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Choc Hémorragique – Situations 

Cliniques

 Traumatismes graves

 Hémorragies obstétricales

 Hémorragies gastro-intestinales

 Chirurgie Cardio-Vasculaire (ECLS, 

LVAD…)



Hémorragie: 1ère cause de décès précoce

Sauaia et al., J Trauma 

1995
* Décès précoce < 48 h (n=154) 
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Survey of Anesthesia-related Mortality in France

Anesthesiology, V 105, No 6, Dec 2006



Une physiopathologie complexe

• Choc Hypovolémique : 
hypoxie cellulaire et risque 
de mortalité … à court 
terme

• Réponse Adaptative (mal-
adaptative?) : 
• Volume et rapidité de 

l’hémorragie, Mécanismes 
compensateurs, Durée du 
choc, Lésions associées

• Composante Redistributive, 
Inflammation, Reperfusion, 
Défaillance Multiviscérale, 
Transfusion … 



Hémorragie Progressive
• 1 Phase sympatho-excitatrice:

• Maintien PA

• SN∑, SRA, AVP

• Redistribution des flux

• 2 Phase sympatho-inhibitrice : 
• Chute brutale PA

• 30 à 50 % de la masse sanguine 

• bradycardie par libération du tonus vagal

• Sympatholyse centrale et vasodilatation 
périphérique

% masse sanguin



Évaluation in vivo de l’efficacité d’oxygénation tissulaire d’une 
émulsion de perfluorocarbure de nouvelle génération en 

situation de choc hémorragique 

Audonnet, Mertes et al, Resuscitation (2006) 70, 124—132



Hémorragie et  Hypotension « constante » 

PA

% masse sanguine

Vatner, NEJM, 293, 970, 1975

Schlumberger et al, Br J Anaesth, 74, 42, 1995

Transfusion immédiate

Transfusion retardée

Choc prolongé : 
- vasodilatation
- perte de l’hystérésis



Conséquences métaboliques 

et inflammatoires



Hemorrhagic shock

Critical Care October 2004 Vol 8 No 5 Gutierrez et al.

La concentration en O2 (Co2 ml/100 ml)

Co2 = Hb x 1.34 x SaO2 + PaO2 x 0.003

CaO2 = 20 ml/100 ml

CvO2 = 15 ml/100 ml

Le transport de l’O2 (TO2 ml/min/m_)
TO2 = CaO2 x Ic x 10
n = 660 ml/min/m_

La consommation d’O2 (VO2 ml/min/m_)
VO2 = C (a - v) O2 . IC

n = 135 ml/min/m_

L’extraction de l’O2 (O2ER %)
O2ER = VO2 / TO2 = (CaO2 – CvO2) / CaO2

n = 25%



Alteration of cytokine profile following 
hemorrhagic shock Cytokine 81 (2016) 35–38



Patterns of gene expression among murine models of 
hemorrhagic shock/trauma and sepsis

Physiol Genomics 48: 135–144, 2016.



The role of toll-like receptor-4 in the development of multi-organ 
failure following traumatic haemorrhagic shock and resuscitation

Injury, Int. J. Care Injured 43 (2012) 129–136



Protective role of nuclear factor erythroid 2-related factor 2 in 
the hemorrhagic shock-induced inflammatory response

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 37: 1014-1022, 2016



Défaillances Multivsicérales



Neurohormonal interactions on the renal oxygen delivery and 
consumption in haemorrhagic shock-induced acute kidney injury

Acta Physiol 2013, 209, 11–25



Microcirculatory Alterations in Traumatic
Hemorrhagic Shock

Tachon et al, Crit Care Med 2014; 42:1433–1441)



In vivo analysis of intestinal permeability following
hemorrhagic shock

World J Crit Care Med. Nov 4, 2015; 4(4): 287-295

Increased bowel permeability to casein peptides after 
hemorrhagic shock. Small bowel permeability as measured by 
systemic concentrations of proteolytically-generated peptides 
from fluorescently labelled casein injected into the small bowel. 
Note the early increase in bowel permeability at 20 min, followed 
by a second, sustained increase in bowel permeability at 
reperfusion.

Selected in vivo microvascular images from two different sham-
shock control (A and B) and shock (C and D) animals (n = 6, both 
groups) after hemorrhagic shock or sham-shock and reperfusion. 
Note the significantly higher levels of red fluorescent casein-derived 
peptides in the microvasculature and within the interstitium in shock 
animals (C and D) compared with their sham shock counterparts (A 
and B).



The Role of Intrinsic Apoptotic Signaling in Hemorrhagic
Shock-Induced Microvascular Endothelial Cell Barrier Dysfunction

J. of Cardiovasc. Trans. Res. (2014) 7:711–718

Pro-apoptotic proteins such as BAK, TNF-α, and Fas initiate mitochondria-mediated intrinsic apoptotic signaling, 
resulting in increase in reactive oxygen species (ROS) formation, decrease in mitochondrial transmembrane potential
(MTP), and release of cytochrome c from mitochondria. The cytochrome c, in turn, activates the final effector caspase-3 
in the apoptotic pathway. The active caspase-3 then disrupts the endothelial cell adherens junction protein complex, 
leading to increase in microvascular permeability. 



A “clean case” of systemic injury: Mesenteric lymph after 
hemorrhagic shock elicits a sterile inflammatory response

Shock. 2015 October ; 44(4): 336–340.

Lymphe mésentérique : DAMPs +, Translocation -



Alveolar macrophage activation after trauma-hemorrhage and
sepsis is dependent on NF-B and MAPK/ERK mechanisms

Am J Physiol Lung Cell Mol Physiol 283: L799–L805, 2002;



The role of toll-like receptor-4 in the development of multi-organ failure 
following traumatic haemorrhagic shock and resuscitation

Injury, Int. J. Care Injured 43 (2012) 129–136



Coagulopathy



Coagulopathy: Its Pathophysiology and
Treatment in the Injured Patient

World J Surg (2007) 31: 1055–1064



Inflammatory response to trauma: Implications for coagulation
and resuscitation

Curr Opin Anaesthesiol. 2014 April ; 27(2): 246–252



Inflammatory response to trauma: Implications for coagulation
and resuscitation

Curr Opin Anaesthesiol. 2014 April ; 27(2): 246–252



Characterization of platelet dysfunction after trauma

J Trauma Acute Care Surg. 2012 July ; 73(1): 13–19.



A time course study of acute traumatic coagulopathy prior
to resuscitation: From hypercoagulation to hypocoagulation
caused by hypoperfusion?

Transfusion and Apheresis Science 50 (2014) 399–406



Cellular microparticle and thrombogram phenotypes in the Prospective Observational 
Multicenter Major Trauma Transfusion (PROMMTT) Study: correlation with coagulopathy

Thromb Res. 2014 September ; 134(3): 652–658



New insights into acute coagulopathy in trauma patients

Best Practice & Research Clinical Anaesthesiology 24 (2010) 15–25



Cause of trauma-induced coagulopathy

Curr Opin Anesthesiol 2016, 29:212–219



Comparative Response of Platelet fV and Plasma fV to Activated Protein C 
and Relevance to a Model of Acute Traumatic Coagulopathy

PLoS ONE 9(6): e99181



Assistances Circulatoires



Circ Heart Fail November 2011

Mechanisms of Bleeding and Approach to Patients With
Axial-Flow Left Ventricular Assist Devices



Circulatory support devices: fundamental aspects and clinical
management of bleeding and thrombosis

Suzen et al, Journal of Thrombosis and Haemostasis, 13: 1757–1767



Acquired von Willebrand factor deficiency caused by LVAD is
ADAMTS-13 and platelet dependent

Thrombosis Research 137 (2016) 196–201

Fig. 2. Reduction inmultimer bands after 2 h of extracorporeal 
circulation in left ventricular assist device circuit. A) normalwhole
blood; B)ADAMTS-13 deficient patients with thrombotic
thrombocytopenic purpura, C) normal platelet rich plasma; D) normal 
platelet poor plasma. **p ≤ 0.005 A vs. B and A vs. D. Box plots show 
mean ± SD and ranges; individual values are
depicted by open circles and ordered by magnitude of effect size. 
Multimer patterns depict representative experiments: lane 1 before, 
lane 2 after the extracorporeal circulation, lane 3
control plasma.



Conclusion

• Physiopathologie complexe

• Influence des situations cliniques : 

trauma/obstétrique/assistances circulatoires

• Hypoxie cellulaire initiale: mortalité à court terme

• Inflammation/coagulopathie/ défaillance 

multiviscérale : mortalité retardée



Merci pour votre attention



LE PREMIER MODELE DE CHOC HEMORRAGIQUE 

1 - Hémorragie 

d’importance croissante

Phase 1, sympatho-excitatrice

Phase 2, sympatho-inhibitrice



Early Platelet Dysfunction: An Unrecognized Role in the Acute
Coagulopathy of Trauma

J Am Coll Surg. 2012 May ; 214(5): 739–746



Sympatho-excitatrice

2 - Hémorragie pour 

obtenir un niveau de TA 

pré-déterminé, puis 

retransfusion

(modèle de WIGGERS)

Normalisation après transfusion : 

choc Réversible

Hypotension après transfusion : 

choc Irréversible

R

I

LE DEUXIEME MODELE DE CHOC HEMORRAGIQUE 



Bradycardie paradoxale

7 % des chocs hémorragiques

Hémorragie rapide et massive

Réflexe vago-vagal

Mécanorécepteurs intracardiaques

Barrriot et Riou, Intensive Care Med 1987



Hémorragie et  Hypotension constante 

PA

% masse sanguine

Schlumberger et al, Br J Anaesth, 74, 42, 1995

Transfusion immédiate

Transfusion retardée
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Amélioration du pronostic

 Techniques d’hémostase (chirurgie/embolisation)

 Traitement des coagulopathies

Délivrance des PSL

 Technique de réchauffement

Rapidité de correction du choc hémorragique

Mortalité > 50 CG: 45 à 16 % de 1988 à 1993



Une physiopathologie complexe

• Choc Hypovolémique : hypoxie cellulaire et risque 
de mortalité … à court terme

• Réponse Adaptative (mal-adaptative?) : 
• Volume et rapidité de l’hémorragie, Mécanismes 

compensateurs, Durée du choc, Lésions associées

• Composante Redistributive, Inflammation, Reperfusion, 
Défaillance Multiviscérale, Transfusion … 



NEURAL MECHANISMS IN THE CARDIOVASCULAR RESPONSES
TO ACUTE CENTRAL HYPOVOLAEMIA

Lubrock et al, Clinical and Experimental Pharmacology and Physiology (2001) 28, 479–487



J. Exp. Med. Vol. 208 No. 13 2581-2590
www.jem.org/cgi/doi/10.1084/jem.20111354



A genomic storm in critically injured humans

J. Exp. Med. Vol. 208 No. 13 2581-2590
www.jem.org/cgi/doi/10.1084/jem.20111354



Cellular edema regulates tissue capillary perfusion after
hemorrhage resuscitation

Surgery. 2007 October ; 142(4): 487–496.e2.



The European guideline on management of major bleeding
and coagulopathy following trauma: fourth edition

Rossaint et al. Critical Care (2016) 20:100



Coagulopathy after severe pediatric trauma: A review

Shock. 2014 June ; 41(6): 476–490.



SHOCK, Vol. 46, No. 5, pp. 519–526, 2016

TLR2 ON BONE MARROW AND NON-BONE MARROW DERIVED CELLS 
REGULATES INFLAMMATION AND ORGAN INJURY IN COOPERATION WITH 

TLR4 DURING RESUSCITATED HEMORRHAGIC SHOCK



Syncope vago-vagale

Barcroft et al., Lancet 1944

Démonstration de 
l’existence de 2 phases 
du choc hémorragique 

chez l’homme



Prevalence, predictors and outcome of hypofibrinogenaemia in 
trauma: a multicentre observational study

Hagemo et al. Critical Care 2014, 18:R52


