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New evidence in trauma resuscitation - is 1:1:1

the answer?

Timothy E Miller

Abstract

product ratio, Survivor bias

Traumatic injury is a common problem, with over five million worldwide deaths from trauma per year. An
estimated 10 to 20% of these deaths are potentially preventable with better control of bleeding. Damage control
resuscitation involves early delivery of plasma and platelets as a primary resuscitation approach to minimize
trauma-induced coagulopathy. Plasma, red blood cell and platelet ratios of 1:1:1 appear to be the best substitution
for fresh whole blood; however, the current literature consists only of survivor bias-prone observational studies.
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Review
Key points

e Damage control resuscitation is now the
predominant focus upon arrival in hospital.
Crystalloid delivery should be minimized, as it can
be associated with harm.

e Trauma-induced coagulopathy is a common
problem caused by dilution and consumption of
clotting factors, hypothermia and acidosis. Evidence
suggests it can be decreased by early delivery of
blood products.

e The best resuscitation appears to be with whole
blood rather than component therapy. Can 1:1:1
ever be an adequate substitute for fresh whole
blood, or should blood banks consider a return to
using whole blood?

e The use of Factor VII is controversial and is usually
no longer necessary with early delivery of blood
products. It was probably mainly used to treat an
iatrogenic coagulopathy. Tranexamic acid should be
considered and is significantly cheaper.

e Giving unnecessary plasma and platelets should be
discouraged in order to reduce the risk of
transfusion-related acute lung injury. Point of care
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coagulation tests may aid decision-making and
reduce unnecessary transfusions.

e Massive transfusion protocols improve
communication and delivery of blood products to
the patient. They enable clinicians to give fresh
plasma up front, rather than giving red blood cells
initially and plasma later.

Review

The problem of traumatic injury

Traumatic injury is the leading cause of death between
the ages of 1 and 40 [1]. An estimated five million
people die per year worldwide from traumatic injuries
[2]. It has been estimated that 10 to 20% of these deaths
are potentially preventable [3]. The biggest cause of
preventable death is early hemorrhage within the first
6 hours after incurring an injury [1], which has led trauma
teams to investigate whether a change in practice could
help reduce early mortality after severe trauma.

It is important to note that only 25% of trauma patients
actually receive a blood transfusion, with just 2 to 3% of
civilian traumas and 7 to 8% of military trauma patients
receiving a massive transfusion (MT) [4]. The definition
of a MT varies within the literature. The most commonly
used definition is a transfusion of greater than 10 units of
packed red blood cells (RBCs) within 24 hours [5].

Patients receiving a MT therefore form a small pro-
portion of the overall trauma burden. The majority of
trauma patients do not need blood products or the use
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of a massive transfusion protocol (MTP). However it is
the most severely injured patients requiring MT that are
at risk of early hemorrhagic death. These patients have a
mortality ranging from 40 to 70% at leading trauma
centers [2] and may benefit from the early use of blood
products and damage control resuscitation (DCR) as
described in this review.

The history of transfusion

The major changes in blood transfusion practice over
the last 100 years have largely occurred based on the ex-
perience of military physicians during the major conflicts
of the 20th century. The first use of preserved blood for
transfusion was carried in 1917 by Captain Oswald H.
Robertson from the United States Army Medical Officer
Reserves Corps for the British First Army during the Battle
of Cambrai in the First World War and was remarkably
successful [6,7]. He transfused O-negative blood, which had
been stored for 14 days and brought to the front line. This
led to the use of transfusion in the final year of the war, in
combination with saline and colloids [8]. By the time of the
Second World War, albumin and lyophilized (freeze-dried)
plasma were being used in combination with whole blood
to achieve a balanced resuscitation [9] - not dis-similar to
practices that are being advocated today. Since the Second
World War we have almost gone full circle, which means
that first practice changed for the worse.

Transfusion methods altered dramatically around the
time of the Vietnam War in the 1970s, when practice
changed from using whole blood to component therapy.
This was primarily due to the need for better resource
utilization, and to reduce infectious disease transmission.
This change in practice was accepted without support
from randomized controlled trials or large retrospective
studies in MT, and as a rule people did not adapt well to
using component therapy. There was confusion as to how
to use component therapy for MT, with underuse of
clotting products being the norm. As a result, inadvertent
hemodilution became routine as a part of MT in the 1970s
and 1980s. Failure to control bleeding led to a vicious cycle
of problems that became known as the ‘lethal triad’ of
trauma: coagulopathy, hypothermia and acidosis.

At that time, giving a significant amount of crystalloid
upfront on admission was common practice, which created
various problems including abdominal compartment
syndrome, acute respiratory distress syndrome (ARDS) and
multiple organ failure [10]. Products other than crystalloid
were only considered much later in the treatment process
after laboratory results had been analyzed or problems had
already begun to develop.

Finally, in the late 1990s clinicians started realizing the
deleterious effects of excess crystalloid [11,12]. This led to
a return to the balanced resuscitation that was reminiscent
of that described in the Second World War.
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Trauma-induced coagulopathy

Trauma-induced coagulopathy is an important predictor
of blood utilization and trauma-related mortality [13].
It is mainly an iatrogenic or secondary coagulopathy, a
condition in which various elements are thought to play a
role, including ongoing dilution and consumption of
clotting factors from crystalloid and RBCs, acidosis and
hypothermia [12].

Recently, it has been proposed that this secondary
coagulopathy is preceded by an early trauma-induced
coagulopathy (ETIC). ETIC is defined as prolonged PT
upon admission and has been described as a separate
phenomenon to trauma-induced coagulopathy in that it
is an early and primary event. The cause of ETIC is un-
known although several theories have been proposed.
One theory attempting to explain the cause of ETIC is
that the actual injury causes release of tissue factor,
which consequently causes thrombin and fibrin generation
and utilization, and disseminated intravascular coagulation
[14]. Another theory suggests that the hypoperfusion and
ischemia known to be associated with trauma can cause
release of activated protein C, which leads to consump-
tion of plasminogen activator inhibitor (PAI-1), inhib-
ition of the clotting cascade, systemic anti-coagulation
and hyperfibrinolysis [15].

A recent case-control study by Shaz looking only at
patients with ETIC found no difference between the
cases and the controls in thrombin or fibrin generation,
and no difference in the amount of fibrinolysis [16]. It
was found that patients with ETIC had been given
more crystalloid in the pre-hospital admission phase;
therefore they concluded ETIC may not be a unique
pathophysiologic response but rather a secondary trauma-
induced coagulopathy that occurs before a patient reaches
the hospital.

What is clear is that the coagulopathy of trauma
(whether it is called ETIC, trauma-induced coagulopathy or
alternate terms such early coagulopathy of trauma and
acute coagulopathy of trauma shock) is associated with an
increase risk of bleeding and mortality [16]. Therefore care
must be taken to decrease trauma-induced coagulopathy
where possible. This can be achieved by reducing the
amount of crystalloids given initially. Ley et al. analyzed
prospectively collected data from 3,137 trauma patients at a
level-1 trauma center between 2000 and 2008 in an attempt
to identify the factors responsible for increased mortality
after trauma. After multivariate logistic regression analysis
the resulting factors included many that were expected
including injury severity scores greater than 16, a Glasgow
coma scale (GCS) of less than 8, hypotension and an
age greater than 80. Another major factor was having
received IV crystalloid of greater than 1.5 liters in the
emergency department, which was an independent
risk factor for mortality in both elderly (>70 years old)
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(OR 2.89 (1.13 to 7.41, P = 0.027) and non-elderly patients
({OR 2.09 (1.31-3.33), P = 0.002). High-volume (>3 liter)
crystalloid resuscitations were associated with particularly
high mortality in elderly patients (OR 8.61 (1.55 to 47.75),
P =0.014).

A recent study in South Africa, looking at the use of
either colloid or crystalloid in early trauma patients,
showed that superior initial resuscitation using colloid
instead of crystalloid resulted in decreased lactate levels
and less renal injury after penetrating trauma [17]. The
superior intravascular retention with the colloid enabled
better tissue resuscitation. These results are supported
by a recent observational study [18].

Damage control resuscitation

The concept of damage control resuscitation (DCR) was
proposed in the mid 2000s as an alternative resuscitation
approach to hemorrhagic shock. Damage control resuscita-
tion involves:

1. Rapid control of surgical bleeding

2. Early and increased use of red blood cells, plasma
and platelets in a 1:1:1 ratio

3. Limitation of excessive crystalloid use

4. Prevention and treatment of hypothermia,
hypocalcemia and acidosis

5. Hypotensive resuscitation strategies

The first major study looking at damage control resusci-
tation was carried out by Borgman and colleagues at the
US combat hospital in Iraq [19]. This retrospective study
looked at 252 patients who had been given a MT, and
found a pronounced difference in mortality between
patients who had low, medium or high plasma to red
blood cell ratios; the higher the plasma ratio in the blood,
the lower the risk of mortality. This was achieved by
primarily reducing early (<4 hours from admission)
death from hemorrhage. Other studies in military trauma
have also shown a mortality benefit from high plasma:
RBC ratios [20-22].

Holcomb described similar results in 466 MT civilian
patients transported to 16 Level 1 trauma centers in the
United States [23]. Thirty-day survival was significantly
increased in patients with high plasma:RBC ratios (>1:2)
compared to those with low plasma:RBC ratios (<1:2). They
also showed that a combination of high plasma and high
platelet ratios (>1:2) increased 6-hour, 24-hour and 30-day
survival. Since studies looking at blood product ratios are
trying to prevent death from uncontrolled hemorrhage
it is important to measure mortality at 6 hours. Later
end-points are also relevant as increased exposure to
plasma could be reflected in an increased incidence of late
deaths from transfusion related lung injury (TRALI), ARDS
and multi-organ failure. Sperry and colleagues found a
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significant reduction in early (24 hour) mortality with
plasma:RBC ratio >1:1.5 in MT, but a higher risk of
ARDS [24].

It is important to note that currently all studies
looking at blood product ratios in both civilian and mili-
tary trauma are observational studies. They are therefore
prone to survivor bias due to the fact that many deaths
occur early in the hospital course when the patients are
more likely to be in the low ratio group [25]. A further
confounding factor is that patients who have more severe
injuries and receive relatively higher quantities of RBCs
are both more likely to receive a lower plasma:RBC ratio
and are more likely to die [26].

What about platelets?

After plasma:RBC ratios had been identified as an import-
ant component of a MT, Perkins and colleagues focused
on platelet ratios in military trauma [27]. The high ratio
group received approximately 1:1 platelets to RBCs, and
had improved 24-hour and 30-day survival rates com-
pared to other groups. This study however aptly illustrates
the problems of survivor bias; the median time to death in
the low platelet group was 2.3 hours, whereas the overall
median time to administering the first units of platelets
was 2.5 hours.

Higher platelet:RBC ratios (>1:2) have also been shown
to improve 24-hour and 30-day survival after MT second-
ary to civilian trauma [23,28,29]. The current US military
resuscitation approach is to use 1:1:1 resuscitation for all
combat casualties expected to receive a MT [2].

What about fibrinogen?
One unit of fresh whole blood contains 1000 mg of
fibrinogen, therefore losing a unit of blood also dispels
1000 mg of fibrinogen. It is common practice to replace
this loss with one unit of RBCs and one unit of fresh
frozen plasma (FFP), which restores approximately 500 mg
of fibrinogen, and so in a MT it is necessary to add more
fibrinogen at a later stage. This is usually done with cryo-
precipitate, which is derived from the precipitate fraction
of cold-thawed human plasma. For example, 10 units of
cryoprecipitate given in a MT will contain 2.5 g of cryopre-
cipitate, thus compensating for the fibrinogen deficit.
Stinger et al. showed that a high fibrinogen:RBC ratio
(>0.2 g of fibrinogen:RBC) was independently associated
with survival to discharge after military trauma (survival
76% versus 48%, P <0.001) [20]. As 1 unit of cryoprecipitate
contains 0.25 g of fibrinogen that ratio can be achieved by
transfusing cryoprecipitate:RBC in a 1:1 ratio. In practice
this is usually done by transfusing one 10-unit bag of
cryoprecipitate for every 10 units of red cells transfused.
A cryoprecipitate:RBC ratio of 1:1 has also been shown
to reduce 24-hour and 30-day mortality after MT in
civilian trauma [28].
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The advantages of warm fresh whole blood

Spinella et al. compared the use of warm fresh whole
blood (WFWB) to component therapy from a transfusion
database at the US Army Institute of Surgical Research
[21]. They looked at all combat casualty patients from both
Iraq and Afghanistan who were transfused with >1 unit of
RBCs. The patients who received WFWB got on average
only 30% WFWB and 70% component therapy, however
their survival rate was far better than patients who had
received component therapy alone.

The results of this study suggest that there must be a
significant advantage to using WFWB over component
therapy. Patients receiving WFWB are given 500 ml of
warm blood with no storage deficits and good hematocrit
levels. WFWB also contains the full amount of platelets,
clotting factors and fibrinogen and is therefore healthier
and more beneficial to the patient. Even ‘best’ practice
component therapy in a 1:1:1 ratio of platelets, plasma
and RBCs does not contain comparable levels of platelets,
clotting factors, or fibrinogen [30]. When components are
reconstituted after the addition of anti-coagulants and
additive solutions a cold, dilute product is produced.
Storage lesions also occur in the stored blood products
leading to decreased RBC deformability and reduced
platelet function [30,31]. Therefore even best practice
component therapy using the 1:1:1 formula is not as
effective as fresh whole blood.

Other drug therapies

The use of recombinant Factor VII (rFVII) in trauma is
controversial, and has decreased in recent years. It may
be that rFVII was used to treat an iatrogenic resuscita-
tion injury caused by overuse of crystalloid and RBCs.
As a practice has developed of giving more plasma and
platelets upfront, rFVII has fallen out of use and is
frequently no longer necessary in trauma surgery. One
study investigating the use of Factor VII within a major
trauma center found no correlation between the use of
the drug and outcome benefit; its use seemed to merely
prolong death rather than prevent it [32]. Other trials
in have also shown a lack of benefit [33] and evidence
of harm [34].

Tranexamic acid has been suggested as a cheaper al-
ternative to Factor VII. The Crash-2 trial randomized
over 20,000 trauma patients to either tranexamic acid
or control. Tranexamic acid significantly reduced the
risk of death (OR 0.91 (0.85 to 0.97), P = 0.0035) and
death from hemorrhage (0.85 (0.76 to 0.96), P <0.001),
without any increase in thromboembolic complications
[35]. The drug should therefore be considered in all
patients requiring MT. However, it should be noted that
the treatment produced only marginally superior outcomes
compared to the control, and only reached significance due
to the large number of patients studied.

Page 4 of 7

Survivor bias

There is a methodological issue with the literature on MT,
as no randomized control trial exists on increased blood
product ratios. Observational studies on transfusion ratios
are prone to survivor bias (SB) as many of the deaths
occur early in the hospital course when administration of
plasma typically lags behind RBCs, and they therefore fall
into the low plasma:RBC ratio group. Conversely patients
surviving long enough to receive sufficient plasma fall into
the high plasma:RBC group. In order to avoid SB some
investigators exclude patients who die within the first hour
or two after arriving at the Emergency Department. Alter-
natively investigators can model the relationship between
mortality and plasma:RBC ratio over time, and treat the
ratio as a time-dependent covariate.

Ho et al. recently reviewed the entirety of the literature
on blood product ratios in trauma to examine the preva-
lence of survivor bias [25]. They reviewed 26 studies on
blood ratios in trauma and found that:

e 11 studies that showed a benefit in high plasma:RBC
ratios were SB-prone. This included all four military
studies

e 10 studies that showed a benefit in high plasma:RBC
ratios were considered SB-unlikely

e 5 other studies were SB-unlikely but showed no
benefit in high plasma:RBC ratios.

Therefore while SB might partly explain the large
reduction in mortality with high plasma:RBC ratios in
some studies, there is still a considerable body of evidence
in favor of early administration of blood products within
a MTP.

Massive transfusion protocols

The improvement in mortality with changes in blood
product ratios has led many hospitals to implement
MTPs [36]. MTPs vary between institutions, but the
principles remain the same. MTP activation is usually
at the discretion of the trauma surgeon or emergency
department physician. Upon activation, blood services
will deliver several ‘rounds’ of blood products containing
RBCs, plasma and platelets to the patient until the protocol
is deactivated.

Riskin and colleagues showed that deaths from trauma
significantly decreased after the introduction of a MTP
[37]. They were already practicing an aggressive transfusion
practice in an attempt to prevent dilutional coagulopathy,
and the survival benefit does not appear to have been
related to any alteration in the volume or ratio of blood
components used. However by allowing expeditious
product availability, the MTP resulted in earlier transfu-
sion of RBCs and a significant decrease in time to first
transfusion of plasma and platelets.
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The key to the success of the protocol was therefore im-
proved communication and organization within the MTP
enabling earlier delivery of blood products from blood
services. A MTP should enable clinicians to administer 1:1
plasma to RBCs immediately upon admission to hospital,
rather than giving RBCs initially and then plasma at a later
stage. This means that thawed plasma has to be available in
the emergency department for use in the first round of the
MTP instead of having to wait for FFP.

Thawed plasma is simply FFP, which after thawing, is
kept at 4°C for 5 days. Thawed AB plasma is stored in
emergency department refrigerators alongside emergency
release type O blood. This allows both products to be used
immediately and concurrently when a MTP is initiated.

MTPs improve patient survival and also reduce clinician
stress. Another advantage is that MTPs have the potential
for cost savings with earlier control of hemorrhage leading
to decreased overall blood products utilization. O’Keefe
and colleagues reported a saving of $2,270 per patients
after introduction of a MTP [38].

How can we predict who needs a massive transfusion
protocol?

It is extremely important to predict who will need a MT
so that the MTP can be implemented to help prevent
early hemorrhagic deaths. However only 2% of civilian
trauma patients need a MT, so that means that the vast ma-
jority of trauma patients do not need a MTP implemented.
This cannot be overstated as overuse of a MTP can
cause harm as well as leading to wastage in blood bank
products and resources. There is a significant and well-
established risk of TRALI when giving blood components
(predominantly plasma). There is currently no data in
trauma, but in non-trauma studies plasma transfusion was
associated with an almost threefold increased risk of acute
lung injury (ALI) (OR 2.92 (1.99 to 4.29), P = 0.14) [39].
The proposed mechanism of TRALI involves antibodies
from donor blood components that are directed against
Human Leucocyte Antigens (HLA). These antibodies are
most numerous in women who have been pregnant, hence
the risk of TRALI can be reduced by using predominantly
male plasma [40].

It is sometimes difficult to predict who will need a MTP
activated. Dente and colleagues reported an ‘overtriage’
rate of 27% in whom the protocol was activated but the
patient never received a MT [41]. This led them to look
for early clinical markers after torso gunshot wounds
which correlated with the need for MT. They noted that
all patients with transpelvic and mulitcavity gunshot
wounds required MT. Of the patients with isolated
transabdominal or transthoracic bullet trajectories, many
did not require MT. However a systolic pressure less than
90 mmHg and a base deficit of greater than —10 units
were strong predictors of the need for MT.
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Ultimately a universal set of activation triggers may not
be possible due to practice variations at different trauma
centers, and the final decision will rely on the experience
and judgment of the trauma team.

Point of care coagulation testing
Point of care (POC) coagulation testing is an attractive
alternative to formula-driven approaches to blood transfu-
sion in trauma. POC hemoglobin, prothrombin time, plate-
let count and fibrinogen level and thromboelastography
(TEG™ Haemonetics Corp., Braintree, MA, USA) and
thromboelastometry (ROTEM™, Tem International GmbH,
Munich, Germany) are all available. Currently POC testing
is more commonly used in the majority of trauma patients
who have significant injuries but not enough to activate a
MTP, although as improvements occur in the speed and ac-
curacy of these technologies they may become an alterna-
tive to formula-driven MTPs in the most severe trauma.
Whole-blood viscoelastic tests, such as TEG or ROTEM
provide a real-time graphic representation of clot for-
mation enabling clinicians to individualize correction
of coagulopathy more accurately and substantially
faster than standard coagulation tests [42]. There is in-
creasing evidence that these devices are helpful in guid-
ing coagulation therapy for trauma patients according
to their actual needs. Individualized coagulation man-
agement can potentially reduce the risks or both under-
transfusion and over-transfusion of blood products [43].
However POC coagulation testing is not yet a standard
of care in most hospitals, and studies are needed to
demonstrate improved patient survival or decreased use
of blood products.

Future directions

Several large-scale trials are ongoing that may aid clini-
cians in the management of MT. The US Department of
Defense-sponsored  PROMMTT prospective observa-
tional study, which was performed at 10 major U.S.
trauma centers, has recently been completed and will
produce a lot of data on the management of MT in
major centers and outcomes [44].

The first multi-center randomized controlled trial to
compare blood ratios in trauma is being planned in the
United States. The PROPPR (Prospective Randomized
Optimum Platelet and Plasma Ratios) trial will enroll 580
patients in 12 centers over 2 years (ClinicalTrials.gov
Identifier: NCT01545232) Patients will be randomized to
either 1:1:1 or 1:1:2 (platelets:plasma:RBCs),

A formula versus lab-guided study comparing 1:1
versus conventional resuscitation has recently been
completed (ClinicalTrials.gov Identifier: NCT00945542),
and a trial to look at the use of stored whole blood in civilian
trauma is currently in progress. (ClinicalTrials.gov Identifier:
NCT01227005).
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So where are we now?

The current available evidence suggests that in severe
trauma with hemorrhagic shock a MTP should be acti-
vated. Patients should be resuscitated with warm fresh
whole blood or best practice component therapy in a
ratio of 1:1:1:1 (plasma:platelets:cryoprecipitate:RBCs).
Tranexamic acid should also be considered. In other
words, if the patient is hemorrhaging whole blood we
should reconstruct whole blood as much as we can.
The benefit of preventing an early hemorrhagic death
far outweighs the risk of subsequent TRALI.

Some authors are advocating a return to the widespread
use of WFWB in major trauma centers [45]. Transfusion
of WFWB has been associated with improved survival
during MT, and also substantially reduces recipient expos-
ure to plasma and platelets, thereby reducing the risk of
TRALI However, there are major logistical difficulties in
supplying WFWB that would need to be overcome to
overhaul blood services.

Once there is control of surgical bleeding in MT, and
for all patients who did not need a MT point of care co-
agulation tests should be used wherever possible. If there
is no imminent danger of life threatening hemorrhage if
seems prudent to use POC tests to ‘fine tune’ use of blood
products and prevent unnecessary administration.

Conclusions

Reduced crystalloid use upfront, massive transfusion
protocols and 1:1:1 in the absence of whole blood have
all been shown to improve trauma outcomes. There is
growing evidence to suggest that 1:1:1 is the best possible
alternative to fresh blood, together with damage control
resuscitation. However the principles of damage control
resuscitation should only be applied to those patients
who are going to need massive transfusion with life-
threatening hemorrhage.

Once surgical control has been achieved, and in the
98% of patients who do not require a massive transfu-
sion, the ultimate goal would be to individualize blood
product ratios from patient to patient rather than having
a set ratio for all cases. This could be achieved using
point of care coagulation tests, allowing for the delivery
of RBCs, plasma and platelets as and when the patient
needs them.

It is likely that there will be a significant amount of
literature in the near future on the use of lyophilized
plasma and other blood products, which will be of par-
ticular advantage in smaller hospitals and in combat zones
where disease-free blood products will be immediately
available. There may also be an increased drive toward
more widespread use of warm fresh whole blood. Future
clinical trials will define the role of these products and
continue the advances in trauma care that have been
made over the last decade.

Page 6 of 7

Abbreviations

ALI: Acute lung injury; ARDS: Acute respiratory distress syndrome;

DCR: Damage control resuscitation; ETIC: Early trauma-induced coagulopathy;
rFVII: Recombinant factor seven; FFP: Fresh frozen plasma; GCS: Glasgow
coma score; HLA: Human leucocyte antigens; MT: Massive transfusion;

MTP: Massive transfusion protocol; PAI-1: Plasminogen activator inhibitor;
POC: Point of care; RBC: Red blood cell; SB: Survivor bias; TRALI: Transfusion-
related acute lung injury; WFWB: Warm fresh whole blood.

Competing interests

The author has received honoraria from Hospira, Covidien, and Edwards
Lifesciences, and received research funding from Cheetah Medical and Retia
Medical.

Received: 23 October 2012 Accepted: 8 May 2013
Published: 3 July 2013

References

1. Holcomb JB, McMullin NR, Pearse L, Caruso J, Wade CE, Oetjen-Gerdes L,
Champion HR, Lawnick M, Farr W, Rodriguez S, Butler FK: Causes of death
in U.S. Special Operations Forces in the global war on terrorism:
2001-2004. Annals of surgery 2007, 245:986-991.

2. Holcomb JB: Optimal use of blood products in severely injured trauma
patients. Hematology Am Soc Hematol Educ Program 2010, 2010:465-4609.

3. Gruen RL, Jurkovich GJ, McIntyre LK, Foy HM, Maier RV: Patterns of errors
contributing to trauma mortality: lessons learned from 2,594 deaths.
Ann Surg 2006, 244:371-380.

4. Como JJ, Dutton RP, Scalea TM, Edelman BB, Hess JR: Blood transfusion
rates in the care of acute trauma. Transfusion 2004, 44:309-813.

5. Malone DL, Hess JR, Fingerhut A: Massive transfusion practices around the
globe and a suggestion for a common massive transfusion protocol.

J Trauma 2006, 60(Suppl 6):591-S96.

6. Robertson OH: Transfusion with Preserved. Br Med J 1918, 1:691-695.

7. Robertson OH: A method of citrated blood transfusion. Br Med J 1918,
1:477-479.

8. Stansbury LG, Hess JR: Blood transfusion in World War I: the roles of
Lawrence Bruce Robertson and Oswald Hope Robertson in the "most
important medical advance of the war". Transfus Med Rev 2009, 23:232-236.

9. Churchill ED: The surgical management of the wounded in the
Mediterranean theater at the time of the fall of Rome-[Foreword by Brig.
Gen'l Fred W. Rankin, M.C.]. Ann Surg 1944, 120:268-283.

10.  Moore FA, McKinley BA, Moore EE: The next generation in shock
resuscitation. Lancet 2004, 363:1988-1996.

11. Cotton BA, Guy JS, Morris JA Jr, Abumrad NN: The cellular, metabolic, and
systemic consequences of aggressive fluid resuscitation strategies.
Shock 2006, 26:115-121.

12. Wiedemann HP, Wheeler AP, Bernard GR, Thompson BT, Hayden D, de Boisblanc
B, Connors AF Jr, Hite RD, Harabin AL: Comparison of two fluid-management
strategies in acute lung injury. N Engl J Med 2006, 354:2564-2575.

13. Eddy VA, Morris JA Jr, Cullinane DC: Hypothermia, coagulopathy, and
acidosis. Surg Clin North Am 2000, 80:845-854.

14.  Gando S: Disseminated intravascular coagulation in trauma patients.
Semin Thromb Hemost 2001, 27:585-592.

15.  Brohi K, Cohen MJ, Ganter MT, Schultz MJ, Levi M, Mackersie RC, Pittet JF:
Acute coagulopathy of trauma: hypoperfusion induces systemic
anticoagulation and hyperfibrinolysis. J Trauma 2008, 64:1211-1217.
discussion 1217.

16.  Shaz BH, Winkler AM, James AB, Hillyer CD, MacLeod JB: Pathophysiology of
early trauma-induced coagulopathy: emerging evidence for hemodilution
and coagulation factor depletion. J Trauma 2011, 70:1401-1407.

17. James MF, Michell WL, Joubert IA, Nicol AJ, Navsaria PH, Gillespie RS:
Resuscitation with hydroxyethyl starch improves renal function and
lactate clearance in penetrating trauma in a randomized controlled
study: the FIRST trial (Fluids in Resuscitation of Severe Trauma).

Br J Anaesth 2011, 107:693-702.

18.  Ogilvie MP, Pereira BM, McKenney MG, McMahon PJ, Manning RJ, Namias N,
Livingstone AS, Schulman Cl, Proctor KG: First report on safety and
efficacy of hetastarch solution for initial fluid resuscitation at a level 1
trauma center. J Am Coll Surg 2010, 210:870-880. 880-872.

19. Borgman MA, Spinella PC, Perkins JG, Grathwohl KW, Repine T, Beekley AC,
Sebesta J, Jenkins D, Wade CE, Holcomb JB: The ratio of blood products



Miller Perioperative Medicine 2013, 2:13
http://www.perioperativemedicinejournal.com/content/2/1/13

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

transfused affects mortality in patients receiving massive transfusions at
a combat support hospital. J Trauma 2007, 63:805-813.

Stinger HK, Spinella PC, Perkins JG, Grathwohl KW, Salinas J, Martini WZ,
Hess JR, Dubick MA, Simon CD, Beekley AC, Wolf SE, Wade CE, Holcomb JB:
The ratio of fibrinogen to red cells transfused affects survival in
casualties receiving massive transfusions at an army combat support
hospital. J Trauma 2008, 64(2 Supp):S79-585. discussion S85.

Spinella PC: Warm fresh whole blood transfusion for severe hemorrhage:
U.S. military and potential civilian applications. Crit Care Med 2008,

36(7 Suppl):S340-S345.

Van PY, Sambasivan CN, Wade CE, Jones JA, Holcomb JB, Schreiber MA,
Blackbourne LH: High transfusion ratios are not associated with increased
complication rates in patients with severe extremity injuries. J Trauma
2010, 69(Suppl 1):564-568.

Holcomb JB, Wade CE, Michalek JE, Chisholm GB, Zarzabal LA, Schreiber MA,
Gonzalez EA, Pomper GJ, Perkins JG, Spinella PC, Williams KL, Park MS:
Increased plasma and platelet to red blood cell ratios improves outcome
in 466 massively transfused civilian trauma patients. Ann Surg 2008,
248:447-458.

Sperry JL, Ochoa JB, Gunn SR, Alarcon LH, Minei JP, Cuschieri J, Rosengart
MR, Maier RV, Billiar TR, Peitzman AB, Moore EE: An FFP:PRBC transfusion
ratio >/=1:1.5 is associated with a lower risk of mortality after massive
transfusion. J Trauma 2008, 65:986-993.

Ho AM, Dion PW, Yeung JH, Holcomb JB, Critchley LA, Ng CS, Karmakar MK,
Cheung CW, Rainer TH: Prevalence of survivor bias in observational
studies on fresh frozen plasma:erythrocyte ratios in trauma requiring
massive transfusion. Anesthesiology 2012, 116:716-728.

Sharpe JP, Weinberg JA, Magnotti LJ, Maclennan PA, Schroeppel TJ, Fabian TC,
Croce MA: Accounting for differences in transfusion volume: Are all massive
transfusions created equal? J Trauma Acute Care Surg 2012, 72:1536-1540.
Perkins JG, Cap AP, Spinella PC, Blackbourne LH, Grathwohl KW, Repine TB,
Ketchum L, Waterman P, Lee RE, Beekley AC, Sebesta JA, Shorr AF, Wade CE,
Holcomb JB: An evaluation of the impact of apheresis platelets used in
the setting of massively transfused trauma patients. J Trauma 2009,

66(4 Suppl):S77-S84. discussion S84-75.

Shaz BH, Dente CJ, Nicholas J, MacLeod JB, Young AN, Easley K, Ling Q,
Harris RS, Hillyer CD: Increased number of coagulation products in
relationship to red blood cell products transfused improves mortality in
trauma patients. Transfusion 2010, 50:493-500.

Holcomb JB, Zarzabal LA, Michalek JE, Kozar RA, Spinella PC, Perkins JG,
Matijevic N, Dong JF, Pati S, Wade CE, Trauma Outcomes Group, Holcomb
JB, Wade CE, Cotton BA, Kozar RA, Brasel KJ, Vercruysse GA, MaclLeod JB,
Dutton RP, Hess JR, Duchesne JC, McSwain NE, Muskat PC, Johannigamn JA,
Cryer HM, Tillou A, Cohen MJ, Pittet JF, Knudson P, DeMoya MA, et al.
Increased platelet:RBC ratios are associated with improved survival after
massive transfusion. J Trauma 2011, 71(2 Suppl 3):5318-5328.

Armand R, Hess JR: Treating coagulopathy in trauma patients. Transfus
Med Rev 2003, 17:223-231.

Tinmouth A, Fergusson D, Yee IC, Hebert PC: Clinical consequences of red
cell storage in the critically ill. Transfusion 2006, 46:2014-2027.

Morse BC, Dente CJ, Hodgman El, Shaz BH, Nicholas JM, Wyrzykowski AD,
Salomone JP, Vercruysse GA, Rozycki GS, Feliciano DV: The effects of
protocolized use of recombinant factor Vila within a massive transfusion
protocol in a civilian level | trauma center. Am Surg 2011, 77:1043-1049.
Hauser CJ, Boffard K, Dutton R, Bernard GR, Croce MA, Holcomb JB,
Leppaniemi A, Parr M, Vincent JL, Tortella BJ, Dimsits J, Bouillon B, CONTROL
Study Group: Results of the CONTROL trial: efficacy and safety of
recombinant activated Factor VIl in the management of refractory
traumatic hemorrhage. J Trauma 2010, 69:489-500.

Levi M, Levy JH, Andersen HF, Truloff D: Safety of recombinant activated
factor VIl in randomized clinical trials. N £ngl J Med 2010, 363:1791-1800.
Shakur H, Roberts |, Bautista R, Caballero J, Coats T, Dewan Y, El-Sayed H,
Gogichaishvili T, Gupta S, Herrera J, Hunt B, Iribhogbe P, lzurieta M, Khamis

H, Komolafe E, Marrero MA, Mejia-Mantilla J, Miranda J, Morales C, Olaomi O,

Olldashi F, Perel P, Peto R, Ramana PV, Ravi RR, Yutthakasemsunt S: 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, 376:23-32.

Schuster KM, Davis KA, Lui FY, Maerz LL, Kaplan LJ: The status of massive
transfusion protocols in United States trauma centers: massive
transfusion or massive confusion? Transfusion 2010, 50:1545-1551.

37.

38.

39.

40.

42.

43.

44,

45.

Page 7 of 7

Riskin DJ, Tsai TC, Riskin L, Hernandez-Boussard T, Purtill M, Maggio PM,
Spain DA, Brundage SI: Massive transfusion protocols: the role of
aggressive resuscitation versus product ratio in mortality reduction.

J Am Coll Surg 2009, 209:198-205.

O'Keeffe T, Refaai M, Tchorz K, Forestner JE, Sarode R: A massive
transfusion protocol to decrease blood component use and costs. Arch
Surg 2008, 143:686-690. discussion 690-681.

Murad MH, Stubbs JR, Gandhi MJ, Wang AT, Paul A, Erwin PJ, Montori VM,
Roback JD: The effect of plasma transfusion on morbidity and mortality:
a systematic review and meta-analysis. Transfusion 2010, 50:1370-1383.
Lin Y, Saw CL, Hannach B, Goldman M: Transfusion-related acute lung
injury prevention measures and their impact at Canadian Blood Services.
Transfusion 2012, 52:567-574.

Dente CJ, Shaz BH, Nicholas JM, Harris RS, Wyrzykowski AD, Ficke BW,
Vercruysse GA, Feliciano DV, Rozycki GS, Salomone JP, Ingram WL: Early
predictors of massive transfusion in patients sustaining torso gunshot
wounds in a civilian level | trauma center. J Trauma 2010, 68:298-304.
Johansson PI: Goal-directed hemostatic resuscitation for massively
bleeding patients: the Copenhagen concept. Transfus Apher Sci 2010,
43:401-405.

Schochl H, Maegele M, Solomon C, Gorlinger K, Voelckel W: Early and
individualized goal-directed therapy for trauma-induced coagulopathy.
Scand J Trauma Resusc Emerg Med 2012, 20:15.

Rahbar MH, Fox EE, del Junco DJ, Cotton BA, Podbielski JM, Matijevic N,
Cohen MJ, Schreiber MA, Zhang J, Mirhaji P, Duran SJ, Reynolds RJ,
Benjamin-Garner R, Holcomb JB, PROMMTT Investigators: Coordination and
management of multicenter clinical studies in trauma: experience from
the PRospective Observational Multicenter Major Trauma Transfusion
(PROMMTT) Study. Resuscitation 2012, 83:459-464.

Weiskopf RB: Reconstructing deconstructed blood for trauma.
Anesthesiology 2012, 116:518-521.

doi:10.1186/2047-0525-2-13
Cite this article as: Miller: New evidence in trauma resuscitation - is
1:1:1 the answer?. Perioperative Medicine 2013 2:13.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Review
	Key points

	Review
	The problem of traumatic injury
	The history of transfusion
	Trauma-induced coagulopathy
	Damage control resuscitation
	What about platelets?
	What about fibrinogen?
	The advantages of warm fresh whole blood
	Other drug therapies
	Survivor bias
	Massive transfusion protocols
	How can we predict who needs a massive transfusion protocol?
	Point of care coagulation testing
	Future directions
	So where are we now?

	Conclusions
	Abbreviations
	Competing interests
	References

