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+ importante mise à jour pour l’évolution des connaissances depuis 2006 



Objectives 

• To review the pathophysiology of disturbed 
hemostasis in massively transfused 
patients in elective surgery and trauma 

• Accordingly, to describe the management 
of massive transfusion in 
o Elective surgery 
o Trauma 



Massive transfusion in elective surgery 

• Tissue trauma is controlled 
• Initiation of transfusion is rapid 
• Normovolemia is maintained 
• Normothermia is maintained 
• Monitoring of hemostasis is ongoing 
• Coagulopathy is a late event 



Crystalloids and colloids 

• Hemodilution ↓ Hb, coagulation factors and 
platelets 

• But rapid hemodilution with crystalloids ↑ 
coagulation (TEG) 
o Clinical significance remains unclear 

• Colloids may affect hemostasis 
o Colloids affect fibrinogen polymerization 



N = 59 études au total 
N = 4529 patients (2139 HEA 0,4 vs 2390 comparateur) 
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Pas de différence dans les pertes 
sanguines ni dans les transfusions 

n = nombre de publications 
N = nombre de patients 
HSA = human serum albumin 

n = 20 études 
N = 2151 patients 
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Seulement 2 études dans le trauma



Eberst and Berkowitz, Am J Med 1994 

Flow of blood 

Hematocrit > 30% 

RBC Platelet 

Erythrocytes and hemostasis: 
Rheological mechanisms 



Eberst and Berkowitz, Am J Med 1994 

Anemia and hemostasis: 
↓ margination of platelets 

Flow of blood 

Hematocrit < 25% 

RBC Platelet 



Optimal hematocrit for hemostasis? 

• Hematocrit correlates with the BT 
o In rabbits, BT ↑ when the Hct < 35% 
o In humans, the BT ↑ 60% when HCT ↓ 15% 

• UF to ↑ Hct (36-42%) ↓ transfusions in 
pediatric CPB 

• The optimal Hct to sustain hemostasis in 
the bleeding patient is unknown 



Coagulation factors 

• Prior to 1990 (approximately) 
o Fresh, stored or modified whole blood 
o Labile coagulation factors not a problem 
 

•
o
o



Coagulation disorders in combat casualties 

Simmons RL. Ann Surg 1969;169:455-82 

“During sequential 
transfusions fibrinogen levels 
in peripheral blood fell 
slightly. There was no fall 
below normal in any patient.” 

Units transfused Admission 

“The mean platelet count 
remained about 100 G/L after 
the first 6L of blood.” 

“No clinical evidence of 
hemorrhagic diatheses 
appeared in any of these young 
men despite large volumes of 
transfused blood” 

Présentateur
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There is an influx of sequestered or young platetets in the circulation
The use of fresh whole blood prevents the fall in fibinogen levels



Coagulation factors 

•
o
o
 

• Since 1990 
o Use of packed red cells (30-60 mL of plasma) 
o Coagulation factors have become an issue 







Importance de 
l’interaction entre 
l’endothélium, les 
plaquettes et le 

fibrinogène 



Niveau critique ? 



Coagulopathie de la TM: 
2 visions s’affrontent 

• Vision « classique » 
o Administration de CGR, PFC et CP 
o Cryoprécipités au besoin 

 
• Vision émergente (Allemagne, Autriche) 

o Évaluation par ROTEM 
o Administration de concentrés de facteurs 

• Fibrinogène (2-6g) 
• CCP (e.g. Octaplex®) 
• rFVIIa 

Présentateur
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1 unité de cryo (10 mL) contient 250 mg de fibrinogène en moyenne; dose standard = 10 unités ou 2,5g de fibrinogène
1 flacon de fibrinogène contient environ 1,1 g de fibrinogène
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Coagulation Fibrinolyse 
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Crit Care 2010; 14:R62 

N = 18 
 
Placebo 
F-70 = 70 mg/kg 
F-200 = 200 mg/kg 
 
Coagulopathie mesurée 
par TEG 
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Crit Care 2010; 14:R62 



Crit Care 2010; 14:R62 

Groupe Pertes sanguines (mL) 

Contrôle 1803 ± 248 

F-70 1317 ± 113 

F-200 1155 ± 232 

P < 0.05 - Contrôle (<1 g/L) vs. Fibrinogène 
P = NS - F-70 (1,5 g/L) vs. F-200 (2,5 g/L) 



Étude prospective( 2008-2010) 
Cohorte de 517 patients traumatisés 
Relation entre la fibrinogénémie et 

• Facteurs associés au trauma 
• ROTEM (étude ex-vivo) 
• Outcomes cliniques 

 



Fibrinogénémie à l’entrée 
indépendamment associée: 
•Au choc 
•À la sévérité du trauma (ISS) 
•Au volume de cristalloïdes infusés 
avant l’arrivée à l’hôpital 



L’administration de PFC et de plaquettes 
•Maintient la fibrinogénémie (ad 8 unités de GR) 
•Mais ne permet pas de l’augmenter 
 
L’administration de cryoprécipités (source 
concentrée de fibrinogène) n’augmente pas la 
fibrinogénémie mais permet de la maintenir ad 12 
unités de GR 



Pas de différence statistiquement significative de 
la mortalité à 24h et à 28j en fonction de 

l’administration de fibrinogène 



Fibrinogénémie, en résumé 

• Fibrinogène bas associé 
o À la coagulopathie du trauma 
o À une augmentation de la mortalité (marqueur 

ou déterminant?) 
• Fibrinogénémie optimale demeure inconnue 

(mais probablement > 1g/L) 
• L’effet thérapeutique de l’augmentation de 

la fibrinogénémie reste à démontrer 



L’incertitude se traduit dans les 
recommandations… 



• In anesthesia, the focus has been on platelets: 
o Plt counts are decreased in pts who bleed 

BUT 
o Plt counts are similar whether pts bleed or 

not 
• Importance of: 

o Coagulation factors (specially fibrinogen) 
o Red cells 
o Temperature 

Platelets and hemostasis 



Prophylactic platelet administration during 
massive transfusion 

Reed RL. Ann Surg 1986;203:40-8 

Prophylactic therapy with 
platelet concentrates was 
ineffective in preventing 
diffuse microvascular 
bleeding 

There was no difference 
in platelet counts in 
patients receiving platelet 
concentrates or FFP 



Coagulopathy of MT in elective surgery 

In summary 
• Dilution 

o Red cells 
o Coagulation factors 
o Platelets 

• Coagulopathy 
o Infrequent 
o Late event 



Massive transfusion in trauma 

• Tissue trauma is massive and uncontrolled 
• Initiation of transfusion may be late 
• Hypovolemia and shock are present 
• Temperature is not controlled => 

hypothermia 
• Monitoring of hemostasis is late 
• Coagulopathy occurs early on 

 



Coagulopathy => Microvascular 
bleeding 

• Often complicates the management of MT 
• Relates to: 

o The nature and importance of tissue trauma: brain 
trauma - ISS > 25 

o Shock and tissue anoxia: pH < 7.10 - SBP < 70 mmHg 
o Hypothermia: temperature < 34°C 

• Incidence of coagulopathy = 98% if all factors + 

Cosgriff N. J Trauma 1997;42:857-62 



Temperature: hypothermia 

• Hypothermia 
o Slows the coagulation cascade 
o Reduces the synthesis of coag. factors 
o Increases fibrinolysis 
o Causes a reversible platelet dysfunction 
o Prolongs the BT 

• Important contributor to coagulopathy in 
trauma patients 



Anticoagulation 
 Thrombomoduline 
(TM) complexe la 
thrombine   
génération de 
fibrine 
 Complexe 
thrombine –TM 
active la protéine C 
  génération de 
thrombine 



Hyperfibrinolysis 

PAI-
1 
Consume
d by aPC 

tPA released by 
endothelium 
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In summary 
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Transfusion 

Elective 
surgery 

Trauma 
patient 

Microvascular Bleeding 

The “road to coagulopathy” 
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Commentaires de présentation
Massive Transfusion and the Road to Coagulopathy
In elective surgical patients, tissue trauma is controlled, temperature is maintained, tissue anoxia and acidosis are avoided, and hemostatic abnormalities are treated in a timely fashion. In such patients, MVB is unlikely to occur or will occur as a late event, usually when the situation becomes uncontrolled.
In trauma patients, depending on the nature of the trauma and the appropriateness of intervention, systemic compromise will be moderate to severe. The more severely patients are compromised, the more likely microvascular bleeding is to occur early.



Monitoring of coagulopathy 
• No simple and reliable test available 
• PT & aPTT  

o Require centrifugation = delays 
o Increases are very common 
o Marked prolongations (1.5 to 1.8 x control) 

• Predict factor V and VIII < 30% 
• Correlate with MVB 

• Platelet count: to be interpreted in context 
• TEG and ROTEM 

Ciavarella D. Br J Haematol 1987;67:365-8 
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Basic management of the 
bleeding patient 

• Correct hypothermia 
• Transfuse red cells (optimal Hct?) 
• Transfuse FFP 

o For a markedly prolonged PT/aPTT 
o To correct a low fibrinogen concentration 

(consider cryoprecipitate if ineffective) 
• Transfuse platelets 

o Decreased number 
o Decreased function 



Massive transfusion in the elective surgical setting 

Erber WN. Transfus Apheresis Sci 2002;27:83-92 



Massive transfusion in trauma 

• The recent military experience suggests 
« damage control resuscitation » 
• « Damage control surgery » 
• Minimal use of crystalloids 
• RBC:FFP:Plts in a 1:1:1 ratio 

• Specific demographic characteristics 
• Healthy and young (21-30y) males 
• Combination of blast and penetrating injury 

 



Mais qu’en est-il de la TM chez 
les civils? 

• Les populations sont différentes 
o Plus de femmes 
o Plus de personnes âgées 

• Les traumas sont différents 
o Plus d’accidents d’automobile 
o Moins de traumas pénétrants 

• Résultats des études (rétrospectives) sont 
contradictoires 
 



Retrospective analysis of 713 trauma patients admitted 
between 2002 and 2006 with 

• serious injury (ISS > 16) 
• massive transfusion (RBC > 10) 

Note: - relatively old population (mean age 40y) 
- largest proportion of females (30.3%) 



Mortality decreased with a RBC to FFP ratio < 0.9 
but ventilator days and LOS increased (TRALI ?) 





Limites des études 

• Études rétrospectives 
o « Survivorship bias »: les pts qui sont morts <2h 

n’ont pas eu le temps de recevoir du FFP 
o « Ascertainment bias »: difficulté à colliger des 

données valides dans un environnement extrême 
• Différences entre civils et militaires 

o Importantes différences démographiques 
o Traumas pénétrants vs. traumas non pénétrants 
o Diponibilité des produits sanguins 

 



Le protocole 1:1:1 ne s’applique pas 
d’emblée aux traumas civils 

• Environ 17% des traumas civils sont 
transfusés 

• 2-5% des patients sont transfusés 
massivement > 10 U 

• Le protocole 1:1:1 ne s’applique donc qu’à un 
très petit nombre de traumas civils 

• Trauma ≠ 1:1:1 



Le protocole 1:1:1 ne s’applique pas en 
chirurgie programmée 

• Conduite suggérée demeure 
o Cristalloïdes + GR 
o Monitorer la coagulopathie 
o PFC si PT/PTT > 1,5 x normale (dose usuelle 3-6 

unités) 
o Plaquettes si < 50 G/L 

• Transfusion de GR ≠ 1:1:1 



En résumé: prise en charge 
• Pas de démonstration claire (non-équivoque) 

des bénéfices ou des inconvénients de 
différentes stratégies: 
o Ratio 1:1:1 
o Administration de concentrés de facteurs 

• Besoin d’études prospectives randomisées 
• Mieux comprendre la coagulopathie du 

trauma/de la transfusion massive 
• Outils diagnostiques performants requis 

 
 





Conclusions (1/2) 
• Coagulopathy of Massive Transfusion is 

different in elective surgery vs. trauma 
o Intricate, multicellular and multifactorial 
o Infrequent and late event in elective surgery 
o More frequent in trauma 

• Shock, acidosis, hypothermia 
• “Acute coagulopathy of trauma” 
• Exact mechanism remains unclear 

• Consequently, management will differ 
 
 



Conclusions (2/2) 

• Management 
o Red cells to raise the Hct 
o FFP/cryos to correct a low fibrinogen/factor 

level 
o Platelets to correct low/ineffective platelets 
o Timing/quantity may vary according to context 

• Monitoring 
o Reliable POC monitors of coagulation are 

needed 



Questions? 
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