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ventilation in prone position

- the gravitational gradient of pleural pressure, regional 
     end-expiratory and end-inspiratory lung volumes, regional 
     ventilation and ventilation-perfusion ratios are all more 
     uniform in the prone compared with the supine position

- the inflation of the pulmonary units is far more 
     homogeneous in prone compared to supine

- the forces applied to distend the lungs (the trans-
     pulmonary pressure, i.e., the lung stress) 
     are more homogeneously distributed
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perfusion in prone position

- perfusion distribution is similar in prone 
     and supine positions

- gravitational distribution of pulmonary blood flow 
     is only minimally altered by turning prone resulting 
     in the bulk of perfusion continuing to go to dorsal
     regions when these are turned to the nondependent
     position

- the observed changes in gas exchange (a direct 
     function of the ventilation/perfusion ratio) are primary
     due to changes in regional ventilation
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Techniques
(for setting the optimal PEEP)

- arterial oxygenation + hemodynamics

- pressure-volume (PV) loops

- PEEP/FiO2 tables (ARDS Network)

- compliance, driving pressure, stress index

- transpulmonary pressures

- imaging

- electrical impedance tomography

- …..

1970s

2000s

1980s



ARDSNetwork N Engl J Med 2000;342:1301-8.

Network ARDS N Engl J Med 2004;351:327-36.









esophageal manometry

- esophageal pressure (Pes) ≈ intrapleural pressure (Ppl)

- transpulmonary pressure (PL) 

- PL= Pao−Pes

- Pao ≈ Pplat (alveolar distending pressure at end-inspiration)

- Pao ≈ PEEP (alveolar distending pressure at end-expiration)

PEEP is titrated to a transpulmonary pressure (PL) 
of 0 cm H2O 





from supine to prone
Esophageal pressures (end exp) decreased by: 5.64 cmH2O at PEEP 0

Chest wall elastance increased by:       7.32 cmH2O at PEEP 0

6.66 cmH2O at PEEP 7

Median driving pressure increased by:                       3.70 cmH2O at PEEP 0

3.90 cmH2O at PEEP 7

Transpulmonary pressure increased by:                     5.54 cmH2O at PEEP 0

4.96 cmH2O at PEEP 7
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- post-hoc analysis of data from three recent multicenter RCT

- examine in detail the PEEP titration strategies

- 1365 patients

- study protocol PEEP titration strategy differed among included trials:

A) PEEP was titrated according to nonprotocolized usual care

B) PEEP was targeted to 10–15 cm H2O

C) PEEP was titrated according to the low-PEEP arm ALVEOLI (PROSEVA)



PEEP used in proning clinical trials and hypothetical PEEP that would 
have been required under the ALVEOLI or LOVS PEEP protocols

supine



PEEP used in proning clinical trials and hypothetical PEEP that would 
have been required under the ALVEOLI or LOVS PEEP protocols

prone





- most major trials have titrated PEEP according to severity of oxygenation   
     impairment by using an arbitrary low PEEP-FiO2 table

- only the PROSEVA trial used a PEEP-FiO2 titration table for all pts 
      (identical to the low-PEEP strategy in the ALVEOLI trial)

- the optimum approach to setting PEEP remains undefined

- we believe that the optimum approach involves titrating PEEP 
     to minimize mechanical lung injury

- need to adjust PEEP after each position change to optimize mechanics 
     for lung injury prevention



- Medical Faculty Mannheim July 2019 to February 2021

- 40 consecutive pts with moderate to severe ARDS PaO2/FiO2 < 150 mmHg

- evaluated during supine and prone positioning

- three different titration strategies of PEEP:

A) ARDS Network recommendations (PEEPARDSNetwork)

B) the lowest static elastance of the respiratory system (PEEPEstat,RS)

C) targeting a positive Ptpexp (PEEPPtpexp)

- primary endpoint: does Ptpexp differ according to PEEP titration strategy during 
     supine and prone positioning?

Boesing et al. Critical Care. 2022;26:82.





setting PEEPARDSNetwork:

- resulted in the least invasive ventilator settings 
     (Pplat, PEEP, transpulmonary pressures, and mechanical power)

- provided sufficient gas exchange and hemodynamics

setting PEEPPtpexp:

- resulted in ventilator settings with the highest airway 
     pressures applied and transferred the most energy in the lung 
     in the supine as well as the prone position

Boesing et al. Critical Care. 2022;26:82.



PEEP in prone position

- PEEP optimization remains under debate in ARDS pts

- PEEP strategy in prone and supine is mostly the same
- in trials, PEEP level in prone was found 

     lower than expected
- recent studies suggest that optimal PEEP was 

     significantly lower in PP than that in supine position
- there is currently no one technique that 

     is recommended above all others
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ventilator settings in PP

- lung protective

- Vt of 6 (4-8) ml/kg predicted body weight (PBW)

- at least moderate PEEP levels (techniques?)

- Pplat < 30 cmH2O

- FiO2 lowest as possible (<0,60)

- IRV (I:E ≥1:1)



other settings in PP

- complete (180°) vs incomplete (135°) prone position 

- muscle paralysis is not mandatory for all patients!

- enteral nutrition is possible (minimum of 500 ml/day)

- bronchoscopy is possible (and easy)
- combination with CRRT is possible (and easy)
- combination with NO therapy is possible (and easy)
- combination with ECMO is possible







facit

- ventilator settings is an unanswered issue

- use lung protective strategy in both positions
- the main goal of prone position is not only to improve 

     oxygenation but - maybe first of all - to reduce 
     aggressiveness of ventilation 
     (FiO2, PIP, PEEP, DP, …)

- personalized adjustments required

prone the patient is most important setting 
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…děkuji Vám za pozornost
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