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ARTICLE INFO ABSTRACT

Article history: Background: Combat casualty care has advanced significantly with the implementation of evidence-based
Received 13 September 2024 protocols designed to lower combat-related mortality. Over the last decade, two major urban conflicts in
Received in revised form 16 November 2024 southern Israel have challenged the evolving military trauma system. This study aimed to assess differences
Accepted 21 November 2024 in prehospital care and compare the outcomes of aeromedically evacuated casualties from the 2014 and 2023

- conflicts.

5:3’::\};:15' Methods: This retrospective registry-based cohort study utilized records from the Military Airborne
Military Combat Evacuation Unit (MACEU) and the Israeli National Trauma Registry. Eligible patients evacuated
Prehospital care by MACEU between 07.17.14 and 08.16.14 and between 10.27.23 and 03.17.24 were compared. Ground-
Combat casualty care evacuated casualties were excluded. Demographics, prehospital interventions, and clinical outcomes
Aeromedical evacuation were compared.

Results: During the 2014 conflict, 251 patients were evacuated alive, compared to 940 in 2023. Both conflicts
involved mostly young males injured by explosions, with comparable injury distributions across body re-
gions. The time from injury to hospital arrival decreased from 65 min (IQR 47-94) in 2014 to 60 min (IQR
47-180) in 2023 (d = 0.5, p < 0.001). The proportion of severely injured patients (ISS > 16) increased
from 18.3 % to 25.2 % (OR 1.5 [95 % CI 1.06-2.14], p = 0.03), and critically injured patients (ISS > 25) from
7.6 %to 12.8 % (OR 1.79 [95 % CI 1.08-2.96], p = 0.03). Prehospital advanced airway interventions and
tube thoracostomies decreased from 11.6 % to 6.0 % (OR 0.48 [95 % CI 0.30-0.76], p < 0.001) and from
7.0%to 2.1 % (OR 0.28 [95 % CI 0.15-0.54], p < 0.001), respectively. Prehospital blood transfusions use in-
creased from 6.6 % to 16.4 % (OR 2.78 [95 % CI 1.64-4.76], p < 0.001). In-hospital mortality rates remained
stable (2.7 % vs. 2.5%,0R 1.12[95 % C1 0.44-2.81], p = 0.99). Although not statistically significant, lower mor-
tality rates were recorded among the severely (13.0 % vs. 8.4 %, OR0.61 [95 % C10.23-1.61, p = 0.48) and crit-
ically injured (26.3 % vs. 15.8 %, OR 0.53 [95 % C1 0.17-1.64], p = 0.32).

Conclusion: Over the past decade, there has been a decline in prehospital airway interventions and
thoracostomies, coupled with an increase in early blood transfusions. Despite greater injury severity, mortal-
ity rates have remained stable. Although not statistically significant, lower mortality rates were recorded

Abbreviations: IDF, Israel Defense Forces; MACEU, military airborne combat evacuation unit; INTR, Israeli national trauma registry; TC, trauma centers; ED, emergency department; AlS,
abbreviated injury score; ISS, injury severity score; LOS, length of hospital stay; ICU, intensive care unit; WIA, wounded in action; KIA, killed in action; DOW, died of wounds; IQR, inter-
quartile ranges; OR, odds ratio; 95 % CI, 95 % confidence interval; h, Cohen's h; d, Cohen'’s d.
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among the severely and critically injured. These findings support the “less is more” approach in modern pre-

hospital combat casualty care.

© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar tech-

nologies.

1. Introduction

In recent decades, military medicine, particularly combat casualty
care, has undergone substantial improvement and development. The
conflicts in Afghanistan, Iraq, and Israel have demonstrated that ad-
vancements in medical and evacuation technologies have significantly
reduced mortality rates, particularly among critically injured casualties
[1,2]. A crucial component of this achievement is the efficient forward
aeromedical evacuation system [3]. Battlefield medical care has served
as a valuable learning platform, contributing to enhancements in both
military and civilian medical systems.

Over the past decade, rigorous international data collection and re-
search efforts have led to significant advancements in the trauma proto-
cols used by the Israel Defense Forces' (IDF) Medical Corps. Substantial
resources have been invested in reducing combat-related mortality
and minimizing preventable deaths on the battlefield. The dynamically
evolving multi-year strategic plan has primarily focused on evidence-
based, continuous improvements in point-of-injury care. This includes
increasing the use of tourniquets, enhancing the availability and utiliza-
tion of whole blood and blood components, eliminating unnecessary
prehospital interventions, and facilitating rapid rotary wing medical
evacuation [1,2,4].

Two years into the implementation of the program, the first major
challenge in combat casualty care emerged with the 2014 conflict in
the Gaza Strip, resulting in over 700 casualties. Nearly a decade later, an-
other urban conflict unfolded in the same area, resulting in thousands of
casualties and once again challenging the capabilities of the Israel De-
fense Forces' Medical Corps. The aeromedical evacuation system played
a pivotal role in both conflicts.

The objective of this study was to assess the evolution of prehospital
care and compare outcomes between the conflicts in 2014 and 2023
among aeromedically evacuated casualties.

2. Methods
2.1. Study design and setting

The study population consisted of all IDF military combat casualties
in the Gaza Strip who were evacuated by helicopters during the 2014
and 2023-2024 conflicts. These patients represent over 95 % of severely
injured casualties evacuated during both conflicts. The ground opera-
tion in 2014 spanned from July 17th to August 26th of that year. For
the current ongoing conflict, data collection extended from October
27th, 2023, to March 17th, 2024.

This retrospective cohort study utilized data from two key
sources: the electronic medical records of the Military Airborne
Combat Evacuation Unit (MACEU) registry and the Israeli National
Trauma Registry (INTR). The MACEU registry serves as a mandatory
computerized tool for MACEU staff, with patient data recorded
promptly upon mission completion, encompassing treatment admin-
istered both on the ground and during aeromedical evacuation [5,6].
Each entry in the database undergoes quality control by the unit's
quality assurance officer. The INTR includes detailed information on
casualties admitted to six level I trauma centers (TC) and two level
I TCs, which collectively handled all casualties during both conflicts.
The INTR does not include patients who died at the scene, en-route, or
who were discharged home following treatment in the emergency
department (ED). The data included in the registry are recorded by
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trained trauma registrars at each TC, under the supervision of a
trauma director and trauma coordinator. Electronic files are trans-
ferred regularly to the National Center for Trauma and Emergency
Medicine Research, where additional quality control is carried out
[7,8]. To prevent duplicate entries for transferred patients, only data
from the final receiving hospital were included. The number of sol-
diers who died before aeromedical evacuation was confirmed using
official Israeli government data [9,10].

The study was approved by the institutional review board (approval
numbers SMC-5138-18) and IDF-2415-2024). Individual patient con-
sent was waived because all data in both registries are anonymous.
The Strengthening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guideline was used to ensure proper reporting of
methods, results, and discussion [11].

2.2. Data collection and definitions

We extracted the following data from the registries:

1. Demographics: Age, gender.

2. Mechanism of Injury: Explosion, ballistic injury or other
(e.g., inhalation, burns).

3. Prehospital Life-Saving Interventions: Including tourniquet applica-
tion, endotracheal intubation, laryngeal mask airway insertion,
cricothyroidotomy, needle thoracostomy, chest tube thoracostomy,
freeze-dried plasma, packed red blood cells, and low-titer group O
whole-blood transfusion.

4. Evacuation Time: Time from injury to hospital arrival.

. Receiving Hospital Level: Level I or Level Il TC.

6. Abbreviated Injury Score (AIS): For head, face, thorax, abdomen, and
extremities, with AIS scores >3 considered severe. Severe polytrauma
patients were defined as those with severe injuries of at least two
distinct body regions [12]. The same AIS version was utilized for
both study periods.

7. Injury Severity Score (ISS): Divided into standard categories- mild in-
jury (ISS 1-8), moderate injury (ISS 9-14), severe injury (16-24),
and critical injury (25-75) [1].

8. Length of Hospital Stay (LOS): Including LOS in the intensive care
unit (ICU).

9. Surgical Interventions: Performed during hospital admission.

w

Casualties evacuated by helicopters were categorized as either
(1) wounded in action (WIA), indicating those who reached a TC
alive, or (2) killed in action (KIA), indicating those who died before
reaching a TC (KIA rate = [Deaths before TC]/[KIA + WIA]). Among
the WIA, further categorization included those who succumbed to
their injuries during hospital admission (died of wounds, DOW), versus
those who survived. Additionally, survival rates for severely and criti-
cally injured individuals with an ISS of 16-24 and 25-75 were
calculated.

AIS and ISS values were calculated only for hospitalized casualties or
those who died in the ED. Patients discharged alive from the ED were
presumed to have mild injuries (ISS 1-8).

The primary outcome of this study was assessing differences in sur-
vival rates to hospital discharge between the two conflicts among
aeromedically evacuated casualties. Additionally, we evaluated the im-
pact of protocol changes on the clinical practices of caregivers on the
battlefield for these casualties.
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2.3. IDF medical corps protocol evolution

In 2012, the Israel Defense Forces' Medical Corps initiated a 10-year
dynamic strategic plan aimed at reducing combat-related mortality and
eliminating preventable deaths on the battlefield [2,13]. The corner-
stone of this initiative was the rapid control of hemorrhage at the
point-of-injury utilizing tourniquets. Additionally, the plan included
the deployment of forward medical squads comprised of advanced life
support providers, physicians or paramedics, alongside two to three
combat medics within maneuvering forces at the company level.

Under the advanced remote damage control resuscitation frame-
work, blood products were integrated as the primary fluid for volume
resuscitation in cases of life-threatening hemorrhage. Between 2012
and June 2018, freeze-dried plasma was provided by forward medical
squads, while packed red blood cells were available aboard MACEU he-
licopters. In 2018, low-titer group O whole-blood was integrated into
the military medical system [14]. During the 2023 conflict, frontline pro-
viders continued to rely on freeze-dried plasma, while low-titer group O
whole-blood was available at the combat brigade level [15]. Detailed in-
dications for blood component transfusion as per the Israel Defense
Forces' Medical Corps protocol can be found elsewhere [14,16].
Tranexamic acid was incorporated into the remote damage control re-
suscitation protocol in 2011 [17].

The clinical practice guidelines for airway management and chest
trauma were revised between 2014 and 2023. With the airway update,
there was a transition from relatively liberal indications for advanced
airway interventions to more restrictive criteria. Definitive airway man-
agement is now reserved for specific scenarios such as airway obstruc-
tion (e.g., due to facial or neck burns/trauma with stridor, or an
expanding cervical hematoma) or failed bag-valve-mask ventilation.
The protocol endorses endotracheal intubation as the advanced airway
of choice. Cricothyroidotomy is recommended when intubation is
deemed unlikely to succeed (e.g., severe facial trauma) or has already
failed [18].

During the study period, the Israel Defense Forces' Medical Corps
clinical practice guidelines advocated for a high index of suspicion for
tension pneumothorax in casualties with thoracic injuries. Initially, de-
compression is achieved via needle thoracostomy. If needle
thoracostomy fails to improve the patient's hemodynamic status or ox-
ygen saturation, or if prolonged evacuation is anticipated, chest tube
thoracostomy is warranted [19].

2.4. Battleground and evacuation

The Gaza Strip lies in the southwestern corner of Israel, adjacent to
the Mediterranean coastline and bordering Egypt at its southernmost
point. It is a densely populated area, stretching 41 km in length and 6
to 12 km in width, encompassing a total area of 365km?. During both
conflicts, patients requiring immediate transport to save life or limb or
to prevent serious complications, or who required prehospital life-
saving interventions, were evacuated by helicopters from either the
front lines or the rear combat area [15,20,21]. Patients were transported
to six level I TCs, located within a 15-30-min flight from the combat
zone (see Fig. 1). Patients injured in the northern Gaza Strip who were
deemed too unstable for transport to a level I TC were initially stabilized
at the nearest level II TC, typically reachable within a 5-15-min flight.
Unstable patients from the southern Gaza Strip were transported to
the closest level I TC. Non-urgent casualties were evacuated by ground
ambulances to one of the two closest hospitals and were not included
in our study.

2.5. Statistical analysis
Patient characteristics are summarized using descriptive statistics.

Categorical variables are presented as frequencies and percentages,
while continuous variables are reported as medians and interquartile
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Fig. 1. Southern Israel, Gaza Strip, and the location of trauma centers.

ranges (IQR). Baseline characteristics, intervention rates, and mortality
rates among patients injured during the 2014 and 2023 conflicts were
compared using the x2 test, Fisher's exact test, and Kruskal-Wallis
Test, as appropriate. A p-value of 0.05 was considered statistically signif-
icant. To estimate effect sizes, we report odds ratios (OR) with their 95 %
confidence intervals (95 % CI) and Cohen's h (h) for categorical variables
and modified Cohen's d (d) for differences between medians. Cohen's h
and d were interpreted as small (0.2), medium (0.5), and large (0.8) ef-
fect[22]. Alogistic regression model was employed to estimate the odds
of death, adjusting for ISS and the period of injury (2014 vs. 2023). Miss-
ing data were handled using list-wise deletion. The model's discrimina-
tive ability was measured via a concordance index (c-index). Data
analysis was conducted using SAS software, version 9.4 (SAS Institute,
Cary, NC, USA).

3. Results

During the 2014 conflict, MACEU conducted 120 missions, evacuat-
ing 257 casualties. In the 2023 conflict, the unit carried out 511 mis-
sions, evacuating 957 casualties. In 2014, 54 casualties died before
reaching the helicopter, compared to 217 in 2023. An additional six pa-
tients succumbed during aeromedical evacuation in 2014, and 17 dur-
ing the 2023 conflict (Fig. 2). The KIA rate did not change significantly
between the two conflicts (60/311, 19.3 % in 2014 vs. 234/1174,
19.9 % in 2023, OR 1.04 [95 % CI 0.76-1.43], h = 0.02, p = 0.80). In
2014, 251 patients arrived alive at the TCs, compared to 940 in 2023.

In both conflicts, the vast majority of the injured were males (257
[100 %] in 2014 and 950 [99.3 %] in 2023). The median age of casualties
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MACEU- Military Airborne Combat Evacuation Unit; KIA- Killed in Action; WIA- Wounded in Action; DOW- Died of Wounds.

in 2014 was 21.0 years (IQR 20.0-23.0), compared to 23.0 years (IQR
21.0-28.0) in 2023 (d = 0.5, p < 0.001). Most casualties were injured
due to explosions, (n = 194 [75.5 %] in 2014 and n = 735 [76.8 %] in
2023; OR 1.08[95 % C10.78-1.49], h = 0.03, p = 0.72). The characteris-
tics of the study cohort are presented in Table 1.

3.1. Prehospital care

The median time from injury to arrival at a TC decreased by five mi-
nutes between the two conflicts, from 65 min (IQR 47-94) in 2014 to
60 min (IQR 47-180) in 2023 (d = 0.07, p < 0.001). In both conflicts,
nearly all casualties were transported directly to level [ TCs- 94.6 % in
2014 and 94.3 % in 2023 (OR 0.94 [95 % C1 0.52-1.72, h = 0.01, p =
0.85).

The rates of prehospital life-saving interventions are detailed in
Table 2. From 2014 to 2023, there was a significant decrease in the
rates of definitive airway management and chest tube thoracostomy,
dropping from 11.6 % to 6.0 % (OR 0.48 [95 % CI 0.30-0.76], h = 0.20,
p < 0.001) and from 7.0 % to 2.1 % (OR 0.28 [95 % CI 0.15-0.54], h =

Table 1
Demographic and clinical characteristics of the casualties treated by Military Airborne
Combat Evacuation Unit during 2013 and 2023 conflicts.

2014 conflict
(n = 257)

257 (100 %)
21.0 (20.0-23.0)

2023 conflict
(n = 957)

950 (99.3 %)
23.0 (21.0-28.0)

Male gender, n (%)

Age, years, median (IQR)

Injury mechanism*
Explosion, n (%)

194 (75.5 %) 735 (76.8 %)

Ballistic injury, n (%) 40 (15.6 %) 152 (15.9 %)
Other, n (%) 23 (8.9 %) 70 (7.3 %)
Evacuation time, minutes, median (IQR) 65 (47-94) 60 (47-180)

Evacuated to a Level I trauma center, n (%) 243 (94.6 %) 902 (94.3 %)

* Eight and 15 casualties sustained injuries from a combined mechanism of explosion
and ballistic injury during the 2013 and 2023 conflicts, respectively.

99

0.25, p < 0.001), respectively. The rates of tourniquet application and
needle thoracostomy did not change significantly between the conflicts,
with rates of 17.9 % vs. 20.9 % (OR 1.20 [95 % C1 0.85-1.72], h = 0.08,
p =0.23) and 4.3 % vs. 2.3 % (OR 0.53 [95 % C1 0.25-1.10], h = 0.11,
p = 0.08), respectively. Similarly, the rate of freeze-dried plasma ad-
ministration remained consistent, at 5.4 % in 2014 and 4.8 % in 2023
(OR0.88[95 % C10.47-1.61], h = 0.03,p = 0.67).

There was a notable increase in prehospital blood transfusions dur-
ing the recent conflict. In 2014, only 17 casualties (6.6 %) received
packed red blood cells, whereas in 2023, 157 casualties (16.4 %) were
transfused with low-titer group O whole-blood (OR 2.78 [95 % CI
1.64-4.76), h = 0.31, p < 0.001). Additionally, 38 of these casualties re-
ceived two or more units of blood (24.2 %) in 2023, whereas no patients
received two or more units in 2014 (OR 21.28 [95 % CI 1.30-333.33],
h = 0.40,p = 0.02).

While not included in the present research, for completeness we
note that during the study periods, additional 129 casualties in 2014
and 380 casualties in 2023 were evacuated by ground ambulances and
hospitalized, as recorded in the INTR. Of these casualties, only five
(3.9 %) in 2014 and 15 (4.0 %) in 2023 were severely injured
(ISS > 16). None of them died.

3.2. Clinical course after hospital admission

After arrival at the trauma bay, 28 WIA patients in 2014 and 122 in
2023 were intubated by the trauma teams (11.2 % vs. 13.0 %, OR 1.19
[95 % C10.77-1.96], h = 0.06, p = 0.8). The total number of casualties
who required definitive airway management (cricothyroidotomy or en-
dotracheal intubation) either en-route or in the ED was not significantly
different across the two conflicts: 58/257 (22.6 %) vs. 179/957 (18.7 %)
(OR 0.79 [95 % CI 0.56-1.10], h = 0.10, p = 0.17). Among the WIA,
chest tube thoracostomy was performed in 6/251 patients (2.4 %) in
2014 and in 20/940 (2.1 %) in 2023 (OR 0.88 [95 % C1 0.35-2.22], h =
0.02, p = 0.8). The total number of casualties who required chest tube
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Table 2
Life Saving Interventions performed during 2014 and 2023 conflicts
2014 conflict 2023 conflict OR Cohen's h
(n = 257) (n =957) (95 % CI) p-value
Tourniquet application, n (%) 46 (17.9 %) 200 (20.9 %) 1.20 (0.85-1.72) 0.08 0.23
Definitive airway, n (%) 30 (11.6 %) 57 (6.0 %) 0.48 (0.30-0.76) 0.2 <0.001
Endotracheal intubation, n (%) 21(8.2 %) 41 (4.3 %) 0.50 (0.29-0.87) 0.16 0.01
Cricothyroidotomy, n (%) 9(35%) 16 (1.7 %) 0.47 (0.20-1.08) 0.12 0.07
Laryngeal mask placement, n (%) 2 (0.8 %) 2 (0.2 %) 0.27 (0.04-1.89) 0.09 0.16
Needle thoracostomy, n (%) 11 (43 %) 22 (2.3 %) 0.53 (0.25-1.10) 0.11 0.08
Tube thoracostomy, n (%) 18 (7.0 %) 20 (2.1 %) 0.28 (0.15-0.54) 0.25 <0.001
Freeze-dried plasma transfusion, n (%) 14 (54 %) 46 (4.8 %) 0.88 (0.47-1.61) 0.03 0.67
Blood transfusion, n (%) 17 (6.6 %) 157 (16.4 %) 2.78 (1.64-4.76) 0.31 <0.001
Transfusion of 22 blood units, n (%) 0 (0.0 %) 38 (4.0 %) 20.00 (1.30-) 0.4 0.001

Statistically significant values (p < 0.05) are given in bold and italics.
OR- odds ratio; 95 % CI- 95 % confidence interval.

thoracostomy either en-route or in the ED was significantly higher in
2014 compared to 2023: 24/257 (9.3 %) vs. 42/957 (4.4 %) (OR 2.24
[95 % C11.33-3.78], h = 0.20, p = 0.002).

Among the 251 and 940 WIA casualties, 31 (12.4 %) in 2014 and 124
(13.2 %) in 2023 were discharged home after evaluation and treatment
in the ED (OR 1.08 [95 % C1 0.71-1.64], h = 0.03,p = 0.73).

The distribution of injuries and severe injuries (AIS > 3) across body
regions is presented in Fig. 3. This information was available only for
hospitalized patients (220/251 casualties in 2014 and 816/940 in
2023). Although abdominal and thoracic injuries were more common
in the 2023 conflict, the distribution of severe injuries across body re-
gions was equivalent. Compared with the 2014 conflict, more patients
sustained severe polytrauma in the 2023 conflict (26/220, 11.8 % vs.
151/816, 18.5 %, OR 1.69 [95 % CI 1.10-2.63], h = 0.19, p = 0.02).

In 2014, 46 of 251 (18.3 %) WIA patients were classified as severely
injured (ISS > 16), and 19 (7.6 %) were classified as critically injured
(ISS = 25). In 2023, the proportion of severely injured casualties in-
creased to 25.2 % (237/940, OR 1.50 [95 % CI 1.06-2.14], h = 0.17,
p = 0.03), and the proportion of critically injured casualties increased
to 12.8 % (120/940, OR 1.79 [95 % CI 1.08-2.96], h = 0.17, p = 0.03).
ISS was unknown in 29 cases in the 2023 cohort. The distribution of
ISS across the study cohort during both conflicts is presented in Fig. 4.

Surgery was required in 134 hospitalized patients (60.9 %) in 2014
and in 493 patients (60.4 %) in 2023 (OR 0.98 [95 % CI 0.72-1.33],
h = 0.01, p = 0.89). Specific surgical interventions included:

» Neurosurgical intervention: 7 (3.2 %) in 2014 vs. 28 (3.4 %) in 2023
(OR 1.09[95 % C10.47-2.5], h = 0.01, p = 0.86)

» Thoracotomy: 22 (10.0 %) in 2014 vs. 109 (13.4 %) in 2023 (OR 1.39
[95 % C10.85-2.27],h = 0.10, p = 0.18)

* Laparotomy: 16 (7.3 %) in 2014 vs. 100 (12.3 %) in 2023 (OR 1.79[95 %
C11.03-3.13], h = 0.17, p = 0.04)

* Orthopedic surgery: 57 (25.9 %) in 2014 vs. 233 (28.6 %) in 2023 (OR
1.15[95% C1 0.81-1.61], h = 0.06, p = 0.44)

In 2014, 46 of 220 hospitalized patients required ICU admission
(20.0 %), compared to 268 of 816 patients in 2023 (32.8 %, OR 1.85
[95 % C11.30-2.63], h = 0.27, p < 0.001). The ICU LOS was comparable
between the conflicts, at 3.0 days (IQR 1.0-7.0) in 2014 and 3.0 days
(IQR 1.0-9.0) in 2023 (d = 0.00, p = 0.38). The total hospital LOS was
4.0 days (IQR 2.0-9.0) in 2014 and 5.0 days (IQR 2.0-14.0) in 2023
(d =0.10, p = 0.06).

In 2014, six patients (2.7 %) DOW, compared to 20 (2.5 %) in 2023
(OR 0.89 [95 % C1 0.36-2.27], h = 0.02, p = 0.99). The mortality rate
among severely WIA patients (ISS > 16) was 6 of 46 (13.0 %) in 2014
and 20 of 237 (8.4 %) in 2023 (OR 0.61 [95 % C1 0.23-1.61], h = 0.15,
p = 0.48). Among critically WIA patients (ISS > 25), the mortality
rates were 5 of 19 (26.3 %) in 2014 and 19 of 120 (15.8 %) in 2023
(OR0.53[95 % C1 0.17-1.64], h = 0.26, p = 0.32). The proportions of
DOW patients in different categories are summarized in Fig. 5. In a
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multivariate analysis adjusting for the period of injury and ISS, no statis-
tically significant association was found between the period of injury
(2014 vs. 2023) and mortality (adjusted OR 0.47, 95 % CI 0.17-1.34,
p = 0.16). The c-index of the model was 0.95.

4. Discussion

The main results of the present study, which explores trends in com-
bat casualty care of aeromdically evacuated casualties, over a decade,
demonstrate a decrease in performance of pre-hospital procedures
and an increase in the use of blood transfusions. Despite a significant in-
crease in the proportion of severely and critically injured casualties, nu-
merically lower—but not statistically significant—mortality rates were
observed among these patients in the recent conflict.

Over the past decades, a tremendous amount of evidence has been
amassed validating improvements in combat casualty care, serving as
a basis for the development of trauma protocols that have significantly
decreased preventable combat deaths [23]. The evolution of the military
trauma system has driven many medical advances, many of which have
been incorporated into civilian healthcare systems [24].

Evaluating two conflicts in the same region offers a unique opportu-
nity to examine the evolution of trauma casualty care doctrine over a
decade and to assess its impact on the clinical outcomes of the injured.
During both conflicts, the majority of casualties were young males sus-
taining penetrating injuries caused by explosions, reflecting a shift in
the predominant mechanism of injury in modern warfare from ballistic
injuries to explosions [1,4]. The distribution of injuries across body re-
gions was comparable in both conflicts and consistent with those re-
ported in other modern conflicts [1,4]. In both conflicts, the median
transport time was approximately one hour, and the vast majority of ca-
sualties were evacuated to level I TCs. This timeframe is representative
of modern warfare [4].

The first important finding of our study is an almost 50 % decrease in
the prevalence of prehospital advanced airway interventions, from
11.6 % in 2014 to 6.0 %, during the most recent conflict. The percentage
of airway interventions in the 2014 conflict is comparable to that ob-
served in the Afghanistan and Iraq wars (2013-2014). Blackburn et al.
found that advanced airway procedures (laryngeal mask airway, endo-
tracheal intubation, or cricothyroidotomy) were performed in 13.7 % of
casualties during role 1 care [25]. As airway compromise is the second
leading cause of potentially preventable death on the battlefield, effec-
tive airway management is critical in the battlefield [26]. However,
the combination of extensive initial learning, continuous training re-
quirements, and technical challenges makes airway management a
complex problem in the prehospital setting, further compounded by
the extreme environment of war. Endotracheal intubation is considered
the gold standard for airway management in both hospital and prehos-
pital settings. However, its success rate is highly variable, with failure
rates reaching 22-35 % in military environments [27-29]. Multiple en-
dotracheal intubation attempts can lead to numerous complications
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Fig. 3. Distribution of injuries (a) and severe injuries (AIS 23) (b) across body regions during 2014 and 2023 conflicts (only hospitalized casualties are included).
Polytrauma patients were defined as those with severe injuries in at least two distinct body regions.

* Statistically significant (p < 0.05) differences.

such as bleeding and edema, aspiration, desaturation, prolonged field
treatment time, and delayed evacuation to higher levels of care.
Additionally, the benefit of prehospital intubation is controversial in pa-
tients without a clear airway obstruction (e.g., due to severe facial
trauma or burns), particularly among hypotensive trauma patients
[30,31]. Moreover, Tsur et al. found no survival difference between
trauma patients with successful and unsuccessful prehospital airway at-
tempts, even after adjusting for injury characteristics [18]. Civilian stud-
ies further support the use of bag-valve-mask over more invasive
prehospital airway interventions. In a large study of civilian trauma pa-
tients, Cobas et al. found no survival benefit of prehospital endotracheal
intubation over bag-valve-mask ventilation [32]. Hardy et al. found no
advantage of cricothyroidotomy over bag-valve-mask ventilation
among US military personnel injured in Operation Enduring Freedom
after adjustment for multiple confounders [33].

A similar trend was observed with prehospital chest tube
thoracostomy, with the rate decreasing more than three-fold from
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7.0 % to 2.2 %. Although the rates of needle thoracostomy also decreased
(4.3 % vs. 2.3 %), this reduction was not statistically significant. Although
thoracic trauma requiring invasive treatment is not common, with an
incidence of ~6 %, the mortality from these injuries remain high [34].
Tension pneumothorax is responsible for 1.1 % of potentially prevent-
able deaths [26]. The optimal prehospital treatment strategy for
suspected tension pneumothorax is unclear. Current guidelines recom-
mend needle thoracostomy as the first-line approach for decompres-
sion of suspected tension pneumothorax in the field [35]. On one
hand, this strategy has been shown to be associated with lower mortal-
ity compared to TT placed within 15 min of arrival at a TC [36]. On the
other hand, several studies have found that this intervention is unreli-
able and ineffective, with failure rates up to 90 % [34,37]. Among se-
verely injured civilians, Harris et al. found that although chest tube
thoracostomy was associated with slightly increased on-scene times
compared to needle thoracostomy, the mortality was reduced in this
group (68.2 % vs. 46.4 %), although the differences did not reach
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Fig. 4. Distribution of Injury Severity Scores (ISS) across the study cohort during the 2014 and 2023 conflicts.

statistical significance [38]. Chest tube thoracostomy is associated with
a significant complication rate, reaching 19 % [39]. This procedure is cur-
rently discouraged by Tactical Combat Casualty Care guidelines for field
care due to the technical skill required, the complication rate, and the
size of the wound created [34]. As the total number of chest tube
thoracostomies performed either en-route or in the ED significantly de-
creased in 2023, some of the patients for whom chest tube
thoracostomy was deferred in prehospital settings never required this
intervention. Since auscultation is a cornerstone in assessing pneumo-
thorax, establishing this diagnosis can be extremely challenging in a
warfare setting or helicopter environment [40]. The diagnostic perfor-
mance of prehospital chest ultrasound, along with its potential to facil-
itate safe and effective needle thoracostomy in trauma patients, needs
to be better defined before this technique can be recommended [40,41].

Perhaps the most dramatic finding observed in our study, was a 2.5-
fold increase in the prehospital blood transfusion rate, rising from 6.6 %
to 16.4 %, with a quarter of transfused patients receiving two or more
units of low-titer group O whole-blood. This shift was primarily driven
by the increased availability of blood during the 2023 conflict, where
it was provided at the brigade level, enabling blood transfusions within
minutes of injury. Hemorrhage remains the most common potentially
preventable mechanism of death in battlefield casualties [26,42].
Evidence continues to confirm that early blood transfusion saves lives
in both military and civilian settings [43,44]. Compared with
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Fig. 5. Proportions of casualties who died of wounds (DOW) across the entire cohort,
among severely and critically injured (ISS > 16) patients, and among critically injured
(ISS 2 25) patients. None of the differences within each category reached statistical
significance.
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component therapy, whole blood not only improves outcomes but
also has logistical advantages, which are crucial in forward-deployed
military environments [45].

The casualties of the 2023 conflict sustained more severe injuries, as
indicated by several parameters. First, a higher proportion of them
suffered from severe polytrauma (18.5 % vs. 11.8 %,). Second, more casu-
alties sustained severe (25.2 % vs. 18.3 %) or critical injuries (12.8 % vs.
7.6 %) according to the ISS. Lastly, more patients in 2023 required ICU
admission (32.8 % vs. 20.0 %).

Comparing our findings to reports from other conflicts (e.g., Iraq or
Afghanistan) is challenging, as the inclusion or exclusion of lightly
wounded individuals in the denominators of proportional mortality cal-
culations (KIA and DOW) can significantly affect the results [46].
However, the comparison between the conflicts included in our study
is more reliable due to the equivalent indications for helicopter trans-
port used during both conflicts. During both periods, most battlefield
casualties died of their wounds before reaching a surgeon. Although
we do not have access to the autopsy or perimortem records of these ca-
sualties, previous studies have found that most of these fatalities are
near-instant deaths caused by nonsurvivable injuries resulting from
the massive destructive nature of modern weapons [26,46]. The mortal-
ity rates of severely and critically ill patients fell from 13.0 % and 26.3 %,
respectively, in 2014 to 8.4 % and 15.8 %, respectively, during the 2023
conflict. However, due to the low absolute numbers, the differences
did not reach statistical significance. The mortality rates among critically
injured casualties who arrived at TCs alive were exceedingly low in both
conflicts included in our study. For comparison, by the end of the Iraq
and Afghanistan wars, the mortality rates for casualties with an ISS of
25 to 75 (critical) were as high as 60 % to 67 % [1].

This study has several limitations. It includes only casualties who
were aeromedically evacuated, thus introducing a bias toward more se-
verely injured casualties. Second, it lacks information regarding demo-
graphics, injury profiles, and interventions for casualties who died
before aeromedical evacuation, as these details are not captured in ei-
ther the MACEU registry or the INTR. Third, all prehospital and hospital
interventions described were performed at the discretion of paramedics
and field or ED physicians, making it difficult to precisely ascertain the
clinical need for these interventions. Additionally, only successful proce-
dures were counted during both conflicts. Fourth, other medical factors
(e.g., improvements in medical imaging, in-hospital care, coordinated
trauma systems, hypothermia prevention) and nonmedical factors
(e.g., personal protective equipment, war fighter technology) likely con-
tributed to reducing mortality, but adequate measurements for these
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factors do not currently exist. Fifth, both conflicts described in our study
are characterized by urban warfare and relatively proximity to TCs, so
extrapolation of our findings to other scenarios should be made cau-
tiously. Sixth, the ISS used in this study to determine injury severity
may be less accurate for military trauma patients with combat-related
injuries, which are often caused by destructive explosions and other
high-energy weapons of modern warfare [47].

5. Conclusion

In conclusion, among aeromedically evacuated military combat ca-
sualties from the Israel-Gaza conflict over the past decade, there has
been a tendency toward fewer prehospital airway interventions and
thoracostomies, along with a significant increase in early blood transfu-
sion rates. These changes in trauma care have been associated with sta-
ble DOW rates despite a rise in injury severity. A numerically lower
mortality rate was observed among severely and critically injured casu-
alties. Our findings reinforce the “less is more” approach in modern pre-
hospital combat casualty care and highlight the need to further evaluate
and develop evidence-based prehospital interventions that effectively
reduce mortality from combat injuries.
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