate again





Fragility index

equals one





399 positive 

trials in high 

impact journals



25% had a fragility index 

of <8

53% no. lost to follow-up 

> fragility index

Median fragility 

index = 8

Statistical significance 

rests on a small no. of 

events



Fragilityindex.com





>40% had a fragility 

index of ≤1

19.6% had a fragility 

index of zero

Median fragility 

index = 2

Statistical significance 

rests on a small no. of 

events
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Hypothesis

Participants

Intervention

Comparator

Outcome



pose a 

question

design a 

study

adjust the 

sample size

get an answer to a 

different question



The Frequentist Approach

experimental 

hypothesis

null 

hypothesis

get 

data

calculate the 

probability of the 

observed result under 

the assumption that 

the null hypothesis is 

correct 



apply threshold 

P value

P≥0.05 

� Accept null hypothesis

P<0.05

☺ reject null hypothesis



the P value does 
not tell you 

whether or not a 
treatment works



the future



REMAP



a system to optimize

the treatment of a 

particular disease as 
time goes by



randomization

which determines the 

selection of treatments
that are usually subject to 

idiosyncratic practice variation





fusion of trial 

science
and continuous 

quality 

improvement



kills 
people

costs 
money

Severe Community 
Acquired Pneumonia



existing 
evidence is of 

low quality



a severe CAP 
registry



Key Design Features

frequent 
interim 

analyses

response 
adaptive 

randomization

tests multiple 
interventions and 
their interaction

differential 
treatment 

effects



The Bayesian Approach

experimental 

hypothesis

null 

hypothesis

get 

data

probability of observed 

data occurring if the 

hypothesis is correct

probability of observed 

data occurring if the null 

hypothesis is correct



The Bayesian Approach

prior 

probability 

that the 

hypothesis is 

true

multiply 

by Bayes 

Factor

posterior probability 

that the hypothesis 

is true



Frequent interims



Prior 

probability

Accumulated 

data

Posterior 

probability



Posterior 
probability 
≥0.99 that a 
treatment is 

superior

Posterior 
probability of ≥0.90 

of having a 
mortality within 3%

treatment 
works

treatment 
not better



A statistically robust result

never 

indeterminant



Test multiple interventions



OutcomesAntibiotic trial OutcomesMacrolide trial

Traditional RCTs – serial testing of single hypotheses

REMAP – a self-learning system

Randomized, Embedded, Multifactorial, Adaptive Platform

Ventilation trial Outcomes

Antibiotics

Immunomodulation

Ventilation

Outcomes



Begin data collection with 

initial allocation rules

Analyse 

available data

Stopping rule 

met?

Revise allocation 

rules per adaptive 

algorithm

Continue trial

Stop domain and 

continue other 

interventions

Yes

No





azithromycin for 

three days

azithromycin for 

fourteen days

vs.

steroids

no steroids

vs.



Vt six 

ml/kg

Vt eight 

ml/kg



Evaluate subgroups



Shock vs. 

no Shock



Response adaptive 

randomization



Conventional 
trial

1:1 randomization

Platform 
trial

If a subgroup starts doing 
better with one treatment, 

randomize more to that 
treatment



regression to 
the mean





real differences

accentuated
vs.

statistical anomalies 

regress to the 

mean



Scenario: steroids 
are beneficial for the 
subgroup with shock



collect data

conduct an 

interim analysis

looks like patients 

with shock are 

doing better with 

steroids

randomize more patients 

with shock to steroids



collect data

conduct an 

interim analysis

still looks like 

patients with shock 

are doing better 

with steroids

randomize more patients 

with shock to steroids



collect data

conduct an 

interim analysis
randomize more patients 

with shock to steroids

99% chance that steroids 

are better than no 

steroids if you have shock

all patients with 

shock now get 

steroids



collect data

conduct an 

interim analysis

patients without shock continue to 

be randomized to steroids vs. 

placebo

≥90% chance that steroids 

are not better than no 

steroids if you have do not 

have shock

study arm 

ceases







assumptions which 
underlie mathematical 

simulations and stopping rules 

are determined by 

clinicians



every disease which is 
a major public health problem 

should be the subject of a 

perpetual global trial



save money by not 
using treatments which are 

ineffective



saves lives by 
incorporating treatments that 
save lives into standard care



individualise treatment



prepare for 

pandemics by 
establishing global trial 

infrastructure



@DogICUma

paul.young@ccdhb.org.nz



Registry-embedded CXO trials



Is stress ulcer 
prophylaxis indicated?

Which class is 
preferred?

Why PPIs might be the 
hidden killers



•Alhazzani W, Alenezi F, Jaeschke RZ, et al. Proton pump inhibitors versus histamine 2 receptor 
antagonists for stress ulcer prophylaxis in critically ill patients: a systematic review and meta-
analysis. Critical Care Med 2013;41:693-705





• 4 out of 14 trials 

abstracts only

• All trials 

underpowered

• Blinding

• Treatment effects 

greatest in most 

flawed studies

• Implausible effects



• PPIs independently 

associated with an 

increased risk of GI 

bleeding

Maclaren R, Reynolds PM, Allen RR. Histamine-2 Receptor Antagonists vs Proton Pump Inhibitors 
on Gastrointestinal Tract Hemorrhage and Infectious Complications in the Intensive Care Unit. 
JAMA Intern Med. 2014 Feb 17. doi:10.1001/jamainternmed.2013.14673. [Epub ahead of print]



•Krag M, Perner A, Wetterslev J, et al. Stress ulcer prophylaxis versus placebo or no prophylaxis 
in critically ill patients : A systematic review of randomised controlled trials with meta-analysis. 
Intensive Care Med. 2014;40:11-22

• 1971 participants

• No trials from the 

last decade

• All underpowered

• Small negative 

trials missing



What the 
guidelines say



H2RBs

PPIs

Nothing



PPIs & 
pneumonia risk



Bateman BT, Bykov K, Choudhry NK, et al. Type of stress ulcer prophylaxis and risk of nosocomial 
pneumonia in cardiac surgical patients: cohort study. BMJ 2013;347:f5416 

OR 1.17 [95% CI 1.04 to 1.32]



OR 1.20 [95% CI 1.03 to 1.41]

Maclaren R, Reynolds PM, Allen RR. Histamine-2 Receptor Antagonists vs Proton Pump Inhibitors 
on Gastrointestinal Tract Hemorrhage and Infectious Complications in the Intensive Care Unit. 
JAMA Intern Med. 2014 Feb 17. doi:10.1001/jamainternmed.2013.14673. [Epub ahead of print]



PPIs & C. diff 
risk





OR 1.33  [95% CI 1.09 to 1.63]
Maclaren R, Reynolds PM, Allen RR. Histamine-2 Receptor Antagonists vs Proton Pump Inhibitors 
on Gastrointestinal Tract Hemorrhage and Infectious Complications in the Intensive Care Unit. 
JAMA Intern Med. 2014 Feb 17. doi:10.1001/jamainternmed.2013.14673. [Epub ahead of print]



Other problems 
with PPIs



• Interstitial nephritis

• diarrhoea

• hypomagnesaemia



Where to next?



comparative 
effectiveness 

study

cluster 
crossover 

trial



big data
cluster 

cross-over



@DogICUma

paul.young@ccdhb.org.nz


