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Objective



To provide some insight into what 
“trialists” do/think about…



I am not a statistician
I treat real patients



What is a Hemorrhage Control Intervention?



Transfusion Strategies
Some new drugs (factor concentrates, etc.)

Medical Devices
Surgical Techniques











More similarities than you might think



Why do Clinical Trials at all?



“You don’t need a Randomized Clinical Trial to 
know that parachutes work”



This is a REBOA catheter

It is not a parachute



This is a parachute
(Jyro, JFX-2, 99 sq ft)

This is a 51 year old 
trauma surgeon, who 
likes to engage in age-
inappropriate hobbies 
(can’t play golf…)



It saves my life – 
every weekend



Do I want to test parachutes in a Randomized 
Clinical Trial? 



H*** no!



But why not? 
You’re a trialist! 



Because the effect size of a parachute (in 
terms of reducing mortality) is close to 1



We know this from historical (“prior”) data, 
experiments not involving humans (or 

animals), etc. 



Bayesian

Prior Data New Data Posterior 
Probability

New Data p-value

Frequentist

& How we 
think

How we 
do clinical 

trials



There are very few (new) interventions in 
medicine that reduce the probability of death 

from nearly 100% to nearly 0%



And that’s why we need 
Randomized Clinical Trials



Can’t make assumptions (plenty of examples)
We need to show that this stuff works





Great! 
What’s the problem?



It’s really hard to do (well)



Inclusion criteria
Enrollment window

Randomization and blinding
Complex interventions

Lead time
Intercurrent events and “crossovers”

Intention to treat
What’s good enough for clinicians?





Resuscitation with Whole Blood
vs

Resuscitation with Component Therapy



1,100 patients (370 enrolled)
15 Level 1 Trauma Centers





Empiric Prothrombin Complex Concentrate
vs

Placebo



Recently stopped (after 1,370 patients)
(Not a safety issue, business decision by funder)

~100 sites in US, UK, AUS





Standard Care + REBOA
vs

Standard Care alone



90 patients 
(stopped at second interim analysis)

15 Major Trauma Centers (UK)





Let’s design a clinical trial evaluating a Hemorrhage 
Control Intervention…



Trauma Patients

Trial Population

Inclusion/exclusion criteria (eligibility assessment)
Enrollment
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Randomize (How?)

Hemorrhage Control 
Intervention Standard Care
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Allocation

Deliver Intervention! Deliver Intervention!
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Inclusion Criteria



Trauma Patients

Trial Population

Inclusion/exclusion criteria (eligibility assessment)

Randomize (How?)

Hemorrhage Control 
Intervention Standard Care

Follow-up Follow-up

Assess outcome 
(mortality?)

Assess outcome 
(mortality?)
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Bleeding patients!
Obvious, isn’t it?





LITES (TOWAR) 
vs 

TROOP/TAP/UK-REBOA



1. Injured patients at risk of hemorrhagic shock being transported from 
scene or referral hospital to a participating TOWAR trial site that meet 
requirements for initiation of blood or blood component transfusion

AND

2A. Systolic blood pressure ≤ 90mmHg and tachycardia (HR ≥ 108) at 
scene, at outside hospital or during transport OR

2B. Systolic blood pressure ≤ 70mmHg at scene, at outside hospital or 
during transport



1. Adult trauma patient
2. Patient taken to trauma center directly from scene
3. Commencement of blood transfusion
4. Activation of site-specific Massive Transfusion Protocol
5. Traumatic injury with at least one of the following
 a) Confirmed or suspected acute major bleeding
 b) Assessment of Blood Consumption (ABC) Score ≥2



1. Injured patients at risk of hemorrhagic shock being transported from 
scene or referral hospital to a participating TOWAR trial site that meet 
requirements for initiation of blood or blood component transfusion

AND

2A. Systolic blood pressure ≤ 90mmHg and tachycardia (HR ≥ 108) at 
scene, at outside hospital or during transport OR

2B. Systolic blood pressure ≤ 70mmHg at scene, at outside hospital or 
during transport



SBP <90 mmHg… or <70 mmHg

Always? Once? For how long? Over what 
period? ”Incorrect” reading?

Is this how we practice in “real life”?



1. Adult trauma patient
2. Patient taken to trauma center directly from scene
3. Commencement of blood transfusion
4. Activation of site-specific Massive Transfusion Protocol
5. Traumatic injury with at least one of the following

a) Confirmed or suspected acute major bleeding
 b) Assessment of Blood Consumption (ABC) Score ≥2



1. Aged, or believed to be aged, 16 years or older
 
2. With confirmed or suspected life-threatening torso hemorrhage

3. Which is thought to be amenable to adjunctive treatment with REBOA



Global (“Gestalt”) Assessment



Less objective?







There are no “perfect” inclusion criteria
If there were – we’d all be using them



It’s a diagnostic test – which has a 
performance (sensitivity, specificity, etc.)



In an ideal world/scenario, we would derive 
them, and then evaluate them 

(pilot/feasibility study) to make sure that the 
underlying assumptions are correct



Changing inclusion criteria is a big deal… 
because everything else changes, too



Entry Criteria

Available patients

Outcome

Sample size



Mortality was lower than expected



Should have done a pilot…



Careful analysis (within-trial)
Only predictor of mortality: GCS<15



Entry Criteria

Available patients

Outcome

Sample size



Take-Home Point:

Choice of inclusion criteria is far more 
important (and far harder) than people think



Enrollment Window



Trauma Patients

Trial Population

Inclusion/exclusion criteria (eligibility assessment)

Randomize (How?)

Hemorrhage Control 
Intervention Standard Care

Follow-up Follow-up

Assess outcome 
(mortality?)

Assess outcome 
(mortality?)

Enrollment

Allocation

Follow-up/assessment

Deliver Intervention! Deliver Intervention!



Is a key part of the inclusion criteria… 
but rarely considered or tested



Risk of death changes over time 
(from arrival in hospital)





0-30 mins

91-120 mins

31-60 mins
61-90 mins



Quick decision (and quick enrollment) is 
associated with higher risk of death



Take-Home Point:

In trauma/hemorrhage control trials, the 
process of entering a patient into the trial is 

not “static”



Randomization and Blinding



Trauma Patients

Trial Population

Inclusion/exclusion criteria (eligibility assessment)

Randomize (How?)

Hemorrhage Control 
Intervention Standard Care

Follow-up Follow-up

Assess outcome 
(mortality?)

Assess outcome 
(mortality?)

Enrollment

Allocation

Follow-up/assessment

Deliver Intervention! Deliver Intervention!





Sometimes you can’t do it at all



Gold Standard



Quasi-Randomization





“Process”: High tech and low tech





Remote randomization



“Packaging”







Take-Home Point:

Randomization (and concealment) needs to 
strike a balance between rigor and 

operational practicability



“Complex Interventions” and “Treatment Strategies”
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What makes a trial intervention “complex”?



Properties of the intervention itself
Range of behaviors targeted
Expertise and skills required 

Number of groups, settings, or levels targeted
Permitted level of flexibility



Broader (range of) questions
Resources required

Context/setting
System change



Are Hemorrhage Control Interventions complex?

Transfusion Strategies?
REBOA?

ResQFoam?



Take-Home Point:

Hemorrhage Control Interventions are almost 
always Complex Interventions, and need to be 

evaluated as such



Lead Time



Closely related to “complex intervention”



Trauma Patients

Trial Population
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Many interventions are not  delivered 
“instantaneously” – even medications



And patients’ conditions change quickly





Pharmacy/Research Pharmacy (some)
Three vials

”Rolled”, not shaken



Things can happen while this is going on

Patients get better
Patients die

Patients are found to no longer be eligible

(“Intercurrent Events”)



Process Times – Subjects who Died

Time from arrival to 
enrollment/ 
randomization

Time from enrollment/ 
randomization to IP 
infusion

Time from IP infusion to 
death

“x” = undosed 
subjects

Subjects

m
in

s



Patients dying before they can have the 
intervention really messes with the stats!



Power calculation was based on 2% absolute risk 
reduction, baseline 6h mortality of 10%

If one-third of the 10% of patients die before they 
receive the drug, it makes the analysis really tough



Take-Home Point:

Lead time is a major issue in Hemorrhage 
Control Trials… even in blinded studies!



Intercurrent Events and “Crossovers”



This is also a lead-time issue, but with 
reference to studies that cannot be blinded



Trauma Patients
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What is an Intercurrent Event?



Anything that happens post-randomization that 
affects either the interpretation of outcome data 

(e.g., treatment non-adherence) or the 
existence of outcome data (e.g., death if not 

already used as part of the outcome definition)





Patient is allocated to REBOA arm

Patient gets better (or worse, or can’t get 
access) and does NOT receive REBOA



Patient is allocated to REBOA arm

Patient gets better (or worse, or can’t get 
access) and does NOT receive REBOA



Does this mean they are a “crossover” to the 
other (standard care) arm?



Trauma Patients

Trial Population

Inclusion/exclusion criteria (eligibility assessment)

Randomize (How?)

Hemorrhage Control 
Intervention Standard Care

Follow-up Follow-up

Assess outcome 
(mortality?)

Assess outcome 
(mortality?)

Enrollment

Allocation

Follow-up/assessment

Deliver Intervention! Deliver Intervention!



Not really a ”crossover” or “non-compliance” 
issue

Patient was enrolled in good faith, but – for 
valid reason – couldn’t or shouldn’t have the 

intervention that they were allocated to



R5  Catheter inserted, balloon inflated

R4/C1  Catheter inserted, but balloon not inflated (patient improved)

R3/C1  Arterial access achieved, no balloon insertion (patient improved)

R2  Arterial access attempted, but unsuccessful

R1/C2  Arterial access not attempted (patient deteriorated)

R1/C1  Arterial access not attempted (patient improved)

R0  REBOA deemed inappropriate, decided against

REBOA as a “Treatment Strategy”



Can we analyze them as “standard care 
patients”?



Absolutely not



Intercurrent events are not random events and 
these types of analyses (“per protocol” or “as 

treated”) are heavily biased



Some intercurrent events can only occur in one 
arm (in a non-blinded study)

But they would have occurred, had the 
intervention been available to patients in the 

other arm



There are analytical strategies to take account 
of this (e.g. Complier Average Causal Effect, 

CACE) – but these are conceptually quite 
difficult



Also… the Intention to Treat analysis must 
remain as the main analysis



Take-Home Point:

Unblinded trials of complex interventions 
need to consider how to analyze the data of 

patients who did not receive the intervention 
that they were allocated to (for good reasons)



Intention To Treat, Effectiveness, and Efficacy



What is “Intention to Treat”?



A method for analyzing results where all 
participants who are randomized are included 

and analyzed according to the group they 
were originally assigned to, regardless of what 

treatment (if any) they received



ITT minimizes bias

The risk of bias is increased whenever 
treatment groups are not analyzed according 

to the group to which they were originally 
assigned



ITT is always the Gold Standard



It also aligns with “effectiveness”

Benefit in a “real world” (pragmatic) setting



The “policy question”





“Does the introduction of REBOA into the 
National Health Service reduce mortality from 

hemorrhage?”



Efficacy is about whether an intervention 
produces the expected result, under ideal 

circumstances



“If I do get this device/drug into the patient, 
before they die, or get better, does it raise 

their blood pressure?”





How does this work for transfusion trials?



When are patients “in”?
When the MTP is activated?



Take-Home Point:

ITT analyses are the gold standard, but 
operational details require careful 

consideration



What is good enough for clinicians? And regulators?



“p<0.05”



…right?



What is the definition of a p-value?



“The probability of getting results at least 
as extreme as the ones you observed, given 

that the null hypothesis is correct.”



We can do better!



Thomas Bayes (1702-1761)



Posterior probability is the actual probability 
(that it works, or not)

That’s NOT the same as a p-value 
(and much more useful)



But what is good enough?

95% vs 5%?

80% vs 20%?

51% vs 49%?



Regulators still believe in 95% vs 5%...

But I am not sure that is always right



95%/5% may be right for trials that evaluate 
new drugs (especially those that have an 

unfavorable adverse event profile)

Lower thresholds may be appropriate for 
strategies (!) that are already approved – such a 

certain types of blood products



Take-Home Point:

Bayesian approaches are useful because they 
are less binary than frequentist analyses, but 
the choice of threshold for success is difficult



Wrapping up



Clinical trials are really important



Clinical trials of Hemorrhage Control 
Interventions are really hard



Not because we want them to be!



We try to make sure that these studies are 
designed right, but there are a huge number 

of factors to consider – and some of these will 
not become apparent until the trial is running



jjansen@uabmc.edu
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