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1. Abstract

Trauma continues to be the leading cause of death in people less
than 40 years old worldwide. Appropriate management and resus-
citation decrease mortality significantly. The underlying mecha-
nism of trauma-induced coagulopathy is discussed in this article.
Latest investigations and management protocols were reviewed.

2. Introduction

Trauma continues to be the leading cause of death in people less
than 40 years old worldwide [1], and accounts for almost 10% of
death in general [2].

Studies have shown that among trauma patients, post-traumatic
uncontrolled hemorrhage is the main cause of potentially prevent-
able death [3]. Despite the significant development in acute trauma
care, uncontrolled hemorrhage remains to be responsible for 40%
of trauma-related deaths [4].

It was found that among severely injured patients presenting to the
Emergency Department, one in four present with hemodynamic
depletion and trauma induced coagulopathy [5].

Trauma induced coagulopathy (TIC) is a clinical, physiological
& molecular disorder that results from hemostatic failure due to
tissue injury and shock [6]. It is associated with higher rate of
transfusion, more incidence of organ failure, and longer in-hospi-
tal stay. Contrarily, it has been found that earlier diagnosis of TIC,
adequate and aggressive management results in a better control of
bleeding, reversal of coagulopathy, reduction in the frequency of
transfusion and improvement in the outcome in these patients [5].

Appropriate management and control of severely injured patients
decrease the mortality rate significantly. Damage control resusci-
tation is a modified approach for the management of the severely
injured trauma patients. The earlier approach, damage control sur-
gery, aimed to manage coagulopathy in trauma patients with the
following three steps; abbreviated surgical control of hemorrhage
and contamination, intensive care unit (ICU) resuscitation and
re-operation for definitive management. However, this approach
did not improve coagulopathy. Recently, after better understand-
ing of trauma induced coagulopathy, damage control resuscitation
has been implemented. Damage control resuscitation aims for a
balanced, hemostatic resuscitation and prevention of acidosis, hy-
pothermia, and hypocalcemia [7].

3. Incidence of Coagulopathy of Trauma

In 2017, a study looked into the presence of coagulopathy in emer-
gency admission in 61,212 trauma patients derived from the Trau-
ma Register DGU® [8]. The cutoff value was platelets <100,000/
ul and/or Quick’s value <70%. Results showed that coagulopathy
was present in 24.5% of all trauma patients [8].

Trauma induced coagulopathy can happen as early as on-scene or
later in the hospital. A study was done for 45 patients demonstrated
that on-scene coagulation was abnormal in 56% of the patients. On
hospital admission, coagulation was abnormal in 60% of patients
[91.

4.Trauma Triade of death

Trauma triad of death: hypothermia, acidosis & coagulopathy is
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recognized as a significant cause of death in trauma patients.
4.1. Hypothermia

Around two-thirds of all bleeding trauma patients arrive to the hos-
pital with core temperature below 36 Celsius [10], with increased
risk in extremes of age. Measures that should be taken to correct
the hypothermia include covering patients or using warming ma-
chine, warming all the blood and fluids before infusing them, in-
creasing the temperature in the ambulance and treatment area and
controlling the hemorrhage to reverse shock as quickly as possible
[10].

4.2. Acidosis

trauma patients are at risk of developing acidosis due to increased
level of lactic acid. This happens because a bleeding patient will
have vasoconstriction and hypovolemia which in turn impairs ox-
ygen delivery to tissues, that will result in a change in the cellular
metabolism from aerobic to anerobic with the resulting production
of lactic acid [10]. acidosis manifests as altered level of conscious-
ness and decrease cardiac function [10]. Studies showed that im-
proving tissue oxygenation as well as treating hypothermia play
major role in reversing acidosis [10].

4.3. Coagulopathy

Trauma patients are at risk of developing coagulopathy. There are
several mechanisms of trauma induced coagulopathy including:
activation of protein C, endothelial injury, factors deficiency, hy-
per fibrinolysis, platelet dysfunction and many others [5]. Death
can occur due to bleeding from wounds or secondary coagulopa-
thy [10]. Patient with coagulopathy can present with intracranial
hemorrhage, bleeding from gastrointestinal tract or bladder, mucus
or cutaneous bleed and petechia and bruising [10].

5. Mechanisms of Trauma Induced Coagulopathy

There are several mechanisms that are found to be the principal
drivers of coagulopathy of trauma [5].

Coagulopathy of trauma is caused by both endogenous and exog-
enous mechanisms.

The endogenous mechanisms happen immediately after the occur-
rence of the injury, and they include:

5.1. Activation of the C Protein Pathway

The protein C pathway is an important factor contributing to coag-
ulopathy in trauma, it occurs when there is tissue injury with tissue
hypo perfusion [11].

Protein C, also known as Auto prothrombin All, is a vitamin
K-dependent anticoagulant glycoprotein in the plasma which gets
activated on the surface of the endothelial cell when thrombin &
transmembrane glycoprotein thrombomodulin (TM) bind to its re-
ceptor, the endothelial protein C receptor (EPCR), forming throm-
bin-TM complex [11]. Studies demonstrated that the tissue hypo
perfusion in shock status leads to over expression of (TM) and

(EPCR) on the endothelial cell surface, then the EPCR binds to
protein C and leads to 5-20 fold increase in the rate of protein C
activation by thrombin-TM complex [12] (Figure 1-4).
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Activated protein C has two main anticoagulating effects, prompt-
ing coagulopathy in trauma. First, it cleaves the peptide bond in
the coagulation factor V and VIII which are essential for activating
factor X and

II. Second, it inhibits plasminogen activator inhibitor 1 (PAI-1)
therefore enhancing fibrinolysis [5].

5.2. Endothelial Injury

Disruption of the vascular endothelial cells is also linked to devel-
oping coagulopathy of trauma. The endothelial surface is covered
by glycocalyx, which forms a negatively charged antiadhesive and
anticoagulant layer that protects the endothelium and the vascular
barrier [13] The catecholamines surge in trauma patients is associ-
ated with glycocalyx degradation [6]. Moreover, endothelial injury
itself triggers the release of syndecanl that also causes glycocalyx
degradation [14]. Glycocalyx contains significant amount of hep-
arin like substance, when degraded this results in auto-hepariniza-
tion [14].

In addition, endothelial injury promotes the release of tissue plas-
minogen activator (TPA) and angioprotein 2, both of which cause
vascular endothelial growth factor (VEGF) and Weibel-Palade
body degranulation hence losing vWF and causing vWF deficien-
cy [15].

5.3. Coagulation Factors Deficiency

More recent evidence reveals that coagulation abnormalities ap-
pear to happen more in more severe injuries with acidosis & higher
transfusion rate [5].

One of the causes of coagulopathy of trauma is clotting factors de-
ficiency which has been found to happen immediately after injury
and is linked to worse prognosis [16]. Lucy Z. Kornblith and col-
leagues showed that although coagulation factors are reproducible,
in trauma setting their level declines to 20-30%, which impairs
the coagulation process at the site of injury (6). In addition, a pro-
spective cohort study done in UK proposed that fibrinogen level
also declines in trauma setting, reaching the critical levels of less
than 1.5g/L in 14% of trauma patients more than 16 years old[17].
Fibrinogen is the last product in the clotting formation process,
lower level or quality of fibrinogen will result in more bleeding
and hence higher mortality [19].

5.4. Hyper Fibrinolysis

Fibrinolysis is a normal process that is activated by local hyper-
coagulability in order to prevent clot formation in non-injured tis-
sues [20] Hyper fibrinolysis occurs in less than 1 hour after injury
and is associated with increased incidence of hemorrhage-related
death in trauma [21]. It is diagnosed by thromboelastography and
was found to be present in 7% to 20% of trauma patients [21]. A
prospective observational study conducted in USA on 163 trauma
patients looked into the role of tissue plasminogen activator(tPA)
system in hyper fibrinolysis. It found that lasmin-a2 antiplasmin

was directly related to tPA and inversely related to plasminogen
activator inhibitor (PAI-1).

Therefore, patients with increased tPA and decreased PAI-1 are
more likely to have fibrinolysis, and consequently have more
transfusion requirements and longer in-hospital stay [22].

5.5. Platelet Dysfunction

The mechanism of platelet dysfunction is not yet very clear. How-
ever, it is thought to be related to decreased platelet stimulation
by adenosine diphosphate (ADP) agonism [5]. Wohlauer and col-
leagues studied the platelet function in stabilizing the thrombus
and compared this between trauma patients and healthy volunteers
using thrombelastography-based platelet functional analysis [23].
The results identified significant impairment of platelet aggrega-
tion in trauma patients. The mean of ADP inhibition in trauma pa-
tients was 86.1% compared with 4.2% in the healthy individuals
[23]. These results suggest the possible role of platelet transfusion
in severe trauma patients.

5.6. Hypothermia

Hypothermia in trauma patients happens because of environmental
exposure to cold temperature, decrease muscle heat production,
administration of cold intravenous fluids, and evaporation from
body cavities during surgeries which cause heat loss [24]. Studies
have demonstrated that hypothermia has a major inhibitory effect
on platelet function and to a lesser extent on coagulation protease
[24]. The mechanism in which hypothermia affects the platelet
function is by diminishing the effect of von Willebrand factor on
glycoprotein Ib/IX, which is essential for transducing signals from
adhesion to activation of the platelets [25].

Moreover, hypothermia decreases the activity of the coagulation
factor Vlla, as it was found that at a temperature of 28°C, its activ-
ity is reduced by 50%[27, 28]. Previous studies showed increased
mortality with severe hypothermia less than 32°C [29].

5.7. Acidosis

Acidosis affects the coagulation by lowering the pace of plasma
biochemical reaction needed to achieve coagulation [5]. In addi-
tion, a review of the literature on this topic have found that acido-
sis affects both thrombin and fibrinogen; it inhibits the propagation
phase of thrombin generation, and increases the degradation of fi-
brinogen leading to reduced level of fibrinogen [30]. Moreover, J
C Kermode studies the effect of acidosis on the coagulation factor
complex activity and found that in a pH of 7.2, the activity of co-
agulation factor complex is reduced by 50%. [30] Similarly, co-
agulation factor complex activity is diminished to 20% of normal
activity in pH of 6.8 [30].

5.8. Hemodilution

In trauma setting, dilution of coagulation factors is one of the fac-
tors leading to coagulopathy [31]. It has now been demonstrated
that reduced intravascular hydrostatic pressure in shock causes flu-
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id that is deficient in coagulation factors to be shifted from cells
and interstitial space into the plasma [32]. This dilution of coagula-
tion factors is further worsened by unguided and over administra-
tion of fluid in acute setting of trauma [5]. Packed red blood cells
also causes dilution of coagulation factors as well as weakening
the clotting ability [33].

6. Investigations

Trauma induced coagulopathy should be expected in patients with
severe mechanism of injury or in the presence of signs sugges-
tive of massive bleeding like tachycardia, hypotension, decreased
level of consciousness, hypo perfusion, base deficit more than 6
mmol/L, high lactate and decreased urine output [35]. The follow-
ing are the tests used to diagnose trauma induced coagulopathy.

7. Coagulation studies
7.1. Hemoglobin

It is recommended in the fifth edition of the European guideline on
management of major bleeding and coagulopathy following trau-
ma, that the initial hemoglobin level should be considered as an
initial indicator of coagulopathy in a traumatic patient [34]. Hemo-
globin level value in traumatic patients is not that specific and its
value has been doubtful as the decrease in hemoglobin level takes
time and the resuscitative measures might mask a low hemoglobin
[36]. However, Knottenbelt et al. evaluated 1000 trauma patients
with moderate tosevere hemorrhagic shock and found a low initial
hemoglobin level [37].

7.2. Conventional Coagulation Assay

Prothrombin level (PT) is more sensitive while activated partial
thrombin level (aPTT) is more specific for coagulopathy in trau-
ma. These values are considered deranged if the results are 1.5
times more than the upper laboratory limit.

It was noted that the initial PT value can be used to estimate the de-
gree of shock as well as to determine the outcome of patients with
traumatic hemorrhage [34]. Peltan et al, found that 50% of patients
with traumatic bleeding develop trauma induced coagulopathy de-
fined as PT: INR ratio greater thanl.2. It also found that 21% of
patients have coagulopathy if defined as INR more than 1.5. How-
ever, the second definition was associated with higher morbidity
and mortality rates. Thus, a ratio PT: INR > 1.2 was used to assess
the presence of coagulopathy in trauma [38].

8. Viscoelastic Methods (VEMs)

The principle of these methods is to measure the whole blood
viscoelastic properties during clot formation. They provide infor-
mation about clot initiation, strength and fibrinolysis. Based on
these values, a goal-oriented management of coagulopathy can
be achieved. VEMs have reduced blood products transfusion and
improved clinical outcomes [39]. There are two evident devic-
es available for VEM: Thromboelastography (TEG), Rotational
thromboelastometry (RoTEM).TEG was first described by Hertert

in 1948 and RoTEM is the new modification of TEG. Compared
to the conventional coagulation assays which gives informa-
tion about clot initiation only, TEG and RoTEM gives a graphic
demonstration of clot initiation, strength and lysis as demonstrated
in Figure [2]. This visual demonstration makes it easy to make the
diagnosis and treat accordingly as will be described later in the
management section.

There are differences in the operating system of TEG and RoTEM,
but that is beyond the scope of this article. Figure [3] compares
normal TEG output to many different coagulation disorders

These new devices provide fast bedside results within 10 minutes
compared to 45 minutes with the conventional test [39]. Few lim-
itations have been noted in the use of VEMs which include: high
coast, limited availability, training requirements and lack of cut off
points for the definite diagnosis of trauma induced coagulopathy
[35].

9. Fibrinogen level

Low fibrinogen levels are noted in trauma patients. Rourke et al.
stated that the consumption of fibrinogen in trauma occurs much
faster than consumption of other coagulation factors [40]. The
benefit of antifibrinolytic agents noted in CRASH-2 trial supports
that the onset of fibrinolysis occurs early in trauma. Hyper fibri-
nolysis and fast consumption of fibrinogen are the reasons behind
hypofibrinogenemia in trauma. 3% fibrinolysis within 30 minutes,
noted in TEG results, is associated with higher transfusion need
and higher mortality as well [41].

10. D-dimer

D-dimer is a degradation product of fibrinogen. Higher levels of
d-dimer are associated with higher transfusion requirements and
higher mortality. D- dimer level was 7-fold higher in a group of
critically injured patients who died compared to those who sur-
vived [43].

11. Management

In severely Injured patients, death cannot be prevented unless the
lethal triad of coagulopathy, hypothermia and acidosis is prevent-
ed. This is addressed in the new strategy of dealing with severely
injured patients which is damage control resuscitation. Damage
control resuscitation aims to reduce the incidence of trauma in-
duced coagulopathy by balanced resuscitation, hemostatic resusci-
tation and prevention of acidosis, hypothermia and hypocalcemia.
[71.

It is recommended, in the European guideline, to allow for permis-
sive hypotension 80-90 mmHg systolic in severely injured patient
without traumatic brain injury instead of massive crystalloid ad-
ministration. This action reduces the risk of dilutional coagulopa-
thy related to massive crystalloid administration. [34].

11.1. Hypothermia
It is recommended to target normothermia in trauma between 36
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and 37 °C. This can be achieved by different rewarming strate-
gies: removing wet cloths, covering the patient to avoid heat loss,
using warm IV fluids, forced air warming and using rewarming
kit. Re-warming kit is a cheap and light device that can provide a
continuous dry heat.

11.2. Acidosis

Treatment of acidosis starts with limiting tissue hypoperfusion and
restoration of the circulation. It is important to treat acidosis as it
can cause death specially in patients who receive massive transfu-
sion products as they will be at risk of coagulopathy. Buffering can
be achieved by using sodium bicarbonate or trihydroxymethylami-
nomethane (THAM). THAM is found to be better than sodium
bicarbonate as it does not inhibit thrombin formation [44, 45].

11.3. Empiric Transfusion Strategies

The current practice for the initial management of severely bleed-
ing patients is transfusion protocol at a ratio 1:1:1 of Fresh Frozen
Plasma, Platelets and PRBC. However, the European guideline re-
cently advised for either of the following strategies for the initial
management of bleeding patient: FFP and PRBC at a ratio of 1:2
or fibrinogen concentrate with PRBC according to the hemoglobin
level [34].

11.4. VEMs based transfusion

A goal-oriented transfusion using TEG and RoTEM is recom-
mended and has shown an improved survival and decreased mor-
tality. A randomized controlled trial which included one hundred
eleven patients assigned to be treated either by TEG-guided or
CCA- guided transfusion protocol. Survival was higher in the
TEG-group than the CCA-group with 20 deaths in CCA-group
and 11 in TEG group [46]. Diagnosis and treatment guidance is
summarized in figure [4].

11.5. Management of Fibrinolysis, Tranexamic Acid (TXA)

It is recommended in CRASH-2 trial to use antifibrinolytic
tranexamic acid in a bleeding trauma patient as soon as on-scene
assessment is made. It should be given as a bolus of 1 g over 10
minutes followed by infusion of 1g over 8 hours [34]. Tranexamic
acid action is preventing fibrin clot lysis by inhibiting plasminogen
activation and plasmin activity.

12. Monitoring

Patients who are severely bleeding and being resuscitated are con-
sidered critical and need to be monitored frequently. If available,
monitoring with VEMs is recommended as it can guide the ap-
proach and management. If VEMs are not available, serial mon-
itoring with conventional coagulation assays can be used. ABG
should also be sent serially to assess the progress of acidosis and
base deficit.

13. Conclusion

Trauma-induced coagulopathy is a serious and preventable cause

of mortality in trauma patients. Prevention is important and starts
at trauma scene until the patient is discharged. Early diagnosis and
management improve the mortality in bleeding trauma patients
significantly.
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