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Updated Mechanical Ventilation Strategies for

Acute Respiratory Distress Syndrome



An acute, severe, and diffuse 
inflammatory injury of the lung 

parenchyma caused by 
predisposing risk factors, leading 

to clinically significant arterial 
hypoxemia that necessitates 
oxygen supplementation via 

invasive, non-invasive 
mechanical ventilation or high-

flow nasal oxygen.

ARDS: Definition

N Engl J Med. 2000;342:1330-1349.



ARDS Causes

Lancet 2022;400:1145. 



Pathophysiology: Pulmonary Epithelial and Endothelial Injury

Lancet 2022;400:1145.

ENaC: Epithelial Sodium Channel
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Mechanisms and 
Biomarkers of ARDS



ARDS: Definition

Am J Respir Crit Care Med. 2024;209:37-47.



Guideline Recommendations for ARDS Management

Am J Respir Crit Care Med. 2024:24-36.



Treatment of ARDS
Therapies Novel Trial Findings

Lung protective ventilation (LPV) ARMA: Lower mortality with LPV

Open lung ventilation ALVEOLI: No difference in hospital mortality
ExPress: No difference in 28-day mortality
LOVS: No difference in 28-day hospital mortality
ART: Higher 28-day mortality with open lung ventilation
STAMINA: No difference in 90-day in hospital or ICU mortality

High-frequency oscillatory 
ventilation (HFOV)

OSCILLATE: Higher hospital mortality with HFOV
OSCAR: No difference in 30-day mortality

Prone position PROSEVA: Lower 28-day mortality with prone position
ECMOSARS: May be beneficial in patients support by V-V ECMO
PRONECMO: No difference in 90-day in hospital or ICU mortality

Neuromuscular blocking agents 
(NMBA)

ACURASYS: Lower adjusted 90-day mortality with NMBA
ROSE: No difference in 90-day mortality

Fluid therapy FACTT: No difference in mortality; more ventilator free days with conservative fluid strategy

Statins HARP-2: No difference in 28-day mortality with simvastatin
SAILS: No difference in 60-day or hospital mortality with rosuvastatin

Image-guide ventilation LIVE: Personalisation of mechanical ventilation did not decrease mortality

Extracorporeal membrane 
oxygenation (ECMO)

CESAR: Lower 6-months mortality with ECMO
EOLIA: No difference in 60-day mortality 
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Pathophysiology: Ventilator-Induced Lung Injury

N Engl J Med. 2013;369:2126-2136.

Driving Pressure
Positive End Expiratory Pressure (PEEP)



ARDS Management: Driving Pressure

N Engl J Med. 2015;19;372:747-55.



ARDS Management: Driving Pressure

Br J Anaesth. 2025;134:693-702.

Effect of a Driving Pressure-Limiting Strategy for Patients with Aute Respiratory 
Distress Syndrome Secondary to Community-Acquired Pneumonia: the STAMINA

Randomised Cinical Trial

Implement standard 

protective settings:

• Tidal volume (Vt) = 6 

ml/kg of predicted body 

weight

• Keep Plateau 

Pressure (Pplat) <= 30 

cm H2O

Step 1

Baseline

Perform incremental 

titration phase:

• Increase PEEP by 2 

cm H2O every min up 

to 20 cm H2O

• STOP if: Peak 

pressure >= 40, Pplat

> 33, or hemodynamic 

instability

Step 2

PEEP Up

Perform decremental 

titration phase:

• Reduce PEEP by 2 

cm H2O every min 

down to 8 cm H2O

• Measure compliance 

at each level

Step 3

PEEP Down

Select optimal PEEP 

and adjust:

• Set PEEP to 

compliance peak

• If DP > 14 cm H2O, 

reduce Vt down to 4 

ml/kg to achieve target 

DP <= 14

Step 4

Target Set



ARDS Management: Driving Pressure

Br J Anaesth. 2025;134:693-702. 

P = 0.28
No statistical difference in primary outcome (proportional 

OR = 0.72, 95% CI 0.39-1.32).

-0.7 cm H2O
Mean difference in driving pressure between groups up to 

day 3. Visually narrow and clinically insignificant.

Outcome Metric STAMINA 

(n=96)

Control 

(n=102)

Effect (95% CI) / P-val

Ventilator-Free Days, Mean (SD) 6 (9) days 7 (9) days MD -1.28 (-3.6 to 1.26)

Ventilator-Free Days, Median 0 (0-15) days 0 (0-17) days ORp 0.72 (0.39-1.32)

ICU Mortality, n (%) 63/96 (66%) 54/102 (53%) OR 1.66 (0.87-3.17); P=0.13

Hospital Mortality, n (%) 63/96 (66%) 56/102 (55%) OR 1.48 (0.77-2.85); P=0.24

Barotrauma (Safety), n (%) 4/96 (4.2%) 3/102 (2.9%) OR 1.35 (0.28-6.55); P=0.71

ICU Length of Stay, Mean (SD) 17 (16) days 17 (15) days MD -0.71 (-4.11 to 2.69)



ARDS Heterogeneity



ARMA Study

ALVEOLI Study

Latent Class Analysis of ARDS 

EARLY and VALID Study

Hypoinflammatory/Hyperinflammatory Phenotypes

Lancet Respir Med.2014;2:611-620 and 2022;10:367-377. Thorax.2018;73:439-445. Crit Care Med.2019;47:1724-1734.



FACTT trial

HyperinflammatoryHypoinflammatory

N Engl J Med. 2006;354:2564-2575. Am J Respir Crit Care Med. 2017;195:331-338.

Hypoinflammatory/Hyperinflammatory Phenotypes



PEEP in ARDS

EARLI and VALID Study 

Lancet Respir Med. 2014;2:611-620 and 2022;10:367-377.

ARMA and ALVEOLI Study

Hypoinflammatory/Hyperinflammatory Phenotypes



ARDS Heterogeneity and Management



ARDS Heterogeneity and Management

One Size Fits One.



BMJ. 2024:387:e076612

ARDS Treatment: Current and Future Direction 



Lancet Respir Med. 2019;7:870-880

ARDS Treatment: Focal VS. Non-Focal



Lancet Respir Med. 2019;7:870-880

ARDS Treatment: LIVE Study 

Outcomes 



Lancet Respir Med. 2019;7:870-880

ARDS Treatment: LIVE Study 
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Trials. 2024;25:308. and Intensive Care Med Exp. 2025;13:135.

ARDS Treatment: The PEGASUS Trial 

Ultrasound-Guided Personalized 

Ventilation for ARDS



.

RV Dysfunction in ARDS

Br J Anaesth. 2026:S0007-0912(26)00480-0.
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ARDS and Obesity 

Intensive Care Med. 2026;52:1051-1065.
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ARDS and Obesity

Intensive Care Med. 2026;52:1051-1065.

Lung protection requires 6–8 mL/kg PBW tidal volumes 
and individualized, higher PEEP titration

Tidal Volume (VT) Selection

PBW Indexing: Tidal volume must 

always be indexed to Predicted Body 

Weight, calculated from patient height 

and sex.

Actual Weight Error: Lung size does 

not increase with body mass. Using 

actual weight delivers massive, 

injurious volumes.

Protective Targets: Maintain low VT 

of 6-8 mL/kg PBW as the cornerstone 

of lung protection to avoid 

overdistension.

PEEP Titration Strategies

Higher PEEP Requirement:

Standard PEEP (5–10 cmH2O) is 

often insufficient to counteract 

elevated abdominal/thoracic 

pressures.

Airway Closure Prevention: Higher 

PEEP is required to maintain positive 

transpulmonary pressure and recruit 

collapsed alveoli.

Individualization: PEEP should be 

titrated using esophageal pressure, 

electrical impedance tomography, or 

driving pressure.

Recruitment Maneuvers

No Routine Use: Aggressive 

recruitment strategies (such as those 

in the ART trial) are not supported for 

routine clinical use.

Refractory Hypoxemia: Selectively 

consider recruitment maneuvers for 

severe, refractory hypoxemia.

Hemodynamic Risk: Higher 

intrathoracic pressure can severely 

impair venous return, leading to 

circulatory instability.



.

ARDS and Obesity

Intensive Care Med. 2026;52:1051-1065.



Electrical Impedance Tomography (EIT)

Am J Respir Crit Care Med. 2024;209:670-682

.



PEEP Guided by EIT in ARDS

.



.

PEEP Guided by EIT in ARDS

Am J Respir Crit Care Med. 2026;12:440–451 

Electrical impedance tomography-guided positive end-expiratory pressure and mortality of 
patients with the acute respiratory distress syndrome: the EITVent randomized clinical trial



.

PEEP Guided by EIT in ARDS

Am J Respir Crit Care Med. 2026;12:440–451 

Electrical impedance tomography-guided positive end-expiratory pressure and mortality of 
patients with the acute respiratory distress syndrome: the EITVent randomized clinical trial



Artificial Intelligence in ARDS

Crit Care. 2022;26:253.



Artificial Intelligence in ARDS 

Crit Care. 2026;30:197. 



Heterogeneity 

Precision Medicine for ARDS 

Predictive Enrichment

Prognostic Enrichment and 

Machine Learning
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