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Evolution des conflits armés, conséquences
pour I’anesthésiste-réanimateur militaire ?*

Evolution of armed conflicts, consequences for military
anesthesia and intensive care?

Eric Meaudre®*P

Not ralk about « new » war. it’s old war with some new « flavors » —

Col. Mathieu, NATO SOFCOM T S ]
—

Service de santé
des armées




EN
MINISTERE
DES ARMEES

Liberté
Egalité
Fraternité

As distance increased from enemy position during GWOT,
relative safety of MEDEVAC rapidly increased.

Relative Safety of MEDEVAC

As distance increases from enemy position during
conflict with NPA, there is minimal increase in safety
of MEDEVAC until out of the theater of operations.

Distance from Enemy Position

o

Epstein et al., J Am Coll Surg 2023 T S ]
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Large-scale combat operations: French
lessons on prolonged casualty care in
the Sahel

Cyril Pernod @ ,' J Schmitt,' C Dubecq,” E Meaudre,' P Pasquier’

BMJ Mil Health 2025 in press T < ]
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Large-scale combat operations: French

lessons on prolonged casualty care in

the Sahel

Cyril Pernod ©," J Schmitt,’ C Dubecq,? E Meaudre,' P Pasquier®

From 2013 to 2022, the French military
medical service supported armed forces
during Sahel operations across a
S million-km? area. Because of the limited
number and the distant location of medical
evacuation (MEDEVAC) helicopters and
medical treatment facilities (MTFs),
medical teams had to go beyond tactical
combat casualty care and provide
prolonged casualty care (PCC)."* PCC
refers to extended medical support beyond
doctrinal evacuation timelines.**

CHALLENGES IN THE SAHEL

Gao served as the central medical and logis-
tical hub, surrounded by smaller forward
operation bases (FOBs) in Menaka, Gossi
and Tessalit.® This arrangement resembled
asingle trauma centre being responsible for
an area the size of Western Europe, with
isolated satellite clinics depending entirely
on air support for supplies and evacua-
tion—except here, the threat included
the desert environment, enemy action
and limited air assets. Despite low combat
intensity, battle-related injuries occurred
weekly from gunshot wounds and impro-
vised explosive device blasts. Convoys
were highly vulnerable to ambush with
roadside explosives, and FOBs, including
Gao, were regularly targeted by indirect
fire. Gao also faced high-profile attacks
such as vehicle-borne suicide bombers
attempting to breach camp perimeters—
showing that even rear medical hubs were
not sanctuaries. Radar detection systems
helped mitigate risks by providing early
warnings, allowing medical teams to reach
shelter when necessary. Protecting medical
personnel was essential—not only to
preserve life but also to maintain trauma
care capacity across the theatre.

EVACUATION CONSTRAINTS IN THE

SIS

potentially preventable combat deaths
occurred before reaching surgical care.” ®
The median pre-hospital timeline for crit-
ically injured French service members was
about 2hours, showing that geography
alone could turn a survivable injury into
a fatality.

BRIDGING THE DISTANCE TO DAMAGE
CONTROL SURGERY

The French medical support structure
in the Sahel was a multi-level adaptive
system. An enhanced Role 2 facility in
Gao offered surgical, anaesthesia, labora-
tory, telemedicine, CT scan and cold chain
blood capabilities. Mobile Role 2 basic
capability—a 13-person Forward Surgical
Team (FST) capable of rapid setup—
and Special Operations Surgical Teams
(SOSTs)—small six-person surgical teams
with a low footprint—were deployed far
forward. These teams rotated through
FOBs according to operational demands
and threat assessments. Even when opti-
mised, this organisation did not meet
the Golden Hour objective. The median
time to surgery for French combat casu-
alties was approximately 2hours, and
among those with potentially surviv-
able injuries, half died before reaching
a surgical facility.® While air superiority
and secure corridors ensured feasibility of
MEDEVAC, the vast distances, logistical
burden and the sheer scale of the theatre
prevented consistent surgical access within
60 min.” Definitive surgical care was often
completed in homeland Role 4 facilities
within 24 hours following injury.! !

SHIFTING THE FRONTLINE: BLOOD AND
RESUSCITATION

French special forces were early adopters
of forward resuscitation, bringing far-
forward remote damage control resusci-

blood deployment significantly improved
survival in austere conditions and became
a cornerstone of modern PCC doctrine.

At the same time, the French Military
Medical Service expanded blood delivery
across deployed units.”* '® Beyond packed
red blood cells, French lyophilised plasma
and cold-stored low-titre leukocyte-
depleted universal donor type O whole
blood enabled early management of
trauma-induced coagulopathy. Additional
physicians were embedded within mobile
teams to provide RDCR and triage.

WHEN EVACUATION WAS NOT
POSSIBLE

When evacuation was impossible—due to
tactical or operational constraints—care
had to be delivered on-site for extended
periods. Small remote surgical facilities
delivered prolonged care beyond initial
haemorrhage control—often involving
iterative surgeries, significant transfu-
sion requirements and the management
of complex organ failure over several
days. In several remote FOBs across
the Sahel, where MEDEVAC and tech-
nical platforms were limited, host nation
casualties—often Malian or Chadian
soldiers—presented with delayed pre-
hospital timelines and advanced physio-
logical deterioration. Many arrived with
trauma-induced coagulopathy, sepsis and
organ dysfuncti requiring prolonged
and resource-intensive care. Their profiles
closely resembled those expected in large-
scale combat operations (LSCOs), high-
lighting the relevance of this experience to
future conflicts.

In response to these challenges, innova-
tion and collaboration were essential. Tele-
medicine was systematically developed to
overcome specialist shortages, including
in neurosurgical emergencies. A 22-year
retrospective analysis of the French mobile
neurosurgical unit has demonstrated the
feasibility and value of such approaches in
deployed environments.'”

When cold and stored blood prod-
ucts were not directly available or suffi-
cient, walking blood banks generated
in 45 min provided a small supply after
minimal screening (HIV, hepatitis). Pre-
deployment testing to identify low-titre
group O ‘super donors’ is now mandatory,
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« Polytrauma resulting from high-velocity penetrating vascular
juries, explosive injuries, traumatic brain injuries, and blast injuries
have been the largest injury mechanisms reported »

Casualty care implications of large-scale combat operations

Mason H. Remondelli, Kyle N. Remick, MD, Stacy A. Shackelford, MD, Jennifer M. Gurney, MD,
Jeremy C. Pamplin, Travis M. Polk, MD, Benjamin K. Potter, MD, and Danielle B. Holt, MD, Bethesda, Maryland

J Trauma Acute Care Surg 2023
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Early Restrictive vs Liberal Oxygen for Trauma Patients

The TRAUMOX2 Randomized Clinical Trial

Figure 2. Patient Outcomes

No. of events/total

No. of patients (%) Risk difference,
Restrictive Liberal oxygen percentage Odds ratio Favors | Favors
Outcome oxygen group group points (95% Cl) (95% Cl) restrictive | liberal
rP_rimauo_thm____________________________________________________,
i Death and/or major respiratory complications 118/733 (16.1) 121/724(16.7) 0.56(-2.70t03.82) 1.01(0.75t01.37) —— |
KT SECOT AT O ITCOTHED ™ " " U R D N U N [N S [N S [N U UL VN [ [ L L\ L[ L[ L
Death 63/733 (8.6) 53/724(7.3) 1.06 (-1.21t03.33) 1.28(0.85t01.92) —
Major respiratory complications 65/733 (8.9) 78/724(10.8) -0.61(-3.29t02.08) 0.84(0.59t01.19) —
Exploratory outcomes
Hypoxemic episode(s) 44/737 (6.0) 28/737 (3.8) 2.40(0.17 to 4.54) 1.67 (1.02 t0 2.70) —a—
ICU readmission 17/368 (4.6) 18/352(5.1) -1.33(-4.62t01.95) 0.59(0.26t01.37) L
Sepsis 19/736 (2.6) 31/727 (4.3) -1.21(-2.96t00.54) 0.55(0.30t01.02) =
Surgical site infection 23/736 (3.1) 32/724 (4.4) -3.04 (-6.87t00.79) 0.50(0.25t0 0.99) L
Pneumonia postdischarge 27/640 (4.2) 24/620(3.9) 0.02(-1.99t02.04) 1.06(0.60to 1.85) —
0.25 1 4
Odds ratio (95% Cl)

Trial outcomes for trauma patients randomized to either a restrictive oxygen
strategy or liberal oxygen strategy. The odds ratios were adjusted for

stratification variables. Further adjusted analyses are presented in eTables 4 and

5inSupplement 2. Death and/or major respiratory complications, surgical site
infection, and pneumonia postdischarge were evaluated within 30 days.

Hypoxemic episode(s) were defined as the presence of any Spo, less than 90%

during the 8-hour intervention from the hourly collected Spo, values.
ICU readmission and sepsis were evaluated during the initial hospital admission
(not at hospital readmission).

ICU indicates intensive care unit; and Spo,, arterial oxygen saturation measured

by pulse oximetry.

Arleth et al., JAMA 2024



MINISTERE
DES ARMEES

Liberté
Egalité
Fraternité

—

S

Service de santé
des armées




EX

MINISTERE

DES ARMEES

Liberté

Egalité 2
Fraternité

Electrically Driven- SEOS
O, product

Oxygen
Product

B, <

Service de santé
ype =
des armées

I. Millot, thése d’exercice 2012



EX

MINISTERE

DES ARMEES

Liberté

Egalité 2
Fraternité

Electrically Driven- SEOS
O, product

Oxygen
Product

B, <

Service de santé
ype =
des armées

I. Millot, thése d’exercice 2012



EXN
MINISTERE
DES ARMEES
Liberté

%/

CHPEI
{‘*’ACT'ON PLANO"*;
® ! &

Contexte Conclusion
! PTTTTSTTTN '
gi— . = I
& S ®
> R | . O
I L'oxygene,
#HOueskon Va : WTE ? : Oue.||eS
“ 3 solutions ?




X SoD YR ZC s Kad A
351

skl %
H Ay prahies
<A .LA 3

A f : l\?'f" Ty

3.0 (n L B ) i b)) o R
= 2 I s X Df ‘g*a._ -
A : 0= T2 A

S U a?,!:/vl‘:, f“"“,_

3 lgdty b y RPN S
ﬁ,," =) b 49-\_“%, E/_{}E., "}m

S
Y
U

ol
e

e
“d
-

L
2 ")_7;» Fala

D

Ak it
N G

P 30 v v
5 v

u 1 2 :
%*lr'* 3"'/-»%‘/’6"'?@ 3 -(&;'rq

> 1(5 L iy B2
,A;":t/L(_‘

{ ..‘:' -

Y ‘ ' N\]\(/
;p"&."bfc 4 /" o
CARRK W e 67,
- .\«’_ﬂ;" T l“‘."/.v-. i~ ‘- -




EX
MINISTERE
DES ARMEES
Liberté

Egalité

Fraternité

=

==

Saros Eclipse 3 iGo

]
S

BUDI Traumaid 02PAK srvic:demé

des armées

Blakeman et al., Mil Med 2016



EX
MINISTERE
DES ARMEES

Liberté
Egalité
Fraternité

DES SYSTEMES
INNOVANTS

Service de santé
des armées

]



EXN
MINISTERE
DES ARMEES
Liberté

%/

CHPEI
{‘*’ACT'ON PLANO"*;
® ! &

Contexte

Conclusion

O

Quelles
e solutlons’?

L'oxygene,
#Queskon Va WTF ?

50
i)

\




L2

. Bpghls

%

%
;TN &

. N

i- i
AN

Vo

“a

RN S

o B

C~ '.. o
-
s

WA

oy PP
[

oy

-

“n 5
vl
PP

id

N

|

/.

- O




EN
MINISTERE
DES ARMEES
Liberté

iberte
Egalité
Fraternité




