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Presentation 

Road Map

 Review the history of 

ventilator liberation

 Review history of ventilator day 

and length of stay (LOS)

 Review historic timeline of vent 

weaning and modalities



Presentation 

Road Map

 Discuss current 
strategies for ventilator 
liberation

 Review literature 
supporting frequency of 
weaning

 Review literature 
supporting the mode of 
weaning

 Review literature 
supporting best parameters 
to monitor and review when 
assessing trial tolerance



Presentation 

Road Map

 Implementation of a 
Respiratory Therapist 
Driven Extubation Protocol

 Review our Policy and what our 
therapists follow everyday

 Review outcomes of our first 
round of data collection from a 
few years ago

 Review any adjustments we are 
curious about implementing down 
the line

 Review additional data that could 
be collected in the future



 RT Driven Extubation Protocol

 Advocating for daily weans

 Initiating daily weans

 Monitoring weans

 Assessing for extubation

 Extubating appropriate patients

 Without an MD at bedside or MD 

order in place



General Overview 
regarding Extended Vent 
Days

 Cost

 Ventilator-Associated Pneumonia 

(VAP)

 Money

 Ventilator-Induced Lung Injury 

 Expensive

 Ventilator-Induced Muscle 

Weakness

I’m the 

problem its 

me.



History of 

Ventilator 

Liberation 
(No not that kind)



Bendixin et al. developed Respiratory 
Research in first respiratory intensive 

care in USA in 1961.
 

“[improving patient care] through the 

clinical application of the principles of 

respiratory physiology.”

“It is our practice to limit 
endotracheal intubation to 

approximately forty-eight hours…to 
know the proper timing and rate of 

weaning from the respirator requires 
considerable judgement and 

experience. As a rule, weaning should 
start as soon as possible.”

- Bendixin (1961)



Weaning in 

the 1960s
Gradually increased time off the 
ventilator with supplemental oxygen 
via t-piece



In 1961, 400 patients a year ventilated, few 

were vented for longer than 2 days without 

tracheostomy.

• Patient Disconnected from ventilator 

for three to four minutes every half 

hour.

• If successful, this duration is 

gradually increased. 

• Once the patient can breathe 

independently during the day, move 

air without difficulty, walk short 

distances, and maintain stable 

ventilation shown by blood gas 

readings, removal of the 

endotracheal tube may be 

considered.



Spill the Tea on 

T-Pieces
Difficulty with monitoring specific values in weaning 

patients



Monitoring 

Parameters

Sahn and Lakshminarayan’s 1973 
report first identified these.

• In 100 patients minute 
ventilation <10L/and maximal 

inspiratory pressure >30cmH2O  
“correlated well with the ability 

to discontinue mechanical 
ventilation.”



More to Monitor
1977 Henning et al used esophageal-balloon catheters to 
make detailed measurements of work of breathing. Vent-

dependent patients had higher work readings.

 

1982 Cohen et al. reported via electromyographic 
recordings in difficult-to-wean patients noted 

diaphragmatic fatigue associated with abdominal paradox 
(inward motion during inspiration) and respiratory alternans 

(alternating predominance of rib-cage and abdominal 
breathing).

1986 Milic-Emili proposed CROP index – Compliance , Rate , 
Oxygenation, and (maximal inspiratory) Pressure. 

1997 Jaeschke et al. Supported review of f / Vt. 

 



What the 

CROP is this?



A Comparison of Four Methods of 

Weaning (Esteban et al. 1995)

• Prospective randomized multicenter study involving 456 patients that 
received mechanical ventilation for an average of 7.5 +/- 6.1 days. 

• Conducted from Oct 1992 through October 1993 in Med/surg ICUs of 14 
teaching hospitals in Spain. 
• No single hospital contributed more than 10% of the patient 

population. 
o Patients received mechanical ventilation for a men of 7.5+/-6.1 

days before weaning was started. Other inclusion criteria included: 
• Improvement and/or resolution of underlying cause of 

acute respiratory failure
• Adequate gas exchange with P:F Ratio above 200 with 

PEEP of less than or equal to 5cmH20.
• Core body temp below 38C
• Hemoglobin level above 10 g/dl
• No further vasoactive and sedative agents. 
• Physician must also agree that the patient was in stable 

condition and ready to be weaned. 



These patients 
randomly sorted into 
1 of 4 weaning 
techniques

 IMV with initial respiratory rate of 10+/-2.2 breaths 

/min and weaned (if possible) twice a day usually be 

2-4 breaths (29 patients).

Classic 

SIMV 

Wean
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These patients 
randomly sorted into 
1 of 4 weaning 
techniques

 IMV with initial respiratory rate of 10+/-2.2 breaths 

/min and weaned (if possible) twice a day usually be 

2-4 breaths (29 patients).

PSV with an initial pressure support of 18+/-

6.1cmH2O and reduced by 2-4 cmH2O at least twice 

a day (37 patients). 

Intermittent trials of spontaneous breathing on t-piece 

conducted 2 or more times a day if possible (33 

patients). Patients able to breath for longer than 2 

hours were extubated. 

Once-daily trial of spontaneous breathing (31 

patients) via t-piece for up to two hours per day. 

Patients able to breath for longer than 2 hours 

were extubated. 

Classic 

SIMV 

Wean

PSV Wean

Trials of 

T-Piece

Daily SBT



For all of the groups, failed 
extubation is considered if 

reintubation was necessary within 48 
hours of extubation or if extubation 

was not possible after 14 days of 
weaning. 



A once daily SBT 
led to extubation 
3x as quickly as 
compared to IMV. 





The Push for PSV Trials



Research continues through the 90s

Helped to shape guidelines on 

oxygenation monitoring



AARC Clinical Practice Guidelines PSV preferred over 

t-piece

Sedation 

“Vacation”

Cuff Leak 

Check



Implementation of a 
Respiratory Therapist 

Driven Extubation 
Protocol



Why Push for an RT 

Driven Protocol?

 Patients’ extubations were found to 

be delayed despite meeting criteria

 Resident Physician Hesitancy

 Lack of Attending Physician Presence

 Proximity to end of shift

POV Therapist asking 

MD to extubate at 

0700



Step 1 – Talk it Out
Evening RT discusses with ICU team regarding patient eligibility for RT 

Drive Extubation.



Evening 

Evaluation
 Whose In?

 Initial Reason for Intubation 

Solved

 SpO2 >90%

 FiO2 setting < 50%

 PEEP setting < 8cmH2O

 Pulse < 130 bpm

 Respiratory Rate < 38 bpm

 Again, Clarify weaning plan with 

Primary Team for neurosurgical 

patients, or if an ICP monitor is 

present.



Evening 

Evaluation
 To Consider

 Upcoming planned surgery, major procedure, 
or off unit imaging

 pH < 7.25 or > 7.50

 Complex or Difficult Airway

 DNI or active goals of care discussions

 For Spinal Cord Injury Patients; follow the 
Spinal Cord Injury Protocol

650



Evening 

Evaluation
 Whose Out?

 High Ventilator Settings (PEEP of >8 cmH2O, 
FiO2 > 50%)

 ICP Monitoring/Neuro Status

 Hemodynamic Instability

 On Multiple Pressors, escalating 
pressors, active bleeding

 Nitric or Flolan use

 APRV (Airway Pressure Release Ventilation)

 HFOV (High Frequency Oscillatory 
Ventilation)

 Initial Reason for Intubation not corrected



Step 2 – Daily Morning 
SBT Screening 
Evaluation

 Coordinate with RN for timing 
of sedation vacation

 Make sure head of bed is >30o

 Calculate Richmond Agitation–
Sedation Scale (RASS)

 Unarousable Sedation → -5

 Deep Sedation → -4



Step 2 – Daily Morning 
SBT Screening 
Evaluation

 Coordinate with RN for timing 
of sedation vacation

 Make sure head of bed is >30o

 Calculate Richmond Agitation–
Sedation Scale (RASS)

 Moderate Sedation → -3

 Light Sedation → -2



Step 2 – Daily Morning 
SBT Screening 
Evaluation

 Coordinate with RN for timing 
of sedation vacation

 Make sure head of bed is >30o

 Calculate Richmond Agitation–
Sedation Scale (RASS)

 Drowsy → -1

 Alert and Calm → 0

Our Goal



Step 2 – Daily Morning 
SBT Screening 
Evaluation

 Coordinate with RN for timing 
of sedation vacation

 Make sure head of bed is >30o

 Calculate Richmond Agitation–
Sedation Scale (RASS)

 Restless → +1

 Agitated → +2



Step 2 – Daily Morning 
SBT Screening 
Evaluation

 Coordinate with RN for timing 
of sedation vacation

 Make sure head of bed is >30o

 Calculate Richmond Agitation–
Sedation Scale (RASS)

 Very Agitated → +3

 Combative → +4



“The Early RT gets the Tube”
-Me thinking of slide titles circa 5 minutes before this presentation

 Aim for start time between 0400 – 0500

 Patient rested overnight

 Outside of shift change / rounding hours

 Place patient’s head at at least 30o

 Transition to Pressure Support Ventilation

 Pressure Support Ventilation (PSV) 5cmH2O

 PEEP 5cmH2O

 Length of Trial: 1 hour Goal



During the Trial

 Warning Signs to watch

 Pulse < 60 or > 130 bpm

 Sustained Respiratory Rate > 38 bpm

 Systolic Blood Pressure > 180mmHg or 

< 90 mmHg

 SpO2 < 88% despite increasing FiO2 to 

50% or higher

 ETCO2 increase/decrease > 10mmHg

 Significant change in respiratory 

pattern, diaphoresis, or paradoxical 

breathing pattern



Post SBT Trial

 Obtain the Following Values after successful 1 hour SBT

 FVC (Forced Vital Capacity in mL/Kg of Ideal Body Weight)

 NIF (Negative Inspiratory Force cmH2O)

 RSBI (Rapid Shallow Breathing Index) 



Forced Vital 

Capacity

 Aim for a target of over 10 
mL/Kg of Ideal Body Weight.

 The first comprehensive study 
was by Sahn and Lakshminarayan 
in 1973.

 100 patient study

 Minute ventilation of less than 
10L/min closely related to the 
ability to stop mechanical 
ventilation.



Negative 

Inspiratory Force
In the same comprehensive study by Sahn and 
Lakshminarayan in 1973, also noted a maximal inspiratory 
pressure exceeding 30cmH2O were closely related to the 
ability to stop mechanical ventilation.

In the mid-1980s, several studies examined airway occlusion 
pressure (P0.1). 

Research by Herrera (1985) and Sassoon (1987) indicated that 
low P0.1, signifying low respiratory drive, was a better 
predictor of weaning success than traditional tests.

• Targeted goal of > -20cmH2O



Rapid Shallow 

Breathing Index
1997 Jaeschke et al. Supported monitor of f / Vt for 
frequency to tidal volume ratio for monitoring weaning 
patients. 

Originally for assessing weaning readiness, now 
extrapolated to assess extubation successfulness. 

• Targeted goal of < 80

• Pressure Support of  0cmH2O, and PEEP of 5cmH2O



Additional Attributes 

to Consider

Cuff Leak Present

•Strong Effective Cough

•Gag intact

•Swallow intact

Secretions manageable

Patient Following Commands

Patient able to Lift head off 
bed



If Patient meets ALL of 
the Extubation 

Criteria, RT will 
extubate per RT 

Protocol
If Patient does NOT meet ALL of the 

Extubation Criteria, discuss with ICU Team

Collaborate with ICU team to discuss 

extubation

 Requires Separate Order

If RT unable to reach ICU team, terminate 

wean and return to pre-SBT settings







Results





Future 

Considerations

 Expanding Parameters

 If 100% of weaning patients are 
successful, are we weaning enough 
patients?

 Increasing RSBI threshold

 Increasing Minute Ventilation threshold

 Increasing Pressure support to 5cmH2O 
for RSBI assessment

 Adding additional monitor values to 
trend

 End-Tidal CO2 changes

 Submit your ideas ☺ 



Next Steps

 Continue to promote daily 

weaning and review readiness for 

extubation

 Continue data collection to 

evaluate changes in length of 

stay, reintubation rates, and 

compliance with RT Protocol



Its Policy ☺



On your way out, consider the following:

RTs are present with 
weaning patients from 

sunset to sunrise

RTs are coordinating with 
nurse/resident colleagues 
for successful daily trials

RTs are collecting data to 
support next step in 
ventilator liberation

Promote Physician 
Champions who are 

allowing the RTs to get the 
job done
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Questions?

 Thank you for listening!

 Please direct all inquires to 

Alex.Gambero@uvmhealth.org

 Thank you to Emily, Chris, Cara

 Thank you Andrea, love you

 The best boys in the business:
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