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Choosing the ventilator: gas source
• HIGH PRESSURE (4 atm.) GAS SOURCE (O2 + AIR) 

Stable FiO2 guaranteed (“blender”)  (ICU)

• TURBINE OR PISTON DRIVEN VENTILATORS WITH LOW 
PRESSURE O2 PROVIDED AT LOW PRESSURE
Stable FiO2 not guaranteed (“no blender”) (Home)

• TURBINE OR PISTON DRIVEN VENTILATORS WITH  HIGH 
PRESSURE O2 INLET
Stable FiO2 guaranteed (“blender”) (Hospital)
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Severely hypoxemic patients need ventilators with high 
pressure O2 inlet because:

• stable FiO2 provided
• possibility to assess PaO2/FiO2 ratio
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ICU



Inspiratory System of Synchronization

Detects the patient’s inspiratory effort
and thereafter triggers the mechanical
breath.  







Switching inspiration to
expiration



Flow cycling OFF with leaks

Calderini et al. Intensive Care Med 1999; 25:662-667
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Inspiration

Expiration

Double circuit

Ventilator



Ventilator

Lofaso F et al Eur Respir J 1998 Jun;11(6):1382-8 
Expiratory valves used for home devices: experimental and clinical
comparison. 

…..differences between home expiratory valve resistances may have
a clinically relevant impact on the respiratory effort of patients with a 
high ventilatory demand.

SINGLE TUBE WITH “TRUE” (EXTERNAL) EXPIRATORY VALVE



Single circuit with 
intentional leak 

Intentional
leak



Exhalation devices

• They are positioned either in the mask or the 
circuit

• They are not “true expiratory valves. 

Exalation portExalation port



Early expiration 

Air flows from the patient
– Partly throughout the orifice (intentional leak)
– Partly around the mask (non intentional leak)
– Partly toward the ventilator

Volume for exhaled gas     
accumulation



Late expiration 

Volume for exhaled gas     
accumulation

Expiratory flow not high enough to maintain the preset 

EPAP flow generated by ventilator which eliminates 

the exhaled gas accumulated throughout the leak and 

(sometimes) also around the mask.



• Simpler and lighter
• Usually leaks tolerant  (Automatic algorithms of leaks compensation)

CCircuit ircuit withwith intentionalintentional leaksleaks

•• Need EPAP > 8 to avoid Need EPAP > 8 to avoid rebreathingrebreathing may  : may  : 
–– not always necessary to the patientnot always necessary to the patient
–– increase leaincrease lea

•• Do not allow Do not allow exp.Vtexp.Vt monitoringmonitoring
•• An An antisuffucationantisuffucation valve is needed during valve is needed during oronasaloronasal NIVNIV

DisadvantagesDisadvantages



• Always avoid CO2 rebreathing
• Can be used to invasively ventilate the patients
• Ensure esp.Vt moinitoring ( SC with a distal pneumotach)

DoubleDouble circuitcircuit or or nonnon--rebreathingrebreathing
valve valve 

•• Heavier Heavier 
•• Less leaks tolerantLess leaks tolerant
•• PossiblePossible increasedincreased expiratoryexpiratory valve valve resistancesresistances withwith SCSC

LofasoLofaso F F etet al Eur al Eur RespirRespir J 1998 J 1998 

DisadvantagesDisadvantages
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NIV is a discontinuous mode of 
ventilation

About 40 alarms…in routine practice

In pediatric, 68% of the alarms were not justified...

They produce noise louder than 80 dB…

Sleep deprivation…

Continuous stress for both nurses and patients…

Cited in MC Chambrin, Intensive Care Med 1999



Monitoring expiratory Vt

• In presence of leaks, insp Vt. shown on the 
monitor  increases while exp. Vt decreases

• -Therefore watch the exp. Vt to determine the 
true Vt when allowed by the ventilator

Take home messageTake home messageTake home message

Exp VExp VTT = = inspinsp VVTT -- LeaksLeaks

Volume delivered = Volume delivered = inspinsp VVTT + Leaks+ Leaks
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Use of ventilators’ type in different
scenarios

Crimi Crimi etet al ERJ 2010al ERJ 2010



Summary
– Gas source= use ventilators with high  pressure O2 inlet 

– Performance= may greatly vary among different 
ventilators and airleaks inrtefere with several functions

– Circuit= each system has pro and contra, but the main 
goal is to avoid CO2 rebreathing

– Monitoring= Vt monitor is essential to determine the 
true Vt

– Ease of use= Still a pending problem !



Miyoshi E et al Chest 2005





NIV is a specific mode of ventilation

1. Unavoidable leaks 

2. Can precede urgent intubation 

3. Discontinuous mode


