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History
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Early 1960s

large tidal volumes of 

12–15 mL/kg body weight

1990s

low tidal volumes of 

6-8 mL/kg body weight

Barotrauma, alveolar overdistension

 Ventilator-Induced Lung Injury

ARDS in 1967 by  Ashbaugh

Protective ventilation



barotrauma, volutrauma, atelectrauma, and biotrauma. 



Slutsky A et al. NEJM 2013:369;22

Opening and closing

Positive end-

expiratory pressure

(PEEP)

Opening and Keeping

Small VT



◆ low Vt ventilation strategies with appropriate levels of PEEP 

    

       to limit lung distention and atelectrauma

Mechanical Ventilation in Patients with ARDS

Open lung strategy



7Intensive Care Med (2023) 49:727–759



8
Intensive Care Med (2023) 49:727–759



9ARDS network, N Engl J Med 2000;342:1301-1308



ARDS network, N Engl J Med 2004;351:327-36

ALVEOLI





Meade et al. JAMA 2008;299:637-645

LOVS



Meade et al. JAMA 2008;299:637-645

Recruitment Maneuver ; 

  40 sec breath-hold at 40 cm H2O airway pressure, FiO2 of 1.0 

starting with PEEP at 20 cm H2O





same

Recruitability ? 

if same FiO2

same PEEP ?



Mercat et al. JAMA 2008;299:646-655

EXPRESS



Mercat et al. JAMA 2008;299:646-655
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Intensive Care Med (2023) 49:727–759
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EPVent

Recruitment Maneuver ; 

  30 sec breath-hold at 40 cm H2O airway pressure

transpulmonary pressure = airway pressure-esophageal pressure

Talmor D et al. N Engl J Med 2008;359:2095– 2104
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Primary outcome
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EPVent-2
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Beitler JR, et al. JAMA. 2019;321(9):846-857



JAMA. 2017;318(14):1335-1345

ART



ART Strategy - Maximum alveolar recruitment maneuver

                           associated with PEEP titration

optimal PEEP 

=PEEP at maximum compliance 

plus 2cmH2O





In ARDS patients
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Tidal volume 6.2 ml/ Kg PBW

Plateau pressure = 24 cm H2O, PEEP = 12 cmH2O
FiO2 80% ABGA pH 7.35, PaCO2 48 cmH2O, PaO2 60 cmH2O



  

◆ Positive end-expiratory pressure

• To minimizing atelectrauma and subsequent biotrauma by prevention 

of alveolar collapse

• Improvement of oxygenation

• Choosing a level of PEEP ?



PEEP setting
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1) Fixed
        FiO2 –PEEP table

2) Individualized
        alveolar recruitment c PEEP titration

       physiologic approach



29
Critical Care 2009: 13:R22

Tidal volume – PEEP combination < Peak Airway Pressure 40 cmH2O

 Pause Time : 0.5 sec



ARDS sub-phenotype?

Constantin JM, et al. Lancet Respir Med 2019;7: 870–80

Lung Imaging for Ventilator Setting in ARDS (LIVE) trial



misclassification of 21% of patients



Physiologic-based approach

• Esophageal pressure-guided PEEP setting

• Pressure-volume curves

• Recruitment-to-inflation ratio (R/I ratio)

• Electrical Impedance Tomography (EIT)-guided PEEP setting

• Lung and diaphragm ultrasound
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Esophageal pressure-guided PEEP setting

Curr Opin Crit Care 2024;30:28–34

12
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Multiple quasi-static tidal PV loops

low tidal recruitability

with the lowest value

high tidal recruitability

- high PEEP

Curr Opin Crit Care 2024;30:35–42

tidal hysteresis



Crit Care 2023:27;152

• calculated with expiratory tidal volume measured at the time of releasing PEEP 15–5 cmH2O

R/I ratio

High recruiter High recruiter

High recruiter

High recruiter

High recruiter High recruiter
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EIT

Curr Opin Crit Care 2024;30:43–52
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EIT

Curr Opin Crit Care 2024;30:43–52
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Am J Respir Crit Care Med 2019:200:933–937
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lung and diaphragm ultrasound

Curr Opin Crit Care 2024;30:43–52

fluid to gas

Diaphragm shortening
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lung and diaphragm ultrasound

Curr Opin Crit Care 2024;30:43–52

PEEP 5 cmH20 PEEP 15 cmH20



Take Home Message

1. Heterogeneity : PEEP 을설정할때는 recruitability 를고려해야한다

2. Real World: 실제임상에서는 PEEP level 을낮게설정하는편이다

3. Recruitment maneuver: ARM 을하는동안최소한의 tidal volume을

   유지하고, pause time 을설정한다

4. Titration: ARM 후의 decremental PEEP titration 이중요하다

5. Maintenance: plateau pressure < 30 cmH20 설정하에서 PEEP을유지한다

6. Weaning: PEEP 을줄일때도 protocol 이있어야한다
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