
1Adams D, et al. Trauma Surg Acute Care Open 2024;9:e001189. doi:10.1136/tsaco-2023-001189

Open access 

Management of non- compressible torso hemorrhage 
of the abdomen in civilian and military austere 
environments: a scoping review
Donald Adams    ,1 Paige L McDonald,2 Seth Holland,3 Alexander B Merkle,4 
Christen Puglia,5,6 Becky Miller,7 Deidre D Allison,5,6 Christina Moussette,5 
Christopher J Souza,8 Timothy Nunez,9 Philip van der Wees2,10

To cite: Adams D, 
McDonald PL, Holland S, 
et al. Trauma Surg Acute Care 
Open 2024;9:e001189.

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (https:// doi. 
org/ 10. 1136/ tsaco- 2023- 
001189).

For numbered affiliations see 
end of article.

Correspondence to
Dr Donald Adams;  Dadams89@ 
GWU. edu

Received 8 June 2023
Accepted 19 January 2024

Review

© Author(s) (or their 
employer(s)) 2024. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

SUMMARY
Background Non- compressible abdominal hemorrhage 
(NCAH) is the leading cause of potentially preventable 
deaths in both civilian and military austere environments, 
and an improvement in mortality due to this problem has 
not been demonstrated during the past quarter century. 
Several innovations have been developed to control 
hemorrhage closer to the point of injury.
Objective This review assessed NCAH interventions 
in civilian and military settings, focusing on austere 
environments. It identified innovations, effectiveness, and 
knowledge gaps for future research.
Methodology The Joanna Briggs Institute for Evidence 
Synthesis methodology guided this scoping review 
to completion. Studies evaluating NCAH with human 
participants in civilian and military austere environments 
that were eligible for inclusion were limited to English 
language studies published between December 1990 
and January 2023. The PCC (Participant, Concept, 
Context) framework was used for data synthesis. 
Deductive and inductive thematic analyses were used to 
assess the literature that met inclusion criteria, identify 
patterns/themes to address the research questions 
and identify common themes within the literature. A 
stakeholder consultation was conducted to review and 
provide expert perspectives and opinions on the results 
of the deductive and inductive thematic analyses.
Results The literature search identified 868 articles; 
26 articles met the inclusion criteria. Textual narrative 
analysis of the 26 articles resulted in the literature 
addressing four main categories: NCAH, penetrating 
abdominal trauma, resuscitative endovascular balloon 
occlusion of the aorta (REBOA), and ResQFoam. The 
deductive thematic analysis aimed to answer three 
research questions. Research question 1 addressed the 
effectiveness of REBOA, damage control resuscitation, 
and damage control surgery in managing NCAH in 
austere environments. No effectiveness studies were 
found on this topic. Research question 2 identified 
three knowledge gaps in NCAH management in austere 
environments. The analysis identified early hemorrhage 
control, prehospital provider decision- making ability, 
and REBOA implementation as knowledge gaps in 
NCAH. Research question 3 identified five innovations 
that may affect the management of NCAH in the future: 
transport of patients, advanced resuscitative care, expert 
consultation, REBOA implementation, and self- expanding 
foam implementation. The inductive thematic analysis 
resulted in four recurrent themes from the literature: 
prehospital care, decision- making, hemorrhage control, 

and mortality in NCAH. During the stakeholders’ 
consultation, the results of the deductive and inductive 
thematic analyses were reviewed and agreed on by the 
stakeholders. Special emphasis and discussion were 
given to prehospital management, expert opinions in 
the prehospital environment, decision- making in the 
prehospital environment, transport and resuscitation in 
the prehospital setting, REBOA, alternative discussion for 
research, and research gaps.
Conclusion NCAH is still a significant cause of 
preventable death in both military and civilian 
austere environments, even with ongoing research 
and interventions aimed at extending survival in such 
conditions. This scoping review has identified several 
potential concepts that could reduce the mortality 
associated with a preventable cause of death due to 
hemorrhage in austere environments.

INTRODUCTION
Rationale
Non- compressible abdominal hemorrhage (NCAH) 
is the leading cause of potentially preventable 
deaths in both civilian and military austere envi-
ronments, and an improvement in mortality due 
to this problem has not been demonstrated during 
the past quarter century.1–4 For further develop-
ment of management strategies, it is essential to 
assess current and future innovations in prehospital 
management of NCAH in austere environments. 
A civilian and military austere environment is 
defined as ‘Far- Forward in the environment where 
professional health care providers normally do not 
operate, and basic equipment and capabilities neces-
sary for resuscitation are unavailable’.1 5

Three innovations have been developed to 
manage NCAH in civilian and military austere 
environments: abdominal aortic junctional 
tourniquet (AAJT), resuscitative endovascular 
balloon occlusion of the aorta (REBOA), and 
ResQFoam.2 6–8 The AAJT and ResQFoam have 
proven well in efficacy trials; however, data on 
their effectiveness in civilian and military austere 
environments are lacking.6–8 REBOA is the most 
used innovation in managing NCAH, despite the 
lack of effectiveness studies in the current liter-
ature.2 9 10 A joint statement published by the 
American College of Surgeons Committee on 
Trauma and the American College of Emergency 
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Physicians provides best practice implementation guidance 
for REBOA in the clinical setting.11 To further advance the 
prehospital management of NCAH in civilian and military 
austere environments, it is essential to establish a body of 
knowledge for current and future innovations.

This scoping review aimed to review the effectiveness of 
innovations in prehospital management of NCAH in austere 
environments, to identify knowledge gaps for managing 
NCAH, and to identify potential future management strat-
egies for managing NCAH in civilian and military austere 
environments.

METHODS
The methodology followed the previously published scoping 
review protocol for managing non- compressible torso hemor-
rhage in civilian and military austere environments.1 The 
literature selected for this scoping review assessed the past 
and current conceptual management of NCAH in civilian and 
military austere environments.

The Joanna Briggs Institute for Evidence Synthesis method-
ology was followed for this scoping review.12 Additionally, the 
Preferred Reporting Items for Systematic Review and Meta- 
Analysis (PRISMA) extension for the Scoping Review check-
list was used to improve the methodological and reporting 
quality.13

Eligibility criteria
Empirical studies that evaluated the effectiveness of the 
management of NCAH in civilian or military environments 
needed to include human participants, ages 18 years and 
older, male or female. All study designs were considered for 
inclusion. Only English- language articles were included in 
this scoping review.

Information sources
The search was conducted using PubMed, Scopus, and 
Cochrane Central Register of Controlled Trials. Additional 
literature was sought from citations in the selected literature 
and experts in the field of trauma surgery.

Additionally, articles and literature were sought refer-
encing previous and current trauma surgery conferences 
from January 2010 to January 2023, as noted in figure 1 
for titles and abstracts referencing NCAH. To ensure the 
completeness of literature search, a gray literature review 
was conducted from internet queries, including Google 
Scholar and  Science. gov. Other websites of interest are noted 
in figure 1.

Search strategy
The search strategy for this scoping review was previously 
published as an appendix in the scoping review protocol.1

Selection process
Three researchers screened 868 articles for inclusion. 776 arti-
cles were reviewed based on the title and abstract, and 312 
went through full- text review. Finally, 26 articles were short-
listed for data extraction and analysis. The PRISMA 2020 flow 
chart (figure 2) was reviewed and accepted by all authors of the 
scoping review.

Three researchers (DA, SH, ABM) reviewed all articles inde-
pendently and systematically. Any disagreements were resolved 
through seeking a consensus. Two senior research advisors were 
consulted if needed.

The authors reviewed 26 articles, extracted data, and 
formed a presentation of results (online supplemental 
appendix A). Articles were categorized into four: NCAH, 
penetrating abdominal trauma, REBOA, and ResQFoam. The 
following items were collected from the 26 selected articles: 
study characteristics, publication year, research period, origi-
nating institution, country, purpose/aim, population, setting, 
sample size type of study, the main outcome, how the study 
outcome addressed the research question, context of civilian 
and military austere environments based on Holcomb’s 2018 
publication, management of NCAH, and healthcare disci-
plines involved.14 Two researchers (SH, ABM) reviewed the 
final product with minimal discussion. The article was then 
sent for review and approval by subject matter experts.

Data analysis
Textual narrative analysis was used to extract data from the 
26 selected articles. Textual narrative analysis is grounded in 
the analysis of textual narrative synthesis. It groups studies 
into similar homogenous subgroups, highlighting diversity 
in study design and context. This helps identify gaps in the 
literature and evaluate evidence strength.15

To answer the three research questions, a deductive and 
inductive thematic analysis was performed. Thematic anal-
ysis, which includes deductive and inductive thematic 
analyses, is a qualitative research technique that aims to 
understand complex phenomena by identifying, analyzing, 
organizing, describing, and reporting the themes and 
patterns within a given data set.16 17 Deductive thematic anal-
ysis is researcher driven based on the analyst’s interest in 
the area.18 Inductive thematic analysis involves coding data 
without attempting to fit it into a preconceived framework 
or the researcher’s analytical preconditions. Both methods 
are reviewed iteratively, meaning that researchers can refine 
their analysis and gain a comprehensive understanding of the 
data set over time.18

Three researchers (DA, CP, BM) independently conducted 
deductive thematic analysis on selected articles. The author 
(DA) established coded statements under specific categories 
to answer each research question by reviewing each article 
line by line.

 ► What is known about the effectiveness of current innova-
tions for managing NCAH in civilian and military austere 
environments?

 ► What are the existing knowledge gaps in the literature 
regarding managing NCAH in civilian and military austere 
environments?

 ► What future innovations may improve the management 
of NCAH in civilian and military austere environments?

Categories were developed via an iterative review of 
codes from selected articles, which provided founda-
tional constructs for supporting each category under each 
research question. The final document provided support for 
answering each research question. Two researchers (CP, BM) 
approved it; any disagreement was resolved by two senior 
researchers (PvdW, PLM).

Three independent researchers (DA, SH, ABM) conducted 
an inductive thematic analysis of selected articles. The author 
collaborated with coauthors to ensure agreement on codes, 
categories, and themes. Any disagreements were resolved by 
two senior researchers (PvdW, PLM). The iterative review 
process resulted in four themes constructed from two codes. 
Two researchers (SH, ABM) provided their opinions and 
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concerns and resolved any issues with the author. The article 
was approved by two senior researchers (PLM, PvdW).

Stakeholder consultation
We conducted a stakeholder consultation to verify and 
synthesize the results of our analysis. The author interviewed 
seven participants, and the recorded interviews were tran-
scribed and summarized into categories. Two researchers 
(DA, CM) provided feedback, and the final product was sent 
to two senior researchers (PLM, PvdW) for approval.

Study risk of bias assessment
A formal risk of bias assessment was not conducted as it did not 
fit the purpose of the scoping review.

RESULTS
Study selection
The flow chart of the selection of studies is presented in figure 1.

Study characteristics
The articles addressed four main aspects of NCAH: (a) 
15 articles addressed NCAH,19–33 (b) 2 articles addressed 

Figure 1 Graphic presentation of scoping review methodology. AAST, American Association for the Surgery of Trauma; ACS, American College of 
Surgeons; ATS, American Trauma Society; CCMJ, Critical Care Medical Journal; EAST, Eastern Association for the Surgery of Trauma; EJTES, European 
Society of Trauma and Emergency Surgery; NCTH, Non- compressible torso hemorrhage; NTRI, National Trauma Research Institue; WTA, Western 
Trauma Association. Adams et al.1
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penetrating abdominal trauma,34 35 (c) 8 articles addressed 
REBOA36–43 and (d) 1 article addressed ResQFoam.7

The articles included studies from seven countries: the 
USA contributed 17 articles,7 19–21 23 24 28–31 33–35 38 40 41 43 the 
UK,26 36 Netherlands,22 32 and Sweden37 42 contributed two 
articles each, and Canada,27 Columbia,39 and Switzerland25 
contributed one article each to this scoping review.

The included articles employed eight distinct methods. There 
were 11 retrospective review articles,19 20 25–28 30 33 35 40 42 6 review 
articles,22–24 31 32 38 4 observational studies,21 34 37 39 1 lecture,29 

1 systematic review,36 1 autopsy,41 1 case series,43 and 1 
commentary.7

The setting was categorized into three: civilian, military, 
and civilian- military. The military setting contributed to 
eight articles,7 19 23 26–30 the civilian- military contributed to 
nine articles,20 24 31 32 36–38 41 43 and the civilian articles contrib-
uted nine articles.21 22 25 33–35 39 40 42

When assessing the different disciplines discussed 
throughout the 26 articles, prehospital providers were 
discussed or inferred in 22 articles, emergency medicine 

Figure 2 Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) 2020 flow diagram selection. *Consider, if feasible to do 
so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). 
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools. ATS, 
American Trauma Society; CCMJ, Critical Care Medicine Journal; EJTES, European Society of Trauma and Emergency Surgery; JACS, Journal of the 
American College of Surgeons; JTACS, Journal of Trauma and Acute Care Surgery; NTRI, National Trauma Research Institute; REBOA, resuscitative 
endovascular balloon occlusion of the aorta; WJS, World Journal of Surgery. From: Page et al.53
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providers were discussed or implied in 21 articles, trauma 
surgeons were discussed or inferred in 19 articles, politi-
cians, vascular surgeons, and interventional radiologists 
were discussed or inferred in one article each.

Deductive thematic analysis
What is the effectiveness of current innovations for managing NCAH 
in civilian and military austere environments?
The literature reviewed did not identify any effectiveness studies 
that directly evaluated REBOA, damage control resuscitation 
(DCR), and damage control surgery (DCS) in managing NCAH 
in austere environments. The scoping review did not find any 

effectiveness studies of innovations or their implementation in 
real- world settings to improve mortality in patients with NCAH.

Early transportation for definitive management has been 
shown to improve mortality rates in patients with NCAH. 
Providing life- saving interventions to extend the window of 
survival in patients with NCAH in austere environments may 
further enhance their chances of survival with prolonged trans-
port times.10 Medics transporting patients and effectively imple-
menting hemorrhage control procedures have proven successful 
in sustaining life.40 44

Early recognition of indications for DCS, such as hemody-
namically stable and unstable patients in penetrating trauma, 

Figure 3 Thematic Analysis Categories and Themes. NCAH, non- compressible abdominal hemorrhage; POI, point of injury.

copyright.
 on A

pril 27, 2024 by guest. P
rotected by

http://tsaco.bm
j.com

/
T

raum
a S

urg A
cute C

are O
pen: first published as 10.1136/tsaco-2023-001189 on 14 F

ebruary 2024. D
ow

nloaded from
 

http://tsaco.bmj.com/


6 Adams D, et al. Trauma Surg Acute Care Open 2024;9:e001189. doi:10.1136/tsaco-2023-001189

Open access

may potentially sustain life and improve mortality in patients 
with NCAH due to appropriate decision- making in the prehos-
pital environment.30 31

The sustainment of life begins at the point of injury; medical 
personnel must be supplied with the appropriate resources to 
sustain life.20 Proper and early implementation of innovations, 
such as REBOA, DCR, and DCS, may sustain life at the point of 
injury if resourced appropriately.24 43–45

Authors of several included articles argued that practical inno-
vations such as REBOA could decrease mortality if implemented 
early in the management of NCAH.28 31 35 39 40 43 The proactive 
early use of REBOA in high- volume facilities has been shown 
to have better outcomes.43 The prompt diagnosis of NCAH and 
early initiation of DCS in concurrence with DCR have improved 
outcomes in the management of NCAH in the clinical setting.35 46

What are the existing knowledge gaps in the literature regarding 
managing NCAH in civilian and military austere environments?
The literature reviewed indicated three existing knowledge gaps 
in improving the survival of trauma patients with hemorrhaging 
in the prehospital trauma environment:

(1) Implementation of early hemorrhage control techniques 
and the prompt initiation of DCR in the prehospital setting can 
potentially improve mortality in patients with NCAH.30 32 33 
However, interventions to control hemorrhage in NCAH are 
limited; therefore, early surgical interventions are needed.32 
Providing prehospital medics with resources to manage NCAH 
and implement DCR may reduce mortality.23 27 35

(2) The prompt transport of injured patients from the point 
of injury to a definitive surgical facility is essential to decreasing 
mortality in patients with NCAH. Prehospital provider decision- 
making ability to treat at the point of injury versus early trans-
port to definitive care remains an existing knowledge gap.20 23 25

(3) The implementation of REBOA in the prehospital trauma 
environment by skilled and qualified medical personnel is 
an existing knowledge gap.36–41 43 47 Implementing REBOA in 
advanced resuscitative care (ARC) may bridge the gap between 
prehospital and surgical hemorrhage control.4 11 35 Early identifi-
cation of indications for the proactive implementation of REBOA 
is a knowledge gap.35 37 39 44 Other areas pending exploration in 
implementing REBOA in the prehospital trauma environment 
are the use of REBOA during transport, non- continuous versus 
continuous REBOA, and implementation of an algorithm in the 
proactive implementation of REBOA.37 38 41

What future innovations may improve the management of NCAH in 
civilian and military austere environments?
Five innovations that may affect the management of NCAH 
in the future: transport of patients from the point of injury to 
definitive surgical care,19 21 25 27 33 ARC in the prehospital trauma 
environment,21 43 expert consultation in the prehospital trauma 
environment,21 implementation of REBOA in the prehospital 
environment,41 43 and the implementation of self- expanding 
foam in the prehospital setting.7 These future innovations 
may improve the mortality of patients with NCAH in austere 
environments.

Expert consultation at the point of injury may increase survival 
in patients with NCAH. Experts at the point of injury making 
proactive and decisive decisions for treatment versus transport 
can reduce time at the point of injury and shorten the time to 
definitive surgical intervention.19 21 25 27 33

ARC in the prehospital environment could bridge the gap of 
future innovations from prehospital care to definitive surgical 

hemorrhage control. Implementing fresh whole blood and 
freeze- dried plasma after or during feasible hemorrhage control 
as a part of ARC may improve mortality.21 43 Implementing 
REBOA and future innovations, such as self- expanding foam, 
may bridge the gaps of future innovations from prehospital care 
to definitive surgical hemorrhage control.20 41 43

Inductive thematic analysis
Four overarching themes emerged from eight categories in 
the inductive thematic analysis. Figure 3 presents the resulting 
themes and corresponding codes.

The following explores each theme in more detail.

Prehospital care
Two codes contributed to this theme: the implementation and 
utilization of innovations and resources at the point of injury to 
improve outcomes in NCAH and transport times from the point 
of injury to definitive surgical care effects on mortality.

Implementation and utilization of innovations and resources 
at the point of injury to improve outcomes in NCAH evolved 
from discussions of the implementation of ARC in the prehos-
pital environment.21–23 27 44 Moreover, the implementation of 
ARC ensures that non- surgeon providers can proactively imple-
ment more advanced hemostatic and resuscitative interventions 
at the point of injury to decrease the mortality of patients with 
NCAH.43

Patient transport time of >30 minutes from austere envi-
ronments in patients with high- grade torso injuries had higher 
mortality than patients with lower grade torso injuries.19 The 
literature supports discussions that shorter prehospital trans-
port time, implementation of ARC, and shorter time for defin-
itive surgical intervention can potentially improve mortality in 
patients with NCAH.7 21 25 29

Decision-making
Decision- making in the management of NCAH emerged from 
two codes: better decision- making at the point of injury can 
improve outcomes in patients with NCAH and variables affecting 
the decision to operate on patients with NCAH.

Better decision- making at the point of injury can improve 
outcomes in patients with NCAH. The recognition and proac-
tive intervention at the point of injury or while in transport can 
decrease mortality in patients with NCAH.7 21 22 25 35 The advan-
tages of a proactive provider in the prehospital implementation 
of REBOA have resulted in positive outcomes. However, trans-
porting a trauma patient with an inflated balloon from REBOA 
can potentially be catastrophic.40 41 43 47

The variables affecting the decision to operate on patients 
with NCAH are the prompt recognition of indications for 
DCS, recognition in the prehospital environments of hemor-
rhage that may be amendable to REBOA, prompt diagnostic 
times, the time from door to hemostasis, and understanding that 
mortality is higher in institutions with a low volume of trauma 
cases.22 25 34 35 40 41

Hemorrhage control
Two categories contributed to this theme: hemorrhage control 
innovations in the prehospital environment and surgical inter-
vention to control hemorrhage in patients with NCAH.

Prehospital hemorrhage control innovations for NCAH are 
limited. Early hemorrhage control in the prehospital patient 
with NCAH may increase the patient’s survival window during 
prolonged transport to definitive care.22 32 43 47 Innovations such 
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as DCR and REBOA have increased survivability in austere envi-
ronments in patients with NCAH and may prolong survival in 
patients during prolonged transportation to definitive surgical 
facilities.22 29 32 38 41 43

Despite multiple innovations for hemorrhage control in 
patients with NCAH, options for non- operative innovations 
are limited.32 Using interventions such as REBOA may support 
non- operative management if used proactively in conjunction 
with DCR.29 40 43 47 DCS remains the only means of controlling 
NCAH, provided the patient can be transported expeditiously 
with en route DCR.7 21 29 31

Non- surgical and surgical interventions to control hemor-
rhage in patients with NCAH using DCR, DCS, and endovas-
cular intervention remain the primary concepts in managing 
NCAH to decrease mortality.7 21 24 25 Rapid transport to a surgical 
facility capable of managing patients with NCAH will reduce 
mortality.7 21 40 Facilities that manage patients with NCAH often 
have lower complication rates than those that do not regularly 
manage patients with NCAH.40

Mortality
Two codes contributed to this theme: future innovations to 
decrease mortality in NCAH and decrease mortality in the 
prehospital and emergency room environment in NCAH.

Prehospital hemorrhage control and resuscitation are essential 
to decreasing future mortality of patients with NCAH in austere 
environments. Innovations such as partial and continuous 
REBOA in the prehospital environment may allow patients with 
NCAH an opportunity to arrive at a definitive surgical facility 
for prompt, definitive surgical intervention.36 37 39 43 Addition-
ally, implementing an algorithm may enhance the efficacy and 
effectiveness of partial and continuous REBOA in these environ-
ments.37 38 A second innovation, self- expanding intra- abdominal 
foam to control hemorrhage in patients with NCAH, may be an 
alternative innovation.7 39 The third and most important inno-
vation is the implementation of fresh whole blood and poten-
tially freeze- dried plasma.43 Fresh whole blood is not new to 
DCR; however, its robust use in a prehospital environment by 
prehospital providers could change the paradigm of decreasing 
mortality in patients with NCAH.

Decreasing mortality in prehospital and emergency rooms was 
the second comprehensive discussion on mortality. Six variables 
can potentially decrease mortality in prehospital and emergency 
room patients: (1) improving prehospital care and implementing 
resources for DCR,22 28–30 33 43 (2) implementing hemorrhage 
control closer to the point of injury,22 30 40 43 (3) emergency rooms 
can decrease mortality rates by instituting hemorrhage control 
techniques/innovations in cases of failure to control hemorrhage 
at the point of injury,21 22 25 39–41 43 (4) shorter transport times from 
the point of injury to definitive surgical care,7 21 33 (5) reducing 
the time spent in the emergency department and providing rapid 
surgical intervention,25 40 and (6) ensuring rapid surgical inter-
ventions to control hemorrhage and continue DCR.7 21 25 29 31 40 43

Stakeholder consultation summary
Five stakeholders (listed in online supplemental appendix B) 
agreed that the four themes identified through inductive thematic 
analysis, as well as the discussion of results from the deductive 
thematic analysis, were essential for managing NCAH. Analysis 
of the collected individual stakeholder interviews produced seven 
recurrent discussion patterns within the scoping review results: 
prehospital management, expert opinions in the prehospital 
environment, decision- making in the prehospital environment, 

transport and resuscitation in the prehospital setting, REBOA, 
alternative discussion for research, and gaps in research.

Stakeholders discussed that the implementation of REBOA 
in the prehospital and in- hospital settings couples a steep 
learning curve with difficulty sustaining the skills needed for 
continued proficiency among trauma surgeons and prehospital 
providers. They also discussed that prolonged management at 
the point of injury delays care and potentially contributes to 
mortality and noted that rapid transport with en route ARC 
might lead to improved survival of a patient with NCAH versus 
prolonged on- scene management. Stakeholders emphasized that 
decision- making is essential in the prehospital environment. 
Good decision- making supporting early transport and en route 
management may lead to improved survival of patients with 
NCAH. Experts may improve prehospital care, but delayed 
transport harms outcomes due to limited resources.

Stakeholders discussed various topics not covered in the litera-
ture, such as the genetic component of trauma survival, improved 
door to cut times, and developing easy- to- adopt innovations. 
They emphasized the need for literature on prevention and 
effectiveness studies in managing NCAH. Lastly, stakeholders 
acknowledged the challenging comparison between wartime and 
civilian trauma.

DISCUSSION
This scoping review answered three research questions regarding 
the management of NCAH in civilian and military austere envi-
ronments. Stakeholders agreed with the results and identified 
prevention and effectiveness studies as a need. The lack of effec-
tiveness studies within the current trauma literature frustrates 
clinicians with the lack of external validity in research.48 49

Research question 1: What is the effectiveness of current inno-
vations for managing NCAH in civilian and military austere envi-
ronments? Our review did not identify any effectiveness studies 
within the selected literature for this scoping review or within a 
secondary literature search to identify the beneficial effects of an 
intervention in real- world clinical settings.

Research question 2: What are the existing knowledge gaps 
in the literature regarding managing NCAH in civilian and mili-
tary austere environments? Four recurring gaps were identified: 
implementing early hemorrhage control, providing medics with 
the necessary resources to manage patients in the prehospital 
environment, prompt transportation of the injured patient from 
the point of injury to a definitive treatment facility, and imple-
mentation of REBOA in the prehospital setting. These gaps in 
knowledge continue to reflect the lack of sponsorship in trauma 
research funding compared with the long list of non- trauma- 
related disease categories.4

Research question 3: What future innovations may improve 
the management of NCAH in civilian and military austere envi-
ronments? Five future innovations have been identified for 
improving prehospital trauma care. These include transport 
from the point of injury to definitive surgical care, the use of 
ARC in the prehospital trauma environment, expert consulta-
tion in the prehospital setting, implementation of REBOA in the 
prehospital environment, and the use of self- expanding foam in 
the prehospital setting. Stakeholders emphasized the importance 
of allowing prehospital and in- hospital providers the ability to 
comprehensively understand the usage of any innovation/inter-
vention in clinical practice before implementing it.

The inductive thematic analysis of the article’s content revealed 
four themes: prehospital care, decision- making, hemorrhage 
control, and mortality in NCAH. Prehospital care in NCAH 
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literature identified the implementation of ARC innovations by 
the prehospital provider and prompt transport from the point 
of injury to definitive surgical facilities to decrease mortality 
in NCAH in austere environments. Stakeholders agreed that 
prompt transportation to a definitive care facility with en route 
ARC might be vital in decreasing mortality in patients with 
NCAH.

The second theme emphasizes the importance of decision- 
making in the prehospital environment in managing NCAH. A 
critical discussion in decision- making by prehospital providers 
evolves from three essential factors: initial exposure, repeated 
exposure, and comprehensive understanding, which leads to 
better decision- making. It was stressed that decision- making is 
different for every medical discipline. It is challenging to have a 
comprehensive understanding of any innovation with repeated 
exposure and the multitude of complications that go along 
with the repeated exposure to provide a comprehensive under-
standing. Stakeholders concurred that decision- making is crit-
ical in the prehospital environment. The decision to transport a 
patient to a definitive care facility while providing the benefits 
of alternative resuscitation strategies may be vital in decreasing 
mortality in patients with NCAH in austere environments.

Timely transportation with en route care is crucial in managing 
NCAH. This approach can significantly reduce mortality rates, 
as suggested by the literature. The importance of early transpor-
tation with en route care was emphasized by stakeholders during 
this scoping review, particularly in managing NCAH; this iter-
ative discussion by stakeholders only highlights its importance.

The fourth theme, mortality in NCAH, is linked to prolonged 
prehospital care, transport, and time in the trauma bay. To 
reduce mortality, we must minimize time spent outside the oper-
ating room. Stakeholders noted that door to cut time is the only 
factor known to reduce mortality in NCAH.

This scoping review’s results align with the existing literature. 
However, there has been minimal adoption of innovations to 
decrease the last preventable cause of death due to trauma.4 50–52 
Future efforts should focus on financially supporting collabora-
tive transdisciplinary trauma research, as recommended by the 
Coalition for National Trauma Research.50–52

Our scoping review has several limitations. Despite our team’s 
extensive search for literature that discusses the management of 
NCAH, we may have missed relevant literature that is not in 
English or available in alternative databases. Additionally, we 
faced challenges in finding general surgery physician assistants/
associates to interview during the stakeholder consultation. 
Their perspectives and opinions on this matter would inform 
future research endeavors.

In conclusion, this scoping review reviewed the selected liter-
ature to provide insight into current and future research on the 
management of NCAH; answering three research questions, 
identifying current gaps in the literature, and assessing potential 
future innovations that may improve the mortality of NCAH in 
civilian and military austere environments. Continued research 
into this preventable cause of death due to injury will potentially 
reveal or support the development of innovations to reduce the 
mortality of NCAH.
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