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Types of Ventilators: gas source
 

• ICU HIGH PRESSURE (4 atm.) DRIVEN VENTILATORS. 

 They always ensure stable FiO2 (“blender”)  

• TURBINE OR PISTON DRIVEN VENTILATORS WITH O2 
PROVIDED AT LOW PRESSURE

 They do not ensure stable FiO2 (“no blender”)

• TURBINE OR PISTON DRIVEN VENTILATORS WITH  O2 
PROVIDED At  HIGH PRESSURE 

 They always ensure stable FiO2 (“blender”) 

Severely hypoxemic patients need ventilators with high 
pressure O2 inlet because:

• stable FiO2 is provided
• PaO2/FiO2 ratio is  computed



Types of Ventilators: circuits configuration

www.ers-education.org/publications/breathe.aspx
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Lofaso F et al AJRCCM 1996; 153:1561-9

Types of Ventilators:performance
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Leak compensation



X

BiPAP (Respironics)

Nippy (Friday Medical)

Monnal D (Taema)
Companion 2801 (Puritan Bennet)

Pressure targeted NIPPV is able to compensate for circuit leaks, with under 

a 10% drop in tidal volume reported. Vented configuration did better 

compared to nonvented

                                                                                    Smith IE et al  Eur. Respir. J. 1996
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Leak compensation allows a shorter trigger 

delay and so a better patient-ventilator 

sinchrony 
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Miyoschi Chest 2005 



Tidal Volume measurements



In non vented circuit VT is measured 

by means of pneumortacograph 
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(Flow=ΔP/R and VT = Flow x Ti) 

Lyazidi Intensive Care Med 2010



Monitoring expiratory Vti/Vte in 

nonvented configuration 

• 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

Exp VT = insp VT - Leaks

Volume delivered = insp VT + Leaks Inspiration 

Expiration 
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But…

• Often measuring expiratory Vt is also misleading because

some of the expiratory Vt can be part of expiratory leaks

• So actual Vte could be lower of what the patient gets



VTinsp= time    (turbine flow ) – (overall leak flow) 
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In vented circuit VT is estimated
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Standard Vented-Mask: Pressure / Flow relationship  
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In	vented	circuit	VT	is	es mated	

Lujan et al Respiratory Care 2012
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VT pt = time    (F1 vent Flow ) – (F3 total leak flow) 
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Minimal IPAP was first adjusted  at 8 cmH2O , EPAP at 4 cmH2O and VTG at 

500  and maximal IPAP  at 30  cmH2O. IPAP increased to about 15-20 achieve 

the target VT before a leak was generated
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VTG modes



Khirani S  et al Harms of unintentional leaks during volume targeted pressure 

support ventilation Respiratory Medicine 2013



CO2 rebreathing 
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DEAD SPACE,

VDdyn = (VDphys) + (VDapp).

Vt Interface



COPD

RTD

Face mask and nasal plugs produced

a greater fall in PaCO2 than nasal mask
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CO2 rebreathing

• The amount of CO2 rebreathing at given pressure depends 

on:

• The amount of CO2 Szkulmowsky Intensive Care Med 2010

• Respiratory Rate Szkulmowsky Intensive Care Med 2010

• Flow through the holes/slots 

• PEEP level  (< 8 cmH20) Ferguson GT et al AJRCCM 1995

• Place of the holes/slots Sattci E et al ERJ 04

• Mask dead space and set pressure Schettino GPP et al Crit Care Med 2003

• Type of interfaces Hill NS  et al Chest 2003 
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Vdyn SB 

Vdyn IPAP16 

Vdyn CPAP 4

Vdyn BILEVEL 16/4

Sattci E et al ERJ 04

Vdyn

Vphys

• PEEP  VDdyn near to Vdphys in vented masks .

•PS without PEEP  VDdyn to a lesser extent, from

42% to 39% of VT, leaving VDdyn  than VDphys.

VDdyn = (VDphys) + (VDapp).

Vt Interface
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VENTED MASK   

CO2 rebreathing (CO2REB) during spon taneous ventilation without
mask (dashed line) and with continuous positive airway pressure 
(CPAP) of 4 and 8 cm H2O. End-tidal CO2 was set a 75 mm Hg, and VT 
of 600 mL was generated in the lung chamber in all tested conditions

Schettino. Crit Care Med 2003; 31:2178 -2182

- The closer the EP to patient’s airway the CO2 clearance



(P
DR

) required to decrease end-tidal CO
2 

by 20% (from 75 to 60 mm Hg). 

Vented FFM

VENTED CIRCUIT 

Vented system 

in the circuit
Vented TFM

Schettino et al Critical Care Med 2003

Vented FFM

165ml

Leaks 

24 L/m

Vented system 

in the circuit

165ml

Leaks 15 L/m

Vented TFM

875 ml

Leaks 30 L/m

measurements. One-way analysis of variance

for repeated measures also was used to com-

pare the CO2REB, VT, and PDRduring PSV. The

results are presented as mean SD, and p

.05 was considered significant.

RESULTS

All protocol steps were successfully
performed. No auto-triggering or missed
inspiratory efforts were observed during
any experimental setting.

There was no significant difference in
CO2REB between baseline without a mask
(8.0 0.4 mL) and Facial-MEP(8.1 0.3
mL and 7.7 0.4 mL, respectively, for
CPAP of 4 and 8 cm H2O), showing that
virtually no CO2 was rebreathed from the
circuit or mask when Facial-MEP was
used (Fig. 3). The use of Facial-MEP re-
sulted in less CO2REB compared with Fa-
cial-WS (11.3 0.3 mL and 10.1 0.5
mL, respectively, for CPAP of 4 and 8 cm
H2O) or Total Face (11.4 0.5 mL and
10.5 0.4 mL, respectively, for CPAP of
4 and 8 cm H2O) at both tested CPAP
levels (p .001). For the same CPAP
level, CO2REB was similar with Facial-WS
and Total Face (Fig. 4), and increasing
CPAP level from 4 to 8 cm H2Odecreased
CO2REB for Facial-WS (p .001) and To-
tal Face (p .04) but not for Facial-MEP.
Most of the CO2 rebreathed during CPAP
came from the mannequin upper airway
and not from the ventilator circuit or
mask as illustrated in Figure 3.

The PSV level necessary to ensure aVT

of 600 mL when PDRwas set at 30% of its
baseline value was 19 cm H2O above
PEEP (peak inspiratory pressure of 23 cm
H2O) for all tested masks. At this setting,
PetCO2 and CO2REB were lower with Fa-
cial-MEP compared with the other two
masks (p .001, Table 1). Facial-WS and
Total Face had similar PetCO2 and CO2REB

during PSV ventilation.
The target PetCO2 (60 mm Hg) was

reached during PSV (PEEP 4 cm H2O
and PSV 19 cm H2O) when the VT was
increased by increasing PDR. However,
CO2REB (6.4 0.2, 9.0 0.2, and 10.7
0.2 mL/breath, respectively, for Facial-
MEP, Facial-WS, and Total Face), PDR

(8.1 0.1, 10.2 0.1, and 11.4 0.2 cm
H2O/sec), and VT (701 9, 745 9, and
790 12 mL) were different for each
tested mask (p .001; Fig. 5).

DISCUSSION

The most important findings of this
study can be summarized as follows: a)

The exhalation port located within the

mask was more effective in clearing CO2

from themask and circuit than theWhis-

per Swivel II exhalation port located

within the circuit; and b) the presence of

theexhalation port within themask and a

small mask inner volume reduced the

inspiratory pressure time product during

attempts to correct hypercapnia.

Mask Design and CO2 Rebreathing.

Although standard intensive care unit

ventilators can be used for noninvasive

ventilation, ventilators specifically de-

signed for mask ventilation have been

used more frequently because of their

ability to compensate for system leaks

and their low cost (7, 11). Most of these

ventilators are flow-generating units that

are capable of providing CPAP or PSV/

PEEP and operate with a single circuit as

both inspiratory and expiratory limb. To

avoid excessive CO2 exhalation back into

the circuit, an exhalation port or a non-

rebreathing valvemust beplaced between

the circuit and the mask or within the

mask. End-expiratory pressure level, ex-

piratory time, VT, and exhalation port or

valve types have been reported to affect

CO2 rebreathing during NPPV (5–7).

However, no data addressing the effects

of exhalation port position and mask in-

ner volume on CO2 rebreathing are avail-

able.

Ferguson and Gilmartin (6) studied

CO2 rebreathing during NPPV using a

single-limb circuit ventilator and a nasal

mask in volunteers and stable patients
with chronic ventilatory failure. The vol-

ume of CO2 exhaled into the circuit, and

consequently the volume of CO2 inhaled

back from the circuit, was greater when

using the Whisper-Swivel exhalation port

compared with two other nonrebreathing

valves. This difference was more evident

when PEEP was 8 cm H2O. The design

of the current experiment prevented us

from differentiating the volume of CO2

rebreathed from themask or thepatient’s

upper airway from that rebreathed from

Table 1. CO2 dynamics during pressure support ventilation

Facial-MEP Facial-WS Total Face

PETCO2 mm Hg 72.4 0.1a 74.6 0.9 75.7 1.4
CO2REB mL/breath 7.0 0.2a 9.9 0.5 10.4 0.3
V

T
mL 610 5 611 4 606 9

Facial-MEP, facial mask with exhalation port within themask; Facial-WS, facial mask with Whisper

Swivel II exhalation port in the circuit; Total Face, total face mask; PETCO2, end-tidal CO2; CO2REB,

total volume of CO2 rebreathed per breath; V
T
, tidal volume.

ap .001 for differences between Facial-MEP vs. others.

Figure 3. CO2 rebreathing (CO2REB) during spon-

taneous ventilation without mask (dashed line)

and with continuous positive airway pressure

(CPAP) of 4 and 8 cm H2O. End-tidal CO2 was set

a 75 mm Hg, and VT of 600 mL was generated in

the lung chamber in all tested conditions.

Squares, facial mask with exhalation port within

the mask (Facial-MEP); circles, facial mask with

Whisper Swivel II exhalation port in the circuit

(Facial-WS); triangles, total face mask (Total

Face). *p .001 for difference among Facial-

MEP vs. other masks with the same CPAP level;

†p .001 for Facial-WS between CPAP of 4 and

8 cm H2O; ‡p .04 for Total Face between CPAP

of 4 and 8 cm H2O.

Figure 4. Volume-based capnograms for each

tested mask during continuous positive airway

pressure (CPAP). Solid black line, facial mask

with exhalation port within the mask (Facial-

MEP); dashed line, facial mask with circuit Whis-

per Swivel (Facial-WS); gray line, total face mask

(Total Face); CO2%, CO2 concentration; VT, in-

spiratory tidal volume. The area under the curve

(i.e., the CO2%-VT product), illustrates the vol-

ume of CO2 rebreathed for each tested mask

during CPAP 4 cm H2O, end-tidal CO2 75 mm

Hg, and VT 600 mL. Note that the CO2% tracing

drops to zero during inspiration when Facial-

MEP was tested but not with Facial-WS and Total

Face.

2180 Crit Care Med 2003 Vol. 31, No. 8

IPAP 23  EPAP 4 cmmH2O





Patient-ventilator synchrony
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VENTED VS NON VENTED VENTILATOR 



VARIABLE PEEP

• RATIONALE ?

• DO I NEED IT ?

• FOT 

• FLOW CURVES analysis 
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• Pmusc = Paw=  P0 + (PelL + Pel Cw ) + (Pres Upper Airway + Pres  Lower Airway)
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Possible drawbacks



O2 bleeding
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Loss in 

performance
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