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Abstract
Hemorrhage is a major cause of trauma deaths. Coagulopathy exacerbates hemorrhage and is commonly seen during major trauma
resuscitation, suggesting that current practice of coagulation factor transfusion is inadequate. Reversal of coagulopathy involves normalization of body temperature, elimination of the causes of disseminated intravascular coagulation (DIC), and transfusion with fresh-frozen
plasma (FFP), platelets, and cryoprecipitate. Transfusion should be guided by clinical factors and laboratory results. However, in major
trauma, clinical signs may be obscured and various factors conspire to make it difficult to provide the best transfusion therapy. Existing
empiric transfusion strategies for, and prevailing teachings on, FFP transfusion appear to be based on old studies involving elective patients
transfused with whole blood and may not be applicable to trauma patients in the era of transfusion with packed red blood cells (PRBCs).
Perpetuation of such concepts is in part responsible for the common finding of refractory coagulopathy in major trauma patients today. In
this review, we argue that coagulopathy can best be avoided or reversed when severe trauma victims are transfused with at least the
equivalent of whole blood in a timely fashion. © 2005 Excerpta Medica Inc. All rights reserved.
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injuries

Uncontrolled hemorrhage is responsible for 40% of
trauma deaths [1]. Coagulopathy is a component of the
trauma triad of death that also includes hypothermia and
acidosis [2– 4]. Given that a mainstay of trauma management is the replacement of lost and consumed coagulation factors, the very fact that coagulopathy is commonly
seen during trauma resuscitation points to a logical conclusion: we are not giving enough coagulation factors
during major trauma resuscitation.

Causes of Coagulopathy
The causes of trauma- and resuscitation-related coagulopathy are complex, not fully understood, and include
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disseminated intravascular coagulation (DIC), dilution, hypothermia, and major metabolic derangements.
Disseminated intravascular coagulation
DIC is a common complication of brain and extensive
tissue injuries. Thromboplastin in blood and exposed
endothelium trigger disseminated coagulation. Based on
the prothrombin time (PT), activated partial thromboplastin time (APTT), plasma fibrinogen and D-dimers, and
platelet counts, Kearney et al [5] found that 41% of
trauma patients with head injury and 25% of those without head injury had DIC. Keller et al [6] found that the
incidence of coagulopathy correlated with the Glasgow
Coma Scale (GCS) score. May et al [7] found that 81% of
patients with a GCS ⱕ6 were coagulopathic, as were all
those with a GCS ⬍5. The incidence of coagulopathy was
21% in patients with an injury severity score (ISS) of
15–29, 41% in patients with ISS 30 – 44, 59% in patients
with ISS 45–59, and 79% in those with ISS 60 –75 [7].
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Coagulopathy was associated with an increased mortality
over and above that of the ISS [7]. Brohi et al [8] found
that 24.4% of 1088 trauma patients on admission had a
coagulopathy (PT ⬎18 seconds, APTT ⬎60 seconds, or
thrombin time ⬎15 seconds [1.5 ⫻ normal]), having
received only minimal fluid therapy in the field. Increased fibrinolysis naturally accompanies widespread
activation of the coagulation system. Furthermore, in
patients with head injury, ␣2-plasmin inhibitor, which
inactivates plasmin, a key enzyme in fibrinolysis, is
greatly reduced due to consumption [9] and possibly
dilution and reduced production.
Treatment of patients with DIC includes the prevention
of further tissue injuries and hypoxia, and the transfusion of
cryoprecipitate, fresh-frozen plasma (FFP), and platelets.
Dilutional coagulopathy
By definition, dilutional coagulopathy occurs when
lost blood is replaced with fluids that do not contain
adequate coagulation factors. It is a recognized complication of massive transfusion and is, arguably, preventable. Dilution sometimes starts at the scene of the accident, beginning with a severely injured patient being
resuscitated with crystalloid solution, followed by several units of packed red blood cells (PRBCs) in the
emergency department, before admission coagulation test
results become available. When fluid resuscitation prior
to arrival at the hospital was the norm, 33% to 55% of
major trauma patients had an admission blood sample
that indicated an APTT ⬎55 seconds and a PT ⬎18
seconds [10]. These results in a hemorrhaging patient
would trigger a call for FFP. After a 20- to 30-minute
thawing process, the FFP would be used up, and further
delay would be incurred, especially if one “went by the
book,” and insisted on laboratory confirmation in the next
blood sample for guidance. Today, even when no fluid
resuscitation is administered at the scene of the accident,
the above sequence is often played out in the hospital,
with similar results.
The treatment of dilutional coagulopathy is the transfusion of coagulation factors (and platelets).
Hypothermia
Despite aggressive prevention strategies, most severely injured patients initially develop hypothermia. Hypothermia impairs platelet aggregation [11] and potentiates coagulopathy in factor-deficient plasma. Johnston et
al [12] found that at 35°C, without dilution, there were
decreases of function in all factors, such that factors XI
and XII are only functioning at 65% of normal, and at
33°C, their activities are 17% and 32%, respectively. At
32°C and without dilution, the PT performed without
pre-warming the blood sample to 37°C is 1.5 ⫻ normal
[13]. Using blood from healthy volunteers, Wolberg et al

[14] found at 33°C a modest but nonstatistically significant reduction in coagulation enzyme cascade enzyme
activities, and a significant reduction in platelet aggregation and adhesion after activation by thrombin. Below
33°C, enzyme activities were also significantly reduced.
The PT and APTT normally do not reflect hypothermiainduced coagulopathy because blood samples are prewarmed to 37°C before measurements. Patients (n ⫽ 28)
with high Trauma Score (15 or 16) and Abdominal Injury
Severity Score ⱖ9 had significantly less blood loss when
body temperature was maintained above 35°C when compared to patients (n ⫽ 29) whose temperature was 33 and
35°C (540 ⫾ 580 mL vs. 1820 ⫾ 1160 mL; P ⬍ .003)
[15]. In patients with an ISS ⬎25, mortality rates of
100%, 69%, 40%, and 7% were associated with core
temperatures of ⬍32°C, ⬍33°C, ⬍34°C, and ⬎34°C,
respectively [16]. In most situations, great effort must be
taken to prevent and reverse hypothermia (without inducing hyperthermia) during trauma resuscitation. Indeed, in
recent years, clinicians have been increasingly employing
warming blankets, fluid warmers, staged laparotomy,
etc., with improved outcome [3].
In our opinion, until normothermia is restored, it may
be useful to treat all of the other causes of coagulopathy
more aggressively to reduce any additive or synergistic
effects.
Acidosis
Meng et al [17] found that the rate of activated factor
X formation by activated factor VII/tissue factor complex
and the activity of activated factor VII alone on phospholipid (found in cell membranes) vesicles are substantially reduced in a pH ⬍7.4 environment. A decreased pH
also decreased the rate of prothrombin activation by activated factor X/activated factor V complex on phospholipid
vesicles. Interestingly, they found that these activities increased in an alkaline environment. Viuff et al [18] found
significantly reduced clot formation rate based on thrombelastography (angle ␣) in normal blood acidified to pH of
7 in vitro. Djaldetti et al [19] observed that healthy platelets
incubated at a pH of 5.5 transform into spheres deprived of
pseudopodia and aggregating tendency, while at a pH of 9,
the platelets underwent internal organelle transformation
similar to that caused by thrombin, and developed pseudopodia that facilitated aggregation. Impaired hemostatis at a
pH of 7.2 had also been demonstrated by Dunn et al [20].
Cosgriff et al [21] found that among patients with an ISS
⬎25 and pH ⬍7.1, half had a PT and/or APTT ⱖ2 ⫻ the
control value.
Reversal of acidosis depends on improved tissue perfusion, avoidance of hypoventilation and excessive saline use
[22], and, in severe cases, may require titrated bicarbonate
administration. Although never proven, aggressive correction of coagulopathy due to other causes may lessen the
impact of acidosis on the overall coagulopathic picture.
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Difficulties in Preventing or Reversing Coagulopathy
During Major Trauma Resuscitation
Apart from correction of hypothermia and bleeding control, an important step for eliminating and preventing coagulopathy is the replenishment of consumed and lost factors (and platelets) through FFP, cryoprecipitate (and
platelet) transfusion. Blood products are expensive and potentially dangerous. Ideally, they should be given only if
microvascular bleeding is present and PT and APTT are
⬎1.5 ⫻ control [23]. Unfortunately, diffuse bleeding in
severely injured patients is often occult and anatomically
ill-defined, and PT and APTT results are rarely reported
quickly. Further complicating the task of requesting for FFP
is the time required to deliver, thaw, and transfuse FFP, and
the refusal of some blood banks to accept unused FFP.
Another difficulty is created by the perpetuation in books
and reviews of a “conservative” attitude toward FFP use
during major trauma resuscitation.
Current attitude toward the use of FFP in major
trauma resuscitation
By not taking into consideration the practical problems
discussed above, many authors provide inappropriate FFP
transfusion strategies in the face of severe traumatic hemorrhage. Empiric strategies (e.g., 1 unit of FFP for every
5– 6 units of PRBCs [24 –26], at least 1 unit for every 4 units
of PRBCs [27] or every 10 units of PRBC [28]) have been
advocated by some, while others have proposed that a minimum of 2 units of FFP should be given based on a PT ⱖ1.8
⫻ control, or that 1–2 units of FFP for every 2 units of
PRBCs should henceforth be given until the PT is controlled
[29]. These strategies appear to be fundamentally flawed in
severe trauma. It seems counterintuitive that one could
transfuse with the equivalent of blood deficient in clotting
factors (as would be the case with any of these empiric
formulae), and still expect that a hemorrhaging patient
would not eventually suffer worsening coagulation deficiency. In our opinion, all of these recommendations are too
conservative when applied to major trauma resuscitation. If
they were not, coagulopathy would not be so commonly
associated with severe trauma. For the record, this conservative attitude on FFP use in major trauma resuscitation
appears not to be the culmination of rigorous and statistically robust studies, but to be based on research and expert
opinions that were extrapolated from the non-trauma literature, or are no longer relevant today. Previous work had
suggested that despite major blood loss, dilutional coagulopathy develops late during surgery. However, the often
cited studies to support this claim were on patients undergoing plasma-exchange transfusion, showing that one third
of their coagulation factors were still present in their plasma
after an entire blood volume has been replaced under normovolemic conditions [30,31]. Translating these findings to
major trauma patients, who receive transfusion after, not
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concurrently with the onset of, blood loss, may not be
appropriate. To take an extreme example, if a patient should
hypothetically be drained of all his blood after trauma, then
is given an entire blood volume of PRBCs and colloid (or
crystalloid equivalent) devoid of coagulation factors, he
should not still have one third of his normal factor levels.
Other frequently cited studies on dilutional coagulopathy
were also on elective surgical patients [32–35]. Trauma
patients suffer an initial contraction of blood volume,
whereas in elective patients, normovolemia is maintained.
As a result, for the same volume of bleeding, the degree of
factor loss is much reduced in the latter. Upon volume
resuscitation initially with crystalloid/colloid and PRBCs,
the trauma patient’s plasma coagulation factors are more
severely diluted. Trauma patients have 3 more reasons why
they may be more prone to coagulopathy: hypothermia,
consumptive coagulopathy, and acidosis are generally absent in elective cases, but are common among trauma patients.
Prior to the late 1980s, blood transfusion was in the form
of whole blood, and the main hemostatic consequence of
mass transfusion was thrombocytopenia [32–34]. Coagulopathy developed later than thrombocytopenia (but did
nonetheless) because whole blood is roughly equivalent to 1
unit of PRBCs plus 1 unit of FFP (minus the platelets and
portions of some labile coagulation factors). A whole generation of clinicians was trained to believe that dilution of
coagulation factors with massive transfusion occurred late.
Then, beginning in the late 1980s, whole blood was almost
completely replaced by PRBCs that have virtually no coagulation factors. Despite this important change, the doctrine
that FFP is required late in the resuscitation process continues to be preached. We do not see the logic behind the
notion that thrombocytopenia develops before coagulopathy
[36]. First, there is no prospective study on this subject in
severely injured patients in this era of using PRBCs rather
than whole blood. Second, with its considerable reserve
marginalized in blood vessels and stored in the spleen,
platelets do not get depleted quickly. By the time significant
thrombocytopenia develops, why should the coagulation
factors, many of which do not have the capacity to acutely
increase to a great extent, not also have decreased to significantly low levels?
Although the conservative approaches to FFP dosing
during major trauma resuscitation promulgated in textbooks
and reviews are inconsistent with our experience and that of
many of our frontline colleagues, convincing published data
to refute (or support) them are not available. Prospective, let
alone randomized, blinded, controlled, intention-to-treat–
analyzed trials are difficult to conduct in severe trauma.
Unfortunately, trauma does not wait for such data, and
decisions must be made every day in emergency and operating rooms, and in intensive care units on how to combat
coagulopathy. While some academics may decry “the lack
of convincing evidence” that increased use of FFP during
major trauma resuscitation improves outcome, many of our
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colleagues already are convinced that current recommendations in textbooks and in review papers are inadequate or
impractical.

Proposing a More Aggressive Coagulation Factor
Transfusion Strategy
Data demonstrating high incidences of coagulopathy in
patients with a high ISS even before fluid resuscitation had
begun [8] argue strongly for a more aggressive coagulation
factor replacement strategy right from the start for severe
cases. If neglected, further dilution of coagulation factors
occurs as resuscitation begins and catching up becomes very
difficult. Some may argue that FFP, cryoprecipitate, and
platelet transfusion in the absence of microvascular bleeding is tantamount to mismanagement. Strictly speaking, we
are not in disagreement with this “textbook” recommendation, and concur that if it is certain that there is no microvascular bleeding, and the patient’s clinical picture is stable,
coagulation factors should not be given. Likewise, if coagulation test results are available quickly (as might be provided by an accurate point-of-care device), the porter service is efficient, and a fast warmer that does not denature
plasma protein is available, then one could have the luxury
of waiting for the test results before deciding on the need for
FFP transfusion. We also agree that the recommendation of
one unit of FFP for every 4 –10 units of PRBC [24 –29] is
appropriate in patients who are not severely injured and
coagulopathic, as long as we are still in the early phase of
resuscitation, when temporary natural protective mechanisms such as increased mobilization of coagulation factors
and hypercoagulabiliy are in effect.
What we would like to see replace the current textbook
teachings is a factor transfusion strategy that is adopted
ideally before, and definitely no later than, the point when
loss of approximately 1 blood volume within a relatively
short period of time has occurred, or when the PT and APTT
are ⬎1.5 ⫻ control, and hemorrhage is unabated, or when
the ISS is ⱖ30 [8]. From that point onward, 1 unit of FFP
(and possibly platelets) should be given for every unit of
PRBCs given, with little or no crystalloid or colloid. In
other words, we recommend transfusing with the equivalent
of whole blood. In the not uncommon situation when factor
concentration is already much less than 40% (APTT ⬎55
seconds, PT ⬎18 seconds), and the patient is still bleeding,
FFP may need to be given even more aggressively, in the
ratio of 1–1.5 units of FFP for every unit of PRBCs transfused. Given the inherent delays in readying FFP, the window of opportunity for preventing coagulopathy in a hemorrhaging patient could be small. In order not to have to play
“catch up,” it is much better to proactively adopt an aggressive strategy in coagulation factor transfusion before factor
levels decline to a critical level, especially if bleeding is
severe and control of bleeding is nowhere near imminent.
Should significant hypothermia be present, maximum re-

warming is required, and coagulation factors should be
topped up probably even more aggressively to avoid the
additive or synergistic effect of hypothermia and low
plasma coagulation factor concentration (our unproven
view). In the thick of a major resuscitation when control of
the hemorrhage is not yet at hand, it is better to not risk a
downward-spiraling coagulopathy from which the patient
never recovers, not to mention the guaranteed increased
exposure to blood products, than to avoid the theoretical
risks of unnecessary exposure to blood products. Obviously,
trauma resuscitation is a complex and dynamic process, one
that should not be managed with inflexible dogma and a few
simple formulas. The best way to use blood products sensibly and efficiently is by maintaining vigilance, a flexible
attitude, and the appropriate use of laboratory measurements of complete blood count and coagulation indices. In
our experience with severe trauma, one is far less likely to
end up giving way too much FFP before realizing it, than to
lose a fight against refractory coagulopathy.
Although, as mentioned earlier, no blinded prospective
randomized controlled trial is available on how FFP should
be given, less robust data [3,10,37– 45] are available that
support or are consistent with the kind of “aggressive” FFP
strategies we are proposing.
Hewson et al [37] retrospectively reviewed 64 massively
transfused patients (8 had multiple trauma) and identified
that significant, albeit transient as a result of successful
resuscitation, coagulopathy occurred after crystalloid administration, and that the APTT was closely correlated with
the number of liters of crystalloid infused and the duration
of antecedent hypotension. They recommend that in patients
with major and ongoing bleeding, FFP and PRBC should be
given in a 1:1 ratio to avoid a dilutional coagulopathy [37].
Faringer et al [10] echoed the experience of many clinicians that during the massive transfusion of PRBCs, critically abnormal coagulation test results were commonly
noted. They retrospectively studied 44 trauma patients and
found that 33% of those with blunt trauma and brain injuries
and 55% of those with penetrating trauma and no brain
injuries had a PT ⬎18 seconds and APTT ⬎55 seconds on
arrival in the emergency department, after having received
only electrolyte solutions as pre-hospital therapy. They
found that the magnitude of blood loss, and not the mechanism of injury, primarily influenced the development of
coagulopathy during massive transfusion. They recommended early correction of coaglulation abnormality.
Phillips et al [38] retrospectively reviewed the records of
56 patients who had received more than 31–39 units of
blood (90% was in the form of PRBCs) till death or 36
hours after admission. They identified a 77% mortality rate
among patients who developed coagulopathy as defined by
microvascular bleeding. They argued for an aggressive use
of FFP for prophylaxis in these patients.
Harvey et al [39] retrospectively reviewed 43 patients
who received 19.2 ⫾ 10.4 units of PRBCs in 24 hours.
Twenty of them were trauma patients. The 43 patients used

A.M.-H. Ho et al. / The American Journal of Surgery 190 (2005) 479 – 484

824 units of PRBCs, 457 units of FFP, and 370 units of
platelets. Overall survival rate was 60%. Severe coagulopathy occurred in 19 patients (44%) with a mortality rate of
74%. They recommended targeting component replacement
such that PT and APTT are under 1.5 ⫻ normal, and their
“best guess” strategy is the replacement of 5 units of FFP
and 10 units of platelets per 10 units of PRBCs, after the
initial 10 units of PRBCs have been transfused.
Mitchell et al [40] retrospectively reviewed the records
of 30 penetrating trauma patients who received 11.7 ⫾ 4.9
(SD) (range 8 to 43) liters of crystalloid, 7.6 ⫾ 3 (range 4
to 45) units of PRBCs, and 7.0 ⫾ 3.6 (range 1 to 30) units
of FFP during the first 24 hours of admission. They found
that nonsurvivors demonstrated, among others, a greater
incidence of coagulopathy (62% vs. 4.5%). They recommended that FFP and platelets should be given aggressively
on an empiric basis without delaying for laboratory confirmation of coagulopathy.
Cinat et al [3] retrospectively analyzed survival following massive transfusion (50 –114 units of PRBCs over 24
hours) in patients who had undergone trauma. They compared the periods 1988 –1992 and 1993–1997. Survival increased during the more recent years (P ⫽ .03). They
attributed the improvement to more aggressive correction of
coagulopathy, more efficient use of warming measures, decreased operative times for the initial operation, the use of
staged laparotomy, and increased use of component therapy.
They found that FFP use was 1 unit per 1.8 units of PRBCs
in survivors versus 2.5 units of PRBCs for nonsurvivors.
Leslie and Toy [41] retrospectively reviewed 39 patients
(25 involved in trauma) given 10 or more units of PRBCs in
24 hours, and found that after transfusion of 12 units of
PRBCs, 100% of patient had a PT ⬎1.5 ⫻ mid-range of
normal, compared to 36% of patients given ⬍12 units.
Horst et al [42] retrospectively reviewed 154 trauma
patients and found prolongation of coagulation indices with
increasing transfusion of plasma-poor red blood cells. Coagulopathy was diagnosed clinically in 43 patients, 32
(74%) of whom died.
Using a computer model of exanguination, Hirshberg et
al [43] concluded that dilutional coagulopathy is common
and occurs early. They determined that FFP transfusion
should begin early using an FFP:PRBC ratio of 2:3 [43].
Using a mathematical model of normovolemic hemodilution, Singbartl et al [44] determined that a critically low
fibrinogen level is sometimes breached before critically low
hematocrit and platelet concentrationa. Our own simulation
shows similar results and confirms what would seem intuitively obvious that the equivalent of whole blood is required to prevent dilution coagulopathy, and further supplementation with FFP is needed to correct established dilution
coagulopathy.
Implicit endorsement of increased FFP use can also be
found in the claim that whole blood is superior to PRBCs
for trauma resuscitation [45], and in the effectiveness of
staged laparotomy [2]. During the initial laparotomy and in
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the intensive care unit, re-warming, aggressive use of platelets, cryoprecipitate, and FFP to normalize the fibrinogen
level and the PT and APTT, monitoring for signs of abdominal compartment syndrome, and stabilization of vital parameters, etc., are carried out. Retrospective studies have
documented reduction in operative times, and salvage rates
of 20% to 60% in patients who formerly would probably
have died in the operating room [2,46 – 48]. Could the superiority of the delayed resuscitation (“scoop-and-run”)
technique for penetrating torso trauma be due not just to the
prevention of the re-opening of bleeding sites, but also to
the prevention of hypothermic and dilutional coagulopathy
caused by zealous transfusion of fluids by ambulance and
emergency staff?
Platelets are similarly vulnerable to depletion during
major resuscitation. However, platelets do not require thawing and can be given very quickly (catching up is easier). As
such, thrombocytopenia is rarely ever a downward spiral
from which one never recovers.
While arguing for more liberal use of FFP, we are
acutely aware of inappropriate FFP transfusion practices in
the past. Any suggestion for increased FFP use should be
tempered by the warning against repetition of past abuses.
Whether or not more liberal use of FFP in trauma would
lead to decreased net bleeding and better outcome (our
view), or result in increased exposure of patients to blood
products with negative implications, is best resolved by
clinical studies. Blood product requirements may also be
reduced with the use of recombinant activated factor VII.
However, this potent (and impressive) agent still requires
coagulation factors for thrombin generation. Moreover, it is
expensive, is not yet approved for trauma resuscitation, and
the optimal timing of its use is not well defined. Just as
antibiotics have not eliminated sepsis, activated factor VII is
not likely to solve all of our patients’ bleeding problems
[49]. Its eventual broad availability and better guidelines are
eagerly anticipated. Meanwhile, we should not forget that
we currently have a serious problem of coagulopathy in
severely injured patients, caused, in part, by the underuse of
coagulation factors.
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