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Traumatic coagulopathy-Part 1:
Pathophysiology and diagnosis
Lee Palmer, DVM, DACVECC and Linda Martin, DVM, MS, DACVECC

Abstract

Objective – To review the current literature in reference to the pathophysiology and diagnostic modalities
available for acute traumatic coagulopathy (ATC) in relationship to traumatic hemorrhagic shock.
Etiology – Posttraumatic hemorrhage is responsible for one of the leading causes of preventable human deaths
worldwide. Acute traumatic coagulopathy is an endogenous hypocoagulable condition that has been observed
during the immediate (< 1 hour) posttraumatic period. Phenotypically, ATC manifests as a state of systemic
hypocoagulability and hyperfibrinolysis. Although different functional mechanisms have been proposed for
causing ATC, it is universally thought to be a manifestation of severe tissue injury, shock-induced hypoperfu-
sion, systemic inflammation, and endothelial damage. Excessive activation of the thrombin-thrombomodulin
activated Protein C pathway, catecholamine-induced endothelial damage as well as disseminated intravascular
coagulation (DIC) with a fibrinolytic phenotype are all hypotheses that have been proposed in attempts to
explain the functional mechanism of ATC.
Diagnosis – An accurate and reliable test remains to be validated for ATC. Traditional coagulation assays
(activated partial thromboplastin times and prothrombin times) along with platelet count and fibrinogen con-
centrations have been used more commonly. Viscoelastic tests (thromboelastography and rotational thromboe-
lastometry) are currently being investigated as a more predictive modality for identifying and guiding therapy
for ATC.
Therapy – Damage control resuscitation and hemostatic resuscitation are gaining favor as the optimal resusci-
tative strategies for hemorrhagic shock and ATC. Antifibrinolytics may also play a role when hyperfibrinolysis
is present.
Prognosis – Massive hemorrhage accounts for 30–56% of prehospital posttraumatic deaths in people, with
coagulopathic hemorrhage remaining one of the major causes of preventable deaths within the first 24 hours
posttrauma. Ten to twenty-five percent of human trauma patients experience ATC, which has been shown
to prolong hemorrhage, deter resuscitative efforts, promote sepsis, and increase mortality by at least 4-fold.
Prognosis in veterinary patients is not currently known.
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Introduction

Posttraumatic hemorrhage still remains one of the lead-
ing causes of human deaths.1, 2 Massive hemorrhage ac-
counts for 30–56% of prehospital posttraumatic deaths1, 2

whereas coagulopathic hemorrhage remains one of the
major causes of preventable deaths within the first 24
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Abbreviations

ATC acute traumatic coagulopathy
aPTT activated partial thromboplastin time
BD base deficit
DIC disseminated intravascular coagulation
FDP fibrin degradation product
MODS multiorgan dysfunction syndrome
ISS injury severity score
INR international normalization ratio
PT prothrombin time
ROTEM rotational thromboelastometry
TEG thromboelastography
TASH trauma associated severe hemorrhage
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hours posttrauma.3–8 Forty to seventy percent of hu-
man trauma-related deaths occur within the first few
minutes to 6 hours postinjury8 with massive hemor-
rhage (blood loss > 30–40% of total blood volume blood)
and severe brain injury being responsible for the ma-
jority of these deaths. Mortality (∼10–30%) that occurs
over the subsequent 24 hours postinjury is primarily at-
tributed to ongoing hypoxia, hypovolemia, ongoing in-
ternal hemorrhage, coagulopathy-induced blood loss, or
cardiovascular and respiratory failure. If patients survive
the initial 24 hours they may subsequently experience
sepsis, multiple organ dysfunction syndrome (MODS),
and ultimately death days to weeks following the initial
insult. Clinical and laboratory experience has demon-
strated that aberrations in the coagulation system play
an integral role in mediating early (< 24 hours) and
late (> 24 hours) posttraumatic deaths. A posttraumatic
coagulopathy potentiates early deaths through prolon-
gation of bleeding and sustainment of hypoperfusion.
Late deaths arise from coagulation’s ability to modu-
late the immuno-inflammatory response that eventually
leads to the development of acute lung injury, sepsis, and
MODS.9–11

It is now recognized that activation of the coagu-
lation cascade is a common sequel following trauma
and shock where the severity of injury and degree of
shock appears to be positively correlated to the degree
of coagulopathy.12–14 The presence of traumatic coag-
ulopathy has been shown to be an independent risk
factor for death9 where human trauma patients pre-
senting with a coagulopathy on arrival to the hospi-
tal suffer a poorer outcome and up to a 4-fold higher
risk for developing MODS and death.12–14 Although not
fully elucidated, mechanisms responsible for this trau-
matic coagulopathy are multifactorial and time-sensitive
in nature and appear to involve interactions between
all components of the hemostatic and inflammatory
systems.

In people, it has been reported that up to 25–
34% of trauma patients suffering major injuries and
significant hemorrhage are hypocoagulopathic upon
presentation.13–15 In addition, it has also been shown
that this acute traumatic coagulopathy (ATC) is posi-
tively correlated with an increasing injury severity score
(ISS), develops independent of prehospital fluid admin-
istration and subsequent hemodilution, and is associ-
ated with an increased risk of early death.14, 16 The pres-
ence of ATC may confound resuscitative efforts and
increase mortality by exacerbating blood loss, increas-
ing transfusion requirements, and prolonging hypoper-
fusion from sustained hypovolemic shock. Further, ATC
can confound stabilization and treatment of traumatic
brain injury and pulmonary contusions through poten-

tiating intracranial hemorrhage and pulmonary edema,
respectively. Currently, no prospective clinical studies
are available in veterinary patients looking at the preva-
lence of an ATC.

Current Published Veterinary Literature

Most of the information regarding the prevalence of and
therapeutic approach to ATC in veterinary medicine is
derived from experimental animal models as well as
extrapolated from human studies. One of the few
prospective studies to evaluate hemostatic changes in
spontaneously traumatized dogs17 used an extensive
hemostatic profile to evaluate 30 dogs presenting with
blunt traumatic injuries. As compared to the healthy
control group, traumatized dogs experienced a signif-
icant reduction in all measured hemostatic factors (co-
agulation factors, anticoagulant proteins, platelets, and
plasminogen) as well as a significant prolongation in
activated partial thromboplastin time (aPTT) and pro-
thrombin time (PT) Similar to human studies, factor
V depletion that was noted in approximately 76% of
traumatized dogs. Soluble fibrin and fibrin degradation
products (FDPs) were both significantly elevated in most
traumatized dogs for which the former was used as an in-
dicator of significant intravascular clotting and thrombin
generation, while the latter was used as an indicator of
fibrinolysis. Fibrinogen and the inhibitor �2-antiplasmin
concentrations did not decrease significantly. Overall,
their data provided evidence supporting the presence
of an active coagulation process posttrauma; however,
they provided no evidence surrounding the dynamic or
time-sensitive nature or the relevance to injury severity
posed by these changes in coagulation. Other limitations
to their study involved the lack of standardization in ref-
erence to the time of blood sample collection, only col-
lecting samples at one time point, and lack of evaluating
D-dimers that is considered a more specific marker of ac-
tive fibrinolysis as compared to FDPs. Considering the
dynamic nature of coagulation posttrauma, these limita-
tions make it challenging to develop a definitive conclu-
sion or comparison between other study groups.

In 2011, abstract data were presented on the presence
of coagulopathy in 41 posttrauma (blunt and penetrat-
ing) dogs.a This prospective study used both clinical and
laboratory markers (lactate, platelet count, antithrom-
bin, D-dimer, protein C, antiplasmin, plasminogen, and
thromboelastography) to identify the incidence of co-
agulopathy. Overall outcome in dogs presenting with a
coagulopathy was also evaluated. From their data, they
reported that nonsurviving dogs and dogs suffering the
most severe injuries were more hypocoagulable and that
these trauma-associated coagulopathies were positively
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correlated with the incidence of hemorrhage and trans-
fusion requirements. The increased incidence of body
cavity hemorrhage and need for blood transfusions was
correlated with: decreasing platelet counts; decreasing
markers of thromboelastography clot strength (maxi-
mum amplitude and G-value) and rate of clot forma-
tion (alpha angle); decreasing antithrombin and protein
C concentrations; and increasing values of aPTT.

Etiology

It was once thought that the coagulopathy associated
with trauma was primarily due to loss, dysfunction,
or hemodilution of hemostatic factors and platelets.
Loss was usually attributed to severe hemorrhage and
consumption, hemodilution primarily from aggressive
large-volume fluid resuscitation, and dysfunction from
the inhibitory effects of concurrent metabolic acidosis
and hypothermia on the activity of hemostatic serine
proteases and platelets.9 Over the past decade, cur-
rent knowledge has instead revealed that this acute
trauma/shock-related coagulopathy is a distinct, en-
dogenous coagulopathy that can develop within as little
as 30 minutes posttrauma.7, 18–20 It has been shown to
develop before resuscitative efforts are initiated; inde-
pendent from loss, consumption, or dilution of hemo-
static factors or platelets; and prior to any influence
from physiological factors such as metabolic acidosis
and hypothermia.12, 21, 22 This phenomenon has more re-
cently been referred to as “ATC,” “early coagulopa-
thy of trauma,” or “acute coagulopathy of trauma –
shock.”12,21–23 For the remainder of this review, the au-
thors will refer to trauma-associated coagulopathy as
ATC. To date, controversy still surrounds the under-
lying mechanism of ATC. The 3 main hypotheses that
currently account for ATC’s manifestation of systemic
hypocoagulation and hyperfibrinolysis include a dis-
seminated intravascular coagulation (DIC) with a fib-
rinolytic phenotype,10, 24 an enhanced thrombomodulin-
thrombin protein C pathway,9, 12, 19, 23–25 and a marked
sympathoadrenal response leading to catecholamine-
induced endothelial damage.20, 23, 24

ATC or DIC?
Parameters that have been reported by some investiga-
tors in the human literature to delineate ATC from DIC
include: earlier onset of action; lack of microthrombi de-
velopment; lack of association with clotting factor defi-
ciency and induction of coagulopathy; and a sparing of
platelet concentrations despite the presence of a marked
coagulopathy.9, 21, 22, 24 Effects on fibrinogen concentra-
tions have varied between studies with some reporting
that fibrinogen concentrations are spared9, 12, 18, 26 while

others displaying a significant decrease24 in circulating
fibrinogen. Similarly, evidence from human studies re-
garding coagulation factor consumption during the early
stages of posttraumatic coagulopathy is also conflicting
whereby significant coagulation factor consumption27, 28

as well as lack of factor consumption9, 12, 20, 23–25 have
both been demonstrated in people during the early post-
trauma period.

In an effort to resolve this controversy, studies have
been conducted in attempts to identify the presence of
DIC in the early posttraumatic period. However, 2 such
observational studies in human trauma patients,24, 29

failed to demonstrate DIC in the early posttraumatic pe-
riod. In these studies, the International Society of Throm-
bosis and Hemostasis (ISTH) DIC scoring system (see
Figure 1) was implemented to identify patients with
overt DIC. One of the studies even incorporated patho-
logic evidence of microthrombi in surgically excised and
autopsied organs as a more confirmatory “gold stan-
dard” test for diagnosing DIC. Overall, the data from
these studies did not support the occurrence of DIC up
to 24 hours posttrauma. From the evidence presented
thus far, it is evident that further well-powered, prospec-
tive randomized clinical trials are needed to fully eluci-
date whether ATC is a functional manifestation of DIC
or some other coagulopathic mechanism. Unfortunately,
the dynamic and time-sensitive nature of ATC10, 23, 30

presents a significant challenge for achieving this goal.
Comparing data collected by different investigators also
poses a further challenge due the inherent heterogeneity
that exits in the subsets of studied patients as well as the
different methodological variations that have been used
in the different investigation.29

The predominating hypotheses of ATC
Currently, there are 3 predominating hypotheses that
attempt to explain the pathophysiological mechanism
underlying ATC’s clinical manifestation of systemic
hypocoagulation with hyperfibrinolysis. One hypothe-
sis contends that ATC is a phenotypic variation of classic
DIC. Classically, DIC is described as initially being more
prothrombotic and hypercoaguable in nature; a condi-
tion that then progresses into a consumptive, hypoco-
agulable, and hemorrhagic disorder if the primary un-
derlying condition persists. However, some advocate
that instead of initially experiencing DIC with a pro-
thrombotic phenotype, that during the first 24–48 hours
postinjury trauma patients suffer from DIC with a fibri-
nolytic phenotype.10, 23, 31 Following the first 24–48 hours
posttrauma the underlying coagulopathic nature then
progresses to DIC with a thrombotic phenotype.10, 23, 31

Immediately following trauma and shock, severe en-
dothelial injury, hypoxia, and ischemia invokes marked
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Figure 1: International society of thrombosis and hemostasis DIC score.24 ,29

generation of thrombin with subsequent systemic fib-
rin formation. Concurrently, there is a massive release
of tissue plasminogen activator into the circulation re-
sulting in conversion of large amounts of plasmino-
gen into plasmin. These 2 simultaneous events account
for the proposed posttraumatic hyperfibrinolytic and
hypocoaguable expression. This coagulopathic state is
further described as developing from the effects of pri-
mary hyperfibrinogenolysis, secondary hyperfibrinoly-
sis, and consumption of hemostatic factors and platelets.
As the patient is resuscitated and circulatory perfu-
sion restored then the later thrombotic state develops
subsequent to greater expression of plasminogen ac-
tivator inhibitor-1 as compared to tissue plasminogen
activator.31

In contrast to DIC, that the second hypothesis con-
tends that ATC is not initially a consumptive coagulopa-
thy, but instead evolves from decreased thrombin degra-
dation and increased thrombomodulin activity leading
to enhanced activation of the thrombin-thrombomodulin
protein C anticoagulant pathway.9, 12, 25, 30, 32, 33 In this hy-
pothesis, the primary initiators of ATC are considered
to be severe tissue injury and profound hypoperfusion.
Even though thrombin is typically regarded as a pro-
thrombotic agent via promoting fibrin formation, bind-
ing of thrombin to thrombomodulin switches it from its
procoagulant function to its anticoagulant function via
activation of protein C. Subsequently, activated protein C
exerts anticoagulant properties via inhibition of factor Va
and VIIIa while concurrently exerting fibrinolytic prop-

erties via suppressing plasminogen activator inhibitor-
1activity and thrombin activatable fibrinolytic inhibitor
formation. Again, the aforementioned events account
for the phenotypic expression of ATC that is pri-
marily characterized by systemic hypocoagulation and
hyperfibrinolysis.

The final neurohormonal hypothesis23 implicates the
role of the posttraumatic sympathoadrenal response and
subsequent catecholamine-induced endothelial damage
as an integral component responsible for the phenotypic
expression of ATC.20, 23, 24 Trauma with tissue injury in-
vokes a dose-dependent sympathoadrenal response and
subsequent release of catecholamines into the circula-
tion. Circulating catecholamines directly damage the en-
dothelial glycocalyx in a dose-dependent fashion that,
as a result, changes the endothelium from a more an-
tithrombotic to a prothrombotic entity. This change in
endothelial function allows for local hemostasis to take
place at the site of injury. However, in order to pre-
vent systemic coagulation and maintain local vascular
perfusion, the body attempts to counterbalance the ef-
fects of the prothrombotic endothelium with an anti-
coagulable and fibrinolytic response in the fluid phase
(whole blood).23 The mechanism behind this counter-
regulatory response is thought to involve the shedding
of anticoagulant (heparin-sulfate and soluble thrombo-
modulin) and fibrinolytic (tissue-plasminogen activator)
constituents from the damaged glycocalyx into the local
circulation. However, the counter-regulatory response is
considered a poorly adapted evolutionary mechanism.
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Figure 2: Initiators of acute traumatic coagulopathy.

As the degree of tissue trauma and endothelial damage
increases, the counter-regulatory response rages out of
control, resulting in both systemic hypocoagulation and
hyperfibrinolysis.20, 24

Initiators of acute traumatic coagulopathy
Six key factors have been shown to influence ATC (tissue
injury, hypoperfusion, systemic inflammation, metabolic
acidosis, hypothermia, and hemodilution); however, de-
spite the diversity in proposed physiological mecha-
nisms of ATC, only shock due to ongoing tissue hypop-
erfusion along with severity of tissue injury have been
globally accepted as the 2 main initiators of ATC.22, 24, 34

Considering not all patients with severe tissue injury
or hypoperfusion develop ATC, other factors may con-
tribute to its development. For example as discussed ear-
lier, catecholamine-induced damage to the endothelial
glycocalyx also contributes to increased protein C acti-
vation and hyperfibrinolysis.20, 22, 24 Additionally, a less
discussed contributor is the influence invoked from the
known cross-talk between inflammation and coagula-
tion. Complement proteins, in particular, are markedly
increased immediately posttrauma and have been linked
to increased expression of soluble thrombomodulin and
enhanced activation of protein C.23 Although, metabolic
acidosis, hypothermia, and hemodilution may poten-
tiate ATC, they are not considered the main initiating
events. Rather, these influences serve to prolong the co-
agulopathic state and hinder therapeutic efforts. The
exacerbation of ATC from acidosis, hypothermia, and
hemodilution has been termed “trauma-induced coagu-
lopathy” (see Figure 2).

Tissue injury and hypoperfusion
The severity of injury and degree of hypoperfusion has
been shown to be positively correlated to the severity
of coagulopathy that develops.20, 21, 23 Interestingly, pa-
tients with severe tissue injury but suffering no other
major physiological derangements (ie, hypoperfusion,
acidosis, hypothermia) do not commonly present with
ATC and generally suffer lower mortality;34 therefore,
tissue injury alone may not be enough to initiate ATC.
The site and type of tissue injury may also play a role
in the development of ATC. It is purported that trau-
matic injuries to the brain and long bones as well as the
presence of a penetrating injury may be more commonly
associated with the development of ATC. The combina-
tion of ATC and traumatic brain injury has been shown to
correspond to a higher risk of mortality;7, 13, 34 however,
evidence is a somewhat conflicting regarding the actual
role traumatic brain injury plays as an independent risk
factor for ATC.7

Tissue and vascular injury exposes the subendothe-
lial collagen to von Willebrand factor as well as exposes
extravascular tissue factor to circulating activated factor
VIIa resulting in the initiation of coagulation and sub-
sequent thrombin formation. Thrombomodulin binds
to thrombin and activates the protein C anticoagulant
pathway that, via inhibition of plasminogen activator
inhibitor-1, also promotes fibrinolysis. Vascular injury
can further result in cleavage and dysfunction of throm-
bomodulin, antithrombin bound to endothelial heparin
sulfate, tissue factor pathway inhibitor, and endothelial
protein C receptor thereby disrupting the endothelial’s
anticoagulant mechanisms. In addition, endothelial in-
jury results in the release of massive amounts of tis-
sue plasminogen activator initially, and in conjunction
with thrombin’s ability to increase endothelial tissue
plasminogen activator expression along with thrombin’s
indirect inhibition of plasminogen activator inhibitor-1
(via activated protein C) subsequent hyperfibrinolysis
develops.

Hypoperfusion has been most commonly assessed by
using base deficit concentrations as a reliable surrogate
marker in human trauma patients;35, 36 however, hyper-
lactatemia and hypotension (systolic blood pressure < 90
mm Hg) have also been used. Hypoxia and ischemia sub-
sequent to hypoperfusion exerts a dose-dependent effect
on coagulation promoting a more anticoagulant and hy-
perfibrinolytic environment. In studies documenting co-
agulation factor deficiency, the more severe the hypo-
perfusion (as determined by declining base deficit [BD]
values ≤ 13 mmol/L) the more significant reduction in
serine protease activity and greater increase in trans-
fusion requirements were observed.27, 28 Although, the
exact mechanism of hypoperfusion-induced coagulopa-
thy remains unclear it appears to be unrelated to the
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degree of acidosis and presence of hypothermia. Hy-
poxia and ischemia without trauma has been shown
to increase endothelial tissue plasminogen activator
expression, upregulate endothelial adhesion molecules,
induce de novo transcription of tissue factor from mono-
cytes and vascular smooth muscle cells, as well as
damage and subsequently activate the endothelium.10

Furthermore, hypoperfusion delays the clearance of
thrombin allowing a greater availability for throm-
bin to bind to thrombomodulin.34 Increased thrombin-
thrombomodulin binding results in enhanced protein C
activation leading to systemic anticoagulation and hy-
perfibrinolysis.

Inflammation
Trauma or marked hemorrhage evoke an immediate
and marked release of proinflammatory cytokines (tissue
necrosis factor-� [TNF-�], interleukin [IL]-1, IL-6), anti-
inflammatory cytokines (IL-4, IL-10, IL-13), chemokines
(IL-8), alarmins (high mobility group box-1, heat shock
proteins) as well as activation of the complement (C3a
and C5a) pathways.37, 38 Although not fully elucidated,
evidence supporting the cross-talk between inflamma-
tion and coagulation has been well documented over
the past decade.12, 13, 15, 39–42 Proinflammatory cytokines,
tissue factor, thrombin-thrombomodulin protein C path-
way, endothelium, complement proteins, and platelets
constitute the major players in this interplay between
inflammation and coagulation.12–15, 39–42

When describing the interplay between coagulation
and inflammation during the posttraumatic period, the
literature predominantly reviews the relationship be-
tween coagulation and inflammation as it pertains to
the development of trauma-induced sepsis. However,
this interplay typically involves a series of events that
do not develop until 3–5 days posttrauma. Little to no
data actually describe or evaluate the precise interac-
tion between the two systems during the very acute
period at which ATC occurs. As a result, the exact in-
volvement of proinflammatory mediators contribute to
the development of ATC remains poorly understood
and somewhat conflicting. It is known that comple-
ment proteins play an integral role in regulating the
innate immune response and their expression rises im-
mediately posttrauma.23 Further, it appears that the de-
gree of complement activation correlates to the sever-
ity of tissue injury and hypoperfusion and has been
shown to be associated with mortality.13 In regards
to ATC, complement activation upregulates thrombo-
modulin expression resulting in enhanced activation of
protein C and platelet activation,13, 38 while the proin-
flammatory cytokines TNF-�, IL-1�, and IL-6 upregu-
late tissue factor expression on circulating monocytes

and endothelial cells.10, 37, 41, 42 Overall the combined ac-
tions set the stage for enhanced thrombin-thrombodulin
protein C activation with subsequent hypocoagulation
and hyperfibrinolysis. During the later posttraumatic
period (> 24 hours) inflammatory influences on coagu-
lation favor a more prothrombotic tendency. Proinflam-
matory cytokines downregulate protein S,13 endothelial-
based heparin sulfate proteoglycans, thrombomodulin,
and endothelial protein C receptor. Circulating concen-
trations of inactivated protein C and antithrombin de-
crease due to impaired production, consumptive losses,
and/or degradation by elastase released from activated
neutrophils.42 In addition, impairment of activated pro-
tein C may also result from a relative protein S defi-
ciency that develops as upregulated concentrations of
complement C4 bind to over half of the circulating
protein S.42

Metabolic acidosis and hypothermia
In the later stages of trauma and resuscitation, other
physiological factors such as acidosis (pH < 7.2) and hy-
pothermia (< 33–34◦C) may exacerbate ATC.9, 12, 13 The
concurrent presence of coagulopathy, acidosis, and hy-
pothermia is referred to as the “lethal triad” or “trauma
triad of death” and is shown to confound ATC43 by
causing coagulation factor and platelet dysfunction as
well as increased fibrinogen consumption and decreased
platelet count.26, 44 It has been reported that the activ-
ity of the factor Xa/Va complex may be reduced by as
much as 50% at a pH of 7.2, 70% at a pH of 7.0 and
90% at a pH of 6.8.26 In a swine model,44 induced states
of metabolic acidosis (arterial pH ≤ 7.1) resulted in a
hypocoagulable thromboelastography tracing as well as
a significant decrease in fibrinogen concentrations and
platelet counts. As compared to thromboelastography,
traditional coagulation tests (APTT, PT, and activated
clotting time) were not as sensitive for identifying the
acidosis-induced hypocoagulable state. Of further inter-
est was that infusion of bicarbonate to correct the arterial
pH back to 7.4 failed to correct the state of hypocoagu-
lation, therefore suggesting more than correction of pH
is needed to reverse the adverse influence of acidosis–
induced coagulopathy.

Similarly, accidental hypothermia below 33–34◦C has
been shown to decrease coagulation protease func-
tion activity and platelet aggregation.9, 13 It is not un-
common for casualties to present in a markedly hy-
pothermic state due to environmental exposure, loss
of intravascular volume, and poor perfusion that may
be confounded later during aggressive fluid resusci-
tation with cool temperature fluids. However, it was
observed in one review that less than 9% of human
trauma patients present with a core temperature of
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less than 35◦C;9 therefore, due to the acute nature of
ATC, the influence of hypothermia may not be clinically
significant.

Hemodilution
Marked decreases in intravascular pressure from mas-
sive blood loss causes a shift of extracellular water into
the vascular space and subsequent dilution of hemostatic
factors, red blood cells, and platelets. Traditional large-
volume fluid resuscitation (ie, infusing 3 mLs of isotonic
crystalloid for every 1 mL of shed blood)7–9, 12, 15, 21, 22

during uncontrolled hemorrhage can actually exacer-
bate ATC. Large volume fluid resuscitation increases
hydrostatic pressure; disrupts the formation of any pre-
formed soft thrombi; dilutes hemostatic factors, platelets,
and RBCs; reduces blood viscosity; disrupts the com-
pensatory vasoconstrictive function of the blood ves-
sels; and potentiates hypothermia and hyperchloremic
metabolic acidosis (most noticeable with 0.9% saline
infusion).45, 46 In addition, isotonic crystalloids and syn-
thetic colloids provide no red blood cells, hemostatic fac-
tors, or platelets and, therefore, provide no direct effect
on improving coagulation or oxygen carrying capacity.
Furthermore, stored blood products can also contribute
to hemodilution of coagulation factors (pRBCs) as well
as platelets (pRBCs and stored plasma-based products).
In addition, synthetic colloids are known to exert a dose-
related coagulopathy and platelet dysfunction. This syn-
thetic colloid-induced coagulopathy has been primarily
associated with the hydroxyethyl starch solutions pos-
sessing a high-molecular weight and a greater degree
of substitution (ie, hetastarch 600/0.75b and 670/0.75c),
whereas the solutions with a lower molecular weight
and lesser degree of substitution (ie, tetrastarch 130/0.4
c,d) are touted to be less coagulopathic.47–49 Unfortu-
nately, adequate data from well-designed prospective,
randomized clinical trials to support this latter assump-
tion are currently lacking in both human and veterinary
medicine. In fact, more recent data suggest that all hy-
droxyethyl starch solutions impart some degree of ad-
verse effect on coagulation.50, 51

Diagnostic Evaluation of ATC

As mentioned earlier, data extracted from human stud-
ies indicate 10–25% of human trauma patients experi-
ence ATC that has been shown to prolong hemorrhage,
deter resuscitative efforts, promote sepsis, and increase
mortality by at least 4-fold. The fact that ATC is dy-
namic in nature and progresses acutely through vari-
ous coagulopathic stages (ie, hypocoagulable, hyperfib-
rinolytic, hypercoagulable)20, 23, 24 has presented a chal-

lenge for human physicians in being able to effectively
and rapidly detect ATC. In addition, one must consider
that each different phase of this dynamic coagulopa-
thy may inherently require a different type of blood
product component to successfully abate the ongoing
coagulopathy.20, 23, 24 To date, no validated test exists for
reliably detecting or guiding treatment for ATC. This di-
agnostic deficiency has hindered the clinician’s ability to
provide timely, effective goal-directed therapy and cur-
tail mortality. In order to counter the effects of ATC and
increase survivability, it is imperative to be able to: (1)
identify ATC at least within the first hour of presenta-
tion, and (2) institute immediate goal-directed therapy
with appropriate blood component products to prevent
any further ongoing hemorrhage.46 In this context, ap-
propriate goal-directed therapy specific to ATC should
be able to target and correct relevant to deficiencies in.
If ATC carries a 4-fold increase in the risk of death in
veterinary trauma patients as it does in people, then it
is equally paramount for veterinarians to have a rapid,
reliable, and accurate method for identifying ATC early
to improve survival.

Traditional tests of coagulation
One of the primary limitations for evaluating the pres-
ence of ATC is the lack of a readily available diagnostic
test that is universally accepted, standardized, and pre-
cise; this is a limitation in human medicine, as well. In
people, more commonly used traditional tests of coag-
ulation such as the PT, aPTT, and the international nor-
malized ratio (INR) along with measurement of fibrino-
gen concentration and platelet count has been used to
identify the presence of ATC. Unfortunately, these tests
do not adequately reflect the dynamic process of coag-
ulation as they are measured at only one point in time.
In addition, fibrinogen and platelet counts only provide
absolute numerical values but do not reflect the func-
tional activity of these entities. More commonly used
values for defining ATC in human patients include a
50% prolongation of aPTT or PT, an INR ≥ 1.5, PT ra-
tio (patient PT/mean laboratory PT) > 1.5, or fibrino-
gen < 1 g/L.7, 21, 52–55 In a more recent retrospective co-
hort study of human trauma patients, a PT ratio > 1.2
was shown to provide greater prediction of mortality
and transfusion requirements and, thereby, was pro-
posed as a better marker for defining ATC.21 In vet-
erinary patients, aPTT or PT values > 1.5 times the
mean of the laboratories reference interval has been com-
monly used as a cut-off for the presence of a significant
coagulopathy.

Due to their static nature and ability to only evaluate
plasma-borne mediators and states of hypocoagulabil-
ity, aPTT and PT possess many inherent limitations for
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identifying ATC. The aPTT and PT assays were mainly
developed to assess bleeding disorders from factor
deficiencies or those receiving oral anticoagulant ther-
apy. They were never validated for evaluating ATC that
some consider to develop unrelated to significant fac-
tor deficiency (ie, threshold below 30% of normal of any
one factor). Also consider that prolongations in these as-
says may not even correlate reliably with the overall risk
of bleeding.56–59 In addition, as PT and aPTT are per-
formed at a normal pH and at 37◦C, they fail to account
for physiological effects of hypothermia or metabolic
acidemia; therefore, they may not be representative of the
true in vivo coagulation status in a markedly hypother-
mic or acidemic trauma patient. Overall, the aforemen-
tioned limitations have accounted for the observations
that aPTT and PT carry a poor predictive value for early
detection of ATC.9, 12, 60, 61

Viscoelastic tests
With the paradigm of coagulation shifting from the tra-
ditional dual pathway cascade to a cell-based model,62

viscoelastic tests (thromboelastography [TEG] and ro-
tational thromboelastometry [ROTEM]) that evaluate
clotting characteristics are considered more global tests
of coagulation. Traditional coagulation tests (PT, aPTT,
and INR) stop once fibrin formation starts (or the ini-
tiation phase of coagulation) and, therefore, are only
sensitive at identifying hypocoagulation. On the other
hand, viscoelastic tests are able to evaluate all compo-
nents of the coagulation process allowing them to eval-
uate the entire coagulation process from fibrin forma-
tion to fibrinolysis;63 therefore, these tests identify not
only hypocoagulation, but also hypercoagulation and
hyperfibrinolysis. Using electron microscopy, it was de-
termined that the TEG reaction time and ROTEM clot-
ting time correlated with the initiation phase of the cell-
based model of coagulation; the TEG kinetics value and
ROTEM clot formation time correlated with the ampli-
fication phase; and the TEG/ROTEM alpha angle corre-
lated with the propagation phase or thrombin burst.64

The TEG maximum amplitude or the ROTEM maxi-
mum clot firmness represent final clot formation; there-
fore, they provide an overall measure of maximum clot
strength.64 Figure 3 and Table 1 provide a comparison
of the TEG and ROTEM parameters that are commonly
evaluated.

The increasing use of viscoelastic tests both has pro-
vided a better understanding behind the physiological
mechanism as well as the dynamic and time-sensitive na-
ture of ATC. Implementation of viscoelastic tests in hu-
mans and animal models has shown ATC to be mainly
a problem with clot strength that may account for the

Figure 3: Composite of viscoelastic tests and phases of
coagulation.64, 65 R, reaction time; CT, clotting time; K, kinet-
ics; CFT, clot formation time; �, angle; MA, maximum ampli-
tude; MCF, maximum clot firmness; LY or LI 30/60, lysis time at
30 minutes post-MA/MCF; A5, amplitude obtained at 5 minutes
poststart of tracing.

lack of sensitivity afforded by PT and aPTT.27, 31, 64, 66 Vis-
coelastic testing has further demonstrated that ATC is a
dynamic and unpredictable entity progressing through
normal coagulable, hypercoagulable, hypocoagulable,
and a hyperfibrinolytic states.23 The in vivo state of co-
agulation at any point in time, in part, may depend upon
and reflect the severity of tissue injury. Data collected by
Johansson et al revealed that patients with minor tissue
injury (as measured by the ISS) display a predominantly
normal viscoelastic tracing while patients suffering from
moderate injury (ISS 10–25), severe injury (ISS 20–35),
and massive tissue injury (ISS > 35) are increasingly
more hypercoagulable, hypocoagulable, and hyperfib-
rinolytic, respectively.64 Using rapid TEG (with tissue
factor as an activator), Kashuk et al19 identified primary
hyperfibrinolysis in 34% of the most severely injured
trauma patients; these patients were also most likely to
require massive transfusions. Primary fibrinolysis was
identified at a median time of 58 minutes posttrauma and
its presence was significantly correlated to postinjury
coagulopathy and hemorrhage-related deaths.19 Con-
versely, patients requiring minimal blood transfusion
therapy displayed predominantly a normal viscoelastic
tracing.19 In a hemorrhagic shock model utilizing pigs,
White et al demonstrated that primary changes in hemo-
static function began shortly after onset of traumatic
hemorrhagic shock and were represented by decreas-
ing concentrations of fibrinogen and reduction in overall
clot strength as indicated by decreased maximum ampli-
tude value measured via TEG. Interestingly, no signifi-
cant changes in PT or aPTT were noted anytime during
the experiment.26 Other studies have observed similar
results demonstrating a correlation between the mea-
surement of clot strength via viscoelastic tests and the
prevalence of ATC.32, 61, 67 In light of these observations,
a more functional definition of ATC has been proposed
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Table 1: Comparison of parameters from thromboelastography and thromboelastometry.64, 65 R, reaction time; CT, clotting time; K,
kinetics; CFT, clot formation time; �, angle; MA, maximum amplitude; MCF, maximum clot firmness; LY or LI 30/60, lysis time at
30 minutes post-MA/MCF; A5, amplitude obtained at 5 minutes poststart of tracing.

Thromboelastography Thromboelastometry
parameters parameters

Clot time
• Distance measured from the start of the tracing to

point where each arm has diverged 1 mm from
midline

Reaction time (R) Clotting time (CT)

Clot kinetics (rate of clot formation)
• Distance measured from the end of R or CT to the

point at which the 2 arms of the tracing diverge
by 20 mm

• Kinetics (k time) • Clot formation time (CFT)

• Tangent of the curve between end of R and K/CFT • � • �

Clot strength or firmness
• Maximal distance between 2 diverging arms of the

tracing (reflects final clot formation)
• Maximal amplitude (MA) • Maximal clot firmness (MCF)

• Measure of clot elasticity • G or (5000∗MA)/(100-MA) • Maximal clot elasticity (MCE)
• Amplitude obtained at “x” minutes poststart of

tracing
• A “x” (A5 = amplitude at 5 minutes)

Clot lysis
• Degree of amplitude reduction at 30 minutes

post-MA/MCT
• LY30 • LI30 (% amplitude reduction)

• Degree of amplitude reduction at 60 minutes
post-MA/MCT

• LY60 • LI60 (% amplitude reduction)

as a viscoelastic tracing displaying persistently reduced
clot strength.30, 32, 61

Evident from the information already provided, it is
not surprising that viscoelastic tests have been shown to
be more predictive for not only detecting ATC but also
in affording earlier identification of ATC as compared to
traditional tests of coagulation.32, 61, 68–71 In one prospec-
tive study30 of human trauma patients, PT and PT ratio
(calculated as the observed PT divided by the mean con-
trol PT) were only slightly prolonged in only approxi-
mately 30% of the most severely injured patients identi-
fied as having ATC. In the same study, ROTEM tracings
consistently revealed an approximate 40% decrease (< 35
mm) in clot amplitude at 5 minutes poststart of tracing
(A5) (see Figure 3) which the authors contended served
as a reliable and clinically useful diagnostic marker of
ATC. In the most severely injured patients, a clot ampli-
tude of < 35 mm at A5 carried a detection rate of 60% for
diagnosing ATC that was in comparison to a detection
rate of only 33% for the point-of-care PT ratio of > 1.2.
Interestingly, the ROTEM clotting time was not signifi-
cantly prolonged in any patient. A more recent study65

also demonstrated that the ROTEM A5 and A10 values
were highly sensitive (eg, 0.96 and 1.00, respectively) for
predicting a significant trauma-induced coagulopathy.
Considering the acutely dynamic nature of ATC, any de-
lay in diagnostic results may not be clinically useful as
the patient’s coagulation state in vivo may have already
changed and the inappropriate transfusion product
administered.

Different coagulopathic states require different trans-
fusion products to successfully abate any ongoing coag-
ulopathic hemorrhage. In nontraumatic human cardiac
surgery and liver transplant patients the use of TEG and
ROTEM has already been shown to reduce the need for
inappropriate transfusions, decrease blood product re-
quirements, and reduce the number of deaths, compli-
cations, and postoperative infections, therefore result-
ing in an overall increase in patient survival.72 Recent
evaluation of viscoelastic tests in human trauma pa-
tients have shown similar results in the ability of these
tests to successfully guide-targeted transfusion require-
ments to include predicting patients requiring massive
transfusions.30, 32, 61 The one central advantage viscoelas-
tic tests offer over traditional coagulation assays is the
ability to detect hyperfibrinolysis that plays a central role
in the phenotypic expression of ATC; therefore, these
tests can accurately guide the appropriate institution of
antifibrinolytics (eg, tranexamic acid and aminocaproic
acid) that has been shown to reduce the risk of death
from bleeding in certain subsets of trauma patients.73, 74

Unfortunately, viscoelastic tests are not perfect. Al-
though, they may differentiate between different coagu-
lable states, they remain deficient in defining the abso-
lute cause for those states. In addition, they remain in
vitro tests; therefore, they fail to take into account in-
fluential effects provided by the endothelium and shear
stress. Coagulation activators (eg, tissue factor, kaolin)
used in viscoelastic tests leads to thrombin formation
and, therefore, do not rely solely on the presence of
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activated platelets to form thrombin that is required in
vivo. In this regard, viscoelastic tests remain inadequate
for detecting the inhibition that antithrombotic agents
(eg, nonsteroidal anti-inflammatory drugs, GPIIb/IIIa
receptor inhibitors) exert on platelet aggregation.64 As
compared to traditional assays of coagulation, the
requirement for a higher degree of technical expertise,
frequency of maintenance, and quality assurance also
limits the wide-spread use of viscoelastic tests.66 Some
evidence has even shown that viscoelastic tests may be
no more sensitive and even less specific for identifying a
critical deficiency in coagulation factor activity (defined
as a circulating concentration of less than 30% of normal)
in human trauma patients as compared to traditional co-
agulation assays.27

Predictive scoring systems
Incorporating predictive scoring systems for individual
risk stratification in trauma patients that present with
bleeding and coagulopathy has also been presented as
another approach for achieving early diagnosis of ATC
and identification of human patients requiring massive
transfusions.14, 75 One such predictive scoring system is
the trauma associated severe hemorrhage (TASH) score,
which incorporates several physiological and injury-
related variables (eg, hemoglobin, base excess, systolic
blood pressure, heart rate, gender, injury pattern) to as-
sess the persistence of bleeding by using the probability
of massive transfusion as a surrogate index. Implemen-
tation could facilitate early identification of ATC, allow
for rapid therapeutic intervention, and potentially de-
crease mortality. Other predictive scoring systems have
also been evaluated and found to have relative equiva-
lent value in predicting the need for massive transfusions
as compared to the TASH.75 To the authors’ knowledge
no such scoring system exists in veterinary medicine,
but future development and institution of a predictive
scoring system may help guide diagnosis, therapy, and
improve overall survivability.

How do you diagnose ATC in your veterinary patient?
Unfortunately, no one standard validated assay or
prediction index is available in human or veterinary
medicine for reliably or accurately identifying ATC. Vis-
coelastic tests (i.e. TEG and ROTEM) appear to be more
sensitive for detecting ATC early;77 however, most vet-
erinary clinics do not currently have readily available
access to these tests. This makes the diagnosis or identi-
fication of the presence of ATC in our veterinary patients
challenging. It may simply be based off clinical judg-
ment and intuitions, by taking into account the patient’s
history, presenting condition, and initial laboratory data
(eg, BD, lactate, blood pressure, aPTT/PT). Extracting

evidence from available human literature, it seems rea-
sonable that the following would be highly suggestive
of the presence of ATC:

� History of sustaining severe trauma with marked
tissue injury (penetrating or blunt) and presence of
marked hypoperfusion (eg, systolic blood pressure <

80 mm Hg or MAP < 60 mm Hg; BD < – 6 mmoL;
lactate > 5 mmol/L76,e).

� Presence of hemorrhagic shock, uncontrollable intra-
cavitary hemorrhage, or spontaneous bleeding from
wounds, catheters sites.

� Viscoelastic tracing (TEG/ROTEM) displaying a per-
sistently decreased clot strength of <40% of mean ref-
erence value, or prolonged traditional coagulation as-
says (aPTT/PT) of > 1.5 times the laboratory mean.

Summary
Acute traumatic coagulopathy is a distinct, endogenous
hypocoagulopathic state found to be present in 10–25%
of severely injured human patients upon hospital ad-
mission. It develops both early in the posttraumatic pe-
riod (≤ 1 hour) and independently from the effects of
hemodilution, acidosis, or hypothermia. Investigations
into the prevalence and etiology of ATC has expounded
over the past few years; however, controversy and con-
flicting data still surround the exact underlying patho-
physiology (DIC versus enhanced activated protein C
pathway). From the current evidence it is obvious that
ATC is both dynamic and multifactorial in nature. In-
creasing severity of tissue injury in conjunction with sys-
temic hypoperfusion appears to be the 2 main initiators
of ATC; however, neurohormonal activation, systemic
inflammation, and widespread endothelial damage may
similarly have an important influential role. Hemodi-
lution, metabolic acidosis, and hypothermia only serve
to potentiate ATC and further hinder resuscitative ef-
forts; they are not considered initiators of ATC. The ex-
acerbation of ATC due to the combined effects of aci-
dosis, hypothermia, and hemodilution has been termed
by some as “trauma-induced coagulopathy” to delineate
the between the two mechanistically different coagulo-
pathic entities. Gaining a better understanding behind
the pathophysiology of ATC will undoubtedly improve
diagnosis and management of trauma patients.

Due to its dynamic nature, ATC is challenging to diag-
nose. The fact that ATC hinders resuscitative efforts and
significantly increases the risk of mortality mandates a
method to reliably and immediately detect its presence as
well as guide targeted transfusion strategies. Viscoelas-
tic tests currently hold the most promise for providing
the clinician this viable information; however, as new
data evolves a more comprehensive stratification process
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may prove to be even more advantageous. Currently, ev-
idence describing the prevalence of ATC in veterinary
patients is sparse, forcing the clinician to extrapolate in-
formation from human studies and experimental animal
models.

Footnotes
a Holowaychuk M, Hanel R, O’Keefe K, et al. Prognostic value of coagu-

lation parameters in dogs following trauma. In: Proceedings of the In-
ternational Veterinary Emergency and Critical Care Symposium; 2011:
Nashville, USA. p. 729.

b Hespan, B. Braun Medical Inc., Bethlehem, PA.
c Hextend, Hospira Inc., Lake Forest, IL.
d Voluven, Hospira Inc.
e Boysen S. Lactate and the critically ill patient. In: Proceedings of the Pro-

ceedings of the International Veterinary Emergency and Critical Care Sym-
posium; 2006: San Antonio, USA.
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