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barotrauma, including 9.2% with perforated eardrums. Other
associated injuries included closed head injury with brain contu-
sion (7.3%), chest trauma with hemopneumothorax (13.8%), closed
blunt abdominal trauma with spleen rupture (10.5%), liver injuries
(3.3%), gunshot shrapnel wounds (12.2%), skeletal trauma (29.3%),
and prolonged limb compression syndrome due to structural
collapse (23.6%).

All individuals in group II exposed to TOS-1A “Solntsepek” (that
survived long enough to reach a medical provider) exhibited
barotrauma with ruptured eardrums and closed head injury, but
did not have penetrating wounds, fractures, or prolonged
compression syndrome. Surgical interventions were performed on
all individuals in both groups in accordance with damage control
surgery and standard burn care protocols (Figures 4 and 5).

Significantly, in group II, the highest proportion of casualties
exhibited burns covering a total body surface area ranging from 41%
to 50%, accounting for 29.7% of cases. In contrast, in group I, the
predominant range of the total body surface area was 11%e20%,
constituting 24.2% of cases. This discrepancy is statistically signifi-
cant (P ! .05). Conversely, the lowest incidence in group II was
observed in individuals with 81%e90% burns (7.8%) mirroring the
trend in group I with 81%e90% burns at 4.2% (P ! .05) (Figure 6).

Discussion

The overall analysis highlights a notable disparity in the extent
of burns between the 2 groups. In group II, among individuals
exposed to TOS-1A thermobaric explosions, a higher prevalence of
burns was noted in the ranges of the total body surface area 31%e
40% (17.3%), 41%e50% (29.7%), and 51%e60% (28.0%). In contrast,
group I demonstrated lower percentages in these respective cate-
gories: total body surface area 7.8%, 6.2%, and 9.1%, respectively,
resulting in a statistically significant difference (P ! .05) between
the groups. Notably, only group I included individuals with burns in
the 1%e10% (14.7%), 11%e20% (24.2%), and 21%e30% (21.4%) cate-
gories, whereas such cases were absent in group II, underscoring
the considerable impact of thermobaric warheads on the extent
and distribution of burns. A significant limitation of the currently
available data set though is that it does not account for those who

Figure 4. Wounded with third- to fourth-degree burns to 87% of the total body surface
area due to the impact of TOS-1A “Solntsepek”.

Figure 5. Wounded with second- and third-degree burns to 72% of the total body
surface area due to the TOS-1A “Solntsepek”.

Table I
Distribution of group by degree of burn

Thermal injury:
degree of burn

Group I: general
thermal trauma

Group II: TOS-1A
thermobaric trauma

I 19.5% e

II 30.1% e

III 35% 75%
IV 15.4% 25%
Total 100% 100%

Figure 6. Analysis of the weapon effects with the Ukrainian Ministry of Defense
identified danger zones with a blast fireball radius of 50 m, severe burn/blast over-
pressure wave radius out to 150 m, intermediate burn/blast radius to 200 m, and
overpressure effects still able to cause physical damage out to 300 m. To substantiate
the claim that within 50 m of a TOS-1A impact, patients were either incinerated or
otherwise died immediately, a comprehensive forensic examination for such victims is
imperative.
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Review of Military Casualties in Modern Conflicts—The
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ABSTRACT
Introduction:
The re-emergence of armored warfare in modern conflicts has resulted in a higher number of extremity injuries, burns,
and brain injuries. Despite this dramatic increase, little is reported on the type of injuries caused and their management.
This review summarizes the publicly available literature and reports on the rate and type of injuries related to armored
warfare, their medical outcomes, and management limitations.

Materials and Methods:
This rapid evidence review involves a systematic literature search, followed by a non-systematic literature review. The
reason for choosing this approach was the inherent lack of quantitative outcome data in the literature to satisfy the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses checklist. The study also used content analysis to
study all peer-reviewed articles, focusing on similarities and differences in the findings necessary to formulate tenta-
tive results. The electronic search included PubMed, Scopus, and Web of Science, using the following search string:
“Armored; Injuries; Mechanized; Morbidity; Mortality; War; Warfare”, alone or in combination.

Results:
Modern conflicts are associated with higher number of extremity injuries, burns, and brain injuries among military
casualties. Several publications claim that the characteristics of armored warfare and anticipated injuries in this type of
warfare might require the far forward deployment of medical support supported by a reliable casualty evacuation chain.
Still the quality of the available casualty data is low.

Conclusions:
Because of the limited availability of reliable data or military trauma registries, up-to-date military casualty estimation
remains a recognized knowledge gap, which needs to be addressed by armed forces worldwide. The future management
of modern war casualties requires professional and well-trained staff in all levels, indicating a need for educational
initiatives to provide both nurses and medics a greater proportion of medical care and management capabilities and
responsibilities than in past conflicts.

INTRODUCTION
Armored warfare (AW) is, since World War (WW) I, a major
component in ground warfare. Indeed, the use of tanks and
heavily armored mechanized vehicles facilitated troop mobil-
ity under fire and allowed maneuver warfare with force con-
centration unseen before. As much as the armored vehicle
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protects the crew from small- to medium-caliber ballistic
weaponry and shrapnel, it may become a death trap if exposed
to armor-piercing anti-tank weapons.1,2

Thus, for battlefield medicine, the introduction of armored
vehicles implied specific challenges related to anti-tank
weapons. Anti-tank mines aim at penetrating the floor of
armored vehicles, causing blast injuries of lower extremities
and pelvis, axial skeletal and traumatic brain injuries. Rocket-
propelled grenades or high-explosive anti-tank (HEAT)
rounds are capable of penetrating tank armor, resulting in blast
and burn injuries. Anti-tank missiles, and in combined arms
warfare, anti-tank air strikes cause blast and burn injuries.3,4

Anti-tank weapons and mines cause blast waves, which may
lead to traumatic brain injury, and repetitive blast exposures
may lead to shell shock, a diagnosis coined in WWI and
related to posttraumatic stress disorder.5

The casualties afflicted by AW are difficult to evacuate by
medical support personnel if medical units are not equipped
with dedicated vehicles, armored and with all-terrain capa-
bilities as the rest of the AW units. During Operation Desert
Storm, for instance, armored units could move up to 150 km
from the central fighting zone in just one day. These distances
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Le retour des conflits symétriques



Objectifs du prolonged field care

• Toujours rechercher des lésions traumatiques +++
• Poursuivre la démarche standardisée

• Adapter le protocole de remplissage

• Identifier les brûlures/localisations à risque

• TENIR +++

MARCHE RYAN

Evaluer la SCB 

Repérer le 3e degré

Economie de matériels



Poursuite des MARCHE RYAN
• Massive Bleeding
• Airway
• Respiration

• Circulation
• Head / Hypothermia
• Evacuation

• Réévaluation
• Yeux-ORL
• Analgésie-Antibiotiques

• Nettoyage des plaies



Total Burn Care 6th Ed

• Objectif : compenser les pertes hydriques

• Formule SSA / PERCY
o Seulement si SCB ≥ 20 %         H0 = brûlure
o Nécessite de préciser la surface cutanée brûlée totale (SCB)

Surface Débits théoriques

H0 -> H8 RL : 2 ml / kg / % SCBt

> H8 20-30% > 30%

H8 -> H24 1 ml / kg / % SCBt
RL

1 ml / kg / % SCBt
½ RL 

½ Albumine 4%

H24 -> H48 1 ml / kg / % SCBt
RL

1 ml / kg / % SCBt
½ RL 

½ Albumine 4%

Cirodde et al. Médecine et Armées 2015

o Eviter le sous-remplissage
o Eviter le sur-remplissage

Circulation



• Objectif : Evaluer à 10% près
• Associer 2 méthodes +++

• Table de Lung et Browder
• Fiches disponibles
• Application E-Burn utile : mais Smartphones en opération ?

Evaluer la Surface

• Main = 1 %
• Règle des 9 de Wallace 



Circulation

• 20 ml/kg

• RL

H0 H1

1500 ml 

Exemple : blessé 70 kg, 50%



Circulation

• 20 ml/kg

• RL

H0 H1 H8

• 2 ml/kg/% SCB - tous les volumes déjà administrés

• RL

1500 ml 

Exemple : blessé 70 kg, 50%

• 2 * 70 * 50 = 7000 ml

• 7000 – 2000 ml = 5500 ml

• Soit 785 ml/h



Circulation

• 20 ml/kg

• RL

H0 H1 H8

• 2 ml/kg/% SCB - tous les volumes déjà administrés

• RL

1500 ml 

Exemple : blessé 70 kg, 50%

• 2 * 70 * 50 = 7000 ml

• 7000 – 2000 ml = 5000 ml

• Soit 833 ml/h

H2

• Règle 10

• RL

500 ml 



• 2 ml/kg/% SCB 

• RL

H0 H8 H24

• 1 ml/kg/% SCB

• RL (pas d’Albumine 4% disponible)

7000 ml 

Exemple : blessé 70 kg, 50%

• 1 * 70 * 50 = 3500 ml

• Soit 219 ml/h

Circulation



Circulation
• Débit de remplissage ± 20 % / h selon diurèse 
– Sondage urinaire +++
– Objectifs : diurèse 0,5-1 mL/kg/h

Si diurèse < 0,5 ml/kg/h

Augmenter le débit de 
20%

Si diurèse 0,5-1 mL/kg/h

Poursuivre même débit

Si diurèse > 1 ml/kg/h

Diminuer le débit de 
20%

• Maximum 3 x débit théorique
– Amines si débit max et diurèse insuffisante



• Ne pas normaliser la précharge dépendance

• Variations de débits > bolus de remplissage

• Catécholamines : 
• Approfondissement / vasoconstriction

• Mais Hypotension artérielle :
• Approfondissement / bas débit périphérique

• Défaillances d’organes

• Inotropisme diminué pdt 24-48h
• Préférer l’adrénaline à noradrénaline 

Soejima et al. Am J Physiol Lung Cell
Mol physiol. 2001

Circulation



• < 20% : Réhydratation orale 
• Situation d’afflux massifs // économie de moyens 

• Recommandations Européennes (EBA) 
• 20-40 % : Réhydratation orale possible pour épargne IV

• Eau potable + SRO
• Mais risques : 

• Nausées vomissements
• Insuffisance d’apports

MONITORER la diurèse +++

Hughes A et al. Recommendations for burns care in mass casualty incidents: WHO Emergency Medical
Teams Technical Working Group on Burns (WHO TWGB) 2017-2020. Burns. 2021

Circulation



Poursuite des MARCHE RYAN
• Massive Bleeding
• Airway
• Respiration

• Circulation
• Head / Hypothermia
• Evacuation

• Réévaluation
• Yeux-ORL
• Analgésie-Antibiotiques

• Nettoyage des plaies



Evaluer la profondeur



Reconnaitre le 3e degré



Localisations en 3e degré 

• A reconnaitre absolument : 
• Membres en circulaire
• Thorax / abdomen complet
• Mains / pieds

• Traitement chirurgical < 8h
• Escarotomies



Escarotomies
• Escarotomies de décharge 

• Nécessite un bistouri électrique (monopolaire)
• Incision 

• Jusqu'à l’hypoderme : libération de la tension
• De la racine du membre vers la distalité

• Nécessite de l’hémostase / alginate

• Risque principal : saignements +++
• BE portatifs > lame froide 
• Nécessite de la formation
• Pansements hémostatiques 

PAS EN ROLE 1 : Risque 
hémorragique +++

Evacuation le plus rapide 
possible vers Rôle 2

Si pas d’évacuation possible 
<8h 

• BE portatifs
• Lame froide



Soins Locaux

• Détersion et désinfection
• 4 temps Chlorhexidine / Bétadine
• Antisepsie ++
• Parage des phlyctènes

• Photos
• Pour avis spécialisé, Retex

• Pansement
• Flammazine / j
• Tulle gras ou autre interface
• Occlusif +++ : compresses et bandes

Si pas d’évacuation possible < 8h

Recommandations SFB 2006



Soins Locaux

• Alternatives : pansements à l’argent
• Gamme Silverlon®
• Gamme Acticoat®

En cours d’évaluation au CTB



Conclusion

CTB PERCY 
Hot line 24/7 : 01 41 46 69 10

PNIA : 869 926 6910
Secrétariat : 01.41.46.67.31

hia-percy-ctb.sec-med.fct@def.gouv.fr

• Piège des lésions associées : trauma +++
• Remplissage à adapter sur la diurèse
• Problématique des escarotomies de décharge
• Consommation en matériel +++


