
Prof.  Jean-Louis TEBOUL 

 

Medical ICU 

Bicetre hospital 

University Paris South 

France 

 Les états de choc septique:  

des recommandations à la pratique 

http://www.u-psud.fr/fr/index.html


 Evaluate the clinical severity 

 

 Perform usual laboratory tests 

 

 Begin as soon as possible: 

 a hemodynamic therapy 

 an anti-infectious therapy 

  

Early management 



 Evaluate the clinical severity 

  
 depth of hypotension 

 neurologic disorders 

 respiratory distress 

Accelerate patient’s transfer to the ICU  

Early management 



•  Standard blood samples, blood gases 

•  Blood lactate +++ 

•  Cardiac biomarkers (BNP, troponin) 

•  Inflammatory biom arkers (CRP, PCT) 

•  Blood cultures (2 within a few mins),  

•  Microbiological samples according to clinical suspicion 

•  ECG, cardiac echo if possible 

 Evaluate the clinical severity 

 Perform usual laboratory tests 

Early management 



 Evaluate the clinical severity 

 Perform usual laboratory tests 
 

 Begin as soon as possible: 

 a hemodynamic therapy 

 an anti-infectious therapy 

Early management 



 Evaluate the clinical severity 

 Perform usual laboratory tests 
 

 Begin as soon as possible: 

 a hemodynamic therapy 

 an anti-infectious therapy 

Early management 
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   Profound hypotension    
    

  Organ hypoperfusion  
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 Therapeutic goals   

1) Restore an adequate mean arterial pressure 

2) Restore an adequate cardiac output 
  

    Restore as soon as possible tissue perfusion  
 



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) 



Reduced mortality with EGDT (30.5%) vs. control (46.5%) 

N Engl J Med 2001;345:1368-77 



  Rivers et al. New Engl J Med 2001  



N Engl J Med 2001;345:1368-77 

Caution  

The patients of this study were not representative  

of septic shock patients 

typically encountered elsewhere 



The patients of the EGDT study were not representative of 

septic shock patients typically encountered elsewhere 

• Their hemodynamic profile denotes a hypovolemic shock rather  

   than a vasoplegic shock 



Variable and  

Treatment group 

Base Line 

0 hr 

Hypovolemic shock 

rather than 

… vasoplegic shock ScvO2 % 

     Standard therapy        49.2 ± 13.3 

     EGDT                              48.6 ± 11.2 

Rivers et al. New Engl J Med 2001  

CVP mmHg 

     Standard therapy          6.1 ± 7.7 

     EGDT                                5.3 ± 9.3 

MAP mmHg 

     Standard therapy          76 ± 24 

     EGDT                                74 ± 27 



6 hrs after the start of therapy 

Total fluids (mL) 

      

Any vasopressor (%) 

      

11.8 ± 6.8 

13.8 ± 4.4 

3499 ± 2438 

4981 ± 2984 

81 ± 18 

95 ± 19 

66.0 ± 15.8 

77.3 ± 10.0 

30.3 

27.4 

Variable and  

Treatment group 

Base Line 

0 hr 

ScvO2 % 

     Standard therapy        49.2 ± 13.3 

     EGDT                              48.6 ± 11.2 

CVP mmHg 

     Standard therapy          6.1 ± 7.7 

     EGDT                                5.3 ± 9.3 

MAP mmHg 

     Standard therapy          76 ± 24 

     EGDT                                74 ± 27 

Hypovolemic shock 

rather than 

… vasoplegic shock 

Rivers et al. New Engl J Med 2001  



• Their hemodynamic profile denotes a hypovolemic shock rather  

   than a vasoplegic shock 

• Their low ScvO2 (49%) suggests normal O2 extraction capacities  

    …. uncommon in cases of severe sepsis   

  ScvO2 is rather normal or high in cases of severe sepsis,  

… even in early sepsis 

The patients of the EGDT study are not representative of septic 

shock patients typically encountered elsewhere 



The patients of the EGDT study are not representative of septic 

shock patients typically encountered elsewhere 

• Their low ScvO2 (49%) suggests normal O2 extraction capacities  

    …. uncommon in cases of severe sepsis   

• Their hemodynamic profile denotes a hypovolemic shock rather  

   than a vasoplegic shock 



The patients of the EGDT study are not representative of septic 

shock patients typically encountered elsewhere 

One must be cautious before applying the EGDT protocol to every 

patient with septic shock 

 



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) 

It is strange that the SSC experts have recommended this EGDT protocol 



The EGDT targets are methodologically and physiologically questionable 

One must be cautious before applying the EGDT protocol to every 

patient with septic shock 

 



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 

Mean arterial pressure (MAP)  65 mmHg 

Central venous or mixed venous oxygen saturation 70 or 65% 

12-15 mmHg if MV 



Why CVP? 

Why 8 mmHg? Why 12 mmHg? 



However: 

• CVP and the same cut-off values in both study arms of the EGDT study 



  Rivers et al. New Engl J Med 2001  



However: 

• CVP and the same cut-off values in both study arms of the EGDT study 

• CVP: a not so simple measurement, which raises many problems 

Nothing is specified in the EGDT study and the SSC guidelines!!! 

 - which CVP value in cases of PEEP or intrinsic PEEP? 

- problem of the anatomic « zero » level 



However: 

• CVP and the same cut-off values in both study arms of the EGDT study 

• CVP: a not so simple measurement, which raises many problems 

 - which CVP value in cases of PEEP or intrinsic PEEP? 

- problem of the anatomic « zero » level 

• CVP: if MV, targeting 12-15 mmHg is at high risks of lung edema 

CVP 15 mmHg PAOP 18 mmHg Pcap  21 mmHg 

Too high value  

with high risks of lung edema,  

especially in case of altered lung permeability 



However: 

• CVP and the same cut-off values in both study arms of the EGDT study 

• CVP: a not so simple measurement, which raises many problems 

 - which CVP value in cases of PEEP or intrinsic PEEP? 

- problem of the anatomic « zero » level 

• CVP: if MV, targeting 12-15 mmHg is at high risks of lung edema 

• CVP: if MV, targeting 12-15 mmHg is at high risks of organ dysfunction 



Association between elevated CVP and AKI  

suggests a role of venous congestion in the development of AKI 



However: 

• CVP and the same cut-off values in both study arms of the EGDT study 

• CVP: a not so simple measurement, which raises many problems 

 - which CVP value in cases of PEEP or intrinsic PEEP? 

- problem of the anatomic « zero » level 

• CVP: if MV, targeting 12-15 mmHg is at high risks of lung edema 

• CVP: if MV, targeting 12-15 mmHg is at high risks of organ dysfunction 

• CVP: if MV, targeting 12-15 mmHg is at high risks of mortality 



Pts with CVP < 8 mmHg  

at 12 hrs  

had the highest survival 



However: 

• CVP and the same cut-off values in both study arms of the EGDT study 

• CVP: a not so simple measurement, which raises many problems 

 - which CVP value in cases of PEEP or intrinsic PEEP? 

- problem of the anatomic « zero » level 

• CVP: if MV, targeting 12-15 mmHg is at high risks of lung edema 

• CVP: if MV, targeting 12-15 mmHg is at high risks of organ dysfunction 

• CVP: if MV, targeting 12-15 mmHg is at high risks of mortality 

• CVP: inappropriate to assess preload responsiveness 



responders non responders 



Crit Care Med 2013; 41:1774-81 

Predicting fluid responsiveness  

with CVP is like  

1802 pts 

Summary AUC 

0.56 



Arise Promise Process 

Three multicenter randomized clinical trials 

No improved survival with EGDT 



Primary mortality outcome of each study 

Favours EGDT Favours control 



• 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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  Therapeutic goals   

1) Restore an adequate mean arterial pressure 

2) Restore an adequate cardiac output 
  

    Restore as soon as possible tissue perfusion  
 

Inotropes Volume  

expansion 
Vasopressors ? • Which solutions? 

• Which goals 
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1) Restore an adequate mean arterial pressure 

2) Restore an adequate cardiac output 
  

    Restore as soon as possible tissue perfusion  
 

Volume  

expansion 
• Which solutions? 

• Which goals 

  Therapeutic goals   



 

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 

 No difference  

in terms of mortality 

                      Increased use of renal replacement therapy     

                       in the HES group 



 Increased requirements of blood transfusion  

in the HES group 

Myburgh et al NEJM 2012 





Perner et al. NEJM 2012 

   Increased mortality in the HES group 

                 Increased use of renal replacement therapy in the HES group 





Zarychanski et al JAMA 2013 

   Increased mortality in the HES group 



Zarychanski et al JAMA 2013 

                  Increased use of renal replacement therapy in the HES group 



 

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) Restore an adequate mean arterial pressure 

2) Restore an adequate cardiac output 
  

    Restore as soon as possible tissue perfusion  
 

Volume  

expansion 
• Which solutions? 

• Which goals? 

  Therapeutic goals   



SSC « static » approach  « dynamic » approach  



SSC « static » approach  « dynamic » approach  

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 



Normal heart 
  

  Failling heart 

Preload responsiveness 

   prelaod unresponsiveness 

. 

Dynamic indices of preload responsiveness 

 Stroke  

volume 

Ventricular preload 



. 

 normal heart 
  

   failing heart 
 

preload responsiveness 

preload unresponsiveness 

 Stroke  

volume 

Ventricular preload 
 

Dynamic indices of preload responsiveness 

Heart-lung interaction indices 

Respiratory variation of SV  

(or surrogates) 

End-expiratory occlusion  

test 

Passive Leg Raising test 



Given that hypovolemia is a constant feature of out-of-hospital septic shock, it is logical 

to infuse fluids early without using any marker of fluid responsiveness 

Patient presenting at the ED for out-of-hospital septic shock 

    

 Be smart ….. ďut not too much 

 Don’t waste too much time 



→ rate of 1000 mL over the first hour seems reasonable to start resuscitation 

 

Given that hypovolemia is a constant feature of out-of-hospital septic shock, it is logical 

to infuse fluids early without using any marker of fluid responsiveness 

Patient presenting at the ED for out-of-hospital septic shock 



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 

 

→ rate of 1000 mL over the first hour seems reasonable to start resuscitation 

 



→ rate of 1000 mL over the first hour seems reasonable to start resuscitation 

 more if:   

• low pulse pressure suggesting a low stroke volume 

• mottling,  capillary refill time 

• high body temperature 

• abdominal origin of sepsis , evident fluid losses 
 

 less if appearance of signs of pulmonary edema (dyspnea, ↘ SpO2) 

Given that hypovolemia is a constant feature of out-of-hospital septic shock, it is logical 

to infuse fluids early without using any marker of fluid responsiveness 

Patient presenting at the ED for out-of-hospital septic shock 

Importance of clinical monitoring at this early phase 

    Importance of individualizing the patient’s Đare 

    One size does not fit all!! 



→ rate of 1000 mL over the first hour seems reasonable to start resuscitation 

 more if:   

• low pulse pressure suggesting a low stroke volume 

• mottling,  capillary refill time 

• high body temperature 

• abdominal origin of sepsis, evident fluid losses  
 

 less if appearance of signs of pulmonary edema (dyspnea, ↘ SpO2) 

Given that hypovolemia is a constant feature of out-of-hospital septic shock, it is logical 

to infuse fluids early without using any marker of fluid responsiveness 

Patient presenting at the ED for out-of-hospital septic shock 

After the first hour of resuscitation, if shock persists: assess fluid responsiveness 
  

 



CHEST 2002, 121:2000-8  

Only 52% of patients responded  

to fluid administration  

in terms of CO increase 





→ rate of 1000 mL over the first hour seems reasonable to start resuscitation 

 more if:   

• low pulse pressure suggesting a low stroke volume 

• mottling,  capillary refill time 

• high body temperature 

• abdominal origin of sepsis, evident fluid losses  
 

 less if appearance of signs of pulmonary edema (dyspnea, ↘ SpO2) 

Given that hypovolemia is a constant feature of out-of-hospital septic shock, it is logical 

to infuse fluids early without using any marker of fluid responsiveness 

Patient presenting at the ED for out-of-hospital septic shock 

After the first hour of resuscitation, if shock persists: assess fluid responsiveness 
  

 either PLR (echo or real-time CO monitor) 

 or PPV or SVV (if applicable and if arterial catheter or pulse contour CO monitor) 

 or IVC diameter variation, if applicable (echo) 

          If associated ARDS or hypoxemic pneumonia, also assess extravascular lung water and 

pulmonary vascular permeability index (transpulmonary thermodilution), or PAOP (PAC) 

If presence of fluid responsiveness consider continuation of fluid administration  

unless evident risks of pulmonary edema 



Given that hypovolemia and fluid responsiveness are less frequent in in-hospital septic 

shock, and given that risks of fluid overload might be present  

Patient experiencing in-hospital septic shock 

→ rate of 500 mL over the first 30 min seems reasonable to start resuscitation 

 more if:   

• low pulse pressure suggesting a low stroke volume 

• mottling,  capillary refill time 

• high body temperature 

• abdominal origin of sepsis, evident fluid losses 
 

 less if appearance of signs of pulmonary edema (dyspnea, ↘ SpO2) 

After the first 30 min of resuscitation, if shock persists: assess fluid responsiveness 
  

 either PLR (echo or real-time CO monitor) 

 or PPV or SVV (if applicable and if arterial catheter or pulse contour CO monitor) 

 or IVC diameter variation, if applicable (echo) 

          If associated ARDS or hypoxemic pneumonia, also assess extravascular lung water and 

pulmonary vascular permeability index (transpulmonary thermodilution), or PAOP (PAC) 

If presence of fluid responsiveness consider continuation of fluid administration  

unless evident risks of pulmonary edema 
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1) Restore an adequate mean arterial pressure 

2) Restore an adequate cardiac output 
  

    Restore as soon as possible tissue perfusion  
 

Vasopressors 

  Therapeutic goals   



Vasopressors and septic shock 

2- When to start? 

3- Which therapeutic target? 

1- Which first-line agent? 



• Norepinephrine as the first choice vasopressor (1B) 



Decreased mortality with NE  

(compared to dopamine) 



Vasopressors and septic shock 

2- When to start? 

3- Which therapeutic target? 

1- Which first-line agent? 





• Increase in cardiac preload 

• Increase in CO in preload-dependent patients 

 • Reduction of the degree of preload-dependency 

Early initiation of NE 

How does NE impact the venous circulation?  

by blood redistribution  

from unstressed to stressed volume? 

… as fluid infusion does 



mmHg 

Mean Systemic Pressure 

33 

26 

Highest dose of NE 

Lowest dose of NE 

* 

L/min/m2 

Cardiac Index 

3.5 

* 

3.3 

• 16 pts with septic shock 

NE increases CO  

through an increase in Mean Systemic Pressure 

related to blood redistribution  

from unstressed to stressed volume 
 

This is a good news  

since unstressed volume is abnormally increased  

during sepsis and further overfilled by fluid loading 



 The later NE was initiated, the higher the mortality rate 



Vasopressors and septic shock 

2- When to start? 

3- Which therapeutic target? 

1- Which first-line agent? 



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 



Probably higher target value if:  
 

•  History of chronic hypertension 

Vasopressors 

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



Mean arterial pressure 

Organ 

Blood 

flow 

mmHg 

no prior hypertension 

with prior hypertension 

65 



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

388 pts 388 pts 



Benefits in terms of kidney function with a high MAP target  

in patients with chronic hypertension 



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) 
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1) Restore an adequate mean arterial pressure 

2) Restore an adequate cardiac output 
  

    Restore as soon as possible tissue perfusion  
 

Inotropes Volume  

expansion 
Vasopressors ? 

  Therapeutic goals   



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 



• We recommend not to give inotropes for isolated impaired cardiac function  

     Level 1; QoE moderate (B) 

 

• We suggest that inotropes should be added when the altered cardiac function  

     is accompanied by a low or inadequate CO and signs of tissue hypoperfusion  

     persist after preload optimization 

     Level 2; QoE low (C) 

 



 Take-home messages 

  Pay attention to DAP 

  - Helpful to rapidly diagnose vasoplegic shock 

• DAP: reflection of arterial tone 

   if DAP is low, the arterial tone is low  

- Helpful to urgently initiate a vasopressor 



 Take-home messages 

  Pay attention to DAP 

  Pay attention to MAP 

• MAP: driving pressure for organ perfusion 

• MAP: therapeutic target     

 at least 65 mmHg 

 more if history of chronic hypertension  

 



 Take-home messages 

  Pay attention to DAP 

  Pay attention to MAP 

  Pay attention to Pulse Pressure (PP) 

      •  function of cardiac stroke volume 

•  if PP is low, stroke volume should be low  



65 yo  

HR: 100/min 

SAP: 80 mmHg 

DAP: 60 mmHg                           

 

3 pts (A, B, C) presenting at the ED 

A B 

65 yo 

HR: 100/min 

SAP: 80 mmHg 

DAP: 30 mmHg                           

 

Low stroke volume 
+  

normal arterial tone 

 

Not low stroke volume 
+  

depressed arterial tone 
 

hypovolemic  

or cardiogenic  

shock 

Septic shock 

Vasopressor 

urgently required 

C 

65 yo 

HR: 100/min 

SAP: 50 mmHg 

DAP: 30 mmHg               

 

Low stroke volume 
+  

depressed arterial tone 
 

Septic shock 

with pronounced  

hypovolemia  

(or cardiac failure) 



 Take-home messages 

  Pay attention to DAP 

  Pay attention to MAP 

  Pay attention to Pulse Pressure (PP) 

        Hypovolemia always present in septic shock 

      but of variable degree 

 

      
  After 500 to 1000 mL of crystalloids, assess  

      fluid responsiveness     



Early management 

 Evaluate the clinical severity 

 

 Perform usual non-clinical tests 

 

 Begin as soon as possible: 

 a hemodynamic therapy 

 an anti-infectious therapy 

  Thank you 


