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ICU Average Daily Cost: $3,184 per day

Dasta, McLaughlin, et al. Daily cost of an ICU day: The contribution of mechanical ventilation. Critical Care 
Medicine 2005 Vol 3, No. 6

So what is the big deal about ñventilator liberation?ò

Mean Incremental Ventilator Cost: $1,522 per day

Total Cost: $4,706 per day

$4,566 saved per patient!

What if we could reduce duration of mechanical 
ventilation by 3 days?

What if we could reduce ICU length of stay 
by 5 days?

$15,920 saved per patient!



Liberation from MV: EBM of technique

Gradual Reduction in 
Rate/ Pressure Support  Ÿ SBT

vs.

Assist- Control Ÿ SBT on T-piece

Multiple studies show superiority of technique that is most commonly used at the study site. 

Results:

Surprise, surprise!



> 40% of the duration of 
mechanical ventilation 
in the ICU is used for 

weaning.

The use of ventilator 
liberation protocols can 

reduce duration of 
assisted ventilation and 

costs in the ICU.

Liberation from mechanically assisted ventilation:

This ñprotocolized careò 
can be automated within 

the ventilator.



Challenges to Implementation of Ventilator- Liberation Protocols

ñDuring a 12-mo period, we reintroduced

a previously validated protocol é

Important barriers to protocol complianceé

included: 

Physician unfamiliarity with the protocol, 

RCP inconsistency in seeking an order for an SBT 

from the physiciané 

and lack of stationary unit assignments by 

RCPséò

Ely, et al. Large Scale Implementation of a Respiratory Therapistïdriven Protocol for 
Ventilator Weaning. Am J Respir Crit Care Med Vol 159. pp 439ï446, 1999



A knowledge- basedé

that closes the loop betweené

and the ventilator.

ventilator liberation protocolé

the patient

SmartCareTM



Controller PlantInput Variable Output

Ventilator PtDrive pressure Gas flow Plung

Open- loop Control principle

eg: simple pressure ventilator

Adapted from: Chatburn. Computer Control of Mechanical Ventilation. Resp Care (2004) 49;5.507-517



Closed- loop Control principle
(aka Feedback Control)

Measured 
variable

Environment

Set Point Controller

Adapted from: Chatburn. Computer Control of Mechanical Ventilation. Resp Care (2004) 49;5.507-517



Closed- loop Control principle
eg: Home Thermostat

Set Point Controller
Measured 
variable

Air temperature Thermostat setting 68° Furnace / AC

Environment

Room/ house interior

[ range 66° - 70° ]

Adapted from: Chatburn. Computer Control of Mechanical Ventilation. Resp Care (2004) 49;5.507-517



Knowledge- based Closed- loop Control

Set Point Controller
Measured 
variable

eg: etCO2 Pressure Support level

The Patient

Adapted from: Chatburn. Computer Control of Mechanical Ventilation. Resp Care (2004) 49;5.507-517

etCO2 30 - 50 mmHg

ñRulesò from Human Experts
Eg: ŷ CO2 in COPD

Fuzzy 
Logic



Components of Knowledge- based Closed- loop Control

1. Measured Variable

2. Set Point

3. Human ñexpert rulesò

4. òFuzzy 
Logicó5. Controller

6. Environment

eg: tidal volume

eg: VT 5 mL/ kg

Lower VT acceptable

Integrates multiple set points 
& rate of change (?AI) 

the ventilatorôs gas delivery

The patientôs lung



Computerized- driven weaning: Development History

Å1992: termed NeoGanesh by 

Michel Dojat, PhD

Å1997: Laurent Brochard, MD started 
development with Dräger

Å1999: started clinical testing with 

Evita 4 and PC

Å 2001-02: ñPhase Oneò clinical trials

ÅOctober 2004: Multicenter study results 
presented at ESICM, Berlin

Å July 2005: USA FDA marketing approval 
for SmartCareÊ as an option for the Evita 
XL

Å September, 2006: Multicenter trial 
published Amer J Resp Crit Care Med



The 3 monitored parameters:

Åspontaneous breath rate, fspn

Åspontaneous tidal volume, VT

ÅetCO2

1) Regulate Pressure Support to stabilize the 
patient within their ZoRC.

f

VTetCO2

The ñZone of Respiratory Comfortò or ñZoRCò

Goals:

2) Reduce PS stepwise to no support, keeping 
the patient within their ZoRC.

The limits of these values define a ñZone of 
Respiratory Comfort.ò

3) Conduct a Spontaneous Breathing Trial with 
no support; if patient remains within ZoRC, 
recommend separation from ventilator.



SC Classification of Patient Ventilation

Every patientôs ZoRC will be 
dependent on:

Åbody size

Åtype of airway

Ådiagnosis, e.g. COPD?

Åtime of day: awake or asleep?

Åother daily activities and care



V Data acquisition from ventilator every 10 sec 

V Decision making every 2 minutes (5 min if PS level adjusted)

V Time between weaning steps depends on current PS level

V Step change of PS depends on classification and current PS level

V Timed Night Rest programmable

V Tolerance of temporary instabilities during all therapy phases

V Required Observation time depending on initial PS level

V Special treatment after suction

SC Classification of Patient Ventilation



Adaptation: Guiding the patient inside a ñzone of respiratory 
comfortò to a minimum level of pressure support. PEEP must be Ò 20 
cmH2O. 

SC phases of weaning

Adaptation Observation Maintain
Start

SmartCareÊ

As long as the patient remains inside ZoRC, continue to adjust PS down, to 

zero support level.



Observation: Supervised spontaneous breathing trial at minimum 
level of pressure support. PEEP must be Ò 5cmH2O. 

Start
SmartCareÊ Adaptation Observation Maintain

SBT with no support for minimum 1or 2 hours. 

IF successful, SmartCare recommends separation.

Consider Separation!

SC phases of weaning



Maintain: Keep the patient under automatic control after he/she has been 
declared ñready for separation from mechanical ventilation.ò

Adaptation Observation Maintain
Start

SmartCareÊ

Keep the patient stable inside the ZoRC. 
More tolerant of temporary instabilities.

SC phases of weaning



The 3 Monitored parameters:

Åfspont

ÅVT

ÅetCO2

The 8 classifications:

ÅNormal ventilation

ÅInsufficient Ventilation

ÅHypoventilation

ÅCentral Hypoventilation

ÅTachypnea

ÅSevere Tachypnea

ÅUnexplained Hyperventilation

ÅHyperventilation

SC Classification of Patient Ventilation


