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Learning Objectives
uDescribe and compare ventilation 

modes and innovations available on 
recently-introduced mechanical 
ventilators.

uExplain the purpose of newer 
ventilator controls.

uExplain the rationale and function of 
selected lung protective strategies.

Ventilation Modes

Volume Control
ÙAdvantages
uconstant TV, despite changes in 
patients' lung mechanics
uless atelectasis

Volume Control
ÙDisadvantages
ulimited flow- may not meet patients'
needs
upatient may exert effort to inspire,
after TV is delivered
upossibility of volutrauma

Pressure Control
ÙAdvantages
uincreased mean airway pressure-
improved oxygenation
ulimits excessive airway pressure
uimproves gas distribution
udecreases WOB
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Pressure Control
ÙDisadvantages
uTV varies with mechanics
uTV may become excessive, causing
overdistension, volutrauma
uinconsistent changes in TV with 
PEEP, PIP

Pressure Support
ÙAttributes
upressure-limited
uflow-cycled
uhigh, variable inspiratory flow
udecreases WOB

Pressure Support
ÙPurpose- overcome WOB imposed
by ETT
ÙProblem- correct level of PS is hard
to identify, because imposed WOB 
varies with flow rates, impedance

Dual Control Modes
ÙCombine volume and pressure
control to achieve advantages of 
each type:
uguaranteed tidal volume
uminimized plateau pressure

Dual Control Modes
ÙBreaths are pressure controlled 

with a guaranteed minimum 
volume, based on feedback on 
patient ventilation to ventilator 
logic
ÙTypes:
uwithin breath
ubreath-to-breath

Within Breath Dual Control
ÙAvailability:
uvolume-assured pressure
support- VAPS (Bird 8400sti, TBird)
upressure augmentation PA 
(Bear 1000)
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Within Breath Dual Control
ÙPressure support with volume 
guarantee for every breath
ÙBreath initiated, ventilator 

compares output with target, 
changing to volume support, if 
needed

Dual Control Breath-to-Breath
ÙVolume guarantee over several 
breaths
ÙVentilator delivers test breaths,
then adjusts pressure and flow
to deliver a minimum tidal volume

Dual Control Breath-to-Breath
ÙModes- assist-control substitutes
uPressure-Regulated Volume
Control- PRVC (Maquet)
uVolume Targeted Pressure 
Control- VTPC (Newport e500)
uVolume Control Plus (VC+) (PB 
840)
uAutoflow (Drager)
uP-CMV (Hamilton Galileo, 
Raphael, G-5)

Dual Control Breath-to-Breath
ÙVolume guaranteed PSV
uMaquet Servoi
uNewport e500
uPuritan Bennett 840
uDrager
uHamilton Galileo, Raphael, G-5

Pressure control with volume 
guarantee
ÙDeliver minimum set TV, VE, 

with automatic reduction in 
pressure as mechanics improve

Pressure control with volume 
guarantee
ÙBreath attributes
upatient or time-triggered
upressure limited
utime-cycled
uflow variable
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Pressure control with volume 
guarantee
ÙPrecautions
unot for all patients
uerratic patient effort prevents 
ventilator logic from making 
appropriate adjustments.

Pressure support with volume
guarantee
ÙPressure support breaths with 

minimum tidal volume
ÙBreath attributes
upatient-triggered
upressure-limited
uflow-cycled
uflow variable
uvolume guarantee (minimum)

Pressure support with volume 
guarantee
ÙPrecautions
uPressure level increases to 
maintain TV for a patient with 
obstruction, auto-PEEP may 
result from patient actively 
attempting to exhale

Pressure support with volume 
guarantee
ÙPrecautions
uDuring hyperpnea, as due to 
increased demand, the ventilator 
will reduce its support when it is 
most needed

Pressure support with volume 
guarantee
ÙPrecautions
uInappropriate expiratory 
trigger prolongs inspiration & 
may cause:
ƒauto-PEEP
ƒpatient discomfort

Patient-tailored modes
ÙProportional assist ventilation 

(PAV)(TM) Puritan Bennett 840
ÙAdaptive support ventilation 

(ASV)(TM) Hamilton ventilators
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Patient-tailored modes
ÙCommonalties
uIBW entered
urespond to changes in 
mechanics
u% support adjusted
uTV determined by ventilator

PAV
ÙSupport level is based on 

patient demand
ÙVentilator adapts to changes in 

resistance and compliance
ÙGraphics display of WOB
ÙWeaning proceeds by 

decreasing % support by 
ventilator

Adaptive Support Ventilation
ÙASV algorithm determines 

optimal breathing pattern (TV, f) 
for patient, based on:
uestimated anatomic deadspace
uexpiratory time constant (R*C)

Link to online presentations on ASV
http://www.hamilton-medical.com/Clinical-resources.149.0.html

Adaptive Support Ventilation
ÙVentilator volume guarantees both 

mandatory and spontaneous 
breaths
ÙWeaning proceeds by decreasing 

% support by ventilator

Spontaneous breath tube 
compensation
ÙProvides PSV level based on tube 

size and inspiratory flow
uavailability
ƒDrager ventilators
ƒHamilton ventilators
ƒPuritan-Bennett 840

Spontaneous breath tube 
compensation
ÙProvides PSV level based on tube 

size
utheoretically, WOB same as if 
patient is extubated.
u"electronic extubation"

Links to articles on tube compensation
http://www.chestjournal.org/cgi/reprint/122/3/980
http://ccforum.com/content/7/5/347
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Adjustable Expiratory Trigger
ÙPurposes
uincrease synchrony for 
expiration
uincrease patient comfort
uprevent auto-PEEP

Adjustable Expiratory Trigger
ÙAdjusted by observing:
upatient effort
uI:E ratio
uventilator graphics

Adjustable Expiratory Trigger
ÙVentilators with adjustable 

expiratory triggers:
uHamilton ventilators
uPuritan Bennett 840
uNewport e500
uSiemens Servoi

Adjustable rise time
ÙRise time- time required to reach 

PIP
ÙPurposes:
uimprove patient comfort
udecrease inspiratory WOB

ÙAdjusted by observing:
upatient effort
uventilator graphics

Lung Protective Strategies

Rationale- To decrease mortality 
while minimizing lung injury
Ømaximize mean airway pressure-
oxygenation
Øminimize plateau pressure-
volutrauma
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Low TV with PEEP
Øoptimal TV
uTV = 6mL/kg IBW
uPpt remains an issue
uVP curve is useful here

Link to article on low TV ventilation
http://content.nejm.org/cgi/content/full/342/18/1301

Low TV with PEEP
Øoptimal PEEP
uminimizes phasic stretch
udetermine by graphics, serial 
measurement

Ørecruitment maneuver- 40 cm 
H2O CPAP for 40-90 sec.

Link to article on recruitment maneuver
http://ajrccm.atsjournals.org/cgi/content/full/167/12/1620

Dual level CPAP
ØNot a new mode- studied by 

Downes, (1987)
ØTwo levels of CPAP, with time-

triggered, time-cycled pressure 
release and spontaneous 
breathing.

Link to tutorial on APRV
http://www.ccmtutorials.com/rs/mv/strategy/page14.htm

Dual level CPAP
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Dual level CPAP
ÙIndication- acute lung injury
ÙAdvantages
ulower peak, plateau pressures
uspontaneous breathing
urecruitment, with limited
opportunity for de-recruitment
uimproved VA/Q matching
ulimited adverse circulatory effects

Dual level CPAP
ÙDisadvantages
uasynchrony with spontaneous
breaths
uunfamiliarity of staff with technique
ulimited research
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Dual level CPAP
ÙAvailability
uDraeger Evita, Evita 4
uHamilton Galileo, Raphael, G-5
uPuritan-Bennett 840
uSiemens Servoi

Developments In Mechanical
Ventilation That Will Outlast The
Next Decade (Kacmarek)
ÙNoninvasive PPV
ÙLung protective strategies
ÙCombined pressure-volume 

targeted modes
ÙProne positioning
ÙTracheal gas insufflation

Summary & Review
ØVolume and pressure-targeted 

ventilation each have 
advantages and disadvantages
ØDual control modes developed 

to combine volume and 
pressure modes

Summary & Review
ØDual control- within breath, or 

breath- to-breath
Øpressure control with volume 
guarantee
Øpressure support with volume 
guarantee

ØBilevel CPAP

Summary & Review
ØModes tailored to patient
Øideal body weight
Øchanging lung mechanics
Øadjusted to % of desired 
support

Summary & Review
ØAdditional ventilator 

adjustments
Øexpiratory trigger
Øinspiratory rise time
Øcompensation for tube 
resistance

ØLung protective strategies
ØKacmarek's ventilation strategies 

through the next decade
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