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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







What They Found

ICU Mortality:  RR 0.85 (0.76-0.94)

Hosp Mortality: RR 0.90 (0.81-1.0)



For tidal volume, data exclude patients weaning in 
pressure support mode, with FiO2≤0.4 and PEEP≤10



OR 0.84 (0.74-0.96)

Prone vs. Supine Position 

• ARDS with P/F < 100



28-day Mortality:

16% vs. 33%; p<0.001



28-day Mortality:

24% - Nimbex

33% - Placebo

p=0.05



Spontaneous Ventilation in ARDS

• ROSE Trial Results
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• 1006 early ARDS P/F < 150
• 48h cisatricurium & deep 

sedation vs. lighter sedation
• Higher PEEP in both groups
• 15% prone in both groups
• Primary:  90-day mortality
• Stopped for futility
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655 already on NMB

~ 1/5 assessed included
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OSCILLATE Controls



Why are ROSE and ACURASYS results different?
• Higher PEEP?
• Lighter sedation comparator?
• Lower use of proning (15% vs. ~50%)
• Less sick patients
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Spontaneous Ventilation in ARDS

• Rose Trial Results
• Spontaneous is not always better
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Evolution of Mortality Over Time in Patients Receiving 
Mechanical Ventilation
A Esteban, F FrutosVivar, A Muriel, ND Ferguson, et al. 
Am J RespirCritCare Med 2013
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RR 25 then 70/min

VT 7 then 9-15ml/kg
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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
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Crit Care Med 2016; 44:e678–e688



Spontaneous Breathing in ARDS

When to allow any?

How much to allow?

Consider maintaining normal effort levels – implies measuring effort



Spontaneous Breathing in ARDS
• PRO

• Prevent diaphragm atrophy 
(overassist myotrauma)

• Improved hemodynamics
• Less sedation and associated 

adverse effects
• Progress patients towards 

liberation

• CONs
• Direct overdistention injury
• Pendelluft injury
• Increased lung perfusion
• Dyssynchrony – double-trigger
• Expiratory muscle activation 

leading to decreased EELV

Effect Modifiers:  
ARDS Severity; Smaller Baby Lung; High Drive; Injurious Settings





Airway Occlusion Pressure – P0.1



End-Expiratory Exclusion Manoeuvre

△Pocc

Flow

Pes

Pcw

Pmus

Edi

Paw

Occlusion

Pmus

PL △PL

Perform 3 single breath end-
expiratory airway occlusions to 
measure DPocc every 4-8 hours

Estimate Pmus

If DPocc < 0 cm H2O, 
estimate DPL

Predicted Pmus > 13-15 cm H2O
OR

Predicted DPL ≥ 16-17 cm H2O

Consider Pes monitoring to guide clinical 
management 

or
consider modifying sedation and ventilation 

to achieve predicted Pmus and DPL
within acceptable limits

Target achieved

Yes

No

Predicted Pmus = -0.7 x DPocc

Predicted DPocc = (Peak Paw – PEEP) – 0.6 x DPocc

Predicted Pmus = -0.7 x ΔPocc

Predicted ΔPL = (Peak Paw– PEEP) – 0.6 x ΔPocc



Crit Care Med 2013;41:2125–2132



Pressure Support Ventilation
Ventilator’s mission is to regulate pressure
• Set PS level; CRS ; AND Patient Effort determine VT

PS 8; PEEP 5
VT = 750 mL
How do control VT in this 
patient???



Decreasing spontaneous effort levels

Increase inspiratory assist – but be careful with VT

Increase PEEP
Consider NMB – but trade Under for Over-assist
Consider partial NMB
Consider ECLS



25% of patients showed significant asynchrony





Types of Asynchrony
Ineffective Efforts / Delayed Triggering
• Trigger too insensitive / weak efforts
• Auto PEEP
• Cycle-off Asynchrony (prolonged inspiration)
Cycle-off Asynchrony
• Prolonged inspiration
• Premature termination
Double Triggering
• High respiratory drive
• Short set inspiratory time
Auto Triggering
• Cardiac oscillations
• Trigger too sensitive









7 lambs

No anaesthesia or 
sedation

ECCO2R

CO2 Removal Increases with Blood Flow 200-1000 mL





6 patients in 
recovery phase of 
ARDS on ECMO 

and NAVA

EDI VT

ECMO can Modulate Respiratory Drive



- ΔPes 6 vs. 35 cmH2O (baseline)  

- VT and Pes variations only reduced when >80% of VCO2 removed (ARDS) 

Healthy

ARDS

Sheep Model: 
Cardiohelp w Avalon 
2L/min blood flow



Opinion Based Medicine…
Set VT=6 ml/kg (or lower)

Control breath size if mod-severe ARDS

Set VT=6-8 ml/kg
Tolerate larger spontaneous breaths

Consider check for pendeluft



Take Home Points

Impact of spontaneous breathing during ARDS depends on timing and 
severity

Measuring patient effort is important

When allowing spontaneous breathing – consider normalizing efforts to 
protect both lung and diaphragm
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