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Coagulopathy and bleeding 



Pathophysiology 

 Coagulopathy related to Trauma/Shock - Acute Traumatic Coagulopathy 
 

 Coagulopathy secondary to dilution with crystalloids and colloids 

 Coagulopathy secondary to haemotherapy 

 Coagulopathy secondary to comsumption (injury, DIC etc.) 
 

 Coagulopathy due to hypothermia and metabolic acidosis 
 

 Coagulopathy due to ischemia-reperfusion injury 
 

 Coagulopathy due to antithrombotics 

   

    Micro Vascular Bleeding (MVB) 

                Hardy J-F et al. Can J Anesth 2004 

    Brohi K et al. Curr Opinion of Crit Care. 2007 



Acidosis? 

Surgical? 

Hypothermia? 

Dilution? 

Consumption? 

Fibrinolysis? 

Dysfibrinogenaemi? 

? 
Coagulopathy? 

Platelet(dys)function? 

Severe Anaemia? Antithrombotics? 



Cascade model of coagulation 

MacFarlane RG. Nature 1964 

 

 APTT was introduced in 1961 with the 
purpose of reflecting the effect of 
anticoagulants 

 Proctor et al. Am J Clin Path 1961 

 PT was introduced in 1940s to 
evaluate the effect of dicumarins             

 Shapiro et al. Ann Surg. 1942 

 These assays determine how plasma 
coagulate in a sample tube 

 Platelet count does not reflect 
functionality 

 Agarwal et al. Anesthesiology 2006 

 Swallow et al. Platelets 2006 

 
 Fibrinolysis?  



Plasma-based tests? 

INR/PT APTT 

…developed to monitor heparin and vitamin K antagonists… 



…doesn´t reflect platelet function! 

Platelet count? 









• Whole blood analysis 

• Measures the viscoelsatical properties of the clot 

• Multiple endpoints reflecting clot formation, strength & degradation 

• Real-time (15 min.) 

Viscoelastic Hemostatic Assays (VHA) 
TEG®/ROTEM® 



Functional Fibrinogen TEG® / FIBTEM ROTEM® 

MA FF 6.3 mm (normal values 14-24) 



 RapidTEG® 

Patient arrives at 6.02 TEG result finished 6.09 

6 min 

3 min 



Treatment algorithm 

 

 

 

 

 

 If treament failure – call Bloodbank 

Stensballe et al. Curr Opin Anesthesiol 2014 

√ 
 



Vascular endothelium 

• Endothelial cells: A single layer of cells lining the blood vessels, 

covering a surface area of 4-7,000 m2 with a total weight of 1 kilogram  

• Glycocalyx: 0.2-1 μm endothelial surface layer comprising 

glycoproteins, heparin-like substances and plasma constituents 

• Contains a fixed non-circulating plasma volume of 0.7-1.0 L (25-30% 

of plasma volume) in dynamic equilibrium with the circulating plasma 

 

Rehm et al. Anesthesiol 2001; van den Berg et al. Pharmacol Rep. 2006; Nieuwdorp et al. Curr Opin Lipidol 2005; Gouverneur et al. J Int Med 2006, Jacob et al. 

Best Pract Res Clin Anaesthesiol 2009; Rehm et al. Circulation 2007 



Vascular endothelium 

Rehm et al. Anesthesiol 2001; van den Berg et al. Pharmacol Rep. 2006; Nieuwdorp et al. Curr Opin Lipidol 2005; Gouverneur et al. J Int Med 2006, Jacob et al. 

Best Pract Res Clin Anaesthesiol 2009; Rehm et al. Circulation 2007 

Stensballe et al. 

Trauma, re-perfusion 
injury, fluid therapy etc. 





Blood Bank Services 
Services since 2004 
 Live monitoring 

 Thrombelastograph (TEG®) 

 TEG Specialist Guidance – 24/7 
 

 

New ”products” since 2004 
 Cryoprecipitate 

 Thawed FFP, Liquid plasma 

 Acute Transfusion Package 

  (5 RBC; 5 FFP, 2 PC) 

 PCC (Octaplex®) 

 NovoSeven-package 

 Fibrinogen 

 DDAVP 

 

The Copenhagen Concept 

Johansson, Stensballe et al. Transfusion 2007 



1:1:1 
3:3:1  4:4:1 

Life-threatening 
bleeding 



FFP:RBC ratio…? 

Borgman et al. J Trauma 2007 

• Cinat et al. (1999) reporterede FFP:SAG M 

ratio 

 Non-survivors 1:2.5 

 Survivors 1:1.8 

 

• Maegele et al. (2007) fandt  

 Lav FFP:SAG M ratio ~ mortalitet 45 % 

 Medium FFP:SAG M (1:1,4) ~ mortalitet 35 %  

 Høj FFP:SAG M (1:1) ~ mortalitet 24% 

 

• Johansson og Stensballe (2009) 

 Non-survivors FFP:SAG M ratio 1:1.6 

 Survivors FFP:SAG M ratio of 1:1.2 



Proof-of-concept  Therapy? 



  Platelets…? 

Platelets are crucial for intact  

haemostasis 

1. Participate in clot building 

2. Thrombin burst occurs on 

 the activated platelet 



Johansson and Stensballe. Vox sang. 2009 





 TACTIC 

  1:1:1 ? 

PROPPR finalized dec. 2013 
clinicaltrials.gov NCT01545232 

   

Lead by prof J.B. Holcomb, Houston, USA 

http://cetir-tmc.org/research/proppr




 

The Copenhagen Concept 



  The Copenhagen Concept cont. 

Blood bank-
analyze 

Blood bank specialist 
on call 24/7 

OR 

Trauma centre 

CT/LAB 

ICU 

  
  

 

The Copenhagen Concept 



Citrate 

15 min 

 

The Copenhagen Concept 



Johansson, Stensballe et al. Blood. In press 2014 

Time 

Start of Hemorrhage 

30 min 

 Goal-directed VHA-guided resuscitation 

     Tranexamic acid according to CRASH2 and/or VHA 

60 min 

Hemostasis 

                                                                         

  

Monitoring 

Anti- 

fibrinolytics*  

Transfusion 

therapy 

Hemorrhage 

dynamics 

Correct: Temperature, Ca2+, K+, paO2, paCO2, Shock Reversal: pH, Lactate 

        RBC according to Hb.  
  Ratio 

  1:1:1 

VTE prophylaxis 

Uncontrolled hemorrhage 

 

Increasing control of hemorrhage 

 

The Copenhagen Concept 



 

The Copenhagen Concept 
  

Johansson et Stensballe. Vox Sang 2009 

2005-2006 

2002-2003 



Johansson et al. Submitted. 2012  
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Haemorrhagic mortality < 15% in 

severely injured trauma patients 
   Johansson, Stensballe et al. Transfusion  2013 

ACIT3: 2010-11: 182 trauma patients in Copenhagen 

 

The Copenhagen Concept 



Bleeding… 

Moderate 
Life- 

threatening 
None 

1:1 
134 U 8 U89 U

TRAPtest ASPItest ADPtest
GPIIb/IIIa rec. 

hæmmere

COX-1 hæmmere

(ASA, NSAID)

ADP rec. 

hæmmere

Monitor  

&  

plan 



• Blood component therapy  
• Be restrictive in the most’ 
• Be liberal in the few with life-threatening bleeding 

 
• Monitor the clot – use TEG®/ROTEM® 

• Goal directed resuscitation – give only what is needed 
 

• Haemostatic Control Resuscitation – The Copenhagen Concept 
• Transfusion packages and TEG reduced mortality by >20% in 
massive bleeding in Copenhagen 
 

• Go talk to your blood banker! 

Final remarks 


