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Prospective observational study  
n = 3147 
ICU patients with sepsis

Each litre positive fluid balance 10% increase in mortality



VASST 
n = 778 
Retrospective observational study
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n = 317 
Multicenter (17)  
Prospective observational study









Negative mean daily fluid balance

70% mortality reduction

Propensity analysis 
time-dependent modeling 
repeated measure modeling 
Cox proportional hazards modeling







Anastomotic breakdown 
Sepsis 
Bleeding 
Pulmonary edema 
Arrhythmias



Predicting Preload  
Responsiveness



Central Venous 
Pressure (CVP)





Clinical Question

How accurately does the central venous pressure (CVP) reliably 
predict fluid responsiveness?



Search
Sources

MEDLINE 

EMBASE 

Cochrane Database 

Reference tree

Dates

1996 – June 2012

Search Terms

CVP (explode)  

and  

Fluid therapy or responsiveness



Inclusion / Exclusion

• Human subjects 

• Adult subjects 

• CVP measured prior to Fluid challenge 

• Post challenge measure of cardiac performance 

• Receiver operating characteristic curve (ROC) or correlation coefficient (CC)



Data Extraction

• Study design 

• Study size 

• Study setting 

• Patient population 

• Criteria used to define fluid responsiveness 

• Type of fluid challenge 

• The primary technology being assessed 

• The correlation coefficients and AUC for the CVP and fluid responsiveness 

• The percentage of patients responding to a fluid challenge 

• The baseline CVP in the fluid responders and nonresponders



Subgroups

Study setting 

Performance reporting (ROC vs CC)



Subgroups

Study setting 

Performance reporting (ROC vs CC)





Fluid bolus

Postural

PEEP

Study subjects

Preload 
challenge

CVP 
measurement

CI

CO

SV

SVI

PAC 
PiCCO 
echocardiography

Cardiac 
performance 
assessment

Non-responders Responders
57% 43%

1802 patients 
2105 challenges



Validity: Included Studies

Genuine diagnostic dilemma? –

Appropriate independent reference standard? ✓

Test interpretation blind to the reference standard? ✓

Reference standard applied to all regardless of test? ✓



Validity: Systematic Review

Clearly stated clinical question? ✓

Repeatable search methodology? ✓

Clear inclusion / exclusion criteria? ✓

Consistent data extraction? ✓

Complete data extraction? –

Quality assessment of included articles? –

A priori subgroups? ✓

Homogeneity? ✓

Reported in accordance with QUOROM? ✓



Results

Q statistic p = 0.9, I

Summary AUC 0.56 (95% CI, 0.54 – 0.58)

Summary CC 0.18 (95% CI, 0.1 – 0.25)



“In conclusion, there are no data to support the widespread 
practice of using CVP to guide fluid therapy. 
!
This approach to fluid resuscitation is without a scientific basis 
and should be abandoned.”



Can we do better?
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Pressure Volume
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IVC diameter variation 
!

End-expiratory occlusion test 
!

Pasive leg raise 
Fluid bolus

0.56
0.55
0.58

0.59
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0.86

0.94
0.84

0.96

Marik et al. Annals of Intensive Care 2011



End Tidal CO2 to Asses 
Passive Leg raise (PLR) 



Tissues

Q





Clinical Question

Is end-tidal CO2 a better surrogate for cardiac output than blood 
pressure during a passive leg raise manoeuvre? 



Inclusion

• Adult ICU patients in a single Parisian hospital over 1 year 

• Intubated and ventilated 

• PiCCO™ 

• Mainstream CO2 sensor 

• Attending physician judged that the patient requires a fluid bolus for 
haemodynamic instability

Exclusion

• PLR contraindicated 
- DVT 
- Brain injury 
- Compression stockings



Patients



CI
HR
BP
PETCO2

Measurement

CI by pulse contour analysis

BP

PETCO2

PLR

CI
HR
BP
PETCO2

Measurement

Non-responders

Responders

52%

48%

Fluid bolus

40 subjects

25 subjects

10 subjects

CI
HR
BP
PETCO2

Measurement





Validity

Genuine diagnostic dilemma? ✓

Appropriate independent reference standard? ✓

Test interpretation blind to the reference standard? ✓

Reference standard applied to all regardless of test? ✓

Do we have the same patients? –

Can we perform the test in the same way? ✓



Results





Conclusions

• BP (∆ pulse pressure) not very useful (but better than CVP) 

• ∆ETCO2 tested PLR adds useful information 

• CI by PCA is very good at predicting fluid responsiveness 

• Fluid responsiveness does not equal benefit from fluid


