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Abstract
Purpose of Review In the past few years, transfusion strategies in trauma have changed dramatically. We aim to define cur-
rent practices, explore the evidence leading to these shifts, and identify areas of contemporary research within this field.
Recent Findings Some major shifts include initiating blood products in the prehospital setting and favoring whole blood 
rather than individual blood components. Additional improvements include expanding trauma resuscitation to include AB 
plasma in untyped patients, several adjuncts given as part of massive transfusion protocols, and utilizing thromboelastography 
for individually tailored resuscitation. These practices remain at the forefront of trauma transfusion research with several 
trials completed and ongoing to establish their safety and practical value.
Summary The degree of change over just the past few years highlights the opportunity for improvement in the field. Despite 
being standard of care for over a century, transfusion in trauma is still evolving to optimize patient care.

Keywords Transfusion · Trauma · Prehospital transfusion · AB plasma · Whole blood

Introduction

Trauma is the foremost cause of death for children and adults 
younger than forty-five in the United States [1]. In 2016, the 
World Health Organization ascertained that up to 20% of 
deaths resulting from trauma are preventable [2]. Hemor-
rhage contributes to up to 40% of all mortality after trauma 
and is one of the principal culprits for preventable fatalities 
[3]. Transfusion strategies have become crucial for reducing 
mortality after traumatic hemorrhage.

Physicians have been performing transfusions for trauma 
patients since the early twentieth century. This has contrib-
uted to declining trauma mortality over the decades, par-
ticularly from exsanguination [4, 5]. Part of this decline may 
result from the recent shift in focus to improving time to 
transfusion as a means to reduce mortality [6]. Two promi-
nent areas of study, prehospital resuscitation and whole 
blood transfusion, aim to maximize the advantages of blood 
administration while minimizing time to treatment. Signifi-
cant strides have been made to assess the safety, feasibility, 

and impacts of these interventions. We discuss the contem-
porary standard of care for transfusion in trauma along with 
recent and upcoming developments.

Prehospital Resuscitation

Prehospital resuscitation evolved significantly over the past 
three decades. The historic goal of trauma resuscitation 
was restoration of vital signs to physiologic normal. Newer 
hemostatic centered approaches focus on adequate critical 
organ perfusion and tissue oxygenation until hemostasis is 
obtained. Expansion of prehospital resuscitation capabilities 
to include blood products and hemostatic agents has further 
facilitated this shift in approach.

Crystalloids

Crystalloid is ideal for prehospital conditions as it is inex-
pensive, readily available, and easily stored. Historically, 
an initial 2L bolus was recommended with a 3:1 replace-
ment of estimated blood loss due to vascular redistribution 
of crystalloids; however, contemporary strategies minimize 
crystalloid use as adverse effects of excessive crystalloid 
are now apparent [7]. Investigation is ongoing to determine 
the optimal volume of prehospital crystalloid to administer 
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across different populations, as it remains the only resusci-
tation fluid available to nearly all ground based prehospital 
care in the US.

Permissive hypotension in the prehospital setting was 
popularized by Bickell and colleagues in 1994 after they 
demonstrated improved survival with delayed fluid resusci-
tation in penetrating torso trauma [8•]. Further, crystalloid 
volumes of > 500 mL were associated with a significant mor-
tality increase in patients without prehospital hypotension 
[9]. Permissive hypotension balances establishing critical 
organ perfusion with limiting ongoing blood loss. A recent 
analysis of the Pan-Asia Trauma Outcomes Study supported 
this concept, adding that crystalloids are associated with 
poor functional outcomes along with higher mortality [10]. 
However, mortality rates in hypotensive patients rise when 
fluid resuscitation is completely restricted, particularly in 
blunt injury and those with prolonged prehospital times. 
Thus, the optimal crystalloid volume target is under investi-
gation for cases where alternative mediums are unavailable 
in the field. A secondary analysis of a randomized prehos-
pital resuscitation trial found the lowest mortality among 
patients receiving < 500 mL of crystalloid compared to no 
crystalloid or higher volumes in patients where prehospital 
blood products were unavailable [11].

Red Blood Cells

Prehospital blood product transfusion is becoming increas-
ingly available; however, to date is generally in the setting of 
air medical or critical care transport assets. Red blood cells 
(RBCs) are the most common blood products administered 
in the prehospital setting [12]. Studies over the past few 
decades demonstrated the feasibility and advantage of pre-
hospital transfusion leading to the expansion of prehospital 
transfusion capability [13, 14]. Several robust observational 
studies demonstrate modest improvement in mortality after 
adjusting for injury severity in both civilian and military 
patients [15, 16•, 17, 18]. In addition to mortality benefits, 
early administration of RBCs is associated with less over-
all blood product usage [19], which is important as type O 
blood necessary for trauma can be a scarce resource [20].

Plasma

Plasma, a mixture of water, salts, and various proteins, is 
the supernatant that remains when cells and cellular com-
ponents are removed from blood. Suggested as a superior 
isometric buffer to crystalloids, plasma effectively restores 
intravascular volume. Originally, AB plasma was preferred 
in transfusion of untyped patients since no anti-A or anti-B 
immunoglobulins would be present, restricting the universal 
plasma donation pool to 4% of the population. However, 
group A plasma is now also available without typing as it 

demonstrates noninferiority to AB plasma and the impact of 
plasma ABO incompatibility on clinical outcomes is insig-
nificant [21, 22, 23•, 24]. This lessens the supply limitation. 
Enthusiasm for plasma grew from the conceptual advantage 
of correcting coagulation deficits in hemorrhage; however, 
mounting evidence suggests effects on the immune sys-
tem and endotheliopathy play a large role in the benefits of 
plasma resuscitation [25].

Two large, randomized trials were completed assessing 
prehospital plasma resuscitation. The multicenter Prehos-
pital Air Medical Plasma (PAMPer) trial demonstrated a 
nearly 10% absolute reduction in 30-day mortality for pre-
hospital plasma compared to standard care in patients at 
risk for hemorrhagic shock predominantly with blunt injury 
from a rural setting [26••]. In contrast, the single center 
Control of Major Bleeding After Trauma (COMBAT) trial 
showed no difference in 28-day mortality for prehospital 
plasma compared to standard care in an urban trauma system 
[27••]. Combined results from these two trials demonstrated 
prehospital plasma conferred a mortality benefit when trans-
port times were longer than 20 min. Additionally, patients 
with blunt injuries, traumatic brain injuries, and moderate 
transfusion requirements receive the greatest benefit from 
plasma administration [28]. Additionally, the greatest benefit 
is realized when plasma is administered in conjunction with 
RBCs [11]. The Rapid Administration of Blood by HEMS in 
Trauma (RABBIT) trial in the Czech Republic was under-
taken to confirm this finding although results have yet to be 
published [29].

One issue with frozen plasma is that once thawed, it must 
be used quickly. Plasma is considered old after just 24 h 
and remains viable for only 5 days. This makes it difficult 
to add to standard care in the prehospital setting since the 
need for plasma cannot be assessed early enough to allow 
time to thaw. A secondary analysis of the PAMPer trial dem-
onstrated no significant difference in mortality for thawed 
plasma between 0 and 5 days old, improving the prehos-
pital potential by expanding the transfusion window [30]. 
The ability of plasma to restore intravascular volume status 
makes it highly desirable in this setting and an area for future 
investigation. Never frozen liquid plasma is an alternative 
that has been adopted by many prehospital transfusion pro-
grams with shelf life of up to 21 days; however, in some 
areas it is not available or very limited in supply.

Platelets

Platelets are difficult to store and therefore administer in the 
prehospital setting. As such, data on platelet use in this set-
ting are scarce; however, given the results from the PROPPR 
trial that early administration of platelets in the hospital 
decreases mortality, there is interest in platelet availability 
in the field [31]. Recently, the Mayo Clinic added platelets 
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to their prehospital transfusion capability with refrigeration 
storage to improve shelf life [32]. The most likely route of 
platelet availability in the prehospital setting will be as part 
of whole blood transfusion rather than as a unique blood 
product.

Adjuncts: Tranexamic Acid, Fibrinogen, 
and Prothrombin Complex Concentrate

Tranexamic acid (TXA), fibrinogen, and prothrombin com-
plex concentrate (PCC) supplement transfusion in select 
patients to achieve hemostasis. TXA works by inhibiting 
fibrinolysis and is commonly used to terminate postpartum 
hemorrhage. The Study of Tranexamic Acid During Air and 
Ground Medical Prehospital Transport (STAAMP) was a 
randomized placebo controlled clinical trial of prehospital 
TXA, demonstrating a mortality benefit among patients 
receiving TXA within 1 h of injury and for those with severe 
shock (systolic blood pressure < 70) [33•]. Lack of repli-
cated benefits in other trials has limited universal adoption 
in the prehospital setting [34].

Fibrinogen is the precursor to fibrin and a promoter of 
coagulation through fibrin aggregation. Fibrinogen is com-
monly transfused in Europe and the Fibrinogen in Trauma 
Induced Coagulopathy (FlinTIC) trial shows that fibrino-
gen improves clotting metrics, reduces organ failure, and 
improves 30-day survival when administered within 1 h of 
trauma [35].

PCC is a solution of clotting factors commonly admin-
istered for rapid reversal of bleeding in patients with iat-
rogenic or other clotting factor deficiencies. So far, only 
observational studies have been conducted on PCC in the 
prehospital setting with [36–38]. In these studies, only 
patients known to have high INRs or clotting deficiencies 
were administered PCC. There is growing interest these 
three adjuncts as they are easier to store and administer in 
the prehospital environment.

Whole Blood

Whole blood in the prehospital system is new and isolated to 
a few trauma systems. Whole blood has the logistical advan-
tage in the prehospital environment of having all compo-
nents (RBCs, plasma, platelets) in a single unit and thus 
reduces blood product storage requirements. To achieve a 
similar resuscitation as 1 unit of whole blood, a prehospi-
tal transfusion program would need to store 3 component 
units, each with differing shelf lives and storage temperature 
requirements.

Mayo Clinic became the first U.S. medical center to 
use cold whole blood in the prehospital setting in 2015. 
Since then, several studies were conducted or are in pro-
gress regarding whole blood transfusion in the prehospital 

setting. These studies have thoroughly demonstrated the 
safety profile of low titer group O whole blood (LTOWB) 
in both adult and pediatric populations [39–43]. Addition-
ally, retrospective trials have found mortality benefits from 
LTOWB [44]. The Pragmatic Prehospital Group O Whole 
Blood Early Resuscitation Trial (PPOWER) confirmed 
viability of a large-scale clinical trial [45•]. The Study of 
Whole Blood in Frontline Trauma (SWIFT) and Type O 
Whole Blood and Assessment of Age During Prehospital 
Resuscitation (TOWAR) trials are in progress to evaluate the 
impact of whole blood on clinical outcomes. Recent military 
data have demonstrated a reduction in 6-h mortality for com-
bat causalities receiving whole blood compared to standard 
component therapy [46].

There are still several challenges involved with whole 
blood transfusion in the prehospital setting including cost, 
storage, and expiration timing. While costs vary regionally, a 
Seattle based EMS program developed an economically fea-
sible system with an average cost of $0.28 per mission and 
$1138 per transfusion [47]. A financial analysis of a Texas 
program predicted a $5100 total cost per life saved via whole 
blood [48]. Furthermore, another system operationalized 
whole blood administration in civilian trauma to improve 
accessibility and reduce waste. Their system involves stor-
age of LTOWB units at 30 ground EMS and helicopter 
bases for 14 days before the unused blood is transferred to 
medical centers for the next 21 days prior to expiration to 
reduce waste. Transfusion of 450 units of LTOWB resulted 
in only 1–2% expiration and no prehospital complications 
[49, 50]. As the process of prehospital blood transfusion 
expands, these systems can serve as examples to be refined 
and expanded.

Predicting the Need for Transfusion in the Field

In trauma, deciding who will benefit from transfusion can be 
challenging. Many scoring systems exist to identify patients 
requiring transfusion after trauma, yet no score has been 
universally adopted [51]. Some scores rely on metrics that 
require inpatient testing, rendering them in-feasible in the 
prehospital setting, while others, including Criteria A of the 
Zhu et al. score and EBTNS scoring systems, are optimal for 
implementation in the prehospital setting [51, 52] (Table 1). 
Of note, the popular ABC scoring criteria requires a FAST 
exam with sonography which is not universally available in 
prehospital care. The newer BRI scoring system designed for 
prehospital flight management may be comparable to other 
high-performing prehospital scoring criteria but was not 
included in a recent meta-analysis comparing scoring crite-
ria [51, 53]. Regardless of the scoring system utilized, any 
indication that massive transfusion will be necessary should 
result in rapid initiation of prehospital transfusion as earlier 
transfusion improves outcomes and reduces total volume 
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required [54]. One active area of investigation is identifying 
patients with occult shock prior to decompensation.

In‑Hospital

In many trauma patients, the first opportunity for resuscita-
tion occurs on arrival at the trauma center. Approaches to 
transfusion for hemorrhagic shock after injury have evolved 
significantly over the last two decades from a 2-L crystalloid 
bolus followed by RBC based transfusion strategy to dam-
age control resuscitation that emphasizes permissive hypo-
tension, minimizing crystalloids, balanced transfusion, and 
early hemostasis.

Fixed Ratio Approach

The concept of low RBC to plasma ratio resuscitation first 
emerged from the military in 2007 [55•]. From this, numer-
ous retrospective observational studies reported mortality 
improvements for patients receiving low compared to high 
RBC to plasma ratio resuscitation, as well as low RBC to 
platelet ratios. Given the potential biases of these studies the 
prospective observation PROMMTT study was conducted, 
showing reductions in early mortality for low ratio resusci-
tation [56•]. This culminated in the randomized PROPPR 
trial comparing 1:1:1 versus 1:1:2 plasma:platelets:RBC 
ratio transfusion strategies [57••]. The PROPPR trial found 
no significant difference in mortality between the two ratios; 
however, the 1:1:1 group had lower 6-h mortality from hem-
orrhage and better hemostasis. Guidelines for empiric treat-
ment in trauma now involve transfusion of a ratio of plasma 
to platelets to RBCs of either 1:1:1 or 1:1:2 [58]. Methods 

to improve standardization and execution of the MTP are 
constantly being developed [59].

Massive Transfusion Protocols

The rise of 1:1:1 transfusion strategies gave birth to massive 
transfusion protocols (MTP) as a way for trauma centers to 
logistically execute low ratio transfusion strategies. Time to 
transfusion initiation is critical in these situations as time 
saving measures such as availability of blood products in 
the trauma bay are associated with superior outcomes [60]. 
MTP mobilize the resources to initiate large volume bal-
anced transfusion, and now often incorporate initiation of 
other resuscitation adjuncts such as TXA. Some authors 
have suggested the implementation of an MTP with aggres-
sive resuscitation may matter as much as the actual blood 
product ratio achieved.

A key component of the MTP is when to activate it. As 
in the prehospital setting, scores have been developed to 
aid with this assessment, and analysis of their performance 
demonstrates reliability although no single score has been 
universally adopted [51, 61•, 62]. The ABC score is one 
of the most common, comprised 1-point assigned for pen-
etrating injury, hypotension, tachycardia, and a positive 
FAST examination (see Table 1). The American College of 
Surgeons guidelines from 2014 recommend using an ABC 
score cutoff of 2 as this identifies more than 95% of patients 
requiring massive transfusion [58]. In many scoring criteria, 
hemorrhagic shock, systolic blood pressure < 70, and severe 
tissue injury are included as important risk factors, although 
hematocrit may be the most accurate predictor [63]. Other 
important criteria for massive transfusion protocol activation 
include persistent hemodynamic instability, active bleeding 
unable to be controlled with noninvasive techniques, and 

Table 1  Left: The EBTNS score is an example of a prehospital transfusion scoring criteria. All variables can be calculated in the prehospital 
environment. Right: The popular ABC scoring criteria, common for determining transfusion requirements in the hospital

This scoring system requires ultrasound which is not universally available in the prehospital setting

EBTNS score ABC score

Absent Present Absent Present

Age 56–70 years 0 1 Systolic blood  
pressure ≤ 90 mmHg

0 1

Age > 70 years 0 2 Heart rate ≥ 120 bpm 0 1
Glasgow Coma Scale 3–8 0 3 Penetrating injury 0 1
 Glasgow Coma Scale 9–13 0 1 Positive FAST 0 1
Heart rate < 60 bpm 0 4 Cutoff ≥ 2
Heart rate ≥ 120 bpm 0 3
Penetrating injury 0 2
Systolic blood  

pressure < 90 mmHg
0 7

Cutoff ≥ 6
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blood transfusion in the trauma bay. Methods to improve 
standardization and execution of the MTP are constantly 
being developed [59].

Thromboelastometry Guided Approach

An alternative to the fixed ratio MTP approach is point of 
care testing with personalized treatment recommendations, 
based on thromboelastography (TEG). The Strategy of 
Transfusion in Trauma (STATA) trial looked at the MTP vs 
TEG based resuscitation and found no additional harm from 
using TEG in a preliminary report [64]. Final results of the 
trial have yet to be published. TEG based resuscitation is a 
measure of hemostasis and can inform transfusion decisions 
of additional products tailored towards specific hemostatic 
deficiencies. Some small studies suggest TEG based trans-
fusion strategy is superior to fixed ratio transfusion; how-
ever, systematic reviews failed to show reduced mortality, 
morbidity, or blood product usage in trauma [65, 66]. Most 
centers take a strategy of initial low fixed ratio transfusion 
with activation of MTP and switch to a viscoelastic guided 
resuscitation to tailor transfusions and reduce blood product 
requirements (Table 2).

Individual Product Considerations

A variety of blood products and adjuncts are available for 
resuscitation of the bleeding trauma patients. Each has 
unique advantages, disadvantages, and logistical consid-
erations. Additionally, supply and demand, as well as cost 
issues may affect the local availability and practice patterns.

Red Blood Cells

The importance of blood transfusion in trauma has been 
established for over a century, yet novel innovations con-
tinue to improve outcomes. RBCs are transfused in units of 

225–350 mL with hematocrit of 65–80% that are intended to 
raise the Hgb by 1 g/dL. Trauma patients requiring transfu-
sion receive type O blood (O Rh- in women of childbearing 
age) initially until blood screen results are available. Any 
additional transfusion should be appropriately typed to pre-
serve type O blood for acute transfusions.

One concern with RBC usage is storage. The Red Cell 
Storage Duration Study (RECESS) in cardiac surgery 
patients and the Age of Blood Evaluation (ABLE) in criti-
cally ill adults altered the conception that increased RBC age 
is associated with worse outcomes as those studies found no 
benefit of using newer RBCs [67, 68]. These findings allevi-
ated some of the storage concerns. Availability is another 
concern. RBC transfusions have steadily declined since 
2008, but so has collection of RBCs. The rate of decline 
in transfusion recently slowed, suggesting the donation 
level cannot continue to decline [69, 70]. Unfortunately, the 
number of individual donors decreased by 8.5% from 2017 
to 2019, with repeat donors decreasing by over 14% [71]. 
This trend will be monitored to assess whether a shortage 
is imminent.

Contemporary RBC transfusion research is focused on 
developing novel storage processes, improving leukoreduc-
tion methods and exploring techniques for freeze drying and 
lyophylized products to expand access.

Plasma

Plasma has several benefits during resuscitation including 
replenishing coagulation factors, protecting the endothelium 
during hemorrhagic shock, increasing fibrinogen, restor-
ing physiologic pH, and expanding intravascular volume. 
According to the 2019 National Blood Collection and Utili-
zation Survey (NBCUS), one unit of fresh frozen plasma or 
plasma frozen between 8 and 24 h of administration (PF24) 
costs an average of $50, which is largely unchanged from 
2017. The amount of plasma distributed declined from 

Table 2  Thromboelastogram interpretation and subsequent treatment recommendations

Adapted with permission from Rebel Reviews (https:// rebel em. com/ rebel- review/ rebel- review- 54- throm boela stogr am- teg/ throm boela stogr am- 
teg/)

Thromboelastogram (TEG)

Components Definition Normal values Problem with Treatment

R time Time to start forming clot 5–10 min Coagulation factors FFP
K time Time until clot reaches a fixed strength 1–3 min Fibrinogen Cryoprecipitate
Alpha angle Speed of fibrin accumulation 53–72 degrees Fibrinogen Cryoprecipitate
Maximum amplitude (MA) Highest vertical amplitude of the TEG 50–70 mm Platelets Platelets and/or DDAVP
Lysis at 30 min (LY30) Percentage of amplitude reduction 30 min 

after maximum amplitude
0–8% Excess fibrinolysis Transexamic acid and/or 

aminocaproic acid

https://rebelem.com/rebel-review/rebel-review-54-thromboelastogram-teg/thromboelastogram-teg/
https://rebelem.com/rebel-review/rebel-review-54-thromboelastogram-teg/thromboelastogram-teg/
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3,209,000 to 2,679,000 units (16.5%) and the amount trans-
fused declined from 2,374,000 to 2,185,000 units (8%) over 
the same time period [71]. AB plasma transfusion declined 
from 341,000 units in 2017 to 255,000 units in 2019, possi-
bly in part due to evidence that group A plasma is safe to use 
in most cases [22, 71]. Despite the potential benefits, plasma 
availability is severely limited by logistic concerns. Short 
shelf life, long time to thaw, and access difficulty in remote 
areas contribute to less-than-optimal transfusion rates.

Storing thawed plasma in the ED enables rapid transfu-
sion initiation, decreases transfusion quantities of RBCs, 
plasma, and platelets, and is an independent predictor of 
reduced 30-day mortality [72]. Thawed plasma banks, like 
that of the University of Medicine Greifswald in Germany, 
may alleviate part of the issue by improving accessibility 
and reducing waste [73]. In their center, total plasma use 
declined by 66.7% over a decade likely due to the reduc-
tion in downstream plasma requirements with timely 
transfusion.

Platelets

Platelet transfusion, while supported by the PROPPR trial, 
has been the subject of investigation due to questionable 
efficacy [31, 74, 75]. A recent observational analysis of a 
French trauma registry from 2011 to 2019, however, backed 
the PROPPR results, demonstrating a significant reduction 
in 24 h mortality with early platelet transfusion [76]. Addi-
tional analysis is necessary to evaluate platelet efficacy in 
the hospital setting.

Adjuncts: TXA, Fibrinogen, PCC

TXA is commonly used in elective surgery to control bleed-
ing. The Clinical Randomization of an Antifibrinolytic in 
Significant Hemorrhage (CRASH-2) trial found TXA sig-
nificantly improved survival in patients with known or 
suspected hemorrhage after trauma [77••]. The follow-up 
CRASH-3 trial looking specifically at patients with head 
trauma found largely unimproved mortality in patients 
receiving early TXA, apart from a subgroup with moderate 
head injury and evidence of intracranial hemorrhage [78].

In line with the FlinTIC prehospital study, several studies 
have suggested a benefit of early fibrinogen administration 
after arrival at the hospital [79–83]. A meta-analysis is cur-
rently underway to evaluate the evidence for fibrinogen in 
this context [84].

PCC is also useful in the early management of bleed-
ing patients for treating trauma induced coagulopathy and 
reducing the need for MTP [85, 86]. PCC may also be useful 
as an adjunct of fresh frozen plasma (FFP) for INR rever-
sal after trauma [87]. The randomized PROCOAG trial was 

undertaken to test PCC as an alternative to FFP in trauma, 
although the results are not yet available.

Whole Blood

Whole blood was first transfused in the 1800s and made sig-
nificant strides during World War 1 with the increased inci-
dence of trauma. Early success and innovation in preservation 
techniques led to the establishment of blood banks and trans-
fusion centers across the United States and Europe. In 1940, 
Edwin Cohn established the first technique for fractionation of 
blood into blood products. This method was an efficient way 
to distribute blood causing a shift from whole blood transfu-
sion to blood product transfusion, especially in civilians. How-
ever, whole blood transfusion persisted in the military where 
fractionated products are hard to store and administer. Recent 
analysis demonstrating efficacy in military trauma renewed 
interest in whole blood viability for civilian trauma [46, 88].

Whole blood is quickly becoming the preferred transfusion 
medium in many trauma centers as studies continue to have 
promising results [23, 45, 89–91]. A recent large multicenter 
prospective observational study showed a survival benefit of 
whole blood resuscitation at 24 h and persisting to 60 days 
[92•]. Several meta-analyses and retrospective reviews exist 
with results favorable for whole blood administration, yet 
each emphasizes the need for additional studies to draw 
definitive conclusions [93–96]. The true efficacy, however, 
remains under investigation as thus far mostly pilot studies 
focused on safety or noninferiority are available. These prom-
ising results along with benefits observed in military studies 
convinced many centers to switch to whole blood already.

A few clinical trials are underway to assess the impact on 
outcomes of trauma center resuscitation with whole blood 
including the prehospital SWIFT and TOWAR trials and the 
trauma center-based Evaluation of a Transfusion Therapy 
Using Whole Blood in the Management of Coagulopathy in 
Patients with Acute Traumatic Hemorrhage (T-STORHM) in 
France and the Low-Titer O Positive Whole Blood Versus 
Component Therapy for Emergent Transfusion in Trauma 
Patients at Loma Linda University. These studies may provide 
additional clarity on appropriate use of whole blood transfu-
sion; however, the rapid uptake of whole blood as standard 
care may deter a definitive large scale multicenter randomized 
trial if centers are unwilling to revert to a component-based 
transfusion strategy for hemorrhage after trauma (Fig. 1).

Transfusion Complications

Transfusion, while an effective measure to save lives, is not 
risk-free, especially massive transfusion for trauma. Compli-
cations of transfusion include hypothermia, coagulopathy, 
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thrombocytopenia, electrolyte abnormalities, acid–base disor-
ders, infection, transfusion related acute lung injury, and trans-
fusion associated circulatory overload. In a 2021 UK based 
study, 12.2% of complications were deemed non-preventable 
while 81.3% were preventable errors and 6.5% were possibly 
preventable demonstrating the room for improvement [97].

Disease transmission, one of the most feared transfusion 
complications during the HIV epidemic, has decreased more 
than 10,000-fold due to established safety guidelines and 
better practices [98]. However, other transfusion reactions 
have been more difficult to address. Transfusion reactions 
are categorized as acute or delayed depending on whether 
they occur within 24 h from transfusion initiation. The risk 
of adverse transfusion reactions (ATRs) is under investiga-
tion as these events are possibly preventable and result in 
increased morbidity but rarely mortality. ATR incidence 
varies with transfusion medium and is lowest for RBCs and 
highest for platelets, although use of whole blood derived 
platelets may result in less adverse reactions than apheresed 
platelets [97, 99, 100].

Leukoreduction or leukodepletion has successfully dimin-
ished the prevalence of specific transfusion reactions. Leu-
koreduction involves filtration and removal of white blood 
cells from blood or blood products to reduce the frequency 
of febrile nonhemolytic transfusion reactions, reduce CMV 
transmission, and reduce HLA rejection along with several 
other proposed benefits [101–103]. In the United States, the 
FDA regulates leukocyte concentration in blood. Strategies 

such as double filtration, pre-storage leukoreduction, and 
filtration in cold rather than room temperature show promise 
for improving the technique [104–106]. As these processes 
continue to improve, the hope is that transfusion will retain 
maximum benefit while the risk is minimized. Many ATRs 
remain difficult to predict and preemptively diminish so 
treatment is primarily supportive [107].

Conclusion

Transfusion critically impacts survival in trauma 
patients. Mounting evidence for the importance of time 
to transfusion coupled with organizational and tech-
nological advances led to an emergence of prehospital 
transfusion of blood products over the past few years. 
At the same time, a relative boom of whole blood trans-
fusion resulted from effectiveness in military studies 
and demonstrated superiority of balanced resuscitation. 
Increasing availability of plasma, improving opera-
tionality and storage capabilities for blood products, 
including adjunctive transfusion mediums, and devel-
oping individually tailored resuscitation strategies with 
thromboelastography are other recent improvements. 
Freeze-dried or lyophilized products are under active 
investigation. The extent of these recent advances high-
lights the degree to which transfusion in trauma is evolv-
ing to optimize patient care.

Fig. 1  Whole blood and group 
A plasma usage in level 1 
trauma centers over time. Over 
the past several years, whole 
blood and group A plasma have 
boomed in popularity as the 
resuscitation product of choice 
in severe traumatic hemorrhage. 
Reproduced with permission 
from Transfusion Vol. 61, No. 
S1, July 2021



50 Current Surgery Reports (2023) 11:43–54

1 3

Author Contributions Concept and design: JB, JBB. Drafting of the 
manuscript: JB, JBB. Critical revision of the manuscript for important 
intellectual content: JB, DS, LL, JBB. Administrative, technical, or 
material support: DS, LL, JBB. Supervision: JBB.

Funding None received.

Data Availability Not applicable.

Declarations 

Conflict of interest The authors declare no conflicts of interest with 
respect to authorship or publication of this manuscript.

Ethical Approval Not applicable.

Research Involving Human and Animal Rights This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

References

Recent papers of particular interest have been highlighted 
as: • Of importance, •• Of major importance

 1. CDC: Injuries and Violence Are Leading Causes of Death. 
https:// www. cdc. gov/ injury/ wisqa rs/ anima ted- leadi ng- causes. 
html (2022)

 2. Davoodabadi A, Abdorrahim Kashi E, Mohammadzadeh M, 
Mousavi N, Shafagh S, Ghafoor L, et al. Predicting factors and 
incidence of preventable trauma induced mortality. Ann Med 
Surg (Lond). 2021;68: 102609. https:// doi. org/ 10. 1016/j. amsu. 
2021. 102609.

 3. Curry N, Hopewell S, Doree C, Hyde C, Brohi K, Stanworth 
S. The acute management of trauma hemorrhage: a sys-
tematic review of randomized controlled trials. Crit Care. 
2011;15(2):R92. https:// doi. org/ 10. 1186/ cc100 96.

 4. Oyeniyi BT, Fox EE, Scerbo M, Tomasek JS, Wade CE, Hol-
comb JB. Trends in 1029 trauma deaths at a level 1 trauma 
center: impact of a bleeding control bundle of care. Injury. 
2017;48(1):5–12. https:// doi. org/ 10. 1016/j. injury. 2016. 10. 037.

 5. James SL, Castle CD, Dingels ZV, Fox JT, Hamilton EB, Liu 
Z, et al. Global injury morbidity and mortality from 1990 to 
2017: results from the Global Burden of Disease Study 2017. 
Inj Prev. 2020;26(Supp 1):i96–114. https:// doi. org/ 10. 1136/ injur 
yprev- 2019- 043494.

 6. Meyer DE, Vincent LE, Fox EE, O’Keeffe T, Inaba K, Bulger 
E, et al. Every minute counts: time to delivery of initial massive 
transfusion cooler and its impact on mortality. J Trauma Acute 
Care Surg. 2017;83(1):19–24. https:// doi. org/ 10. 1097/ TA. 00000 
00000 001531.

 7. Harada MY, Ko A, Barmparas G, Smith EJ, Patel BK, Dhillon 
NK, et al. 10-Year trend in crystalloid resuscitation: reduced vol-
ume and lower mortality. Int J Surg. 2017;38:78–82. https:// doi. 
org/ 10. 1016/j. ijsu. 2016. 12. 073.

 8.• Bickell WH, Wall MJ, Jr., Pepe PE, Martin RR, Ginger VF, 
Allen MK, et al. Immediate versus delayed fluid resuscitation 
for hypotensive patients with penetrating torso injuries. N Engl 
J Med. 1994;331(17):1105–9. https:// doi. org/ 10. 1056/ NEJM1 
99410 27331 1701. Randomized trial that established permissive 

hypotension and minimizing crystalloid in penetrating torso 
trauma prehospital and early resuscitation

 9. Brown JB, Cohen MJ, Minei JP, Maier RV, West MA, Billiar 
TR, et al. Goal-directed resuscitation in the prehospital set-
ting: a propensity-adjusted analysis. J Trauma Acute Care Surg. 
2013;74(5):1207–12. https:// doi. org/ 10. 1097/ TA. 0b013 e3182 
8c44fd. (Discussion 12–14).

 10. Sung CW, Sun JT, Huang EP, Shin SD, Song KJ, Hong KJ, et al. 
Association between prehospital fluid resuscitation with crystal-
loids and outcome of trauma patients in Asia by a cross-national 
multicenter cohort study. Sci Rep. 2022;12(1):4100. https:// doi. 
org/ 10. 1038/ s41598- 022- 06933-x.

 11. Guyette FX, Sperry JL, Peitzman AB, Billiar TR, Daley 
BJ, Miller RS, et al. Prehospital blood product and crystal-
loid resuscitation in the severely injured patient: a secondary 
analysis of the prehospital air medical plasma trial. Ann Surg. 
2021;273(2):358–64. https:// doi. org/ 10. 1097/ SLA. 00000 00000 
003324.

 12. Camazine MN, Hemmila MR, Leonard JC, Jacobs RA, Horst 
JA, Kozar RA, et al. Massive transfusion policies at trauma 
centers participating in the American College of Surgeons 
Trauma Quality Improvement Program. J Trauma Acute Care 
Surg. 2015;78(6 Suppl 1):S48-53. https:// doi. org/ 10. 1097/ TA. 
00000 00000 000641.

 13. Berns KS, Zietlow SP. Blood usage in rotor-wing transport. 
Air Med J. 1998;17(3):105–8. https:// doi. org/ 10. 1016/ s1067- 
991x(98) 90104-3.

 14. Higgins GL 3rd, Baumann MR, Kendall KM, Watts MA, Strout 
TD. Red blood cell transfusion: experience in a rural aeromedi-
cal transport service. Prehosp Disaster Med. 2012;27(3):231–
4. https:// doi. org/ 10. 1017/ S1049 023X1 20006 59.

 15. Smith IM, James RH, Dretzke J, Midwinter MJ. Prehospital 
blood product resuscitation for trauma: a systematic review. 
Shock. 2016;46(1):3–16. https:// doi. org/ 10. 1097/ SHK. 00000 
00000 000569.

 16.• Rehn M, Weaver A, Brohi K, Eshelby S, Green L, Roislien J, 
et al. Effect of Prehospital Red Blood Cell Transfusion on Mor-
tality and Time of Death in Civilian Trauma Patients. Shock. 
2019;51(3):284–8. https:// doi. org/ 10. 1097/ SHK. 00000 00000 
001166. Retrospective UK based analysis showed improved 
survival to the hospital for patients with major hemorrhage.

 17 van Turenhout EC, Bossers SM, Loer SA, Giannakopoulos GF, 
Schwarte LA, Schober P. Pre-hospital transfusion of red blood 
cells. Part 2: a systematic review of treatment effects on out-
comes. Transfus Med. 2020;30(2):106–33. https:// doi. org/ 10. 
1111/ tme. 12659.

 18 van Turenhout EC, Bossers SM, Loer SA, Giannakopoulos GF, 
Schwarte LA, Schober P. Pre-hospital transfusion of red blood 
cells. Part 1: a scoping review of current practice and transfu-
sion triggers. Transfus Med. 2020;30(2):86–105. https:// doi. 
org/ 10. 1111/ tme. 12667.

 19. Rehn M, Weaver AE, Eshelby S, Roislien J, Lockey DJ. Pre-
hospital transfusion of red blood cells in civilian trauma 
patients. Transfus Med. 2018;28(4):277–83. https:// doi. org/ 
10. 1111/ tme. 12483.

 20. Dunbar NM, Yazer MH, OPTIMUS Study Investigators on 
behalf of the Biomedical Excellence for Safer Transfusion 
(BEST) Collaborative. O- product transfusion, inventory man-
agement, and utilization during shortage: the OPTIMUS study. 
Transfusion. 2018;58(6):1348–55. https:// doi. org/ 10. 1111/ trf. 
14547.

 21. Zielinski MD, Johnson PM, Jenkins D, Goussous N, Stubbs JR. 
Emergency use of prethawed Group A plasma in trauma patients. 
J Trauma Acute Care Surg. 2013;74(1):69–75. https:// doi. org/ 10. 
1097/ TA. 0b013 e3182 788f8e.

https://www.cdc.gov/injury/wisqars/animated-leading-causes.html
https://www.cdc.gov/injury/wisqars/animated-leading-causes.html
https://doi.org/10.1016/j.amsu.2021.102609
https://doi.org/10.1016/j.amsu.2021.102609
https://doi.org/10.1186/cc10096
https://doi.org/10.1016/j.injury.2016.10.037
https://doi.org/10.1136/injuryprev-2019-043494
https://doi.org/10.1136/injuryprev-2019-043494
https://doi.org/10.1097/TA.0000000000001531
https://doi.org/10.1097/TA.0000000000001531
https://doi.org/10.1016/j.ijsu.2016.12.073
https://doi.org/10.1016/j.ijsu.2016.12.073
https://doi.org/10.1056/NEJM199410273311701
https://doi.org/10.1056/NEJM199410273311701
https://doi.org/10.1097/TA.0b013e31828c44fd
https://doi.org/10.1097/TA.0b013e31828c44fd
https://doi.org/10.1038/s41598-022-06933-x
https://doi.org/10.1038/s41598-022-06933-x
https://doi.org/10.1097/SLA.0000000000003324
https://doi.org/10.1097/SLA.0000000000003324
https://doi.org/10.1097/TA.0000000000000641
https://doi.org/10.1097/TA.0000000000000641
https://doi.org/10.1016/s1067-991x(98)90104-3
https://doi.org/10.1016/s1067-991x(98)90104-3
https://doi.org/10.1017/S1049023X12000659
https://doi.org/10.1097/SHK.0000000000000569
https://doi.org/10.1097/SHK.0000000000000569
https://doi.org/10.1097/SHK.0000000000001166
https://doi.org/10.1097/SHK.0000000000001166
https://doi.org/10.1111/tme.12659
https://doi.org/10.1111/tme.12659
https://doi.org/10.1111/tme.12667
https://doi.org/10.1111/tme.12667
https://doi.org/10.1111/tme.12483
https://doi.org/10.1111/tme.12483
https://doi.org/10.1111/trf.14547
https://doi.org/10.1111/trf.14547
https://doi.org/10.1097/TA.0b013e3182788f8e
https://doi.org/10.1097/TA.0b013e3182788f8e


51Current Surgery Reports (2023) 11:43–54 

1 3

 22 Dunbar NM, Yazer MH, Biomedical Excellence for Safer Trans-
fusion Collaborative. Safety of the use of group A plasma in 
trauma: the STAT study. Transfusion. 2017;57(8):1879–84. 
https:// doi. org/ 10. 1111/ trf. 14139.

 23.• Yazer MH, Spinella PC, Anto V, Dunbar NM. Survey of group A 
plasma and low-titer group O whole blood use in trauma resus-
citation at adult civilian level 1 trauma centers in the US. Trans-
fusion. 2021;61(6):1757–63. https:// doi. org/ 10. 1111/ trf. 16394. 
Survey showing the prevalence of group A plasma and whole 
blood use in United States trauma centers

 24.• Seheult JN, Dunbar NM, Hess JR, Tuott EE, Bahmanyar M, 
Campbell J, et al. Transfusion of blood components containing 
ABO-incompatible plasma does not lead to higher mortality in 
civilian trauma patients. Transfusion. 2020;60(11):2517–28. 
https:// doi. org/ 10. 1111/ trf. 16008. This retrospective analysis of 
plasma incompatibility showed no overall mortality change in 
patients receiving ABO incompatible plasma

 25. Moore EE, Chin TL, Chapman MC, Gonzalez E, Moore HB, 
Silliman CC, et al. Plasma first in the field for postinjury hemor-
rhagic shock. Shock. 2014;41(Suppl 1(0 1)):35–8. https:// doi. org/ 
10. 1097/ shk. 00000 00000 000110.

 26. ••Sperry JL, Guyette FX, Brown JB, Yazer MH, Triulzi DJ, 
Early-Young BJ, et al. Prehospital Plasma during Air Medical 
Transport in Trauma Patients at Risk for Hemorrhagic Shock. 
N Engl J Med. 2018;379(4):315–26. https:// doi. org/ 10. 1056/ 
NEJMo a1802 345. Cluster randomized trial that established large 
survival benefit for air medical transport patients with prolonged 
transport times receiving prehospital plasma resuscitation

 27. ••Moore HB, Moore EE, Chapman MP, McVaney K, Brysk-
iewicz G, Blechar R, et  al. Plasma-first resuscitation to 
treat haemorrhagic shock during emergency ground trans-
portation in an urban area: a randomised trial. The Lancet. 
2018;392(10144):283–91. https:// doi. org/ 10. 1016/ s0140- 
6736(18) 31553-8. Randomized trial that showed no benefit to 
prehospital plasma resuscitation in an urban trauma system with 
short transport times

 28. Jackson BP, Sperry JL, Yazer MH. Prehospital plasma transfu-
sion: what does the literature show? Transfus Med Hemother. 
2021;48(6):358–65. https:// doi. org/ 10. 1159/ 00051 9627.

 29. Truhlar A. Rapid Administration of Blood by HEMS in Trauma. 
https:// Clini calTr ials. gov/ show/ NCT03 522636.

 30. Reitz KM, Gruen DS, Guyette F, Brown JB, Yazer MH, Vodo-
votz Y, et al. Age of thawed plasma does not affect clinical out-
comes or biomarker expression in patients receiving prehospital 
thawed plasma: a PAMPer secondary analysis. Trauma Surg 
Acute Care Open. 2021;6(1): e000648. https:// doi. org/ 10. 1136/ 
tsaco- 2020- 000648.

 31. Cardenas JC, Zhang X, Fox EE, Cotton BA, Hess JR, Schreiber 
MA, et al. Platelet transfusions improve hemostasis and survival 
in a substudy of the prospective, randomized PROPPR trial. 
Blood Adv. 2018;2(14):1696–704. https:// doi. org/ 10. 1182/ blood 
advan ces. 20180 17699.

 32. MayoClinic: Innovations in blood and blood products for adult 
trauma patients. https:// www. mayoc linic. org/ medic al- profe ssion 
als/ trauma/ news/ innov ations- in- blood- and- blood- produ cts- for- 
adult- trauma- patie nts/ mac- 20464 796 (2019)

 33.• Guyette FX, Brown JB, Zenati MS, Early-Young BJ, Adams 
PW, Eastridge BJ, et al. Tranexamic Acid During Prehospital 
Transport in Patients at Risk for Hemorrhage After Injury: A 
Double-blind, Placebo-Controlled, Randomized Clinical Trial. 
JAMA Surg. 2020. https:// doi. org/ 10. 1001/ jamas urg. 2020. 4350. 
Randomized control trial suggested select patients benefit from 
transexamic acid in the prehospital setting

 34. Jakowenko ND, Kopp BJ, Erstad BL. Appraising the use of 
tranexamic acid in traumatic and non-traumatic intracranial 

hemorrhage: a narrative review. J Am Coll Emerg Physicians 
Open. 2022;3(4): e12777. https:// doi. org/ 10. 1002/ emp2. 12777.

 35. Ziegler B, Bachler M, Haberfellner H, Niederwanger C, Inner-
hofer P, Hell T, et al. Efficacy of prehospital administration of 
fibrinogen concentrate in trauma patients bleeding or presumed to 
bleed (FIinTIC): a multicentre, double-blind, placebo-controlled, 
randomised pilot study. Eur J Anaesthesiol. 2021;38(4):348–57. 
https:// doi. org/ 10. 1097/ EJA. 00000 00000 001366.

 36. Robertson LC, McKinlay JA, Munro PT, Hearns S. Use of pro-
thrombin complex concentrates: 4-year experience of a national 
aeromedical retrieval service servicing remote and rural areas. 
Emerg Med J. 2014;31(2):109–14. https:// doi. org/ 10. 1136/ 
emerm ed- 2012- 201967.

 37. Vines C, Tesseneer SJ, Cox RD, Darsey DA, Carbrey K, 
Puskarich MA. Air ambulance delivery and administration of 
four-factor prothrombin complex concentrate is feasible and 
decreases time to anticoagulation reversal. Acad Emerg Med. 
2018;25(1):33–40. https:// doi. org/ 10. 1111/ acem. 13338.

 38. Lendrum RA, Kotze JP, Lockey DJ, Weaver AE. Case studies 
in prehospital care from London HEMS: pre-hospital adminis-
tration of prothrombin complex concentrate to the head-injured 
patient. Emerg Med J. 2013;30(3):247–8. https:// doi. org/ 10. 
1136/ emerm ed- 2012- 202302.

 39. Harrold IM, Seheult JN, Alarcon LH, Corcos A, Sperry JL, Tri-
ulzi DJ, et al. Hemolytic markers following the transfusion of 
uncrossmatched, cold-stored, low-titer, group O+ whole blood in 
civilian trauma patients. Transfusion. 2020;60(Suppl 3):S24–30. 
https:// doi. org/ 10. 1111/ trf. 15629.

 40. Yazer MH, Jackson B, Sperry JL, Alarcon L, Triulzi DJ, Mur-
dock AD. Initial safety and feasibility of cold-stored uncross-
matched whole blood transfusion in civilian trauma patients. J 
Trauma Acute Care Surg. 2016;81(1):21–6. https:// doi. org/ 10. 
1097/ TA. 00000 00000 001100.

 41. Seheult JN, Triulzi DJ, Alarcon LH, Sperry JL, Murdock A, 
Yazer MH. Measurement of haemolysis markers following trans-
fusion of uncrossmatched, low-titre, group O+ whole blood in 
civilian trauma patients: initial experience at a level 1 trauma 
centre. Transfus Med. 2017;27(1):30–5. https:// doi. org/ 10. 1111/ 
tme. 12372.

 42. Morgan KM, Yazer MH, Triulzi DJ, Strotmeyer S, Gaines BA, 
Leeper CM. Safety profile of low-titer group O whole blood 
in pediatric patients with massive hemorrhage. Transfusion. 
2021;61(Suppl 1):S8–14. https:// doi. org/ 10. 1111/ trf. 16456.

 43. Seheult JN, Bahr M, Anto V, Alarcon LH, Corcos A, Sperry JL, 
et al. Safety profile of uncrossmatched, cold-stored, low-titer, 
group O+ whole blood in civilian trauma patients. Transfusion. 
2018;58(10):2280–8. https:// doi. org/ 10. 1111/ trf. 14771.

 44. Braverman MA, Smith A, Pokorny D, Axtman B, Shahan CP, 
Barry L, et al. Prehospital whole blood reduces early mortality 
in patients with hemorrhagic shock. Transfusion. 2021;61(Suppl 
1):S15–21. https:// doi. org/ 10. 1111/ trf. 16528.

 45.• Guyette FX, Zenati M, Triulzi DJ, Yazer MH, Skroczky H, Early 
BJ, et al. Prehospital low titer group O whole blood is feasi-
ble and safe: Results of a prospective randomized pilot trial. J 
Trauma Acute Care Surg. 2022;92(5):839–47. https:// doi. org/ 
10. 1097/ TA. 00000 00000 003551. This single center prospective 
study indicated safety in whole blood resusciation, paving the 
way for further study

 46. Gurney JM, Staudt AM, Del Junco DJ, Shackelford SA, Mann-
Salinas EA, Cap AP, et al. Whole blood at the tip of the spear: a 
retrospective cohort analysis of warm fresh whole blood resus-
citation versus component therapy in severely injured combat 
casualties. Surgery. 2022;171(2):518–25. https:// doi. org/ 10. 
1016/j. surg. 2021. 05. 051.

 47. Sayre MR, Yang BY, Murphy DL, Counts CR, Dang M, Ubaldi P, 
et al. Providing whole blood for an urban paramedical ambulance 

https://doi.org/10.1111/trf.14139
https://doi.org/10.1111/trf.16394
https://doi.org/10.1111/trf.16008
https://doi.org/10.1097/shk.0000000000000110
https://doi.org/10.1097/shk.0000000000000110
https://doi.org/10.1056/NEJMoa1802345
https://doi.org/10.1056/NEJMoa1802345
https://doi.org/10.1016/s0140-6736(18)31553-8
https://doi.org/10.1016/s0140-6736(18)31553-8
https://doi.org/10.1159/000519627
https://ClinicalTrials.gov/show/NCT03522636
https://doi.org/10.1136/tsaco-2020-000648
https://doi.org/10.1136/tsaco-2020-000648
https://doi.org/10.1182/bloodadvances.2018017699
https://doi.org/10.1182/bloodadvances.2018017699
https://www.mayoclinic.org/medical-professionals/trauma/news/innovations-in-blood-and-blood-products-for-adult-trauma-patients/mac-20464796
https://www.mayoclinic.org/medical-professionals/trauma/news/innovations-in-blood-and-blood-products-for-adult-trauma-patients/mac-20464796
https://www.mayoclinic.org/medical-professionals/trauma/news/innovations-in-blood-and-blood-products-for-adult-trauma-patients/mac-20464796
https://doi.org/10.1001/jamasurg.2020.4350
https://doi.org/10.1002/emp2.12777
https://doi.org/10.1097/EJA.0000000000001366
https://doi.org/10.1136/emermed-2012-201967
https://doi.org/10.1136/emermed-2012-201967
https://doi.org/10.1111/acem.13338
https://doi.org/10.1136/emermed-2012-202302
https://doi.org/10.1136/emermed-2012-202302
https://doi.org/10.1111/trf.15629
https://doi.org/10.1097/TA.0000000000001100
https://doi.org/10.1097/TA.0000000000001100
https://doi.org/10.1111/tme.12372
https://doi.org/10.1111/tme.12372
https://doi.org/10.1111/trf.16456
https://doi.org/10.1111/trf.14771
https://doi.org/10.1111/trf.16528
https://doi.org/10.1097/TA.0000000000003551
https://doi.org/10.1097/TA.0000000000003551
https://doi.org/10.1016/j.surg.2021.05.051
https://doi.org/10.1016/j.surg.2021.05.051


52 Current Surgery Reports (2023) 11:43–54

1 3

system. Transfusion. 2022;62(1):82–6. https:// doi. org/ 10. 1111/ 
trf. 16749.

 48. Mapp JG, Bank EA, Osborn LA, Stringfellow ML, Reininger 
DW, Winckler CJ, et al. Epidemiological and accounting analysis 
of ground ambulance whole blood transfusion. Prehosp Disaster 
Med. 2020;35(1):98–103. https:// doi. org/ 10. 1017/ S1049 023X1 
90051 7X.

 49. Zhu CS, Pokorny DM, Eastridge BJ, Nicholson SE, Epley E, For-
cum J, et al. Give the trauma patient what they bleed, when and 
where they need it: establishing a comprehensive regional sys-
tem of resuscitation based on patient need utilizing cold-stored, 
low-titer O+ whole blood. Transfusion. 2019;59(S2):1429–38. 
https:// doi. org/ 10. 1111/ trf. 15264.

 50. Schaefer R, Long T, Wampler D, Summers R, Epley E, Walt-
man E, et  al. Operationalizing the deployment of low-titer 
o-positive whole blood within a regional trauma system. Mil 
Med. 2021;186(Suppl 1):391–9. https:// doi. org/ 10. 1093/ milmed/ 
usaa2 83.

 51. Weston S, Ziegler C, Meyers M, Kubena A, Hammonds K, 
Rasaphangthong T, et al. Comparison of predictive blood trans-
fusion scoring systems in trauma patients and application to pre-
hospital medicine. Proc (Bayl Univ Med Cent). 2022;35(2):149–
52. https:// doi. org/ 10. 1080/ 08998 280. 2021. 20110 19.

 52. Zhu CS, Cobb D, Jonas RB, Pokorny D, Rani M, Cotner-Pouncy 
T, et al. Shock index and pulse pressure as triggers for mas-
sive transfusion. J Trauma Acute Care Surg. 2019;87(1S Suppl 
1):S159–64. https:// doi. org/ 10. 1097/ ta. 00000 00000 002333.

 53. Yang S, Mackenzie CF, Rock P, Lin C, Floccare D, Scalea 
T, et al. Comparison of massive and emergency transfusion 
prediction scoring systems after trauma with a new Bleeding 
Risk Index score applied in-flight. J Trauma Acute Care Surg. 
2021;90(2):268–73. https:// doi. org/ 10. 1097/ TA. 00000 00000 
003031.

 54. Kautza BC, Cohen MJ, Cuschieri J, Minei JP, Brackenridge SC, 
Maier RV, et al. Changes in massive transfusion over time: an 
early shift in the right direction? J Trauma Acute Care Surg. 
2012;72(1):106–11. https:// doi. org/ 10. 1097/ TA. 0b013 e3182 
410a3c.

 55.• Borgman MA, Spinella PC, Perkins JG, Grathwohl KW, Repine 
T, Beekley AC, et al. The ratio of blood products transfused 
affects mortality in patients receiving massive transfusions at a 
combat support hospital. J Trauma. 2007;63(4):805–13. https:// 
doi. org/ 10. 1097/ TA. 0b013 e3181 271ba3. Initial observational 
study showing potential benefit to low blood product ratio resus-
citation in combat casulties

 56.• Holcomb JB, del Junco DJ, Fox EE, Wade CE, Cohen MJ, 
Schreiber MA, et al. The prospective, observational, multicenter, 
major trauma transfusion (PROMMTT) study: comparative 
effectiveness of a time-varying treatment with competing risks. 
JAMA Surg. 2013;148(2):127–36. https:// doi. org/ 10. 1001/ 2013. 
jamas urg. 387. Initial prospective observation study robustly 
establishing early mortality benefit for low blood product ratio 
resuscitation

 57.•• Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE, Pod-
bielski JM, et al. Transfusion of plasma, platelets, and red blood 
cells in a 1:1:1 vs a 1:1:2 ratio and mortality in patients with 
severe trauma: the PROPPR randomized clinical trial. JAMA. 
2015;313(5):471–82. https:// doi. org/ 10. 1001/ jama. 2015. 12. Ran-
domized trial showing reduced mortality from exsanguination 
for patients receiving 1:1:1 plasma, platelets, and red blood cell 
resuscitation

 58. Tqip A. Massive transfusion in trauma guidelines. Chicago: ACS; 
2013.

 59. Yazer MH, Sperry JL, Cap AP, Seheult JH. If not now, when? 
The value of the MTP in managing massive bleeding. Blood 

Transfus. 2020;18(6):415–8. https:// doi. org/ 10. 2450/ 2020. 
0275- 20.

 60. Meneses E, Boneva D, McKenney M, Elkbuli A. Massive trans-
fusion protocol in adult trauma population. Am J Emerg Med. 
2020;38(12):2661–6. https:// doi. org/ 10. 1016/j. ajem. 2020. 07. 
041.

 61.• Cotton BA, Dossett LA, Haut ER, Shafi S, Nunez TC, Au BK, 
et al. Multicenter validation of a simplified score to predict mas-
sive transfusion in trauma. J Trauma. 2010;69 Suppl 1:S33–9. 
https:// doi. org/ 10. 1097/ TA. 0b013 e3181 e42411. Study develop-
ing and showing effectiveness of ABC score for predicting mas-
sive transfusion, one of the most commonly used scores in US 
trauma centers

 62. Ogura T, Nakamura Y, Nakano M, Izawa Y, Nakamura M, 
Fujizuka K, et al. Predicting the need for massive transfusion 
in trauma patients: the Traumatic Bleeding Severity Score. J 
Trauma Acute Care Surg. 2014;76(5):1243–50. https:// doi. org/ 
10. 1097/ TA. 00000 00000 000200.

 63. Feng YN, Xu ZH, Liu JT, Sun XL, Wang DQ, Yu Y. Intelligent 
prediction of RBC demand in trauma patients using decision tree 
methods. Mil Med Res. 2021;8(1):33. https:// doi. org/ 10. 1186/ 
s40779- 021- 00326-3.

 64. Rodrigues RdR, Oliveira RAG, Lucena LCCL, Paiva HC, Cord-
eiro VC, Carmona MJC, et al. STATA—Strategy of Transfusion 
in trauma patients: a randomized trial. J Clin Trials. 2016;6:1–5.

 65. Afshari A, Wikkelso A, Brok J, Moller AM, Wetterslev J. 
Thrombelastography (TEG) or thromboelastometry (ROTEM) 
to monitor haemotherapy versus usual care in patients with mas-
sive transfusion. Cochrane Database Syst Rev. 2011. https:// doi. 
org/ 10. 1002/ 14651 858. CD007 871. pub2.

 66. Wikkelso A, Wetterslev J, Moller AM, Afshari A. Thromboe-
lastography (TEG) or thromboelastometry (ROTEM) to monitor 
haemostatic treatment versus usual care in adults or children with 
bleeding. Cochrane Database Syst Rev. 2016. https:// doi. org/ 10. 
1002/ 14651 858. CD007 871. pub3.

 67. Lacroix J, Hebert PC, Fergusson DA, Tinmouth A, Cook DJ, 
Marshall JC, et al. Age of transfused blood in critically ill adults. 
N Engl J Med. 2015;372(15):1410–8. https:// doi. org/ 10. 1056/ 
NEJMo a1500 704.

 68. Steiner ME, Ness PM, Assmann SF, Triulzi DJ, Sloan SR, Dela-
ney M, et al. Effects of red-cell storage duration on patients 
undergoing cardiac surgery. N Engl J Med. 2015;372(15):1419–
29. https:// doi. org/ 10. 1056/ NEJMo a1414 219.

 69. Jones JM, Sapiano MRP, Mowla S, Bota D, Berger JJ, Basavaraju 
SV. Has the trend of declining blood transfusions in the United 
States ended? Findings of the 2019 National Blood Collection 
and Utilization Survey. Transfusion. 2021;61(Suppl 2):S1–10. 
https:// doi. org/ 10. 1111/ trf. 16449.

 70. Jones JM, Sapiano MRP, Savinkina AA, Haass KA, Baker ML, 
Henry RA, et al. Slowing decline in blood collection and trans-
fusion in the United States–2017. Transfusion. 2020;60(Suppl 
2):S1–9. https:// doi. org/ 10. 1111/ trf. 15604.

 71. Mowla SJ, Sapiano MRP, Jones JM, Berger JJ, Basavaraju SV. 
Supplemental findings of the 2019 National Blood Collection 
and Utilization Survey. Transfusion. 2021;61(Suppl 2):S11–35. 
https:// doi. org/ 10. 1111/ trf. 16606.

 72. Radwan ZA, Bai Y, Matijevic N, del Junco DJ, McCarthy JJ, 
Wade CE, et al. An emergency department thawed plasma proto-
col for severely injured patients. JAMA Surg. 2013;148(2):170–
5. https:// doi. org/ 10. 1001/ jamas urgery. 2013. 414.

 73. Selleng K, Greinacher A. 10 years of experience with the first 
thawed plasma bank in Germany. Transfus Med Hemother. 
2021;48(6):350–7. https:// doi. org/ 10. 1159/ 00051 9700.

 74. Henriksen HH, Grand AG, Viggers S, Baer LA, Solbeck S, Cot-
ton BA, et al. Impact of blood products on platelet function in 

https://doi.org/10.1111/trf.16749
https://doi.org/10.1111/trf.16749
https://doi.org/10.1017/S1049023X1900517X
https://doi.org/10.1017/S1049023X1900517X
https://doi.org/10.1111/trf.15264
https://doi.org/10.1093/milmed/usaa283
https://doi.org/10.1093/milmed/usaa283
https://doi.org/10.1080/08998280.2021.2011019
https://doi.org/10.1097/ta.0000000000002333
https://doi.org/10.1097/TA.0000000000003031
https://doi.org/10.1097/TA.0000000000003031
https://doi.org/10.1097/TA.0b013e3182410a3c
https://doi.org/10.1097/TA.0b013e3182410a3c
https://doi.org/10.1097/TA.0b013e3181271ba3
https://doi.org/10.1097/TA.0b013e3181271ba3
https://doi.org/10.1001/2013.jamasurg.387
https://doi.org/10.1001/2013.jamasurg.387
https://doi.org/10.1001/jama.2015.12
https://doi.org/10.2450/2020.0275-20
https://doi.org/10.2450/2020.0275-20
https://doi.org/10.1016/j.ajem.2020.07.041
https://doi.org/10.1016/j.ajem.2020.07.041
https://doi.org/10.1097/TA.0b013e3181e42411
https://doi.org/10.1097/TA.0000000000000200
https://doi.org/10.1097/TA.0000000000000200
https://doi.org/10.1186/s40779-021-00326-3
https://doi.org/10.1186/s40779-021-00326-3
https://doi.org/10.1002/14651858.CD007871.pub2
https://doi.org/10.1002/14651858.CD007871.pub2
https://doi.org/10.1002/14651858.CD007871.pub3
https://doi.org/10.1002/14651858.CD007871.pub3
https://doi.org/10.1056/NEJMoa1500704
https://doi.org/10.1056/NEJMoa1500704
https://doi.org/10.1056/NEJMoa1414219
https://doi.org/10.1111/trf.16449
https://doi.org/10.1111/trf.15604
https://doi.org/10.1111/trf.16606
https://doi.org/10.1001/jamasurgery.2013.414
https://doi.org/10.1159/000519700


53Current Surgery Reports (2023) 11:43–54 

1 3

patients with traumatic injuries: a translational study. J Surg Res. 
2017;214:154–61. https:// doi. org/ 10. 1016/j. jss. 2017. 02. 037.

 75. Vulliamy P, Gillespie S, Gall LS, Green L, Brohi K, Davenport 
RA. Platelet transfusions reduce fibrinolysis but do not restore 
platelet function during trauma hemorrhage. J Trauma Acute 
Care Surg. 2017;83(3):388–97. https:// doi. org/ 10. 1097/ TA. 
00000 00000 001520.

 76. Hamada SR, Garrigue D, Nougue H, Meyer A, Boutonnet M, 
Meaudre E, et al. Impact of platelet transfusion on outcomes 
in trauma patients. Crit Care. 2022;26(1):49. https:// doi. org/ 10. 
1186/ s13054- 022- 03928-y.

 77. ••Shakur H, Roberts I, Bautista R, Caballero J, Coats T, Dewan 
Y, et al. Effects of tranexamic acid on death, vascular occlusive 
events, and blood transfusion in trauma patients with significant 
haemorrhage (CRASH-2): a randomised, placebo-controlled 
trial. Lancet. 2010;376(9734):23–32. https:// doi. org/ 10. 1016/ 
s0140- 6736(10) 60835-5. Large international randomized trial 
showing reduction in bleeding death for patients receiving 
tranexamic acid after trauma

 78. CRASH-3 Trial Collaborators. Effects of tranexamic acid 
on death, disability, vascular occlusive events and other 
morbidities in patients with acute traumatic brain injury 
(CRASH-3): a randomised, placebo-controlled trial. Lancet. 
2019;394(10210):1713–23. https:// doi. org/ 10. 1016/ S0140- 
6736(19) 32233-0.

 79. Stinger HK, Spinella PC, Perkins JG, Grathwohl KW, Salinas 
J, Martini WZ, et al. The ratio of fibrinogen to red cells trans-
fused affects survival in casualties receiving massive transfu-
sions at an army combat support hospital. J Trauma. 2008;64(2 
Suppl):S79-85. https:// doi. org/ 10. 1097/ TA. 0b013 e3181 60a57b.

 80. Wafaisade A, Lefering R, Maegele M, Brockamp T, Mutschler 
M, Lendemans S, et al. Administration of fibrinogen concentrate 
in exsanguinating trauma patients is associated with improved 
survival at 6 hours but not at discharge. J Trauma Acute Care 
Surg. 2013;74(2):387–93. https:// doi. org/ 10. 1097/ TA. 0b013 
e3182 7e2410. (Discussion 93–95).

 81. Nienaber U, Innerhofer P, Westermann I, Schochl H, Attal 
R, Breitkopf R, et al. The impact of fresh frozen plasma vs 
coagulation factor concentrates on morbidity and mortality in 
trauma-associated haemorrhage and massive transfusion. Injury. 
2011;42(7):697–701. https:// doi. org/ 10. 1016/j. injury. 2010. 12. 
015.

 82. Ranucci M, Solomon C. Supplementation of fibrinogen in 
acquired bleeding disorders: experience, evidence, guidelines, 
and licences. Br J Anaesth. 2012;109(2):135–7. https:// doi. org/ 
10. 1093/ bja/ aes227.

 83. Itagaki Y, Hayakawa M, Maekawa K, Saito T, Kodate A, Honma 
Y, et al. Early administration of fibrinogen concentrate is asso-
ciated with improved survival among severe trauma patients: a 
single-centre propensity score-matched analysis. World J Emerg 
Surg. 2020;15:7. https:// doi. org/ 10. 1186/ s13017- 020- 0291-9.

 84. Itagaki Y, Hayakawa M, Takahashi Y, Yamakawa K. Emergency 
administration of fibrinogen concentrate for hemorrhage: a pro-
tocol for systematic review and meta-analysis. Medicine (Balti-
more). 2021;100(10): e25099. https:// doi. org/ 10. 1097/ MD. 00000 
00000 025099.

 85. Kao TW, Lee YC, Chang HT. Prothrombin complex concen-
trate for trauma induced coagulopathy: a systematic review and 
meta-analysis. J Acute Med. 2021;11(3):81–9. https:// doi. org/ 10. 
6705/j. jacme. 202109_ 11(3). 0001.

 86. van den Brink DP, Wirtz MR, Neto AS, Schochl H, Viersen V, 
Binnekade J, et al. Effectiveness of prothrombin complex con-
centrate for the treatment of bleeding: a systematic review and 
meta-analysis. J Thromb Haemost. 2020;18(10):2457–67. https:// 
doi. org/ 10. 1111/ jth. 14991.

 87. Jehan F, Aziz H, O’Keeffe T, Khan M, Zakaria ER, Hamidi M, 
et al. The role of four-factor prothrombin complex concentrate in 
coagulopathy of trauma: a propensity matched analysis. J Trauma 
Acute Care Surg. 2018;85(1):18–24. https:// doi. org/ 10. 1097/ TA. 
00000 00000 001938.

 88. Perkins JG, Cap AP, Spinella PC, Shorr AF, Beekley AC, Grath-
wohl KW, et al. Comparison of platelet transfusion as fresh 
whole blood versus apheresis platelets for massively transfused 
combat trauma patients (CME). Transfusion. 2011;51(2):242–52. 
https:// doi. org/ 10. 1111/j. 1537- 2995. 2010. 02818.x.

 89. Kronstedt S, Lee J, Millner D, Mattivi C, LaFrankie H, Paladino 
L, et al. The role of whole blood transfusions in civilian trauma: 
a review of literature in military and civilian trauma. Cureus. 
2022;14(4): e24263. https:// doi. org/ 10. 7759/ cureus. 24263.

 90. Cotton BA, Podbielski J, Camp E, Welch T, del Junco D, Bai Y, 
et al. A randomized controlled pilot trial of modified whole blood 
versus component therapy in severely injured patients requir-
ing large volume transfusions. Ann Surg. 2013;258(4):527–32. 
https:// doi. org/ 10. 1097/ SLA. 0b013 e3182 a4ffa0. (Discussion 
32–33).

 91. Rahbar E, Cardenas JC, Matijevic N, Del Junco D, Podbielski 
J, Cohen MJ, et al. Trauma, time, and transfusions: a longitudi-
nal analysis of coagulation markers in severely injured trauma 
patients receiving modified whole blood or component blood 
products. Shock. 2015;44(5):417–25. https:// doi. org/ 10. 1097/ 
SHK. 00000 00000 000449.

 92.• Hazelton JP, Ssentongo AE, Oh JS, Ssentongo P, Seamon MJ, 
Byrne JP, et al. Use of cold-stored whole blood is associated with 
improved mortality in hemostatic resuscitation of major bleed-
ing: a multicenter study. Ann Surg. 2022;276(4):579–88. https:// 
doi. org/ 10. 1097/ sla. 00000 00000 005603. First multicenter civil-
ian study showing survival benefit of whole blood resuscitation 
compared to component resuscitation

 93. Himmler A, Galarza Armijos ME, Naranjo JR, Patino SGP, 
Sarmiento Altamirano D, Lazo NF, et al. Is the whole greater 
than the sum of its parts? The implementation and outcomes of a 
whole blood program in Ecuador. Trauma Surg Acute Care Open. 
2021;6(1): e000758. https:// doi. org/ 10. 1136/ tsaco- 2021- 000758.

 94. Naumann DN, Boulton AJ, Sandhu A, Campbell K, Charlton 
W, Gurney JM, et al. Fresh whole blood from walking blood 
banks for patients with traumatic hemorrhagic shock: a sys-
tematic review and meta-analysis. J Trauma Acute Care Surg. 
2020;89(4):792–800. https:// doi. org/ 10. 1097/ TA. 00000 00000 
002840.

 95. Malkin M, Nevo A, Brundage SI, Schreiber M. Effectiveness and 
safety of whole blood compared to balanced blood components 
in resuscitation of hemorrhaging trauma patients—a systematic 
review. Injury. 2021;52(2):182–8. https:// doi. org/ 10. 1016/j. 
injury. 2020. 10. 095.

 96. Crowe E, DeSantis SM, Bonnette A, Jansen JO, Yamal JM, 
Holcomb JB, et al. Whole blood transfusion versus component 
therapy in trauma resuscitation: a systematic review and meta-
analysis. J Am Coll Emerg Physicians Open. 2020;1(4):633–41. 
https:// doi. org/ 10. 1002/ emp2. 12089.

 97. Narayan S, Poles D, et al on behalf of the Serious Hazards of 
Transfusion (SHOT) Steering Group. The 2021 Annual SHOT 
Report. 2022

 98. Hendrickson JE, Hillyer CD. Noninfectious serious hazards of 
transfusion. Anesth Analg. 2009;108(3):759–69. https:// doi. org/ 
10. 1213/ ane. 0b013 e3181 930a6e.

 99. Mowla SJ, Kracalik IT, Sapiano MRP, O’Hearn L, Andrzejewski 
C Jr, Basavaraju SV. A comparison of transfusion-related adverse 
reactions among apheresis platelets, whole blood-derived plate-
lets, and platelets subjected to pathogen reduction technology as 
reported to the national healthcare safety network hemovigilance 

https://doi.org/10.1016/j.jss.2017.02.037
https://doi.org/10.1097/TA.0000000000001520
https://doi.org/10.1097/TA.0000000000001520
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1186/s13054-022-03928-y
https://doi.org/10.1016/s0140-6736(10)60835-5
https://doi.org/10.1016/s0140-6736(10)60835-5
https://doi.org/10.1016/S0140-6736(19)32233-0
https://doi.org/10.1016/S0140-6736(19)32233-0
https://doi.org/10.1097/TA.0b013e318160a57b
https://doi.org/10.1097/TA.0b013e31827e2410
https://doi.org/10.1097/TA.0b013e31827e2410
https://doi.org/10.1016/j.injury.2010.12.015
https://doi.org/10.1016/j.injury.2010.12.015
https://doi.org/10.1093/bja/aes227
https://doi.org/10.1093/bja/aes227
https://doi.org/10.1186/s13017-020-0291-9
https://doi.org/10.1097/MD.0000000000025099
https://doi.org/10.1097/MD.0000000000025099
https://doi.org/10.6705/j.jacme.202109_11(3).0001
https://doi.org/10.6705/j.jacme.202109_11(3).0001
https://doi.org/10.1111/jth.14991
https://doi.org/10.1111/jth.14991
https://doi.org/10.1097/TA.0000000000001938
https://doi.org/10.1097/TA.0000000000001938
https://doi.org/10.1111/j.1537-2995.2010.02818.x
https://doi.org/10.7759/cureus.24263
https://doi.org/10.1097/SLA.0b013e3182a4ffa0
https://doi.org/10.1097/SHK.0000000000000449
https://doi.org/10.1097/SHK.0000000000000449
https://doi.org/10.1097/sla.0000000000005603
https://doi.org/10.1097/sla.0000000000005603
https://doi.org/10.1136/tsaco-2021-000758
https://doi.org/10.1097/TA.0000000000002840
https://doi.org/10.1097/TA.0000000000002840
https://doi.org/10.1016/j.injury.2020.10.095
https://doi.org/10.1016/j.injury.2020.10.095
https://doi.org/10.1002/emp2.12089
https://doi.org/10.1213/ane.0b013e3181930a6e
https://doi.org/10.1213/ane.0b013e3181930a6e


54 Current Surgery Reports (2023) 11:43–54

1 3

module. Transfus Med Rev. 2021;35(2):78–84. https:// doi. org/ 10. 
1016/j. tmrv. 2021. 03. 003.

 100. Heddle NM, Klama LN, Griffith L, Roberts R, Shukla G, Kelton 
JG. A prospective study to identify the risk factors associated 
with acute reactions to platelet and red cell transfusions. Transfu-
sion. 1993;33(10):794–7. https:// doi. org/ 10. 1046/j. 1537- 2995. 
1993. 33109 40546 13.x.

 101. King KE, Shirey RS, Thoman SK, Bensen-Kennedy D, Tanz 
WS, Ness PM. Universal leukoreduction decreases the incidence 
of febrile nonhemolytic transfusion reactions to RBCs. Trans-
fusion. 2004;44(1):25–9. https:// doi. org/ 10. 1046/j. 0041- 1132. 
2004. 00609.x.

 102. Jackman RP, Deng X, Bolgiano D, Utter GH, Schechterly C, 
Lebedeva M, et al. Leukoreduction and ultraviolet treatment 
reduce both the magnitude and the duration of the HLA anti-
body response. Transfusion. 2014;54(3):672–80. https:// doi. org/ 
10. 1111/ trf. 12317.

 103. Sharma RR, Marwaha N. Leukoreduced blood components: 
advantages and strategies for its implementation in developing 
countries. Asian J Transfus Sci. 2010;4(1):3–8. https:// doi. org/ 
10. 4103/ 0973- 6247. 59384.

 104. Chun S, Phan MT, Hong S, Yang J, Yoon Y, Han S, et al. Dou-
ble-filtered leukoreduction as a method for risk reduction of 

transfusion-associated graft-versus-host disease. PLoS ONE. 
2020;15(3): e0229724. https:// doi. org/ 10. 1371/ journ al. pone. 
02297 24.

 105. Pertinhez TA, Casali E, Baroni F, Berni P, Baricchi R, Spisni A. 
A comparative study of the effect of leukoreduction and pre-stor-
age leukodepletion on red blood cells during storage. Front Mol 
Biosci. 2016;3:13. https:// doi. org/ 10. 3389/ fmolb. 2016. 00013.

 106. Mittal S, Chacko MP, Varughese S, Raj A, Gowri M, Thankachen 
R, et al. Laboratory and clinical comparison of the efficacy of 
prestorage leukoreduction of red cells at cold versus room tem-
perature. Transfusion. 2021;61(9):2556–65. https:// doi. org/ 10. 
1111/ trf. 16570.

 107. Suddock JT, Crookston KP. Transfusion reactions. StatPearls: 
Treasure Island; 2022.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.tmrv.2021.03.003
https://doi.org/10.1016/j.tmrv.2021.03.003
https://doi.org/10.1046/j.1537-2995.1993.331094054613.x
https://doi.org/10.1046/j.1537-2995.1993.331094054613.x
https://doi.org/10.1046/j.0041-1132.2004.00609.x
https://doi.org/10.1046/j.0041-1132.2004.00609.x
https://doi.org/10.1111/trf.12317
https://doi.org/10.1111/trf.12317
https://doi.org/10.4103/0973-6247.59384
https://doi.org/10.4103/0973-6247.59384
https://doi.org/10.1371/journal.pone.0229724
https://doi.org/10.1371/journal.pone.0229724
https://doi.org/10.3389/fmolb.2016.00013
https://doi.org/10.1111/trf.16570
https://doi.org/10.1111/trf.16570

	Transfusion Management in Trauma: What is Current Best Practice?
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Prehospital Resuscitation
	Crystalloids
	Red Blood Cells
	Plasma
	Platelets
	Adjuncts: Tranexamic Acid, Fibrinogen, and Prothrombin Complex Concentrate
	Whole Blood
	Predicting the Need for Transfusion in the Field

	In-Hospital
	Fixed Ratio Approach
	Massive Transfusion Protocols
	Thromboelastometry Guided Approach

	Individual Product Considerations
	Red Blood Cells
	Plasma
	Platelets
	Adjuncts: TXA, Fibrinogen, PCC
	Whole Blood

	Transfusion Complications
	Conclusion
	References




