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Ventilator-Induced Lung Injury

Slutsky & Tremblay 

AJRCCM 1998



ARDS Network

High Stretch

• VT:  11.8

• PPLAT:  32-34

• RR:  18

• VMIN: 13

• PEEP:  8

Mortality 40%

Low Stretch

• VT:  6.2 ml/kg

• PPLAT:  25 cm H2O

• RR:  29

• VMIN: 13 L/min

• PEEP:  9 cm H2O 

Mortality 31%*
*p=0.005
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Evolution of Mortality Over Time in Patients Receiving 
Mechanical Ventilation
A Esteban, F Frutos Vivar, A Muriel, ND Ferguson, et al. 
Am J Respir Crit Care Med 2013
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Crit Care Med 2013; 41:536–545

Severe Injury  - SB Severe Injury  + SB

Mild Injury - SB Mild Injury + SB

Rabbits with mild (saline lavage) or

severe (saline lavage + VILI) lung injury





P=0.01

211 Mechanically ventilated patients

Cox proportional hazards model with time-varying covariates

510 repeated measurements in 107 subjects

Thickening fraction modifies the rate of change in thickness (interaction p=0.04)
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Mechanical Ventilation
(Controlled vs. Partially Assisted modes)

Insufficient/Excessive 
Inspiratory Effort

(Diaphragm Thickening Fraction & 
Electrical Activity)

Altered Diaphragm 
Structure

(↑ or↓Diaphragm Thickness)

Impaired Diaphragm 
Function

(Decreased Maximal Thickening 
Fraction)

Difficult Liberation 
from Mechanical 

Ventilation
(Duration; Complications of 

Respiratory Failure)

Effort
mediated by

1º Analysis

Acute Respiratory 
Failure

Thickness
mediated by
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How to estimate effort

• Esophageal balloon (Pes)

• Spontaneous Pplat

• P0.1

• Airway occlusion test (Pocc)

• Proportional assist ventilation

• Diaphragm ultrasound (TFdi)

• Edi
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Expiratory Occlusion Manoeuvre
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Competing Risks

Ventilation-induced lung injury (limit tidal volume & driving pressure)

Ventilation-induced diaphragm dysfunction (optimize respiratory effort)

ICU-acquired muscle weakness (minimize sedation and inactivity)

Delirium?

 Duration of Ventilation

 Mortality 

 Long-term Outcomes
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VILI VIDD ICU-Acquired Weakness

Long-term Outcomes

Duration of Ventilation

Death

Delirium

Sedation
Physiotherapy

Illness Severity

LPV
Inactivity



www.practicalplatform.org 

http://www.practicalplatform.org/


Platform Focus

Acute hypoxemic respiratory failure

Specialized focus on evaluating strategies for managing respiratory 
failure

• Mechanical ventilation

• Extracorporeal life support

• Sedation

• Pharmacological agents

Pipeline for phase II and phase III trials

https://practicalplatform.org/ 

https://practicalplatform.org/


I2 Registry/CRF – Data co-ordination: Ozmosis

Bayesian adaptive modelling: Dr Anna Heath

Embedded translational science: Dr Lorenzo Del Sorbo, Dr Taylor Kain

Embedded physiology

Invasive mechanical 
ventilation strategies 

domain

(DRIVE, LANDMARK)

Non-intubated

Low elastance

High elastance

ECLS

CORT-E-2 
(Steroids)

ULTIMATE (ECCO2R)

PROACTIVE (ECCO2R)

Clinical trial co-ordination: Ozmosis

Platform Structure

States

Embedded methods

https://practicalplatform.org/ 

ESCAPE 
(Immuno-

compromised 
observational)

https://practicalplatform.org/


Take Home Points

• Intensity of mechanical ventilation is important to consider – deltaP

• May start with tidal volume 6ml/kg – then adjust further according to 
delta P

• Consider both machine and patient efforts when assessing intensity 
of ventilation 

• After minimizing VILI turn your attention to avoiding VIDD



University of Toronto Critical Care Medicine International Fellowship Programme

n.ferguson@utoronto.ca                                               www.criticalcaretoronto.com

@nialldferguson           @ICUFellowTO

                    

http://www.criticalcaretoronto.com/


n.ferguson@utoronto.ca 

@nialldferguson 
December 1-3, 2025            
Sheraton Centre Hotel, Toronto
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AOP seen in 8/30 
patients

Mean 13 cm H2O
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Mechanics
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How to Measure AOP
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rtmaven.com

practicalplatform.org/videos
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