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The ’70s mechanical ventilation

12 - 15 ml/kg VT, 5 - 10 cmH2O PEEP 

“ We ventilated 

thousands of  patients in this way, 

and the only side effect was hypocapnia”

H. Pontoppidan, N Engl J Med 1972





Control of breathing using an extracorporeal 

membrane lung

Kolobow T, Gattinoni et al., Anesthesiology, 1977; 46: 138-141

The lung rest concept



We choose to rest the lung  with diffusion 

oxygenation (3 breaths/min), avoiding possible 

pulmonary and extrapulmonary complications of 

CPPV, and removed CO2 through a membrane 

lung by low-flow veno-venous bypass to make 

lung rest feasible.

Gattinoni L. et al. THE LANCET 1980. 292-294



Gattinoni L et al. Int. Care Med. 1984, 10: 121–126

Patients meeting ECMO criteria



Gattinoni L et al. Intensive Care Med (1986) 12:137-142
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Indeed,

CT number 
mass

mass + volume
=

cannot discriminate 

between tissue mass,

blood mass, edema etc.
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1.5 x 1.5 x 10 mm = 22.5 mm3Voxel:

TLC Collapse EdemaFRC



Each voxel, 

the “CT pulmonary unit”

is a black box

where

it is impossible to discriminate directly

the nature of  the density
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Gattinoni et al. Am Rev Respir Dis 1987;136:730-736



4

3

2

1

0

p = NS

0 10 20 30 40 50

C start [ml/cm H2O]

5
N

o
n

 a
e
ra

te
d

ti
ss

u
e
 [

k
g

]



1.2

1.0

0.8

0.6

0.4

0.2

0

p = NS

P
o

o
rl

y
 a

e
ra

te
d

ti
ss

u
e
 [

k
g

]

0 10 20 30 40 50

C start [ml/cm H2O]



1.0

0.8

0.6

0.4

0.2

0

N
o

rm
a
ll

y
 a

e
ra

te
d

ti
ss

u
e
 [

k
g

]

0 10 20 30 40 50

C start [ml/cm H2O]

r = 0.83

p < 0.01



The ARDS lung is small and not stiff

Normal 
VT

FRC
=

500 ml

2500 ml
= 0.2

ARDS 
VT

FRC
=

500 ml

500 ml
= 1



End Expiration

Supine Prone
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1.5 x 1.5 x 10 mm = 22.5 mm3Voxel:
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Without

gravity

Interstitial edema
and increased mass

The Sponge Model

g/t - 0.6

g/t - 0.6

g/t - 0.6

With

gravity

Superimposed
Pressure

Interstitial edema,
increased mass

and collapse

g/t - 0.2

g/t - 1.0

g/t - 0.5





PEEP mechanism

Superimposed

Pressure
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ALI / ARDS modeling (early phase)

Small

The baby lung 

Small

The sponge lung 

Stiff

The uniform lung 



N° PATIENTS

EARLY ARDS = 37

INTERMEDIATE ARDS = 24

LATE  ARDS = 23

Early vs late ARDS



Early vs late ARDS

Gattinoni et al. JAMA 1994, 271(22): 1772-9



Early ARDS

(week 1)

Intermediate ARDS

(week 2)

Late ARDS

(week  3)
Gattinoni et al. JAMA 1994, 271(22): 1772-9



Early vs late ARDS

Gattinoni et al. JAMA 1994, 271(22): 1772-9



Early vs late ARDS

Gattinoni et al. JAMA 1994, 271(22): 1772-9



Early vs late ARDS

Gattinoni et al. JAMA 1994, 271(22): 1772-9



Early vs late ARDS

Gattinoni et al. JAMA 1994, 271(22): 1772-9



Early vs late ARDS

G
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Early vs late ARDS

Gattinoni et al. JAMA 1994, 271(22): 1772-9



Early vs late ARDS

Gattinoni et al. JAMA 1994, 271(22): 1772-9



Superimposed
Pressure

Opening
Pressure

Normal 0

Alveolar Collapse
(Reabsorption)

20-30 cmH2O

Small Airway
Collapse

10-20 cmH2O

Consolidation 



potential for lung recruitment [% total lung weight]
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Figure 1

ALI patients

ARDS patients

higher

21 ± 10% 

(374 ± 236 grams)

lower

5 ± 4% 

(59 ± 51 grams)

Potential for lung recruitment

Gattinoni L, Caironi P, Cressoni M, Chiumello D, Ranieri VM, Quintel M,

Russo S, Cornejo R, Bugedo G, NEJM 2006, 354(17):1775-86
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Gattinoni L, Caironi P, Cressoni M, Chiumello D, Ranieri VM, Quintel M,

Russo S, Cornejo R, Bugedo G, NEJM 2006, 354(17):1775-86



Lower potential for 

recruitment

(34 pts)

Higher potential for 

recruitment

(34 pts)
P

% Open 

% openable at 

45cmH2O

% always closed

Lung weight 1266327 1735547 0.0001

54 2110 <0.0001

2512 2414 0.69

7012 5617 <0.0001

ALI/ARDS lung composition

Gattinoni L, Caironi P, Cressoni M, Chiumello D, Ranieri VM, Quintel M,

Russo S, Cornejo R, Bugedo G, NEJM 2006, 354(17):1775-86



mortality 

[%]

quartiles of potential for lung recruitment
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Mortality at ICU-discharge

17n   = 17 17 17

higher-

potential

P=0.006



Possible model

Lower severity and mortality Higher severity and mortality

Lower

24%

5%

71%

Higher

24%

21%

55%

Core disease

24%

Inflammation 

spreading



Conclusion

Early ARDS is characterized by 

edema and intact lung structure 

(baby lung)

Recruitability is function of  the 

extent of  edema

With time lung structure is 

altered associated with increased 

dead space and PCO2



Thank you

Grazie


