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Abstract. This study systematically analyzes 50 scientific sources published between 2006
and 2025, focusing on the effectiveness and safety of various hemostatic methods
employed in field conditions. Three primary categories of bleeding control strategies were
identified: mechanical devices (specifically arterial tourniquets), bioactive hemostatic
agents (such as chitosan- or kaolin-based dressings), and improvised means used in
resource-limited settings.

Arterial tourniquets, including CAT, SOF-T, and AAJT models, demonstrated the highest
effectiveness in managing massive extremity hemorrhage, with an average survival rate of
92% and a mean hemostasis time of 35 seconds. Complication rates remain relatively low
(approximately 8%) when application protocols are followed. These devices are
indispensable in emergency medical services, military environments, and prehospital
trauma care, especially for extremity injuries with critical arterial bleeding.

Hemostatic dressings based on kaolin and chitosan show high efficacy (85-88% survival) in
controlling bleeding in anatomically complex zones where tourniquets are ineffective, such
as the torso, groin, and neck. Their mechanism of action integrates chemical coagulation
activation, platelet aggregation, and mechanical vascular sealing. Additional antimicrobial
and tissue regenerative properties enhance their utility in tactical and civilian emergency
medicine.

521 www.logos-science.com All rights reserved | CC BY-SA 4.0



/ Ricerche scientifiche e metodi della loro realizzazione:
/\O |— @z esperienza mondiale e realta domestiche

SEZIONE 26.
SCIENZE MEDICHE E SANITA PUBBLICA

Improvised hemorrhage control methods, although less effective (50-70% survival) and
associated with higher complication rates (20-30%), play a critical role in austere
environments lacking specialized medical equipment. Their application requires a basic
understanding of vascular anatomy, compression techniques, and time monitoring to
mitigate the risk of ischemia, necrosis, and other adverse outcomes.

The findings underscore the necessity of standardized training programs in primary
hemostasis for medical personnel, military forces, and civilians. Practical recommendations
emphasize equipping emergency systems with modern hemostatic tools, incorporating
tactical medicine curricula at all levels of healthcare education, and promoting public
access to basic bleeding control knowledge and tools. Technological innovations—such as
smart tourniquets, blodegradable agents, and Al-assisted hemostasis algorithms—are
proposed as future directions. This study provides a comprehensive evidence base to guide
the selection and deployment of bleeding control strategles in diverse emergency
scenarios, contributing significantly to the advancement of tactical and disaster medicine.

Relevance. Emergency bleeding control in field conditions is one of the most
important components of tactical and emergency medicine [1], especially in
combat settings, emergencies, terrorist attacks, or natural disasters where time
and access to specialized medical care are limited [2]. According to research,
massive hemorrhage, particularly from damaged major limb vessels, remains one
of the leading causes of mortality [3-7] in the first minutes after trauma. In this
context, timely and effective use of simple methods of bleeding control [1] can
significantly influence the survival rate of casualties.

Primary hemostasis methods that have proven effective in prehospital [5-6,8—
13] and field settings include modern arterial tourniquets (e.g., CAT, SOF-T),
hemostatic dressings based on chitosan [14-15] or zeolite, as well as various
improvised means — belts, fabric bandages, and pieces of clothing. The integration
of these tools into standardized first aid protocols [16] (particularly within the
TCCC — Tactical Combat Casualty Care framework) has significantly reduced
mortality from uncontrolled bleeding among both military personnel and civilians
in conflict zones.

Despite the availability of modern tools, in many situations — especially under
resource-limited conditions — simple and improvised methods remain the only
available option. This emphasizes the need for a comprehensive evaluation of their
effectiveness and safety, particularly in the context of non-standardized field
medical care [17].

Thus, scientific research into the effectiveness of simple hemostasis methods
has not only high theoretical value but also practical significance for the
development of tactical medicine systems, civil defense, and first aid training for
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the general population. In light of modern global challenges, including full-scale
armed conflicts, the study of this topic is extremely relevant for saving human lives
under conditions of limited medical infrastructure [7].

Materials and Methods. To conduct the study, a systematic review of existing
scientific publications was performed, focusing on the assessment of the
effectiveness of primary hemostasis methods in field and prehospital medical care
settings. The search for sources was conducted in leading scientific databases —
PubMed, Embase, Scopus, and the Cochrane Library — using combinations of
keywords: “field hemostasis,” “tactical combat casualty care,” “tournigquet
effectiveness,” “hemostatic dressing,” “prehospital hemorrhage control,” “chitosan,”
“zeolite,” “improvised bleeding control.” The time frame covered publications from
2006 to 2025. Additionally, references from the literature lists in relevant articles
were analyzed to identify further sources.

The analysis included studies that provided data on the use of one or more
primary hemostasis methods (including tourniquets, hemostatic dressings,
improvised tools) in real or simulated field conditions, as well as those that assessed
clinical outcomes such as casualty survival, time to achieve hemostasis, and
complication rates (ischemic injuries, necrosis, rebleeding, infections). Considered
studies included randomized controlled trials as well as prospective and
retrospective observational studies with clearly described methodologies.
Excluded were studies conducted exclusively in inpatient or surgical settings
where access to specialized resources did not correspond to field conditions, as well
as publications lacking sufficient primary data. The main criteria for evaluating the
effectiveness of primary hemostasis methods applied in field conditions were
casualty survival, time to hemostasis, and complication rates, including tissue
ischemia, necrosis, rebleeding, and the development of infectious processes.

Objective of the study. To determine the effectiveness of simple hemostasis
methods in field conditions, such as arterial tourniquets, hemostatic dressings, and
improvised means, by analyzing their impact on the survival rate of victims with
massive bleeding. Particular attention is paid to evaluating the feasibility of using
each method in the context of limited resources, urgency of assistance, and risk of
complications in tactical and emergency medicine.

Results. The study included 50 papers published between 2006 and 2025,
covering patients with various injuries accompanied by massive bleeding. Modern
hemostatic agents used to stop bleeding can be classified into several main groups.
The first group is mechanical devices, in particular arterial tourniquets (for
example, CAT, SOF-T, SAM XT) [3], which perform the function of local compression
of arteries and veins in the limbs, providing fast and reliable cessation of blood flow
[18]. They are especially effective in critical arterial bleeding and are recommended
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as the main means of primary aid in limb injuries [19-21]. The second group consists
of chemical or bioactive hemostatics — hemostatic dressings [22], bandages, or
powders based on natural or synthetic substances, such as chitosan [14-15] (Celox™,
HemCon®) or zeolite (QuikClot®) [6,23-24]. These materials stimulate blood
coagulation by adsorbing water from the blood, concentrating cellular elements,
activating thrombus formation, and forming a mechanical barrier that stops
bleeding [25-26]. They can be used as a standalone remedy or in combination with
a tourniquet, especially in complex or hard-to-reach wounds. The third group
consists of improvised means used in the absence of specialized medical
equipment. These include belts, fabric bandages, pieces of clothing, or other
available materials used to apply direct pressure to the wound or function as a
tourniquet. Although such means are less effective and more risky compared to
modern medical devices, they remain an important component of primary aid in
conditions of limited resources. Proper use of improvised means requires
knowledge of the optimal site and strength of compression, time of pressure
retention, as well as monitoring the condition of the limb to avoid complications
[19].

The effectiveness and safety of using hemostatic agents depend not only on
the type of means but also on the technique of its use, which includes proper
placement of the tourniquet or dressing, time of application, as well as
consideration of the individual characteristics of the patient and the nature of the
injury.

A tourniquet is a device that belongs to temporary methods of stopping
arterial bleeding in the limbs [20,27-28]. It is widely used in emergency medical
assistance (EMS), military field conditions, and other critical situations where it is
necessary to quickly and effectively stop massive blood loss, also in fractures [28-
29]. The tourniquet is used in wounds with intense arterial bleeding when pressure
dressings are ineffective or cannot be applied due to the anatomical features of the
damaged area. The main goal of using a tourniquet is the rapid cessation of
bleeding [18,27] to prevent hemorrhagic shock [13,30] and preserve the victim'’s life
until hospitalization.

The mechanism of action of the tourniguet is based on external mechanical
compression of the limb, which leads to compression of arteries and veins passing
through the tissues. Due to this compression, blood flow distal to the application
site is stopped, which leads to rapid cessation of bleeding [31]. The tourniquet
creates sufficient pressure to compress the vessels while avoiding damage to nerve
structures and soft tissues, if it is applied correctly and in accordance with
recommended protocols [16].

There are various designs of tourniquets — mechanical (with straps and
clamps), roller tourniguets, as well as specialized devices such as the Abdominal
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Aortic and Junctional Tourniquet (AAIJT) [32], which are intended to apply pressure
to arteries in the area of the groin or axillary fossa, where conventional tourniquets
are difficult or impossible to use.

The average survival rate after applying a tourniquet largely depends on the
time of its application. Especially high survival rates are observed when the
tourniquet is applied in the prehospital period [5-6,8-13,33], that is, at the scene. The
average survival rate after applying a tourniquet is approximately 92%. This
indicates the importance of rapid response and proper use of tourniguets to
increase the chances of survival in severe vascular injuries [18].

The average time to hemostasis when using tourniquets is approximately 35
seconds, but it varies depending on the type of device. Conventional mechanical
tourniquets achieve bleeding control in about 30-40 seconds. The specialized
Abdominal Aortic and Junctional Tourniquet (AAJT), designed to compress arteries
in the inguinal or axillary regions, achieves hemostasis under experimental
conditions in 30 seconds [32]. This time directly affects the effectiveness of bleeding
control and, consequently, the possibility of preventing shock [13,30].

The complication rate associated with the use of tourniquets is around 8%
[34]. The most common complications are tissue ischemia, necrosis, pain [35], and
the development of myonecrosis. Less frequent complications include
compartment syndrome [36], infectious complications, acute kidney injury, and
thrombosis. However, when proper tourniquet application protocols [16] are
followed, the duration of use is monitored (usually not exceeding 1-2 hours), and
the patient is regularly assessed, the risk of serious complications is significantly
reduced [34]. Moreover, recent studies show that the use of tourniquets does not
increase the risk of amputation [36-37] or the development of compartment
syndrome in civilian patients [36].

The most effective areas for tourniquet application are the limbs—both
upper and lower. On the upper limbs [31], effectiveness is slightly higher due to
anatomical features: arteries are located more superficially, vessel diameters are
smaller, and muscle mass is lower. The lower limbs have greater muscle volume,
and the main artery—the femoral artery—is located deeper beneath layers of tissue,
making effective compression more difficult [38]. Consequently, when applying a
tourniquet to the lower limb, there is a higher likelihood of ineffective hemostasis
and a risk of tourniquet slippage, especially in the groin area. To address these
issues, specialized tourniquets like the AAJT are used, which apply pressure to the
arteries in the inguinal or axillary regions, ensuring reliable bleeding control even
in complex anatomical zones [32].

Thus, tourniquets remain one of the most reliable and fastest tools for
stopping life-threatening arterial bleeding in field conditions [18,21]. They
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significantly increase the chances of survival, but their effectiveness and safety
depend on timely application, correct usage, and monitoring of possible
complications [34]. Tourniquets are particularly important in emergency situations
where time is critical and access to qualified medical care is limited [18,21].

Hemostatic dressings are modern medical tools for bleeding control, widely
used in military medicine, emergency care, and traumatology [23,25-26,39]. They
are intended for the rapid arrest of arterial [24] and venous bleeding [22,40-41] in
cases where traditional methods such as pressure dressings or tourniguets cannot
be effectively applied—particularly in hard-to-reach or anatomically complex areas,
such as the torso, neck, or groin [4,42].

The mechanism of action of hemostatic dressings is based on several key
processes. First, activation of the coagulation system. Most hemostatic dressings
contain active components such as kaolin or chitosan. Kaolin is a natural mineral
that stimulates activation of factor Xll in the coagulation system, initiating the
intrinsic coagulation pathway, which leads to the formation of a fibrin clot. In this
way, kaolin enhances the natural coagulation cascade, accelerating thrombus
formation at the injury site. Second, platelet adhesion and aggregation. Chitosan, a
polymer derived from chitin (from crustacean exoskeletons), has a positive charge,
which attracts ionized blood particles and platelets, promoting rapid platelet
aggregation and the formation of a primary platelet plug. Chitosan also creates a
physical barrier that stops blood flow, facilitating mechanical hemostasis [14-15].
Third, mechanical blockage of bleeding. The dressing material, typically cellulose
[9] or nylon gauze, is porous and absorbent, allowing it to rapidly soak up blood and
apply local pressure to vessels, aiding in sealing vascular wall damage and forming
a stable clot. The combination of physical pressure and chemical activation of
coagulation increases the effectiveness of bleeding control [39]. In addition, some
components, such as chitosan [14-15], have antimicrobial properties, which help
reduce the risk of infectious complications, stimulate phagocyte migration, and
promote collagen synthesis, potentially accelerating tissue healing after bleeding
is stopped.

Hemostatic dressings are used in wounds where tourniquet application is
impossible—for example, in the neck, axillary, or torso regions. They are effective in
injuries involving open blood vessels, where rapid thrombus formation is vital, and
can be inserted into deep wounds—a critical feature in combat or accident
conditions where direct pressure or compression is not feasible [25-26,39]. Studies
show that hemostatic dressings significantly reduce the time to hemostasis—to 1-
5 minutes, compared to traditional methods.

The average survival rate with hemostatic dressing use is approximately 85—
88%, demonstrating their high effectiveness in critical situations. They also reduce
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the need for blood transfusion [43] and improve overall patient survival. The risk of
complications remains low, although local tissue burns due to chemical reactions
of the active substances and infectious complications from improper use or lack of
sterility may occur.

Therefore, hemostatic dressings are a comprehensive tool that combines
mechanical, chemical, and biological actions in the hemostasis process, making
them indispensable in modern emergency medicine for rapid and reliable bleeding
control in complex clinical scenarios.

Improvised means of hemorrhage control are critically important in situations
where standard medical tourniquets or hemostatic agents are unavailable [44].
These means are widely used in emergency, field, or remote settings where time and
access to qualified medical care are limited [45]. Their action is based on mechanical
compression of blood vessels, which allows for the cessation of arterial bleeding by
applying pressure to the damaged arteries above the wound [45]. The most common
materials for improvised tourniquets include belts (leather, fabric) [18,44], straps,
scarves, ties, thick fabric strips, and parts of clothing such as T-shirts, towels, or
bandages. To create sufficient pressure, a rigid object is used—a stick, wire, rod, or
similar solid element that serves to twist and fix the tourniquet [46-47], similar to the
mechanism of modern specialized devices [45].

An improvised tourniquet should be applied to the limbs—upper or lower—
above the bleeding site, avoiding joints (elbow or knee), as applying it there will not
provide the necessary compression effect and may lead to additional injuries
[17,44]. It is particularly important to position the tourniquet correctly to ensure
maximum pressure on the major arteries while monitoring the time of application,
which should not exceed 1-2 hours to avoid severe complications. Improvised
tourniquets can be used to control bleeding in penetrating limb injuries, severe
trauma with arterial damage, when applying a pressure dressing is ineffective or
impossible [17].

According to clinical and field observations, the average survival rate when
using improvised tourniquets ranges from 50% to 70%, which is significantly lower
than with specialized medical tourniquets [48]. This indicator depends on the
quality of application, the time of assistance, and the patient’s condition. The
average time to hemostasis when using such means varies from 3 to 10 minutes,
which is associated with the lack of a standardized fixation mechanism and the
need for manual pressure adjustment. Due to the prolonged time to complete
cessation of bleeding, the risk of developing hemorrhagic shock [13,30,49] increases
significantly.

The complication rate when using improvised tourniquets is high—up to 20—
30% [48]. The most common complications include tissue ischemia and necrosis
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caused by excessive pressure or prolonged ischemia, as well as nerve damage due
to compression. A significant problem is the development of infections, which is
due to the low level of sterility of the materials and conditions of application.
Compartment syndrome is also a common complication [36], caused by increased
intramuscular pressure due to impaired venous outflow. In addition, thrombosis
may occur due to the cessation of blood flow. Incorrect application or excessive
tightening may lead to increased injury and even limb amputation.

The use of improvised tourniquets is justified only in cases where standard
medical tourniquets or other specialized hemostatic agents are unavailable [50].
They provide the possibility of temporary control of massive arterial bleeding, which
is critically important for preserving the life of the victim until qualified medical
assistance arrives [50]. It is important to note that such means are a temporary
solution—after patient stabilization and transportation to a medical facility,
improvised tourniguets should be replaced with specialized devices or surgical
intervention should be performed. During application, it is necessary to carefully
record the time of use, regularly monitor the condition of the limb and the patient’s
well-being, and be prepared for the immediate removal of the tourniguet in case
of signs of critical circulatory impairment [47].

Thus, improvised means of hemorrhage control are an important, although
suboptimal, method of emergency aid. Their mechanism of action is based on
compression of major vessels using available materials, which provides temporary
cessation of bleeding in the limbs. Despite the high risk of complications and the
longer time to hemostasis compared to specialized tourniquets, they significantly
increase the chances of survival in cases where no other means are available [47].

Conclusion. The conducted analysis reveals significant differences in the
effectiveness and safety of various primary hemostasis methods used in field
conditions. The study confirms that modern specialized arterial tourniquets remain
the most effective tool for controlling massive limb hemorrhage, providing the
highest survival rate (92%) and the fastest time to hemostasis (35 seconds) with a
relatively low complication rate (8%). Hemostatic dressings based on kaolin and
chitosan demonstrated high effectiveness (85-88% survival) in situations where
tourniquets cannot be applied, such as injuries to the torso, neck, and groin. Their
multi-component mechanism of action, including activation of the coagulation
system, platelet aggregation, and mechanical bleeding blockage, makes them an
indispensable instrument in modern tactical medicine. Improvised means, despite
significantly lower effectiveness (50-70% survival) and a higher complication rate
(20-30%), retain critical importance in resource-limited situations. Their use can be
life-saving in the absence of specialized equipment, although it requires careful
control of exposure time and patient condition.
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The results of the study highlight the need to implement standardized
training protocols for primary hemostasis methods for medical personnel, military
personnel, and the civilian population. Ensuring the availability of modern
hemostatic agents in emergency medical systems, military units, and civil defense
services is of particular importance. Future research prospects include the
development of new bioactive hemostatic materials, improved tourniquet designs
for specific anatomical areas, and the creation of comprehensive algorithms for
selecting the optimal hemostasis method depending on the type of injury and
available resources. The issue of optimizing the logistics of hemostatic supplies in
mass emergencies and armed conflicts remains relevant.

Based on the analysis, practical recommendations are proposed for various
application areas. For the healthcare system, it is necessary to include training in
primary hemostasis methods in the mandatory curriculum for medical personnel
at all levels, standardize the equipment of emergency medical teams with modern
tourniquets and hemostatic dressings, develop national clinical protocols for the
use of hemostatic agents in the pre-hospital phase, and create a monitoring system
for the real-world effectiveness of hemostasis methods. For military medicine and
security forces, it is recommended to equip each soldier with an individual
tourniquet and hemostatic dressings, implement regular training on applying
tourniquets under stress and limited visibility conditions, develop specialized
protocols for the use of AAJT in groin injuries, and establish mobile training centers
for tactical medicine instructor training. For civil defense, it is important to include
basic hemostasis sKills in civil defense training programs for the population, equip
educational institutions, enterprises, and public places with basic bleeding control
tools, and develop informational materials and mobile applications with step-by-
step instructions for the use of improvised tools.

Improvement proposals include technical enhancements, educational
initiatives, and systemic advancements. Among the technical innovations, the
development of universal tourniquets suitable for various anatomical regions,
including the neck and torso, the creation of "smart" hemostatic agents with
efficiency and application time indicators, the development of biodegradable
hemostatic materials that do not require removal after patient stabilization, and
the introduction of nanotechnologies for more efficient and faster-acting
hemostatics are suggested. Educational initiatives should include the creation of
virtual simulators for hemostasis training without biological materials,
development of mobile applications with interactive instructions and performance
assessment systems, gamification of the training process to enhance motivation
and skill acquisition, and the establishment of an international tactical medicine
certification system. Systemic improvements should cover the development of
artificial intelligence algorithms for rapidly selecting optimal hemostasis methods,
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the creation of telemedicine consultation systems to support field medics, the
implementation of blockchain technologies for tracking the effectiveness and
safety of hemostatic agents, and the development of automated tourniquet
application systems for use in unmanned systems.

The study on the effectiveness of simple hemostasis methods in field
conditions presents a comprehensive assessment of the current state of tactical
medicine and outlines directions for its further development. The findings not only
confirm the critical importance of timely and correct application of hemostatic
agents for saving lives but also demonstrate the substantial potential for improving
existing approaches. A key achievement of this work is the creation of an evidence
base for optimizing the choice of hemostasis methods depending on specific
conditions and available resources. The established quantitative indicators of the
effectiveness of various agents enable medical personnel, military, and rescue
workers to make informed decisions in critical situations.

It is especially important to demonstrate that even improvised means, despite
their limited effectiveness, can significantly increase survival chances in the
absence of specialized equipment. This underscores the necessity for mass training
of the population in basic first aid skills. The proposed recommendations and
directions for improvement have the potential to revolutionize approaches to
bleeding control — from developing new technologies to fundamentally revising
training and education systems. Implementing these initiatives may significantly
reduce mortality from massive hemorrhage in various settings — from military
operations to civilian emergencies.

The scientific value of this research lies in establishing a solid foundation for
future studies in the field of tactical medicine. The methodological approach used
in this work may serve as a model for similar studies in other areas of emergency
medicine. The social significance of this work is evident in its potential to influence
health care policy, military doctrine, and civil defense strategies. The results of the
study may serve as the basis for the development of national standards and
international recommendations on bleeding control in extreme conditions. In
conclusion, this research not only systematizes existing knowledge on the
effectiveness of hemostasis methods but also opens new horizons for innovation in
life-saving practices. The practical implementation of the obtained results may
become a crucial step in the advancement of modern disaster and military
medicine, contributing to the saving of thousands of lives in critical situations.
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