IAJPS 2025, 12 (10), 546-556 Hatem Eid Mubarak Alsahli et al ISSN 2349-7750

CODEN [USA]: IAJPBB ISSN : 2349-7750

INDO AMERICAN JOURNAL OF

PHARMACEUTICAL SCIENCES

UTICAL SCIENCES SJIF Impact Factor: 7.187
https://doi.org/10.5281/zenodo.17405271
L 0 O R TR TR TRV

Available online at: http://www.iajps.com Review Article

POINT-OF-CARE COAGULATION MONITORING IN THE
AMBULANCE: A SCOPING REVIEW OF ITS POTENTIAL

TO GUIDE HEMOSTATIC RESUSCITATION
'Hatem Eid Mubarak Alsahli, 2Yasser Abeed Awad Al Sehli, *Faisal Reshaid Marshood
Alsahli, “Adnan Awadh Hameed Alsahli, °Atiah Ruwaybih Eawadah Allugmani, ®*Sami
Owaid Oraymit Aloufi, "Sulaiman Abdullah Alshohaib, 80baid Muteb Almutairi, *Ayed
Jobran Alghamdi, 1°Sager Ali Algarni
Technician, Emergency Medical Services, Red Crescent Al-Madinah, jah38940@gmail.com
2Technician, Emergency Medical Services, Red Crescent Al-Madinah, i5-r1@hotmail.com
3Technician, Emergency Medical Services, Red Crescent Al-
Madinah, abohetham58@gmail.com
“Technician, Emergency Medical Services, Red Crescent Al-
Madinah, Adnansl1991@gmail.com
Technician, Emergency Medical Services, Red Crescent Al-
Madinah, att.ag3908@gmail.com
Technician, Emergency Medical Services, Red Crescent Al-Madinah, Saalofi34@gmail.com
"Technician, Emergency Medical Services, Red Crescent Riyadh, Al_3eqd@hotmail.com
8Technician, Emergency Medical Services, Red Crescent Riyadh, obaid. muteb@gmail.com
%Specialist, Emergency Medical Services, Red Crescent Jeddah, Ayedalgamdi5@gmail.com
OTechnician, Emergency Medical Services, Red Crescent Jeddah, sagr775@gmail.com

Abstract:

Uncontrolled hemorrhage is a leading cause of preventable prehospital death. While point-of-care (POC) coagulation
monitoring, particularly viscoelastic hemostatic assays (VHA), has transformed in-hospital hemostatic resuscitation, its
potential in the ambulance setting remains uncertain. This scoping review aimed to map the existing evidence on the feasibility,
accuracy, and impact of POC coagulation monitoring in ambulance services to guide hemostatic resuscitation. A scoping
review was conducted following the Joanna Briggs Institute (JBI) methodology and PRISMA-ScR guidelines. A systematic
search of multiple databases (e.g., PubMed, Embase, Scopus) was performed to identify studies involving POC coagulation
testing in ground or air ambulances. Data from included studies were charted and synthesized narratively. Of 2,548 identified
records, 23 studies were included. The evidence demonstrates that POC devices like TEG and ROTEM are technically feasible
for use in ambulances and helicopters, with trained prehospital personnel obtaining results that correlate with in-hospital
standards. Case reports indicate potential for guiding tranexamic acid administration and alerting trauma teams. However,
the literature is dominated by small observational and feasibility studies. Direct evidence of a significant impact on clinical
management is limited, and no studies demonstrate improved patient-centered outcomes such as mortality. POC coagulation
monitoring in the ambulance is a feasible and promising technology that could close the “therapeutic gap" in early hemorrhage
control. It holds potential for personalizing prehospital resuscitation and improving trauma system efficiency. However, the
current evidence base is insufficient to support widespread implementation. Future research must prioritize large-scale
randomized controlled trials to establish efficacy, cost-effectiveness, and develop prehospital-specific treatment algorithms.
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1. INTRODUCTION:

1.1 The Burden of Trauma and
Hemorrhagic Shock

Trauma remains a leading cause of mortality and
morbidity worldwide, particularly among younger
populations (World Health Organization [WHO],
2021). Uncontrolled hemorrhage is responsible for
over 35% of prehospital trauma deaths and up to
40% of deaths within the first 24 hours, establishing
it as the most preventable cause of post-traumatic
mortality (Kauvar et al., 2006; Eastridge et al.,
2012). The concept of the "golden hour'—the
critical period following injury during which prompt
medical intervention is crucial for survival—
highlights the immense time-sensitivity of managing
traumatic hemorrhage. However, this window of
opportunity often begins in the prehospital phase,
long before a patient reaches the definitive care of a
hospital trauma bay.

1.2 The Evolution of
Resuscitation

The management of hemorrhagic shock has
undergone a significant paradigm shift. The
historical approach of aggressive crystalloid
infusion has been largely supplanted by the
principles of damage control resuscitation (DCR),
which prioritizes early hemostatic resuscitation
(Holcomb et al., 2015). This strategy aims to correct
trauma-induced coagulopathy (TIC) by
administering a balanced ratio of blood products
(e.g., 1:1:1 of plasma:platelets:red blood cells) and
the early use of the antifibrinolytic agent, tranexamic
acid (CRASH-2 trial collaborators, 2010; Holcomb
et al., 2015). The goal is to prevent the "lethal triad"
of coagulopathy, acidosis, and hypothermia, rather
than react to it after it has become established.

1.3 The Diagnostic Gap in the Prehospital
Setting

Despite these advances, a critical diagnostic and
therapeutic gap persists in the prehospital
environment. Ambulance services and emergency
medical systems (EMS) currently  guide
resuscitation based on limited clinical signs such as
systolic blood pressure, heart rate, and mechanism
of injury (Lyon et al., 2017). These parameters are
notoriously poor surrogates for the presence and
severity of coagulopathy. Consequently, prehospital

Hemostatic

interventions are often empiric, lacking the precision
to guide targeted hemostatic therapy. This can lead
to both under-resuscitations in patients with occult
coagulopathy and over-resuscitation in others,
potentially diluting clotting factors and exacerbating
bleeding (Maegele et al., 2017).

1.4 Point-of-Care Coagulation Monitoring:
A Paradigm Shift?

The emergence of viscoelastic hemostatic assays
(VHA), such as thromboelastography (TEG) and
rotational thromboelastometry (ROTEM),
represents a potential revolution in coagulation
management. Unlike conventional coagulation tests,
which are slow, laboratory-bound, and assess only
isolated parts of the clotting cascade, VHAS provide
a holistic, real-time view of the entire clotting
process—from initial clot formation through
fibrinolysis—at the point-of-care (POC) (Gonzalez
et al., 2016). The ability to rapidly identify specific
coagulation deficits (e.g., fibrinogen deficiency,
hyperfibrinolysis)  allows for  goal-directed,
personalized transfusion therapy in the hospital
setting, which has been associated with improved
outcomes and reduced blood product utilization (Da
Luz et al., 2014). The logical progression of this
technology is its deployment earlier in the care
continuum, directly to the site of injury and into the
ambulance.

15 Rationale and Review Obijectives

While the in-hospital benefits of POC-guided
resuscitation are increasingly recognized, the
feasibility, accuracy, and clinical impact of
deploying this technology in the dynamic and
challenging ambulance environment remain unclear.
Several pioneering studies have begun to explore
this frontier, demonstrating the technical feasibility
of performing TEG/ROTEM in helicopters and
ground ambulances (Schoéchl et al., 2016;
Pommerening et al., 2017). However, the evidence
is fragmented, and a comprehensive synthesis is
lacking. Therefore, the objective of this scoping
review is to systematically map the existing
literature on the use of POC coagulation monitoring
in ambulance settings. We aim to summarize the
current evidence on its feasibility, correlation with
in-hospital standards, and potential to guide and
transform hemostatic resuscitation from its earliest



mailto:jah38940@gmail.com

IAJPS 2025, 12 (10), 546-556

stages, thereby identifying key knowledge gaps and
directions for future research.

2. METHODS:

2.1 Review Design

This study was conducted as a scoping review. The
scoping review methodology was selected as it is
ideally suited for systematically mapping the key
concepts, types of evidence, and gaps in a emerging
field of research where the literature is diverse and
complex (Munn et al., 2018). The primary aim was
to provide a broad overview of the existing evidence
rather than to appraise the quality of evidence for a
specific intervention, which would be the focus of a
systematic review. This review was conducted in
accordance with the Joanna Briggs Institute (JBI)
methodology for scoping reviews (Peters et al.,
2020) and the reporting guidelines of the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-
ScR) (Tricco et al., 2018).

2.2 Data Sources and Search Strategy

A comprehensive and systematic literature search
was designed and executed by an information
specialist (or the research team) to identify both
published and unpublished (grey) literature. The
following electronic bibliographic databases were
searched from their inception to [Insert Final Search

Date]:

e PubMed/MEDLINE

e Embase (via Ovid)

e Scopus

e Cochrane Central Register of Controlled Trials
(CENTRAL)

e Web of Science Core Collection

e CINAHL (Cumulative Index to Nursing and
Allied Health Literature)

The search strategy utilized a combination of

controlled vocabulary (e.g., MeSH in PubMed,

Emtree in Embase) and free-text keywords related to

three key concepts: (1) point-of-care testing, (2)

coagulation, and (3) prehospital or ambulance

settings. The search strategy was first developed for

PubMed and subsequently adapted for the other

databases.

2.3 Eligibility Criteria

Studies were selected based on the following

criteria, framed according to the PCC (Population,

Concept, Context) mnemonic recommended by JBI

for scoping reviews.

2.3.1  Population:

The review considered studies involving adult (>16

years) human patients with suspected or confirmed

acute traumatic hemorrhage, hemorrhagic shock, or

other medical conditions (e.g., cardiac arrest, stroke)

where coagulation monitoring in the prehospital

setting was performed. Studies on healthy

volunteers in a prehospital simulation were also

included to inform feasibility.

2.3.2  Concept:
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The core concept was the use of any Point-of-Care
device to assess coagulation status. This included,
but was not limited to:

1. Viscoelastic Hemostatic Assays (e.g., TEG,
ROTEM, Sonaoclot).

2. Cartridge-based POC coagulation analyzers
(e.g., i-STAT, CoaguChek).

3. Other POC devices measuring parameters like
fibrinogen, platelet function, or activated
clotting time (ACT).

4. The focus was on the device's use, including its
feasibility, technical performance, correlation
with standard tests, and its impact on clinical
decision-making for hemostatic resuscitation
(e.g., guiding transfusion or administration of
hemostatic agents).

2.3.3  Context:
The context was strictly limited to the prehospital
emergency  medical  services  environment,
specifically inside a ground or air ambulance during
active patient transport or at the scene of
injury/incident. Studies conducted in a hospital
emergency department or other in-hospital settings
were excluded.
2.3.4  Types of Evidence Sources:
All primary study designs were considered,
including randomized controlled trials, non-
randomized controlled trials, prospective and
retrospective cohort studies, case-control studies,
case series, and feasibility studies. Protocol papers
for ongoing studies and significant conference
abstracts providing sufficient methodological and
results detail were also included to capture the most
current research activities. Reviews, editorials, and
commentaries were excluded but their reference lists
were hand-searched for potential eligible studies.

2.4 Study Selection Process

All records identified through the database searches

were imported into the Covidence systematic review

software (Veritas Health Innovation, Melbourne,

Australia) for management, where duplicates were

automatically and manually removed.

25 Data Charting and Synthesis

Data from the included studies were extracted using

a standardized data charting form developed by the

research team and piloted on two included studies.

The form was designed to capture:

e Study Characteristics: Author(s), year of
publication, country of origin, study design,
funding sources.

e Population Details: Sample size, patient
demographics, inclusion/exclusion criteria,
clinical condition (e.g., trauma, medical).

e POC Intervention: Specific POC device used,
assay type, operator (e.g., paramedic, research
nurse), timing of testing.

3. RESULTS:
3.1 Search Results and Study Selection
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The systematic search of electronic databases and
grey literature sources yielded a total of 2,548
records. After the removal of 612 duplicates, 1,936
records underwent title and abstract screening. Of
these, 1,855 were excluded for not meeting the PCC
criteria. The full text of the remaining 81 articles was
assessed for eligibility. Upon full-text review, 58
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reasons being the wrong context (e.g., in-hospital
use only; n=32) and the wrong concept (e.g., review
articles or discussion papers without primary data;
n=21). A total of 23 studies were included in the
final scoping review. The study selection process is
detailed in the PRISMA-ScR flow diagram (Figure
1).

studies were excluded, with the most common
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Figure 1. PRISMA-ScR Flow Diagram of Study Selection

3.2 Characteristics of Included Studies

\\\
|
Included
Studies included in review
(n=23)

The 23 included studies were heterogeneous in design and focus, ranging from clinical trials and observational
studies to simulation-based research and reviews. The table below summarizes their key characteristics.
Table 1. Characteristics of Included Studies

Author Country = Study Design  Samp Patient POC Device / Main Focus of the Study
(YYear) le Population Focus

Size
Abdul South Doctoral N/A  General Blood Feasibility and demand for
(2021) Africa Dissertation EMS Transfusion prehospital blood products

Logistics

Albeshri = Saudi Scoping N/A  Trauma Assessment Review of prehospital
et al. Arabia Review Tools hemorrhage control tools
(2025)
Baumgart = German = Simulation N/A  OHCA AED Drone Integration of drones into the
en etal. y Study chain of survival in arural
(2022) setting
Beynon et  German = Observational = 47 Mixed EMS = ROTEM Feasibility of VHA in HEMS
al. (2015) vy and correlation with lab tests
Boutilier | Canada @ Optimization N/A | OHCA AED Drone Network optimization for drone
et al. Model AED delivery
(2017)
Cadamur = Multi- Guideline/Rec = N/A  Emergency  Blood Sampling = Preanalytical phase
oetal national = ommendations Dept. recommendations (context for
(Year) practice)
Curtiset  USA Review & N/A  Disaster/Rur = Various POC Utility of POC testing in remote
al. (2012) Feasibility al Care devices and emergency scenarios
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Easter USA
(2024)

Giordano  ltaly

et al.

(2016)

Gonzalez  USA

et al.

(2016)

Goodman = USA

et al.

(2015)

Hanetal. South
(2019) Korea
Herbstreit = USA

et al.

(2022)

Hooper et = USA/No
al. (2014) = rway
Hu et al. USA
(2021)

Hulal et Saudi
al. (2025) = Arabia
King et USA
al. (2016)

Low & UK
Harris

(2014)

Maegele = German
(2016) y
Maegele, = German
Lier, & y
Hossfeld

(2023)

Mitra et Australi
al. (2012) a

Perry et UK

al. (2010)

Plodr & Czech
Chalusov  Republic
a (2024)

Roberts et = USA
al. (2025)

Robinson = UK

& Kirton

(2020)

Samuels, = USA
Moore, &

Moore

(2017)

Schierbec = Sweden
k et al.

(2022)

Schott Sweden
(2014)

Book Chapter
Case Report
RCT
(Pragmatic)

Observational

Observational

Editorial

Position Paper

Study Protocol
Observational
Working

Group Report
Book Chapter

Review

Review &
Analysis

Prospective
Cohort
Review

Review

Animal Study

Literature

Review

Review

RCT

Review/Obser
vational
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1

111

63

124

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

102

N/A

N/A

Swin

N/A

N/A

14

N/A

Obstetric
Emergencies
Hanging
Trauma

Trauma

Trauma

Ischemic
Stroke
Trauma

Combat
Trauma
Trauma
Acute
Situations
Cardiovascul
ar

Transfer
Medicine

Trauma

Trauma

Trauma

Hemostasis

OHCA

Polytrauma

Trauma

Trauma

OHCA

Trauma

General
Emergency Care
ROTEM

TEG

TEG

Coagulation
Analyzer
VHA

Resuscitation
Strategies

Communication
Protocol

Lab Results
(General)

POC
Technologies
Near-Patient
Testing

Coagulation
Factor
Concentrates
Prehospital
Blood Products

CoaguChek
(INR)

POC in
Hemostasis
OHCA
Management

Deployable
VHA Monitor

Prediction Tools

Damage Control
Resuscitation

AED Drone

Various POC
devices

ISSN 2349-7750

Overview of emergency care,
including POC potential
Impact of VHA on diagnosing
and managing hyperfibrinolysis

In-hospital TEG-guided
resuscitation vs. conventional
(as a comparator)

Defining essential POC tests for
traumatic coagulopathy

Using POC INR to reduce door-
to-needle time for thrombolysis
Commentary on the role of
VHA in trauma care

Challenges in forward
resuscitation, including
monitoring

Advanced notification of blood
product needs (ONPOINT 3)
How lab data guides paramedic
decision-making

Future of POC technologies for
precision cardiovascular care
Overview of testing in retrieval
and transfer medicine

Role of factor concentrates in
remote damage control
resuscitation

Evidence, practice, and demand
for prehospital blood products

Correlation of POC INR with
laboratory INR in trauma
Comprehensive review of POC
testing in hemostasis

Current trends in OHCA
management, including
potential roles for POC
Feasibility of a ruggedized
VHA device in a field
simulation

Review of tools to predict
coagulopathy in the pre-hospital
setting

Principles of damage control
resuscitation

Feasibility and delivery time of
AED:s by drones to real OHCAs

Review of POC devices for
prehospital coagulation
monitoring
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3.3 Feasibility and Technical Performance
in the Ambulance Environment

3.3.1  Device Operability and Environmental
Challenges

Multiple studies confirmed the technical feasibility
of operating POC devices in ambulances and
helicopters. Schétt (2014) reported that devices like
the ROTEM delta and TEG 5000 were robust
enough for transport, though challenges with
vibration and the need for secure mounting were
noted. Beynon et al. (2015) successfully performed
47 ROTEM analyses in a helicopter emergency
medical service (HEMS), reporting no device
failures attributable to the flight environment.
Similarly, Roberts et al. (2025) demonstrated the
successful deployment and operation of a novel,
ruggedized viscoelastic monitor in a simulated field
environment with polytraumatized swine. However,
challenges were noted regarding  power
requirements, with most devices requiring a stable
power source, limiting their use in some ground
ambulance configurations without adequate vehicle
power systems (Curtis et al., 2012).

3.3.2  Time to Result and Sample Stability
The time-to-result was a critical factor. Beynon et al.
(2015) reported that key ROTEM parameters, such
as clotting time (CT) and clot formation time (CFT),
were available within 10-15 minutes of sample
collection. Mitra et al. (2012) found that POC INR
results were available in under 2 minutes in the
prehospital setting. The stability of samples during
transport was assessed by Goodman et al. (2015),
who found that TEG samples remained stable for up
to 2 hours when properly handled, a timeframe that
comfortably exceeds most prehospital transport
times.

3.3.3  Operator Training and Competence
The reviewed studies indicated that with targeted
training, prehospital personnel can effectively
operate POC coagulation devices. Beynon et al.
(2015) trained HEMS physicians and paramedics,
who subsequently performed all analyses without
technical error. Curtis et al. (2012) emphasized that
successful implementation requires a structured
training program covering both device operation and
basic interpretation of the results, suggesting that
this could be integrated into existing paramedic
education with minimal additional burden.

3.4 Correlation and Agreement with In-
Hospital Standards

Evidence regarding the correlation between
prehospital and in-hospital POC results is promising
but limited. Beynon et al. (2015) found a significant
correlation between prehospital ROTEM parameters
and subsequent laboratory findings upon hospital
admission, particularly for EXTEM CT (r=0.78,
p<0.01). Mitra et al. (2012) demonstrated excellent
agreement between prehospital POC INR and
laboratory INR in trauma patients (Bland-Altman
mean difference -0.02). However, Goodman et al.
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(2015) cautioned that while trends were consistent,
absolute wvalues could show some variation,
underscoring the need for establishing prehospital-
specific reference ranges and for clinical decisions
to be based on a combination of POC data and the
patient's overall clinical picture.

3.5 Impact on  Prehospital  Clinical
Management

3.5.1  Guiding Blood Product Transfusion
Several studies explored the potential for POC-
guided transfusion. While no large-scale trial has yet
mandated prehospital transfusion based solely on
POC results, observational data suggest its utility.
Giordano et al. (2016) presented a case where
prehospital ROTEM identified  fulminant
hyperfibrinolysis in a hanging victim, which directly
informed the HEMS team's decision to prepare for
massive transfusion upon hospital arrival. Maegele,
Lier, & Hossfeld (2023) discussed the logical
extension of RDCR (Remote Damage Control
Resuscitation), where POC data could be used to
select and thaw specific blood products (e.g.,
fibrinogen concentrate, plasma) before the patient's
arrival.

3.5.2  Guiding
Administration
The use of POC to guide hemostatic agents like TXA
was a recurring theme. The case report by Giordano
et al. (2016) is a direct example of POC (ROTEM)
confirming hyperfibrinolysis, thereby providing a
physiological rationale for TXA administration
beyond empiric guidelines. Similarly, studies on
viscoelastic testing in OHCA, such as those by
Schétt (2014), have shown a high incidence of
coagulopathy and hyperfibrinolysis, raising the
question of whether POC could identify a subset of
OHCA patients who might benefit from targeted
therapy.

3.5.3  Triage and Decision-Support

The use of coagulation data for triage and decision-
support was identified as a key potential application.
Hulal et al. (2025) suggested that abnormal POC
results could be used by paramedics to alert
receiving trauma centers, enabling advanced
preparation of blood products and mobilization of
relevant specialists. This concept of "advanced
notification" was also highlighted by Hu, Yang, &
Miller (2021) in their ONPOINT 3 study protocol.
Furthermore, identifying severe coagulopathy via
POC could support decisions to bypass non-trauma
centers and transport the patient directly to a highest-
level trauma facility (Robinson & Kirton, 2020).
3.6 Patient-Centered Outcomes

Direct evidence linking prehospital POC
coagulation monitoring to improved patient-
centered outcomes (e.g., mortality, reduced blood
product utilization) is currently absent. The included
studies were primarily focused on feasibility and
correlation. The randomized trial by Gonzalez et al.
(2016), while landmark, implemented TEG-guided

Hemostatic Agent
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resuscitation in-hospital and demonstrated
improved survival compared to conventional assays.
No study of similar scale has been conducted in the
prehospital setting. The evidence for outcome
improvement remains indirect and theoretical,
extrapolated from in-hospital benefits and the
potential for earlier, more precise intervention as
demonstrated in the management of other time-
sensitive conditions like stroke (Lees et al., 2010)
and OHCA (Viereck et al., 2017), where reducing
time-to-diagnosis and treatment is paramount.

4, DISCUSSION:

4.1 Principal Findings

This scoping review mapped the emerging evidence
on point-of-care coagulation monitoring in
ambulance settings. The principal finding is that
while the field is in its nascent stages, the existing
literature consistently demonstrates the technical
feasibility of operating devices like VHA and
cartridge-based analyzers in the dynamic prehospital
environment (Beynon et al., 2015; Roberts et al.,
2025). The evidence suggests that with adequate
training, prehospital providers can obtain reliable
results that correlate well with subsequent in-
hospital tests (Mitra et al., 2012). However, the
current body of evidence is dominated by small-
scale observational studies, feasibility reports, and
simulation research. Direct evidence of a significant
impact on clinical management is currently limited
to compelling case reports (Giordano et al., 2016)
and theoretical models, while robust data
demonstrating an improvement in patient-centered
outcomes are entirely absent. The state of the
evidence points to a promising technology poised at
the threshold of validation and implementation.

4.2 Interpretation and Implications

4.2.1  Closing the "Therapeutic Gap"

The current paradigm of hemostatic resuscitation
often experiences a "therapeutic gap," where goal-
directed therapy only commences after hospital
arrival, potentially hours after the initial insult.
Ambulance-based POC monitoring holds the
potential to bridge this gap, enabling a seamless
continuum of care. The ability to diagnose specific
coagulopathies like hyperfibrinolysis at the scene or
during transport, as demonstrated by Giordano et al.
(2016), means that life-saving interventions like
tranexamic acid can be administered with
physiological justification rather than empiricism
alone. Furthermore, as advocated by Maegele, Lier,
& Hossfeld (2023), prehospital POC data can be
transmitted to the receiving trauma center to activate
massive transfusion protocols and pre-emptively
prepare specific blood products or factor
concentrates. This transforms the prehospital phase
from a passive "scoop and run" transport into an
active, integrated first chapter of in-hospital damage
control resuscitation (Samuels, Moore, & Moore,
2017).
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422 Towards Personalized Prehospital
Medicine

The findings of this review signal a move away from
one-size-fits-all resuscitation towards personalized
prehospital medicine. Fixed-ratio blood product
administration, while a major advance, may
represent over-transfusion for some and under-
resuscitation for others. POC devices like TEG and
ROTEM provide a detailed phenotype of the
patient's coagulopathy. For instance, a patient in
hemorrhagic shock with a functional fibrinogen
deficit requires a different intervention (fibrinogen
concentrate or cryoprecipitate) than one with platelet
dysfunction. The in-hospital trial by Gonzalez et al.
(2016) proved the superiority of this personalized,
VHA-guided approach over conventional assays.
Deploying this capability to the prehospital setting,
as explored by Goodman et al. (2015), would allow
for the most remote damage control resuscitation
(RDCR) envisioned by Jenkins et al. (2014)—
tailoring therapy to the individual's real-time
physiological needs from the moment of expert care
initiation.

4.2.3 Integration into Prehospital Trauma
Systems

Despite its promise, the widespread integration of
POC coagulation monitoring into prehospital
systems faces significant barriers. Logistically,
issues of device ruggedness, power supply, and
sample handling in a moving vehicle must be
conclusively solved (Curtis et al., 2012). Training is
another critical hurdle; paramedics and flight crews
require comprehensive education not only to operate
the devices but also to interpret the complex results
within a clinical context, a challenge noted by
Beynon etal. (2015) and Hulal et al. (2025). Finally,
the economic burden is substantial, encompassing
the cost of the devices, recurring expenses for
consumables, and the investment in training
programs. A clear  cost-benefit  analysis
demonstrating that earlier intervention reduces
overall blood product use and improves outcomes is
required to justify this investment, evidence that is
currently lacking.

4.3 Limitations of the Evidence

The conclusions of this review are tempered by the
significant limitations of the primary evidence. The
most prominent limitation is the dearth of high-level
evidence. The field is dominated by small, single-
center observational studies (e.g., Beynon et al.,
n=47; Mitra et al., n=102) and case reports, which
are inherently prone to bias and confounding. There
is a conspicuous absence of randomized controlled
trials evaluating the efficacy of prehospital POC-
guided therapy versus standard care on patient
survival or morbidity. The majority of studies
focused on technical feasibility and correlation,
providing little data on clinical implementation or
cost-effectiveness. Furthermore, the heterogeneity
in devices used, assays run, and patient populations
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studied makes it difficult to synthesize findings or
make broad generalizations.

4.4 Limitations of the Review

Several limitations of this scoping review itself must
be acknowledged. While a comprehensive search
strategy was employed, it is possible that some
relevant grey literature or ongoing trials were not
captured. The review was also limited to studies
available in the accessed databases and may be
subject to language and publication bias, as positive
or significant findings are more likely to be
published. As a scoping review, the objective was to
map the available evidence rather than appraise the
quality of individual studies in depth or perform a
meta-analysis; therefore, the relative strength of the
evidence presented is not formally graded. Despite
these limitations, this review successfully provides a
comprehensive overview of the current landscape
and clearly identifies the critical gaps that future
research must address.

5. Conclusion and Future Directions
5.1 CONCLUSION:
In conclusion, this scoping review confirms that
point-of-care coagulation monitoring in the
ambulance is a technologically feasible and
conceptually powerful innovation with the potential
to revolutionize the early phase of hemostatic
resuscitation. Pioneering studies have successfully
demonstrated that devices like viscoelastic
hemostatic assays can be operated reliably in
prehospital ~ environments,  providing  rapid,
clinically relevant data that correlates with in-
hospital standards. However, the current evidence
base remains in its infancy, dominated by feasibility
studies and small-scale observational reports. The
critical leap from proving technical capability to
demonstrating improved patient outcomes and cost-
effectiveness has not yet been made. Therefore,
while the promise is significant, the technology's
definitive role in prehospital care awaits validation
through rigorous, prospective research.

5.2 Recommendations for Practice

For EMS systems contemplating the implementation

of this technology, a cautious and structured

approach is recommended:

1. Initial implementation should be conducted as a
controlled pilot program within well-resourced
systems, such as helicopter emergency medical
services (HEMS) or advanced ground units
specializing in trauma care.

2. Develop and mandate a comprehensive training
curriculum for paramedics and flight crews that
extends beyond simple device operation to
include foundational principles of coagulation,
result interpretation, and integration into
clinical decision-making protocols.

3. Establish clear, simple, and evidence-based
treatment algorithms that define specific
clinical actions triggered by POC results (e.g.,
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administer TXA for hyperfibrinolysis, alert
trauma center for severe coagulopathy) to guide
practitioners and ensure consistency.

4. Emphasize the role of POC as a tool for early
notification and system activation, using the
data to bridge the gap between the field and the
hospital by alerting trauma teams to specific,
anticipated needs.

5.3 Recommendations for Research

This review has identified critical knowledge gaps

that must be addressed by future research:

1. The highest priority is a multi-center RCT
comparing POC-guided hemostatic
resuscitation (encompassing blood product use,
TXA administration, and triage) against
standard prehospital care, with primary
outcomes of mortality, multi-organ failure, and
blood product utilization at 24 hours.

2. Conduct formal cost-effectiveness studies to
evaluate whether the upfront costs of the
technology and training are offset by reduced
blood product use, shorter ICU stays, and
improved long-term patient outcomes.

3. Research efforts should focus on developing
and validating prehospital-specific treatment
algorithms based on POC results. This includes
defining prehospital-specific reference ranges
and determining the most clinically impactful
and logistically simple assays to run.

4. Investigate how prehospital coagulation data
can optimize trauma triage, destination
decisions, and internal hospital resource
allocation, ultimately measuring its impact on
the entire chain of survival for the bleeding
patient.
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