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Abstract:  
Severe bleeding remains one of the leading preventable causes of death in trauma patients, particularly in pre-hospital 

environments where rapid interventions are critical. Paramedics are uniquely positioned to implement lifesaving 

hemorrhage control strategies at the point of injury, bridging the gap between incident and hospital care. This review 
examines the evolving role of paramedics in the management of severe bleeding, with a focus on evidence-based 

interventions including direct pressure, tourniquet application, hemostatic dressings, pelvic binders, and 
intravenous/intraosseous fluid resuscitation. The review also explores the integration of point-of-care diagnostics, 

advanced trauma life support (ATLS)-aligned protocols, and the use of tranexamic acid (TXA) in pre-hospital settings. 
Drawing on literature and case studies, we highlight paramedic-led approaches that have demonstrated improved 

survival rates, reduced hemorrhage-related morbidity, and enhanced patient stabilization prior to hospital arrival. 
Barriers such as training deficits, equipment availability, and system-level variability are also analyzed, alongside 

strategies to strengthen the preparedness and competency of paramedics. By synthesizing global evidence, this article 
underscores the essential contributions of paramedics in hemorrhage control and proposes a framework for enhancing 

their effectiveness in trauma care. 
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1. INTRODUCTION: 

Severe hemorrhage remains one of the most urgent 

medical emergencies encountered in trauma, 

accounting for a significant proportion of 

preventable pre-hospital deaths worldwide. Trauma 
is estimated to cause over 5 million deaths annually, 

and uncontrolled bleeding is the leading cause of 

mortality in the first hour following injury (Kauvar 

& Wade, 2020). The concept of the “golden hour” 

emphasizes the importance of rapid and effective 

pre-hospital intervention to control bleeding and 

stabilize patients before definitive surgical care can 

be provided. In this context, paramedics are frontline 

providers whose timely actions play a critical role in 

patient survival. 

 

Historically, hemorrhage management was largely 
hospital-centered; however, evidence from both 

military and civilian settings has highlighted the 

value of immediate field interventions. Lessons 

learned from combat medicine, such as the effective 

use of tourniquets and hemostatic dressings, have 

been translated into civilian emergency medical 

services (EMS) protocols, empowering paramedics 

to perform advanced hemorrhage control in diverse 

environments (Eastridge et al., 2019). This shift has 

positioned paramedics not only as transporters of 

patients but as active life-saving agents whose 
competencies directly influence outcomes in cases 

of severe bleeding. 

 

The scope of paramedic responsibilities in 

hemorrhage management is broad. At the most basic 

level, paramedics apply direct pressure and wound 

dressings, but their role extends to more advanced 

interventions including tourniquet application, 

wound packing with hemostatic agents, pelvic 

binder use for unstable pelvic fractures, and the 

administration of pharmacological agents such as 

tranexamic acid (TXA) (Bulger et al., 2018). 
Furthermore, paramedics are trained to initiate fluid 

resuscitation with crystalloids or blood products in 

systems where pre-hospital transfusion programs are 

established. These interventions, when delivered 

effectively and promptly, reduce the risk of shock, 

multi-organ failure, and death. 

 

Another dimension of paramedics’ contribution lies 

in system-level integration. They serve as the first 

link in trauma systems of care, initiating hemorrhage 

protocols that align with hospital-based massive 
transfusion strategies (Sperry et al., 2018). By 

communicating with receiving facilities, paramedics 

facilitate early activation of trauma teams, ensuring 

a seamless continuum of care. Additionally, 

advancements in pre-hospital diagnostics, such as 

portable ultrasound and near-infrared spectroscopy, 

are being explored to help paramedics identify 

internal bleeding more rapidly, although their 

widespread implementation is still limited (Schroll 

et al., 2020). 

 

Despite these advancements, challenges remain. 

Variability in training, access to advanced 
hemorrhage control equipment, and disparities 

between urban and rural EMS systems can influence 

the effectiveness of interventions. In low-resource or 

geographically isolated regions, paramedics may 

lack standardized kits or advanced training, which 

can compromise patient outcomes (Howard & 

Brown, 2020). Furthermore, ethical and legal 

considerations, such as scope of practice limitations, 

often affect the degree to which paramedics can 

implement certain interventions, highlighting the 

need for policy-level reforms and harmonized 

protocols. 
 

Recent global initiatives such as the “Stop the Bleed” 

campaign have further emphasized the critical role 

of early hemorrhage control, not only by laypeople 

but particularly by trained paramedics who arrive 

first on scene (Goralnick et al., 2018). These 

initiatives underscore the shifting paradigm in 

trauma care, where pre-hospital intervention is 

recognized as equally vital as in-hospital treatment. 

Paramedics are increasingly viewed as integral 

contributors to trauma survival chains, especially in 
cases where rapid transport alone would not suffice 

to prevent mortality. 

 

Given the life-saving potential of paramedic-led 

interventions in hemorrhage management, there is a 

pressing need to synthesize available evidence to 

better understand their impact, challenges, and 

future directions. While numerous studies exist on 

specific interventions—such as the effectiveness of 

tourniquets or TXA—there is less comprehensive 

analysis of the overarching role of paramedics in 

severe bleeding control within pre-hospital settings. 
This review therefore aims to evaluate paramedic 

interventions in hemorrhage management, examine 

clinical and observational evidence, explore barriers 

to optimal practice, and propose strategies for 

enhancing their role in trauma systems globally. 

 

By highlighting the critical contributions of 

paramedics in hemorrhage control, this review 

underscores their pivotal position in saving lives 

before hospital arrival. A deeper understanding of 

their practices not only strengthens emergency 
medical systems but also informs policy-making, 

training programs, and international trauma 

guidelines aimed at reducing preventable 

hemorrhage-related mortality. 

 

2. Paramedics’ Role in Hemorrhage Control 

Uncontrolled hemorrhage is the most immediate 

threat to life following severe trauma, and 

paramedics are uniquely positioned to act during the 
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critical pre-hospital window. Their role 

encompasses a spectrum of interventions ranging 

from basic measures such as direct pressure to 

advanced techniques including the administration of 

tranexamic acid (TXA) and the use of pelvic binders. 

Each of these interventions contributes to preventing 

shock, improving survival rates, and reducing 

morbidity in patients with severe bleeding. 

 
Figure 1. Conceptual Framework of Paramedics’ Role in Pre-Hospital Hemorrhage Control 

The most fundamental intervention in hemorrhage 

control is the application of direct pressure, often 
using gauze or bandages. When bleeding is 

uncontrolled, wound packing with gauze or 

hemostatic dressings becomes necessary, especially 

for junctional injuries (groin, axilla, or neck) where 

tourniquets cannot be applied (Mabry et al., 2016). 

Modern hemostatic dressings, impregnated with 

agents such as kaolin or chitosan, enhance clot 

formation and have been shown to significantly 

reduce mortality when used by paramedics in pre-

hospital environments (Kragh et al., 2018). 

 
Tourniquets have emerged as one of the most 

important tools for controlling life-threatening 

extremity hemorrhage. Initially controversial due to 

concerns about limb ischemia, robust evidence—

particularly from military trauma—has 

demonstrated that early tourniquet use saves lives 

without increasing long-term complications when 

appropriately applied (Kragh et al., 2018; Bulger et 

al., 2018). Paramedics are trained to rapidly identify 

candidates for tourniquet use, ensuring prompt 

application in cases of severe limb bleeding. Civilian 

EMS systems across Europe, North America, and 
parts of Asia now include tourniquets as part of 

standard equipment, reflecting their proven 

effectiveness. 

 

When direct pressure or tourniquets are insufficient, 

paramedics can deploy hemostatic dressings, which 

are essential for non-compressible hemorrhage. 

Newer devices such as junctional tourniquets and 

resuscitative endovascular balloon occlusion of the 
aorta (REBOA) are increasingly being explored in 

advanced paramedic practice, though their adoption 

is limited by training requirements and availability 

(Morrison et al., 2020). These technologies 

underscore the expanding scope of paramedic 

interventions in hemorrhage control. 

 

Pelvic fractures are associated with massive internal 

bleeding, and pre-hospital stabilization using pelvic 

binders is a critical paramedic intervention. Binders 

reduce pelvic volume, stabilize fractures, and 
decrease hemorrhage. Paramedic application of 

pelvic binders has been shown to improve 

hemodynamic stability prior to hospital arrival 

(Pohlemann et al., 2020). 

 

The administration of TXA within three hours of 

injury has been shown to significantly reduce 

mortality in bleeding trauma patients, as established 

in the CRASH-2 trial (Roberts et al., 2019). 

Paramedics in many EMS systems are now 

authorized to administer TXA in cases of suspected 

severe bleeding. Its early pre-hospital use enhances 
clot stability and improves outcomes, making it an 

essential pharmacological tool in paramedic 

hemorrhage management. 

 

In addition to mechanical interventions, paramedics 

play a vital role in fluid resuscitation. Current 

evidence supports permissive hypotension, where 
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fluid administration is titrated to maintain minimal 

perfusion until surgical control of bleeding can be 

achieved (Spahn et al., 2019). Some advanced EMS 

systems also provide pre-hospital blood transfusion, 

allowing paramedics to initiate damage control 
resuscitation in the field. 

 

Beyond individual interventions, paramedics 

operate within broader trauma systems. Their 

hemorrhage control efforts are coordinated with 

rapid transport decisions, pre-alerting hospitals for 

massive transfusion protocols, and aligning care 

with Advanced Trauma Life Support (ATLS) 

guidelines. Effective communication ensures 

continuity of care, with paramedics serving as the 

bridge between the scene of injury and definitive 

hospital treatment (Sperry et al., 2018). 
 

Collectively, these interventions illustrate the 

expanding and indispensable role of paramedics in 

hemorrhage control. Their ability to rapidly assess, 

prioritize, and implement bleeding control strategies 

directly affects patient outcomes. While challenges 

related to training, equipment availability, and 

system variability persist, the evidence clearly 

establishes paramedics as central actors in reducing 

preventable deaths from severe bleeding in the pre-

hospital setting. 
 

3. Evidence from Clinical and Observational 

Studies 

The effectiveness of paramedic interventions in 

controlling severe hemorrhage has been examined 

extensively in both military and civilian contexts. 

Evidence from clinical trials, large observational 

studies, and trauma registries consistently 

demonstrates that early, pre-hospital hemorrhage 

control significantly improves survival outcomes. 

This section synthesizes findings from key studies, 

highlighting the impact of specific interventions and 
identifying lessons applicable across trauma systems. 

Much of the foundational evidence for pre-hospital 

hemorrhage control originates from military combat 

medicine, where uncontrolled bleeding has 

historically been the leading cause of preventable 

death. Data from conflicts in Iraq and Afghanistan 

revealed that the introduction of Tactical Combat 

Casualty Care (TCCC) guidelines, including early 

tourniquet use and hemostatic dressings, led to a 

marked reduction in battlefield mortality (Kragh et 

al., 2009). A landmark analysis by Eastridge et al. 
(2019) showed that nearly 25% of battlefield deaths 

were potentially survivable with better pre-hospital 

hemorrhage management, underscoring the life-

saving potential of paramedic-led interventions. 

These lessons have informed the integration of 

similar protocols into civilian EMS systems, 

particularly in urban trauma centers with high rates 

of penetrating injury. 

 

Tourniquet application has been one of the most 

studied interventions. A large multicenter 

observational study by Scerbo et al. (2017) found 

that pre-hospital tourniquet use was associated with 

improved survival in civilian trauma patients with 
severe extremity bleeding, without a significant 

increase in limb complications. Similarly, a 

systematic review by Bulger et al. (2018) concluded 

that timely tourniquet application in pre-hospital 

settings reduced mortality and transfusion 

requirements. These findings validate tourniquet use 

as a standard paramedic practice, reinforcing its 

inclusion in both military and civilian EMS 

protocols. 

 

The effectiveness of hemostatic dressings has also 

been validated. Studies of kaolin- and chitosan-
based dressings, such as those by Gegel et al. (2019), 

demonstrated faster clot formation and higher 

survival rates when compared to standard gauze 

packing. Observational data from urban EMS 

agencies indicate that paramedics using hemostatic 

dressings in junctional wounds achieved high rates 

of bleeding control, contributing to improved pre-

hospital stabilization. However, widespread 

adoption remains limited by cost and variable 

availability of these products across EMS systems. 

Pelvic fractures are a major source of internal 
hemorrhage, and early stabilization with binders is 

supported by observational evidence. A study by 

White et al. (2019) found that patients treated with 

pre-hospital pelvic binders had significantly lower 

transfusion requirements and higher survival to 

hospital admission. The integration of pelvic binders 

into EMS practice highlights paramedics’ expanding 

scope in managing complex internal bleeding. 

 

The CRASH-2 trial (Roberts et al., 2010), involving 

more than 20,000 patients across 40 countries, 

demonstrated a 32% reduction in death due to 
bleeding when TXA was administered within three 

hours of injury. Although initially hospital-focused, 

subsequent observational studies have confirmed the 

benefit of pre-hospital TXA administration by 

paramedics. Guyette et al. (2017) reported improved 

survival in patients who received TXA during air 

medical transport. These findings have led to the 

incorporation of TXA into many paramedic 

protocols worldwide, reinforcing its role as a 

cornerstone of pre-hospital hemorrhage 

management. 
 

Evidence on fluid resuscitation strategies supports 

the shift toward permissive hypotension and damage 

control resuscitation. Morrison et al. (2018) found 

that aggressive crystalloid administration in the field 

was associated with increased mortality, while 

controlled fluid resuscitation reduced complications. 

More advanced EMS systems have introduced pre-

hospital blood transfusion programs, with Sperry et 
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al. (2018) demonstrating improved outcomes in 

trauma patients receiving plasma during helicopter 

transport. These findings emphasize the importance 

of tailored fluid strategies delivered by paramedics. 

Large trauma registries provide additional evidence 
of paramedics’ contributions. Data from the US 

National Trauma Data Bank and the UK Trauma 

Audit and Research Network consistently show that 

early hemorrhage interventions by paramedics are 

associated with decreased mortality and improved 

functional outcomes (Curry et al., 2018). 

Observational studies also highlight disparities, with 

rural and resource-limited EMS systems showing 

lower access to advanced interventions, which 

correlates with higher mortality rates (Howard & 

Brown, 2020). 

 
Real-world experiences further illustrate the impact 

of paramedic-led hemorrhage control. For instance, 

during mass-casualty incidents such as the Boston 

Marathon bombing, rapid tourniquet and hemostatic 

dressing application by paramedics and first 

responders was credited with preventing numerous 

deaths (King et al., 2016). Such cases underscore the 

importance of preparedness, training, and equipment 

availability in maximizing the effectiveness of 

paramedics’ interventions. 

 

Overall, clinical and observational evidence strongly 

supports the critical role of paramedics in pre-

hospital hemorrhage control. The use of tourniquets, 

hemostatic dressings, pelvic binders, TXA, and fluid 

resuscitation protocols consistently improves 
outcomes. While limitations exist in terms of 

training disparities and access to advanced tools, the 

weight of evidence demonstrates that paramedic-led 

interventions directly reduce preventable deaths 

from severe bleeding. 

 

4. System-Level Implementation in EMS 

Protocols 

The effectiveness of paramedics in controlling 

severe hemorrhage is not determined solely by 

individual skill or isolated interventions. Rather, it 

depends on how well hemorrhage control is 
embedded within system-level protocols, training 

structures, and inter-organizational coordination. 

Emergency medical services (EMS) protocols 

provide standardized frameworks that guide 

paramedics in assessing, prioritizing, and managing 

severe bleeding in the field. System-level 

implementation ensures that life-saving 

interventions are consistently applied, scalable 

during mass-casualty events, and aligned with 

hospital-based trauma care. 

 
Figure 2. Flowchart of EMS Protocol for Severe Bleeding Management 
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A critical system-level component is the 

standardization of hemorrhage control protocols. 

Guidelines from bodies such as the American 

College of Surgeons Committee on Trauma (ACS-
COT) and the European Resuscitation Council 

emphasize structured approaches: rapid scene 

assessment, immediate control of external bleeding, 

use of tourniquets or hemostatic dressings, 

stabilization of pelvic fractures, and 

pharmacological interventions like TXA (Bulger et 

al., 2018; Spahn et al., 2019). These protocols 

provide paramedics with decision-making 

algorithms that reduce variability and ensure 

evidence-based interventions are applied 

systematically across diverse clinical scenarios. 

Paramedic hemorrhage control protocols are tightly 
integrated with broader trauma system workflows. 

In many regions, paramedics initiate massive 

transfusion alerts during transport, allowing 

hospitals to prepare blood products and surgical 

teams in advance (Sperry et al., 2018). This early 

activation reduces delays upon arrival and has been 

shown to improve outcomes in patients with 

hemorrhagic shock. Effective integration also 

requires clear communication pathways, electronic 

data-sharing, and alignment with Advanced Trauma 

Life Support (ATLS) guidelines. EMS protocols 
thus serve as a bridge between pre-hospital 

stabilization and in-hospital definitive care. 

 

System-level implementation requires consistent 

training and retraining of paramedics. Simulation-

based training, adapted from Tactical Combat 

Casualty Care (TCCC) and ATLS, has proven 

effective in equipping paramedics with the skills 

necessary for hemorrhage management (Mabry et al., 

2016). Many EMS systems have adopted recurring 

competency assessments, ensuring that paramedics 

maintain proficiency in tourniquet application, 
wound packing, and TXA administration. Some 

high-income countries have also incorporated 

advanced hemorrhage control modules into 

paramedic curricula, while low- and middle-income 

regions often face challenges due to limited training 

resources. 

 

The presence and accessibility of hemorrhage 

control equipment within EMS systems significantly 

influence outcomes. Many EMS agencies have 

adopted “bleeding-control kits” that include 
tourniquets, hemostatic dressings, and pressure 

bandages, ensuring that paramedics can respond 

rapidly. In advanced systems, pre-hospital blood 

transfusion capabilities are also implemented, 

enabling paramedics to initiate resuscitation in the 

field (Shand et al., 2019). However, disparities 

remain, with rural and resource-limited EMS 

agencies often lacking standardized equipment or 

facing supply shortages. Addressing these gaps is a 

key system-level priority. 

 

Mass-casualty incidents (MCIs) present unique 
challenges for hemorrhage control. EMS protocols 

increasingly incorporate triage systems that 

prioritize rapid bleeding control among severely 

injured patients. The integration of tourniquets and 

hemostatic dressings into disaster response 

protocols has been credited with reducing fatalities 

in MCIs such as terrorist bombings and active 

shooter events (King et al., 2016). System-level 

preparedness also involves coordination with public 

health initiatives like “Stop the Bleed,” which 

complements paramedic interventions by 

empowering laypeople to control bleeding before 
EMS arrival. 

 

Despite the progress in system-level design, several 

barriers hinder optimal implementation. These 

include variability in EMS regulations across 

jurisdictions, limited funding for advanced 

equipment, and insufficient integration of data 

systems linking pre-hospital and hospital care 

(Howard & Brown, 2020). In some systems, legal 

restrictions limit paramedics’ ability to administer 

TXA or perform advanced procedures, while in 
others, training programs are inconsistently applied. 

Overcoming these barriers requires coordinated 

efforts between policymakers, EMS leadership, and 

healthcare institutions. 

 

When effectively implemented, system-level 

hemorrhage control protocols result in measurable 

improvements in patient outcomes. Observational 

data show reductions in pre-hospital mortality, 

decreased transfusion requirements, and shorter 

times to surgical intervention when protocols are 

consistently applied (White et al., 2019). Moreover, 
standardized EMS protocols enhance efficiency 

during chaotic trauma scenes, reduce decision-

making delays, and support paramedics in making 

evidence-based choices under pressure. 

 

In summary, paramedics’ contributions to 

hemorrhage control are maximized when guided by 

structured, system-level protocols that integrate 

training, equipment, communication, and hospital 

coordination. By embedding hemorrhage control 

into the DNA of EMS systems, patients receive 
timely, effective, and standardized interventions that 

directly translate into lives saved. 

 

5. Clinical Outcomes of Paramedic Interventions 

Evaluating the clinical outcomes of paramedic 

interventions in severe hemorrhage cases provides 

insight into their direct impact on survival, morbidity, 

and functional recovery. Over the past two decades, 

evidence from randomized controlled trials, 
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observational studies, and trauma registries has 

consistently highlighted the life-saving potential of 

pre-hospital hemorrhage management when 

delivered promptly and effectively by paramedics. 

 
The most significant clinical outcome of paramedic-

led hemorrhage control is improved survival. 

Tourniquet use, once controversial, is now firmly 

supported by evidence. Kragh et al. (2009) reported 

a substantial reduction in mortality among combat 

casualties when tourniquets were applied prior to 

shock onset, with survival rates nearly doubling 

compared to delayed application. Civilian studies, 

such as those by Scerbo et al. (2017), echoed these 

findings, showing that pre-hospital tourniquet 

application was associated with reduced mortality in 

patients with extremity arterial trauma. These 
outcomes confirm the importance of early 

intervention, demonstrating that paramedics’ ability 

to recognize and act rapidly is pivotal. 

 

The administration of tranexamic acid (TXA) by 

paramedics has similarly been linked to survival 

benefits. Building on the CRASH-2 trial (Roberts et 

al., 2010), which demonstrated a reduction in death 

due to bleeding when TXA was administered within 

three hours of injury, subsequent studies have shown 

that earlier administration in the pre-hospital setting 
further improves outcomes. Guyette et al. (2017) 

reported increased survival in patients who received 

TXA during air medical transport, underscoring the 

importance of early pharmacological intervention. 

 

Several trauma system reviews have noted declines 

in preventable deaths when pre-hospital hemorrhage 

protocols are fully implemented. Eastridge et al. 

(2019) estimated that nearly one-quarter of 

battlefield deaths were preventable, primarily due to 

uncontrolled bleeding. By equipping paramedics 

with hemorrhage-control tools and training, similar 
preventable death rates have been reduced in civilian 

trauma care. For example, case analyses of mass-

casualty events, such as the Boston Marathon 

bombing, highlight how paramedic-applied 

tourniquets and hemostatic dressings directly 

contributed to lives saved (King et al., 2016). 

 

Another key clinical outcome is the stabilization of 

hemodynamics prior to hospital arrival. 

Observational studies have shown that patients 

treated with pelvic binders in the field demonstrated 
improved blood pressure and reduced transfusion 

requirements upon admission (White et al., 2019). 

Similarly, the use of hemostatic dressings has been 

associated with faster bleeding control and improved 

pre-hospital stability, preventing deterioration into 

hemorrhagic shock (Gegel et al., 2019). Such 

stabilization not only improves short-term survival 

but also enhances the likelihood of favorable 

surgical and intensive care outcomes. 

 

While mortality is the most studied outcome, 

functional outcomes are equally important. Studies 

suggest that paramedic-led hemorrhage 

interventions contribute to improved long-term 
recovery by minimizing ischemic damage and 

complications associated with prolonged 

hypotension. Importantly, concerns that pre-hospital 

tourniquet use may result in limb loss have been 

largely dispelled. Kragh et al. (2018) reported that 

timely tourniquet application does not significantly 

increase the risk of amputation compared to no 

intervention, particularly when applied within two 

hours. By preserving both life and limb, paramedics’ 

interventions enhance overall patient quality of life. 

Evidence also suggests that the timing of 

interventions—whether initiated by paramedics in 
the field or delayed until hospital arrival—

significantly affects outcomes. In the case of TXA, 

mortality reduction is greatest when given within the 

first hour, reinforcing the value of pre-hospital 

administration (Roberts et al., 2019). Similarly, early 

fluid resuscitation strategies delivered by 

paramedics, especially permissive hypotension, 

reduce complications such as coagulopathy and 

organ failure compared to aggressive fluid 

replacement in hospital (Morrison et al., 2018). 

These findings highlight the critical window of 
opportunity available to paramedics. 

 

Beyond individual patients, paramedic-led 

hemorrhage control interventions have measurable 

system-level benefits. Early stabilization reduces 

emergency department burden, optimizes the use of 

hospital transfusion resources, and facilitates 

smoother transitions into surgical care (Sperry et al., 

2018). Moreover, in regions where EMS systems 

have standardized hemorrhage protocols, trauma 

centers report shorter times to operative intervention 

and lower rates of massive transfusion, 
demonstrating the downstream effects of effective 

pre-hospital care. 

 

The collective evidence affirms that paramedics’ 

interventions significantly reduce mortality, prevent 

progression to hemorrhagic shock, stabilize patients 

for definitive care, and improve long-term outcomes. 

From battlefield lessons to civilian EMS systems, 

the consistency of findings underscores that the 

presence of trained, well-equipped paramedics at the 

scene of severe bleeding can be the decisive factor 
between life and death. Continued investment in 

training, equipment, and protocol integration will 

further enhance these clinical outcomes, reinforcing 

paramedics’ indispensable role in modern trauma 

care. 

 

6. Strategies for Strengthening Paramedics’ Role 

While the evidence underscores the critical role of 

paramedics in hemorrhage management, achieving 
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optimal outcomes requires continuous system-level 

improvement. Strengthening paramedics’ ability to 

deliver timely and effective interventions involves a 

multidimensional strategy that encompasses training, 

equipment availability, organizational protocols, 

technological innovation, and interagency 

collaboration. By addressing these domains, EMS 

systems can maximize the potential of paramedics to 

save lives in severe bleeding emergencies. 

 
Figure 3. Strategic Model for Enhancing Paramedics’ Role in Severe Hemorrhage Control 

The cornerstone of effective hemorrhage control is 

skill acquisition and retention. Training should 
extend beyond traditional paramedic education to 

include simulation-based modules, Tactical Combat 

Casualty Care (TCCC) adaptations, and Advanced 

Trauma Life Support (ATLS)-aligned protocols. 

Simulation training has been shown to enhance 

paramedics’ proficiency in tourniquet application, 

wound packing, and pelvic binder use under high-

stress conditions (Mabry et al., 2016). Regular 

refresher courses and competency assessments are 

critical for maintaining skills. Furthermore, 

integrating hemorrhage control modules into global 

EMS curricula ensures that paramedics across 
different regions possess a standardized skill set, 

reducing variability in outcomes. 

 

Even the best-trained paramedics are limited without 

appropriate resources. Universal deployment of 

“bleeding-control kits,” which include tourniquets, 

hemostatic dressings, and pressure bandages, should 

be mandated across EMS systems (Bulger et al., 

2018). Advanced EMS agencies can also equip 
paramedics with pre-hospital blood products and 

portable diagnostic tools such as ultrasound, 

enabling them to identify internal bleeding and 

initiate early resuscitation. Policy efforts should 

focus on reducing disparities in resource allocation 

between urban and rural EMS systems, ensuring 

equitable access to life-saving equipment. 

 

Digital and technological innovations are reshaping 

pre-hospital hemorrhage management. Mobile 

applications and decision-support tools can guide 

paramedics through complex bleeding protocols, 
reducing errors under pressure. Artificial 

intelligence (AI)-enabled triage systems and 

wearable monitoring devices can help prioritize 

high-risk patients in mass-casualty incidents 

(Howard & Brown, 2020). Additionally, 

telemedicine platforms allow paramedics in rural or 

resource-limited areas to consult with trauma 
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surgeons in real time, facilitating more advanced 

decision-making in hemorrhage control. Investing in 

these technologies can significantly strengthen 

paramedics’ capacity to manage severe bleeding 

effectively. 
 

For hemorrhage control to be most effective, 

paramedics must operate within fully integrated 

trauma systems. Strengthening communication 

between pre-hospital and in-hospital teams ensures 

that hospitals are prepared with blood products and 

surgical teams prior to patient arrival (Sperry et al., 

2018). Standardized pre-hospital protocols should 

align with hospital-based massive transfusion 

protocols, creating a seamless continuum of care. 

Interagency collaboration, particularly between 

EMS, police, and disaster response teams, further 
enhances paramedics’ ability to function effectively 

during mass-casualty incidents. 

 

Legal restrictions often limit paramedics’ ability to 

implement advanced hemorrhage interventions. In 

some regions, paramedics are not authorized to 

administer TXA or perform advanced procedures 

such as resuscitative endovascular balloon occlusion 

of the aorta (REBOA). Policymakers should 

reassess scope-of-practice regulations to expand 

paramedics’ authority in line with evolving evidence 
(Spahn et al., 2019). Additionally, governments and 

EMS authorities should prioritize investment in 

hemorrhage control training and equipment as a 

matter of public health policy, recognizing that early 

bleeding control significantly reduces trauma-

related mortality. 

 

Paramedics’ role can also be strengthened indirectly 

by improving community preparedness. Public 

campaigns such as “Stop the Bleed” empower 

civilians to initiate hemorrhage control before EMS 

arrival (Goralnick et al., 2018). Paramedics can lead 
community training initiatives, ensuring that lay 

responders complement professional efforts in 

emergencies. This shared responsibility between the 

public and EMS can dramatically reduce the time-

to-intervention in cases of severe bleeding. 

 

Finally, strengthening paramedics’ role requires 

investment in research and international 

collaboration. Lessons learned from military trauma 

care, urban EMS systems, and disaster responses 

should be systematically shared across regions. 
Establishing global trauma registries and conducting 

multicenter trials on pre-hospital hemorrhage 

interventions will generate robust data to guide 

future protocols. Paramedics should also be actively 

engaged in these research efforts, ensuring that 

evidence reflects real-world challenges and 

opportunities. 

 

7. DISCUSSION: 

The management of severe hemorrhage in pre-

hospital settings has undergone a remarkable 

transformation over the past two decades, shaped by 

lessons from combat medicine, advances in trauma 

research, and the expanding scope of paramedic 
practice. This review highlights how paramedics are 

now recognized as central agents in hemorrhage 

control, bridging the critical gap between injury and 

definitive hospital care. The synthesis of evidence 

from clinical trials, observational studies, and real-

world experiences underscores both the strengths of 

current paramedic interventions and the 

opportunities for further improvement. 

 

One of the most compelling findings across the 

literature is the consistent association between early 

paramedic-led hemorrhage interventions and 
improved survival outcomes. Tourniquet use, once 

resisted due to concerns about limb loss, is now 

firmly embedded in EMS protocols as a life-saving 

intervention with minimal long-term complications. 

Similarly, pre-hospital administration of TXA has 

emerged as a cornerstone pharmacological measure, 

reducing hemorrhage-related mortality when given 

within the first three hours of injury. These advances 

represent paradigm shifts in pre-hospital trauma care, 

where interventions that were once the exclusive 

domain of hospitals are now effectively delivered by 
paramedics at the scene. 

 

The evidence also demonstrates how paramedics’ 

actions extend beyond mortality reduction to 

influence broader outcomes. Improved 

hemodynamic stability, reduced transfusion 

requirements, and preservation of functional 

outcomes are recurring themes in studies evaluating 

pre-hospital interventions. By preventing the 

progression to hemorrhagic shock, paramedics not 

only increase the likelihood of survival but also 

enhance patients’ chances of meaningful recovery. 
The review further reveals the importance of 

system-level protocols in shaping paramedic 

performance. Effective hemorrhage management is 

not merely a function of individual skill but of how 

well paramedics are supported by structured 

guidelines, training, equipment, and integration with 

hospital systems. Regions with standardized 

hemorrhage control protocols, pre-hospital blood 

programs, and strong hospital-EMS communication 

consistently demonstrate better outcomes. 

Conversely, disparities in training and resource 
allocation—particularly in rural and low-resource 

settings—continue to limit the effectiveness of 

paramedics’ contributions. 

 

Mass-casualty incidents provide powerful case 

studies of system-level preparedness. Events such as 

the Boston Marathon bombing have illustrated how 

rapid application of tourniquets and hemostatic 

dressings by paramedics can dramatically reduce 
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fatalities. These experiences highlight the critical 

importance of preparedness, emphasizing that 

protocols must not only address routine trauma but 

also be scalable to large-scale disasters. 

 
Despite progress, several barriers remain. Variability 

in training remains a significant challenge, with 

paramedics in some systems receiving 

comprehensive hemorrhage control instruction, 

while others face minimal exposure. Equipment 

disparities persist, with some EMS agencies lacking 

access to advanced dressings, pelvic binders, or 

blood products. Legal and regulatory restrictions 

also constrain the scope of practice in many regions, 

preventing paramedics from administering TXA or 

implementing advanced techniques such as REBOA. 

These barriers point to the need for harmonized 
global standards and stronger policy support to fully 

unlock the potential of paramedic-led hemorrhage 

control. 

 

Looking ahead, several opportunities could further 

strengthen paramedics’ role. Integration of digital 

technologies, such as AI-driven triage and 

telemedicine, promises to enhance decision-making 

in complex cases, particularly in rural and resource-

limited areas. Simulation-based training and 

international knowledge-sharing initiatives can 
reduce variability and spread best practices across 

borders. Importantly, community engagement 

initiatives such as “Stop the Bleed” complement 

paramedic interventions by reducing time-to-

intervention, creating a public health framework 

where hemorrhage control becomes a shared 

responsibility. 

 

There is a pressing need for more high-quality, 

multicenter studies assessing the effectiveness of 

paramedic interventions across different settings. 

While strong evidence exists for tourniquets and 
TXA, data on newer tools—such as junctional 

tourniquets, REBOA, and pre-hospital blood 

transfusion—remain limited. Additionally, more 

research is required on long-term functional 

outcomes, cost-effectiveness of interventions, and 

the impact of system-level factors such as training 

frequency and equipment availability. Policymakers 

should prioritize investment in EMS training and 

hemorrhage control resources as cost-effective 

strategies to reduce trauma-related mortality 

globally. 
 

Taken together, the evidence and experiences 

presented in this review highlight a clear conclusion: 

paramedics are indispensable to effective 

hemorrhage control in pre-hospital settings. Their 

interventions save lives, stabilize patients, and 

reduce the burden on hospital systems. However, 

realizing the full potential of paramedics requires 

continuous investment in training, equipment, 

technology, and system-level integration. The future 

of hemorrhage control will likely depend not only on 

the development of new technologies but also on 

ensuring that paramedics everywhere are 

empowered and supported to apply life-saving 
interventions without delay. 

 

CONCLUSION: 

Severe hemorrhage remains one of the most pressing 

challenges in trauma care, accounting for a large 

proportion of preventable pre-hospital deaths 

worldwide. This review has shown that paramedics 

are at the forefront of addressing this challenge, 

equipped with the skills, protocols, and tools 

necessary to deliver life-saving interventions at the 

scene of injury. From applying direct pressure and 

tourniquets to administering tranexamic acid, 
stabilizing pelvic fractures, and initiating fluid 

resuscitation, paramedics play a decisive role in 

preventing exsanguination and improving patient 

survival. 

 

The evidence from clinical trials, observational 

studies, and case reports consistently demonstrates 

the positive impact of paramedic-led hemorrhage 

control. Survival rates improve significantly when 

interventions are delivered early, with additional 

benefits in terms of hemodynamic stability, reduced 
transfusion requirements, and better long-term 

functional outcomes. These findings affirm that 

paramedics are not merely transporters of patients 

but active agents of life-saving care in the pre-

hospital environment. 

 

However, realizing the full potential of paramedics 

requires addressing persistent challenges. Variability 

in training, unequal access to equipment, and 

regulatory restrictions continue to create disparities 

in outcomes. To overcome these barriers, EMS 

systems must invest in standardized training, 
universal access to bleeding-control kits, expanded 

scopes of practice, and integration with hospital-

based trauma protocols. Additionally, emerging 

opportunities such as AI-enabled decision support, 

telemedicine, and community engagement 

initiatives like “Stop the Bleed” can further 

strengthen pre-hospital hemorrhage management. 

In conclusion, paramedics are indispensable in the 

chain of survival for trauma patients with severe 

bleeding. By reinforcing their role through training, 

resources, technology, and system integration, 
healthcare systems can substantially reduce 

preventable hemorrhage-related deaths and improve 

outcomes for trauma patients worldwide. 
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