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OVERVIEW

• Physiology of PEEP

• Methods of setting PEEP

• Review of 2023 ESICM ARDS guidelines on PEEP

• Practical approach





ROLE OF PEEP

• Lung protection

• Lung recruitment à Increased 
distribution of strain

• Prevention of atelectrauma

• Oxygenation



Gattinoni L, Caironi P, Cressoni M, et al. Lung recruitment in patients with the acute respiratory distress syndrome. N Engl J Med. 2006;354(17):1775-1786. doi:10.1056/NEJMoa052052

Methods to assess recruitability
• Oxygenation
• Lung mechanics

• Compliance
• Driving pressure
• Pressure volume loops
• Stress index
• Transpulmonary pressure

• Volumetric measurements 
• Recruitment inflation ratio
• Imaging: CT scan, electrical 

impedence tomography, 
ultrasound

Recruitment Overdistension



OTHER CONSIDERATIONS

Haemodynamics Pulmonary Vascular Resistance Dead Space





IDEAL PEEP?

• Lung protection: Balancing lung recruitment and overdistension, prevent 
atelectrauma

• Oxygen delivery

• Cardiac function – RV and LV

• Oxygenation

• Other considerations: Obesity, abdominal compartment syndrome, acute brain 
injury, dynamic hyperinflation



METHODS TO SET PEEP

• PEEP/FiO2 table

• Recruitment maneuvers

• Compliance and driving pressure

• Pressure volume curve

• Stress index

• Esophageal pressure and transpulmonary pressure

• Recruitment inflation ratio

• Volume assessment by imaging: CT, electric impedence tomography 



PEEP FIO2 TABLE



HIGH PEEP VS LOW PEEP

• ALVEOLI (NEJM, 2004): High vs low PEEP using PEEP/FiO2 table – No 
difference in mortality or ventilator free days

• LOVS (JAMA, 2008): Low TV strategy vs low TV + lung recruitment maneuvers 
+ high PEEP – no improvement in mortality with latter strategy, but 
improvement in hypoxemia

• EXPRESS (JAMA, 2008): Moderate PEEP (5-9) vs PEEP to reach plateau 
pressure of 28-30 cmH2O – No difference in mortality, but increased 
recruitment strategy improved secondary outcomes of lung function, duration 
on mechanical ventilation and duration of organ failure



HIGH PEEP VS LOW PEEP

• Treatment with higher vs lower 
levels of PEEP was not associated 
with improved hospital survival. 
However, higher levels were 
associated with improved survival 
among the subgroup of patients with 
ARDS

• Suggesting need for PEEP 
individualisation



RECRUITMENT MANEUVERS



COMPLIANCE AND DRIVING PRESSURE

• Compliance = ∆ Volume / ∆ Pressure (i.e. driving pressure)
• Driving pressure: Pplat – PEEP or Vt / Crs
• Crs proportional to ‘baby lung’ – as recruitment increases, Crs 

increases (and driving pressure falls), and as overdistension occurs Crs 
decreases (and driving pressure rises)

• Driving pressure target of ~ 15cmH2O



PRESSURE VOLUME CURVES

• PEEP set above the lower inflection point to 
ensure adequate alveolar recruitment and 
prevention of collapse

• Limitations

• Requirement for deep sedation and even paralysis

• Difficulty in identifying lower inflection point

• Recruitment still occurs above lower inflection point

Sahetya SK, Goligher EC, Brower RG. Fifty Years of Research in ARDS. Setting Positive End-Expiratory Pressure in Acute Respiratory Distress Syndrome [published correction appears in Am J Respir Crit Care Med. 2018 Mar 
1;197(5):684-685]. Am J Respir Crit Care Med. 2017;195(11):1429-1438. doi:10.1164/rccm.201610-2035CI



STRESS INDEX

Grasso S, Stripoli T, De Michele M, et al. ARDSnet ventilatory protocol and alveolar hyperinflation: role of positive end-expiratory pressure. Am J Respir Crit Care Med. 2007;176(8):761-767. doi:10.1164/rccm.200702-193OC



ESOPHAGEAL MANOMETRY & 
TRANSPULMONARY PRESSURE

• Transpulmonary pressure = Pplat – Pip 
(surrogated by Pes)

• Rationale: Excludes effect of chest wall 
compliance on respiratory mechanics

• Use: Morbid obesity, kyphoscoliosis, 
abdominal compartment syndrome

• Method
• Inspiratory TPP < 25 cmH2O
• Expiratory TPP 0-10 cmH2O

• Limitations: Measurements affected by 
various factors (positional, patient posture), 
assumption of equivalence of esophageal and 
pleural pressure, and homogeneity of pleural 
pressure





RECRUITMENT INFLATION RATIO

Chen L, Del Sorbo L, Grieco DL, et al. Potential for Lung Recruitment Estimated by the Recruitment-to-Inflation Ratio in Acute Respiratory Distress Syndrome. A Clinical Trial. Am J Respir Crit Care Med. 2020;201(2):178-187. 
doi:10.1164/rccm.201902-0334OC



IMAGING



2023 ESICM ARDS GUIDELINES

• Higher vs lower PEEP strategy No recommendation

• PEEP titration guided by respiratory mechanics vs PEEP/FiO2 strategy: No 
recommendation

• Use of prolonged high-pressure recruitment maneuvers (>35cmH2O for at 
least 1 min): Recommend against

• Routine use of brief high-pressure recruitment maneuvers (>25cmH2O for < 
1 min): Suggest against  

Grasselli G, Calfee CS, Camporota L, et al. ESICM guidelines on acute respiratory distress syndrome: definition, phenotyping and respiratory support strategies. Intensive Care Med. 2023;49(7):727-759. doi:10.1007/s00134-023-07050-
7



PUTTING EVERYTHING TOGETHER

• Stratify patients based on degree of respiratory failure – patients with more 
severe disease probably require more careful management of PEEP

• Assess for PEEP sensitive comorbidities: RV/LV failure, obesity, abdominal 
hypertension, raised intracranial pressure, dynamic hyperinflation

• Lower PEEP/FiO2 table can be used as a starting point further refined by 
methods such as driving pressure or recruitment-inflation ratio

• Attention should also be paid to haemodynamics, ventilation and global oxygen 
delivery (e.g. ScvO2)

• Ultimately aiming for lung protection (recruitment, prevention of collapse), 
adequate gas exchange, stable haemodynamics



SUMMARY

• Concept of ‘baby lung’, disease heterogeneity and different compartmental 
pressures important in ARDS

• PEEP is a double-edged sword – can be both advantages and disadvantages in 
terms of gas exchange, lung protection and haemodynamics

• PEEP as a lung protective strategy – reduce inhomogeneity and improves 
distribution of strain, prevent atelectrauma

• Various methods to assess recruitability – each with its strengths and 
limitations. Available bedside options include PEEP/FiO2 table, driving pressure 
and recruitment inflation ratio

• Marked heterogeneity across patients, and even for the same patient across 
time – PEEP should be individualised

• Current clinical evidence limited, ongoing trials 
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QUESTIONS?


