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Agenda

• Why do we use sedation and paralysis?

• How sedation and paralysis are titrated today

• Proposed approach for titration



ARDS

3rd day IMV

FiO2 = 60%

 pH = 7.42

PaCO2 = 48 mmHg

HCO3- = 30 mEq/L 

Pocc =  -25 cmH2O

PS = 10 cmH2O

ΔPL,dyn = 10 - 0.66 x (-25) = 26.5 cmH2O!



Pocc =  -25 cmH2O

PS = 14 cmH2O

ΔPL,dyn = 14 - 0.66 x (-25) = 30.5 cmH2O!

ARDS

3rd day IMV

FiO2 = 60%

 pH = 7.42

PaCO2 = 48 mmHg

HCO3- = 30 mEq/L 

“Inappropriate” respiratory drive – 

high even with normal pH/alkalemia

Answer is not on the vent!



Sedation Goals

DyspneaAnxiety Agitation

Comfort and Safety

Tobin, Principles and Practice of Mechanical Ventilation 1994 ed.

Lung and Diaphragm Protection

Goligher ICM 2020



Sedation Goals

Costa, Alcala Annals ICM 2024

Days

Extended Lung Protection



Kress NEJM 2000

Deep sedation leads to worse outcomes

Sedation might be needed in

AHRF patients to ensure lung- and

diaphragm- protection

Pocc (cmH2O)

Dianti Lancet Respir med 2025

Overarching goal

Minimum sedation (for the shortest time) to achieve:

- Patient comfort

- Protective ventilation



Sedation Goals

Lung and Diaphragm Protection

Tolerance of permissive 

hypercapnia 

Patient-ventilator synchrony

Modulating drive and effort

(avoid insufficient or excessive)

Goligher ICM 2020



Is Sedation Effective to Modulate Effort?

Nieuwenhuijs Anest 2001



Is Sedation Effective to Modulate Effort?

Quickfall eClinicalMedicine- The Lancet 2024



Expiratory Muscle Activity and Opioids

Plens AJRCCM 2024

NMBA

End-expiration End-expiration

Pes

EELV



Expiratory Muscle Activity and Opioids

Plens AJRCCM 2024



Opioids

Fentanyl 100 mcg/h

Opioid breathing pattern:

- Low RR

- High VT

- Expiratory activation



Is Sedation Effective to Modulate Effort?

Dianti Chest Crit Care 2024

LDP protective targets

ΔPes -3 to -8 cmH2O

ΔPL,dyn ≤ 15 cmH2O

↑ sedation if effort too high 

and pH > 7.35



How is sedation titrated?

Comfort and Safety Lung and Diaphragm Protection

SAS

RASS

P0.1

Pocc

PL,dyn

Tobin, Principles and Practice of Mechanical Ventilation 1994 ed. Goligher ICM 2020



Dzierba CCM 2021



Paralysis Goals

Reducing effort and lung stress

Patient-ventilator synchrony

Reduce lung collapse by 

abolishing expiratory effort

Goligher ICM 2020



How is paralysis titrated?

Based on:

- Dyssynchronies detection

- Train of four

- Oxygenation

- Respiratory rate = set RR

- Plateau pressure and tidal volume

Use effort magnitude and 

lung stress estimates

Goligher ICM 2020



Partial neuromuscular blockade

Doorduin AJRCCM 2017

• pNMBA reduced ΔPL from ± 

27 cmH2O to ± 11 cmH2O in 

10 ARDS patients 

• Used only for 2 hours



Dianti Crit Care 2022

Sedation

Only 

achievable 

with NMBA

pNMBA



P0.1 or Pocc too low

Decrease sedation 

to minimum 

amount for comfort

Risk of diaphragm atrophy

ΔPL,dyn and pH?

Too high Adequate (Not high)

Decrease 

ventilator’s 

inspiratory pressure

Overassistance (high pH)

Risk of VILI

ΔPL,dyn on target

and effort still low 

Excessive sedation

Possible approach



Possible approach

Yes No

Continue 

monitoring and 

try weaning 

periodically

Consider 

NMBA

pH?

Risk of diaphragm myotrauma 

and P-SILI

P0.1 or Pocc too high

Normal/high Too low

Increase 

ventilator/ECLS 

assistance

Increase 

Sedation

High ΔPL,dyn? 

Full NMBA Partial NMBA

Δ

Risk of diaphragm atrophy

High Pocc?

normal/high pH – high effort 

“mismatch”

Treat pain and fever 

before increasing 

sedation



LDP targets met?

Yes No

Continue 

monitoring and 

try weaning 

periodically

Consider 

NMBA

Risk of diaphragm myotrauma 

and P-SILI

P0.1 or Pocc too high

Normal/high Too low

Increase 

ventilator/ECLS 

assistance

Increase 

Sedation

High ΔPL,dyn? 

Full NMBA Partial NMBA

Δ

Risk of diaphragm atrophy

High Pocc?

normal/high pH – high effort 

“mismatch”

Treat pain and fever 

before increasing 

sedation



LDP targets met?

Yes No

Continue 

monitoring and 

try weaning 

periodically

Consider 

NMBA

Risk of diaphragm myotrauma 

and P-SILI

P0.1 or Pocc too high

No Yes

Increase 

Sedation

High ΔPL,dyn? 

Full NMBA Partial NMBA

Pocc = 0
Pocc and ΔPL,dyn

within target range

Risk of diaphragm atrophy

High Pocc?

pH normal – high effort 

“mismatch”

Diaphragm-sparing 

Neuromuscular blockade



Take-home Messages

Use minimum sedation to achieve both

• Patient comfort

• Lung and diaphragm protection

- Sedation might be needed when drive is not responsive to ventilation

- Propofol is the preferred agent for drive/effort modulation

- Consider NMBA when LDP targets are not met 

- Titrate NMBA to Pocc targets



Thank You!

glauco.plens@uhn.ca


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

