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What is lung water? 

? 



What is lung water ? 

Hydrostatic Oedema Inflammatory Oedema 

Important pathophysiological variable → 
How to measure lung water ? → 
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gold standard 

dessiccation 

gravimetry 

lung water 

How to measure lung water ? 

How to do at the bedside ? → 



Estimation of lung water with transpulmonary thermodilution 

Central venous catheter 

Femoral arterial catheter 

How does transpulmonary 
thermodilution work ? 

→ 



Cold bolus 

Estimation of lung water with transpulmonary thermodilution 

Extravascular lung water 
indexed for ideal body weight 
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The only way to measure extravascular lung water at the bedside 
is transpulmonary thermodilution 
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The     messages 4 

Is the estimation of 
lung water reliable? 

? 

2 1 
3 

3 arguments 

 
 

4 



Validated in 
humans 

Lung water 
estimated by 

PiCCO 

Lung water 
measured by 

the gold standard 

Is the estimation of lung water reliable ? 

30 pts 
EVLW measured by TPTD and by 
postmortem gravimetry 



Independently 
predicts 
mortality 

Validated in 
humans 

Is the estimation of lung water reliable ? 
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p = 0.0001 

Day-28 mortality (%) 
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 
EVLW measured by 
PiCCO device 

Estimation of lung water by transpulmonary 
thermodilution makes sense 

→ 

Independently 
predicts 
mortality 

Is the estimation of lung water reliable ? 
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* * 

BAL 

28 BALs 
EVLW measured by 
PiCCO device 

+ 130 [100-160] mL 

… only! 

Independently 
predicts 
mortality 

Validated in 
humans 

Detects small 
short term 
changes 

Is the estimation of lung water reliable ? 



The only way to measure extravascular lung water at the bedside 
is transpulmonary thermodilution 

Estimation of lung water by transpulmonary thermodilution is 
reliable and precise 
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The     messages 4 

How could it be 
useful in practice? 

? 
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PPV, SVV… 

Should I give fluid? 
? 

Does my patient have a circulatory failure? 
? 

EEO test 

PLR test 

Should I NOT give fluid? 
? 

What is the risk of 
fluid overload? 

? 



Cohort study 
3,147 pts with sepsis 

The risk of volume expansion 

Fluid overload increases 
mortality during sepsis 



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 

The risk of volume expansion 

Fluid overload increases 
mortality during ARDS 



The risk of volume expansion 

Let’s go back to 
physiology! 

! 

THE main risk of fluid overload 
is to worsen lung edema 



Lung water 
high 

permeability 

low 
permeability 

very high 
permeability 

How to estimate the risk of fluid administration ? 

Pcap 

What is demonstrated ? 
? 

Fluid 



PAOP group 
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* p < 0.0001 vs time 0 
EVLW  group 

How to limit the risk of fluid administration ? 

101 ARDS patients 
EVLW-guided management vs. 
PAOP-guided management 
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101 ARDS patients 
EVLW-guided management vs. 
PAOP-guided management 

How to limit the risk of fluid administration ? 

PAOP 

EVLW 

Monitoring lung water  

↘ the duration 
of ventilation 

↘ the length 
of ICU stay 



PPV, SVV… 

Should I give fluid? 
? 

Does my patient have a circulatory failure? 
? 

EEO test 

PLR test 

Should I NOT give fluid? 
? 

Elevated lung water 



The only way to measure extravascular lung water at the bedside 
is transpulmonary thermodilution 

Estimation of lung water by transpulmonary thermodilution is 
reliable and precise 

Lung water may help to guide fluid management by indicating 
the severity of lung oedema 
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The     messages 4 
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PPV, SVV… 

Should I give fluid? 
? 

Does my patient have a circulatory failure? 
? 

EEO test 

PLR test 

Should I NOT give fluid? 
? 

Elevated lung water 

Elevated lung permeability 
Lung water only ? 

? 



Lung water 
high 

permeability 

low 
permeability 

very high 
permeability 

How to estimate the risk of fluid administration ? 

Pcap 
Fluid 

How to estimate 
lung permeability ? 

? 



Cold bolus 

How to estimate the risk of fluid administration ? 

PiCCO 

Lung water 

Pulmonary blood volume 

Pulmonary vascular 
permeability index = 

Out of the vessels 

In the vessels 

Does it really reflect 
lung permeability ? 

? 

VolumeView 
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Pulmonary vascular 
permeability index 

ALI/ARDS Hydrostatic 
pulmonary edema 
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48 patients with pulmonary edema 
inflammatory vs. hydrostatic 
discriminated by experts 
PVPI by the PiCCO device 

How to estimate the risk of fluid administration ? 
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ALI/ARDS Hydrostatic 
pulmonary edema 

* 
Threshold = 3 

Se = 85% 
Sp = 100% 

How to estimate the risk of fluid administration ? 

48 patients with pulmonary edema 
inflammatory vs. hydrostatic 
discriminated by experts 
PVPI by the PiCCO device 

PVPI for diagnosing 
hydrostatic lung edema 

Pulmonary vascular 
permeability index 
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PVPI 

BNP 
p < 0.05 

48 patients with pulmonary edema 
inflammatory vs. hydrostatic 
discriminated by experts 
PVPI by the PiCCO device 

How to estimate the risk of fluid administration ? 

PVPI is better than BNP to detect 
increased lung permeability 



266 patients with pulmonary edema 
inflammatory vs. hydrostatic 
discriminated by experts 
PVPI by the PiCCO device 

How to estimate the risk of fluid administration ? 

How to use it 
in practice ? 

? 



Lung water = 12 mL/kg 
Permeability index = 4 

Lung water = 20 mL/kg 
Permeability index = 8 

ARDS 

AP = 90 / 40 mmHg 

Cardiac index = 2.0 L/min/m2 

PaO2/FiO2 = 180 mmHg 

PLR test : positive 

ARDS 

AP = 90 / 40 mmHg 

Cardiac index = 2.0 L/min/m2 

PaO2/FiO2 = 180 mmHg 

PLR test : positive 

Volume expansion Volume expansion? 

Vasopressor ? 

How to estimate the risk of fluid administration ? 

Patient #2 Patient #1 



PPV, SVV… 

Arrhythmias, Spont breathing , ARDS ? 

yes no 

Should I give fluid? 
? 

? 

Does my patient have a circulatory failure? 
? 

EEO test EEO test 

PLR test PLR test 

Should I NOT give fluid? 
? 

Elevated lung water 

Elevated lung permeability 



The only way to measure extravascular lung water at the bedside 
is transpulmonary thermodilution 

Estimation of lung water by transpulmonary thermodilution is 
reliable and precise 

Lung water may help to guide fluid management by indicating 
the severity of lung oedema 
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The     messages 4 

Lung permeability is a direct indicator of the risk of excessive 
fluid loading 
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