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Uncontrolled Bleeding is a Major Cause
of Death in Trauma

(Patients dying in-hospital within the first 48 hours after trauma)

Sauaia et al., J Trauma 1995; 38: 185-193
Evans et al., World J Surg 2010; 34: 1720-21
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The Incidence of Acute Post-Traumatic
Coagulopathy upon ER Admission

(25% of trauma patients are coagulopathic upon ER admission)
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The Clinical Significance of Acute Post-
Traumatic Coagulopathy : Mortality
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Uncontrolled bleeding is still the major
cause of preventable/potentially
preventable death after trauma

2,081 trauma death analyzed (1 Level 1 Trauma Center/ USA = 8 years)

51 deaths classified as „preventable or potentially preventable deaths“ (2,5%)

mean age 40 yrs; 66,7% male; mean ISS 27; 74,5% blunt

Caused of death: bleeding (20; 39,2%)

multi-organ failure / MOF (14; 27,5%)

cardio-circulatory arrest (8; 15,6%)

Caused by: delay in treatment (27; 52,9%)

wrong or missing diagnostic assessment (17; 33,4%)

Time of death: ≤ 24 hrs (26; 51,1%)

≥ 7 Tage (16; 31,4%)



Key recommendations „Management of Acute
Traumatic Haemorrhage“ S3-Guideline Polytrauma

Die akute post-
traumatische
Gerinnungsstörung

Guidelines

FFP:EK ratio

Ratio based on TASH

Neue Perspektiven

Schlussfolgerung

Trauma-induced coagulopathy
=

„own clinical entity“



What are the triggers for the acute
coagulopathy of trauma ?
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The current concept

Maegele et al. , Shock 2013 



What can we do?

Therapeutic OptionsTrauma-induced
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R1:
Minimal

elapsed time

R2:
Tourniquet

use

R3: Initial
assessment

R5:
Immediate

intervention

R6:
Further

investigation

R7:
Imaging

R8:
Intervention

R13:
Pelvic ring closure & stabilization

R14:
Packing, embolisation & surgery

R16:
Damage control surgery

R15:
Early bleeding control

R17:
Local haemostatic measures

RAPID DETECTION OF
THE BLEEDING SOURCE

AND SURGICAL
BLEEDING CONTROL

(if possible!)

Σ = 37 Recommendations
13/37 „surgical“



Recommendation 4:

We recommend that the physician clinically assess the
extent of traumatic hemorrhage using a combination of
patient physiology, anatomical injury pattern,
mechanism of injury and the patient´s response to
initial resuscitation! > ATLS-Concept!

(R4: Initial assessment; 1C)

4 classes of hypovolemic shock
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Recommendation 4:

We recommend that the physician clinically assess the
extent of traumatic hemorrhage using a combination of
patient physiology, anatomical injury pattern,
mechanism of injury and the patient´s response to
initial resuscitation! > ATLS-Concept!

(R4: Initial assessment; 1C)
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Recommendation 2:

We recommend adjunct tourniquet use to stop life-
threatening bleeding from open extremity injuries in
the pre-surgical setting!

(R2: Tourniquet use; 1C > 1B !)
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FAST (Focused Assessment Sonography of Trauma): 4 Views !

Right upper
quadrant

(Morrison)

Left upper
quadrant
(Spleen)

Lower
abdomen
(Douglas)

Epigastrium
(Pericard)

Recommendation 7:

We recommend early imaging (FAST ultrasound
and/or CT) for the detection of free fluid in patients
with suspected torso trauma!

(R7: Imaging; 1B)
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Ruchholz et al., Dt Ärzteblatt
2008;105:225-231

FAST

Recommendation 7:

We recommend early imaging (FAST ultrasound
and/or CT) for the detection of free fluid in patients
with suspected torso trauma!

(R7: Imaging; 1B)
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Recommendation 8:

Patients with significant free intra-abdominal fluid and
hemodynamic instability undergo urgent intervention!

(R8: Intervention; 1A)
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Recommendations 18, 19 and 20:

Early bleeding control of the abdomen be achieved
using:

Packing, direct surgical bleeding control and the use of
local hemostatic procedures (R18; 1C)

Pelvic ring closure and stabilisation in case of pelvic
ring disruption and hemorrhagic shock (R19; 1B)

Angiographic embolisation (R20; 1B)
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Recommendation 19:

Patients with pelvic ring disruoption in hemorrhagic
shock undergo immediate pelvic ring closure and
stabilisation

(R19: Pelvic ring closure and stabilisation; 1B)
Closed reduction in the Emergency Room

Circumferential Sheeting
• Supine with limbs in inner rotation, adduction

and knees slightly flexed adduction

• 2 “Wrappers” over trochanterics and knees

• Placement

• Apply

• “Clamper”

• 30 Seconds
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• Before • After

Closed reduction in the Emergency Room

Circumferential Sheeting
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Pelvic Binders



Pelvic Binders

Pelvic binder applied too high!



Recommendation 21:

„Damage control“-surgery be employed in the severely
injured patient presenting with deep hemorrhagic
shock, signs of ongoing bleeding and coagulopathy!

(R21: Damage control surgery; 1C > 1B !)

Restore
physiology

first,

restore
anatomy

later!
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Die akute post-
traumatische
Gerinnungsstörung

Europäische
Traumaguidelines

Indications for „Damage Control“-
Strategies

Karamarkovic and Doklestic , BH Surgery 2012



Focus on coagulation support

Surgery done!

....but
coagulation
management
as equally or
even more

important!!!



Σ = 37 Recommendations
24/37 „non surgical“

Recommendation 23:
We recommend that

monitoring and measures
to support coagulation be

initiated as early as
possible (Grade 1C).
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Trauma-induzierte
Koagulopathie

Mechanismen

Diagnostik und
Therapie

Key recommendations „Management of Acute
Traumatic Haemorrhage“ S3-Guideline Polytrauma

Previously 2C > now 1C !



Viscoelastic assays: Principle

Thrombelastography (TEG) Thrombelastometry (ROTEM)

Rotating
cup

Rotating
pin

Resting
cup

Heat block

Heat block

Detector

Stamp

Mirror for
detector

Citrated blood probe with
coagulation activator

Ex vivo initiation of clotting in cup by adding a coagulation activator

Clotting in the cup increases resistance against the rotating cup (TEG)/ pin (ROTEM)

Degree of resistance is translated into the curve signal



Normal

Delayed clotting

Reduced clot strength

Hyperfibrinolysis

Viscoelastic assays: ROTEM®



Fast results > „point-of-care“

Information about

Initiation of clot formation („clotting time“)

Dynamics of clot formation

Quality of formation
(stability / sustainability)
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Viscoelastic assays

Reference ROTEM®

Key injury:

Combined liver/spleen
rupture with massive
intraabdominal bleeding



Standard coagulation assays
 long turn-around times!

 No information about the quality and dynamics of the
clooting process (initiation ONLY!)
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 long turn-around times!

 No information about the quality and dynamics of the
clooting process (initiation ONLY!)

Standard coagulation assays
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 Recommendation R26:
We recommend in massively
bleeding patients the initial

administration of plasma (1B)
or Fibrinogen (1C). Optimum
ratio FFP:pRBC of at least 1:2

(2C)
 NO administration in patients

that do not need !!
(1B)

Recommeded initial dose 10-15 mls/kg
Additional dose according to coagulations
status and neded of other blood products

(Grad 1C).

BLOOD PRODUCTS

 Recommendation R17:
We recommend a target 

Hemoglobin (Hb) of
7-9 g/dl (1C)

 Recommedation R28:
We recommend the 

administration of platelets 
to keep > 50 x 109l (1C)
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pRBC : FFP ratio: Does it matter?

Evidence from the Military
(Borgman M et al., J Trauma 2007; 63: 805)

  US-Combat Support Hospital Irak 2003-2005

  Patients with massive transfusion (> 10 pRBCs/24h)

  246 patients (94% with penetrating injuries)

  Grouped according to pRBC:FFP ratios transfused
during acute care
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pRBC : FFP Ratio Groups

Borgman et al., J Trauma 2007; 63: 805
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Cushing und Shaz, Minerva Anesthesiologica 2011
Stahel et al., Curr Opin Anesthesiol 2009

The Ratio-Concept: Studies
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Reviews und Meta-analyses
Zehtabchi and Nishijima (Acad Emerg Med 2009;16:371-378) > 4 observational studies
Impact of transfusion of fresh-frozen plasma and packed red blood cells in a 1:1 ratio on survival of emergency department patients with severe trauma.

Phan and Wisner (Vox Sang 2010;93:395-402) > 11 retrospective studies
Should we increase the ratio of plasma/platelets to red blood cells in massive transfusion: what is the evidence?

Johansson and Stensballe (Transfusion 2010;50:701-710) > 14 retrospective studies
Hemostatic resuscitation for massive bleeding: the paradigm of plasma and platelets-a review of the current literature.

Murad et al. (Transfusion 2010;50:1370-1283)
> 37 observational studies

The effect of plasma transfusion on morbidity and mortality: a systematic review and meta-analysis.

∑ = Inadequate evidence to support or refute the use of a high FFP:PRBC ratio
in patients with severe trauma.

∑ = There is some evidence to support the increase use of plasma and platelets
in massive transfusion, but true efficacy has not yet been proven by prospective

RTCs

∑ = High FFP- and PLT-to-RBC ratios seem to improve survival in massive
bleeding. RCTs with TEG-guided transfusion therapy vs fixed ratios are highly

warranted.

∑ = Very-low-quality evidence suggests that plasma in the setting of massive
transfusion may be associated with a reduction in the risk of death and

multiorgan failure.
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Which
RBC:FFP:PLT-
ratio is  „best“?



Problems associated 1:1 FFP:RBC
administration in acute hemorrhage

> it may take time !

1:1 took 14.8 hours to achieve an INR < 1.5

> it may support dilution !

> is associated with immunological disturbances

 Gonzales et al., J Trauma 2007

 Armand and Hess, Transfusion Med Rev 2003

volume loading

TRALI

Immunological consequences of increased 
plasma transfusion > infection!
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Mortality higher in 1:1 („Fixed ratio“) !

More waste of blood products !

Fixed ratio

Laboratory-driven protocol
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Damage Control Resuscitation does not
always correct trauma induced

coagulopathy



Alternative approach:

ROTEM® -guided concentration factor
based therapy
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Trauma-induzierte
Koagulopathie

Mechanismen

Diagnostik und
Therapie

Key recommendations „Management of Acute
Traumatic Haemorrhage“ S3-Guideline Polytrauma

2010 2C >>>> 2013 1C recommendation!



Retrospective comparison:

ROTEM-guided concentration factor therapy
(Salzburg-Trauma Register)

Fibrinogen concentrate (2-4g)+Prothrombin complex concentrate(1000-1500 IE))

versus

FFP-ratio based coagulation therapy (Traumaregister DGU)

F II (Prothrombin), F VII (Prokonvertin), F IX (antihaemophilic
Factor B), F X (Stuart-Prower-Factor)

if Clottimg time (CT) > 1,5 x reference

Alternative approach:

ROTEM®-guided concentration factor
based therapy
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Results

No difference in mortality
(7,5% Fibrinogen/PCC group versus 10% in FFP-ratio based group;p=0,69)

Significant difference in the use of allogenic blood
products!

Schoechl et al. Crit Care 2011

Platelet concentrates pRBCs

0 Platelet
concentrates in

91%

0 pRBCs
in 29%
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Retrospective Matched-Pairs-Analysis
(tight Match-Code):

ROTEM-guided concentration factor therapy (Innsbruck-Register)
(Fibrinogen concentrate + Prothrombin complex concentrate)

versus

FFP-ratio based coagulation therapy (Traumaregister DGU)

F II (Prothrombin), F VII (Prokonvertin), F IX (antihaemophilic
Fakcor B), F X (Stuart-Prower-Factor)

if Clottimg time (CT) > 1,5 x reference

Nienaber et al. Injury 2011
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Nienaber et al. Injury 2011

pRBC:FFP1:1

concentrates
and Ø FFP
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Supporting Coagulation Function

- !

- !



Thrombin

The role of
Fibrinogen

Maegele, Textbook of Surgery 2014 (in press) 
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Critical factor concentrations and blood loss

236% (CI 198-277%)20%Factor VII

229% (CI 167-300%)25%Factor V

201% CI 160-244%)20%Prothrombin

142% (CI 117-169%)1.0 g/LFibrinogen

230% (CI 169-294%)50 x 103/mm3Platelets

Blood volume
exchanged /

Blood loss (%)

Critical valueFactor

Fibrinogen is the first coagulation factor
to reach critical levels
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Fibrinogen is the first coagulation factor
to reach critical levels
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Fibrinogen in the treatment of acute post-
traumatic coagulopathy

Fries et al., Br J Anaesth 2005

Elektronmicroscopy of clotting

Normal clotting Dilution

„Diluted“ clot after
administration of fibrinogen
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2 large-scale RCTs

• Futility Analysis revealed unexpected low mortality in control
group (11% vs 28%)

• Study stopped after recruitment of 573/ 1502 patients

• NO survival benefit in verum group (rFVIIa-Gruppe)

• 20.211 patients / 274 hospitals / 40 countries with severe trauma
bleeing / risk of severe bleeding

• Early TXA (bolus 1g/10min, followed by 1g/8h) or placebo

• TXA reduced relative risk of death by 10 %, and of death by
bleeding by 15%

• NO side-effects, safe, and cheap!

rFVIIa as ajunct to standard therapy in
refractory trauma-associated bleeding

Early tranexamic acid (antifibrinolytic) in
trauma with severe bleeding

Gesamtsterblichkeit 67 
Verbluten 125

Number-needed-to-treat (NNT)
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If TXA > „give it early!“
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Die akute post-
traumatische
Gerinnungsstörung

Guidelines

FFP:EK ratio

Ratio based on TASH

Neue Perspektiven

Schlussfolgerung

Modified according to AWMF S3-Leitlinie „Polytrauma“ and Lier et al., Intensive Care Med 2011

Management of coagulopathic bleeding

Optimize conditions for
coagulation !!!!
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Recommendations 35, 36 and 37:

Institutional Implementation !!!

    R35:   

Each institution
should implement an

evidence-based
treatment algorithm

for the bleeding
trauma patient! (1C)

    R36:   

Treatment checklists
should be used to

guide clinical
management! (1B)

    R37:   

Each institution
should include an

assessment of
adherence to the

institutional
algorithm in routine
quality management!

(1C)
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Conclusions (I)

 50% of all severely injured trauma patients to
die from uncontrolled hemorrhage and TBI

 Post-traumatic coagulopathy is present in 1
out of 4 patients in the Emergency Room

 Viscoelastic testing may have advantages in
early detecting trauma-associated 
coagulopathies

 Cornerstones in acute multi-disciplinary 
management are surgical bleeding control
(incl. „Damage control“) and coagulation 
management according to the guidelines
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 Viscoelastic test-guided concentration factor
therapy may be associated with less use and
waste of allegenic blood products

        Maybe thereby reducing morbidity

 Each institution needs to develop, implement
and adhere to an evidence-based management
protocol that has be adapted to local 
circumstances and infrastructure

Conclusions (II)
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Thank you very much !

Do you have
the bleeding

under control?


