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Absolute  Increased endothelial cell permeability (« capillary leakage ») 

   Fluid filtration towards interstitial space 

                          Avila et al. Surg. 1985 

    Dhillon et al Chest 2005 

 

Relative   Decreased venous tone  

                                   Pinsky et Matuschak J. Crit. Care 1986 

 

                            Splanchnic venous pooling 

                                       Gunteroth Cir. Res. 1977  

        Ayuse et al. Am. J. Physiol. 1995 

Hypovolemia and sepsis 

Because of frequent profound hypovolemia,  

the hemodynamic profile, before resuscitation,  

is hypodynamic rather than hyperdynamic 
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After initial resuscitation 

Am J Respir Crit Care Med 2002; 166: 98-104 



Volunteer Septic patient 

Am J Respir Crit Care Med 2002; 166: 98-104 
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Parker et al Ann Intern Med 1984 
Time (days)        days 

septic shock  
patients 

Early depression of LVEF  

that persisted for up to 4 days and  

  returned to normal within 7-10 days    

in survivors 
 



40% of pts 40% of pts 20% of pts 

LV EF  % LV EF  % LV EF  % 

Day 1 Day 2 Day 3 after  
vasopressors  

weaning 

Day 1 Day 2 Day 3 after  
vasopressors  

weaning 

Day 1 Day 2 Day 3 after  
vasopressors  

weaning 



Supracellular mechanisms Intrinsic cellular mechanisms 

     Mechanisms of sepsis-related cardiac dysfunction 



Supracellular mechanisms 

• Coronary blood flow  Generally, coronary blood flow is not decreased during sepsis  
 

… but in patients with prior coronary artery disease,   

avoid profound fall in diastolic blood pressure  

(driving pressure for left coronary blood flow) 
 

     Mechanisms of sepsis-related cardiac dysfunction 



Supracellular mechanisms 

• Coronary blood flow 

• Circulating factors 

     Mechanisms of sepsis-related cardiac dysfunction 



 extent of shortening  

of rat myocardial cells     

J Clin Invest 1985; 1539-1553 

 Serum from septic shock patients contained substances   

that were able to depress cardiac contractility 
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 In the recovery phase, this phenomenon no longer existed  
 

 Serum from septic shock patients contained substances   

that were able to depress cardiac contractility 
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Supracellular mechanisms 

• Coronary blood flow 

• Circulating factors 

TNF-, IL1, others? 

     Mechanisms of sepsis-related cardiac dysfunction 



absence of plasma 

Cardiac contractility can be decreased during sepsis in the absence of plasma  

 

After Rabuel and Mebazaa Intensive Care Med 2006 

This argues against a major role of a “circulating myocardial depressant factor”  

but rather supports an “intrinsic” alteration in the myocardium  

as the predominant mechanism of septic cardiac dysfunction. 
  
 



Intrinsic cellular mechanisms Supracellular mechanisms 

• Coronary blood flow 

• Circulating factors 

• -adrenergic receptors 

     Mechanisms of sepsis-related cardiac dysfunction 
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Decreased efficacy of dobutamine  

in patients with septic shock 
 



p<0.01 

p<0.01 

p<0.01 

p<0.05 

control endotoxin 
12h 

endotoxin 
36h 

C
a+

+  
cu

rr
e

n
t 

d
e

n
si

ty
   

 (
p

A
/p

F)
 

• Initial phase: enhanced response to isoproterenol 

• later phase: decreased response to isoproterenol 



-adrenergic stimulation of calcium current increased 12 h after endotoxin challenge  

but decreased after 36 h.  

This dual response suggests time-dependent changes in the adenylcyclase pathway 

Adenylcyclase activity: 

 - is increased during the early phase of sepsis  

. - but is decreased during later phase  

  - the number of - adrenergic receptors is reduced  

  - adenylcyclase inhibition is increased 



Intrinsic cellular mechanisms Supracellular mechanisms 

• Coronary blood flow 

• Circulating factors 

• -adrenergic receptors 

• Calcium and myofilaments 

     Mechanisms of sepsis-related cardiac dysfunction 
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Hypothesis: during sepsis,  

reduced sensitivity of myofilament to Ca++  

due to reduced ability of Ca++ to combine Tn 

cardiomyocyte membrane 



  This suggests an alteration of Ca++ myofilament responsiveness 



Intrinsic cellular mechanisms Supracellular mechanisms 

• Coronary blood flow 

• Circulating factors 

• -adrenergic receptors 

• Calcium and myofilaments 

• Nitric oxide and peroxynitrite pathways 

     Mechanisms of sepsis-related cardiac dysfunction 



Intrinsic cellular mechanisms Supracellular mechanisms 

• Coronary blood flow 

• Circulating factors 

• -adrenergic receptors 

• Calcium and myofilaments 

• Nitric oxide and peroxynitrite pathways 

     Mechanisms of sepsis-related cardiac dysfunction 

• Apoptosis 

 Initial phase of sepsis, a cytokine effect mainly contributes to myocardial depression 

 Later phase, other mechanisms are likely to be predominant 



  Hypovolémie 

 hyperperméabilité   
endothéliale   

absolue relative 

 « pooling » veineux   

splanchnique 
 

fuite  

 plasmatique  
 

réduction  
 tonus veineux  

 microthrombi  
 

libération cytokines  →  cascade inflammatoire 

Défaillance 

vasculaire  
périphérique 

                                        

 Défaillance   

cardiaque 
 

Bas débit  
cardiaque 

Hypotension 
Ischémie  

loco-régionale 
 

 hyporéactivité vasculaire 

vasoplégie 



  Hypovolémie 

absolue relative 

Défaillance 

vasculaire  
périphérique 

                                        

 Défaillance   

cardiaque 
 

Bas débit  
cardiaque 

Hypotension 
Ischémie  

loco-régionale 
 



Fin du 1er épisode 
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 Objectif thérapeutique hémodynamique    

1) Restaurer une PAM suffisante 

2) Restaurer un débit cardiaque suffisant 
  

Hypovolémie 
                                        

  Restaurer le plus vite possible une perfusion tissulaire efficace   
 



Initial resuscitation 

1. Protocolized, quantitative resuscitation of patients with sepsis-induced hypoperfusion  

    (defined as hypotension persisting after initial fluid challenge or blood lactate  4 mmol/L).  

    Goals during the first 6h of resuscitation: 

(a) Central venous pressure 8-12 mmHg 

(b) Mean arterial pressure (MAP)  65 mmHg 

(c) Urine output  0.5 mL.kg-1 h 

(d) Central venous or mixed venous oxygen saturation 70 or 65%, respectively (grade 1C) 



  Rivers et al. New Engl J Med 2001  



Arise 



Promise 



Process 





Our meta-analysis does not show improved survival for patients randomised  
to receive EGDT compared to usual or to less invasive alternative  
haemodynamic resuscitation protocols 
 
Our findings do not support the systematic use of EGDT in the management  
of all patients with septic shock or its inclusion in the SSC guidelines 
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G. Fluid Therapy of Severe Sepsis 

 
1. Crystalloids as the initial fluid of choice in the resuscitation  

      of severe sepsis and septic shock   (grade 1B) 





Myburgh et al NEJM 2012 

 Pas de différence de mortalité 

Augmentation du recours à l’épuration extra-rénale 

  dans le groupe “amidons” 



Myburgh et al NEJM 2012 

Augmentation du recours à la transfusion sanguine 

  dans le groupe “amidons” 





Perner et al NEJM 2012 

Surmortalité dans le groupe “amidons” 

Augmentation du recours à l’épuration extra-rénale 

  dans le groupe “amidons” 





Zarychanski et al JAMA 2013 

Surmortalité dans le groupe “amidons” 
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G. Fluid Therapy of Severe Sepsis 

 
1. Crystalloids as the initial fluid of choice in the resuscitation  

      of severe sepsis and septic shock   (grade 1B) 

2. Against the use of hydroxyethyl starches for fluid resuscitation  

        of severe sepsis and septic shock (grade 1B) 
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1) Restaurer une PAM suffisante 

2) Restaurer un débit cardiaque suffisant 
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SSC « static » approach  « dynamic » approach  



précharge-indépendance 

Volume 
d’éjection  
systolique 

PVC 
 

Stratégie SSC : arrêter le remplissage quand un certain niveau de PVC est atteint 



Initial resuscitation 

1. Protocolized, quantitative resuscitation of patients with sepsis-induced hypoperfusion  

    (defined as hypotension persisting after initial fluid challenge or blood lactate  4 mmol/L).  

    Goals during the first 6h of resuscitation: 

(a) Central venous pressure 8-12 mmHg 

(b) Mean arterial pressure (MAP)  65 mmHg 

(c) Urine output  0.5 mL.kg-1 h 

(d) Central venous or mixed venous oxygen saturation 70 or 65%, respectively (grade 1C) 

Central venous pressure 8-12 mmHg 

Central venous pressure 12-15 mmHg if MV 



Responders Nonresponders 



Crit Care Med 2013; 41:1774-81 

Predicting fluid responsiveness  

with CVP is like  

1802 pts 
Summary AUC 

0.56 



neither baseline E/Ea nor baseline LVEDA  

predicted volume responsiveness 



Br J Anaesth 2006; 87:777-782 

NS 



. 

 normal heart 
  

   failing heart 
 

preload responsiveness 

   preload unresponsiveness 

 Stroke  

volume 

Ventricular preload 
 

« static » measures of preload  

cannot reliably predict  

fluid responsiveness 



Level 1; QoE moderate (B) 

31.  We recommend using dynamic over static variables to predict fluid  

        responsiveness, when applicable 
Level 1; QoE moderate (B) 

30.  We recommend not to target any absolute value of ventricular filling 

        pressure or volume 

SSC « static » approach  « dynamic » approach  
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  Pulse Pressure = k . 
Stroke Volume 

arterial compliance 

 Pulse pressure variation should predict fluid responsiveness   

 Pulse Pressure Variation 

the respiratory changes in arterial pulse pressure  

should reflect the respiratory changes in LV stroke volume 
 



A B Ventricular preload 

Stroke volume 

preload responsiveness 

preload  
unresponsiveness 



PPmax PPmin 

 PPmax - PPmin 

(PPmax + PPmin) /2 
 

PPV = 

    Am J Respir Crit Care Med  2000; 162:134-8 
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Threshold: 12% 

AUC: 0.94 

  807 pts      22 studies   



Calculated automatically and displayed in real-time  

by functional hemodynamic monitors 

  Pulse Pressure Variation 



 Arterial  
Pressure 
  

  Arterial pressure waveform analysis             Stroke volume  
 

Stroke Volume Variation 

Calculated automatically and displayed in real-time  

by functional hemodynamic monitors 



  685 pts    



PPVi PPVni 

Non-invasive  

finger blood pressure  

monitoring device 

http://www.cnsystems.at/cache/max_800x600_images_stories_CNAP_Monitor_20120210_CNAP_PPV_m_Cuff_800px.pdf.jpg


R NR 

   ABF %    = 
ABF max - ABF min  
 

(ABF max + ABF min)/2 

18% 

Esophageal Doppler 
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Cut-off values: 

PP: 15 % 

Ppleth: 15 % 

 Arterial signal 

 Plethysmographic signal  





PPV 

SVV 

PVI 
GEDV 



 dIVC %  = 
      dIVCmax - dIVCmin  
 

      (dIVCmax + dIVCmin)/2 

dIVCmax 

dIVCmin 

Subcostal view 





•  impossible to interpret in pts with spontaneous breathing activity 

•  difficult to interpret if tidal volume is too low 

•  impossible to interpret in patients with arrhythmias 

  Limitations of respiratory variability indices  

•  difficult to interpret if lung compliance is too low 

•  difficult to interpret in case of high frequency ventilation 
 
                                                            •  difficult to interpret under open-chest conditions 

•  difficult to interpret in case of severe RV failure 

In all these situations and in case of any doubt about interpretation  

other reliable dynamic tests are required  

… and are now available  



 Stroke  

volume 

Ventricular preload 
 

Heart-lung interaction indices 

Respiratory variation of SV  

(or surrogates) 

End-expiratory occlusion  

test 



  End-expiratory occlusion 

Transient increase in venous return and preload      Fluid responders should be identified  

     by an increase in their CO during the end-expiration occlusion test   
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  PLR mimics fluid challenge 

The hemodynamic response to PLR  

    can predict the hemodynamic response to volume infusion 

Unlike fluid challenge, no fluid is infused, 

 and, the effects are reversible 



Crit Care 2015, 19:18 



Passive Leg Raising: the advantages 

•  PLR provides a good prediction of fluid responsiveness 

 



Changes in CO 

AUC: 0.95 ± 0.01  
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2016 

21  
clinical  
studies 

995 pts 



VTI VTI 

+35% 



-5 

0 

5 

10 

15 

20 

25 

30 

35 

40 

PLR-induced changes in VTIAo (%) 

* 

Resp Nonresp 

12% 

VTI 

    24 pts with circulatory failure and SB 
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Passive Leg Raising: the advantages 

•  PLR provides a good prediction of fluid responsiveness 

 

•  Unlike fluid challenge, effects of PLR are rapidly reversible 



•  PLR provides a good prediction of fluid responsiveness 

 

•  Unlike fluid challenge, effects of PLR are rapidly reversible 

 

•  PLR may well assess fluid responsiveness  

    … in situations where PPV fails to do it 

• Spontaneous Breathing activity 

Passive Leg Raising: the advantages 
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Passive Leg Raising: the advantages 

•  PLR provides a good prediction of fluid responsiveness 

 

•  Unlike fluid challenge, effects of PLR are rapidly reversible 

 

•  PLR may well assess fluid responsiveness  

    … in situations where PPV fails to do it 

• Spontaneous Breathing activity 

• Low lung compliance 
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 Lung compliance  

< 30 mL/cmH2O 
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L’hypovolémie étant constante il est logique d’effectuer un remplissage précocément 

sans se soucier de la prédiction de la réponse au remplissage 

Patient se présentant pour choc septique “extra-hospitalier” 

    

 Be smart ….. but not too much 

 Don’t waste too much time 



L’hypovolémie étant constante il est logique d’effectuer un remplissage précocément 

sans se soucier de la prédiction de la réponse au remplissage 

Patient se présentant pour choc septique “extra-hospitalier” 

→ rythme de 1000 mL sur la 1ère heure semble raisonable pour débuter 

 



Median time from presentation to the ED until randomization:  
 
• 2h 48 min in the EDGT group              Fluid volume infused during this period: 35 mL/kg 

• 2h 42 min in the usual-care group     Fluid volume infused during this period: 35 mL/kg 

 

→ rythme de 1000 mL sur la 1ère heure semble raisonable pour débuter 

 



L’hypovolémie étant constante il est logique d’effectuer un remplissage précocément 

sans se soucier de la prédiction de la réponse au remplissage 

Patient se présentant pour choc septique “extra-hospitalier” 

→ rythme de 1000 mL sur la 1ère heure semble raisonable pour débuter 

 

 

 plus si :   

• PA pincée suggérant un VES bas 

• marbrures, moiteur de la peau,  temps de recoloration cutanée 

• fièvre élevée 

• origine abdominale du sepsis, pertes liquidiennes évidentes 
 

 moins si apparition d’une mauvaise tolérance respiratoire  (dyspnée, ↘ SpO2) 

Importance de l’évaluation clinique à la phase précoce 

    Importance de l’individualisation de la prise en charge 

    One size does not fit all!! 



L’hypovolémie étant constante il est logique d’effectuer un remplissage précocément 

sans se soucier de la prédiction de la réponse au remplissage 

Patient se présentant pour choc septique “extra-hospitalier” 

→ rythme de 1000 mL sur la 1ère heure semble raisonable pour débuter 

 

 

 plus si :   

• PA pincée suggérant un VES bas 

• marbrures, moiteur de la peau,  temps de recoloration cutanée 

• fièvre élevée 

• origine abdominale du sepsis  
 

 moins si apparition d’une mauvaise tolérance respiratoire  (dyspnée, ↘ SpO2) 

Après la 1ère  heure, si le choc persiste : évaluer la précharge-dépendance 
 

 



CHEST 2002, 121:2000-8  

Only 52% of patients responded  

to fluid administration  

in terms of CO increase 





L’hypovolémie étant constante il est logique d’effectuer un remplissage précocément 

sans se soucier de la prédiction de la réponse au remplissage 

Patient se présentant pour choc septique “extra-hospitalier” 

→ rythme de 1000 mL sur la 1ère heure semble raisonable pour débuter 

 

 

 plus si :   

• PA pincée suggérant un VES bas 

• marbrures, moiteur de la peau,  temps de recoloration cutanée 

• fièvre élevée 

• origine abdominale du sepsis  
 

 moins si apparition d’une mauvaise tolérance respiratoire  (dyspnée, ↘ SpO2) 

Après la 1ère  heure, si le choc persiste : évaluer la précharge-dépendance 
 

 
  

 soit lever de jambes passif (écho ou moniteur de DC en temps réel) 

 soit delta PP (si interprétable et si KTA ou moniteur de DC “pulse contour”) 

 soit variabilité du diamètre VCI si interprétable (écho) 

          Si précharge-dépendance, envisager de poursuivre le remplissage   

sauf si forts risques d’OAP 
Si précharge-indépendance, ne plus remplir 

Si ARDS associé, évaluer l’eau pulmonaire extravasculaire et l’indice de perméabilité 

vasculaire pulmonaire (thermodilution transpulmonaire), ou la PAPO (Swan-Ganz) 



L’hypovolémie étant inconstante, il raisonable d’effectuer un remplissage plus prudent 

toujours sans se soucier de la prédiction de la réponse au remplissage 

Patient se présentant pour choc septique “intra-hospitalier” 

→ rythme de 500 mL sur les 30 premières minutes pour débuter 

 

 moins si apparition d’une mauvaise tolérance respiratoire  (dyspnée, ↘ SpO2) 

Après la 1ère  demi-heure, si le choc persiste : évaluer la précharge-dépendance 
 

 
  

 soit lever de jambes passif (écho ou moniteur de DC en temps réel) 

 soit delta PP (si interprétable et si KTA ou moniteur de DC “pulse contour”) 

 soit variabilité du diamètre VCI si interprétable (écho) 

          Si précharge-dépendance, envisager de poursuivre le remplissage   

sauf si forts risques d’OAP 
Si précharge-indépendance, ne plus remplir 

Si ARDS associé, évaluer l’eau pulmonaire extravasculaire et l’indice de perméabilité 

vasculaire pulmonaire (thermodilution transpulmonaire), ou la PAPO (Swan-Ganz) 

 

 plus si :   

• PA pincée suggérant un VES bas 

• marbrures, moiteur de la peau,  temps de recoloration cutanée 

• fièvre élevée 

• origine abdominale du sepsis, pertes liquidiennes évidentes 
 



Fin du 2ème épisode 



 Défaillance   

cardiaque 
 

Défaillance 

vasculaire  
périphérique 

                                        

 Objectif thérapeutique hémodynamique    

1) Restaurer une PAM suffisante 

2) Restaurer un débit cardiaque suffisant 
  

Hypovolémie 
                                        

  Restaurer le plus vite possible une perfusion tissulaire efficace   
 

Remplissage 
vasculaire 

Vasopresseurs 



Vasopresseurs et choc septique 

3- Quand le débuter ? 

4- Quelle cible? 

2- Quel agent ? 

1- Pourquoi ? 



  mean arterial pressure   

  organ   

blood  

flow 
 

Autoregulation of organ blood flow 



Creatinine clearance 

* 

 0-2 hrs                 4-6 hrs 

60 

30 

54  
mmHg 

72  

mmHg 

while cardiac output did not change 

Urine flow  (ml/h) 

* 

* 

baseline       4 hrs         8 hrs 

54  
mmHg 

 73  

  mmHg 

72  

mmHg 

Blood lactate    (meq/l) 

* 
* 

baseline       4 hrs             8 hrs 

54  
mmHg 

 73  

  mmHg 

72  

mmHg 

Probable “arterial pressure” effect 



  mean arterial pressure   

  renal   

blood  

flow 
 

Autoregulation of renal blood flow 

54 72 



Vasopresseurs et choc septique 

3- Quand le débuter ? 

4- Quelle cible? 

2- Quel agent ? 

1- Pourquoi ? 



• Norepinephrine as the first choice vasopressor (1B) 



Moindre mortalité avec noradrénaline 



Vasopresseurs et choc septique 

3- Quand le débuter ? 

4- Quelle cible? 

2- Quel agent ? 

1- Pourquoi ? 



The five arguments to initiate norepinephrine early 

1- Duration and degree of hypotension associated with increased mortality  

Five arguments to initiate norepinephrine early 



65 

70 

75 

80 

Area under  
MAP 65 mmHg 

Time under MAP 65 mmHg mmHg 

Best predictor of 30-day mortality Area under MAP 65 mmHg 



The five arguments to initiate norepinephrine early 1- Duration and degree of hypotension associated with increased mortality  

Five arguments to initiate norepinephrine early 

2- NE increases cardiac output, when initiated early 



Studies showing unchanged cardiac output with NE 

• Desjars et al Crit Care Med 1987 

• Martin et al Chest 1993 

• Albanese et al Crit Care Med 2005 

• Albanese et al Chest 2004 

• Martin et al Crit Care Med 1999 

Effects of NE on Cardiac Output in patients with septic shock 

Baseline Cardiac Index (L/min/m2) 

5.2 

5.3 

5.1 

4.7 

5.7 5.2 



Studies showing unchanged cardiac output with NE 

Studies showing increased cardiac output with NE 

• Desjars et al Crit Care Med 1987 

• Martin et al Chest 1993 

• Albanese et al Crit Care Med 2005 

• Albanese et al Chest 2004 

• Martin et al Crit Care Med 1999 

• Ledoux et al Crit Care Med 2000 

• Jhanji et al Crit Care Med 2009 

• Georger et al Intensive Care Med 2010 

• Hamzaoui et al Crit Care 2010 

• Monnet et al Crit Care Med 2011 

• Dubin et al Crit Care 2009 

• Deruddre et al Intensive Care Med 2007 

• Thooft et al Crit Care 2011 

• Martin et al Crit Care Med 1999 

Effects of NE on Cardiac Output in patients with septic shock 

Baseline Cardiac Index (L/min/m2) 

5.2 

5.3 

5.1 

4.7 

5.7 5.2 

4.7 

3.9 

3.1 

2.7 

2.9 

3.4 

3.2 

3.5 

4.3 

3.5 



105 pts

54

76

MAP mmHg

*

34
39

SVI mL/m2

*

694
742

GEDVI mL/m2

*

13

9

PPV %

*

Increase in preload and cardiac output and decrease in preload-dependency



25 patients with 

• Septic shock 

Monitoring by 

• PiCCO2  

• Transesophageal echocardiography 

• NE infusion already in place 

• Diastolic arterial pressure  40 mmHg, that justified to increase NE 

• Positive PLR test, defined by an increase in CO  10% during PLR 



PLR1 PLR2 

 NE 

Heart rate 
Arterial pressure 
CVP 
LV EDA 
E wave  

Heart rate 
Arterial pressure 
CVP 
LV EDA 
E wave 

Heart rate 
Arterial pressure 
CVP 
LV EDA 
E wave 

Heart rate 
Arterial pressure 
CVP 
LV EDA 
E wave 

CO thermo 
GEDVi 

Pulse contour CO CO thermo 
GEDVI 

Pulse contour CO 

 0.24 [0.12-0.48] µg/kg/min   0.48 [0.36-0.71] µg/kg/min  

B1 B2 





• NE increases cardiac preload 

• NE increases CO in preload-dependent patients 

 • NE reduces the degree of preload-dependency 

Messages of these two studies 

How does NE impact the venous circulation?  

by blood redistribution  
from unstressed to stressed volume? 

… as fluid infusion does 



Mean systemic pressure  
is the driving pressure for venous return 

< 



CVP and CO 
during an inspiratory occlusion 

CVP and CO 
during an expiratory occlusion 

CVP  

SV and CO  

CVP  

SV and CO  

  Repeated twice at two levels of PEEP before and after changing the NE dose 
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before the decrease in the dose of norepinephrine.

4

Experimental points and linear regression line 

after the decrease in the dose of norepinephrine.

Figure 2
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CI
(L/min/m²)

CVP
(mmHg)

3

2

1

0

20 4030

22
32

Experimental points and linear regression line 

before the decrease in the dose of norepinephrine.

4

Experimental points and linear regression line 

after the decrease in the dose of norepinephrine.

Figure 2

CVP  mmHg 

CI   
L/min/m2 Highest dose of NE 

Lowest dose of NE 

32 22 



Resistance to 
Venous Return 

6.9 

mmHg.min.m2/L 

17.7 
16.2 
 

High dose of NE 

Low dose of NE 

* 

* 

5.7 

Arterial Resistance 

mmHg.min.m2/L 

 (Mean Systemic Pressure – CVP) / CI 

(MAP- Mean Systemic Pressure) / CI 

Resistance to venous return 

Arterial resistance 



• 16 pts with septic shock 

In spite of an increase in venous resistance, 

venous return increases with NE  

through an increase in Mean Systemic Pressure 

related to blood redistribution  

from unstressed to stressed volume 
 

This is fine  

since unstressed volume is abnormally increased  

during sepsis and further overfilled by fluid loading 



MAP mmHg  56 ± 7      78 ± 9  

LVEF  %  49 ± 13      56 ± 13  

 before NE  with NE 

n = 38 pts 

     Hamzaoui O, Jozwiak M, Sztrymf B, Prat D, Jacobs F, Monnet X, Richard C, Teboul JL 

        Norepinephrine exerts an inotropic effect at the early phase of human septic shock  

ESICM 2015 



p < 0.05 

pts with LVEF < 45% 

LVEF 

before NE with NE 

     Hamzaoui O, Jozwiak M, Sztrymf B, Prat D, Jacobs F, Monnet X, Richard C, Teboul JL 

        Norepinephrine exerts an inotropic effect at the early phase of human septic shock  

ESICM 2015 

MAP  56 ± 7      78 ± 9  

When initiated early in severely hypotensive septic patients,  

norepinephrine can improve cardiac contractility  

in patients with cardiac dysfunction 



The five arguments to initiate norepinephrine early 

1- Duration and degree of hypotension associated with increased mortality  

Five arguments to initiate norepinephrine early 

2- NE increases cardiac output, when initiated early  

3- NE improves microcirculation, when initiated early 





95 

90 

85 

80 

75 

70 

65 

60 

55 

StO2 

before NE with NE 

% 

p < 0.05 

StO2 

82 ± 4% 

healthy 
volunteers 

            MAP  mmHg        54 ± 8                      77 ± 9  

75 ± 9% 

Septic  
shock 

* 



3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

StO2 recovery slope 

before NE with NE 

p < 0.05 

(%/s)  
 

Early correction of hypotension 

resulted in improved muscle tissue oxygenation 

and microcirculatory reserve capacities 

            MAP  mmHg        54 ± 8                      77 ± 9  



StO2 (%) 
 

Time 

End point : 0.85 x baseline StO2  

Start point : 1.05 x minimal StO2  

Start point :  

0.98 x baseline StO2  

Deflation of the 
pneumatic cuff  

Inflation of the 
pneumatic cuff  

Occlusion time 

 AUC 

40 

50 

60 

70 

80 

90 

Desaturation 
slope 

Vascular Occlusion Test 

Index of recruitment  

of microvessels 

 

Recovery 
slope 



The five arguments to initiate norepinephrine early 

1- Duration and degree of hypotension associated with increased mortality  

Five arguments to initiate norepinephrine early 

2- NE increases cardiac output, when initiated early 

3- NE improves microcirculation, when initiated early 

4- Early initiation of vasopressors prevents harmful fluid overload 





The five arguments to initiate norepinephrine early 

1- Duration and degree of hypotension associated with increased mortality  

Five arguments to initiate norepinephrine early 

2- NE increases cardiac output, when initiated early 

3- NE improves microcirculation, when initiated early 

4- Early initiation of vasopressors prevents harmful fluid overload 

5- Delayed initiation of vasopressors associated with increased mortality  



 The later NE was initiated, the higher the mortality rate 



Time to initial NE administration: independent predictor of mortality 

                                 …. the later, the worse  





Vasopresseurs et choc septique 

3- Quand le débuter ? 

4- Quelle cible? 

2- Quel agent ? 

1- Pourquoi ? 



65 

70 

75 

80 

Area under  
MAP 65 mmHg 

Time under MAP 65 mmHg mmHg 

Best predictor of 30-day mortality Area under MAP 65 mmHg 



  Mean Arterial Pressure   

  organ   

blood  

flow 
 

Autoregulation of organ blood flow 

? 65 mmHg? 



MAP: 65 mmHg 

MAP: 85 mmHg 

MAP: 75 mmHg 

 tonometry  
  PCO2 gap 

red cell  
velocity 

capillary 
flow 

urine 
output 

150 

100 

50 

13 

% 



  Mean Arterial Pressure (mmHg)   

  organ   

blood  

flow 
 

Autoregulation of organ blood flow 

65 75 85 



Crit Care Med 2005; 33:780 –786 
 

increasing MAP above 65 mmHg  

results in little benefit 
 



Vasopressors 

• Vasopressor therapy initially to target a MAP of 65 mmHg (grade 1C) 



Is it dangerous to target a MAP value  

up to “normal values” (around 85 mmHg) 

in septic shock? 





65 75 85 65 
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Level of MAP mmHg 

* * 

13 pts  
with septic shock 



6 pts  
with septic shock 

Perfused Vessel Density 

Microvascular Flow Index 

No worsening but improvement in microcirculation  

for MAP target up to 85 mmHg with NE 



Highly variable response among patients 

20 pts  
with septic shock 



Probablement plus si :  
 

•  Antécédents d’HTA 

Vasopressors 

• Vasopressor therapy initially to target a MAP of 65 mmHg (grade 1C) 



Pression artérielle moyenne 

Débit  

organe 

mmHg 

sans maladie hypertensive 

avec maladie hypertensive 

70 80 



80-85 mmHg 80-85 mmHg 65-70 mmHg 

388 pts 388 pts 



Bénéfices en termes de fonction rénale avec une PAM cible plus élevée  

en cas d’antécédents d’HTA 



Probablement plus si :  
 

•  Antécédents d’HTA 

•  PVC élevée 

Vasopressors 

• Vasopressor therapy initially to target a MAP of 65 mmHg (grade 1C) 



Association between elevated CVP and AKI  

suggests a role of venous congestion in the development of AKI 



Probablement plus si :  
 

•  Antécédents d’HTA 

•  PVC élevée 

•  Pression abdominale élevée 

Vasopressors 

• Vasopressor therapy initially to target a MAP of 65 mmHg (grade 1C) 



Target blood pressure in circulatory shock 
 
•  We recommend individualizing the target blood pressure during shock resuscitation.  

                                                                             Recommendation Level 1: QoE moderate (B) 
 
 
•  We recommend to initially target a MAP of ≥ 65 mmHg.  

                                   Recommendation: Level 1; QoE low (C) 

 
 
•  We suggest a higher MAP in septic patients with a history of hypertension.  
    Recommendation: Level 2; QoE low (B) 



Fin du 3ème épisode 



 Défaillance   

cardiaque 
 

Défaillance 

vasculaire  
périphérique 

                                        

 Objectif thérapeutique hémodynamique    

1) Restaurer une PAM suffisante 

2) Restaurer un débit cardiaque suffisant 
  

Hypovolémie 
                                        

  Restaurer le plus vite possible une perfusion tissulaire efficace   
 

Inotropes Remplissage 
vasculaire 

Vasopresseurs ? 



40% of pts 40% of pts 20% of pts 

LV EF  % LV EF  % LV EF  % 

Day 1 Day 2 Day 3 after  
vasopressors  

weaning 

Day 1 Day 2 Day 3 after  
vasopressors  

weaning 

Day 1 Day 2 Day 3 after  
vasopressors  

weaning 



To treat or not to treat? 

   Treatment of sepsis-related cardiac dysfunction 

If low LVEF and LV dilatation 

are adaptive mechanisms,  

then, they might be respected 

? 
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Inotropic therapy 

1. A trial of dobutamine infusion up to 20 µg/kg/min be administered or added  

     to vasopressor (if in use) in the presence of:  

(a) myocardial dysfunction as suggested by elevated cardiac filling presures and low CO, or  

(b) ongoing signs of hypoperfusion, despite acheiving adequate intravascular volume  

      and adequate MAP (grade 1C). 

but 

• beneficial effects of dobutamine are unpredictable  

  (potential decreased efficacy) 



Dobutamine increased LVEF  

by more than 10% 

only in 35% of pts 





- and low ScvO2 (< 65 -70 %) and/or high PCO2 gap  

  despite fluid resuscitation and vasopressors 

    administration of dobutamine should be restricted to patients: 
  

- and suspected or proven cardiac dysfunction (low LVEF) 

• detrimental effects may occur (arrhythmias, vasodilation, etc)  
 

• beneficial effects are unpredictable (potential decreased efficacy) 

Dobutamine and septic myocardial dysfunction 

- with persisting shock  
test the response to dobutamine  

before any prolonged administration 



To treat or not to treat? 

    Treatment of sepsis-related cardiac dysfunction 

Alternatives to dobutamine? 



p < 0.05 

pts with LVEF < 45% 

LVEF 

before NE with NE 

     Hamzaoui O, Jozwiak M, Sztrymf B, Prat D, Jacobs F, Monnet X, Richard C, Teboul JL 

        Norepinephrine exerts an inotropic effect at the early phase of human septic shock  

ESICM 2015 

MAP  56 ± 7      78 ± 9  

When initiated early in severely hypotensive septic patients,  

norepinephrine can improve cardiac contractility  

in patients with cardiac dysfunction 



MAP  56 ± 7      78 ± 9  

     Hamzaoui O, Jozwiak M, Sztrymf B, Prat D, Jacobs F, Monnet X, Richard C, Teboul JL 

                  ESICM 2015 

before NE with NE 

LVEF 
p < 0.05 

When initiated early in severely hypotensive septic patients,  

norepinephrine can improve cardiac contractility  

in patients with cardiac dysfunction 



Tn AMP 

cAMP 

1 agonist 

Ca2+ sensitizers 

Ca2+ 

1 receptor 

cytosol 

sarcoplasmic 
reticulum 

cell membrane 

Ca2+ 

PKa 

+ 

+ 

Myosin-Actin  

bridges 

Adenylate  
cyclase 
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* 



LVEF
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* 



Is Levosimendan 

the magic drug ? 

 Not sure 





Alternatives to dobutamine? 

In any case, before giving inotropes 

To treat or not to treat? 

    Treatment of sepsis-related cardiac dysfunction 

• Make sure that the patient is not still hypovolemic 

• static measures of preload (i.e. CVP) are not appropriate           

• dynamic indices of preload responsiveness are reliable 

• Make sure that hypotension is corrected 

→ assess fluid responsiveness  



Fin du 4ème épisode 


