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cardiac 

output

cardiac 

preload

… in order to increase

cardiac output

A fluid bolus increases

cardiac preload…

What is the concept ?

BUT !!!!

Why do we give fluid to shock patients ?



124 studies published

between 2010 and 2021

Positive response:

52 (42-58)%

Let’s go back to physiology !What is the concept ?

Cardiac output does not 

increase as expected in 50% 

of the patients !



A B Cardiac preload

Stroke
volume

Let’s go back to physiology !

impaired ventricular function

normal ventricular function

No 

response…

No 

response…

What is the concept ?

Is that

important ?



↗ Lung water

↗ Abdominal pressure

↘ Pressure 
perfusion gradient

↗ risk of RV failure

Haemodilution

Fluid overload is

harmful !

! 2

The effects of fluid

infusion are not constant

! 1

↗ Renal failure

The harmfulness of fluid overloadWhat is the concept ?



Cohort study

1,177 pts with sepsis

Fluid overload increases

mortality during sepsis

The harmfulness of fluid overloadWhat is the concept ?



p value

EVLWImax (1 unit = 1 mL/kg) 1.07  (1.02 - 1.12) 0.007

Maximum blood lactate (1 unit = 1 mmol/L) 1.29  (1.14 - 1.46) 0.0001

Minimum PaO2/FiO2 (1 unit = 1 mmHg) 0.98  (0.97 - 0.99) 0.006

Mean PEEP (1 unit = 1 cmH2O) 0.78  (0.67 - 0.91) 0.002

SAPS II (1 unit = 1 point) 1.03  (1.01 - 1.05) 0.02

Mean cumulative fluid balance (1 unit = 1 mL) 1.0004  ( 1.0001 - 1.0008) 0.02

Odds Ratio ( CI 95%)

200 pts with ARDS

Fluid overload increases

mortality during ARDS

The harmfulness of fluid overloadWhat is the concept ?



↗ Lung water

↗ Abdominal pressure

↘ Pressure 
perfusion gradient

↗ risk of RV failure

Haemodilution

Fluid infusion is

potentially harmful !

! 2

The effects of fluid

infusion are not constant

! 1

The harmfulness of fluid overloadWhat is the concept ?



Fluid infusion is

potentially harmful !

! 2

The effects of fluid

infusion are not constant

! 1

One should predict fluid

responsiveness

The concept of fluid responsiveness The harmfulness of fluid overload



x adverse 

effects

Prediction of fluid 

responsiveness

Inconstant 

efficacy

What is the concept ?



Cardiac preload

Stroke
volume

Any intervention that changes 
preload

Any surrogate
of SV/CO

1

2

Which tests and indices could be used ?



Cardiac preload

Mimicking a 
fluid challenge

Using heart-lung 
interactions

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

Stroke
volume

Any intervention that changes 
preload

Any surrogate
of SV/CO

1

2

Which tests and indices could be used ?

PEEP test



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test
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Cardiac preload

Stroke
volume

Infusion of 100-150 mL…

… predicts the effect

of the rest of the bolus

Mini-fluid challengeWhich tests and indices could be used ?



Which tests and indices could be used ?
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2 studies (low Vt only)

88 patients

7 studies

368 patients

AUROC = 0.95 [0.90-0.99]

↗ CO ≥ 1%

AUROC = 0.91 [0.85-0.97]

↗ CO ≥ 5%

Mini-fluid challengeWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Mini-fluid challenge

Easy to perform

Requires a precise

measurement of CO

Different thresholds

reported



Changes
in VTI

Cardiac US

Small amount

of fluid

Small change 

in CO/SV

Detectable by 

echo?..

Mini-fluid challengeWhich tests and indices could be used ?



100 stable patients

16% in 1F, 54% under MV

Between two different
examinations

LSC of VTI (%)

Smallest detectable change

10%

Mini-fluid challengeWhich tests and indices could be used ?



Changes in pulse 
contour-derived CO

Changes
in VTI

Small amount

of fluid

Small change 

in CO/SV

Detectable by 

echo?..

… or by more 

precise techniques ?

Mini-fluid challengeWhich tests and indices could be used ?

Transpulmonary

thermodilution

GEDV
PPV/SVV

CO TD
CO PC

CFI
GEF

EVLW
PVPI

HR
AP

CVP

ScvO2

HR CO TFC

PLR protocol

+18%

Uncalibrated pulse 

contour anlaysis

Cardiac US
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Cardiac preload

Stroke
volume

≈ 300 mL blood

From the legs

From the splanchnic
compartment

Passive leg raising testWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Passive leg raising test

A LOT of studies…



Passive leg raising testWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Passive leg raising test

A LOT of studies…

Not possible with arterial pressure… 

One needs to estimate CO



Arterial pressure

Changes in 
pulse pressure

Not that

reliable

Which variables 

may be used ?

?

Passive leg raising testWhich tests and indices could be used ?



EV 1000
PiCCO

Pulsioflex
Vigileo

LidCO rapid

Changes in pulse 
contour-derived CO

Oeso Doppler

Changes in aortic
blood flow

Echo

Changes
in VTI

Capnography

Changes 
in EtCO2

Starling SV

Changes in 
CO

Arterial pressure

Changes in 
pulse pressure

Plethysmography

Changes in 
perfusion index

Arterial pressure

PPV

Passive leg raising testWhich tests and indices could be used ?



30 patients without SB nor arrhythmias

Assessing PLR and Vt challenge through PPV and IVC changes
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AUROC = 0.98 ± 0.02

↘PPV during PLR

≥ -2 pts

Passive leg raising testWhich tests and indices could be used ?
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A B

PPV, SVVWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Not in case of:

o Arrhythmias (false +)

o Spontaneous breathing (false +)

o Low Vt (false -)

o Low lung compliance (false -)

PPV, SVV



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge
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30 measurements in 20 pts

Increase in Vt from 6 to 8 mL/kg

PPV6

PPV8

ΔPPV = (PPV8 -PPV6)

PPV6

PPV8

Tidal volume challengeWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Tidal volume challenge

No so many

studies



30 measurements in 20 pts

Increase in Vt from 6 to 8 mL/kg

↗PPV ≥3.5%

Tidal volume challengeWhich tests and indices could be used ?



10 studies

457 measurements

AUROC = 0.96 [0.94-0.97]

↗ PPV(abs) ≥ 2% (ranging from 1 to 3.5%)

↗ PPV(%) ≥ 25% (ranging from 25 to 48%)

Tidal volume challengeWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

No so many

studies

Just with

PPV…

Tidal volume challenge



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

The least reliable 

method…

Vena cava collapsibility



Large negative

study

‘Disappointing’

meta-analyses 

Vena cava collapsibilityWhich tests and indices coud be used ?



540 pts

Ability to detect preload responsiveness (positibve PLR test)

Vena cava collapsibilityWhich tests and indices could be used ?



Vein compliance

IAP

In case of preload responsiveness

Respiratory variations of CVP

But distensibility of the IVC is

also influenced by :

Blood volume

…

Vena cava collapsibilityWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Not in case of:

o Spontaneous breathing (false +)

o Low Vt (false -)

o Low lung compliance (false -)

o High IAP               (false + and -)

The least reliable 

method…



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test



 cardiac preload

A 15-sec EEO…

 cardiac output 
in case of fluid responsiveness

→

End-exp. occlusion testWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Many studies



13 studies

530 patients

Sensitivity = 0.87 (0.82-0.91)

Specificity = 0.91 (0.87-0.94)

Sensitivity

1-specificity
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AUROC = 0.95 ± 0.01

↗ CO ≥ 5%

End-exp. occlusion testWhich tests and indices could be used ?



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Possible with

echo and PPV

End-exp. occlusion test

Many studies



EV 1000
PiCCO

Pulsioflex
Vigileo

LidCO rapid

Changes in pulse 
contour-derived CO

End-exp. occlusion testWhich tests and indices could be used ?



EV 1000
PiCCO

Pulsioflex
Vigileo

LidCO rapid

Changes in pulse 
contour-derived CO

Oeso Doppler

Changes in aortic
blood flow

Echo

Changes
in VTI

How to assess its effects ?End-exp. occlusion testWhich tests and indices coud be used ?

Plethysmography

Changes in 
perfusion index



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Easy to perform

No strong

respiratory efforts

Many studies



Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test



64 patients

Decrease in PEEP from 12 to 5 cmH2O

Which tests and indices could be used ? PEEP test

In press Critical Care

The increase in cardiac output induced by a decrease in positive end-expiratory 
pressure reliably detects volume responsiveness: the PEEP-test study
Christopher Lai, Rui Shi, Alexandra Beurton, Francesca Moretto, Soufia Ayed, Nicolas Fage, Francesco Gavelli, Arthur Pavot, Martin Dres, Jean-Louis Teboul, Xavier Monnet, 
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Which tests and indices could be used ?

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

PEEP test

Possible with

PPV



Passive leg raising test

Mini-fluid challenge

End-exp. occlusion test

Tidal volume challenge

PPV, SVV

Vena cava collapsibility

Reliable

(Se, Sp)

Applicable in 

many patients

Well 

demonstrated

Possible with no 

CO monitoring
Easy to 

perform

End-exp. occlusion testWhich tests and indices coud be used ?
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