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Massive Transfusion: Part I
This is a two-part article on the treatment of massive hemorrhage, which is 

something that can be seen in any emergency department, small or large, rural or 
urban. There have been recent changes in the use of blood and adjuvant therapies, 
in part from our military advances. These articles will review the current recom-
mendations for massive transfusion. Part II of the article will review adjunct 
therapies, scoring systems, and complications of massive transfusion.

— Sandra M. Schneider, MD, Editor

Introduction
Patients with significant blood loss due to various etiologies, be it from 

trauma, ruptured ectopic pregnancy, or ruptured abdominal aortic aneurysm, 
are encountered in the emergency department (ED). Massive transfusion is 
defined as a transfusion requiring greater than 10 units of packed red blood 
cells (PRBCs) in a 24-hour period. Historically, massive transfusion research has 
come from the trauma data; however, hemorrhages as a result of gastrointesti-
nal bleeding and obstetric and intraoperative emergencies are equally relevant. 
Although such subsets of patients require similar volumes of PRBCs, the need 
for other blood products may be variable. 

Epidemiology 
Traumatic injury continues to be the leading cause of death in people 

younger than the age of 40 worldwide.1 In fact, traumatic injury is a leading 
cause of mortality and accounts for approximately 10% of all deaths worldwide.2 
Massive transfusion is only required in 1-2% of civilian trauma patients3 and in 
approximately 7% of patients in military settings.4 Yet, the mortality of patients 
who require massive transfusion ranges between 20% and 50%.5 Death from 
uncontrolled hemorrhage will typically occur within the first 6-12 hours fol-
lowing injury, and accounts for more than 50% of all trauma-related deaths that 
occur within the first 48 hours of hospital admission.6,7 As a result, hemorrhage 
necessitating transfusion of large amounts of blood products remains a major 
cause of potentially avoidable deaths. 

Obstetric hemorrhage is the leading cause of maternal death worldwide and 
accounts for approximately 150,000 deaths annually.8 Obstetric hemorrhage has 
fallen from the first to the fifth leading cause of maternal death in the United 
States.9 Postpartum hemorrhage is among the most common causes of maternal 
hemorrhage, with the majority of these cases due to uterine atony.10

Massive Transfusion in Trauma
Traumatic injury requiring massive transfusion is associated with coagulopa-

thy. This coagulopathy is multifactorial, resulting from initial tissue injury and 
dilution and consumption of clotting factors and platelets. Coagulopathy plus 
hypothermia and acidosis that occur in severe traumatic injury has been termed 
the “lethal triad” due to its high mortality. There is mounting evidence that 
treating early coagulopathy in trauma patients improves survival.

Traditional resuscitative efforts based upon aggressive fluid resuscitation with 
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crystalloid to treat hypotension and 
tachycardia have fallen out of favor 
due to mounting evidence that they 
worsen coagulopathy, acidosis, and 
blood loss. Instead, the idea of dam-
age control resuscitation has come 
into clinical practice. This concept 
revolves around the idea of rapid 
hemorrhage control through permis-
sive hypotension, rapid correction 
of coagulopathy, acidosis, and hypo-
thermia, in concurrence with damage 
control surgical techniques.

The Lethal Triad
A complex relationship exists 

between acidosis, hypothermia, 
and coagulopathy. Each factor 
compounds the other, leading to a 
worsening cycle and high mortality 
rate. (See Figure 1.) This cycle can be 
extremely difficult to break. 

Coagulopathy
Traditional doctrine suggests 

that coagulopathy associated with 
trauma results from consumption 
of clotting factors, in addition to 
the dilutional effects of resuscita-
tion fluid. We know that the injury 
itself causes exposure of tissue factor 
(TF), which consequently causes 
thrombin and fibrin generation. In 
its most extreme form, disseminated 
intravascular coagulation (DIC) 
occurs.11 It is also known that 
hyperfibrinolysis occurs after endo-
thelial damage due to the effects of 
naturally released tissue plasmino-
gen activator (tPA).

Previously, it was thought that 
dilution of clotting factors did not 
occur until at least one blood vol-
ume (defined as the volume of blood 
in the body) had been transfused.4 
However, newer data suggest that 

significant acute traumatic coagu-
lopathy is often present upon pre-
sentation to hospital, prior to any 
resuscitative efforts. A recent study 
demonstrated that significant coagu-
lopathy exists in 20-30% of trauma 
patients upon presentation to the 
ED.4 This phenomenon has been 
referred to as acute traumatic coagu-
lopathy or early trauma-induced 
coagulopathy (ETIC).

Early Trauma-induced 
Coagulopathy (ETIC)

Acute traumatic coagulopathy 
is a marker of injury severity and 
is related to mortality. Macleod et 
al found that elevated prothrom-
bin time (PT) and activated partial 
thromboplastin time (aPTT) upon 
arrival are independent predictors of 
mortality.12 In fact, initial abnormal 
PT increases the odds ratio of dying 
by 35%, and initial abnormal aPTT 
increases the odds ratio of dying by 
326%.12 Thus, initial coagulation 
screens are important early tests in 
severely injured patients.13 

Although the mechanism behind 
acute traumatic coagulopathy is 
believed to be multifactorial and 
remains poorly understood, various 
mechanisms have been proposed. 
Some believe it to be a consequence 
of rapidly occurring consump-
tive coagulopathy, while others 
are less sure. An alternative theory 
infers that hypoperfusion results in 
expression of endothelial thrombo-
modulin, the activation of protein 
C, and resultant inhibition of the 
clotting cascade and activation of 
fibrinolysis.14  

Regardless of mechanism, it is evi-
dent that this early coagulopathy of 
trauma is a clear prognostic indicator.

Hypothermia
Severe hemorrhage leads to hypo-

perfusion, resulting in decreased 
aerobic metabolism and reduced 
heat generation.15 It is also well 
documented that there is a loss of 
thermoregulation in severe traumatic 
injury. These factors, combined 
with the prolonged environmental 
exposure, are proven to be a deadly 
combination. 

Hypothermia becomes clinically 
significant when body temperature 
drops to less than 36°C for more 
than 4 hours. It can result in car-
diac arrhythmias, decreased cardiac 
output, increased systemic vascular 
resistance, left shift of the oxygen-
hemoglobin dissociation curve, 
and worsening coagulopathy.15 
Coagulopathy and temperature are 
directly proportional. At 33°C, clot-
ting factor activity is at approximately 
50% of normal. For every degree 
Celsius the temperature is decreased, 
a reduction of 10% in coagula-
tion factor activity is observed.16 At 
34°C, markedly reduced platelet 
function and increased fibrinolysis 
are observed. Severe trauma-related 
hypothermia (less than 32°C) is asso-
ciated with 100% mortality.17

Acidosis
Anaerobic metabolism, due to 

prolonged hypoperfusion, results in 
lactate formation and subsequent 
metabolic acidosis. Acidosis decreases 
myocardial contractility and cardiac 
output. pH is inversely proportional 
to clot formation. In vitro studies 
have shown a substantially reduced 
clot formation rate, as detected by 
thromboelastography, in normal 
blood brought to pH of 7.18 This 
is also multifactorial, as pH affects 

 z After severe trauma with blood loss, the “lethal triad” 
of acidosis, coagulopathy, and hypothermia is associated 
with higher mortality. The goal of resuscitation is to 
prevent or reduce these factors. 

 z Traditional resuscitation with large amounts of crystal-
loid leads to worsening coagulopathy, acidosis, and 

blood loss. It is now recommended that the blood pres-
sure be allowed to be as low as 90 systolic if the patient 
has a normal mental status.

 z Hypothermia should be avoided and treated when pres-
ent, as it shifts the oxygen hemoglobin dissociation 
curve and worsens coagulopathy.

Executive Summary
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clotting factor activity, in addition to 
platelet effectiveness. At a pH of 5.5, 
platelets form spheres that are devoid 
of aggregating tendency, whereas 
platelets at pH 9.0 form pseudopodia 
that increase aggregation properties.19 

Damage Control 
Resuscitation

The historic practice of aggressive 
crystalloid resuscitation has been 
shown to dilute clotting factors, pro-
mote acidosis and intestinal edema, 
and impede microcirculation and 
tissue perfusion. The term damage 
control resuscitation was coined to 
convey strategies used to reverse 
anemia, coagulopathy, acidosis, and 
hypothermia in the initial 24-48 
hours of injury.4 

Damage control resuscitation is 
now defined as permissive hypoten-
sion, recognition and prevention 
of hypothermia, temporization of 
acidosis (or at least prevention of the 
worsening of acidosis), and immedi-
ate correction of coagulopathy. This 
can be achieved through the appro-
priate choice of resuscitation fluids 
and blood products, their ratios, tim-
ing of their administration, and the 
use of adjunct therapy.

Permissive Hypotension 
The natural response to blood ves-

sel injury and subsequent hemorrhage 

is an activation of clotting cascade and 
vessel spasm. Resultant hypotension 
from acute blood loss, in conjunction 
with the body’s natural response, can 
often temporarily arrest traumatic 
hemorrhage. This is, perhaps, best 
demonstrated with proximal limb 
amputation. Patients can present with 
no apparent bleeding from the trau-
matically amputated limb site only to 
have rapid arterial bleeding resume 
once resuscitation begins and hypo-
tension is corrected.20 

Current military guidelines stress 
minimizing the administration of 
fluid or blood products in the pre-
hospital setting for those patients 
with a palpable radial pulse and nor-
mal mental status.21 This has been 
shown to prevent unnecessary blood 
loss in the field prior to obtaining 
surgical control. 

Permissive hypotension is defined 
as allowing systolic blood pressure 
(SBP) to remain at approximately 90 
mmHg when the patient has normal 
mental status. In the setting of trau-
matic brain injury, an SBP of 110 
mmHg is accepted. 

Recognition and 
Prevention of 
Hypothermia 

Preventing unnecessary heat loss 
is paramount. Care must be taken to 

limit environmental exposure from 
the onset of injury. Simple steps, 
such as minimizing unnecessary skin 
exposure, removing wet clothing, 
and covering the patients with blan-
kets, can make a significant differ-
ence. When fluids are administered, 
they should be warmed when pos-
sible. In severe hypothermia, active 
rewarming techniques should begin 
immediately. 

Temporization of 
Acidosis

Reversal of acidosis in the severely 
injured patient is difficult. Treatment 
aimed toward its prevention, or at 
least its temporization, should be 
attempted. Achieving this goal is 
dependent upon rapid control of 
hemorrhage and the restoration of 
tissue perfusion. Current measures 
of acidosis are limited to serum lac-
tate and base deficit, but the ability 
to improve these values has shown 
prognostic significance.22 

Avoidance of interventions that 
worsen acidosis are equally, if not 
more, important. These include pre-
vention of hypoventilation and its 
resultant respiratory acidosis, as well 
as limiting use of crystalloid fluids. 
Lactated Ringers solution has a pH 
of 6.0, whereas normal saline has a 
pH of 4.5. Acidosis is also worsened 
by PRBC transfusions. One study 

Figure 1: The Lethal Triad
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demonstrated that the pH of one 
unit of PRBCs dropped to 6.9 within 
3 hours of initial banking and fell to 
6.7 after 3 weeks of storage.23 The 
use vasopressors, certain procedures, 
such as aortic cross-clamping, as well 
as impaired myocardial performance 
have also been shown to worsen 
acidosis.15 

Methods to temporarily reverse 
acidosis, such as bicarbonate or 
tris(hydroxymethyl)aminomethane, 
remain controversial, and alone 
are insufficient to reverse acidosis-
induced coagulopathy.24 

Correction of 
Coagulopathy

Correction of coagulopathy is a 
complex task. How best to approach 
this multifaceted issue is a matter of 
debate and is fundamental to the dis-
cussion of optimal transfusion pro-
tocols. It will be discussed at length 
in this paper. However, in order to 
understand how best to treat coagu-
lopathy, one must first understand 
the complex mechanisms behind clot 
formation. This involves the interplay 
between the clotting cascade, plate-
lets, and damaged endothelium.

As seen in Figure 2, the simplified 
clotting cascade is separated into 
the intrinsic and extrinsic pathways. 
These lead the common pathway 
by the activation of factor X. It is 

important to note that although they 
are separated for the sake of explana-
tion, there is no clinical separation, 
as both occur simultaneously. 

The intrinsic pathway, otherwise 
referred to as the contact activation 
pathway, is activated by damaged 
surface. Factor XII, or Hageman 
factor, is initiated. This triggers a 
cascade in which activated factor XII 
activates factor XI, which activates 
factor IX, which activates factor X 
with the assistance of cofactor VIIIa. 
(See Figure 2.)

The extrinsic pathway is also 
referred to as tissue factor pathway. 
Tissue injury results in the exposure 
of tissue factor, which binds to circu-
lating factor VII. This results in the 
activation of factor VII, which, in 
turn, activates factor X. 

The activation of factor X leads to 
the activation of the common path-
way. With the assistance of cofactor 
Va, activated factor X activates fac-
tor II (prothrombin) to factor IIa 
(thrombin). Thrombin activates 
factor I (fibrinogen) into factor Ia 
(fibrin). Fibrin crosslinking with 
platelets gives a clot its strength. 
Depletion of any one clotting factor 
yields significantly less fibrin and, 
thus, significantly weaker clot.

The clotting cascade is regulated 
through a series of proteins. Plasmin 
is a naturally occurring protease that 

cleaves fibrin, thus breaking down 
clots. Protein C inactivates cofactors 
VIII and V, while antithrombin III 
(ATIII) is a protein that prevents the 
activation of factors XII, XI, IX, X, 
and II. 

It is through the manipulation of 
these various regulating proteins that 
many of the anticoagulating drugs 
exert their activity. For instance, 
heparin and enoxaparin exert their 
mechanism of action by promot-
ing the activity of ATIII. Warfarin 
prevents the synthesis of vitamin 
K-dependent factors (II, VII, IX, 
and X). Tissue plasminogen activator 
(tPA) acts by catalyzing the cleavage 
of plasminogen into plasmin and, 
thus, increases the concentration 
of circulating plasmin. The novel 
anticoagulants exert their action 
on specific factors and generally fall 
into two categories: direct thrombin 
inhibitors (such as rivaroxaban) and 
factor X inhibitors (such as dabi-
gatran). (See Emergency Medicine 
Reports, September 24, 2012, “Newer 
Anticoagulants in the Emergency 
Department.”)

Platelet activity is equally as impor-
tant in hemostasis. Platelets must 
be activated to begin the process 
of clot formation. Under normal 
conditions, endothelial cells inhibit 
platelet activation through nitric 
oxide, endothelial ADPase, and 
prostaglandin I2. After endothelial 
injury, exposed collagen results in 
adhesion and subsequent activa-
tion of platelets via various surface 
glycoproteins. This activation leads 
to a confirmation change, degranula-
tion, and thromboxane A2 (TxA2) 
synthesis. Degranulation releases 
various molecules, such as clotting 
factors, ADP, and calcium, into the 
surrounding bloodstream. ADP and 
TXA2 serve to further activate sur-
rounding platelets. GIIb/IIIa on the 
surface of activated platelets serve as 
binding sites for fibrinogen and vWF, 
thus forming the crosslinks between 
neighboring platelets. Through the 
manipulation of this activation and 
aggregation, the various antiplatelet 
drugs exert their activity. Aspirin 
acts as an irreversible cyclooxygenase 
1 (COX1) inhibitor and prevents 

Figure 2: The Clotting Cascade
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the synthesis of TXA2. Clopidogrel 
irreversibly binds to surface pro-
tein P2Y12, reducing adhesion and 
aggregation. Eptifibatide and other 
drugs in its class bind the GIIb/IIIa 
receptor and prevent crosslinking.

Whole Blood and 
Component Blood 
Products

In 1840, 60 years prior to Karl 
Landsteiner’s discovery of ABO 
blood types, Samuel Armstrong Lane 
reported the first successful whole 
blood transfusion in London.25 
For many years, without the abil-
ity of storage, transfusions were a 
direct procedure in which blood was 
directly transfused from the donor 
to the recipient. Richard Lewisohn 
discovered, through the use of 
sodium citrate as an anticoagulant, 

that donated blood had the potential 
for storage, thus revolutionizing the 
potential of transfusion medicine.25 

In 1940, Edwin Cohn made a 
huge breakthrough in the field. 
While working as professor of bio-
logical chemistry at Harvard, he 
developed cold ethanol fraction-
ation.25 This process of breaking 
plasma down into its components 
allowed for the revolution of compo-
nent therapy. Ten years later, in one 
of the single most influential techni-
cal developments in blood banking, 
Carl Walter and W.P. Murphy Jr. 
introduced the plastic bag for blood 
collection. These new durable plastic 
bags led to the creation of a collect-
ing system capable of the preparation 
of multiple blood components from 
a single unit of whole blood.

In 1960, A. Solomon and J.L. 
Fahey reported the first therapeutic 

plasmapheresis procedure, a process 
that rapidly separates whole blood 
into plasma and red blood cells. 
Similarly, in 1965, J. Pool and A. 
Shannon reported a method for 
producing cryoprecipitate, while in 
1969, S. Murphy and F. Gardner 
demonstrated the ability to store 
platelets at room temperature.25 The 
era of component blood therapy had 
begun. 

Fresh Whole Blood (FWB)
As its name suggests, fresh whole 

blood (FWB) consists of blood that 
has been drawn within 24 hours, but 
not separated into its components. 
One unit of FWB is approximately 
500 mL, with a hematocrit ranging 
from 38-50%. It contains platelets in 
the range of 150,000-400,000/μL, 
with approximately 1500 mg fibrino-
gen and full coagulation function. 

Table 1: Blood Products and Their Components30

Blood Product Amount 
(mL)

Components ABO 
Compatibility

Rh 
Compatibility

Shelf Life

PRBCs 330
Plasma: 30 mL
Fibrinogen: < 100 mg
Citrate: 3 grams

Yes No* 42 days

Platelets (six pack)

Fibrinogen: 48 mg
Plasma: 240-360 mL 
(pooled); 200-400 mL 
(apheresis)

No No
5 days (4 hours once 
pooled)

FWB 500

HCT: 38-50%
Plts: 150-400,000
Fibrinogen: 750-1000 mg
Full coagulation function

Yes Yes 35 days

FFP 250
Normal coagulation factors 
at normal concentrations**
Fibrinogen: 400 mg

Yes No
1 year frozen (5 days 
once thawed)

1 unit PRBC
1 unit plts
1 unit FFP

660

HCT: 29%
Plts: 87,000
65% coagulation function
Fibrinogen: 750 mg

See above See above See above

Cryo
(one unit but usually 
transfused as 6 
units)

15 mL 
per unit

Fibrinogen 250-350 mg/
unit
Factor VIII: 100 IU
vWF
Factor XIII

Yes when 
possible

1 year (24 hours 
once pooled)

*Type O, Rh-negative PRBCs can be used for all patients but are reserved for pediatric and female patients of 
childbearing age. Type O, Rh-positive can be used for males or females over 50 years old.
**Contains decreased levels of factors V (approximately 66% of normal) and VIII (approximately 41% of normal).
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In comparison, one unit PRBCs plus 
one unit FFP plus one unit of apher-
esis platelets contains approximately 
660 mL, a hematocrit of 29%, plate-
lets of 87,000/μL, 65% coagulation 
activity, and 750 mg fibrinogen.4 

FWB has been used by the military 
for casualty resuscitation since World 
War I. In such settings, FWB is often 
the only source of blood available. 
Indications for use in civilian set-
tings are limited today because of 
the ready availability of fractionated 
components and a relatively small 
body of data to support FWB. 

A study performed on swine 
showed whole blood to be the best 
24-hour hypotensive fluid after 
severe hemorrhage.26 Spinella et al 
found, in a retrospective review of 
combat casualties with hemorrhagic 
shock, that resuscitation strategies 
that include FWB may improve 
30-day survival.27 

However, FWB is currently not 
indicated for routine civilian use. 
FWB carries the risk of transmission 
of blood-borne diseases. Current 
military guidelines state that the 
use of FWB should be reserved for 
trauma victims who are anticipated 
to require massive transfusion, who 
have clinically significant shock or 
coagulopathy, and when optimal 
component therapy is unavailable or 
when stored component therapy is 
not adequately resuscitating a patient 
with immediate life-threatening 
injuries.28

Packed Red Blood Cells 
(PRBCs)

One unit of PRBCs contains 
approximately 200 mL RBCs, 100 
mL of fluid, and, to extend shelf 
life, 30 mL plasma and 3 grams of 
citrate for anticoagulation.29 Once 
packed, PRBCs must be stored at 
1-6°C and have a shelf-life of 42 
days.31 As storage time increases, 
degradation occurs, and this results 
in an increase in inflammatory 
response to transfusion and an 
increase in sepsis, organ failure, and 
mortality.

All PRBC transfusions must be 
ABO/Rh compatible with the recipi-
ent. When time does not permit 

a type and cross match, type O 
Rh-negative PRBCs can be used 
for all patients. In general, this is 
reserved for pediatric and female 
patients of childbearing age. Type O, 
Rh-positive can be used for males or 
females older than 50 years old.30 

In addition to their primary task of 
oxygen delivery, RBCs affect coagu-
lation. At normal hematocrits, RBCs 
promote marginalization of plate-
lets along the endothelium. They 
also support thrombin generation 
through membrane phospholipids. 
Further studies are required to deter-
mine the ultimate hematocrit goal in 
massive transfusion. 

Platelets
Critical in achieving hemostasis, 

platelets are commonly available in 
two forms: pooled platelet units and 
apheresis platelet units. Both contain 
small amounts of plasma, RBCs, 
and leukocytes. Both types must be 
stored at room temperature and con-
tinuously agitated to prevent aggre-
gation. In hemorrhaging patients, 
a goal of 50,000/μL is widely 
accepted.30 

Pooled Platelet Units
Pooled platelet units are collected 

from separate random donors of the 
same ABO type and harvested by 
centrifuging FWB. The usual adult 
dose of pooled platelets is referred 
to as a “six pack” because it consists 
of platelets pooled from 6 units 
of FWB platelets. This contains 
approximately 360 mL of fluid. Once 
pooled, platelets have a four-hour life 
span.30 

Apheresis Platelet Units
Apheresis platelet units are col-

lected from a single donor and are 
equivalent to a six pack of pooled 
platelets. A unit contains 200-400 
mL of fluid. Apheresis platelets also 
expire four hours after processing 
from a blood bank.30 

Fresh Frozen Plasma (FFP)
A unit of FFP consists of plasma 

taken from one unit of FWB. This 
amounts to approximately 250 mL 
and contains normal coagulation 

factors at normal concentrations. It 
must be ABO compatible, but Rh is 
not a factor. Once isolated, it must 
be frozen within eight hours, as this 
vastly increases its shelf life. Once 
thawed, FFP has a maximum shelf 
life of five days. At this time, how-
ever, it contains decreased levels of 
factors V (approximately 66% of nor-
mal) and VIII (approximately 41% of 
normal).30 

Dosing and timing of FFP admin-
istration remain controversial. 
Usually a 10% increase in factor level 
is required before any clinically sig-
nificant improvement in coagulation 
status is observed. Under normal 
conditions, a dose of 10 mL/kg can 
achieve this goal. In a 70 kg adult, 
this amounts to four units of FFP.

Cryoprecipitate (Cryo)
Cryoprecipitate is prepared from 

plasma and contains high molecu-
lar weight plasma proteins, such as 
fibrinogen, von Willebrand factor, 
factor VIII, factor XIII, and fibro-
nectin. Despite the recent develop-
ment of recombinant fibrinogen, 
cryoprecipitate remains the primary 
source of fibrinogen. Fibrinogen is 
converted by thrombin into fibrin, 
which is essential in clot formation. 
Fibrinogen is the first coagulation 
factor to reach critically low levels 
(less than 1.0 g/L) during major 
hemorrhage (normal levels range 
from 2.0 to 4.5 g/L), and current 
guidelines recommend maintaining 
the plasma fibrinogen level above 1.5 
g/L.31 

Cryoprecipitate is available in pre-
pooled concentrates of six units. 
Each unit is derived from a separate 
donor and suspended in 15 mL 
plasma prior to pooling. Because 
each unit provides about 350 mg 
of fibrinogen, the standard dose 
of six units contains 2.1 g fibrino-
gen. In comparison, one unit of 
FFP contains approximately 400 
mg, a six pack of platelets contains 
approximately 48 mg, one unit of 
FWB contains approximately 1 g, 
and one unit of PRBCS contains 
less than 100 mg. Given only 75% 
recovery with transfusion, 6 units of 
cryoprecipitate will raise fibrinogen 
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levels by 45 mg/dL in a 70 kg 
adult.31 Cryoprecipitate should be 
considered in patients with refractory 
coagulopathy after FFP or with a 
measured fibrinogen level lower than 
100 mg/dL.32 

In spite of the large concentra-
tion of fibrinogen in cryoprecipitate 
relative to other blood products, its 
utilization in the setting of massive 
transfusion is greatly varied. As part 
of the PROMMTT study, Holcomb 
et al examined the use of cryo in the 
setting of massive transfusion in 10 
Level 1 trauma centers in the United 
States. They found that not only 
did the practice standards vary, but 
three of the sites did not have cryo in 
their massive transfusion protocol.33 
Additionally, of the 98 patients who 
died within the first 24 hours of hos-
pital admission, 67% never received 
cryo.33

Optimal Ratios for Blood 
Product Administration

The traditional, conservative blood 
product ratios were based on research 
and opinions derived from old, non-
trauma literature. For instance, the 
plasma exchange transfusion study, 
cited by Ho et al, demonstrating that 
approximately one-third of clotting 
factors are still present after an entire 
blood volume has been exchanged, 
is based upon physiology under 
euvolemic conditions.34 Under rapidly 
hemorrhaging conditions, a different 
physiology exists. 

It is important to note that all 
studies thus far addressing blood 
product ratios in both civilian and 
military trauma are retrospective, 
observational studies. Such studies 
are prone to survivor bias. Deaths 
occurring in early hospital stay are 
more likely to fall into the low ratio 
group, prior to receiving larger 
amounts of FFP or platelets.35 In 
addition, patients who have suf-
fered more severe injuries are likely 
to receive relatively higher volumes 
of PRBCs (thus a lower FFP:PRBC 
ratio) and are more likely to die.36 

FFP: PRBC Ratio
Ho et al, in a mathematical simula-

tion, presented the first indication of 

these requirements. They hypoth-
esized that in stable patients who 
are not severely injured, transfusions 
maintaining one unit FFP per 4-10 
units of RBC may still be adequate. 
However, in those patients with 
the loss of one blood volume in a 
relatively short period, PT/aPTT 
greater than or equal to 1.5 times 
the control, injury severity scale 
(ISS) greater than 30, or unabated 
hemorrhage, then RBC to FFP ratio 
approaching that of FWB (i.e., 1:1) 
should be administered with little or 
no crystalloid.37 

The first major study regard-
ing damage control resuscitation 
looked at retrospective data from 
Operation Iraqi Freedom. Borgman 
et al reviewed data on 252 patients 
who had received massive transfu-
sions and found a distinct decrease in 
mortality between patients receiving 
high plasma to red blood cell ratios 
compared to those who did not. It 
demonstrated that the higher the 
plasma ratio in the transfused blood 
(approaching 1:1), the lower the risk 
of mortality.5 

In a review of the national trauma 
database, Gonzalez et al came to 
similar conclusions. They found that 
there was inadequate treatment of 
coagulopathy with their transfusion 
protocol and noticed an increased 
survival rate among those who 
received higher FFP:PRBC ratios.38 

Holcomb et al described similar 
results in a larger retrospective civil-
ian study. They reviewed results in 
466 civilian patients transported to 
16 different Level 1 trauma centers 
in the United States. Thirty-day 
survival was significantly increased 
in patients with higher FFP: PRBC 
ratios (greater than 1:2) relative to 
those with ratios less than 1:2 (59.6% 
compared to 40.4%). They also 
showed that high FFP:PRBC ratios 
(greater than 1:2) increased six-
hour and 24-hour survival, with no 
change in multi-organ failure.39 

Platelet: PRBC
In the same study, patients receiv-

ing high platelet:PRBC ratios 
(greater than 1:2) relative to those 
receiving low ratios (less than 1:2) 

had better 30-day survival (59.9% 
compared to 40.1%).39 In another 
study, patients who received approxi-
mately 1:1 platelets:PRBCs had 
improved 24-hour and 30-day 
survival rates compared to other 
groups.40 Holcomb et al queried a 
transfusion database of patients from 
22 Level 1 trauma centers over 12 
months. To mitigate survival bias, 
patients who died within 60 minutes 
of arrival were excluded from analy-
sis. Outcome data associated with 
the low (greater than 1:2), medium 
(1:2), and high (1:1) platelet:PRBC 
ratios were reported. Similar to pre-
viously published data, transfusion of 
platelet:RBC ratios of 1:1 was asso-
ciated with improved early and late 
survival and decreased hemorrhagic 
death. They concluded, based on this 
data, that increased and early use of 
platelets may be justified, pending 
the results of prospective randomized 
transfusion data.41 

As the name suggests, the 
Prospective, Observational, 
Multicenter, Major Trauma 
Transfusion (PROMMTT) study 
group conducted a prospective 
cohort study of severely injured 
patients who required blood transfu-
sion in 10 Level 1 trauma centers. A 
total of 1,245 patients were enrolled, 
with 297 patients receiving massive 
transfusion.42 They found that higher 
plasma and platelet ratios early in 
resuscitation were associated with 
decreased mortality in patients who 
received transfusions of at least three 
units of blood products during the 
first 24 hours after admission.43 

Fibrinogen: PRBC
It had been suggested that early 

use of cryoprecipitate as a source of 
fibrinogen may also affect survival. In 
a retrospective chart review of 252 
patients who received massive trans-
fusion, the transfusion of fluids with 
increased fibrinogen:PRBC ratio 
was independently associated with 
improved survival.44 The authors 
suggested that by transfusing 200 
mg of fibrinogen per unit of PRBCs, 
they could achieve this survival ben-
efit. This level of fibrinogen could be 
achieved by transfusing either one 
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unit of FFP per two units PRBC, one 
unit of FWB per four units of PRBC, 
or one 10-unit cryoprecipitate per 10 
units of PRBC. 

Massive Transfusion 
Protocol (MTP)

The potential for improvement 
in mortality has led many hospitals 
to implement MTPs.45 Cotton et 
al published outcome data after 
instituting an MTP. Their Trauma 
Exsanguination Protocol (TEP) 
transfused a ratio of 10 units 
PRBC:4 units FFP:2 units platelets. 
The protocol demonstrated lower 
30-day mortality, decreased blood 
product usage, and decreased inci-
dence of pneumonia, respiratory 
failure, abdominal compartment syn-
drome, sepsis, and multi organ fail-
ure when compared to pre-protocol 
data.46 

O’Keefe et al also published results 
after the institution of an MTP. In 
their protocol, 5 units PRBCs: 2 
units FFP were followed by one 
unit of platelets. A further 5 units 
PRBCs:2 units FFP ratio was fol-
lowed by a 10 pack of cryoprecipi-
tate and rFVIIa. The cycle was then 
started again. This study saw no 
change in overall mortality, but it did 
show a decrease in time to receive 
products, a decrease in use of prod-
ucts, and decreased cost (an average 
saving of $2,270 per patient).47 

MTP protocols currently vary 
among different institutions. Once 
activated, blood products in pre-
determined ratios will be delivered 
until the protocol is deactivated. 
Such protocols allow for more expe-
ditious product availability, resulting 
in significant decrease in time to 
first transfusion of PRBCs, FFP, and 
platelets. To achieve quick blood 
product administration, thawed AB 
plasma is stored alongside emergency 
release type O blood within the ED. 

A review of literature by Neal et al 
suggests that although the optimal 
ratio remains inconclusive, obser-
vational studies have consistently 
found ratios of PRBC:FFP and 
PRBC:platelets greater than 1:2 and 
approaching 1:1 show improved sur-
vival.32 The American Association of 

Blood Banks currently does not pro-
vide a recommendation for or against 
higher ratios of FFP and platelets 
to PRBCs, because of the lack of 
randomized controlled studies.32 
The current U.S. military resuscita-
tion guidelines advocate the use of 
ratios of 1 unit PRBC:1 unit FFP:1 
unit of platelets. Many civilian MTPs 
are now moving toward the same 
protocol.48

The first multi-center randomized, 
controlled trial to compare blood 
ratios in trauma is currently under-
way. The PROPPR (Prospective 
Randomized Optimum Platelet and 
Plasma Ratios, ClinicalTrials.gov 
Identifier: NCT01545232) trial will 
randomize patients to either 1:1:1 or 
1:1:2 (platelets:plasma:RBCs).49 

Other Considerations
MTP has been applied to non-

traumatic hemorrhage despite a lack 
of evidence of benefit in this popu-
lation.50 In a retrospective cohort 
study, blood product administration 
before and after MTP implementa-
tion was reviewed. No statistically 
significant difference in in-hospital 
mortality was observed in non-
trauma patients. They concluded 
that further studies of non-trauma 
patients receiving MTP are war-
ranted to ensure benefit in these 
patients.50 

As previously mentioned, obstet-
ric hemorrhage is a chief cause of 
maternal morbidity and mortality. 
Coagulopathy can develop rapidly 
in severe obstetric hemorrhage. 
Although treatment protocols 
from trauma patients are applied to 
obstetric hemorrhage management, 
distinct differences exist between 
the two situations.51 They suggest 
that, until efficacy and safety are 
demonstrated in obstetric hemor-
rhage, clinicians should be cautious 
about wholesale adoption of high 
FFP: RBC ratio MTP in this subset 
of patients.51 However, Gutierrez 
et al noted that MTP activation 
occurred for 31 patients: 19 with 
cesarean delivery, 10 with vaginal 
delivery, and two during dilation and 
evacuation. Favorable hematologic 
indices were observed post-MTP 

resuscitation (mean hemoglobin 
10.3 g/dL, platelet count 126,000, 
and fibrinogen 325 (125) mg/
dL). They concluded that although 
further outcome-based studies are 
required in this obstetric population, 
current MTP provides quicker access 
to blood products.52 

Until the literature proves other-
wise, the California Maternal Quality 
Care Collaborative (CMQCC) in 
their obstetric hemorrhage care 
guidelines and compendium of 
best practices recommends using a 
ratio of PRBCs:FFP:platelets that 
is 6 units PRBC:4 units FFP:1 unit 
apheresis platelets. If bleeding con-
tinues after initial treatment, strong 
consideration should be given to 
increasing the amount of FFP to 
a ratio of 4 units PRBC:4 units of 
FFP:1 unit of apheresis platelets.53 
These guidelines are currently being 
updated for 2013. 
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CME Questions

1. Which of the following is true regarding 
management severe acidosis in a trauma 
patient?
A. Administer crystalloid via large bore 

IV wide open.
B. Gain rapid control of hemorrhage and 

restore tissue perfusion.
C. Administer 2 amps of bicarbonate IV 

then start drip.
D. Hyperventilate patient via BVM.

2. Which clotting factor is the first to 
become depleted in the setting of severe 
hemorrhage?
A. factor X
B. factor VII
C. factor II
D. factor I (fibrinogen)

3. The vitamin K-dependent clotting factors 
are:
A. factors II, VII, IX, and X
B. factors IX, X, XI, and XII
C. factors II, VII, X, and XI
D. factors I, II, VII, and X

4. Which blood product is the best source of 
fibrinogen per unit?
A. FWB
B. PRBC
C. FFP
D. platelets

5. Which of the following correctly identifies 
the lethal triad? 
A. coagulopathy, acidosis, hypothermia 
B. head trauma, hemorrhage, paralysis 

C. coagulopathy, traumatic amputation, 
hyperthermia 

D. coagulopathy, hemorrhage, hypother-
mia

6. A 27-year-old patient is being transported 
to the ED after a traumatic amputation 
of both lower extremities. He is mentally 
clear, and there is little bleeding from his 
injuries. His BP is 90/50. The correct 
prehospital treatment for his hypotension 
would be? 
A. Infuse 2 liters NS open. 
B. Start Levophed IV and titrate to a 

systolic BP of 120. 
C. Infuse 4 unites packed RBCs for a 

goal systolic BP of 110. 
D. Type and cross for blood, but at this 

time do not treat the blood pressure.

7. Damage control resuscitation emphasizes 
which of the following? 
A. permissive hypotension 

B. immediate correction of coagulopathy 
C. reversal of anemia 
D. all of the above

8. Giving a transfusion of component 
products (1 U PRBCs + 1 U FFP + 1 U 
apheresis platelets) provides which of the 
following? 
A. less volume than 1 U whole blood 
B. greater number of platelets than 1 U 

whole blood 
C. less risk of blood-borne disease than 1 

U whole blood 
D. greater amount of fibrinogen than 1 

U whole blood

9. A 21-year-old female who requires 
uncross-matched blood should receive 
which of the following?
A. O positive
B. O negative
C. AB positive
D. AB negative
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10. The primary benefit of creating a massive 
transfusion protocol is: 
A. It gives rapid access to blood  

products.
B. It eliminates disputes between trauma 

and emergency physicians.
C. It permits EMTs to administer blood.
D. It does not vary from institution to 

institution.
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Exclusive to our subscribers Rapid Access Management Guidelines

Massive  
Transfusion: Part I

The Lethal Triad

The Clotting Cascade

Blood Products and Their Components

Blood Product Amount 
(mL)

Components ABO 
Compatibility

Rh 
Compatibility

Shelf Life

PRBCs 330
Plasma: 30 mL
Fibrinogen: < 100 mg
Citrate: 3 grams

Yes No* 42 days

Platelets (six pack)

Fibrinogen: 48 mg
Plasma: 240-360 mL 
(pooled); 200-400 mL 
(apheresis)

No No
5 days (4 hours once 
pooled)

FWB 500

HCT: 38-50%
Plts: 150-400,000
Fibrinogen: 750-1000 mg
Full coagulation function

Yes Yes 35 days

FFP 250
Normal coagulation factors 
at normal concentrations**
Fibrinogen: 400 mg

Yes No
1 year frozen (5 days 
once thawed)

1 unit PRBC
1 unit plts
1 unit FFP

660

HCT: 29%
Plts: 87,000
65% coagulation function
Fibrinogen: 750 mg

See above See above See above

Cryo
(one unit but usually 
transfused as 6 units)

15 mL per 
unit

Fibrinogen 250-350 mg/
unit
Factor VIII: 100 IU
vWF
Factor XIII

Yes when 
possible

1 year (24 hours 
once pooled)

*Type O, Rh-negative PRBCs can be used for all patients but are reserved for pediatric and female patients of 
childbearing age. Type O, Rh-positive can be used for males or females over 50 years old.
**Contains decreased levels of factors V (approximately 66% of normal) and VIII (approximately 41% of normal).
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