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Pushing advanced hemorrhage control interventions forward:
Reducing prehospital mortality from traumatic hemorrhage
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dvancements in military medicine have had profound impacts on civilian trauma care. The current practices in civilian prehospital
care focus on providing limited interventions in the field and rapid transport to higher levels of care. Very few prehospital emergency
medical services in the United States have the capability to provide prehospital blood transfusions or advanced hemorrhage control
procedures for trauma patients in hemorrhagic shock. As such, prehospital mortality from hemorrhage remains high. The United
States military has adopted the use of prehospital blood transfusions during recent combat operations in the Middle East to mitigate
prehospital mortality. Additionally, select military surgical teams capable of providing damage-control surgery as close to the point of
injury as possible have been used to decrease the time to lifesaving interventions. This review seeks to assess current practices in ci-
vilian prehospital carewithin the United States while evaluating recent military medical lessons learned on prehospital blood products
and minimizing time to lifesaving interventions, to identify potential opportunities to reduce mortality in civilian prehospital trauma
care. (J Trauma Acute Care Surg. 2025;00: 00–00. Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.)
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H ippocrates is credited with saying, “He who wishes to be a
surgeon should go to war.” Despite the grotesque nature of

combat, the military's impact on trauma care remains unparal-
leled throughout history. Driven by high casualty rates in rapidly
evolving environments, combat operations have forced count-
less clinicians to provide innovative solutions for horrific prob-
lem sets. These issues have yielded the notion that the only win-
ner in war is medicine. As such, the medical lessons learned
from military conflict have drastically influenced the practice
patterns of civilian trauma care.1,2

In the prehospital setting, a crucial period for traumatically
injured patients, many of the current civilian practices and inter-
ventions either stem from or have been strongly influenced by
military practice. Some prominent examples include modern-
day triage techniques, both ground- and air-based ambulance sys-
tems, early tourniquet use, hemostatic dressings, administration
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of tranexamic acid, and prehospital blood transfusions.3–9 Despite
these advancements, prehospital mortality secondary to hemor-
rhage remains high.10

The recent conflicts in the Middle East have led the US
military to further define their prehospital practices in efforts
to mitigate death on the battlefield. The ability to transfuse
prehospital blood products represents a lifesaving intervention
common in military settings; however, prehospital transfusions
remain rare in civilian prehospital care across the United
States.11 Moreover, specifically designed military trauma teams
have been used to provide advanced resuscitation and lifesaving
interventions both in the field and during patient transport.
These procedures, performed both by physicians and specially
trained medics, typically fall outside of the traditional civilian
prehospital scope of practice. The intent of this narrative review
is to evaluate the principles of current US civilian prehospital
trauma care, as well as select military lessons learned from the
recent US conflicts in Middle East regarding prehospital blood
transfusions and forward surgical capabilities, to assess for dis-
parities and potential areas for future improvement.

CURRENT CIVILIAN PREHOSPITAL PRACTICE

Much of US civilian prehospital trauma care revolves
around initial patient stabilization with rapid transport to a
higher level of care. Prior to any medical care rendered by emer-
gency medical services (EMS) personnel, assuring the scene is
safe remains of utmost importance.12While military and combat
settings may require ongoing tactical operations to limit the risk
of first responders becoming combat casualties, these scenarios
1
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remain less likely, albeit not impossible, in civilian settings. Oc-
casionally, there are real concerns with scene safety from ongo-
ing hostile fire, and this must be addressed first. Other common
safety concerns for civilian EMS personnel include optimization
of traffic, presence of fire or smoke, unstable buildings or struc-
tures, and weather conditions or other environmental elements.

Once on scene and deemed safe for patient treatment,
EMS personnel perform a rapid triage of the casualties to distin-
guish injury patterns and identify those with life-threatening in-
juries. During the triage process, EMS personnel follow a stan-
dardized approach to assess for ongoing external hemorrhage,
airway patency, respiratory compromise, inadequate perfusion,
alterations in mental status, and attempts to control environmen-
tal factors such as hypothermia.12,13 Focusing on speed in efforts
to not delay transport to higher levels of care remains common
practice within the prehospital setting. Aiming to quickly ad-
dress immediate life-threatening injuries, these include interven-
tions such as wound packing, tourniquet placement, establish-
ment of an airway, needle decompression of the chest, placement
of peripheral intravenous or intraosseous line placement, initia-
tion of resuscitation fluids, spinal motion restriction, and patient
warming. Despite this, accurate prehospital triage remains a
challenge resulting in high rates of under- and overtriage.14

It is important to note that prehospital interventions hap-
pen both on scene and en route depending on the situation at
hand. Although more invasive hemorrhage control procedures
may be required, they often fall outside of the scope of practice
for the vast majority of EMS personnel. Rapid transport to a
higher level of care remains a critical component to current
prehospital trauma care.13 This is often accomplished by ground
ambulance services; however, situations where ground transport
could present significant delays often lend themselves to air
transport via helicopter. Much of the idea surrounding rapid
transport stems from the concept of “the golden hour,” a term
coined by R. Adams Cowley in 1975.15 This concept highlights
the notion that the first hour after injury plays the largest impact
on survivability. Although “the golden hour” was widely popu-
larized, it lacked significant data during its inception.16 Never-
theless, “the golden hour” changed the culture of prehospital
care resulting in the current model used today.

PREHOSPITAL BLOOD PRODUCTS

Intuitively, transfusing blood products at the earliest time
possible for hemorrhagic shock makes sense. Numerous reports
have demonstrated the benefits of blood product transfusion, as
opposed to crystalloid solutions, for restoring intravascular vol-
ume and preventing or treating coagulopathy in bleeding trauma
patients.17–19 This highlights the popular adage among clini-
cians that “blood is for bleeding; salt water is for cooking pasta.”

Military data from recent conflicts in theMiddle East have
demonstrated that transfusion of prehospital blood products in-
creases the probability of survival for combat casualties.
Shackelford et al.9 found that, in physiologically unstable com-
bat casualties, prehospital blood product transfusions signifi-
cantly improved survival at 24 hours (hazard ratio, 0.26;
p = 0.02) and 30 days (hazard ratio, 0.39; p = 0.03). Prehospital
blood products are now recommended in combat scenarios when
available in efforts to push the principles of damage-control
2
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resuscitation further forward.20 Moreover, military advancements
in prehospital transfusion, such as the prehospital use of blood
transfusions (both components and whole blood) at the point of
injury and en route, continue to identify novel ways to minimize
time to transfusion for hemorrhaging patients.20,21

Only two US randomized controlled trials have assessed
the use of prehospital blood products, specifically plasma, and
its impact on mortality. While the Prehospital Air Medical
Plasma Trial (PAMPer), a multicenter randomized controlled
trial using Food and Drug Administration–approved plasma,
demonstrated prehospital plasma transfusions decreased
30-day mortality, the Control of Major Bleeding After Trauma
Trial (COMBAT), a single-center trial using a non–Food and
Drug Administration–approved frozen plasma product that re-
quired thawing at the scene of injury, did not show any statisti-
cally significant differences in mortality outcomes.22,23 Differ-
ences in trial design and patient populations are postulated to
atone for these incongruent findings; however, subsequent anal-
yses combining both PAMPer and COMBAT support the use of
prehospital plasma, especially in those with transport times
greater than 20 minutes.24,25 A post hoc analysis of PAMPer fur-
ther demonstrated that the greatest mortality benefit was seen in
patients who received both packed red blood cells and plasma in
the prehospital phase of care.26

Despite this, only a small fraction of US ground EMS
agencies have access to prehospital blood products, whether it
be blood components or whole blood, and less than 1% of pa-
tients in hemorrhagic shock receive prehospital blood
transfusions.11,27–29 This lack of access results in a heavy reli-
ance on prehospital crystalloid and vasopressor administration
for hypotensive trauma patients. Although the complications as-
sociated with these resuscitation adjuncts in hemorrhagic shock
are well documented, the absence of prehospital blood products
stems from a multitude of barriers to include funding, fears of
wastage, concerns of proper handling and storage in the
prehospital environment, variations in EMS provider's scope of
practice based on state, and appropriate reimbursement.28

While somemay argue that prehospital blood products are
not needed during short transport times since blood products
will be administered on arrival to the hospital, this notion fails
to consider the ongoing shock the patient is experiencing. As
such, recent data demonstrate that, in hemorrhagic shock, every
minute counts and delays in prehospital and hospital blood prod-
uct administration are associated with significant increases in
mortality.30–32 Moreover, only accounting for prehospital trans-
port time fails to consider the time from injury to EMS arrival, as
well as the time EMS is on the scene. Accounting for these time
periods, although highly variable based on the region and access
to care, multiple accounts demonstrate that a high percentage of
trauma patients experience total prehospital times much longer
than 20 minutes, with even longer times to operative interven-
tion and definitive hemorrhage control.33–37 Ultimately, this
prehospital delay places patients at risk for either extensive pe-
riods of shock or subject to the harmful effects of crystalloids
and vasopressors in hopes to prevent traumatic arrest.

The military's incorporation of prehospital blood products
into their recommendations for combat causalities highlights the
idea that survival is not predicated on time to hospital arrival, but
rather time to blood products and lifesaving interventions.30,31,38,39
© 2025 Wolters Kluwer Health, Inc. All rights reserved.
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While prehospital blood transfusions do not theoretically counter
the current EMS model focusing on limited interventions and
rapid transport, recent studies have evaluated the addition of a
prehospital advanced resuscitation care (ARC) bundle consisted
of prehospital packed red blood cells, 2 g of calcium, and 2 g of
tranexamic acid into EMS protocols.31,40,41 Following the adoption
of an ARC bundle, Duchesne et al.31 report prehospital times in-
creased by 4.5 minutes within the ARC cohort in a nonrandomized
study; however, these patients received blood products 19 minutes
faster than the control group, arrived to the trauma bay more physi-
ologically stable, had significant improvements in in-hospital mortal-
ity rates (7% vs. 29%, p < 0.01), and demonstrated that everyminute
delay in blood product administration was independently associated
with an 11% increase in the odds of mortality. Their reported in-
crease in mortality risk with delays in blood product transfusion
remains consistent with previous analyses.30,32 These findings
further support the concept that, while timely transport is impor-
tant, a model solely focusing on limited interventions and rapid
transport may not be optimal. Instead, just as the military has
been aggressive at pushing blood products further forward, min-
imizing time to blood product transfusion in the prehospital
phases of care may be a fruitful avenue toward minimizing pre-
ventable deaths due to hemorrhage. As such, the civilian sector
should carefully evaluate the military's prehospital blood and
lifesaving intervention protocols and identify ways to routinely
incorporate these techniques into their standard practice.

PREHOSPITAL INTERVENTIONS AND SURGERY

For hemorrhaging patients, time to definitive surgical control
remains paramount.34,37,39,42,43 While the principles of damage-
control resuscitation are critically important, noncompressible truncal
hemorrhage frequently requires operative intervention. The current
model used by EMS agencies within the United States aims to rap-
idly transport critically ill trauma patients to higher levels of care
where surgical resources are present. Despite awidespread emphasis
on maintaining “the golden hour,” data suggest that EMS response
times, prehospital time intervals, and traumamortality remain largely
unchanged, with at least half of hemorrhage related trauma deaths
occurring in the prehospital space.10,36,39,44

Newer data suggest that the highest risk for mortality for
hemorrhaging trauma patients occurs relatively soon following
injury and often before arrival at the trauma center. Using the
National TraumaData Base, Alarhayem et al.35 assessed patients
with severe truncal hemorrhage and found that the median
prehospital time was 37 minutes (40 minutes for blunt trauma
and 28 minutes for penetrating trauma) with the most prominent
risk for mortality within the first 30 minutes. Unpublished data
from the National Emergency Medical Services Information
System database between 2020 and 2023 suggest that 89% of
US trauma patients with prehospital systolic blood pressures less
than 90 mm Hg and heart rate greater than 108 beats per minute
or systolic blood pressures less than 70 mm Hg had prehospital
times greater than 20 minutes from the time of EMS arrival.

These prolonged prehospital times without access to
blood and other lifesaving interventions suggest that many
hemorrhaging patients may not have a chance for operative
intervention during their highest-risk time periods. Decreasing the
time to definitive hemorrhage control, which is estimated to take
© 2025 Wolters Kluwer Health, Inc. All rights reserved.
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2.1 hours from point of injury, remains paramount for successful
outcomes.33 As such, reevaluating the current civilian prehospital
EMS model used within the US may provide an opportunity to
impact mortality rates among the most critically ill trauma pa-
tients and mitigate potentially preventable prehospital deaths.45

Recognizing the sensitivity of time to intervention for
combat casualties in hemorrhagic shock, the US military has ad-
dressed this issue. Through the use of forward surgical teams lo-
cated in more austere settings than larger combat support hospi-
tals, medical evacuation platforms have been able to rapidly access
surgical care during recent conflicts. These strategically placed
teams offer limited damage-control surgical capabilities with
short-term holding capacity capable of bridging the gap to larger
combat support hospitals, which act similarly to civilian Level 1
trauma centers. Combat casualties are transported to the closest
surgical capability, whether it be a forward surgical team or com-
bat support hospital. If evacuation occurs to the forward surgical
team, they are transported to the combat support hospital follow-
ing stabilization for ongoing evaluation and definitive surgery.
This tiered system has allowed the military to push surgical ele-
ments further forward tominimize time to lifesaving interventions.

Although forward surgical teams offer the ability to pro-
vide lifesaving care, they are not rapidly mobile and are reliant
on medical evacuation platforms to deliver patients. In contrast
to this, select units within the US military have used small,
highly mobile surgical teams consisted of an emergency medi-
cine physician, a physician assistant, a surgeon, and a certified
registered nurse anesthetist.46 These small teams aim to provide
timely prehospital surgical and resuscitation coverage as close as
tactically feasible to the point of injury and bridge the gap be-
tween the unit-level medic and an established medical treatment
facility, such as a forward surgical team or combat support hos-
pital.Moreover, their unique ability to perform in-flight damage-
control surgery during the medical evacuation process represents
an unparalleled capability within military medical teams and evac-
uation platforms. Documented procedures performed by these
teams include central venous access, prehospital blood product ad-
ministration (blood components and whole blood), administration
of intravenous anesthetics, emergency cricothyroidotomy, resusci-
tative thoracotomy, tube thoracostomy, cranial decompression,
damage-control laparotomy, resuscitative endovascular balloon oc-
clusion of the aorta, neck exploration, vascular shunting or repair,
extremity amputation, and extremity fasciotomy.46–48 Despite a
paucity of published data secondary to security issues surrounding
these teams, DuBose et al.46 highlighted the success of these mis-
sions, reporting an impressive 97.1% survival rate for combat ca-
sualties who presented with signs of life.

Currently, we are unaware of any US civilian data that ex-
ist examining mobile trauma-trained surgical teams performing
damage-control surgery in the prehospital environment. While
data do exist suggesting improved outcomes with the incorpora-
tion of specialized physicians into prehospital teams, advanced
resuscitation and surgical capabilities are not standard practice
in the current US prehospital model.49–51 Reports of in-field am-
putations as a “life over limb” treatment for entrapped patients
are documented; however, this practice remains exceedingly
rare.52 One interesting model unique to the R. Adams Cowley
ShockTraumaCenter is the ShockTrauma “Go-Team,”which uses
a two-person prehospital team consisted of a physician trained in
3
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anesthesiology, surgery, or critical care medicine and a certified
registered nurse anesthetist, to augment EMS capabilities by pro-
viding advanced trauma interventions and specialized medications
in the field. Although limited outcomes data exist surrounding the
“Go-Team,” Howie et al.53 report an 82% hospital survival rate in
their initial preliminary case series with prehospital interventions
to include blood product transfusions, placement of tourniquets
and pelvic binders, needle decompression, and cricothyroidotomy.

In contrast to the standard US prehospital model, European
prehospital trauma care has adopted a “stay and play” model, in
which physicians, traditionally nonsurgeons, engage in the prehospital
arena to provide advanced resuscitative measures and lifesaving
interventions similar to the small mobile military surgical teams
described previously. Despite their similarity, no reports of civil-
ian prehospital damage-control surgery are known, highlighting
a key difference between the US military and European models.
Moreover, specialized prehospital teams across Europe have
documented success with complex interventions such as extra-
corporeal membrane oxygenation (ECMO) and resuscitative
endovascular balloon occlusion of the aorta.54–57

The “stay and play” model has started to be introduced
into US practice for select nontrauma conditions such as strokes
and out-of-hospital cardiac arrest (OHCA), where time to inter-
vention remains exceedingly important.58–60 The University of
Minnesota's mobile ECMO unit represents an example of this.
Here, specialized teams embark on a custom ambulance in order
to cannulate OHCA patients for ECMO in efforts to restore perfu-
sion to vital organs prior to transport to a centralized ECMO-
capable facility.59 Restoring perfusionvia ECMOhas demonstrated
promise with regard to mortality improvements with good neuro-
logic status in OHCA, a scenario traditionally plagued with dismal
outcomes.56,61–65 By bringing physicians and specialized equip-
ment to the patient, these teams provide an avenue to decrease time
to intervention and mitigate the effects of ongoing ischemia.59

These efforts highlight a novel approach for decreasing time to
treatment and suggest that complex interventions should not neces-
sarily be restricted to the confines of tertiary care centers.

Similarly, hemorrhaging trauma patients are at risk for poor
outcomes because of ongoing ischemic insult from malperfusion
and cardiovascular collapse prior to hospital arrival. Time to defin-
itive surgical control represents one of the most critical potentially
modifiable variables for hemorrhaging patients. Once time in the
prehospital space has passed, it is impossible to get it back.
Deploying advanced resuscitative and surgical capabilities to select
patients, while rapidly transporting them to the trauma center, may
offer an opportunity to minimize time to intervention and provide
more stabilized patients on arrival to the trauma center. Just as the
military has been able to incorporate these capabilities in contested
environments, it remains plausible that similar opportunities for
more advanced resuscitative interventions could benefit select ci-
vilian trauma patients in nonhostile environments.66,67

FUTURE CONSIDERATIONS

Trauma remains unique among most surgical specialties
in that minutes, and even seconds, truly matter.30,31,34,35 The
one-dimensional idea that “the most important fluid in trauma
is diesel” likely does not hold true for many patients, especially
those in densely populated urban settings with congested traffic
4
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patterns or geographically distant rural environments. For many criti-
cally injured patients in hemorrhagic shock throughout the United
States, the luxury of surviving the prehospital period cannot be guar-
anteed. In trying to achieve “zero preventable deaths after injury,” a
goal set forth by the National Academy of Science, Engineering,
and Medicine in 2016, the civilian trauma sector must constantly re-
evaluate and challenge current traumapractices in efforts to improve.68

Bringing lifesaving interventions further forward in the spec-
trum of carewill offer critically ill trauma patients a fighting chance
for survival. While practices such as activation of massive transfu-
sion protocols, damage-control resuscitation, and incorporation of
prehospital blood transfusions have demonstrated incremental im-
provements in hemorrhage-related mortality, prehospital and over-
all mortality rates for trauma patients in hemorrhagic shock, by in
large, remain consistently high, suggesting that alternative frame-
works to our current practices should be assessed.10,33,34,36,69–75

As such, a critical evaluation of the current prehospital EMSmodel
may prove to be an ideal target. This is not to say that it should be
outright abandoned, but rather challenged to see if we can improve
the care of our patients.

Prehospital blood products, which are currently only being
used by a small subset of EMS agencies (<5% of ground agencies),
stabilize patients and could save thousands of lives every
year.11,27–29,76 The current barriers in place surrounding prehospital
blood are not insurmountable, and policy level changes are being
sought to break down these obstacles.28,29,77 Just as bringing blood
to patients minimizes delays in resuscitation, extending surgical
(truncal hemorrhage control) capabilities into the field may help
improve timely access to lifesaving interventions and decrease the
number of prehospital hemorrhage-related deaths.Whilewe recog-
nize that this concept differs drastically from current practice, the
benefits of having trauma-trained providers on scene to augment
triage, guide resuscitation efforts, and perform lifesaving interven-
tions would offer unique benefits not currently used in standard
EMS practice. Moreover, having trauma-trained providers in the
prehospital space may help better identify patients whowould ben-
efit from a “direct to operating room” approach where the emer-
gency department is bypassed to decrease time to intervention.78

In practically, there would need to be a fine balance be-
tween the current model focusing on limited intervention with
rapid transport and “stay and play.”While the most critical of pa-
tients may benefit from bringing operative skills to the field,
these efforts would not be necessary for a high percentage
(>85%) of trauma patients. Dedicated thought on operationalizing
this type of program would need to be heavily discussed, as this
would require committed substantial financial and logistical assets.
These would likely include a mobile operating room and detailed
communication plans, alongwith an understanding that prehospital
damage-control surgery may not be best for all patients and in fact
could harm others. It remains crucial to have the understanding that
just because one can do prehospital surgery does not mean they
should.45,79,80 In reality, the goal should be not to operate in the
prehospital space, but rather be ready and trained if absolutely
needed. Just as performing all procedures in the trauma bay is not
as ideal as doing them in the operating room, damage-control pro-
cedures in the prehospital theater represents an even less optimized
space and should be done out of absolute necessity, not conve-
nience. Surgeons would need to have a nuanced understanding of
not only the patient's underlying physiology but also in-depth
© 2025 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Key Recommendations and Takeaways for Civilian Prehospital Trauma Care

Key Recommendations and Takeaways

Recommendation Considerations/Limitations

1. Blood products should be the resuscitation fluid
of choice for prehospital hemorrhagic shock

– Funding and reimbursement patterns need to be established
– Regional and state variations in EMS scope of practice
– Improved coordination and sourcing with blood banks
– Resource intensive

2. Prehospital trauma-trained teams should be
evaluated as a potential option to reduce
time to damage-control surgery

– Identification of target locations without proximity to
trauma centers need to be established

– Resource intensive
– Ideal implementation processes need to be defined
– Difficult to study

3. Increased access to lifesaving interventions
should be prioritized at a national level

– Policy-level reforms required for nationwide equity
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knowledge of their resource limitations and time constraints in or-
der to optimize the potential for survival. Equally important, ongo-
ing communicative efforts between the prehospital and in-hospital
trauma teams may allow for a better understanding of the patient's
physiology and injury patterns prior to arrival, ultimately leading to
better opportunities for resource optimization. Until further re-
search is conducted in this space, thoughtful considerations regard-
ing the totality of these tactics and their implications are necessary.

It is important to note that the deployment of prehospital sur-
gical teams may not be ideal for all trauma centers. Identification of
regions high in violence without close proximity to trauma centers
may represent ideal target areas for the deployment of prehospital
trauma teams. Moreover, using certain emergency response criteria
to deploy hospital-based teams in parallel with EMS providers to
meet at prehospital rendezvous points for patient transport may pro-
vide an interesting implementation strategy for rural settings or re-
gions with low incidences of major trauma. While this concept
would certainly be a shift away from current prehospital care, it
may allow prehospital patients in hemorrhagic shock to regain valu-
able time that would otherwise be lost. Implementing these ap-
proaches may have the potential to drastically decrease prehospital
deaths secondary to hemorrhage; however, its downstream effects
on in hospital care remain unknown, and implantation, resource allo-
cation, patient selection, and operationalizing civilian prehospital
trauma teams should not be hastily performed.

National policy-level reforms such as the National Trauma
Emergency Preparedness System advocated by the American College
of Surgeons Committee on Trauma, which largely falls outside the
scope of this review, may offer the potential for vast improvements
in traumamanagement at all levels, includingEMS.Briefly, National
Trauma Emergency Preparedness System seeks to promote nation-
wide equitable access to high-quality trauma care by offering re-
sources, funding, planning for mass population events, training, in-
jury prevention strategies, military-civilian integration, and process
improvement to create a more unified approach to reduce death
and disability in trauma patients. Although these national policy re-
form programs on trauma care are still being evaluated, it remains
reasonable to believe that their impact could substantially change
the scope of prehospital care.

LIMITATIONS

This review is not without its limitations. First and foremost,
both military trauma systems and combat casualties inherently
© 2025 Wolters Kluwer Health, Inc. All rights reserved.
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differ from civilian trauma systems and patients. While the focus
of this review revolves around the possibility of bringing blood
products and surgical capabilities further forward in the
prehospital space, there remains limited prospective randomized
controlled data supporting these concepts. Moreover, the mili-
tary data supporting the use of prehospital surgical teams remain
narrow in its scope because of operational security concerns. As
such, detailed characteristics of patients treated, injury patterns,
and factors surrounding the decision to operate in the pre-
hospital space remain largely unknown. While this discussion
focuses on prehospital blood transfusion and the potential for
prehospital surgical interventions, optimal strategies for the
ideal implementation need to be further studied prior to any
widespread consideration. Currently, only oneUS prospectivemul-
ticenter randomized controlled trial is underway assessing the use
of prehospital whole blood in trauma patients (NCT04684719),
and until this trial is complete, the potential benefits of prehospital
whole blood should not be viewed as definitive in nature. Despite
these limitations, we believe that the potential for pushing blood
products and more advanced surgical skills further forward should
be strongly considered as an avenue to reduce potentially prevent-
able deaths in the prehospital space (Table 1).

CONCLUSION

Although the trauma system developed within the combat
theater does not mirror that of the current civilian system, the un-
derlying principles focusing of decreasing the time to lifesaving
interventions is exactly the same. The medical lessons learned
from the US military's recent involvement in conflict surround-
ing prehospital blood products and earlier access to surgical in-
tervention could pave the way forward to decreasing prehospital
mortality and improving the physiology of critically ill trauma
patients. Just as many military physicians throughout the years
have been forced to develop creative solutions to exceedingly
hard problem sets, novel solutions in the civilian prehospital space
should be sought. Leaning on themilitary's experiencemay provide
more insight into these challenges, especially with the renewed fo-
cus on military-civilian partnerships across the United States.

AUTHORSHIP

D.L., R.H., R.B., J.D., J.M., M.E., and J.B.H. contributed to study design.
D.L., R.H., R.B., and J.D. performed the literature search. D.L., R.H., R.B.,
J.D., J.M., M.E., and J.B.H. critically interpreted the statistical results. D.L.,
5

horized reproduction of this article is prohibited.



Lammers et al.
J Trauma Acute Care Surg

Volume 00, Issue 00
R.H., R.B., J.D., and J.M. drafted the original manuscript. D.L., R.H., R.B.,
J.D., J.M., M.E., and J.B.H. critically revised the manuscript.

DISCLOSURE

Conflict of Interest: Author Disclosure forms for the authors have been
supplied and are provided as Supplemental Digital Content (http://links.
lww.com/TA/E570).

REFERENCES
1. Beekley AC, Starnes BW, Sebesta JA. Lessons learned frommodernmilitary

surgery. Surg Clin. 2007;87(1):157–184.
2. Bradley M, Nealeigh M, Oh JS, Rothberg P, Elster EA, Rich NM. Combat

casualty care and lessons learned from the past 100 years of war. Curr Probl
Surg. 2017;54(6):315–351.

3. Mitchell GW. A brief history of triage. Disaster Med Public Health Prep.
2008;2(S1):S4–S7.

4. Place RJ. The strategic genius of Jonathan letterman: the relevancy of the
American civil war to current health care policy makers. Mil Med. 2015;
180(3):259–262.

5. Baker MS. Military medical advances resulting from the conflict in Korea,
part I: systems advances that enhanced patient survival. Mil Med. 2012;
177(4):423–429.

6. Goodwin T, Moore KN, Pasley JD, Troncoso R Jr., Levy MJ, Goolsby C.
From the battlefield to main street: tourniquet acceptance, use, and transla-
tion from the military to civilian settings. J Trauma Acute Care Surg.
2019;87(1S):S35–S39.

7. Wedmore I, McManus JG, Pusateri AE, Holcomb JB. A special report on the
chitosan-based hemostatic dressing: experience in current combat opera-
tions. J Trauma Acute Care Surg. 2006;60(3):655–658.

8. Morrison JJ, Dubose JJ, Rasmussen TE, Midwinter MJ. Military application
of tranexamic acid in trauma emergency resuscitation (MATTERs) study.
Arch Surg. 2012;147(2):113–119.

9. Shackelford SA, Del Junco DJ, Powell-Dunford N, Mazuchowski EL, How-
ard JT, Kotwal RS, et al. Association of prehospital blood product transfusion
during medical evacuation of combat casualties in Afghanistan with acute
and 30-day survival. JAMA. 2017;318(16):1581–1591.

10. Duchesne J, Taghavi S, Houghton A, Khan M, Perreira B, Cotton B, et al.
Prehospital mortality due to hemorrhagic shock remains high and un-
changed: a summary of current civilian EMS practices and new military
changes. Shock Inj Inflamm Sepsis Lab Clin Approaches. 2021;56(1):3–8.

11. Hashmi ZG, Chehab M, Nathens AB, Joseph B, Bank EA, Jansen JO, et al.
Whole truths but half the blood: addressing the gap between the evidence and
practice of pre-hospital and in-hospital blood product use for trauma resusci-
tation. Transfusion (Paris). 2021;61:S348–S353.

12. Callaway DW, Smith ER, Cain JS, Shapiro G, Burnett WT, McKay SD, et al.
Tactical emergency casualty care (TECC): guidelines for the provision of prehospital
trauma care in high threat environments. J Spec Oper Med. 2011;1:1–20.

13. Brown J, Sajankila N, Claridge JA. Prehospital assessment of trauma. Surg
Clin. 2017;97(5):961–983.

14. Morris RS, Karam BS,Murphy PB, Jenkins P, Milia DJ, Hemmila MR, et al.
Field-triage, hospital-triage and triage-assessment: a literature review of the
current phases of adult trauma triage. J Trauma Acute Care Surg. 2021;
90(6):e138–e145.

15. Cowley RA. A total emergency medical system for the state of Maryland.
Md State Med J. 1975;24(7):37–45.

16. Lerner EB, Moscati RM. The golden hour: scientific fact or medical “urban
legend”? Acad Emerg Med. 2001;8(7):758–760.

17. Ley EJ, ClondMA, Srour MK, BarnajianM,Mirocha J, Margulies DR, et al.
Emergency department crystalloid resuscitation of 1.5 L or more is associated
with increased mortality in elderly and nonelderly trauma patients. J Trauma
Acute Care Surg. 2011;70(2):398–400.

18. Kasotakis G, Sideris A, Yang Y, De Moya M, Alam H, King DR, et al. Ag-
gressive early crystalloid resuscitation adversely affects outcomes in adult
blunt trauma patients: an analysis of the Glue Grant database. J Trauma
Acute Care Surg. 2013;74(5):1215.

19. Harada MY, Ko A, Barmparas G, Smith EJ, Patel BK, Dhillon NK, et al. 10-
year trend in crystalloid resuscitation: reduced volume and lower mortality.
Int J Surg. 2017;38:78–82.

20. Deaton TG, Auten JD, Betzold R, Butler FK Jr., Byrne T, Cap AP, et al. Fluid
resuscitation in tactical combat casualty care; TCCC guidelines change 21-01. 4
6

Copyright © 2025 Wolters Kluwer Health, Inc. Unaut
November 2021. J Spec Oper Med Peer Rev J SOF Med Prof. 2021;21(4):
126–137.

21. Fisher AD, Miles EA, Broussard MA, Corley JB, Knight R, Remley MA,
et al. Low titer group O whole blood resuscitation: military experience from
the point of injury. J Trauma Acute Care Surg. 2020;89(4):834–841.

22. Sperry JL, Guyette FX, Brown JB, Yazer MH, Triulzi DJ, Early-Young BJ,
et al. Prehospital plasma during air medical transport in trauma patients at
risk for hemorrhagic shock. N Engl J Med. 2018;379(4):315–326.

23. Moore HB, Moore EE, Chapman MP, McVaney K, Bryskiewicz G, Blechar
R, et al. Plasma-first resuscitation to treat haemorrhagic shock during emer-
gency ground transportation in an urban area: a randomised trial. The Lancet.
2018;392(10144):283–291.

24. Pusateri AE,Moore EE,Moore HB, Le TD, Guyette FX, ChapmanMP, et al.
Association of prehospital plasma transfusion with survival in trauma pa-
tients with hemorrhagic shock when transport times are longer than
20 minutes: a post hoc analysis of the PAMPer and COMBAT clinical trials.
JAMA Surg. 2020;155(2):e195085–e195085.

25. Lewis RE, Muluk SL, Reitz KM, Guyette FX, Brown JB, Miller RS, et al.
Prehospital plasma is associated with survival principally in patients trans-
ferred from the scene of injury: a secondary analysis of the PAMPer trial.
Surgery. 2022;172(4):1278–1284.

26. Guyette FX, Sperry JL, Peitzman AB, Billiar TR, Daley BJ, Miller RS, et al.
Prehospital blood product and crystalloid resuscitation in the severely injured
patient: a secondary analysis of the prehospital air medical plasma trial. Ann
Surg. 2021;273(2):358–364.

27. Hashmi ZG, Jansen JO, Kerby JD, Holcomb JB. Nationwide estimates of the
need for prehospital blood products after injury. Transfusion (Paris). 2022;
62:S203–S210.

28. Schaefer RM, Bank EA, Krohmer JR, Haskell A, Taylor AL, Jenkins DH,
et al. Removing the barriers to prehospital blood: a roadmap to success. J
Trauma Acute Care Surg. 2023;10–1097.

29. Holcomb. Prehospital Blood Transfusion Initiative Coalition. Available at:
https://prehospitaltransfusion.org. Accessed February 1, 2025.

30. Deeb AP, Guyette FX, Daley BJ, Miller RS, Harbrecht BG, Claridge JA,
et al. Time to early resuscitative intervention association with mortality in
trauma patients at risk for hemorrhage. J Trauma Acute Care Surg. 2023;
94(4):504–512.

31. Duchesne J, McLafferty BJ, Broome JM, Caputo S, Ritondale JP, Tatum D,
et al. Every minute matters: improving outcomes for penetrating trauma
through prehospital advanced resuscitative care. J Trauma Acute Care Surg.
2024;97:10–1097.

32. Meyer DE, Vincent LE, Fox EE, O’Keeffe T, Inaba K, Bulger E, et al. Every
minute counts: time to delivery of initial massive transfusion cooler and its
impact on mortality. J Trauma Acute Care Surg. 2017;83(1):19–24.

33. Holcomb JB. Transport time and preoperating room hemostatic interventions
are important: improving outcomes after severe truncal injury. Crit Care
Med. 2018;46(3):447–453.

34. Clarke JR, Trooskin SZ, Doshi PJ, Greenwald L, Mode CJ. Time to laparot-
omy for intra-abdominal bleeding from trauma does affect survival for delays
up to 90 minutes. J Trauma Acute Care Surg. 2002;52(3):420–425.

35. AlarhayemAQ,Myers JG, Dent D, Liao L,MuirM,Mueller D, et al. Time is the
enemy: mortality in trauma patients with hemorrhage from torso injury occurs
long before the “golden hour”. Southwest Surg Congr. 2016;212(6):1101–1105.

36. Harvin JA, Maxim T, Inaba K, Martinez-Aguilar MA, King DR, Choudhry
AJ, et al. Mortality following emergent trauma laparotomy: amulticenter, ret-
rospective study: mortality after emergent trauma laparotomy. J Trauma
Acute Care Surg. 2017;83(3):464–468.

37. Chang R, Kerby JD, Kalkwarf KJ, Van Belle G, Fox EE, Cotton BA, et al.
Earlier time to hemostasis is associated with decreased mortality and rate
of complications: results from the pragmatic randomized optimal platelet
and plasma ratio trial. J Trauma Acute Care Surg. 2019;87(2):342–349.

38. Kotwal RS, Scott LL, Janak JC, Tarpey BW, Howard JT, Mazuchowski EL,
et al. The effect of prehospital transport time, injury severity, and blood trans-
fusion on survival of US military casualties in Iraq. J Trauma Acute Care
Surg. 2018;85(1S):S112–S121.

39. Duchesne J, Slaughter K, Puente I, Berne JD, Yorkgitis B, Mull J, et al. Im-
pact of time to surgery on mortality in hypotensive patients with noncom-
pressible torso hemorrhage: an AAST multicenter, prospective study. J
Trauma Acute Care Surg. 2022;92(5):801–811.

40. Broome JM, Nordham KD, Piehl M, Tatum D, Caputo S, Belding C, et al.
Faster refill in an urban emergency medical services system saves lives: a
© 2025 Wolters Kluwer Health, Inc. All rights reserved.

horized reproduction of this article is prohibited.

http://links.lww.com/TA/E570
http://links.lww.com/TA/E570
https://prehospitaltransfusion.org


J Trauma Acute Care Surg
Volume 00, Issue 00 Lammers et al.
prospective preliminary evaluation of a prehospital advanced resuscitative
care bundle. J Trauma Acute Care Surg. 2024;96(5):702–707.

41. Ritondale J, Piehl M, Caputo S, Broome J, McLafferty B, Anderson A, et al.
Impact of prehospital exsanguinating airway-breathing-circulation resuscita-
tion sequence on patients with severe hemorrhage. J Am Coll Surg. 2024;
238(4):367–373.

42. Hsieh SL, Hsiao CH, Chiang WC, Shin SD, Jamaluddin SF, Son DN, et al.
Association between the time to definitive care and trauma patient outcomes:
every minute in the golden hour matters. Eur J Trauma Emerg Surg. 2022;
48:2709–2716.

43. Remick KN, Schwab CW, Smith BP, Monshizadeh A, Kim PK, Reilly PM.
Defining the optimal time to the operating room may salvage early trauma
deaths. J Trauma Acute Care Surg. 2014;76(5):1251–1258.

44. Champion HR, Lombardo LV, Wade CE, Kalin EJ, Lawnick MM, Holcomb
JB. Time and place of death from automobile crashes: research endpoint im-
plications. J Trauma Acute Care Surg. 2016;81(3):420–426.

45. Carroll SL, Dye DW, Smedley WA, Stephens SW, Reiff DA, Kerby JD, et al.
Early and prehospital trauma deaths: who might benefit from advanced re-
suscitative care? J Trauma Acute Care Surg. 2020;88(6):776–782.

46. DuBose JJ, Martens D, Frament C, Haque I, Telian S, Benson PJ. Experience
with prehospital damage control capability in modern conflict: results from
surgical resuscitation team use. J Spec Oper Med Peer Rev J SOF Med Prof.
2017;17(4):68–71.

47. DuBose JJ, Stinner DJ, Baudek A, Martens D, Donham B, Cuthrell M, et al.
Life and limb in-flight surgical intervention: fifteen years of experience by
joint medical augmentation unit surgical resuscitation teams. J Spec Oper
Med Peer Rev J SOF Med Prof. 2020;20(4):47–52.

48. Knipp BS, Needham KE, Nguyen PT, Keville MP, Brzuchalski JT, Srivilasa
C, et al. Leaning forward: early arterial access promotes resuscitative endo-
vascular balloon occlusion of the aorta utilization in battlefield casualties. J
Trauma Acute Care Surg. 2020;89(2S):S88–S92.

49. Knapp J, Häske D, Boettiger BW, Limacher A, Stalder O, Schmid A, et al.
Influence of prehospital physician presence on survival after severe trauma:
systematic review and meta-analysis. J Trauma Acute Care Surg 2019;
87(4):978–89.

50. Wilson SL, GangathimmaiahV. Does prehospital management by doctors af-
fect outcome in major trauma? A systematic review. J Trauma Acute Care
Surg. 2017;83(5):965–974.

51. Den Hartog D, Romeo J, Ringburg AN, Verhofstad MH, Van Lieshout EM.
Survival benefit of physician-staffed helicopter emergency medical services
(HEMS) assistance for severely injured patients. Injury. 2015;46(7):1281–1286.

52. Gander B. Prehospital amputation: a scoping review. J Paramed Pract. 2020;
12(1):6–13.

53. Howie W, Scott-Herring M, Pollak AN, Galvagno SM Jr. Advanced
prehospital trauma resuscitation with a physician and certified registered
nurse anesthetist: the shock trauma “go-team”. AirMed J. 2020;39(1):51–55.

54. Seesink J, van der Wielen W, Miranda DDR, Moors XJ. Successful
prehospital ECMO in drowning resuscitation after prolonged submersion.
Resusc Plus. 2024;19:100685.

55. Hutin A, Ricard-Hibon A, Briole N, Dupin A, Dagron C, Raphalen J, et al.
First description of a helicopter-borne ECPR team for remote refractory
out-of-hospital cardiac arrest. Prehosp Emerg Care. 2022;26(1):89–92.

56. Lamhaut L, Hutin A, Puymirat E, Jouan J, Raphalen JH, Jouffroy R, et al. A
pre-hospital extracorporeal cardio pulmonary resuscitation (ECPR) strategy
for treatment of refractory out hospital cardiac arrest: an observational study
and propensity analysis. Resuscitation. 2017;117:109–117.

57. Lendrum RA, Perkins Z, Marsden M, Cochran C, Davenport R, Chege F,
et al. Prehospital partial resuscitative endovascular balloon occlusion of the
aorta for exsanguinating subdiaphragmatic hemorrhage. JAMA Surg. 2024;
159(9):998–1007.

58. Grotta JC, Yamal JM, Parker SA, Rajan SS, Gonzales NR, Jones WJ, et al.
Prospective, multicenter, controlled trial of mobile stroke units. N Engl J
Med. 2021;385(11):971–981.

59. Bartos JA, Frascone R, ConteratoM,Wesley K, Lick C, Sipprell K, et al. The
Minnesota mobile extracorporeal cardiopulmonary resuscitation consortium
for treatment of out-of-hospital refractory ventricular fibrillation: program
description, performance, and outcomes. EClinicalMedicine. 2020;29.

60. Marinaro J, Guliani S, Dettmer T, Pruett K, Dixon D, Braude D. Out-of-hos-
pital extracorporeal membrane oxygenation cannulation for refractory ven-
tricular fibrillation: a case report. J Am Coll Emerg Physicians Open.
2020;1(3):153–157.
© 2025 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2025 Wolters Kluwer Health, Inc. Unaut
61. Sakamoto T, Morimura N, Nagao K, Asai Y, Yokota H, Nara S, et al. Extra-
corporeal cardiopulmonary resuscitation versus conventional cardiopulmo-
nary resuscitation in adults with out-of-hospital cardiac arrest: a prospective
observational study. Resuscitation. 2014;85(6):762–768.

62. RobD, Smalcova J, Smid O, Kral A, Kovarnik T, Zemanek D, et al. Extracor-
poreal versus conventional cardiopulmonary resuscitation for refractory out-
of-hospital cardiac arrest: a secondary analysis of the Prague OHCA trial.
Crit Care. 2022;26(1):330.

63. Suverein MM, Delnoij TS, Lorusso R, Brandon Bravo Bruinsma GJ,
Otterspoor L, Elzo Kraemer CV, et al. Early extracorporeal CPR for refrac-
tory out-of-hospital cardiac arrest. N Engl J Med. 2023;388(4):299–309.

64. Heuts S, van de Koolwijk AF, Gabrio A, Ubben JF, van der Horst IC, Delnoij
TS, et al. Extracorporeal life support in cardiac arrest: a post hoc Bayesian re-
analysis of the INCEPTION trial. Eur Heart J Acute Cardiovasc Care. 2024;
13(2):191–200.

65. Yannopoulos D, Bartos J, Raveendran G, Walser E, Connett J, Murray TA,
et al. Advanced reperfusion strategies for patientswith out-of-hospital cardiac ar-
rest and refractory ventricular fibrillation (ARREST): a phase 2, single centre,
open-label, randomised controlled trial. Lancet. 2020;396(10265):1807–1816.

66. Butler FK Jr., Holcomb JB, Shackelford SA, Barbabella S, Bailey JA, Baker
JB, et al. Advanced resuscitative Care in Tactical Combat Casualty Care:
TCCC guidelines change 18-01: 14 October 2018. J Spec Oper Med Peer
Rev J SOF Med Prof. 2018;18(4):37–55.

67. Qasim Z, Butler FK, Holcomb JB, Kotora JG, Eastridge BJ, Brohi K, et al.
Selective prehospital advanced resuscitative care—developing a strategy to
prevent prehospital deaths from noncompressible torso hemorrhage. Shock.
2022;57(1):7–14.

68. Cornett E, Downey A, Berwick D. A national trauma care system: integrat-
ing military and civilian trauma systems to achieve zero preventable deaths
after injury. 2016;

69. Lammers DT, Holcomb JB. Damage control resuscitation in adult trauma pa-
tients: what you need to know. J Trauma Acute Care Surg. 2023;95:10–1097.

70. Hazelton JP, SsentongoAE, Oh JS, Ssentongo P, SeamonMJ, Byrne JP, et al.
Use of cold-stored whole blood is associated with improved mortality in he-
mostatic resuscitation of major bleeding: a multicenter study. Ann Surg.
2022;276(4):579–588.

71. Riskin DJ, Tsai TC, Riskin L, Hernandez-Boussard T, Purtill M, Maggio
PM, et al. Massive transfusion protocols: the role of aggressive resuscitation
versus product ratio in mortality reduction. J Am Coll Surg. 2009;209(2):
198–205.

72. Lammers D, Betzold R, McClellan J, Eckert M, Bingham J, Hu P, et al.
Quantifying the benefit of whole blood on mortality in trauma patients re-
quiring emergent laparotomy. J Trauma Acute Care Surg. 2024;97(5):
747–752.

73. Lammers D, Hu P, Rokayak O, Baird EW, Betzold RD, Hashmi Z, et al. Pref-
erential whole blood transfusion during the early resuscitation period is asso-
ciatedwith decreasedmortality and transfusion requirements in traumatically
injured patients. Trauma Surg Acute Care Open. 2024;9(1):e001358.

74. Eastridge BJ, Holcomb JB, Shackelford S. Outcomes of traumatic hemor-
rhagic shock and the epidemiology of preventable death from injury. Trans-
fusion (Paris). 2019;59(S2):1423–1428.

75. Marsden M, Carden R, Navaratne L, Smith IM, Penn-Barwell JG, Kraven
LM, et al. Outcomes following trauma laparotomy for hypotensive trauma
patients: a UK military and civilian perspective. J Trauma Acute Care Surg.
2018;85(3):620–625.

76. Holcomb JB, Hoots WK, Polk TM. The bloody transfusion problem. JAMA.
2023;330:1839–1840.

77. Holcomb JB, Butler FK, Schreiber MA, Taylor AL, Riggs LE, Krohmer JR,
et al. Making blood immediately available in emergencies. Transfusion
(Paris). 2024;64(8):1543–1550.

78. MartinMJ, Johnson A, Rott M, Kuchler A, Cole F, RamzyA, et al. Choosing
wisely: a prospective study of direct to operating room trauma resuscitation
including real-time trauma surgeon after-action review. J Trauma Acute Care
Surg. 2021;91(2S):S146–S153.

79. Gurney JM, Kotwal RS, Holcomb JB, Staudt AM, Eastridge B, Sirkin M,
et al. A trauma expert consensus: capabilities are required early to improve
survivability from traumatic injury. J Trauma Acute Care Surg. 2023;
10–1097.

80. Davis JS, Satahoo SS, Butler FK, Dermer H, Naranjo D, Julien K, et al. An
analysis of prehospital deaths: who can we save? J Trauma Acute Care Surg.
2014;77(2):213–218.
7

horized reproduction of this article is prohibited.


