
Giacomo Bellani, MD, PhD

University of Milan-Bicocca

A.O. San Gerardo

Monza (Italy)

L'angolo della clinica: 
ARDS e prono-supinazione 

@Gicobellani



Conflicts of Interest

INSTITUTIONAL:

–Research grants from: Draeger

PERSONAL

– Consultancy fee from: Draeger, Dimar, Medtronic

–Lecturing fees: Draeger, GE Healthcare, Getinge, 
Intersurgical, SEDA, Hamilton

–Co-owner and president of ReviewerCredits.com



Outline

Theoretical aspects

–Mechanisms of oxygenation improvement

–VILI prevention

–Haemodynamic effects

–Effect on Survival

Pratical aspects

3



Prone position improves oxygenation
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Sud et al. ICM 2010 



How does Prone position improve oxygenation?

Supine

Prone



Gravity-dependent densities shift 
within minutes when the patient is 
turned prone and then returned in 
supine position

Gas in the dependent zones is 
squeezed out by the heavy lung 
parenchima above

From baby lung to sponge lung



Without
gravity (dry)

Interstitial edema
and increased mass

g/t - 0.6

g/t - 0.6

g/t - 0.6

With
gravity (wet)

Superimposed
pressure

Interstitial edema,
increased mass
and collapse

g/t - 0.2

g/t - 1.0

g/t - 0.5

 Increased weight of non-dependent regions (superimposed
pressure) compresses the dependent regions along a gravitational
axis (role of heart, abdomen and effusion?)

 Size of the holes decreases along the vertical axis when the sponge
is wet compared to dry

The Sponge Model



Effect of prone position by EIT

Grasselli et al submitted.



Regional shunt
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Richter, Bellani et al AJRCCM 2005

PRONESUPINE



In summary
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 Intra-pulmonary shunt

Dorsal recruitment > ventral derecruitment

Lung perfusion still prevalent in the dorsal regions

+

=



Condition 1
 FiO2 100%

 PaO2=180

 PaCO2=53

 pH=7.44

 Driving Pressure=14

What would you prefer in prone?

Supine
 FiO2 100%

 PaO2=75

 PaCO2=52

 pH=7.44

 Driving Pressure=14

Condition 3
 FiO2 100%

 PaO2=80

 PaCO2=49

 pH=7.46

 Driving Pressure=14

Condition 2
 FiO2 100%

 PaO2=300

 PaCO2=52

 pH=7.44

 Driving Pressure=16
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Direct evidence in normal dogs

Prone 6 hoursSupine 6 hours

Broccard et al. 

CCM 2000

Normal dogs, VT = 77 ml/kg, Pplat,L = 35 cm H2O
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Recruitement/derecruitment 
Tidal hyperinflation

17

Cornejo et al. 

AJRCCM 2013
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BAL cytokines (pg/ml)

0

500

1000

1500

2000

2500

3000

SP PP 12 hrs

SP PP 12 hrs

0

5

10

15

20

25

30

35

40

SP PP 12 hrs

SP PP 12 hrs

6200

6400

6600

6800

7000

7200

7400

7600

7800

8000

8200

SP PP 12 hrs

SP PP 12 hrs

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

SP PP 12 hrs

SP PP 12 hrs

18
Papazian et al. CCM 2005

*
IL-8 IL-1b

IL-6 TNF-a
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Risk factors of hospital mortality

752 ARDS patients

11 ICUs in France

502 in derivation and

250 in validation cohorts



Preload dependence and cardiac index in prone position
Hypothesis tested

Joswiak AJRCCM 2014
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Prono- supino I 
(2001) 

Limiti

• Durata pronazione >> 

7.0±1.8 h

• P/F fino a 300

• Ventilazione non 

standard (enroll. 

1996-1999 preARDSnet

trial)





Guerin
(2004) 



Mancebo
(2006)



Mancebo
(2006)

CIAONE !!



Prono-supino II 
(2009) 



Prono-supino II 
(2009) 





Claude Guerin



 Average baseline PaO2/FiO2

100mmHg

 Cicli pronazione 17±3 h

 6ml/kg, Pplat <30cmH2O
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Would you prone a patient with…?

1.Mild ARDS

2.Moderate ARDS

3.Severe ARDS



Mild Moderate Severe P 

value

Continuous NMBA 7.4 % 16.4 % 33.2 % <0.001

Recruitment maneuvers 9.0 % 16.8 % 29.4 % <0.001

Prone positioning 0.6 % 3.9 % 13.2 % <0.001

Mild Moderate Severe P 

value

Prone positioning 5.9 % 10.3 % 32.9 % <0.001





Am J Resp Crit Care Med, 2018

Dr. Brian P Kavanagh (1962-2019)



A.G.M.J.

• 38 aa, donna

• Grave obesità (160cm, 140kg, BMI 55)

• Non altre comorbidità

Conduce una vita normale, lavora, madre di due figli 

Caso Clinico



In PS Castellanza il 6/2/2018 per tosse e dispnea 

7/2 IOT dopo trial di NIV fallito, L’8/2 chiamato ECMO team per 

ipossia ed ipercapnia

Al ns arrivo:

Ventilazione: 500x18, PEEP 18, Plat 41

>> Cpl,rs 23, Driving P 23

Con fio2 100% pO2 50, pCO2 81, pH 7.27

> Connessa ad ECMO-vv, trasporto c/o HSG



Prime 2 settimane di ricovero

0

50

100

150

200

250

0 5 10 15

paO2 al 100%

Pes 17 cmH2O, El,l/El,rs 0.8

Non risposta a reclutamento / peep

0

20

40

60

80

0 5 10 15 20

Shunt NL

Pplat

PEEP



24/2 

17° giornata di ECMO

BF 4.7L/min Fio2 100%, Pin -90

190ml x10/min, PEEP 18, Pplat 30, Cpl,rs 16

pO2 51, Shunt NL 70%, CO 12L/min, VO2 tot 430



?



0

50

100

150

200

250

300

350 PaO2/FiO2

Day > 18 19 20

21

0

10

20

30

40 Cpl,rs

Day > 18 19 20

21

 Posiz. SUPINA

 Posiz. PRONA

18° giornata di ECMO

Inizio pronazioni



24/2 29/2





Conclusions

Prone position improves oxygenation but…..

…. Oxygenation improvement is not the major 
target! (nor a KPI)

Prone position MUST be performed in 
moderate to severe ARDS

ECMO before prone position ≈ malpractice!



Thank you for your attention!

@Gicobellani


