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Fluid balance and 
mortality 



Fluid = drug 
 

Then titration of fluid 



Goal = improve the tissue 
perfusion and 
oxygenation 

Surrogate = increase of 
cardiac 
output>15%=responders 





Question 1: is there a 
clinical reason to do 
volume expansion? 

 Impaired hemodynamics 

 Tissue hypoxemia 





Question 2: is the 
hypovolemia obvious? 



Case : 

 67 years old woman emergency 
room 

 Severe sepsis pneumonia 
 MAP 45 mmHg 
 CVP = 5 mmHg 
 Lactate blood level 4 mmol/l 

Fluid infusion or not? 



Case (continued) Yes of 
course!!! 

 
 After fluid infusion 

of 2 liters : 
– MAP : 50 mmHg 
– CVP = 9 mmHg 
– Oliguria with ARF 
– Lactate blood level 

4.5 mmol/l 

 Mechanical 
ventilation TV 480 
ml, PEEP 5 cmHO2, 
FIO² 80% 

 ICU Fluid infusion or not??? 

Chiffre magique 
= 30 ml/kg 



Mean            211 / 195           52 %  

CHEST 2002, 121:2000-8  

    R / NR  R  (%)   
 

   Calvin (Surgery 81)   20 / 8  71 %  

    Schneider (Am Heart J 88)  13 / 5  72 %   

    Reuse  (Chest 90)   26 / 15  63 %    

    Magder (J Crit Care 92)  17 / 16  52 %    

    Diebel (Arch Surgery 92)  13 / 9  59 %    

    Diebel (J Trauma 94)  26 / 39  40 %   

    Wagner (Chest 98)   20 / 16  56 %   

    Tavernier (Anesthesio 98)  21 / 14  60 %   

    Magder (J Crit Care 99)  13 / 16  45 %   

    Tousignant (A Analg 00)  16 / 24  40 %   

    Michard (AJRCCM 00)  16 / 24  40 %   

    Feissel (Chest 01)   10 / 9  53 %   



Question 3: Which 
parameter to use to 
predict fluid-
responsiveness? 



CVP out…. PAOP out… 

D Osman Crit care med 2007 



Static 
parameters 

Dynamic 
parameters 

Passive leg 
raising 



Static 
parameters 

Dynamic 
parameters 

Passive leg 
raising 



Stroke volume 

Ventricular preload 

Fluid 

Responder 
Non Responder 



Inferior vena cava 



<13 
mm 



N = 540 patients 





Left ventricular diameter 
and function 





The use of transesophageal echocardiography for preload assessment in critically ill 

patients. Tousignant CP, Walsh F, Mazer CD. Anesth Analg 2000;90:351-355 
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A specific finding: Left 
ventricular obstruction 



22% LVOT 
obstruction 





Static 
parameters 

Dynamic 
parameters 

Passive leg 
raising 



Fonctional hemodynamics: 
dynamic parameters based 
on heart lung interactions 



* 

** 

  *  If RV is  preload dependent 

  ** If LV is  preload dependent 

Mechanical 

Insufflation 
RV Preload 

RV ejection 

LV Preload 

LV ejection 

expiration 

2 à 3 cardiac cycle  

Pulmonary transit 
Inspiration 
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 Delta 
peak=28% 

Pulsed Doppler 
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Respiratory changes in aortic blood velocity as an indicator of fluid responsiveness  

in ventilated patients with septic shock. 

Feissel M, Michard F, Mangin I, Ruyer O, Faller JP, Teboul JL. Chest 2001; 119:867-873 



ΔIVC 



Intensive Care Med 2004; 30: 1834–
1837 

39 patients 
septic shock 

TTE 





SVC respiratory variation with full 
mandatory ventilation 

Advantages:  

– No further manoeuvres required  

– High specificity and sensitivity 

TOE - SVC assessment  

36% respiratory variation =  
fluid responsive 

Antoine VB et al, ICM 2004 

Disadvantages:  

• Only full MV patients 

• Requires TOE 



Superior vena cava 
respiratory variations 

Vieillard-Baron et al. ICM 2004  





End expiratory occlusion 

End inspiratory occlusion 

Both occlusion 





Limits of fluid 
responsiveness based on 
heart lung interactions 



Fluid responsiveness 
Heart lung interaction 

Arrhythmia 

IVC variations 
SCV variations 

End exp/insp test 

IVC variations 
SCV variations 

En exp/insp test 
VTI/Vmax/SV variations 

Surrogate (carotid/femoral)? 

Spontaneous 
ventilation 

IVC variations? 
End exp/insp test 

VTI/Vmax/SV 
variations 
Surrogate 

(carotid/femoral)? 

YES 
YES 

NO NO 

SVC (TEE) 
VTI/Vmax/SV 

variations 
Surrogate 

(carotid/femoral)? 



Fluid responsiveness 

RV dilation 

ARDS low tidal 
volume 

Abdominal 
hypertension 



Fluid responsiveness 
Do not use Heart lung 

interaction 

RV dilation 



Fluid responsiveness 
Do not use Heart lung 

interaction 

RV dilation 

ARDS low tidal 
volume 

Abdominal 
hypertension 







SVV at 6ml/kg 

SVV at 8ml/kg 

Delta SVV 



Fluid responsiveness 
Do not use Heart lung 

interaction 

RV dilation 

ARDS low tidal 
volume 

Abdominal 
hypertension 



True life 



PPV 
Variations of 
aortic Vmax 

Delta SVC Delta IVC 

540 
patients 



Static 
parameters 

Dynamic 
parameters 

Passive leg 
raising 



Passive Leg Raising 

Blood shift 



Passive Leg Raising 

Increase in CO or SV by >10% 

Maizel  Int care med 2007 





Limitations of PLR 

 Elastic socks 

 High abdominal pressure 

 Severe incra cranial hypertension 





Question 4: what to do 
when all parameters 
failed to predict fluid-
reponsiveness? 



Muller Anesthesia 2010 



Question 5: When to 
stop? Efficiency and 
tolerance… 



Efficency 





Stroke 
Volume 

LVEDDV 

LVEP 



Tolerance 



Lichtenstein DA et al. CHEST. 2009;136(4):1014 

B-lines 
CT Scan correlations 

B7-lines 
Subpleural interlobular septa 

b-line 
No pathologic meaning 
(possibly minor fissura) 

B3-lines 
Subpleural ground-glass lesions 



Stroke 
Volume 

LVEDDV 

LVEP 



Question 6: Is fluid-
responsiveness using 
echocardiography 
improves the prognosis of 
ICU patients? 



Mortality 



Summary fluid 
responsiveness 

Indices 

 Static parameters 

 Passive Leg Raising 

 Pulsed pressure variations 

 Aortic velocity or VTI 
changes 

 IVC or SVC changes 

 Other maneuvers 
(inspiratory pause, tidal 
challenge…) 

 Fluid challenge 

Follow-up 

 Cardiac output or SV 

 Tolerance : clinical signs, 
mitral flow, E/e’ 



Conclusion 

 Echocardiographie is very useful in 
ICU at the bedside to assess fluid-
responsiveness  

 Echocardiography should be repeated 
as many times as needed to titrate 
fluid infusion 


