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•  Les	hémorragies	=	90	%	des	causes	de	décès	
évitables	au	combat		
–  Extrémités	=	13,5	%		
–  JoncLonnelles	=	19,2%	
–  Tronc	=	67,2%		
obstruc(ons	VAS	et	pneumothorax	suffocants	plus	rares	(7,8	%	et	1,2	%	
des	cas).			

•  La	plupart	des	blessés	meurent	avant	l’arrivée	en	
structure	médicale	

	
Eastridge	BJ	et	al,	J	Trauma	Acute	Care	Surg.	2012	

Le	blessé	hémorragique	doit	être	pris	en	
charge	au	plus	tôt	
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A B S T R A C T

Introduction: The French army has been deployed in Mali since January 2013 with the Serval Operation
and since July 2014 in the Sahel-Saharan Strip (SSS) with the Barkhane Operation where the distances (up
to 1100 km) can be very long. French Military Medical Service deploys an inclusive chain from the point of
injury (POI) to hospital in France. A patient evacuation coordination cell (PECC) has been deployed since
February 2013 to organise forward medical evacuation (MEDEVAC) in the area between the POI and three
forward surgical units.
The purpose of this work was to study the medical evacuation length and duration between the call for
Medevac location accidents and forward surgical units (role 2) throughout the five million square
kilometers French joint operation area.
Materials and methods: Our retrospective study concerns the French patients evacuated by MEDEVAC
from February 2013 to July 2016. The PECC register was analysed for patients’ characteristics, NATO
categorisation of gravity (Alpha, Bravo or Charlie who must be respectively at hospital facility within
90 min, 4 h or 24 h), medical motive for MEDEVAC and the time line of each MEDEVAC (from operational
commander request to entrance in role 2).
Results: A total of 1273 French military were evacuated from February to 2013 to July 2016; 533 forward
MEDEVAC were analysed. 12,4% were Alpha, 28,1% Bravo, 59,5% Charlie. War-related injury represented
18,2% of MEDEVAC. The median time for Alpha category MEDEVAC patients was 145 min [100–251], for
Bravo category patients 205 min [125–273] and 310 min [156–669] for Charlie. The median distance from
the point of injury to role 2 was 126 km [90–285] for Alpha patients, 290 km [120–455] km for Bravo and
290 km [105–455] for Charlie.
Conclusions: Patient evacuation in such a large area is a logistic and human challenge. Despite this, Bravo
and Charlie patients were evacuated in NATO recommended time frame. However, due to distance, Alpha
patients time frame was longer than this recommended by NATO organisation. That’s where French
doctrine with forward medical teams embedded in the platoons is relevant to mitigate this distance and
time frame challenge.

ã 2016 Elsevier Ltd. All rights reserved.
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«	However,	due	to	distance,	Alpha	pa(ents	(me	frame	was	longer	than	
this	recommended	by	NATO	organisa(on.	That’s	where	French	
doctrine	with	forward	medical	teams	embedded	in	the	platoons	is	
relevant	to	mi(gate	this	distance	and	(me	frame	challenge.	»	

The	median	Lme	for	the	MEDEVAC	of	paLents	categorised	
Alpha	(n	=	66)	is	145	min	[100–251]	and	Bravo	(n	=	150)	is	
205	min	[125–273].	



Les	Forces	Spéciales,		
des	blessés	différents	?		

•  Blessés	de	guerre	«	classiques	»	
•  Peu	de	différences	avec	les	forces	
«	convenLonnelles	»	
– Moins	de	lésions	par	explosion	
–  Plus	d’hémorragies	sur	plaie	par	balle	
– Moins	de	cas	de	3	grandes	causes	classiques	de	mort	
évitables	(hémorragie	de	membre,	PNO	suffocant,	
obstrucLon	VAS)	

Mucciarone	JJ	et	al.	Mil	Med.	2006	
Mabry	RL	et	al.	J	Trauma.	2000	

Holcomb	JB	et	al.	Ann	Surg.	2007	

Kotwal	RS	et	al.	Arch	Surg.	2011	



Blood	is	for	resuscita'on	
Salted	water	is	for	thalassotherapy	treatments			
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A B S T R A C T

Introduction: Haemorrage is the leading cause of death after combat related injuries and bleeding
management is the cornerstone of management of these casualties. French armed forces are deployed in
Barkhane operation in the Sahel-Saharan Strip who represents an immense area. Since this constraint
implies evacuation times beyond doctrinal timelines, an institutional decision has been made to deploy
blood products on the battlefield and transfuse casualties before role 2 admission if indicated. The
purpose of this study was to evaluate the transfusion practices on battlefield during the first year
following the implementation of this policy.
Materials and methods: Prospective collection of data about combat related casualties categorized alpha
evacuated to a role 2. Battlefield transfusion was defined as any transfusion of blood product (red blood
cells, plasma, whole blood) performed by role 1 or Medevac team before admission at a role 2. Patients’
characteristics, battlefield transfusions’ characteristics and complications were analysed.
Results: During the one year study, a total of 29 alpha casualties were included during the period study.
Twenty-eight could be analysed, 7/28 (25%) being transfused on battlefield, representing a total of 22
transfusion episodes. The most frequently blood product transfused was French lyophilized plasma
(FLYP). Most of transfusion episodes occurred during medevac. Compared to non-battlefield transfused
casualties, battlefield transfused casualties suffered more wounded anatomical regions (median number
of 3 versus 2, p = 0.04), had a higher injury severity score (median ISS of 45 versus 25, p = 0,01) and were
more often transfused at role 2, received more plasma units and whole blood units. There was no
difference in evacuation time to role 2 between patients transfused on battlefield and non-transfused
patients. There was no complication related to battlefield transfusions. Blood products transfusion onset
on battlefield ranged from 75 min to 192 min after injury.
Conclusion: Battlefield transfusion for combat-related casualties is a logistical challenge. Our study
showed that such a program is feasible even in an extended area as Sahel-Saharan Strip operation theatre
and reduces time to first blood product transfusion for alpha casualties. FLYP is the first line blood product
on the battlefield.

© 2017 Elsevier Ltd. All rights reserved.

Introduction

Combat related injuries are characterized by their severity. In
recent conflicts, most of them result from explosions [1]. A study
assessing injury severity during these conflicts showed a mean ISS
of 27 and 37 during 2003–2004 and 2006 periods respectively [2].
In Iraq and Afghanistan conflicts, combat casualties presented with
several wounds, 4.2 wounds per casualty [1].
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Aucune	transfusion	de	sang	total	avant	
le	Role	2	dans	cefe	série	



L’insuffisance	hématologique	globale	
de	l’hémorragie	grave	

Coagulopathie	 Endotheliopathie	 Defe	d’O2	



J	Trauma	Acute	Care	Surg	
Volume	82,	Number	6,	Supplement	1	



Le	sang	total		

•  In	vitro,	Le	sang	total	a	des	capacités	hémostaLques	et	des	capacité	de	transport	d’O2	
supérieures	à	du	sang	«	reconsLtué	»		

•  Cliniquement,	Le	recul	est	important,	et	sang	total	chez	le	blessé	de	guerre	=	survie	

CGR	+	plaquefes	+	plasma		1	:1	:1		
(+	soluLons	addiLves	+anLcoagulants)	:	

Hb	=	9g/dL,		
plaquefes	88000/μL	750mg	de		
Fibrinogène	=	750mg		
acLvité	des	facteurs	de	
coagulaLon	:	65%.		

Une	poche	de	sang	total	de	500ml	:	
	Hb	=	13	et	15g/dL	
plaquefes	=	150000	à	400000	/	μL,		
Fibrinogène	=	1500mg		
acLvité	des	facteurs	de	coagulaLon	:	100%		

Kauvar	DS	et	al.	J	Trauma.	2006	
Bowling	F	et	al.	J	Spec	Oper	Med.	2010	

...	le	sang	total	non	seulement	est	une	alternaLve	raisonnable	
aux	composants	du	sang,	mais	serait	même	plus	efficace	

pour	le	traumaLsé	grave	en	choc	hémorragique.		

Nessen	et	al.	Transfusion.	2013	/	Esnault	et	al.	Ann	Fr	Anesth	Reanim.	2013	
Spinella	et	al.	J	Trauma.	2009	



Transfusions	préhospitalières	

•  En	milieu	civil,	pas	de	bénéfice	«	prouvé	»	sur	la	
survie	:	biais	méthodologiques	
–  Rehn	M	et	al.	Shock.	2018	
–  Rehn	M	et	al.	Transfus	Med.	2017	
–  Holcomb	JB	et	al.	J	Trauma	Acute	Care	Surg.	2017	
–  Huang	GS	et	al.	Int	J	Burns	Trauma.	2017	

	
•  En	milieu	militaire,	des	études	rétrospecLves	plus	
concluantes	
–  O’Reilly	DJ	et	al.	J	Trauma	Acute	Care	Surg.	2014	
–  Shackelford	SA	et	al.	JAMA.	2017	



24	hour	survival	 30	day	survival	

CondiLonal	30-day	
survival	among	24-hour	

survivors	



Transfusion	within	15*	minutes	vs.	
longer	
delays	aver	MEDEVAC	rescue	from	
point	of	injury	

CondiLonal	survival	among	16-
minute	survivors:	
Transfusion	within	16-20	minutes	vs.	
Longer	delays	

è	La	rapidité	de	la	prise	en	charge	est	primordiale	



Trauma Hemostasis and Oxygenation Research Network position
paper on the role of hypotensive resuscitation as part of remote

damage control resuscitation

Thomas Woolley, MD, Patrick Thompson, Emrys Kirkman, PhD, Richard Reed, Sylvain Ausset, MD,
Andrew Beckett, MD, Christopher Bjerkvig, MD, Andrew P. Cap, MD, PhD, Tim Coats, MD,Mitchell Cohen, MD,
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Håkon Skogran Eliassen, Jason Smith, MD, Mike Smith, PhD, Philip Spinella, MD, Geir Strandenes, MD,
Kevin Ward, MD, Sarah Watts, PhD, Nathan White, MD, and Steve Williams, Birmingham, United Kingdom

ABSTRACT: The Trauma Hemostasis and Oxygenation Research (THOR) Network has developed a consensus statement on the role of permissive hypoten-
sion in remote damage control resuscitation (RDCR). A summary of the evidence on permissive hypotension follows the THOR Network posi-
tion on the topic. In RDCR, the burden of time in the care of the patients suffering from noncompressible hemorrhage affects outcomes. Despite
the lack of published evidence, and based on clinical experience and expertise, it is the THOR Network’s opinion that the increase in prehospital
time leads to an increased burden of shock, which poses a greater risk to the patient than the risk of rebleeding due to slightly increased blood
pressure, especially when blood products are available as part of prehospital resuscitation. The THOR Network’s consensus statement is, “In a
casualty with life-threatening hemorrhage, shock should be reversed as soon as possible using a blood-based HR fluid. Whole blood is preferred
to blood components. As a part of this HR, the initial systolic blood pressure target should be 100mmHg. In RDCR, it is vital for higher echelon
care providers to receive a casualty with sufficient physiologic reserve to survive definitive surgical hemostasis and aggressive resuscitation. The
combined use of blood-based resuscitation and limiting systolic blood pressure is believed to be effective in promoting hemostasis and reversing
shock” (J Trauma Acute Care Surg. 2018;84: S3–S13. Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.)

I n a casualty with life-threatening hemorrhage, shock should be
reversed as soon as possible using a blood-based hemostatic

resuscitation (HR) fluid. Whole blood is preferred to blood

components. As a part of this HR, the initial systolic blood pres-
sure (SBP) target should be 100 mm Hg. Remote damage con-
trol resuscitation (RDCR) has previously been defined as the
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è	L’usage	de	produits	sanguins	autoriserait	à	

élever	les	objecMfs	tensionnels	





Transfusion	de	sang	total	à	l’avant	:		

Deux	stratégies	possibles	:	

•  Mise	en	banque	de	sang	«	de	terrain	»		
•  La	transfusion	«	entre	camarades	»	(«	Buddy	
transfusion	»)	



ConsMtuMon	d’une	banque	de	sang	

«	de	terrain	»		
	

– 	Sang	immédiatement	disponible	

– Transport	validé,	y	compris	en	situaLons	extrêmes	
•  Strandenes	G	et	al.	J	Trauma	Acute	Care	Surg	2015	
•  Boscarino	C	et	al.	J	Trauma	Acute	Care	Surg	2014	
•  Meli	A	et	al.	Transfusion	2018	
•  Javaudin	O	et	al.	J	R	Army	Med	Corps	2018	

– Problème	du	recomplètement	de	la	banque	...	
– Sang	moins	«	frais	»	...	



2 Javaudin O, et al. J R Army Med Corps 2018;0:1–5. doi:10.1136/jramc-2017-000886

Original paper

All the RBCs were of type A blood group, separated from 
whole blood, leucodepleted, conserved in SAG-M (saline 
adenine glucose manitol) and had been stocked at +4°C until 
they were placed in isothermal boxes.

The other products were transported in a GC28 box (French 
Navy).

Temperature monitoring was carried out by three types of 
tracers:

 ► Emerald (Océasoft, Montpellier, France): reusable 
temperature data logger with remote reading (on 
smartphone or tablet), used for another study

 ► Labovigil (KBS, Moissy Cramayel, France): reusable 
temperature data logger but with contact reading, used 
as a reference

 ► TempTale (Sensitech, Beverly, Massachussets, USA): one-
time temperature data logger and direct reading, used 
routinely.

After a period of development of the packages, of the package 
release environment and of buoyancy tests for the blood trans-
port box, three experiments were carried out, totalling four 
air-drops.

First and second drops: technical grounding tests
These preliminary tests were necessary to check the confor-
mity of the packages prepared for the release environment, the 
feasibility of dropping by a French Air Force CASA CN235-300 
aircraft and the absence of physical deterioration of the dropped 
products. Two dropping configurations were conveyed to the 
Francazal Air Base, Toulouse (online supplementary annex 1).

The two configurations were dropped by one of the side 
doors of a CASA-300 from an altitude of 800 feet (Figure 1 and 
Figure 2).

Third and fourth drops: grounding tests with real products
These drops were performed near Toulouse (France) with sunny 
weather and a mean exterior temperature of 15°C. Two air-drops 
were carried out:

Drop of configuration 2 at medium altitude with automatic opening
 ► One insulated case containing the following:

 – 25 expired RBCs (expired 11 days ago: 53 days of life; 
the maximum in France is 42 days)

 – One TempTale temperature data logger
 – One Emerald plotter for real-time temperature checking

 ► One waterproof case:
 – Two cardboard boxes of 10 expired FLYPs.

Drop of one bottle of FLYP in ‘operational bag’, expired, dumped 12 
000 feet with jumper-(jump with controlled delayed opening)
The main interest of this test was the observation of the resis-
tance of the FLYP, which was under vacuum in a glass phial, after 
going through a depressurised environment followed by rapid 
repressurisation (Figure 3: the drop).

Quality control
External assessment
Before and after each air-drop, visual inspection was carried out 
on the container and the products inside: appearance and pres-
ence of water in the boxes, integrity of eutectics and temperature 

Figure 1 Configuration 1.

Figure 2 Configuration 2.

Figure 3 Drop.
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ABSTRACT
Background Haemorrhagic shock remains the leading 
cause of preventable death in overseas and austere 
settings. Transfusion of blood components is critical in 
the management of this kind of injury. For French naval 
and ground military units, this supply often takes too long 
considering the short shelf-life of red blood cell concen-
trates (RBCs) and the limited duration of transport in 
cooling containers (five to six days). Air-drop supply could 
be an alternative to overcome these difficulties on the 
condition that air-drop does not cause damage to blood 
units.
Methods After a period of study and technical develop-
ment of packaging, four air-drops at medium and high 
altitudes were performed with an aircraft of the French Air 
Force. After this, one air-drop was carried out at medium 
altitude with 10 RBCs and 10 French lyophilised plasma 
(FLYP). A second air-drop was performed with a soldier 
carrying one FLYP unit at 12 000 feet. For these air-drops 
real blood products were used, and quality control testing 
and temperature monitoring were performed.
Results The temperatures inside the containers were 
within the normal ranges. Visual inspection indicated 
that transfusion packaging and dumped products did not 
undergo deterioration. The quality control data on RBCs 
and FLYP, including haemostasis, suggested no difference 
before and after air-drop.
Discussion The operational implementation of the 
air-drop of blood products seems to be one of the solu-
tions for the supply of blood products in military austere 
settings or far forward on battlefield, allowing safe and 
early transfusion.

BACKGROUND
Haemorrhagic shock is the leading cause of prevent-
able death in a combat operational theatre.1–3 The 
early transfusion of labile blood products to a 
war-wounded person is thus an integral part of the 
doctrine of damage-control resuscitation, particu-
larly focusing on the time component, which must 
be as short as possible.4–6 The French Military 
Blood Institute (CTSA) is the starting point for the 
supply of blood and blood derivatives for haemo-
static purposes: red blood cell concentrates (RBCs), 
French lyophilised plasma (FLYP), kits for collec-
tion and transfusion of fresh whole blood during 
operations, blood-derived medicines (fibrinogen 
and activated factor VII) or thermosensitive ones 
(suxamethonium). This medical supply is carried 
out in favour of naval units, including the nuclear 
aircraft carrier, projection and command vessels, 
nuclear submarines, and ground units, including 
those at role 2, role 1, and the vital surgery module 
that accompanies some special forces units.

Regarding naval units, the blood supply is 
carried out by sea, which often takes too long 
considering the short shelf-life of the RBCs and the 
limited duration (five to six days) of their transport 
in non-electrically powered isothermal boxes. For 
ground units, medical supply is mainly by air. This 
may be complicated in the absence of a landing 
strip close to the medical unit, and all the more 
so if strong elongations do not allow the use of 
helicopters. Finally, land transport can be slow and 
incompatible with the need for operational discre-
tion.7 8

These difficulties can be circumvented by 
air-drop supply.9 The specificity and fragility of the 
products require, however, verifying the absence 
of a negative impact caused by this process on the 
quality and integrity of the products to make sure 
that they can be transfused to patients without 
increased risk.

MATERIALS AND METHODS
Air-drop procedures
This study, supported by the French General Direc-
tion for Armaments as part of a ‘participatory inno-
vation mission’, was carried out jointly between the 
French Military Blood Institute (CTSA: Centre de 
transfusion sanguine des armées) and the technical 
airborne staff—French Army (STAT: Section tech-
nique de l'armée de terre)—with the help of the 
French Airborne expertise centre (CEAM: Centre 
d'expertise aérienne militaire). Assessments took 
place between September 2015 and February 2016 
near Toulouse in France. The RBCs and medicinal 
products (derived from blood or heat-sensitive) 
were transported in an isothermal box (MT25E, 
Electrolux). The temperature was maintained by 12 
freeze packs (−15°C) separated from the products 
by a metallic box and plastic paper (validated oper-
ational composition for transport of blood products 
without air-drop).

Key messages

 ► This article aims to present a new mode of 
supplying blood products in the French Army.

 ► This method of air-drop supply has become 
necessary because of the importance of 
transfusion for the survival of haemorrhagic 
wounded soldiers.

 ► This study demonstrated that this method does 
not have a negative impact on the quality of 
transfusion products and can be used routinely.
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data logger, and appearance of RBC bags, FLYP and accessories 
(water for injection phial, transfusion set) in their packaging.

Quality control analysis
Parameters were assessed as follows:

 ► haematocrit: calibrated fixed volume cytometry (Sysmex 
XE2100)

 ► haemoglobin: photometry (Sysmex XE2100)
 ► haemolysis: photometry (Sysmex XE2100) and 

spectrophotometry (Shimadzu UVPC 2401): supernatant 
obtained by two centrifugation and one decantation

 ► factor V, factor VIII, fibrinogen, partial thromboplastin time 
(PTT), prothrombin ratio (PR): viscometry (Compact STA)

 ► proteins: Biuret technique (Shimadzu UVPC 2401 
spectrophotometer).

During the tests of landing with real products, quality control 
was carried out on lyophilised plasmas and RBCs: for RBCs a 
sample of 10 mL was drawn before release on 10 of the 25 RBCs 
from the insulated case (15 bags serving as refrigerating charge). 
A comparative control before (on sample) and after (on bag) the 
drop was then carried out to ensure the absence of red blood cell 
stress. The following parameters were studied: haemoglobin, 
haematocrit and haemolysis. For lyophilised plasmas: 10 FLYPs 
dropped from an altitude of 800 feet coming from five different 
batches (2×5) were compared with FLYPs from the same five 
batches, not dropped. The FLYP dropped from 12 000 feet was 
also compared with an FLYP from the same batch, which has 
been left on the ground. The following parameters were studied: 
factor V, factor VII, factor VIII, fibrinogen, proteins, activated 
PTT, PR, residual moisture and reconstitution time.

During these tests, the temperature of the isothermal box was 
controlled by an Emerald temperature data logger (lined by a 
TempTale temperature data logger) allowing the conventional 
recording of the temperature and, especially, a direct reading 
without contact and without opening the isothermal box. 
Finally, a Labovigil temperature data logger was placed outside 
the isothermal box during the tests to control the ambient condi-
tions of the boxes.

Statistical analysis
Results are expressed as mean±SD. Differences were tested with 
non-parametric t-test, and P<0.05 was considered as significant. 
All statistical analyses were performed with Prism X (GraphPad, 
San Diego, California, USA).

RESULTS
Temperatures
Temperature plotters present in the RBCs’ box, in one of two 
boxes of FLYP, as well as in ambient conditions remained in the 
required ranges for the standards of good transportation prac-
tices for blood products. The following time indicators were 
used:

 ► 02/02/16, 16:25: closing of the boxes

 ► 04/02/16, 08:30: air-drop
 ► 05/02/16, 19:20: opening of the boxes and cold storage of 

blood products.
The storage temperature of the RBCs in the isothermal box 
remained between +2°C and +6°C. The temperature of FLYP 
dropped at medium altitudes remained below +25°C. The 
FLYP dropped from 12 000 feet remained within the allowable 
temperature ranges.

Red blood cell concentrates
The visual inspection carried out after the air-drop did not reveal 
any damage to the dropped isothermal box. The contents of the 
box were identical before and after the air-drop, confirming 
that the bag was not torn, as well as the integrity of eutectics 
and the temperature data logger. Visually, the RBC bags were 
not impacted by the air-drop. Quality controls focused on the 
concentration of haemoglobin, haematocrit and calculated 
haemolysis.

For these three parameters, no difference could be 
established between the values before and after air-drop 
(Table 1 and Figure 4).

Of the 10 RBCstested, one haemolysis value stands out from 
the others (normal range <0.8% of red cell mass). This value 

Table 1 Chart of quality control for red blood cell concentrates 
Mean value 
before drop 
(SD)

Mean 
value after 
drop (SD) P value

% 
Variation

Haemoglobin (g/dL) 18.3 (3.2) 17.7 (2.7) 0.3 −3.3
Haematocrit, % 58.4 (9.6) 56.7 (8.7) 0.2 −2.9
Haemolysis, % 0.63 (0.22) 0.68 (0.64) 0.2 +7.9

Figure 4 Graph of quality control for RBCs.

Table 2 Chart of quality control for French lyophilised plasma 
Mean value before 
drop (SD)

Mean value after 
drop (SD) P value

Fibrinogen, g/L 2.09 (0.15) 2.07 (0.19) 0.9
Factor V, % 55 (6) 53 (5) 0.2
Factor VII, % 56 (12) 54 (11) 0.9
Factor VIII, % 51 (12) 50 (8) 0.9
Proteins, g/L 59.91 (2.91) 60.46 (3.16) 0.1
Prothrombin ratio, % 48 (3.3) 47 (2.6) 0.9
Partial thromboplastin 
time, s

52.5 (3.0) 52.7 (2.0) 0.8

Residual moisture, % 0.26 (0.06) 0.28 (0.09) 0.4
Recovery time, min 3:44 (0:49) 3:39 (0:45) 0.9
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data logger, and appearance of RBC bags, FLYP and accessories 
(water for injection phial, transfusion set) in their packaging.

Quality control analysis
Parameters were assessed as follows:

 ► haematocrit: calibrated fixed volume cytometry (Sysmex 
XE2100)

 ► haemoglobin: photometry (Sysmex XE2100)
 ► haemolysis: photometry (Sysmex XE2100) and 

spectrophotometry (Shimadzu UVPC 2401): supernatant 
obtained by two centrifugation and one decantation

 ► factor V, factor VIII, fibrinogen, partial thromboplastin time 
(PTT), prothrombin ratio (PR): viscometry (Compact STA)

 ► proteins: Biuret technique (Shimadzu UVPC 2401 
spectrophotometer).

During the tests of landing with real products, quality control 
was carried out on lyophilised plasmas and RBCs: for RBCs a 
sample of 10 mL was drawn before release on 10 of the 25 RBCs 
from the insulated case (15 bags serving as refrigerating charge). 
A comparative control before (on sample) and after (on bag) the 
drop was then carried out to ensure the absence of red blood cell 
stress. The following parameters were studied: haemoglobin, 
haematocrit and haemolysis. For lyophilised plasmas: 10 FLYPs 
dropped from an altitude of 800 feet coming from five different 
batches (2×5) were compared with FLYPs from the same five 
batches, not dropped. The FLYP dropped from 12 000 feet was 
also compared with an FLYP from the same batch, which has 
been left on the ground. The following parameters were studied: 
factor V, factor VII, factor VIII, fibrinogen, proteins, activated 
PTT, PR, residual moisture and reconstitution time.

During these tests, the temperature of the isothermal box was 
controlled by an Emerald temperature data logger (lined by a 
TempTale temperature data logger) allowing the conventional 
recording of the temperature and, especially, a direct reading 
without contact and without opening the isothermal box. 
Finally, a Labovigil temperature data logger was placed outside 
the isothermal box during the tests to control the ambient condi-
tions of the boxes.

Statistical analysis
Results are expressed as mean±SD. Differences were tested with 
non-parametric t-test, and P<0.05 was considered as significant. 
All statistical analyses were performed with Prism X (GraphPad, 
San Diego, California, USA).

RESULTS
Temperatures
Temperature plotters present in the RBCs’ box, in one of two 
boxes of FLYP, as well as in ambient conditions remained in the 
required ranges for the standards of good transportation prac-
tices for blood products. The following time indicators were 
used:

 ► 02/02/16, 16:25: closing of the boxes

 ► 04/02/16, 08:30: air-drop
 ► 05/02/16, 19:20: opening of the boxes and cold storage of 

blood products.
The storage temperature of the RBCs in the isothermal box 
remained between +2°C and +6°C. The temperature of FLYP 
dropped at medium altitudes remained below +25°C. The 
FLYP dropped from 12 000 feet remained within the allowable 
temperature ranges.

Red blood cell concentrates
The visual inspection carried out after the air-drop did not reveal 
any damage to the dropped isothermal box. The contents of the 
box were identical before and after the air-drop, confirming 
that the bag was not torn, as well as the integrity of eutectics 
and the temperature data logger. Visually, the RBC bags were 
not impacted by the air-drop. Quality controls focused on the 
concentration of haemoglobin, haematocrit and calculated 
haemolysis.

For these three parameters, no difference could be 
established between the values before and after air-drop 
(Table 1 and Figure 4).

Of the 10 RBCstested, one haemolysis value stands out from 
the others (normal range <0.8% of red cell mass). This value 

Table 1 Chart of quality control for red blood cell concentrates 
Mean value 
before drop 
(SD)

Mean 
value after 
drop (SD) P value

% 
Variation

Haemoglobin (g/dL) 18.3 (3.2) 17.7 (2.7) 0.3 −3.3
Haematocrit, % 58.4 (9.6) 56.7 (8.7) 0.2 −2.9
Haemolysis, % 0.63 (0.22) 0.68 (0.64) 0.2 +7.9

Figure 4 Graph of quality control for RBCs.

Table 2 Chart of quality control for French lyophilised plasma 
Mean value before 
drop (SD)

Mean value after 
drop (SD) P value

Fibrinogen, g/L 2.09 (0.15) 2.07 (0.19) 0.9
Factor V, % 55 (6) 53 (5) 0.2
Factor VII, % 56 (12) 54 (11) 0.9
Factor VIII, % 51 (12) 50 (8) 0.9
Proteins, g/L 59.91 (2.91) 60.46 (3.16) 0.1
Prothrombin ratio, % 48 (3.3) 47 (2.6) 0.9
Partial thromboplastin 
time, s

52.5 (3.0) 52.7 (2.0) 0.8

Residual moisture, % 0.26 (0.06) 0.28 (0.09) 0.4
Recovery time, min 3:44 (0:49) 3:39 (0:45) 0.9
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data logger, and appearance of RBC bags, FLYP and accessories 
(water for injection phial, transfusion set) in their packaging.

Quality control analysis
Parameters were assessed as follows:

 ► haematocrit: calibrated fixed volume cytometry (Sysmex 
XE2100)

 ► haemoglobin: photometry (Sysmex XE2100)
 ► haemolysis: photometry (Sysmex XE2100) and 

spectrophotometry (Shimadzu UVPC 2401): supernatant 
obtained by two centrifugation and one decantation

 ► factor V, factor VIII, fibrinogen, partial thromboplastin time 
(PTT), prothrombin ratio (PR): viscometry (Compact STA)

 ► proteins: Biuret technique (Shimadzu UVPC 2401 
spectrophotometer).

During the tests of landing with real products, quality control 
was carried out on lyophilised plasmas and RBCs: for RBCs a 
sample of 10 mL was drawn before release on 10 of the 25 RBCs 
from the insulated case (15 bags serving as refrigerating charge). 
A comparative control before (on sample) and after (on bag) the 
drop was then carried out to ensure the absence of red blood cell 
stress. The following parameters were studied: haemoglobin, 
haematocrit and haemolysis. For lyophilised plasmas: 10 FLYPs 
dropped from an altitude of 800 feet coming from five different 
batches (2×5) were compared with FLYPs from the same five 
batches, not dropped. The FLYP dropped from 12 000 feet was 
also compared with an FLYP from the same batch, which has 
been left on the ground. The following parameters were studied: 
factor V, factor VII, factor VIII, fibrinogen, proteins, activated 
PTT, PR, residual moisture and reconstitution time.

During these tests, the temperature of the isothermal box was 
controlled by an Emerald temperature data logger (lined by a 
TempTale temperature data logger) allowing the conventional 
recording of the temperature and, especially, a direct reading 
without contact and without opening the isothermal box. 
Finally, a Labovigil temperature data logger was placed outside 
the isothermal box during the tests to control the ambient condi-
tions of the boxes.

Statistical analysis
Results are expressed as mean±SD. Differences were tested with 
non-parametric t-test, and P<0.05 was considered as significant. 
All statistical analyses were performed with Prism X (GraphPad, 
San Diego, California, USA).

RESULTS
Temperatures
Temperature plotters present in the RBCs’ box, in one of two 
boxes of FLYP, as well as in ambient conditions remained in the 
required ranges for the standards of good transportation prac-
tices for blood products. The following time indicators were 
used:

 ► 02/02/16, 16:25: closing of the boxes

 ► 04/02/16, 08:30: air-drop
 ► 05/02/16, 19:20: opening of the boxes and cold storage of 

blood products.
The storage temperature of the RBCs in the isothermal box 
remained between +2°C and +6°C. The temperature of FLYP 
dropped at medium altitudes remained below +25°C. The 
FLYP dropped from 12 000 feet remained within the allowable 
temperature ranges.

Red blood cell concentrates
The visual inspection carried out after the air-drop did not reveal 
any damage to the dropped isothermal box. The contents of the 
box were identical before and after the air-drop, confirming 
that the bag was not torn, as well as the integrity of eutectics 
and the temperature data logger. Visually, the RBC bags were 
not impacted by the air-drop. Quality controls focused on the 
concentration of haemoglobin, haematocrit and calculated 
haemolysis.

For these three parameters, no difference could be 
established between the values before and after air-drop 
(Table 1 and Figure 4).

Of the 10 RBCstested, one haemolysis value stands out from 
the others (normal range <0.8% of red cell mass). This value 

Table 1 Chart of quality control for red blood cell concentrates 
Mean value 
before drop 
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Mean 
value after 
drop (SD) P value
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Variation
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Quality control analysis
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 ► haemoglobin: photometry (Sysmex XE2100)
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obtained by two centrifugation and one decantation

 ► factor V, factor VIII, fibrinogen, partial thromboplastin time 
(PTT), prothrombin ratio (PR): viscometry (Compact STA)

 ► proteins: Biuret technique (Shimadzu UVPC 2401 
spectrophotometer).

During the tests of landing with real products, quality control 
was carried out on lyophilised plasmas and RBCs: for RBCs a 
sample of 10 mL was drawn before release on 10 of the 25 RBCs 
from the insulated case (15 bags serving as refrigerating charge). 
A comparative control before (on sample) and after (on bag) the 
drop was then carried out to ensure the absence of red blood cell 
stress. The following parameters were studied: haemoglobin, 
haematocrit and haemolysis. For lyophilised plasmas: 10 FLYPs 
dropped from an altitude of 800 feet coming from five different 
batches (2×5) were compared with FLYPs from the same five 
batches, not dropped. The FLYP dropped from 12 000 feet was 
also compared with an FLYP from the same batch, which has 
been left on the ground. The following parameters were studied: 
factor V, factor VII, factor VIII, fibrinogen, proteins, activated 
PTT, PR, residual moisture and reconstitution time.

During these tests, the temperature of the isothermal box was 
controlled by an Emerald temperature data logger (lined by a 
TempTale temperature data logger) allowing the conventional 
recording of the temperature and, especially, a direct reading 
without contact and without opening the isothermal box. 
Finally, a Labovigil temperature data logger was placed outside 
the isothermal box during the tests to control the ambient condi-
tions of the boxes.
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Results are expressed as mean±SD. Differences were tested with 
non-parametric t-test, and P<0.05 was considered as significant. 
All statistical analyses were performed with Prism X (GraphPad, 
San Diego, California, USA).

RESULTS
Temperatures
Temperature plotters present in the RBCs’ box, in one of two 
boxes of FLYP, as well as in ambient conditions remained in the 
required ranges for the standards of good transportation prac-
tices for blood products. The following time indicators were 
used:

 ► 02/02/16, 16:25: closing of the boxes

 ► 04/02/16, 08:30: air-drop
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The storage temperature of the RBCs in the isothermal box 
remained between +2°C and +6°C. The temperature of FLYP 
dropped at medium altitudes remained below +25°C. The 
FLYP dropped from 12 000 feet remained within the allowable 
temperature ranges.

Red blood cell concentrates
The visual inspection carried out after the air-drop did not reveal 
any damage to the dropped isothermal box. The contents of the 
box were identical before and after the air-drop, confirming 
that the bag was not torn, as well as the integrity of eutectics 
and the temperature data logger. Visually, the RBC bags were 
not impacted by the air-drop. Quality controls focused on the 
concentration of haemoglobin, haematocrit and calculated 
haemolysis.

For these three parameters, no difference could be 
established between the values before and after air-drop 
(Table 1 and Figure 4).

Of the 10 RBCstested, one haemolysis value stands out from 
the others (normal range <0.8% of red cell mass). This value 
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Recomplétement	d’une	banque	en	
zone	isolée	?		

•  La	réglementaLon	française	
– 8	semaines	entre	deux	dons	

Arrêté	du	5	avril	2016	fixant	les	critères	de	sélec(on	des	
donneurs	de	sang.		

•  Les	situaLons	d’excepLon	
– Strandenes	G.	J	Trauma	Acute	Care	Surg.	2018	

•  9	parLcipants,	36	retransfusions	
•  Baisse	de	l’Hb	et	de	la	ferriLne	à	la	longue	
•  pas	d’autre	anomalie	clinique	ou	biologique	
•  ParLcipaLon	du	donneur	à	l’idenLtovigilance	



Pas	de	supériorité	du	sang	frais	par	
rapport	au	sang	plus	«	ancien	»	

•  «	Age	»	des	culots	globulaire	:	pas	d’effet	sur	la	mortalité	
–  Lacroix	J	et	al.	N	Engl	J	Med.	2015	
–  Sowers	N	et	al.	Can	J	Surg.	2015	
–  Steiner	ME	et	al.	N	Engl	J	Med.	2015	
–  Heddle	NM	et	al.	N	Engl	J	Med.	2016	
–  Cooper	DJ	et	al.	N	Engl	J	Med.	2017	

•  Un	effet	bénéfique	sur	l’endotheliopathie	peut-être	altéré	par	le	temps	de	
stockage	
–  Pa(	S	et	al.	J	Trauma.	2010	
–  Kozar	RA	et	al.	Anesth	Analg.	2011	

•  Les	plaquefes	froides	seraient	efficaces	
–  Apelseth	TO,	et	al.	Abstract	Presenta(ons	from	the	AABB	Annual	Mee(ng,	San	

Diego,	CA	October	7-10,	2017	



«	Buddy	transfusion	»		
LogisLque	minimale,	y	
compris	pour	les	missions	
réclamant	une	grande	
mobilité	
Soluté	chaud	
Sang	frais	
	
Nécessité	d’organiser	la	
collecte	sur	le	terrain	
Des	risques	à	maîtriser	

InfecLeux	
IncompaLbilité	ABO	



«	Buddy	transfusion	»		
Le	donneur	peut-il	poursuivre	le	combat	?	

Eliassen	HS,	et	al.	2016	

Strandenes	G,	et	al.	2013	

Eliassen	HS,	et	al.		

2018	

è	Des	soldats	entrainés	le	peuvent		



•  Risque	
d’incompaLbilité	
ABO	
–  Transfusion	
isogroupe	
privilégiées,		

–  CULM	quelque	soit	
le	degré	d’urgence	

–  Donneur	idenLfié	
comme	«	low	Lter	»	

«	Buddy	transfusion	»	
Deux	risques	majeurs	à	maîtriser	:		

•  Risque	infecLeux	...	



Recours	aux	donneurs	O	«	low	Lter	»	
–  Donneurs	universelles,	même	en	sang	total	
–  Recherche	d’Ac	anL-A	et	anL-B	avec	potenLel	hémolyLque	
(Ltre	<	64)	

	
–  Une	uLlisaLon	sûre		

•  Risque	d’incompaLbilité	ABO	mineure,	qui	semble	négligeable	avec	
les	donneurs	«	low	Lter	»	

•  Exemples	historiques	
	 		Berseus	et	al.	Transfusion	2013	

–  En	réalité	de	tels	donneurs	ne	sont	pas	si	rare.	
•  20	à	80%	selon	les	populaLons	
•  Taux	qui	semble	stable	dans	le	temps	

	 	 	Sprogøe	et	al.	J	trauma	acute	care	surg	2017	
•  Pas	de	«	boostering	effect	»	pour	les	vaccins	modernes	

	 	 	Berseus	et	al.	J	trauma	acute	care	surg	2017	
•  Adapté	aux	escouades	?	...	
	



Recours	au	«	O	low	Lter	»	
ULlisé	par	de	nombreux	services	
de	santé	militaires		

Strandenes	et	al.	Shock	2014	
Taylor	&	Corley	US	Army	Med	Dep	J	2016	

Daniel	et	al.	J	Trauma	Acute	Care	Surg	2016	
Doughty	et	al.	J	R	Army	Med	Corps	2017	

	
ImplémentaLon	en	cours	en	milieu	
civil	

Stubbs	et	al.	Transfusion	2016		
McGinity	et	al.	J	Trauma	Acute	Care	Surg	2016	

Seheult	et	al.	Transfusion	2018	



«	Buddy	transfusion	»	:	Contrôle	du	risque	infecLeux	

Rapport	bénéfice/risque	clairement	
en	faveur	de	la	transfusion	pour	le	
blessé	de	guerre	



«	Buddy	transfusion	»		
En	praLque	

•  HydrataLon	du	donneur	+++		+/-	exercices	musculaires	
–  Morand	C	et	al.	Transfusion.	2016		

•  PrévenLon	de	l’hypocalcémie,	même	à	l’extrême	avant	
–  Facteur	de	risque	de	mortalité	

•  Rossaint	R	et	al.	Crit	Care.	2016	
–  ProposiLon	:	1g	à	la	deuxième	poche	en	IVL	(20	min),	à	
renouveler	toutes	les	deux	poches,	mais	pas	de	règle	
univoque	

•  Giancarelli	A	et	al.	J	Surg	Res.	2016	
•  Elmer	J	et	al.	J	Emerg	Med.	2013	



«	Buddy	transfusion	»		En	praLque	
L’entrainement	doit	être	régulier	+++	
	
L’autonomie	des	paramédicaux		
pour	la	collecte	est	à	rechercher	

–  Strandenes	et	al.	Transfusion	2013	



Whatever	you	do	in	
life,	always	give	100%...	

...	unless	you're	
dona'ng	blood...	


