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Disclaimer	

•  The	opinions	or	asser9ons	contained	herein	are	the	
private	views	of	the	author	and	not	to	be	construed	as	
official	or	as	reflec9ng	the	views	of	the	Department	of	
the	Army	or	the	Department	of	Defense.	

•  There	are	no	conflicts	of	interest	to	disclose.	
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1.  Ignoring	indica9on	bias	
2.  Ignoring	survival/immortal	9me	bias	
3.  Ignoring	9me-varying	treatment	
4.  Ignoring	9me-dependent	confounding	

5.  Assuming	uniform	effects	over	9me	
6.  Assuming	missing	values	are	missing	at	

random	
7.  Selec9ng	invalid	covariates	(collider	bias)	
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§  37	unique	studies	iden9fied,	1	prospec9ve,	
												0	RCTs,	10	excluded	for	ambigui9es	

§  Significant	heterogeneity	precluded	a	valid			
											summary	rela9ve	risk	(RR)	from	meta-analysis	

§  25/27	studies	rated	very	low	quality	

§  No	survival	benefit	iden0fied	
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Three	Major	Methodologic	Flaws	
noted	in	systema0c	review	by	Smith	et	al	

a.  Indica9ons	for	PHT	(bleeding	severity)	
b.  Interven9ons	other	than	PHT	(pre-post	designs)		
c.  Time	(from	injury	to	start	of	PHT,	post-PHT	survival	9me)			
d.  Misclassifica9on	of	PHT	(transported	from	scene	vs.	transferred)	
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Our	MEDEVAC	PHT	Study		

Methods		
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Iden0fied	5	key	lessons	for	future	pre-hospital	studies	
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Lesson	1:		Select	valid	
covariates	(poten0al	

confounders)	for	matching	or	
sta0s0cal	adjustment	



502	poten0al	study	candidates	met	3	criteria:	
1)	U.S.	military	casualty	in	Afghanistan	April	1,	2012	-	August	7,	2015	
2)	Evacuated	alive	from	the	point	of	injury	by	MEDEVAC	helicopter	
3)	Documented	one	of	the	established	indica9ons	for	PHT:		
					a)	Mul9ple	trauma9c	amputa9ons,	at	least	one	above	knee	or	elbow	
					b)	Pre-hospital	heart	rate	>120	beats/minute	or	systolic	blood	pressure	<90	mmHg	

102	unmatched	
non-recipients.	

345	matching	non-
recipients	

55	PHT	recipients	were	stra9fied	based	on	5	factors:			
	1)	Mechanism	of	injury	(gunshot	vs.	explosion)	
	2)	Posi9ve	indicator	of	hemorrhagic	shock	(Yes/No)	
	3)	Trauma9c	limb	amputa9ons				
						a)	0=none	
						b)	1=1	below	knee/elbow	
						c)	2=2	or	more	below	knee/elbow	or	1	above	
											knee/elbow	but	below	hip	
						d)	3=2	or	more	above	knee/elbow	
	4)	Maximum	severity	of	head	injury	by	Abbreviated	
						Injury	Severity	(AIS)	score	(0-1	vs.	2	vs.	>3)	
	5)	Significant	torso	hemorrhage	by	AIS	score	(Yes/No)	

447	non-recipients	were	
group-matched	to	recipients	

=	

MEDEVAC	PHT	Retrospec0ve	Study	Flow	Diagram	
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Pre-hospital	hypertonic	saline	RCT	stra0fied	by	the	24	hour	sum	of	RBC	
transfusions	(0,	1-9,	10	or	more	units)	as	a	surrogate	for	bleeding	severity	
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Op0ons	toward	a	Solu0on	1.	

Directed	Acyclic	Graph	
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Lesson	2:		Iden0fy	all	highest-risk,	
PHT-eligible	pa0ents	(especially	pre-
hospital	deaths)	and	adjust	for	lec	
trunca0on	(immortal	0me/survival	bias)	
given	pa0ents	had	to	survive	long	

enough	to	receive	PHT	
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PROMMTT	study	afer	removal	of	deaths	within	30	minutes	of	ED	arrival	

Injury	mortality	rates	precipitously	decline	reflec9ng	
the	sequence	of	compe9ng	risks:		early	death	from	
bleeding,	later	head	injury,	and	finally,	complica9ons	
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Survival	Analysis	Time	75%	 Min	60	

Pa_ern	of	Early	Survival	in	Trauma	Acer	Injury	
																		(Mock	cohort,	for	example	only)	100%	

Which	individual						is	at	greater	risk?	
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Op0ons	toward	a	Solu0on	2.	
	

Conduct	survival	analysis	using	Cox	
propor0onal	hazards	modeling	to	adjust	for	
covariates	(poten0al	confounders)	and	
specify	“delayed	entry”	to	appropriately	
adjust	for	lec	trunca0on	(survival	long	

enough	to	receive	PHT)	
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Survival	Analysis	Time	0	 Min	60	

Non-recipient	Pa9ent	1	died	at	32	min	

Non-recipient	Pa9ent	2	died	at	14	min	

PHT-Recipient	Pa9ent	3	entered	at	min	17,	survived	min	60	

PHT-Pa9ent	4	entered	at	min	6	and	died	min	44	

Non-recipient	Pa9ent	5	survived	min	60	

Delayed	Entry	in	Survival	Analysis	

Prior	to	

M
EDEVAC	??		

2	

1	

3	

4	

5	



Adjusted	Cox	Propor0onal	Hazards	Models	

PHT	recipients	
	
Non-recipients	

a.	
24	hour	survival	

HR	=	0.26	(95%	CI	=	0.08	–	0.84,	P=0.025)	

b.	
30	day	survival	

HR	=	0.39	(95%	CI	=	0.16	–	0.92,	P=0.031)	

Condi0onal	30-day	survival	among	24-hour	survivors	

c.	

HR	=	0.84	(95%	CI	=	0.18	–	4.00,	P=0.831)	
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Lesson	3:		Some	in-hospital	
transfusions	may	be	ini0ated	sooner	
acer	injury	than	some	pre-hospital	

transfusions.			
Need	to	accurately	define	the	interven0on	–	
its	start-0me	(rela0ve	to	injury	occurrence)	
may	be	more	important	than	the	loca0on	or	

provider-type			



Early	Transfusion,	Pre-	or	In-Hospital	
Adjusted	Cox	Propor0onal	Hazards	Models	for	24	hour	Survival	

Earlier	transfusion	
	
Delayed	transfusion	

Transfusion	within	15	minutes	vs.	longer	
delays	acer	MEDEVAC	rescue	from	point	of	
injury		a.	

HR	=	0.17	(95%	CI	=	0.04	–	0.73,	P=0.017)	

Condi0onal	survival	among	16-minute	survivors:	
Transfusion	within	16-20	minutes	vs.	longer	
delays	b.	

HR	=	0.94	(95%	CI	=	0.41	–	2.17,	P=0.887)	
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Op0ons	toward	a	Solu0on	3.	
	

Redefine	the	interven0on	in	explicit	
terms	of	0ming	and	perform	

appropriately	adjusted	survival	
analyses	to	determine	whether	
there	is	a	cri0cal	0me	window	for	

ini0a0on	or	administra0on.			
	



J O I N T  T R A U M A  S Y S T E M  

Lesson	4:		Early	death	precludes	
longer-term	outcomes.		If	the	

interven0on	affects	early	death,	the	
assessment	of	longer-term	

outcomes	must	be	adjusted	for	the	
compe0ng	risk	of	early	death.			
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As	0me	progresses,	only	survivors	can	experience	subsequent	events	

Key	Requisite:		Study	Groups	are	at	Equal	Risk	of	Death	at	Start	of	Treatment	
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Suppose	we	want	to	test	the	hypothesis	that	PHT	reduces	total	24	hour	blood	
product	consump9on?		Need	SACE	for	any	hope	of	an	interpretable	result.			

Op0ons	toward	a	Solu0on	4.		
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Lesson	5:		Cau0ously	interpret	
findings	in	light	of	other	evidence	
available	and	evaluate	robustness	
to	alterna0ve	assump0ons	and	

analysis	strategies		
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•  ~	1770:		Pierre-Simon	Laplace	first	calculated	it	to			
																					compare	male	vs.	female	births	
	
•  1839:		The	American	Sta9s9cal	Associa9on	founded	

•  ~	1900:		Karl	Pearson	formally	introduced	it	for	χ2	

•  1925:		Ronald	Fisher	popularized	its	use	in	his	book,				
																	“Sta9s9cal	Methods	for	Research	Workers”		

History	of	the	P	value	as	an	index	of	
significant	between-group	difference	
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246,	177,	116,	91	years	later…	

Published…	



Key	Take-home	Points	from	the	
ASA’s	2016	Statement	on	P	value:	

	
1.  Does	not	measure	the	size	of	an	effect	or	the	

importance	of	a	result.			
2.  Does	not	measure	the	probability	that	the	

hypothesis	is	true	or	that	the	data	were	produced	by	
random	chance	alone.	

3.  Does	not	provide	a	good	measure	of	evidence	
regarding	a	model	or	hypothesis.		

4.  Should	not	form	the	basis	of	scien9fic	conclusions	or	
policy	decisions.	
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Assuming	the	null	hypothesis	is	true	(i.e.,	
between-group	difference=0),	the	sample	
was	drawn	randomly,	and	the	observed	data	
are	unbiased,	it	measures	only	the	
probability	that	the	results	could	have	been	
produced	by	random	chance	alone.	

So,	what	does	the	P	value	actually	mean?	



J O I N T  T R A U M A  S Y S T E M  

Op0ons	toward	a	Solu0on	5.	

“describe	in	detail	the	full	sequence	of	events	that	led	to	the	
sta9s9cs	presented,	including	1)	the	mo9va9on	for	the	study,	2)	its	
design,	3)	the	original	analysis	plan,	4)	criteria	used	to	include	and	
exclude	subjects	and	data,	and	5)	a	thorough	descrip9on	of	all	the	
analyses	that	were	conducted.”			
Test	for	alterna0ve	assump0ons	using	sensi0vity	analysis!					



Recent	Prospec0ve	PHT	Studies/Trials	
1.   PAMPer	RCT	–	plasma	vs.	standard	of	care	–	mul0-site	

a.  ClinicalTrials.gov	NCT01818427,	03/2013	–	03/2017	
b.  Currently	enrolling	

2.   COMBAT	RCT	–	fresh	frozen	plasma	vs.	crystalloid	–	single	site	
a.  ClinicalTrials.gov	NCT01838863,	04/2013	–	04/2017	
b.  Terminated	due	to	fu9lity	

3.   PROHS	observa0onal	study	–	RBCs/plasma	vs.	crystalloid	–	mul0-site	
a.  ClinicalTrials.gov	NCT02272465,	10/2014	–	11/2016	
b.  Inconclusive	results	due	to	between-group	imbalance	

4.   PUPTH	RCT	–	thawed	plasma	vs.	normal	saline	–	single	site	
a.  ClinicalTrials.gov	NCT02303964,	10/2014	-	2/2016	
b.  Withdrawn	due	to	low	enrollment	

5.   RePHILL	RCT	–	RBCs/lyophilized	plasma	vs.	normal	saline	–	mul0-site	
a.  EU	Clinical	Trials	EudraCT2015-001401,	13	12/2015	–	06/2017	
b.  Currently	enrolling		

6.   PREHO-PLYO	RCT	–	lyophilized	plasma	vs.		normal	saline	–	mul0-site		
a.  ClinicalTrials.gov	NCT02736812,	03/2016	–	04/2017	(EU)	
b.  Currently	enrolling	
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Challenges	for	Recent	PHT	Studies/Trials	

Ø Enroll	sufficient	numbers	of	high-risk	pa9ents	

Ø Deliver	PHT	soon	enough	afer	injury	occurrence	
to	prevent	hemorrhagic	mortality	

Ø Completely	ascertain	mortality	(pre-hospital,	in-
hospital	and	30-day)	and	other	outcomes	
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