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Introduction

Trauma is associated with 1 in 10 deaths, with approximately 5.8
million mortalities annually worldwide [1]. Significant traumatic
bleeding is associated with a poor outcome, with a total mortality of
30%, and is the leading cause of preventable death. Trauma and massive
transfusion are associated with trauma induced coagulopathy (TIC),
which triggers secondary hypoperfusion, dilutional coagulopathy
and dilutional thrombocytopenia, and consumptive coagulopathy of
clotting factors and metabolic acidosis, as well as hypothermia, which
further enhances this vicious cascade leading to further blood loss. The
concept of damage control resuscitation has evolved, which emphasizes
early control of bleeding with damage control surgical techniques,
early use of blood products with limited crystalloid for resuscitation,
and permissive hypotension before hemostasis [2]. While control
of the hemorrhage for a bleeding patient must always be the utmost
priority, understanding the pathophysiology of TIC, and potential
for intervention fosters a more comprehensive approach to this
complex phenomenon. Recently, viscoelastic whole blood assay with
Thromboelastography (TEG) has been applied to the trauma patient for
evaluation in real time of clot strength that can target specific therapies
to facilitate hemostatic control.

Etiology

The etiology of TIC is a trauma that induces significant hemorrhage.
With this, a multifactorial cycle is initiated, that further propagates a
worsening coagulopathy. Etiological factors for this include the lactic
acidosis, tissue injury, hypothermia and dilution from crystalloid
resuscitation [3]. Not uncommonly, with the ongoing hemorrhage, and
efforts at resuscitation, the TIC becomes progressively worse.

Evidence points to the link between inflammation and coagulopathy
following injury. Activation of the coagulation system and the thrombin
generated is dependent on intelukleukin-6-expression of tissue
factor on activated monocytes and endothelial cells, and tissue factor
pathway inhibitors are unable to counteract this effect. Simultaneously,
endothelial anticoagulant mechanisms, especially the protein-C system
are shut down by proinflmmatory cytokines, at the same time the
fibrinolytic system is inactivated resulting in a coagulopathic state.

Massive Transfusion Protocol (MTP)

Historically, the transfusion for exsanguinating hemorrhage
focused on the transfusion of packed red blood cells. In retrospective
study, resuscitation with fresh frozen plasma in addition to the packed
red blood cells has been shown to have mortality benefit. In military
settings, the use of whole blood, which is richer in clotting proteins
and platelets, has also been demonstrated to have a benefit; in civilian
settings though, the transfusion of whole blood is not available [4].

Furthermore, fresh frozen plasma, which promotes clotting due
to the factors present, has the additional benefit of buffering the lactic
acidosis. This dual mechanism of action serves to avoid the TIC. Ideally,
the packed red blood cell to fresh frozen plasma ratio should be one
to one [5]. To achieve this ratio of the various blood products, many
institutions have adopted a massive transfusion protocol [6].

Recombinant Factor VIIa

Recombinant Factor VIIa (rFVIIa) was originally developed as
a single clotting factor replacement for the hemophiliac A and B
population. More recently, it has been used in cases of refractory TIC
to supplement the use of fresh frozen plasma to normalize clotting
function [7]. It provides a single clotting protein, and is administered
intravenously which has the theoretical advantage of rapid reversal
of TIC. While isolated case reports have presented dramatic results,
in more rigorous trials, there has not been a mortality benefit shown,
although there was a significant reduction in blood transfused in
trauma patients after severe blunt trauma [8,9]. In addition, concerns
remain that the rFVIIa may overpromote thrombosis manifesting as
an increase in deep venous thrombosis, pulmonary embolism and
myocardial ischemic events.

Prothrombin Complex Concentrate (PCC)

PCC contains high concentrates of four Vitamin K dependent
clotting factors: Factor II, Factor VII, Factor IX and Factor X. Recently,
PCC has been utilized for reversal of warfare in patients where vitamin
K and FFP cannot provide a rapid enough reversal as in the setting of
significant intracerebral bleeding [10].

PCC has the four factors that are critical for the extrinsic pathway of
the clotting cascade, which is disrupted in TIC with endothelial damage.
The multifactors in PCC have a theoretical advantage in the reversal
of TIC, over what rFVIIa provides, as it more completely repletes
the clotting proteins. It should also be noted that there is variability
in the contents of PCC under different brands, and that some of the
formulations of PCC are only three factors, with no Factor VII, making
them less preferred for reversal of TIC [11].

Tranexamic Acid (TXA)

Hyperfibrinolysis is a contributor to significant coagulopathy,
and antifibrinolytic agents can reduce blood loss in patients with an
excessive fibrinolytic response to trauma. Tranexamic acid (TXA)
is derived from the amino acid lysine that works by the mechanism
of blocking the lysine site of plasminogen. TXA has been shown in
multiple studies to reduce the need for blood transfusion by a third
in elective surgery cases, but did not change the mortality [12]. In the
CRASH-2 trial, over 20,000 adult trauma patients were treated with
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tranexamic acid as compared to placebo, and a significant decrease in
all cause mortality was noted, without an increase in vascular occlusive
events [13].

Thromboelastography (TEG)

With the ability to provide more rapid resuscitations, and the early
use of blood products, specifically platelets, FFP and cryoprecipitate,
with potential for augmentation in clotting factors via rFVIIa and/or
PCC the need arises to have a rapid assessment of the bleeding patients
coagulation system to direct further therapy. Traditional evaluation has
included a quantitative platelet count, and the prothrombin and partial
thromboplastin time. However, these tests are limited by the laboratory
turnaround time, and fail to provide information in real time given this
limitation. In addition, there is potential to target the therapy, with a
recent series suggesting a mortality benefit in TEG directed massively
transfused penetrating trauma patients [14].

Thromboelastography (TEG) has gained popularity in the last
several years for monitoring TIC, and guiding therapy of blood
products. The attraction is the rapid turnaround time compared to the
traditional lab tests. TEG derives its results by analyzing the physical
properties of clot formation [15]. Future research will be needed to
elucidate the precise role of this technology to the population of TIC.

Conclusion

TIC remains an important contributor to trauma mortality. With
an understanding of the pathophysiology, and the multifactorial
contributors to the common pathway of the coagulopathic state,
intervention is possible to prevent the coagulopathy from developing,
and to stabilize it once it is initiated with the recent advances described.
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