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INTRODUCTION 
Discontinuation of mechanical ventilatory support represents a 
milestone in the progression to patient recovery in the intensive 
care unit (ICU). Despite advances in mechanical ventilation and 
respiratory support, the science of determining if the patient is 
ready for extubation is still very imprecise. As a result, reported 
reintubation rates vary from 2% to as high as 25%, depending on 
the ICU population studied. The ‘optimal’ reintubation rate is not 
known, but it has been postulated that a number between 5% and 
10% indicates the ‘optimal’ point, where relatively few 
extubations fail but the extubation protocols are not too 
‘conservative’ so as to unduly prevent appropriate extubations. 

It has been estimated that over 40% of time spent on mechanical 
ventilation can be attributed to the weaning process itself. Delays 
in extubation have been associated with increased complication 
rates, including ventilator-associated pneumonia, airway trauma, 
increased hospital costs, and mortality. On the other hand, 
premature discontinuation of ventilatory support carries its own 
set of risks, including difficulty in re-establishing an airway, 
eight-fold higher odds ratio for nosocomial pneumonias, 
compromised gas exchange, and a 6- to 12- fold increased 
mortality risk. 

Liberation from mechanical ventilation is usually undertaken only 
after the underlying pathologic process that prompted the 
initiation of mechanical ventilation is improved or resolved. A 
focused, simple daily screening can identify patients who are 
potential candidates for extubation. These assessments are multi-
faceted, and usually include the overall patient condition and 
hemodynamic stability, neurological and muscular status, the 
adequacy of gas exchange, among other variables. Daily screening 
can reduce the number of patients receiving mechanical 
ventilation for more than 21 days and has been associated with 
reduced in-hospital mortality. In approximately 10% to 20% of 
mechanically ventilated patients, the weaning and extubation 
process can be very difficult and protracted – a phenomenon 

associated with the duration of mechanical ventilation of greater 
than 21 days. 

WEANING PARAMETERS 
Some of the objective parameters used in determining whether a 
patient is able to come off the ventilator include: (a) PaO2/FiO2 
ratio >150-200; (b) level of positive end expiratory pressure 
(PEEP) between 5-8 cm H2O; (c) FiO2 level <50%; (d) pH > 7.25; 
and (e) ability to initiate spontaneous breaths. Some of the 

subjective parameters used in determining the ability to liberate 
from mechanical ventilation include: (a) hemodynamic stability; 
(b) absence of active myocardial ischemia; (c) absence of 
clinically significant, vasopressor-requiring hypotension; (d) 
appropriate neurological examination; (e) improving or normal-
appearing chest radiogram; and (f) adequate muscular strength 
allowing the capability to initiate/sustain the respiratory effort. 

Because of the lack of sensitivity and specificity of the criteria 
listed above, significant research effort was devoted to 

determining clinically useful weaning parameters. There are two 
prominent reviews published in the late 1990’s that generated a 
set of evidence-based clinical practice guidelines for managing the 
ventilator weaning process and extubation.2, 17 Another meta-
analysis evaluated a possible role of various clinical 
measurements as predictors for successful extubation.19 
Cumulatively, this work generated a list of several useful weaning 

and extubation parameters that are widely used today (Table 1). 
Despite very high sensitivity (78% to 100%), however, these 
parameters were plagued by low specificity (11% to 36%).14 Such 
low specificity in weaning parameters contributes to preventing of 
weaning and extubation in certain percentage of patients who are 
otherwise able to breathe independently. 

Parameter    Desired value 
 

Respiratory rate   Less than 30-38 breaths/minute 
 

Tidal volume   4-6 mL/kg 
 

Minute ventilation   10-15 L/minute 
 

Negative inspiratory force  -20 to –30 cm H2O 
 

Maximal inspiratory pressure  -15 to –30 cm H2O 
 

Mouth occlusion pressure 100 msec after the 

onset of inspiratory effort (P0.1) divided by MIP 0.3 
 

Rapid shallow breathing index (RSBI) 

(respiratory rate divided by tidal volume) 60-105 
 

Rapid shallow breathing index rate   

[(RSBI2 – RSBI1)/RSBI1] x 100  Less than 20% 
 

CROP score (an index including compliance,  

rate, oxygenation and pressure)  13 
 
 

Table 1. Commonly used clinical parameters that predict successful weaning from 

mechanical ventilation.  
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SPONTANEOUS BREATHING TRIALS 
Taking the theory a step further, the concept of spontaneous 
breathing trials was conceived. It may be that the best way to 
assess whether the patient is likely to tolerate extubation is to 
perform a trial of spontaneous ventilation. Studies have shown 
that between 60% and 80% of mechanically ventilated patients 

can be successfully extubated after passing a spontaneous 

breathing trial (SBT). However, there is still a lot of controversy 
as to what is the best way to perform such spontaneous breathing 
trials, and many studies failed to demonstrate any significant 
differences between: (a) continuous positive airway pressure of 5 
cm H2O versus T-piece for one hour; (b) T-piece versus pressure 
support of 7 cm H2O; and (c) duration of spontaneous breathing 
trial of 30 minutes versus 120 minutes. Given these mixed 
findings, it may be that the optimal way of interpreting SBT is to 
combine objective and subjective indicators of intolerance or 

failure of SBT (Table 2). 

Indicator of failure    
 
Inadequate gas exchange 

 Arterial oxygenation saturation (SaO2) <85% - 90% 

 PaO2 <50 – 60 mmHg 

 pH < 7.32 

 Increase in PaCO2 >10 mmHg 

 
Unstable ventilatory/respiratory pattern 

 Respiratory rate >30 – 35 breaths/minute 

 Respiratory rate change over 50% 

 
Hemodynamic instability 

 Heart rate >120 – 140 beats/minute 

 Heart rate change greater than 20% 

 Systolic blood pressure >180 mmHg or <90 mmHg 

 Blood pressure change greater than 20% 

 Vasopressors required 

 
Change in mental status 

 Coma 

 Agitation 

 Anxiety 

 Somnolence 

 
Signs of increased work of breathing 

 Nasal flaring 

 Paradoxical breathing movements 

 Use of accessory respiratory muscles 

 
Onset of worsening discomfort ± diaphoresis 
 
 

Table 2. Indicators of failure during spontaneous breathing trials.  
 

RSBI RATE 
There is also evidence that the rapid shallow breathing index 
(RSBI) rate, or a measure of change of RSBI over time, may offer 

more predictive value than its RSBI predecessor. RSBI = 

respiratory rate/tidal volume. The RSBI Rate is calculated by 
obtaining the difference between the initial RSBI and the final 
RSBI, and then dividing the result by the initial RSBI. The 
resulting number is then multiplied by 100. The mathematical 

formula is as follows: RSBI Rate = [(RSBI2 – RSBI1)/RSBI1] x 

100. It was shown that RSBI Rate of less than 20% was over 
90% sensitive and 100% specific for predicting weaning success. 
It had a positive predictive value of 100% and a negative 
predictive value of over 81%.21, 23 

EXTUBATION 
Once a determination has been made that a patient is likely to 
tolerate spontaneous, unassisted breathing, a decision has to be 
made with regards to actually discontinuing the artificial airway. 
One must keep in mind that failure to extubate can occur for 
reasons that are not directly related to weaning failure. Several 
important factors have to be carefully considered prior to 
extubation, including: (a) the presence of a patent airway; (b) 
patient ability to consistently protect the airway; (c) patient ability 
to clear secretions; (d) mental status compatible with maintenance 
of airway and secretion clearance; and (e) absence of any other 
reasons for potential post-extubation failure (i.e., severe pain 
preventing adequate respiratory function, presence of apnea, 
poorly controlled seizures, risk of massive upper gastrointestinal 
bleeding, etc). 

 

• Evidence suggests that the most successful weaning strategy involves 

the development of a weaning protocol implemented by the nurses and 

respiratory therapists that begins testing for the opportunity to reduce 

ventilatory support soon after intubation and reduces the support at 

every reasonable opportunity 

 

• Differences in clinicians’ intuitive threshold for reduction and/or 

discontinuation of ventilatory support may have a greater impact on 

failure of SBT and/or reintubation than do modes of ventilator 

weaning 

 

• Low levels of pressure support may be  beneficial during trials of 

unassisted breathing 

 

• There may be significant benefits to early extubation and institution 

of NPPV for patients who are alert, cooperative, and ready to breathe 

without an artificial airway 
 

• Many weaning and extubation parameters have relatively poor 

predictive power, likely due to the presence of selection bias in clinical 

trials investigating these parameters 

 

• The role of computerized weaning protocols has not been established 
 

• Identification of factors associated with ventilator dependence (i.e., 

iatrogenic, mechanical, psychological, process of care factors, 

systemic disease factors, and long-term hospitalization complications) 

should concentrate on those factors that are potentially reversible 
 

• Intensivist teams should search for ALL causes that are potentially 

contributory to ventilator dependence for patients requiring 

mechanical ventilation of greater than 24 hours duration 
 

• The removal of the artificial airway from a patient who has been 

successfully discontinued from ventilatory support should be based on 

assessments of airway patency and the ability of the patient to 

consistently protect the airway 
 

• Airway assessments generally include testing for the quality of the 

cough with airway suctioning, the absence of excessive secretions, 

and/or the frequency of airway suctioning (i.e., every two hours or less 

frequently) 
 
 

Table 3. Important points to remember when instituting ventilator weaning and 

attempting extubation.  

 

There are other important factors that have to be considered prior 
to extubation. While there is some evidence that successful 
extubation in comatose patients is possible, most intensivists 
agree that the patient should show at least some capability to 
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interact with the environment and the healthcare team prior to 
removal of the artificial airway. Patients with poor cough and 
moderate to severe secretions have been shown to have a high rate 
of failed extubation despite successfully completing SBT. Many 
of the patients who develop post-extubation stridor can be treated 
with steroids, epinephrine, non-invasive ventilation, and 
potentially the use of helium-oxygen gas mixture (Heliox). In 
general, less than 50% of patients with post-extubation stridor 
require reintubation. 

Another important consideration is the assessment of airway 
patency prior to extubation. Here, the absence of an audible air 
leak after endotracheal tube balloon deflation has been associated 
with an increased risk of post-extubation stridor and subsequent 
need for reintubation. Another method of assessing the amount of 
‘cuff leak’ consists of dividing the expiratory volume by the 
inspiratory volume and multiplying the result by 100. The ‘cuff 
leak’ value of less than 12% to 16% has been shown to be 
predictive of extubation failure. Among patients on assist-control 
ventilation, a ‘cuff leak’ of less than 110 mL between inspiratory 
and expiratory volumes has been shown to predict the 
development of post-extubation stridor. 
 

 

Historical note: Paracelsus (1493-1541) was an alchemist, physician, astrologer, and 

general occultist. Born Phillip von Hohenheim, he later took up the name Philippus 

Theophrastus Aureolus Bombastus von Hohenheim, and still later took the title 

Paracelsus, meaning "equal to or greater than Celsus", a Roman encyclopedist from 

the first century known for his tract on medicine. At the age of 16 he started studying 

medicine at the University of Basel, later moving to Vienna. He obtained his doctorate 

degree from the University of Ferrara. Paracelsus, sometimes called the father of 

toxicology, wrote: "All things are poison and nothing is without poison, only the dose 

permits something not to be poisonous." 

PERSISTENT FAILURE TO WEAN 

AND/OR EXTUBATE 
If failure to wean and/or extubate persists despite maximal and 
repeated efforts to achieve these endpoints, other steps may be 
required prior to successfully liberating the patient from 
mechanical ventilatory support. Some patients require prolonged 
and more gradual ventilatory weaning, which may be best 
facilitated by tracheostomy placement. In addition, data from 
observational studies shows that up to 60% of ventilator-
dependent patients who are discharged from the ICU can be 
successfully weaned when they are transferred to specialized units 
dedicated to ventilator weaning. 

SUMMARY 
The process of weaning from mechanical ventilation and 
subsequent extubation constitutes a significant portion of the 
patient’s ICU stay. Although many variables for successful 
outcomes have been identified, specific and reliably reproducible 
criteria have not been clearly established. Currently, combining 
objective and subjective endpoints represents the most reliable 
strategy for weaning from mechanical ventilation and subsequent 
extubation. Until more reliable weaning and extubation strategies 
emerge, it may be that weaning parameters are best individualized 
for each distinct clinical and patient scenario. 

SUGGESTED READINGS & REFERENCES 
[1] Cigna HealthCare Coverage Position. Ventilator weaning. Available online at: 

http://www.cigna.com/customer_care/healthcare_professional/coverage_positio

ns/medical/mm_0432_coveragepositioncriteria_ventilator_weaning.pdf. Last 

accessed on November 12th, 2007. 

[2] Cook DJ, Meade MO, Guyatt GH, et al. Evidence report on criteria for weaning 

from mechanical ventilation. Rockville, MD: Agency for Health Care Policy 

and Research, 1999. 

[3] De Bast Y, De Backer D, Moraine JJ, et al. The cuff leak test to predict failure 

of tracheal extubation for laryngeal edema. Intensive Care Med 2002;28:1267-

1272. 

[4] Demling RH, Read T, Lind LJ, et al. Incidence and morbidity of extubation 

failure in surgical intensive care patients. Crit Care Med 1988;16:573-577. 

[5] Dojat M, Harf A, Touchard D, et al. Evaluation of a knowledge-based system 

providing ventilatory management and decision for extubation. Am J Respir Crit 

Care Med 1994;150:896-903. 

[6] Ely EW, Baker AM, Dunagan D, et al. Effect on the duration of mechanical 

ventilation of identifying patients capable of breathing spontaneously. N Engl J 

Med 1996;335:1864-1869. 

[7] Ely EW, Baker AM, Evans GW, et al. The prognostic significance of passing a 

daily screen of weaning parameters. Intensive Care Med 1999;25:581-587. 

[8] Epstein SK, Ciubotaru RL. Independent effects of etiology of failure and time to 

reintubation on outcome for patients failing extubation. Am J Respir Crit Care 

Med 1998;158:489-493. 

[9] Epstein SK, Ciubotaru RL, Wong JB. Effect of failed extubation on the 

outcome of mechanical ventilation. Chest 1997;112:186-192. 

[10] Esteban A, Alia I, Gordo F, et al. Extubation outcome after spontaneous 

breathing trials with T-tube or pressure support ventilation: The Spanish Lung 

Failure Collaborative Group. Am J Respir Crit Care Med 1997;156:459-465. 

[11] Esteban A, Alia I, Ibanez J, et al. Modes of mechanical ventilation and 

weaning. A national survey of Spanish hospitals. The Spanish Lung Failure 

Collaborative Group. Chest 1994;106:1188-1193. 

[12] Esteban A, Alia I, Tobin M, et al. Effect of spontaneous breathing trial duration 

on outcome of attempts to discontinue mechanical ventilation: The Spanish 

Lung Failure Collaborative Group. Am J Respir Crit Care Med 1999;159:512-

518. 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are not 
made or distributed for profit and that copies bear this notice and the full 
citation on the first page. To copy otherwise, or republish, to post on servers 
or to redistribute to lists, requires prior permission and/or a $5.00 fee. 
 
OPUS 12 Scientist – A Quarterly Publication of OPUS 12 Foundation. 
© 2007 – OPUS 12 Foundation, Inc., King of Prussia, PA 19406 USA. 

 

http://www.cigna.com/customer_care/healthcare_professional/coverage_positions/medical/mm_0432_coveragepositioncriteria_ventilator_weaning.pdf
http://www.cigna.com/customer_care/healthcare_professional/coverage_positions/medical/mm_0432_coveragepositioncriteria_ventilator_weaning.pdf
http://en.wikipedia.org/wiki/Toxicology
http://en.wikipedia.org/wiki/University_of_Ferrara
http://en.wikipedia.org/wiki/Doctorate
http://en.wikipedia.org/wiki/University_of_Basel
http://en.wikipedia.org/wiki/Aulus_Cornelius_Celsus
http://en.wikipedia.org/wiki/Occultist
http://en.wikipedia.org/wiki/Astrologer
http://en.wikipedia.org/wiki/Physician
http://en.wikipedia.org/wiki/Alchemy
http://en.wikipedia.org/wiki/1541
http://en.wikipedia.org/wiki/1493
http://upload.wikimedia.org/wikipedia/commons/4/4a/Paracelsus.jpg


OPUS 12 Scientist 2007 Vol. 1, No. 2  S. P. Stawicki 

Submitted 10/2007 – Accepted 11/2007 – Published 11/2007 

Copyright 2007 OPUS 12 Foundation, Inc. 16

[13] Esteban A, Frutos F, Tobin M, et al. A comparison of four methods of weaning 

patients from mechanical ventilation: The Spanish Lung Failure Collaborative 

Group. N Engl J Med 1995;332:345-350. 

[14] Goldstone J. The pulmonary physician in critical care. Difficult weaning. 

Thorax 2002;57:986-991. 

[15] Jones D, Byrne P, Morgan C, et al. Positive end-expiratory pressure versus T-

piece. Extubation after mechanical ventilation. Chest 1991;100:1655-1659. 

[16] Khamiees M, Raju P, DeGirolamo A, et al. Predictors of extubation outcome in 

patients who have successfully completed a spontaneous breathing trial. Chest 

2001;120:1262-1270. 

[17] MacIntyre NR, Cook DJ, Ely EW Jr, et al. Evidence-based guidelines for 

weaning and discontinuing ventilatory support: a collective task force facilitated 

by the American College of Chest Physicians; the American Association for 

Respiratory Care; and the American College of Critical Care Medicine. Chest 

2001;120(6 Suppl):375S-395S. 

[18] Marik P. The cuff-leak test as a predictor of postextubation stridor: a 

prospective study. Respir Care 1996;41:509-511. 

[19] Meade M, Guyatt G, Cook D, et al. Predicting success in weaning from 

mechanical ventilation. Chest 2001;120(6 Suppl):400S-424S. 

[20] Namen AM, Ely EW, Tatter SB, et al. Predictors of successful extubation in 

neurosurgical patients. Am J Respir Crit Care Med 2001;163:658-664. 

[21] Rapid shallow breathing index useful in ventilator-weaning management. 

Avaliable online at: http://www.pulmonaryreviews.com/may06/breathing.html. 

Last accessed on November 12th, 2007. 

[22] Rothaar RC, Epstein SK. Extubation failure: magnitude of the problem, impact 

on outcomes, and prevention. Curr Opin Crit Care 2003;9:59-66. 

[23] Segal LN, Fiel SB, Ruggiero S, et al. Use of the rate of change of the RSBI 

during spontaneous breathing trial as an accurate predictor of weaning outcome. 

Presented at: Society of Critical Care Medicine’s 35th Critical Care Congress; 

January 10th, 2006; San Francisco, California, USA. 

[24] Toda Y, Morimatsu H, Takeuchi M, et al. Risk factors for extubation failure in 
children after cardiac surgery. ASA Annual Meeting Abstracts. Avaliable online at: 
http://www.asaabstracts.com/strands/asaabstracts/abstract.htm;jsessionid=C25EF0D6
2D24542E63D53BFFE48B6E08?year=2005&index=15&absnum=927. Last 
accessed on November 12th, 2007. 

 

http://www.asaabstracts.com/strands/asaabstracts/abstract.htm;jsessionid=C25EF0D62D24542E63D53BFFE48B6E08?year=2005&index=15&absnum=927
http://www.asaabstracts.com/strands/asaabstracts/abstract.htm;jsessionid=C25EF0D62D24542E63D53BFFE48B6E08?year=2005&index=15&absnum=927
http://www.pulmonaryreviews.com/may06/breathing.html

