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Respiratory variables

Tidal Volume (mL/kg)

PEEP (cmH2O)

Intrinsic PEEP (cmH2O)

Plateau pressure (cmH2O)

Respiratory rate (c/min)

Resp system compliance (mL/cmH2O)

PaO2 / FiO2 (mL/kg)

PaCO2 (mmHg)

Intra-abdominal pressure (mmHg)

6.4  [6.1-7.0]        6.4  [6.1-7.0]

13 [11-15]        14  [12-15]

1  [0-2]          2  [0-3]

30 [0-0]        30 [0-0]

35  [30-35]       35 [30-35]

23  [21-26]       26 [22-31]

134  [113-154]     186 [142-232]

34  [30-40]       32  [27-39]

14  [12-17]       17  [16-20] *

supine prone

*

*
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extra-alveolar vessels

intra-alveolar vessels

increase in lung volume



 lung 
volume

 Lung volume

decreases the resistance

of the extra-alveolar vessels



Lung volume

RV FRC TLC

PVR

extra-alveolar vessels



 Palv

Increases the resistance of 

the intra-alveolar vessels

 Transpulmonary pressure

 Pit

 Ptranspulm

=  Palv - Pit

 Lung volume

decreases the resistance of

the extra-alveolar vessels



Lung volume

RV FRC TLC

PVR

extra-alveolar vessels

intra-alveolar vessels



Lung volume

FRC TLC

PVR

If PP results in lung recruitment,

it increases the end-expiratory 

lung volume toward FRC

Thus, PVR should decrease
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Mean systemic pressure 
is the upstream pressure for venous return

<

Venous return = (Pms – RAP) / Resistance to venous return
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Pulmonary 
vascular resistance 

Pms

Arterial oxygenation Lung recruitmentIntra-abdominal pressure 

by blood redistribution from 

unstressed blood volume 

to stressed blood volume
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Increase in venous return pressure gradient



Crit Care Med 2021; 49:781-789



Prone Position

Pulmonary 
vascular resistance 

RVR Pms

(Pms – CVP)

Arterial oxygenation Lung recruitmentIntra-abdominal pressure 



Crit Care Med 2021; 49:781-789



Prone Position

Pulmonary 
vascular resistance 

RVR Pms

(Pms – CVP)

RV preload Central blood volume

(Pms – CVP) > RVR 

Arterial oxygenation Lung recruitmentIntra-abdominal pressure 

RVR  > (Pms – CVP)



Prone Position

Pulmonary 
vascular resistance 

RVR Pms

(Pms – CVP)

RV preload Central blood volume

(Pms – CVP) > RVR 

Arterial oxygenation Lung recruitmentIntra-abdominal pressure 

RVR  > (Pms – CVP)



Zone 1

Zone 2

Zone 3

Palv > PAP > PVP

PAP > Palv > PVP

PAP > PVP > Palv

PVR 

Increase in central blood volume

by increasing the pulmonary venous pressure, 

will increase the extent of Zone 3, and thus,

decreases the pulmonary vascular resistance
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Hemodynamic variables

Cardiac index (L/min/m2)

RAP (mmHg)

mean PAP (mmHg)

PAOP (mmHg)

mean PAP - PAOP (mmHg)

Pulm. Vasc. Resist. (dynes.s/cm5/m2)

3.1  [2.5-3.4]           3.4  [3.1-4.2]

13  [10-15]         17  [15-18]

33 [32-40]         32  [28-36]

17  [15-20]         20  [17-25]

16 [15-20]         13 [9-17]

463  [304-571]         279  [156-429]

*

*

*

supine prone

*

*

39%
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Hemodynamic variables

Cardiac index (L/min/m2)

RAP (mmHg)

mean PAP (mmHg)

PAOP (mmHg)

mean PAP - PAOP (mmHg)

Pulm. Vasc. Resist. (dynes.s/cm5/m2)

3.1  [2.5-3.4]           3.4  [3.1-4.2]

13  [10-15]         17  [15-18]

33 [32-40]         32  [28-36]

17  [15-20]         20  [17-25]

16 [15-20]         13 [9-17]

463  [304-571]         279  [156-429]

*

*

*

supine prone

*

*

Echo variables

LVEF (%)

RVEDA / LVEDA

LV eccentricity index

50  [40-60]           50  [40-60]

0.65 [0.60-0.75]         0.60  [0.50-0.65]

1.07  [1.03-1.15]         1.00  [1.00-1.06]

*

*
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AUC = 0.83

An increase in CO > 8% during PLR 

predicted an increase in CO > 15% during PP

with Se 89% and Sp 78%
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➢ No increase in CO in case of preload unresponsiveness

➢ Increase in CO in case of preload responsiveness if the increased IAP 

is not excessive

➢ Importance of monitoring IAP

➢ Importance of assessing preload responsiveness before PP or better during PP



AUROC for ΔPPV during TVC = 0.94±0.03 

AUROC for PPVbase = 0.85±0.05

p = 0.047 



Take-home messages

• In patients with ARDS under protective ventilation, prone positioning

decreases RV afterload, which is beneficial in cases of RV dysfunction

• Cardiac output may increase in cases of preload responsiveness 

if the PP-induced increase in IAP is not excessive
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