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Frequencies of coagulopathy after TBI

Harhangi et al., Acta Neurochir (Wien) 2008

MEDLINE search 1966-April 2007 with focus
on head trauma and coagulopathy

Meta-Analysis of 34 studies reporting
frequencies of coagulaopthy after TBI

Frequencies of TBI-
Coagulopathy

Risk Factors

Outcome

Hypotheses

Treatment

Conclusions



Frequencies of coagulopathy after TBI

Harhangi et al., Acta Neurochir (Wien) 2008

Overall prevalence 32.7%
 (mean frequency)

Frequencies
vary between
10 -  97.5%
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Frequencies of coagulopathy after TBI

Harhangi et al., Acta Neurochir (Wien) 2008

The presence of coagulopathy after TBI was
related to

1. Mortality (OR 9.4; 95%CI: 7.6-11.6)

2. Unfavourable outcome (=OR 33.2; 95%CI:
15.9-69.1)
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Wafaisade et al.,  Neurocrit Care 2009

Aim: To assess the frequency, outcome, and risk factors
of acute coagulopathy in isolated blunt TBI

Data: TR-DGU database (retrospective analysis)

Results:

n = 3,114 patients w TBI (AIShead≥3; AISrest <3)

 706 (22.7%) with coagulopathy on ER arrival
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Independent risk factors for development
of acute coagulopathy in TBI

(multivariate analysis)

Wafaisade et al.,  Neurocrit Care 2009
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The severity of head injury is associated
with increased risk of coagulopathy in

combat casualties

Cap and Spinella, J Trauma 2011

Combat casualties with isolated TBI patients (AIShead ≥3 +
other AIS <2) were compared with non-TBI patients
(AIShead≤2 + other AIS ≥3) to determine the degree to
which TBI is associated with coagulopathy (INR) and to
describe characteristics of this population.

Results:
> 117 TBIs and 1,492 non-TBI injuries
> Admission INR significantly higher in TBI
> In stepwise multiple regression BD, GCS, and AIShead
were independently associated with coagulopathy by INR
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The occurence of TBI-related
coagulopathy increases within the first

24 hrs after impact

Greuters et al.,  Crit Care 2011
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Rapid progression of bilateral
hemorrhagic contusion with development

of coagulopathy after blunt TBI

Larouche et al., Neurosurgery 2012

23-yrs male with altered mental
status after fall 10 m height

CCT: Epidual hematoma right with
temporal contusions bilateral

INR in ER: 1.2

Follow-up CCT after evacuation
shows progression of bilateral
contusions + brain swelling +
diffuese bleeding

INR in OR: 1.6
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Peiniger et al.,  Ped Crit Care 2012

Aim: To assess whether neurologic findings reflected by
Glasgow Coma Scale at initial resuscitation can
predict hemocoagulative disorders resulting from
TBI

Data: TR-DGU database (retrospective analysis)

Results:

n = 200 patients < 14 yrs w blunt TBI

GCS>8 GCS≤8

N = 102 (51%) N = 98 (49%)

Frequencies of TBI-
Coagulopathy

Risk Factors

Outcome

Hypotheses

Treatment

Conclusions



Peiniger et al.,  Ped Crit Care 2012

The incidence of coagulopathy (PT/Quick < 70, PTT > 38s,
platelets > 100,000) at ER was higher in GCS≤8 (44% vs
14%;p<.001)

Stepwise logistic regression incl. age, gender, physiology,
neurology, and injury pattern identified ONLY GCS≤8 at
scene as independent risk factor for coagulopathy (odds
ratio 3.378)

GCS ≤ at scene in children with blunt
TBI is associated with increased risk for

coagulopathy and mortality
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Peiniger et al.,  Ped Crit Care 2012

Mortality in children with GCS≤8 at scene was higher with
the presence of coagulation abnormalities at admmission
compared to childern with coagulopathy absent (51,6% vs
5%)

GCS ≤ 8 at scene in children with blunt
TBI is associated with increased risk for

coagulopathy and mortality
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Current hypothesis for the development
of coagulopathy after blunt TBI

(Coincidence of Hypo-/Hypercoagulation)
A combination of Hypocoagulation and Hypercoagulation triggered by the extent of

brain injury will lead to secondary injury by ways of ischcemic and hemorrhagic
lesions

Larouche et al., Neurosurgery 2012

Brain Injury

Hypercoagulability Hypocoagulability

Platelet
dysfunction

Fibrinolysis Consumption
coagulopathy

Inhibition of
coagulation

Ischemic lesions Hemorrhagic lesions
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The role of the protein C pathway and
hypoperfusion in hypercoagulable and

hypocoagulable states
A maldaptive response of protein C to the
combination of trauma and hypoperfusion

may cause both

1. an immediate activated protein C-mediated
coagulopathy

2.  a chronic protein C depletion-mediated
susceptibility to infections and

thromboembolic events

Larouche et al., Neurosurgery 2012
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Immediate activated protein-C-mediated
coagulopathy / hypocoagulability

during hypoperfusion

Larouche et al., Neurosurgery 2012

TRAUMA/INJURY

HYPOPERFUSION

 Thomas, Labor und Diagnose 2000

Combined trauma + hypoperfusion could lead to Hypocoagulation via the
formation of an anticoagulant complex > thrombin binds to thrombmodulin
> thrombin-thrombmodulin-complex

This complex activates protein C in the presence of Ca2+

Inactivation of factors 5a and 8a!

ANTICOAGULATION!
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Immediate activated protein-C-mediated
coagulopathy / hypocoagulability

during hypoperfusion
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Immediate activated protein-C-mediated
coagulopathy / hypocoagulability

during hypoperfusion

Larouche et al., Neurosurgery 2012
 Thomas, Labor und Diagnose 2000

HYPERFIBRINOLYSIS

aPC
activated protein C

PAI-1 tPA
D-dimers

aPC-levels increase with level
of shock/hypoperfusion

aPC in surplus consumes PAI-1
(Plasminogen-Activator-Inhibitor-1)

Fibrinolyse ↑

1. tissue plasminogen activator (tPA) ↑

2. D-Dimere ↑

             Brohi et al., Ann Surg 2007
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Hyperfibrinolysis in TBI

Gerlach et al., Acta Neurochir 2009

4-Chanel ROTEM in a trauma patient with TBI and thoracic injury

1. Fulminant Hyperfibrinolysis (HF) in EXTEM and INTEM
2. NO fibrin generation in FIBTEM (defibrinogenation)
3. APTEM shows clotting when antifibrinolytics were added to

EXTEM
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Hyperfibrinolysis in TBI
TBI patients may be prone for the development of HF but

incidence rates are still speculative (Kushimoto et al., J
Neurotrauma 2003; Schoechl et al., Hämostaseologie 2012)

Estimated 2.5-7% of trauma/TBI patients present with HF
(Levrat et al., Br J Anaesth 2008; Tauber et al., Br J Anaesth 2011; Schoechl et al.,
Hämostaseologie 2012)

Presence of HF associated with worse outcome
„Hyperfibrinolysis increased fatality rates“ (Tauber et al., Br J Anaesth 2011)
„HF only observed in TBI non-survivors“ (Schoechl et al., Hämostaseologie 2012)
„Fulminante (<30 min), intermediate (30-60 min), or late HF (>60 min) resulted
in 100%, 91%, or 73% mortality“ (Schoechl et al., J Trauma 2009)
„The actual overall mortality of HF (88%) exceeded the predicted trauma and ISS
mortality (70%)“(Schoechl et al., J Trauma 2009)

The level of plasma D-dimer after TBI suggested as
predictor of progressive hemorrhagic injury/intra-
cranial hemorrhage (PIH) (Tian et al., Neurosurg Rev 2010; Tong et al.,
Brain Injury 2012)
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Vice-versa.....

Retrospective cohort of 57 consecutive patients
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Hyperfibrinolysis

Mortality

Surviving patients at different time points after admission group by severity of HF
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Hypercoagulability state secondary to
protein-C depletion

Chronic protein C depletion-mediated susceptibility to infectious and
thromboembolic events

Larouche et al., Neurosurgery 2012
 Thomas, Labor und Diagnose 2000
             Brohi et al., Ann Surg 2007

endothelium

thrombomodulin thrombin

protein C activated protein C

POST-TRAUMATIC
INFLAMMATORY

RESPONSE

F8a

F5a
COAGULATION

PAI-1 tPA
Hypercoagulable

state
↓ Fibrinolyis
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Hypercoagulability state secondary to
protein-C depletion

Chronic protein C depletion-mediated susceptibility to infectious and
thromboembolic events

Cohen et al., J Trauma 2009

Critical trauma patients have an early activation of the
PC pathway with a rapid decrease in plasma levels of
this protein and increase in EPCR (soluble endothelial
PC receptor).

Plasma levels of PC return to normal levels within 24
hours in most patients.

A substantial number of trauma patients present with
significantly lower plasma levels of PC within 24 hours
after injury, suggesting a possible consumption of this
vitamin K-dependent protein and an inhibition of its
activation by inflammatory mediators.
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Cohen et al., J Trauma 2009
Cohen et al., Ann Surg 2012

Significantly lower Protein-C levels at 6, 12 and 24 hours in patients
with complications (VAP-pneumonia) compared to non-infected
patients

Soluble endothelial PC receptor (sEPCR) levels were also lower at 24
hours

Protein-C depletion is associated with complications!
(for example VAP-pneumonia)
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Treatment Option for Coagulopathy after
TBI

Fresh Frozen Plasma

Antifibrinolytics

rFVIIa

Reversal of Hypercoagulation

Volume (Hypertonic Saline-Dextran)
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Fresh Frozen Plasma

Administration of FFP in coagulopathic patients is part
of the standard treatment in traumatology (Lucas et al., Am J
Surg 1996; Kashuk et al., Ann Surg 2010)

Prophylactic administration in TBI patients has not
proven to be beneficial in reversing coagulopathy or
improving outcome (Winter et al., 1989)
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Fresh Frozen Plasma

!
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pRBC:FFP ratios in TBI

Peiniger et al., Crit Care 2011
Spinella et al., J Trauma 2011

Survival benefit for high
Plt:pRBC ratio in TBI+
patients but NOT for high
FFP:pRBC ratio!

Survival benefit for high
FFP:pRBC ratio regard-
less of presence/ absence
of TBI!
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Treatment Option for Coagulopathy after
TBI

Fresh Frozen Plasma

Antifibrinolytics

rFVIIa

Reversal of Hypercoagulation

Volume (Hypertonic Saline-Dextran)
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Antifibrinolytics (Tranexamic acid)



Antifibrinolytics (Tranexamic acid)

What did the study add:

1. First randomised, placebo controlled trial to evaluate the effects of
antifibrinolytic TXA in patients with TBI

2. Non-significant trends to beneficial effects justify a randomised
controlled trial to evaluate the effectiveness of the early
administration of TXA in TBI > CRASH-3 trial

3. An early short course of TXA seems to be safe (in relation to new
ischemic brain lesions) in patients with trauma with extracranial
significant bleeding and concommitant TBI

Frequencies of TBI-
Coagulopathy

Risk Factors

Outcome

Hypotheses

Treatment

Conclusions



Antifibrinolytics (Tranexamic acid)

if administered > „give it early!“
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Antifibrinolytics (Tranexamic acid)

if administered > „give it early!“
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Treatment Option for Coagulopathy after
TBI

Fresh Frozen Plasma

Antifibrinolytics

rFVIIa

Reversal of Hypercoagulation

Volume (Hypertonic Saline-Dextran)
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Recombinant Factor VIIa (rFVIIa)

Aim: To evaluate the safety and preliminary effectiveness of rFVIIa
to limit traumatic intracerebral hemorrhage progression

M/M: 1. Prospective, randomized, placebo-controlled, dose 
escalation study

2. Inclusion tICH lesions 2 ml on a baseline CT obtained
within 6 hrs of injury

3. rFVIIa or placebo within 2.5 hrs of CT and < 7 hrs of injury
4. CTs repeated at 24 and 72 hrs 
5. 5 escalating doses (40, 80, 120, 160, 200 microg/kg rFVIIa)
6. Clinical evaluations/adverse events recorded until d15

Narayan et al., Neurosurgery 2008
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Recombinant Factor VIIa (rFVIIa)

Results:

NO difference in mortality or number/type adverse events

A nonsignificant trend for rFVIIa dose-response to limit
traumatic intracranial hemorrhage volume progression was
observed (placebo, 21.0 ml; rFVIIa, 10.1 ml).

Asymptomatic deep vein thrombosis, detected on routinely
performed ultrasound at day 3 more frequently in the 
rFVIIa treatment group (placebo, 3%; rFVIIa, 8%; not
significant)

Narayan et al., Neurosurgery 2008
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Recombinant Factor VIIa (rFVIIa)

In conclusion, the use of rFVIIa reduces the growth of the hematoma
but does not improve patient survival or functional outcome after
intracranial hemorrhage; in addition, rVIIa increases the incidence of
arterial thrombembolic events!

Frequencies of TBI-
Coagulopathy

Risk Factors

Outcome

Hypotheses

Treatment

Conclusions



Recombinant Factor VIIa (rFVIIa)

Summary
Recombinant Factor VIIa:

1. may limit progression of traumatic intracranial
hemoatoma/hematoma growth

2. may rapidly and effectively reverse coagulopathy (INR >
1.4) in patients with severe TBI thus decreasing the time
to intervention/surgery and the use of blood products

3. does not improve outcome (survival/functional outcome)

4. is associated with a lower total cost of hospitalization
compared with standard reversal with FFP

5. Appears to be safe but safety data
are somwhat conflicting

Bartal et al., J Trauma 2007
  Kluger et al., Crit Care 2007

    Narayan et al., Neurosurgery 2008
Stein et al., J Trauma 2008
Stein et al., J Trauma 2009

 Yuan et al., J Clin Neurosc 2010
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Treatment Option for Coagulopathy after
TBI

Fresh Frozen Plasma

Antifibrinolytics

rFVIIa

Reversal of Hypercoagulation

Volume (Hypertonic Saline-Dextran)
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Reversal of Hypercoagulation

The administration of antithrombin III concentrate, a
procoagulant blocker, has not been shown to improve
outcome or to have clinical benefit in TBI

Antiplatelet therapy and anticoagulation with heparin are
well-established treatments for thrombembolic diseases
but their use after TBI is counterintuitive given the high
risk of hemorrhagic progession

Antiplatelet compounds have been shown to deminish the
size of cortical lesions and microthrombi in animal
models of TBI but have never been tested in humans

 Hoots, Semin Thromb Hemost 1997
Owings, Gosselin, Thromb hemost (Suppl) 1997
Granander et al., J Neurosurg Anaesthesiol 2001

Betzner et al., J Neurotrauma 2001
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Treatment Option for Coagulopathy after
TBI

Fresh Frozen Plasma

Antifibrinolytics

rFVIIa

Reversal of Hypercoagulation

Volume (Hypertonic Saline-Dextran)
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Volume (Hypertonic Saline-Dextran)
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Volume (Hypertonic Saline-Dextran)

!
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Tissue factor in HSD D-dimers in HSD

Plasma concentrations of tissue factor (sTF) and D-dimers in
TBI patients resuscitated with normal saline (NS, n = 30) or
hypertonic saline-dextran (HSD, n = 25) at the time of ED
admission



Conclusions (I)

•• Coagulopathy Coagulopathy following TBI is frequent and anfollowing TBI is frequent and an
important independent risk factor related toimportant independent risk factor related to
prognosisprognosis

•• The complex mechanisms that lead to theThe complex mechanisms that lead to the
development of development of coagulopathy coagulopathy after TBI are stillafter TBI are still
poorly defined and the early events after TBI mustpoorly defined and the early events after TBI must
be studied in greater detail to identify the mainbe studied in greater detail to identify the main
triggerstriggers

•• The use of functional assays such as The use of functional assays such as viscoelasticviscoelastic
testing should be encouraged because they cantesting should be encouraged because they can
help to direct individualized treatments and allowhelp to direct individualized treatments and allow
a more targeted goal-orientated therapya more targeted goal-orientated therapy
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Conclusions (II)

•• HF in patients with severe brain injury isHF in patients with severe brain injury is
infrequent but, if present, associated with highinfrequent but, if present, associated with high
mortalitymortality

•• Shock (acidosis) and further Shock (acidosis) and further hypoperfusion hypoperfusion shouldshould
be prevented (systolic blood pressure < 150be prevented (systolic blood pressure < 150
mmHg!)mmHg!)

•• Plasma/FFP should be given only when there isPlasma/FFP should be given only when there is
evidence of coagulation abnormalities (riskevidence of coagulation abnormalities (risk
stratification via scoring systems/algorithmsstratification via scoring systems/algorithms
(TASH)?) > NO empirical infusion of FFP in TBI(TASH)?) > NO empirical infusion of FFP in TBI
patients!!patients!!
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Conclusions (III)

•• Have not talked about Have not talked about LyoPlasma LyoPlasma (freeze dried-(freeze dried-
plasma)!plasma)!

•• Survival benefit for high platelet:Survival benefit for high platelet:pRBC pRBC has beenhas been
demonstrated retrospectively demonstrated retrospectively (Thrombocytopenia on(Thrombocytopenia on
admission linked to progression of intracranial hemorrhage)admission linked to progression of intracranial hemorrhage)

•• Short course of TXA seems to be safe (in relationShort course of TXA seems to be safe (in relation
to new ischemic brain lesions) in patients withto new ischemic brain lesions) in patients with
trauma and concomitant TBI > should be giventrauma and concomitant TBI > should be given
early!!early!!

•• Non-significant trends to beneficial effects justify aNon-significant trends to beneficial effects justify a
randomised randomised controlled trial to evaluate thecontrolled trial to evaluate the
effectiveness of early TXA in TBI > CRASH-3 trialeffectiveness of early TXA in TBI > CRASH-3 trial
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Conclusions (IV)

•• Effectiveness of Effectiveness of rFVIIa rFVIIa needs to be replicated andneeds to be replicated and
further validated in a prospective randomizedfurther validated in a prospective randomized
controlled trialcontrolled trial

•• Fibrinogen (F1) > little data, 7% Fibrinogen (F1) > little data, 7% hypofibrinogen-hypofibrinogen-
emia emia in TBI (in TBI (Chhabra Chhabra et al. 2010)et al. 2010)

•• Attempts to reverse Attempts to reverse hypercoagulation hypercoagulation are eitherare either
counterintuitive or still experimentalcounterintuitive or still experimental

•• Hypertonic Hypertonic saline-dextran saline-dextran has importanthas important
modulatory modulatory potential in attenuating the up-potential in attenuating the up-
regulation of leukocyte/endothelial cell regulation of leukocyte/endothelial cell pro-pro-
inflammatory/prothrombotic inflammatory/prothrombotic mediators and maymediators and may
help to ameliorate secondary brain injuryhelp to ameliorate secondary brain injury
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Thank you very much for your attention

DO YOU HAVE
THE BLEEDING

UNDER CONTROL
???


