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Two decades of advances in MVTwo decades of advances in MVTwo decades of advances in MVTwo decades of advances in MV…………
Noninvasive ventilation

Protective ventilation Weaning

Patient-vent. interaction



Severinghaus and Astrup, 
Copenhague, 1952 



Conventional scissor valve



Inspiratory valves on ICU ventilators

GaliléoServo valve (Hamilton)



Turbine





First generation of ICU ventilators



Last generation of ICU ventilators



Ventilators based on specific pressurisation system

Piston

Turbine



The higher the area under the pressure 
time curve the greater are the 

performances   

Last generation first generation Piston and turbine 
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Delay (ms) Pressurization Delay (DP)

Triggering Delay (DT)

Pressure becomes positive exceeding end-expiratory 
pressure

Airway

Pressure

(cmH2O)

∆P

DT

Time (s)

DI

Start of patient’s 
effort

Start of ventilator pressurization 
(maximal airway pressure drop)

DP

The area under the curve depends on 
both the trigger delay and the 

pressurization  delivered by the 
ventilator



2001 2006

Délai Trigger

A Thille, A Liazidi, JC M Richard, L Brochard

Somme ventilators exhibited 
unacceptable performances.  





Bench lung model

Réglage compliance

Soufflet patient

Capteurs de pression

Soufflet moteur

Targette

Ventilateur 
moteur

Ventilateur 
testé
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?
Bench studies should be interpreted 

cautiously  tacking into account several 
limits: Second part of insuflation time, 

cycling of function and expiratory phase 
could not be rigorously evaluated



Although very important at the bedside, 
the interface is also very difficult to 

evaluate.

The more is not obviously the best!





Self triggering with NIV modes

NIV mode reduces
self triggering due to 
leaks
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Impact of NIV mode on prolongued insufflation
11 ventilators (3 turbines et 8 conventionnels) on be nch
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Controlled 
leaks



Ppic Ventilator
II

EE

C circuit= 2 mL/cmH20C circuit= 2 mL/cmH20
PpicPpic = 50 cm H2O= 50 cm H2O
VolVol compressed = 100 compressed = 100 mLmL

400 ML400 ML
(300 + 100)(300 + 100)

300 ML300 ML

400 ML400 ML

100 ML100 ML



HOW ICU VENTILATORS COMPENSATE FOR COMPRESSED 
GAS VOLUME. A BENCH TEST

Error Vt 300 (ml)
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A. Lyazidi, J. C. Richard, A. W. Thille1, G Beduneau,  L. Brochard

Modern technology allows to 
automatically compensate the volume 

compressed into the circuit



The system is complex and may present 
some limits due to algorithm and 

technology
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Vt reduction (%) after switching the FIO2 
from  100% and 60 % FiO2

The switch from 100% to 60% FIO2 
results in  a dramatic decreased in Vt in 

some transport ventilators !



FO2 = 100 % FIO2 = 60 %

0

0.25

0

15

Résistives conditions, Volume = 300ml

débit
l/s

Paw
cmH 2O

Pb related to volume guaranty



PSV available in transport ventilators

Débit réglé en VAC
Débit réglé en VAC

« IPPB »

« PSV »

Flow = 30 L/min

Réglage de l’AI


