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Ventilator-Induced Lung Injury

Mechanical Ventilation
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VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

THE AcuTe ReEsPIRATORY DisTRESS SYNDROME NETWORK®

High Stretch Low Stretch
Vi 11.8 Vi 6.2 ml/kg
PoLar: 32-34 Poiar: 25 ¢cm H,0
RR: 18 RR: 29
Vun: 13 Vun: 13 L/min
PEEP: 8 PEEP: 9 cm H,O
Mortality 40% Mortality 31%*

*p=0.005
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Tidal Hyperinflation during Low Tidal Volume
Ventilation in Acute Respiratory Distress Svndrome

Am ] Respir Crit Care Med Vol 175. pp 160-166, 2007
Pier Paolo Terragni, Giulio Rosboch, Andrea Tealdi, Eleonora Corno, Eleonora Menaldo, Ottavio Davini,
Giovanni Gandini, Peter Herrmann, Luciana Mascia, Michel Quintel, Arthur S. Slutsky, Luciano Gattinoni,
and V. Marco Ranieri
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Potentially modifiable factors e

Intensive Care Med (2016) 42:1865-1876

contributing to outcome from acute respiratory
distress syndrome: the LUNG SAFE study

lllness severity factors

pH 0,12 (0.05-029) <(0.001
Pa0,/Fi0, ratio (mmHg) 0.998 (0.997-1.000) 0.025
Non-pulmonary SOFA score adjusted 1.12(1.09-1.15) <0.001
Management factors
RR total (breaths/min) 1.03(1.01-1.04) 0.003
PEEP [cmHEOj 0.95 (0.92-058) 0.001
Peak inspiratory pressure (cmH,0) 1.02(1.01-1.04) 0.002
P50 - PEEP (cmH;0) 100

O Low [<12]
™ High (212) ,
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30

RR (95% CI) RR (85% Cl) RR (85% CI)
0.96 (0.67;1.35)  |1.26 (1.00;1.58) .10 (0.90;1.34)

Haospital mortality (%)
Proportion of deaths in hospital (%) ©
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Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

N Engl | Med 2015:372:747-55
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Time-varying intensity of mechanical ventilation and
mortality in patients with acute respiratory failure:
a registry-based, prospective cohort study

Martin Urner, Peter Jiini, Bettina Hansen, Marian S Wettstein, Niall D Ferguson, Eddy Fan

HR per1cm H,O increase in driving pressure
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Lancet RespirMed 2020

B Association of mortality with static driving pressure
at baseline

— <15 cm H,0 (223 events; HR 0-030)
—— =15 cm H,0 (98 events; HR 0-051)
HR 1.67 (1-44-1-91)

A Association of mortality with dynamic driving pressure
at baseline
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Time-varying intensity of mechanical ventilation and L ancet RespirMed 2020
mortality in patients with acute respiratory failure:
a registry-based, prospective cohort study

Martin Urner, Peter Jiini, Bettina Hansen, Marian S Wettstein, Niall D Ferguson, Eddy Fan

C Time-varying effect of dynamic driving pressure D Effect of time-varying, dynamic driving pressure by
baseline severity of respiratory failure
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Effect of Lowering VT on Mortality in Acute Respiratory Distress
Syndrome Varies with Respiratory System Elastance

Ewan C. Goligher'®3*, Eduardo L. V. Costa*®*, Christopher J. Yamell'*®, Laurent J. Brochard""#,
Thomas E. Stewart®, George Tomlinson®, Roy G. Brower®, Arthur S. Slutsky™’, and Marcelo P. B. Amato*

Am J Respir Crit Care Med Vol 203, Iss 11, pp 13781385, June 1, 2021
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Evolution of Mortality Over Time in Patlents Recelvmg
Mechanical Ventilation
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MECHANICAL VENTILATION TO MINIMIZE PROGRESSION OF LUNG INJURY IN ACUTE

RESPIRATORY FAILURE

ATRCCM Articles in Press. Published on 14-September-2016 as 10.1164/reem 201605-1081CP

Laurent Bl'l]{‘]lﬂl'(ll’z, Arthur Slutsk}-'l’z, Antonio Pesenti’>**
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Spontaneous Effort Causes Occult Pendelluft
duri ng M'e’Chanical ventilation Am ) Respir Crit Care Med Vol 188, Iss. 12, pp 1420-1427, Dec 15, 2013

Takeshi Yoshida'-2, Vinicius Torsani!, Susimeire Gomes!, Roberta R. De Santis!, Marcelo A. Beraldo!, Eduardo
L. V. Costa'!, Mauro R. Tucci!, Walter A. Zin?, Brian P. Kavanagh*®, and Marcelo B. P. Amato!
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The Comparison of Spontaneous Breathing and

Muscle Paralysis in Two Different Severities of

Experimental Lung Injury* Crit Care Med 2013; 41:536-545
Takeshi Yoshida, MD"% Akinori Uchiyama, MD, PhD? Nariaki Matsuura, MD, PhD’;

Takashi Mashimo, MD, PhD% Yuii Fu‘ilm MD, PhD?
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Critical care1

CrossMark

Clinical challenges in mechanical ventilation

Ewan C Goligher, Niall D Ferguson, Laurent | Brochard Lancet 2016; 387: 1856-66

Ventilator-induced diaphragm dysfunction
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Evolution of Diaphragm Thickness during Mechanical Ventilation = Mechanical Ventilation-induced Diaphragm Atrophy Strongly Impacts

Impact of Inspiratory Effort Clinical Outcomes

H 1,2,3,4 g 5,6 1,24,7 1,4,7,8 1,4,7,8
Ewan C. Goligher’"234, Eddy Fan'2%5, Margaret S. Herridge'%*®, Alistair Murray™#, Stefannie Vorona'*, Ewan C. Goligher"=*%, Martin Dres>°, Eddy Fan"=* Gordon D. Rubenfeld"*"®, Damon C. Scales"*"*®,
9 Y v 9 Y Margaret S. Herridge'2*®, Stefannie Vorona?, Michael C. Sklar®>'°, Nuttapol Rittayamai®, Ashley Lanys®,

Debbie B 14 Nutt | Ritt i"7, Ashley L 147 G Tomli 2, Jeffrey M. Singh'2+4,
ebbie brace uttapo’ Rittayamal shiey -anys eOrge TomurIsony * Cenrey Ing Alistair Murray?, Deborah Brace?, Cristian Urrea?, W. Darlene Reid'", George Tomlinson?, Arthur S. Slutsky 2,

Steffen-Sebastian Bolza,_Gordon D. Rubenfeld'25%, Brian P. Kavanaghw'a'g’m, Laurent J. Brochard'?7, and

Niall D. F 1,2,3,4,5, Brian P. Kavanagh™*'%'2, Laurent J. Brochard"*®*, and Niall D. Ferguson'?3%79x
tall . Ferguson Am J Respir Crit Care Med Vol 192, Iss 9, pp 1080-1088, Nov 1, 2015
Am J Respir Crit Care Med Vol 197, Iss 2, pp 204-213, Jan 15, 2018
510 repeated measurements in 107 subjects 211 Mechanically ventilated patients
Thickening fraction modifies the rate of change in thickness (interaction p=0.04) Cox proportional hazards model with time-varying covariates
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Diaphragmatic myotrauma: a mediator of prolonged Lancet Respir Med 2018

ventilation and poor patient outcomes in acute respiratory Published Online
November 16, 2018

failure

Ewan C Goligher, Laurent | Brochard, W Darlene Reid, Eddy Fan, Olli Saarela, Arthur S Slutsky, Brian P Kavanagh, Gordon D Rubenfeld, Niall D Ferguson
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Am J Bespir Crit Care Med Vol 202, Iss 7, pp 950961, Oct 1, 2020

Lung- and Diaphragm-Protective Ventilation

Ewan C. Goligher'?2, Martin Dres*°, Bhakti K. Patel®, Sarina K. Sahetya’, Jeremy R. Beitler®, Irene Telias'?®,
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How to estimate effort

Esophageal balloon (Pes)
Spontaneous Pplat

PO.1

Airway occlusion test (Pocc)
Proportional assist ventilation
Diaphragm ultrasound (TFdi)
Edi

Interdepartmental

Division of Critical
Care Medicine




Bertoni et al. Critical Care (2019) 23:346

Expiratory OCCIUSion Manoeuvre https://doi.org/10.1186/513054-019-2617-0

Ventilator Waveforms

/;irwa-,r Pressure

Flow

Peak airway pressure

PEEP

] ﬂFlIJ'.'.

N

Computations

Predicted Pmus =-3/4 x AP,
Predicted AP, = (Peak airway pressure - PEEP) - 2/3 x AP,

Note: AP is always < 0 cm H,0 (the magnitude of decrease in
airway pressure from inspiratory effort during the occlusion)
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Lung-Distending Pressure During Spontaneous
Breathing under Mechanical Ventilation Assessed
Using Diaphragm Electrical Activity

American Journal of Respiratory and Critical Care Medicine Volume 211 Number 6 | June 2025

Natalie C. Lam'®, Benjamin Coiffard”, Jose Dianti':®8,

Christer Sinderby’?'%"" " Jennifer Beck®*, Niall D. Ferguson
and Ewan C. Goligher'#°?®
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Strategies for |ung_ Dianti et al. Critical Care ~(2022) 26:259

; . o . httpss//doi.org/10.1186/513054-022-04123-9
and diaphragm-protective ventilation in acute
hypoxemic respiratory failure: a physiological

trial

Jose Dianti'2, A. Not on VV ECMO (n= 14) B. On VV ECMO (n= 16)

Marcelo B. Pa

Darnian Ratar Absent respiratory effort Respiratory effort and/or Respiratory effort and/or pNMBA not administered

(Pocc = 0 cm H20) lung-distending pressure too high lung-distending pressure on target

Ewan C. Golic
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spontaneous at both partial spontaneous  at both sweep partial
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Association of respiratory drive and effort with mortality
and time to discharge in patients on mechanical ventilation
in Canada: a longitudinal, prospective, registry-based cohort
study

Lancet Respir Med 2025;
13:1087-95

PaO,:FiO,
1 <150 [1>150

Jose Dianti, Leif Erik Lovblom, Mohammed A Iftikhar, Sarina Sahetya, Irene Tefias, Martin Urner, Lorenzo Del Sorbo, Marcelo B P Amato,
Arthur S Slutsky, Laurent Brochard, Niall D Ferquson, Eddy Fan, Ewan C Goligher

3334 Assodiation p-<0-0001 7

MNon-linearity p=0-011
250+ Interaction p<0-0001

Association p-0-0001
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Competing Risks PRACTICAL

Platform Randomized Trial

Ventilation-induced lung injury (limit tidal volume & driving pressure)
Ventilation-induced diaphragm dysfunction (optimize respiratory effort)

|CU-acquired muscle weakness (minimize sedation and inactivity)
Delirium?

Duration of Ventilation
Mortality

Long-term Outcomes

Interdepartmental
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PRACTICAL

Platform Randomized Trial

& T NATIONAL SANITARIUM ASSOCIATION
bg
: | Toronto General
“cHRIRSC  DUHN | et
Heallthtizstearch Ients;n;educanada FOUNDATION Michener Institute WWWDraCtlcalplatform.Orq
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http://www.practicalplatform.org/

Platform Focus
PRACTICAL

Platform Randomized Trial

Acute hypoxemic respiratory failure
Specialized focus on evaluating strategies for managing respiratory
failure

Mechanical ventilation

Extracorporeal life support

Sedation

Pharmacological agents

Pipeline for phase |l and phase lll trials

Interdepartmental

UNIVERSITY OF Iterc 2N
Division of Critical

TORONTO Care Medicine



https://practicalplatform.org/

PRACTICAL

Platform Randomized Trial

Platform Structure

ECLS

High elastance ESCAPE
States (Immuno-

] | compromised
ow elastance observational)

Non-intubated

Embedded physiology

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

Embedded methods Bayesian adaptive modelling: Dr Anna Heath

12 Registry/CRF — Data co-ordination: Ozmosis

Clinical trial co-ordination: Ozmosis

https://practicalplatform.orqg/

UNIVERSITY OF Interdepartmental

Division of Critical
TORONTO | care Medicine
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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

Interdepartmental
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University of Toronto Critical Care Medicine International Fellowship Programme

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

@nialldferguson | @ICUFellowTO
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n.ferguson@utoronto.ca leading science, leading practice

@pnialldferguson

December 1-3, 2025
Sheraton Centre Hotel, Toronto
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Airway Closure in Acute Respiratory Distress
Syndrome: An UndereStimated and American Journal of Respimtory and Critical Care Medicine Volume 197 Number 1| January 1 2018
Misinterpreted Phenomenon
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Advanced respiratory mecha nics Beloncle E'_Iﬂ'f. Critical Care  (2023) 27:343
. . . https://doi.org/10.1186/513054-023-04623-2

assessment in mechanically ventilated obese

and non-obese patients with or without acute

respiratory distress syndrome

Francois vV Table 2 (Gas exchange and respiratory mechanics

Elise Yvin',
Maéva Car All patlents n=149 MNon-obese Non- Mon-obese ARDS Obese non-ARDS Obese ARDSn=34 Overall
ARDS n=41 n=G56 n=18 comparlson
p-value

RR—rmin™"' 25 [20-29] 20[19-25] 26 [23-29]%* 24 [20-27] 30 [24-29]%* <0001
VE—L min™ 96 [7.7-11.3] 84 [6.8-10.2] Q9 [&a-11.00* 9.2 [8.2-99] 108 [95-119]* o0z
FC,—% S50 [30-70] 30[24-37] 60 [40-807*** 60 [40-60]%* 52 [40-70]*** <0001
Pal,—mmHg 79 [69-96] B8 [69-129] 74 [63-87]* 74 [71-94] 82 [70-91] 0038
Pa0Fi0;—mmHg 183 [120-255] 314 [243-378] 120 [100-188]** 174 [121-2427*** 157 [121-208]*** <0001
PalC,—mmHg 40 [35-47] 36[32-37] 41 [35-507* 40 [37-48] 47 [30-46]** 0009
Ventilatory ratio 13 [1.6-2] 13[1.1-15] 1.8 [14-23]** 16[1.1-2.2] 19[16-2 1) <0001
Patients with com- 35(235) 4 (9.8) 10(179) 4227 17 (50.0) *=* < 0001
plete airway clo-
syre 5 cmH.0—n
AOP in patients 85 [75-11] 95 [65-125] Q7 5-11] 85 [7-10] B5[8-10] 084

with complete airway
Closure = 5 cmH,0—
cmH,0
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Mechanics

CALCULATING AP

WH EN AOP IS Pressure-Time Waveform DuringVC Mode
GREATER THAN |
TOTAL PEEP <«— Peak Inspiratory Pressure

« Plateau Pressure (P,

Sample Ers Calculation:

AP=P

plat —

AOP

A
e

P, .—AOP
_ plat PEEP,,,
Ers = (Vt at Pplat } el

PBW )

<+— Airway Opening Pressure (AOP)

Ers =

Pressure (cmH,0)

Time (seconds)
26 cmH,0 —10 cmH,0
S =

6 mL/kg

i * [fAOP > PEEP,,, calculate AP with P, —AOP instead of PEEP,, (Chen et
Ers = 2.7 cmHZO/[E] al, 2018).

* Learn more about performing AOP at https://rtmaven.com/ri-ratio.
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How to Measure AOP

rtmaven.com

practicalplatform.org/videos

UNIVERSITY OF Interdepartmental
Division of Critical

J TORONTO Care Medicine

3




Low-Flow Inflation Pressure-Time Curve to Identify Airway Opening
Pressure in a Patient Receiving Venovenous Extracorporeal

Membrane Oxygenation Am J Respir Crit Care Med Vol 207, Iss 11, pp e97-e98, Jun 1, 2023

@ Manuel Tisminetzky'*>, Bruno L. Ferreyro'*?, Michael C. Sklar'*°, Lu Chen'*®, Shaf Keshavjee’, Marcelo Cypel’,
Eddy Fan'*®, Niall D. Ferguson'-#%, Laurem Brochard™**®, Ghislaine Douflé'?, and Lorenzo Del Sorbo'*

VE 10T

124 1.07 1:9.0 28

1/min L/min

,7 UNIVERSITY OF Interdepartmental

¥ TORONTO | SR bl




Can the Plateau Be Higher Than the Peak Pressure?

Ann Am Thorac Soc Vol 15, No 6, pp 754-759, Jun 2018

Hassan Sajjad’, Gregory A. Schmidt', Roy G. Brower?, and Michael Eberlein’

Ppeak (cmH;0)
28

Pmean
(cmH,0) 16
PEEP 14
1 1 1 1 1 1 1 1 1 ] {cmHEO}
RR (b/min)

ﬂ I | [\ | ﬂ | | I | IG;:Q:?
\( 81

TiTtot 0.12

40 emHz0O

MVe (Vmin)

\ 6.5
i VT
VTo 444
1 1 Il 1 1 1 1 1 ] (ml]
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