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Shock = imbalance of oxygen delivery and tissue demands 

CO x oxygen content 

SV x HR 

Preload 

Afterload 

Inotropy 

 

Does the patient respond to fluid  

with an increase in SV ? 

Only 50 % of haemodynamically 

unstable patients will do so 



Set your intravascular volume right 
Predicting fluid responsiveness 



“This relation between the length of the heart fibre and its power of 

contraction I have called `the law of the heart`” 

Starling EH: The Linacre Lecture on the Law of the Heart. London: Longmans, Green and Co.,1918;(a) 

pp.26-27 



Carl Ludwig (1816-1895), Leipzig, Germany 

1856: “…filling of the heart with blood changes the extent of contractile power” 

(Ludwig CFW: Lehrbuch der Physiologie des Menschen. Vol 2. Leipzig, Germany: CF Winter;1852-6;73) 

http://en.wikipedia.org/wiki/File:Carl_Wilhelm_Friedrich_Ludwig.jpg
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Optimisation for everybody ? 

Crit Care Med 2002; 30:1686-1692 



Optimisation of high risk patients 

Crit Care Med 2002; 30:1686-1692 



Optimisation of high risk patients 

Crit Care Med 2002; 30:1686-1692 
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Boldt J et al. Volume replacement strategies on intensive care units:  

results from a postal survey.  
Intensive Care Med 1998;24:147-151 

>90% use CVP to guide fluid resuscitation 

http://www.google.co.uk/imgres?imgurl=http://retractionwatch.files.wordpress.com/2011/02/aamisconductcover.gif&imgrefurl=http://retractionwatch.wordpress.com/2011/02/28/22-papers-by-joachim-boldt-retracted-and-67-likely-on-the-way/&usg=__PaMiFucGb6OxodX1tGcmhczwogY=&h=348&w=262&sz=20&hl=en&start=12&zoom=1&um=1&itbs=1&tbnid=k-B7u-evBksIvM:&tbnh=120&tbnw=90&prev=/images%3Fq%3Djoachim%2Bboldt%26um%3D1%26hl%3Den%26tbs%3Disch:1&ei=ttmJTbXKC5K4hAfgqoHHDQ


Class I recommendation 

 





1: strong recommendation  

C: quality of evidence = well done observational studies 



Accurate measurement of CVP is difficult 

Anesth Analg 2009;108:1209-11 



Crit Care Med 2007; 35:64-68 

CVP < 8 predicted fluid responsiveness with positive predictive value of 47 % 

PAOP < 12 predicted fluid responsiveness with positive predictive value of 54 % 



Healthy volunteers 

Kumar A et al. Crit Care Med. 2004 Mar;32(3):691-9. 

3L NaCl 0.9% over 3 h 



24 studies included, 803 patients 

5 studies compared CVP with measured circulating blood volume 

 -pooled correlation coefficient 0.16 

 

19 studies: relationship between CVP/ΔCVP and SV/CI following fluid challenge 

  

 -pooled correlation coefficient between baseline CVP and change in SV/CI  

 post fluid challenge 0.18 (pooled area under ROC curve 0.56) 

 

 -pooled correlation coefficient between ΔCVP and change in SV/CI  

 post fluid challenge 0.11 (pooled area under ROC curve 0.56) 
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SVmax 

SVmin 

Predicting fluid responsiveness: “Dynamic parameters”  

-only 50 % of haemodynamically unstable patients are fluid responsive 



Crit Care Med 2009; 37:2642-2647 

29 studies enrolling 685 patients 

mean threshold values: PPV 12.5 %, SVV 11.6 % 

ROC 0.55 for CVP 



Limitations of dynamic parameters 

-expensive equipment 

-controlled mechanical ventilation, no spontaneous breathing effort 

-Vt ≥ 8ml/kg 

-no significant arrhythmias (AF, multiple premature extra beats) 

-HR/RR > 3.6 

-cor pulmonale 

-invasive 



Curr Opin Anesthesiol 2008; 21:772-8 

Respiratory variation in pulse oximetry waveform amplitude  



Respiratory variation in pulse oximetry waveform amplitude  

PVI = Pleth Variability Index  

Theatre: PVI > 14% predicts fluid responsiveness 

Cannesson M et al., BJA 2008;101:200-6  



PVI in ICU patients 

-sinus rhytm 

-HR/RR > 3.6 

-no cor pulmonale 

-controlled ventilation, Vt ≥ 8ml/kg 

-30 patients with septic shock, on vasopressors 

-500 ml colloid over 30 min 
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Solution ?? 

Fast response measurement of flow: 

Passive leg raising (PLR) = transient and reversible “auto fluid challenge” 

Cave: Intraabdominal pressure > 16: false negative  

(Mahjoub Y et al, Crit Care Med 2010;38:1824-9) 

ΔSV or Δaortic blood flow ≥ 10 % predicts fluid responsiveness in 

spontaneously breathing ICU patients even in the presence of arrhythmias 

(Monnet X et al., Crit Care Med 2006;34:1402-7; Preau S et al., Crit Care Med 2010;38:819-25) 

ΔPP ??  
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Venous oxygen saturation 

•SvO2 = SaO2 - 
 
 

º VO2 

Q x CaO2 

•SvcO2 = SaO2 - 
 
 

º VO2 

Q x CaO2 

-SvcO2 is in average 5 -10 % higher in ICU patients with shock 

(Reinhart K et al., Intensive Care Med 2004;30:1572-8; Lee J et al., Anesthesiology 1972;36:472-8; 

Scheinman MM et al., Circulation 1969;11:165-72) 

-However, the difference can range from -18 to +22 % (95% limits of agreement) 

(Martin C et al., Intensive Care Med 1992;18:101-4; Edwards JD et al., Crit Care Med 1998;26:1356-60; 

Varpula M et al., Intensive Care Med 2006;32:1336-43)) 

 





Central venous oxygen saturation trend analysis 

- 

-SvO2 correlates well with CI 

(Lee J et al., Anesthesiology 1972;36:472-8;  

 

-trend in SvcO2 follows trend in SvO2 closely 

(Lee J et al., Anesthesiology 1972;36:472-8; Reinhart K et al., Chest 1989;95:1216-21; 

Dueck MH et al., Anesthesiology 2005;103:249-57) 

-trend in SvcO2 might follow trend in CI  

(post cardiac surgery: Yazigi A et al., Acta Anaesthesiol Scand 2008;52:1213-7) 

•SvO2 = SaO2 - 
 
 

º VO2 

Q x CaO2 



-30 ventilated patients with septic shock on vasopressors 

-500 ml colloid over 30 min 

ScvO2
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 P = 0.016 for change 

non-responders 

responders 

Does the change in SvcO2 in response to a fluid challenge 

correlate with the change in CI in septic patients ? 



Arterial-mixed venous pCO2 difference 

-Close negative correlation with CI 

(Cuschieri J et al, Intensive Care Med 2005;31:818-22) 

-Change in this difference correlates with change in CI after fluid  

(Mecher CE et al., Crit Care Med 1990;18:585-9) 

 

 

=  avDCO2 x Q CO2 production 



Arterial-mixed central venous pCO2 difference 

-Close negative correlation with CI 

(Cuschieri J et al, Intensive Care Med 2005;31:818-22) 

-Is the trend in  arterial-central venous pCO2 difference inversely  

correlated with the change in CI after fluid loading ? 



Summary 

-only 50 % of patients will respond to a fluid challenge 

-filling pressures  

-trend in arterial-central venous pCO2 difference ? 

-optimisation of stroke volume needed ? 

-predicting fluid responsiveness  

 -dynamic parameters PPV, SVV, SPV  

 cave: limitations (spontaneous breathing, Vt > 8 ml/kg, arrhythmias, cor pulmonale, HR/RR > 3.6) 

 -Passive leg raising : flow response   

 -SvcO2 trend in response to fluid   rather than single numbers 

PVI 

ΔPP? 
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NEJM 2001; 345:1368-77 

Total fluids (0-6 h) CVP (average 0-6 h) 

control 3499±2438 10.5±6.8 

EGDT 4981±298 (P<0.001) 11.7±5.1 (P=0.22) 




