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Introduction

Hemorrhage-related deaths account for a large proportion of lives lost and
are a primary cause of mortality worldwide [1,2]. Over a hundred years ago,
early transfusion of whole blood post-trauma was discovered to be a life-
saving measure [3-5]. Several resuscitation methods have been
implemented over the years to deal with this issue. Fluid resuscitation
started in the 1970s with regular saline solution and transitioned eventually
to blood component therapy [6, 7]. This was done in accordance with the
notion that correcting hypovolemia recovers organ perfusion. The total time
to transfusion onset has been demonstrated to play a critical role in
lowering mortality [8,9]. This is in addition to the early utilization of blood
products in the resuscitation of trauma patients.

Depending on the clinical circumstances, the appropriate transfusion
strategies to be used in emergency situations can vary greatly. The
transfusion plan is established by the healthcare professionals based on
their evaluation of the patient's clinical stability, the severity of the
hemorrhage or blood loss volume, and the speed of the bleeding [10]. Early
resuscitations with blood products is made possible by the ability to
transfuse patients in the pre-hospital setting. This review examines the role
of pre-hospital transfusion, its guiding principles, and developing
approaches to fluid resuscitation.

Literature Review

Pre-hospital transfusion

Pre-hospital transfusion refers to the administration of blood or blood
products to a patient outside of a hospital setting, typically in an Emergency
Medical Service (EMS) setting. The purpose of pre-hospital transfusion is to
provide critical intervention in the form of rapid and targeted treatment to
patients who have suffered significant blood loss due to trauma or other
medical conditions [11, 12]. Pre-hospital transfusion has gained increasing
recognition in recent years as a potentially life-saving intervention for
critically injured patients. Traditionally, pre-hospital care has focused on

stabilizing patients and transporting them to a hospital for further treatment
[13-15]. However, this approach can be ineffective for patients who are
bleeding profusely and require inmediate transfusion [16-19].

The use of pre-hospital transfusion was first introduced by the military to
improve survival rates for soldiers wounded in combat [20,21]. Since then, it
has been adopted by EMS agencies around the world to improve outcomes
for civilian trauma patients. One of the most important factors in the
success of pre-hospital transfusion is the ability to identify patients who are
most likely to benefit from this intervention. In the pre-hospital setting,
where resources are scarce and sufficient volumes of blood are not easily
accessible, it is extremely challenging to accurately evaluate patients who
need blood transfusions. Inappropriate transfusion practices entail
avoidable hazards and resource waste, especially of rare O negative units
[22-27]. The most common indication for pre-hospital transfusion is severe
hemorrhage, which can occur as a result of trauma, surgery, or other
medical conditions. Patients who are in shock or have significant
hypotension may also be candidates for pre-hospital transfusion. Any
defined criterion is not enough; the clinical judgment of pre-hospital
healthcare practitioners should also be taken into account when
determining if transfusion is the best course of treatment.

Modalities involved in pre-hospital transfusion

Prompt hemorrhage management is the primary goal of pre-hospital
transfusion in order to prevent hypovolemic shock and the lethal triad threat
of coagulopathy, hypothermia, and acidosis. There are several different
types of pre-hospital transfusions that may be used depending on the
patient's condition and the resources available. One common approach is to
administer Packed Red Blood Cells (PRBCs), which contain oxygen-carrying
hemoglobin and can help to restore the patient's blood volume and
oxygenation levels. Other blood products that may be used include Fresh
Frozen Plasma (FFP), which contains clotting factors and can help to
prevent bleeding, and platelets, which are essential for clot formation. For
instance, in patients with penetrating injuries, clinical practice in the recent
times has been dominated by a resuscitation approach that revolves around
aggressive use of crystalloid as the primary fluid [28]. Since organ ischemia
and decreased perfusion has a serious impact on mortality rates, it was
thought that early, large-volume fluid resuscitation was essential in the
treatment of hypotensive shock in trauma patients. A 3:1 replacement of
crystalloid fluid to the amount of blood lost was the norm. Aggressive fluid
resuscitation therefore gained popularity even before its effectiveness was
well-examined and established [29,30].

However, in the past few years, it has been shown through various
retrospective studies that intensive resuscitation, frequently commenced in
the pre-hospital setting, may be deleterious to trauma patients [28,31-33].

The changing paradigm of fluid resuscitation techniques

While crystalloids can be helpful in restoring blood volume and hydration
levels, despite their widespread use, they have some limitations and
potential risks associated with their use. Unfortunately, this approach has
now been linked to negative side effects that include electrolyte imbalance
in the form of acid-base disturbances, hypothermia, dilutional coagulopathy,
and rapid blood loss [34]. It is widely known that the amount of pre-hospital
crystalloid infusion correlates with acute traumatic coagulopathy at the time
of arrival to the hospital [35]. The use of excessive crystalloid volumes in
the treatment of trauma patients can also cause resuscitation injury,
inflammation damage, digestive and cardiac dysfunction, Acute Respiratory
Distress Syndrome (ARDS), elevated extremity compartment pressures,
clotting disturbances, abdominal compartment syndrome, and Multiple
Organ Dysfunction Syndrome (MODS). They can also lead to pulmonary
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edema, heart failure, and other complications, particularly in patients with
pre-existing cardiac or renal dysfunction [36-44].

One of the main concerns with crystalloid use is the potential for
fluid overload, which can occur when large volumes of crystalloid
solutions are administered. In particular, large volumes of crystalloid
solutions can dilute the patient's blood components and lead to
complications such as decreased coagulation ability. Another
potential risk associated with crystalloid use is the dilutional effect on
blood components which include red blood cells and clotting factors.
Dilutional coagulopathy can occur when large volumes of crystalloid
solutions are administered, which can impair the patient's ability to form
clots and increase the risk of bleeding [45]. This is particularly concerning
in patients who require transfusions of blood products, as dilutional
coagulopathy can worsen bleeding and make it more difficult to control.
In addition to concerns related to fluid overload and dilutional
coagulopathy, crystalloid use may also have other potential risks,
including electrolyte imbalances and acid-base disturbances. For example,
administration of large volumes of normal saline can lead to hyperchloremic
metabolic acidosis, which can impair renal function and increase the risk of
infection [46].

To address these concerns, several studies have examined the use of
balanced crystalloid solutions, which contain electrolytes in ratios that more
closely mimic those found in the body's extracellular fluid [47-49]. One such
solution is Plasma Lyte A, which has been shown to have a lower incidence
of hyperchloremic acidosis and lower rates of renal failure compared to
normal saline [50].

Alternative strategies of fluid resuscitation

For patients with severe trauma to receive optimal fluid resuscitation, it is
crucial to maintain an equilibrium between organ perfusion and hemostasis.
Hemostatic resuscitation of bleeding trauma patients with early deployment
of blood components is the current best practice, according to studies
published in the past couple of decades [51-58]. More recent approaches for
managing patients with severe hemorrhage has evolved from supportive,
reactive care using crystalloids to proactive, urgent deployment of
standardized procedures known as Massive Transfusion Protocols (MTPs)
[59]. Newer resuscitation techniques, such as Damage Control Resuscitation
(DCR), which underscore the importance of early application of blood
products and concentrates on providing the patient with balanced
resuscitation, have been developed as a result of an increased awareness of
the risks involved with crystalloid use and the necessity for early inclusion
of blood products [30,60]. The DCR paradigm stipulates that blood
component transfusions (consisting of fresh frozen plasma, packed red
blood cells, and platelets) be administered in a 1:1:1 ratio, (thereby
resembling whole blood); priority be given to prompt hemorrhage
management; and that crystalloid infusion be restricted to allow for a lower
blood pressure until bleeding is controlled. In critical trauma patients, this
approach has been associated with improved survival rates [61,62]. Up until
bleeding can be surgically managed, DCR, which avoids crystalloids while
accepting some degree of hypotension, is increasingly preferred [63-67].

Damage Control Resuscitation (DCR)

The core tenets of DCR are the mitigation and management of hypothermia,
acidosis, and hypocalcemia, as well as permissive hypotension and swift
and definitive hemorrhage control. Damage-control resuscitation aims to
achieve definitive hemostasis, reduce iatrogenic resuscitation injury, and to
preempt the acute traumatic shock from exacerbating [68]. According to
Morrison et al., coagulopathy is one of the key distinctions between
hypotensive resuscitation and normotensive resuscitation. Their study
revealed that although the overall rate of mortality was not statistically
different, the group that received hypotensive group had a much lower rate
of mortality from bleeding due to coagulopathy within the initial 24 hours
following injury [69]. This is because there were no deaths from bleeding
following surgical hemorrhage repair. Three approaches-permissive
hypotension, in which fluid is administered to raise the systolic blood
pressure short of achieving normotension; controlled resuscitation, where a
fixed volume of fluid is transfused; and delayed resuscitation, in which fluid
is administered after bleeding has been controlled have been suggested to
prevent clot disintegration and dilutional coagulopathy.
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Hypotensive resuscitation, also known as permissive hypotension, achieves
and sustains low tissue perfusion by minimal volume fluid resuscitation,
such that the blood pressure is maintained in the lower-than-normal range,
which is ideal for short time frames. Goal-directed resuscitation, where the
systolic blood pressure or mean arterial pressure is targeted depending on
individual patient profile, or controlled resuscitation, where preestablished
rates are infused such that normotension is not reached, are two methods
for achieving permissive hypotension [70].

During the early resuscitation of hypotensive trauma patients, controlled
resuscitation defined as administering smaller crystalloid boluses for either
a systolic pressure less than 70 mmHg or in the absence of a radial pulse is
practicable and secure. Controlled resuscitation may be safer in pre-hospital
transfusion for blunt trauma-patients and may even result in better
prognosis, especially in patients with pre-hospital hypotension, according to
two important clinical trials [71,72]. However, this approach carries the
potential threat of tissue hypoperfusion even if it may prevent the negative
consequences of early and high-dose fluid resuscitation [73].

Delayed resuscitation results in lower mortality rates and shorter
hospitalizations. Aggressive fluid administration prior to surgery and
hemorrhage management is believed to escalate blood loss, dislodge clots,
and even result in a secondary hemorrhage [30].

In patients with Traumatic Brain Injury (TBI) and/or spinal injury, neither
permissive hypotension/hypotensive resuscitation nor restricted/controlled
resuscitation is recommended [74]. This is due to the fact that adequate
perfusion must be sustained during resuscitation in so as to ensure tissue
oxygenation of the compromised central nervous system and prevent
secondary damage [65, 75,76]. To further understand the efficacy of these
methods and to create treatment plans that examine the role of trauma-
induced coagulopathy in the pathophysiology of trauma and pre-hospital
transfusions, additional research is required.

Challenges and room for improvement

Protocols guiding the resuscitation with blood components, plasma protein,
and associated products have emerged in the pre-hospital setting in
accordance with the concept that the slightest delay can dramatically
increase the mortality rate [77,78]. The need of the hour is to develop
strategies that guarantee the safety of transfusion medicine procedures and
accordingly meet the accreditation standards, thereby avoiding unnecessary
waste and ensuring personnel competences.

Despite the potential benefits of pre-hospital transfusion, there are some
challenges associated with this intervention. One of the biggest challenges
is ensuring that blood products are administered safely and appropriately.
Blood products must be stored and transported under specific conditions to
maintain their efficacy and safety. Blood transfusions are also not able to be
utilized routinely in the pre-hospital setting due to logistical and operational
constraints [79]. Furthermore, there is also lack of information available on
the pre-hospital indications for blood transfusions and evidence of the
effectiveness of these practices is not widely available [80,81] When transit
times are short, performing transfusion can be done to the detriment of drug
administration, because transfusions need separate intravenous lines. Less
patients received tranexamic acid as a result of these factors following the
implementation of pre-hospital blood products in their service, according to
Jenkins et al [82]. In addition, pre-hospital transfusion can be expensive and
resource intensive.

Most randomized-controlled trials in pre-hospital transfusion are based on
plasma transfusions, even though it is the red blood cells and tranexamic
acid that are predominantly used in most pre-hospital transfusion programs
[83-87]. Elements including prolonged arrival times to the trauma center,
simultaneous delivery of red blood cells and plasma and blunt-trauma
patients may result in favorable patient outcomes with pre-hospital
transfusion, despite mixed evidence [88-94]. Most importantly, priority
should be given to timely transfer of patients to appropriate facilities where
standard-of-care is received, and definitive care is offered [95-98].
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Conclusion

In  conclusion, pre-hospital transfusion has emerged as an
important intervention for patients with significant blood loss due to
trauma or other medical conditions. With proper implementation, pre-
hospital transfusion has the potential to save lives and improve
outcomes for critically injured patients. In situations where transport
time to definitive care is prompt, delayed resuscitation is preferable;
while in slow transport circumstances, goal-directed resuscitation with
low-volume crystalloid seems advisable. However, the impacts of
pre-hospital  transfusions are undoubtedly multifaceted, hence
studying more complex outcomes in addition to just mortality statistics
will be crucial for understanding their implications.
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