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Abstract
Purpose of Review The purpose of this chapter is to provide a brief history of the use of plasma, as well as to provide a review of
currently available products, indications for usage, and benefits of transfusion.
Recent Findings The Prospective Observational Multicenter Major Trauma Transfusion (PROMMTT) trial, an observational
study from ten level-one trauma centers, aimed to define the principles of Damage Control Resuscitation (DCR) and a balanced
transfusion strategy. The Pragmatic Randomized Optimal Platelet and Plasma Ratios (PROPPR) trial was the first randomized
controlled trial to address the question of transfusion ratios. Together these studies, along with the remainder of body of plasma
literature, have led to current transfusion recommendations.
Summary The current cornerstones of therapy for the management of a trauma patient in hemorrhagic shock include early
hemorrhage control, permissive hypotension, and damage control resuscitation. The American College of Surgeons’ Trauma
Quality Improvement Program (TQIP) recommends a target balance between 1:1 and 1:2 for plasma to red blood cell ratio and
one single donor apheresis or random donor platelet pool for each six units of RBC.
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Introduction/History of Current Practice

Blood transfusion practices have undergone a revolution since
their origins in the late 1800s. Initially crippled by transfusion
reactions and site infections, advances in technology and the
emergence of the field of transfusion medicine in the 1920s
led to a resurgence of the use of blood transfusion. Famously,
during theWorldWar I, the concept of large-scale blood bank-
ing was founded [1]. At this time, it was observed that the
transfusion of whole blood had a significant impact on mor-
tality following injuries sustained in combat [1]. For the sub-
sequent 40–60 years, the practice of transfusing whole blood
remained common practice.

Separation of Products

World War II saw the advent of liquid plasma and human
albumin being used as major resuscitative fluids [2]. Edwin
Cohn and his colleagues developed methods for separating
plasma proteins from whole blood, leading to the develop-
ment of isolated liquid plasma and albumin. Separation of
whole blood into different products, namely red cell concen-
trate, platelet concentrate, plasma, and cryoprecipitate, maxi-
mizes the utility of whole blood donations. Each product has
different half-lives as well as different clinical indications.
Dividing out each component was essential for the significant
benefit of resource utilization. By the 1960s, component ther-
apy and the use of crystalloid solutions were standard prac-
tices, with blood banks becoming prominent in hospitals
across the country.

This transition from the use of whole blood to component
therapy, while accompanied by significant advancements in
product storage and safety, lacked evidence supporting equi-
poise in clinical outcomes. With a simultaneously evolving
appreciation of “shock” in the trauma patient, guidelines be-
gan to reflect the need to use crystalloid solutions and com-
ponent therapy to achieve physiologic perfusion parameters
[3]. A transformation in transfusion practice occurred that
adopted a strategy of infusing RBCs and platelets alone to
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treat the bleeding patient, with large-scale abandonment of the
transfusion of plasma [4]. Others recognized the benefits of
component therapy, and recommended transfusion thresholds
based on laboratory values, including partial thromboplastin
time (PTT), prothrombin time (PT), and bleeding time [5].
These practice changes left many unanswered questions such
as (1) what are the transfusion needs of a critically ill trauma
patient, (2) in what ratios should transfusions be performed in
the actively hemorrhaging patient, and (3) what is the role, if
any, of crystalloid solutions in this resuscitation paradigm?

The Pendulum Swing: Modern Wartime
Practice

In the early 2000s, the military practice of trauma resuscitation
involved the use of crystalloid, followed by transfusion of
RBCs as the mainstay [6]. The utility of plasma was re-emerg-
ing, but the transfusion ratio was somewhat arbitrary as per the
treating clinician and on the time it took to physically thaw
plasma. In certain cases, goal-directed therapy based on labo-
ratory monitoring of coagulopathy was used to help guide
transfusion choice. As a result, widespread discrepancies in
transfusion practices occurred in both civilian and military
populations alike. Traumatologists, heavily influenced by
wartime experience, began reporting anecdotal evidence to
support transfusion strategies using component therapy in ra-
tios that mimicked whole blood transfusion, while concurrent-
ly minimizing crystalloid resuscitation [7]. This was followed
shortly thereafter by a retrospective review of a single military
center by Borgeman et al., which further supported the need to
assess transfusion ratios, specifically plasma and RBCs [8].
The authors reported that a high plasma to RBC transfusion
ratio was associated with improved survival to hospital dis-
charge. Almost simultaneously, these findings were corrobo-
rated in the civilian literature, which also showed that a ratio of
1:1:2 was associated with improved outcomes [9]. These ret-
rospective studies, along with expert opinion, shifted practice
in military medicine. Clinical practice guidelines, published in
2006 by the USArmy, provided official military support of the
aforementioned practices, including adhering to a massive
transfusion ratio of 1:1 and limiting the use of crystalloid
solutions [10]. By 2008, these practices were embraced in
the military, with near 100% adherence reported in the resus-
citation efforts in Operation Iraqi Freedom/Operation
Enduring Freedom [11]. The civilian practice lagged behind
in the acceptance of these same guidelines, with further chal-
lenges due to blood bank resource constraints and multidisci-
plinary concerns regarding lack of prospective, randomized
evidence for large-scale practice, and infrastructure change
[12].

While retrospective evidence continued to mount in sup-
port of a balanced transfusion strategy, attention was also

drawn to potential survivorship bias. In short, was it just that
certain patients survived long enough for plasma to thaw and
for platelets to be administered? Transfusion practice at the
time did not include expedient protocols for product delivery
and required time to thaw plasma once the need for massive
transfusion was identified. Thus, survivor bias called into
question the validity of the results which were already being
reflected in practice guidelines [13, 14]. Questions arose as to
how best eliminate these confounders and to what extent the
existing literature rationalized the 1:1 transfusion ratio. From
the civilian literature, the Prospective Observational
Multicenter Major Trauma Transfusion (PROMMTT) trial
provided an observational perspective from ten level-one trau-
ma centers and aimed at defining the principles of Damage
Control Resuscitation (DCR) and a balanced transfusion strat-
egy including plasma and platelets. This trial supported the
otherwise retrospective literature that the early use of plasma
and platelets, in balanced transfusion ratios with RBCs, was
associated with decreased mortality [15]. Thus, PROMMTT
set the stage for the first randomized controlled trial to study
the matter: the PROPPR trial.

Randomized Controlled Trials

The Pragmatic Randomized Optimal Platelet and Plasma
Ratios (PROPPR) trial was the first randomized controlled
trial to address the question of transfusion ratios [16, 17•].
On the tails of PROMMTT, PROPPR was conducted over
the course of 16 months at twelve institutions, with patients
randomized to a transfusion ratio of 1:1:1 versus 1:1:2
(Plasma:Platelets:RBCs) [16, 17•]. The chosen comparative
ratios were both representative of a more balanced resuscita-
tion than had been historically utilized and reflected the wide-
spread adoption of the DCR strategy. It is perhaps because of
these close ratios that ultimately this trial showed no differ-
ence in all-cause 24-h or 30-day mortality between the two
groups (p = 0.12, p = 0.26, respectively). However, subgroup
analysis showed statistically fewer patients died from exsan-
guination at 24 h and more patients in the 1:1:1 group
achieved hemostasis.

A second conclusion was that the practice of higher plasma
and platelet transfusion was safe. Previous studies of plasma
transfusion showed higher rates of transfusion-related acute
lung injury (TRALI) and transfusion-associated circulatory
overload (TACO). However, PROPPR showed that following
the systematic removal of pregnant donors from the donor
pool, there were no differences in complication rates between
the two groups including TRALI and inflammatory-mediated
complications such as acute respiratory distress syndrome
(ARDS) and multisystem organ failure and infection [18].
Criticisms of this trial include that it was underpowered to
detect differences less than 10% between the two groups, as
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well as the fact that less than half of the patients enrolled in
each arm ultimately received a massive transfusion as defined
by transfusion of greater than ten units of RBCs within the
first 24 h.

Given the equipoise demonstrated regarding the safety of a
1:1:1 transfusion strategy, a subsequent randomized con-
trolled trial attempted to look at resuscitation with whole
blood [19]. Over the course of 14 months, Cotton et al. ran-
domized 107 patients at a single level-one trauma center to
transfusion with component therapy versus modified whole
blood. Modified whole blood (mWB) was defined as whole
blood that was leuko-reduced, a process that renders platelets
non-functional. Thus, transfusion in both groups was supple-
mented with platelets at pre-defined ratios. This study found
no overall reduction in transfusion volumes between the two
groups, but when the subgroup of patients with severe trau-
matic brain injuries was removed from the analysis, there was
a significant reduction in total product received over a 24-h
period in the mWB group.

The aforementioned body of evidence has led to increasing
adoption of a balanced transfusion strategy in both military
and civilian centers. Additional technologic advancements,
such as the development of thromboelastography (TEG),
which provides real-time evaluation of a patient’s coagulation
system and allows for immediate, tailored intervention, have
continued to evolve the way providers think about component
transfusion.

Role of Crystalloid Solutions

Along with this increased evidence on transfusion ratios and
blood component therapy, the role of crystalloid has been
increasingly called into question in the treatment of critically
ill patients in hemorrhagic shock. The use of large-volume
crystalloid as a resuscitative fluid temporally paralleled the
evolving understanding of the concept of “shock” and the
physician’s desire to restore perfusion in the injured patient
[3]. However, the deleterious effects of using large-volume
crystalloid solutions in trauma resuscitation were observed
almost immediately. Dating back as early as the Vietnam
war, the identification of what would come to be known as
acute lung injury was already being noted following massive
resuscitation with crystalloid solutions [3, 18]. On a basic
science level, multiple animal studies performed throughout
the late 1900s and early 2000s demonstrated the up-regulated
inflammatory responses associated with crystalloid infusion,
the unwanted effects of hypertension, and the accompanying
metabolic derangements [20–22]. Clinically, these effects
manifest as iatrogenic hyperchloremic metabolic acidosis,
dilutional coagulopathy, and the multitude of complications
stemming from iatrogenic volume overload including acute
pulmonary edema, acute respiratory distress syndrome, and

compartment syndromes [23]. It comes as no surprise then
that as the concept of DCR became more widespread, clini-
cians turned away from using large amounts of crystalloid and
transitioned toward a strategy of minimizing and even
abandoning the use of these fluids.

Damage Control Resuscitation and Massive
Transfusion Protocols

While the landscape of transfusion medicine was evolving, so
too was the understanding of trauma resuscitation and what
would come to be termed trauma-induced coagulopathy. For
some time, it has been known that patients sustaining signif-
icant trauma develop trauma-induced coagulopathy (TIC).
Initially, this was thought to be the composite result of three
mechanisms: coagulation factor depletion by a combination of
hemorrhage and consumption, dilution of remaining coagula-
tion factors from large-volume resuscitation, and dysfunction
of remaining coagulation factors by environmental (i.e., hy-
pothermia) and in vivo (i.e., acidosis) variables [24]. Further
study has indicated that the hypo-coagulable state seen in this
patient population is present prior to receiving massive vol-
ume resuscitation and in the absence of hypothermia. While
these factors may contribute to worsening dysregulation, there
is an underlying, endogenous mechanism that is driving the
pathophysiology of TIC. This complex problem involves a
variety of mechanisms, some of which include the thrombo-
thrombomodulin-protein C anticoagulant system and endoge-
nous auto-heparinization [25]. To further add to the complex-
ity is the impact of platelet dysfunction and hyperfibrinolysis.
A thorough review of these mechanisms is beyond the scope
of this chapter.

While the driving forces underlying the pathophysiology of
TIC continue to be elucidated, the response from the medical
community included early identification of patients requiring
massive transfusion and the development of institutional
Massive Transfusion Protocols (MTP). The concept of
Damage Control Resuscitation (DCR), which embraced the
notions of balanced transfusion ratios, limiting crystalloid
for resuscitation and permissive hypotension, helped to pro-
vide guidelines for treatment of this complex patient popula-
tion. Current research aims to not only better refine these
models in the wake of our evolving understanding of TIC
but also target a patient’s individualized needs for component
therapy with guided transfusion protocols using
thromboelastography [26–29].

Risks and Benefits of Plasma Transfusion

With the ever-growing body of knowledge surrounding the
complex pathophysiology of trauma, it is becoming
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increasingly evident that the role of plasma in the critically ill
trauma patient is much more complex than just restoring de-
pleted coagulation factors. Systemic endothelial injury, which
is seen in a patient sustaining a massive trauma, results in a
large number of downstream effects including inflammation,
vascular leak, edema, and coagulation disturbances [6]. This
collective picture has come to be termed the endotheliopathy
of trauma. The endothelial glycocalyx, a complex network of
proteoglycans and glycoproteins, lines the endothelium and is
purported to play a role in multiple disease processes and
homeostatic mechanisms, including coagulation and fibrino-
lysis [30]. Unlike crystalloid, the administration of plasma has
been shown to aid in repair of the glycocalyx, which is dam-
aged in the setting of hemorrhagic shock. This results in de-
creased vascular endothelial permeability and improvement in
the subsequent downstream effects [30–32]. In addition to its
important role in the trophogenic support of the endothelium
and the repletion of coagulation factors, plasma may support
platelet function and clot strength in the setting of multisystem
trauma [33]. To date, the mechanisms of these observed ef-
fects of plasma transfusion on the blood and vasculature have
yet to be fully elucidated.

Concerns over the use of liberal plasma transfusion stem
from the side effects including transfusion-related acute lung
injury (TRALI), transfusion-associated circulatory overload
(TACO), allergic/anaphylactic reactions, and febrile transfu-
sion reactions and the possibility of infectious transmission
[34]. While the possibility of infection transmission exists
with transfusion of any of the blood component products,
many of the concerns specifically regarding plasma relate to
the historical practice of pooled plasma processing that was
used during the WorldWar II [35]. During this time, the trans-
mission of HBV, HCV, and HIV was not uncommon [35–37].
Since then, the practices of single-donor plasma processing
and thorough infectious screening prior to transfusion have
significantly mitigated these risks. More modern concerns in-
clude the risk of TRALI and TACO. TRALI manifests clini-
cally as profound hypoxia in the absence of cardiogenic pul-
monary edema or other etiologies and occurs within 6 h of
transfusion. From a pathophysiology perspective, TRALI has
been linked to donor-derived HLA antibodies and human neu-
trophil antigen antibodies [38]. These antibodies are closely
associated to plasma donations from women who had been
sensitized to alloantigens by virtue of pregnancy [38].
Following the systematic removal of pregnant donors from
the donor pool, reported rates of TRALI have significantly
declined in multiple countries including the USA, the UK,
Canada, and Germany [39–41].

TACO, which may be clinically similar in presentation to
TRALI, results from the consequences of increased hydrostat-
ic pressure and volume overload. The overall incidence of
TACO is very low, with risk factors more related to patient
medical comorbidities than inherent factors specific to plasma

transfusion [42–44]. Finally, other risks associated with plas-
ma transfusion including allergic/anaphylactic reactions and
transfusion reactions are uncommon, with the most common
reactions including mild urticaria and pruritis, requiring only
supporting care [44].

Separation of Products, Storage, and What
to Transfuse

With the body of literature supporting balanced transfusion
ratios continuing to grow, it is crucial to understand the ways
in which plasma is produced and stored, as well as the possible
consequences inherent in these techniques. By definition,
plasma is the cell-free proportion of fresh whole blood that
is comprised of numerous components including water, pro-
teins, electrolytes, carbohydrates, and other macromolecules
[45]. Fresh frozen plasma is produced when plasma is sepa-
rated from fresh whole blood and subsequently undergoes a
freezing process within 8 h of donation [35]. The benefits of
freezing, namely increasing storage time up to 1 year, come at
the expense of the time required to thaw the product when
needed and the loss of coagulation factor (namely factor V
and factor VIII) functionality over time [30, 31, 46, 47].
Once thawed, FFP can be maintained for 5 days before sig-
nificant degradation is noted [46]. Liquid plasma, which has
never been frozen, can be maintained in a temperature-
regulated environment for up to 28 days prior to clotting factor
degradation and overall appears to have better sustained he-
mostatic properties compared with thawed plasma [47]. The
main limitation with liquid plasma is the need for a strictly
thermo-regulated environment for storage. The other main
category by which plasma is stored is dried plasma, which
exists in three main processing formulations: lyophilized plas-
ma, spray-dried plasma, and solvent detergent plasma [46].
These products offer advantages including extended storage
duration, flexibility with storage temperature regulations, and
ease of reconstitution [48]. Furthermore, the evidence sup-
ports that lyophilized plasma is safe, and the storage process
does not negatively impact the plasma properties in acute
hemorrhage models [49]. As the techniques and methods of
plasma storage continue to evolve, it is important to have
knowledge of these products and the ways in which their
preparation may impact the efficacy of the transfusion.
Much is still to be elucidated about the impacts of each storage
technique, which is not surprising given the underlying com-
plexity of plasma and its in vivo interactions.

In addition to the impact of plasma storage techniques,
other important variables to consider when discussing plasma
transfusion include plasma donor blood type. Traditionally,
type AB blood donors are considered the universal plasma
donor due to the lack of ABO antibodies. This presents with
technical challenges given that only approximately 4% of
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donors in the USA are blood type AB compared with type A,
which compromises 40% of donors [50]. This, combined with
the added challenges of the shelf-life of thawed FFP, presents
as formidable obstacles for trauma centers attempting to com-
ply with damage control resuscitation recommendations in
massive transfusion settings. Thus, the question has been
raised if plasma from other donor blood types may be suitable
for uncross-matched transfusion.

The STATstudy, a multicenter retrospective review, looked
at seventeen trauma centers across the USA and the UK, with
a focus on the morbidity and mortality outcomes of trauma
patients receiving donor type A plasma, many of whom are
low titer, prior to ABO testing [51•]. Specifically, this study
looked at patients with AB and B blood types who received
type A donor plasma and found no differences in early mor-
tality, hospital length of stay, or survival until discharge com-
pared to type A recipients who received type A donor blood.
Furthermore, they found no acute hemolytic transfusion reac-
tions that were attributable to ABO incompatibility, although
admittedly the study was not designed to evaluate hemolysis
or its complications [51•]. Other studies, specifically those
looking at the use of low-titer group A plasma in emergency
settings in which the patient’s ABO status is unknown, report
the safety of this product as an alternative to type AB plasma
as well [52].

Pre-Hospital Setting

It is well known that the care of the acutely ill trauma patient
begins before the patient ever reaches the hospital. The opti-
mization of pre-hospital care has been sought through the
implementation of new protocols, invention of new technolo-
gy, and the development of a close partnership with pre-
hospital medical personnel. The concept of pre-hospital use
of plasma for resuscitation can be traced back to the 1970s,
with the idea initially being to minimize the impact of the
“lethal triad” in trauma patients [53]. While the understanding
of the acute coagulopathy of trauma has changed since then,
the idea of applying current damage control resuscitation prin-
ciples to the pre-hospital setting remains of theoretical benefit.
With evidence to support the use of pre-hospital plasma trans-
fusion lacking, two randomized controlled trials were
embarked upon: the COMBAT trial and the PAMPer trial.
The COMBAT trial, which focused on pre-hospital plasma
administration in the setting of rapid ground transport in an
urban area, found no survival benefit with transfusion of plas-
ma within 30 min of injury [54]. Notably, this trial was termi-
nated prematurely after interim analysis was suggestive of
futility. Meanwhile, the PAMPer trial specifically focused on
the pre-hospital use of plasma in the context of longer patient
transport via helicopter [55]. Interestingly, this study found a
significantly lower 30-day mortality in the plasma

administration group (2 units of plasma) when compared with
standard care. Differences in the results of these two trials
have been attributed to the significant difference in transport
times and the amount of crystalloid administered in transport.
Additionally, a mortality benefit of 10% in the PAMPer trial is
significant and likely requires replication prior to the universal
adoption of pre-hospital plasma administration protocols.

Conclusions/Current Recommendations

The current cornerstones of therapy for the management of a
trauma patient in hemorrhagic shock include early hemor-
rhage control, permissive hypotension, and damage control
resuscitation. The American College of Surgeons’ Trauma
Quality Improvement Program (TQIP) recommends a target
balance between 1:1 and 1:2 for plasma to red blood cell ratio
and one single-donor apheresis or random donor platelet pool
for each six units of RBC. Furthermore, the recommendations
support automatic MTP cooler delivery every 15 min until
cessation of need. Thus, level-one trauma centers are recom-
mended to stock at least eight units of universal donor,
uncross-matched RBC (O type RBC), and least eight units
of thawed group AB or low titer anti-B group A plasma.
Early mobilization of blood banks and appropriate resource
utilization may be needed within 15 min to support further
product need. Lastly, these guidelines recommend strict per-
formance review of the timelines of product administration,
adherence to the ratios within 1–2 h of MTP activation, effec-
tive termination of MTP, and review of blood product trans-
fusion ratios [56•].

Compliance with Ethical Standards

Conflict of Interest Dr. Saillant reports non-financial support from
Haemonetics, during the conduct of the study; non-financial support from
Haemonetics outside the submitted work. Dr. Luckhurst has nothing to
disclose.

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

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Stansbury LG, Hess JR. Putting the pieces together: Roger I. Lee
and modern transfusion medicine. Transfus Med Rev. 2005;19(1):
81–4.

2. Greenwalt T. A short history of transfusion medicine. Transfusion.
1997;37(5):550–63.

66 Curr Trauma Rep (2020) 6:62–68



3. Cohen MJ. Towards hemostatic resuscitation. The changing under-
standing of acute traumatic biology, massive bleeding, and damage-
control resuscitation. Surg Clin North Am. 2012;92(4):877–91.

4. Counts RB, Haisch C, Simon TL, Maxwell NG, Heimbach DM,
Carrico CJ. Hemostasis in massively transfused trauma patients.
Ann Surg. 1979;190(1):91–9.

5. Feliciano DV, Mattox K, Moore EE. Trauma. 6th ed. New York,
NY: McGraw-Hill; 2008.

6. Holcomb JB, Pati S. Optimal trauma resuscitation with plasma as
the primary resuscitative fluid: the surgeon’s perspective.
Hematology Am Soc Hematol Educ Program. 2013;1013.1:656–9.

7. Holcomb JB, Jenkins D, Rhee P, Johannigman J, Mahoney P,
Mehta S, et al. Damage control resuscitation: directly addressing
the early coagulopathy of trauma. J Trauma - Inj Infect Crit Care.
2007;62(2):307–10.

8. 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 - Inj Infect Crit Care. 2007;63(4):805–
13.

9. Holcomb JB, Wade CE, Michalek JE, Chisholm GB, Zarzabal LA,
Schreiber MA, et al. Increased plasma and platelet to red blood cell
ratios improves outcome in 466 massively transfused civilian trau-
ma patients. Ann Surg. 2008;248(3):447–56.

10. Defense D of. Joint theater trauma system clinical practice guideline
damage control resuscitation at guideline only / not a substitute for
clinical judgment joint theater trauma system clinical practice
guideline only / not a substitute for clinical judgment. 2013;1–32.

11. Simmons JW, White CE, Eastridge BJ, MacE JE, Wade CE,
Blackbourne LH. Impact of policy change on us Army combat
transfusion practices. J Trauma - Inj Infect Crit Care. 2010;69(1):
S75–80.

12. Roback JD, Caldwell S, Carson J, Davenport R, DrewMJ, Eder A,
et al. Evidence-based practice guidelines for plasma transfusion.
Transfusion. 2010;50(6):1227–39.

13. Ho AMH, Dion PW, Yeung JHH, Holcomb JB, Critchley LAH, Ng
CSH, et al. Prevalence of survivor bias in observational studies on
fresh frozen plasma:erythrocyte ratios in trauma requiring massive
transfusion. Anesthesiology. 2012;116:716–28.

14. Ho AMH, Dion PW, Yeung JHH, Joynt GM, Lee A, Ng CSH, et al.
Simulation of survivorship bias in observational studies on plasma
to red blood cell ratios in massive transfusion for trauma. Br J Surg.
2012;99(S1):132–9.

15. 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 effec-
tiveness of a time-varying treatment with competing risks. JAMA
Surg. 2013;148(2):127–36.

16. Baraniuk S, Tilley BC, Del Junco DJ, Fox EE, Van Belle G, Wade
CE, et al. Pragmatic randomized optimal platelet and plasma ratios
(PROPPR) trial: design, rationale and implementation. Injury.
2014;45(9):1287–95.

17•. Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE,
Podbielski 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 - J
Am Med Assoc. 2015;313(5):471–82. This landmark trial was
the first randomized controlled trial to address transfusion
ratios.

18. Yonge JD, SchreiberMA. The pragmatic randomized optimal plate-
let and plasma ratios trial: what does it mean for remote damage
control resuscitation? Transfusion. 2016;56(S2A):S149–56.

19. 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 requiring
large volume transfusions. Ann Surg. 2013;258(4):527–32.

20. Kowalenko T, Stern S, Dronen S, Wang X. Improved outcome with
hypotensive resuscitation of uncontrolled hemorrhagic shock in a
swine model. J Trauma - Inj Infect Crit Care. 1992;33(3):349–53.

21. Rhee P, Burris D, Kaufmann C, Pikoulis M, Austin B, Ling G, et al.
Lactated Ringer’s solution resuscitation causes neutrophil activa-
tion after hemorrhagic shock. J Trauma - Inj Infect Crit Care.
1998;44(2):313–9.

22. AlamHB, Stanton K, Koustova E, Burris D, Rich N, Rhee P. Effect
of different resuscitation strategies on neutrophil activation in a
swine model of hemorrhagic shock. Resuscitation. 2004;60(1):
91–9.

23. Kasotakis G, Sideris A, Yang Y, DeMoyaM, Alam H, King DR, et
al. Aggressive early crystalloid resuscitation adversely affects out-
comes in adult blunt trauma patients: an analysis of the glue Grant
database. J Trauma Acute Care Surg. 2013;74(5):1215–22.

24. Allen SR, Kashuk JL. Unanswered questions in the use of blood
component therapy in trauma. Scand J Trauma Resusc Emerg Med.
2011;19(5):1–5.

25. Cardenas JC, Wade CE, Holcomb JB. Mechanisms of trauma-in-
duced coagulopathy. Curr Opin Hematol. 2014;21(5):404–9.

26. Young PP, Cotton BA, Goodnough LT. Massive transfusion proto-
cols for patients with substantial hemorrhage. Transfus Med Rev.
2011;25(4):293–303.

27. Neal MD, Marsh A, Marino R, Kautza B, Raval JS, Forsythe RM,
et al. Massive transfusion: an evidence-based review of recent de-
velopments. Arch Surg. 2012;147(6):563–71.

28. Mcdaniel LM, Etchill EW, Raval JS, Neal MD. State of the art:
massive transfusion. Transfus Med. 2014;24(3):138–44.

29. Gonzalez E, Moore EE, Moore HB, Chapman MP, Chin TL,
Ghasabyan A, et al. Goal-directed hemostatic resuscitation of trau-
ma-induced coagulopathy. Ann Surg. 2016;263(6):1051–9.

30. Kozar RA, Peng Z, Zhang R, Holcomb JB, Pati S, Park P, et al.
Plasma restoration of endothelial glycocalyx in a rodent model of
hemorrhagic shock. Anesth Analg. 2011;112(6):1289–95.

31. Pati S, Matijevic N, Doursout MF, Ko T, Cao Y, Deng X, et al.
Protective effects of fresh frozen plasma on vascular endothelial
permeability, coagulation, and resuscitation after hemorrhagic
shock are time dependent and diminish between days 0 and 5 after
thaw. J Trauma - Inj Infect Crit Care. 2010;69(1):S55–63.

32. Potter DR, Baimukanova G, Keating SM, Deng X, Chu JA, Gibb
SL, et al. Fresh frozen plasma and spray-dried plasma mitigate
pulmonary vascular permeability and inflammation in hemorrhagic
shock. J Trauma Acute Care Surg. 2015;78(6):S7–S17.

33. Sillesen M, Johansson PI, Rasmussen LS, Jin G, Jepsen CH, Imam
A, et al. Fresh frozen plasma resuscitation attenuates platelet dys-
function compared with normal saline in a large animal model of
multisystem trauma. J Trauma Acute Care Surg. 2014;76(4):998–
1007.

34. Nascimento B, Callum J, Rubenfeld G, Neto JBR, Lin Y, Rizoli S.
Clinical review: fresh frozen plasma in massive bleedings - more
questions than answers. Crit Care. 2010;14(202):1–8.

35. Watson JJJ, Pati S, Schreiber MA. Plasma transfusion: history, cur-
rent realities, and novel improvements. Shock. 2016;46(5):468–79.

36. Schmidt PJ. The plasma wars: a history. Transfusion. 2012;52:S2–
4.

37. Zou S, Musavi F, Notari EP, Stramer SL, Dodd RY. Prevalence,
incidence, and residual risk of major blood-borne infections among
apheresis collections to the American red Cross blood services,
2004 through 2008. Transfusion. 2010;50(7):1487–94.

38. Triulzi DJ, Kleinman S, Kakaiya RM, Busch MP, Norris PJ, Steele
WR, et al. The effect of previous pregnancy and transfusion on
HLA alloimmunization in blood donors: implications for a transfu-
sion-related acute lung injury risk reduction strategy. Transfusion.
2009;49(9):1825–35.

39. Eder AF, Herron RM, Strupp A, Dy B, White J, Notari EP, et al.
Effective reduction of transfusion-related acute lung injury risk with

Curr Trauma Rep (2020) 6:62–68 67



male-predominant plasma strategy in the American red Cross
(2006-2008). Transfusion. 2010;50(8):1732–42.

40. Funk MB, Guenay S, Lohmann A, Henseler O, Heiden M,
Hanschmann KMO, et al. Benefit of transfusion-related acute lung
injury risk-minimization measures - German haemovigilance data
(2006-2010). Vox Sang. 2012;102(4):317–23.

41. Lin Y, Saw CL, Hannach B, Goldman M. Transfusion-related acute
lung injury prevention measures and their impact at Canadian
Blood Services. Transfusion. 2012;52(3):567–74.

42. Semple JW, Rebetz J, Kapur R. Transfusion-associated circulatory
overload and transfusion-related acute lung injury. Blood.
2019;133(17):1840–53.

43. Narick C, Triulzi DJ, Yazer MH. Transfusion-associated circulatory
overload after plasma transfusion. Transfusion. 2012;52(1):160–5.

44. Domen RE, Hoeltge GA. Allergic transfusion reactions: an evalu-
ation of 273 consecutive reactions. Arch Pathol Lab Med.
2003;127(3):316–20.

45. Rossi’s Principles of Transfusion Medicine. 2016.
46. Spinella PC, Frazier E, Pidcoke HF, Dietzen DJ, Pati S, Gorkun O,

et al. All plasma products are not created equal: characterizing dif-
ferences between plasma products. J Trauma Acute Care Surg.
2015;78.6S1:S18–25.

47. Matijevic N, Wang YW, Cotton BA, Hartwell E, Barbeau JM,
Wade CE, et al. Better hemostatic profiles of never-frozen liquid
plasma compared with thawed fresh frozen plasma. J TraumaAcute
Care Surg. 2013;74(1):84–90.

48. Martinaud C, Ausset S, Deshayes AV, Cauet A, Demazeau N,
Sailliol A. Use of freeze-dried plasma in french intensive care unit
in Afghanistan. J Trauma - Inj Infect Crit Care. 2011;71(6):1761–4.

49. Spoerke N, Zink K, Cho SD, Differding J, Muller P, Karahan A, et
al. Lyophilized plasma for resuscitation in a swine model of severe
injury. Arch Surg. 2009;144(9):829–34.

50. Roback JD, Grossman BJ, Harris T HC, Smith J. Technical Manual
of the American Assoc of Blood Banks. Tech. Man. Am. Assoc
Blood Banks. 2011.

51•. Dunbar NM, Yazer MH, Carey PM, Christie JD, Fadeyi EA,
Fontaine MJ, et al. Safety of the use of group a plasma in trauma:
the STAT study. Transfusion. 2017;57(8):1879–84. This study
demonstrated the safety of group A plasma for plasma trans-
fusion, which ismore widely available than the classic universal
plasma donor type AB.

52. Agaronov M, DiBattista A, Christenson E, Miller-Murphy R,
Strauss D, Shaz BH. Perception of low-titer group a plasma and
potential barriers to using this product: a blood center’s experience
serving community and academic hospitals. Transfus Apher Sci.
2016;55(1):141–5.

53. Elerding SC, Aragon GE, Moore EE. Fatal hepatic hemorrhage
after trauma. Am J Surg. 1979;138(6):883–8.

54. Moore HB,Moore EE, ChapmanMP, McVaney K, Bryskiewicz G,
Blechar R, et al. Plasma-first resuscitation to treat haemorrhagic
shock during emergency ground transportation in an urban area: a
randomised trial. Lancet. 2018;392(10144):283–91.

55. 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.

56•. American College of Surgeons. ACS TQIP Massive Transfusion
in Trauma Guidelines. Transfus Intensive Care Unit. 2015. This
document reflects the most current recommendations regard-
ing massive transfusions in trauma..

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

68 Curr Trauma Rep (2020) 6:62–68


	Plasma: a Brief History, the Evidence, and Current Recommendations
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction/History of Current Practice
	Separation of Products
	The Pendulum Swing: Modern Wartime Practice
	Randomized Controlled Trials
	Role of Crystalloid Solutions
	Damage Control Resuscitation and Massive Transfusion Protocols
	Risks and Benefits of Plasma Transfusion
	Separation of Products, Storage, and What to Transfuse
	Pre-Hospital Setting
	Conclusions/Current Recommendations
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



