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Trauma-induced coagulopathy (TIC) is a complex process
that, to date, remains poorly understood. The appreciation of
the limitation of using conventional coagulation assays to
assess hemostasis in trauma has led to an explosion of
research in the field. Emerging data now support the need
to look outside the convention coagulation box and look for
injury-specific mechanisms that change coagulation follow-
ing injury and hemorrhagic shock due to the close connec-
tion of the coagulation system with the central nervous
system, immune system, and cardiovascular system. This
edition of Seminars of Thrombosis and Hemostasis is intended
to highlight the divergent area of research in thefield and the
ongoing need for further translational efforts.

TIC is present in a high percentage of very severely injured
trauma patients upon presentation. While the historic def-
initions of TIC dichotomized patients as having coagulopathy
based on prothrombin time (or international normalized
ratio [INR]), a more complex understanding of this patho-
physiology has evolved. The coagulation system following
trauma has derangements that include thrombin generation
and dysfunction of platelets, fibrinogen, the fibrinolytic
system, and the innate immune system. None of these
derangements are reliably measured with an INR.

This issue starts with a discussion of the pathophysiology
of coagulation activation and fibrinolysis in trauma from a
hematologist’s perspective and postulates that fibrinolysis
plays the central role.1 This is followed by a review on the
specific roles of platelets and fibrinogen inTIC by St. John and
White.2Hartman et al then provided an in-depth description

of viscoelastic methods involving the thromboelastography
and rotational thromboelastometry.3

Trauma creates a broad spectrum of abnormal physiology,
with a wide range of tissue injury and blood pressures
ranging from hypertensive to asystole. Therefore, it is not
surprising that a spectrum of coagulation changes is present
when these severely injured patients present to the emer-
gency department. To add complexity to the understanding
of TIC, specific organ injury and the age of the trauma patient
appear to drive different changes in coagulation. The simi-
larity and differences between adults and pediatric trauma
patients are presented by Lucisano et al.4

Emerging literature also supports a link between changes
in coagulation and fibrinolysis, and the central nervous,
cardiovascular, and innate immune systems. The changes
in traumatic brain injury are reviewed by Maegele et al,5

whereas Zhao et al discuss the role of mitochondria in brain
injury.6

There are also differences in organ-specific contributions to
coagulopathy, requiring ongoing investigation to better under-
stand the pathophysiology of TIC. Combining all trauma
patients into one category of TIC will provide a limitation in
understanding the complete picture of what drives coagulo-
pathicbleedingandmortality inaffectedpatients.This includes
the feedback between coagulation and the other systems. The
fibrinolytic system, for example, appears to have direct com-
munication with complement activation and adaptive immu-
nity following injury, as discussed by Medcalf et al.7 Many of
these changes can be modified with antifibrinolytics such as
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tranexamic acid (TXA), and the basis for its use is further
discussed by Barrett et al,8 who also propose that antifibrino-
lytic agents may have additional effects beyond their intended
hemostatic use.

One of the largest limitations in our current understanding
of TIC is using a single time point to define the patients’
projected outcome. However, the coagulation system is
dynamic and can change within minutes after resuscitation.
A general theme of the existing limited literature on the
dynamic changes in coagulation following injury suggests
that hypocoagulable traumapatientswill transition to a hyper-
coagulable state following resuscitation in 12 to 24hours.
However, specific components of the coagulation system
such as fibrinolysis may be impaired by the time the trauma
patients present to the hospital. Observation of such changes is
presented by Moore and Moore.9 Addressing the hypercoagu-
lable componentofTIC isequallyas importantasaddressing the
hypocoagulable component, as delayed mortality in trauma
patients is often attributable to thrombotic complications and
organ failure. Dobson et al therefore give their view on the
systems failure in the early stages of trauma.10

Treatment of TIC also remains controversial. The current
management is institution-dependent and often not initiated
based on the patient’s coagulation status. Bleeding trauma
patients in the emergency department get lumped into a
massive transfusion protocol that is not based on their coagu-
lation status, and empiric blood products are administered.
Waiting for coagulation assessment is often not clinically
feasible in these actively bleeding patients as an INR can
take 40minutes to obtain results, and viscoelastic testing
indices range from 5 to 60minutes, depending on the coagu-
lation variable being measured. Treatment begins with ratio-
driven resuscitation of red blood cells and plasma, which are
given at a ratio of at least 2:1 with augmentation of platelets
and cryoprecipitate after more than 6 units of products have
been administered. Some institutions continue this ratio
driven resuscitation, whereas others use point-of-care testing
withviscoelastic assays to targetbloodproduct administration
over time. An emerging old concept is the utilization of whole
blood for resuscitation in trauma. Early nonrandomized trial
data supports favorable results, as presented by Black et al,11

but this empiric transfusion strategy remains as controversial

as the use of TXA in trauma, with different institutions having
polarizing opinions of its perceived benefit. This aspect is
discussed by Walsh et al.12

We believe that the articles presented in this issue of
Seminars of Thrombosis and Hemostasis will provide updated
information on the complex topic of TIC and will be of much
interest tocliniciansandscientists in this rapidlygrowingfield.
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