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Discontinuation of mechanical ventilation

• two-step process :

• readiness testing and weaning

• Readiness testing – Readiness testing is the evaluation of objective criteria 
to determine whether a patient might be able to successfully and safely 
wean from mechanical ventilation

• Weaning – Weaning is the process of decreasing the amount of support 
that the patient  receives from the mechanical ventilator, so the patient 
assumes a greater proportion of the  ventilatory effort.



Readiness testing 

• Readiness testing has two major purposes. 

• The first is to identify patients who are ready to wean from 
mechanical ventilation. 
• This is important because clinicians tend to underestimate the capacity of 

patients to breathe independently. 
• Unnecessary mechanical ventilation needlessly increases the risk of 

complications related to mechanical ventilation

• The second major purpose of readiness testing is to identify patients 
who are not ready for weaning, 
• thereby protecting them against the risks of premature weaning (eg, 

cardiovascular dysfunction, respiratory muscle fatigue, psychological distress).





• All of the criteria are objective, since clinicians are poor at predicting 
readiness to wean on the basis of their subjective impression

• However, even objective criteria are imperfect, since up to 30 percent 
of patients who never satisfy such criteria can be successfully weaned

Intensive Care Med 1999; 25:581.







Weaning

• may involve either an immediate shift from full ventilatory support to 
a period of breathing without assistance from the ventilator 

• or a gradual reduction in the amount of ventilator support 

• Weaning has also been referred to as the discontinuation of 
mechanical ventilation or liberation from the mechanical ventilator.

Slutsky AS. Mechanical ventilation. American College of Chest 
Physicians' Consensus Conference. Chest 1993; 104:1833



• The most successful weaning strategies include a daily assessment of 
the patient's readiness to wean and the careful use of sedatives

Awakening and Breathing Controlled trial. Lancet 2008; 371:126.
N Engl J Med 1996; 335:1864.



Traditional methods of weaning 

• spontaneous breathing trials (SBTs), 

• progressive decreases in the level of pressure support during pressure 
support ventilation (PSV), 

• and progressive decreases in the number of ventilator-assisted 
breaths during intermittent mandatory ventilation (IMV). 



Newer weaning methods 

• computer-driven automated PSV weaning and early extubation with 
immediate use of post-extubation noninvasive positive pressure 
ventilation (NPPV).



SBT

• a patient spontaneously breathing through the endotracheal tube 
(ETT) 

• for a set period of time (usually 30 minutes to two hours) 

• either without any ventilator support (eg, through a T-piece) 

• or with minimal ventilator support. 



Methods of minimal ventilator support for an SBT

• include a low level of PSV (eg, inspiratory pressure augmentation of 5 
to 8 cm H O), 

• automatic tube compensation (ATC), 

• or continuous positive airway pressure (CPAP). 

• A successful SBT is one where a patient passes a number of pre-set 
physiologic criteria 
• (eg, heart rate, respiratory rate, blood pressure, gas exchange) 

• at completion of the SBT that potentially indicate candidacy for 
extubation. 



• When a patient successfully passes an SBT and no contraindication to 
extubation is present, the ETT is typically removed. 

• When a patient fails an SBT, then the patient is typically not extubated 
and a work up for weaning failure is performed. 



• An additional advantage of using PSV, ATC, or CPAP is that they allow 
the ventilator's monitoring system and alarms to alert the clinician 
about significant changes in respiratory rate or minute ventilation, 

• whereas a T-piece does not provide this information.



Crit Care Med 2006; 34:409–414

Acute respiratory failureweaning



• patients at risk for acute cardiogenic pulmonary edema and patients 
with obstructive lung disease 

• may show falsely reassuring SBTs in the presence of CPAP, which 
improves cardiac output when cardiac filling pressures are elevated 
and reduces work of breathing

Tobin MJ. Extubation and the myth of "minimal ventilator settings". 
Am J Respir Crit Care Med 2012; 185:349.



Overcoming endotracheal tube resistance 

• — The rationale for performing an SBT with minimal ventilator 
support (eg, ATC, low level pressure support, or CPAP) rather than 
without ventilator support (eg, T-piece) 

• the additional support may overcome the resistance created by the 
ETT. 

• that the endotracheal tube can contribute to iatrogenic weaning 
failure

Intensive Care Med 2006; 32:165.

Chest 2009; 136:1006.



Duration of a weaning trial 

• The optimal duration of an SBT is unknown but typically ranges from 
30 minutes to two hours. 

• In general, an initial SBT of 30 minutes duration is considered 
sufficient to determine whether mechanical ventilation can be 
discontinued

• For patients who fail their initial SBT, longer trials of up to two hours 
may be warranted 

• For patients who are mechanically ventilated for more prolonged 
periods (eg, more than 10 days), → SBTs of longer duration (eg, two 
hours)

Am J Respir Crit Care Med 2001; 164:225.
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IDENTIFYING WEANING SUCCESS 

• — Regardless of the weaning strategy used, 

• the clinician must determine whether weaning was a success or 
failure. 

• Objective criteria that may indicate weaning failure include 
• tachypnea, respiratory distress (use of accessory muscles, thoracoabdominal 

paradox, and diaphoresis), hemodynamic changes (tachycardia, hypertension), 
oxyhemoglobin desaturation, and changes in mental status (somnolence, 
agitation)



DECIDING WHETHER TO EXTUBATE 

• If it is determined that weaning was successful, the decision must be 
made about whether to remove the endotracheal tube (ETT). 

• This requires an assessment of 
• whether the patient can protect their airway (ie, has a sufficient cough and 

adequate level of consciousness), 

• the volume of respiratory secretions, 

• and whether the airway is patent (ie, a cuff leak is present)



WEANING FAILURE 

• The etiology of weaning failure should always be sought. 

• Common causes include the 
• underlying source of the respiratory failure not being fully corrected (with an 

imbalance between work of breathing and respiratory muscle capacity), 
volume overload, cardiac dysfunction, neuromuscular weakness, delirium, 
anxiety, metabolic disturbances, and/or adrenal insufficiency. 

• Once the likely cause of weaning failure has been identified, it should 
be corrected and then weaning resumed



• When a patient fails weaning, the reason for failure should be sought 
and corrected. 

• Meanwhile, the patient should be assessed daily for readiness to 
wean. We suggest weaning such patients via once-daily SBTs, rather 
than SBTs multiple times daily, PSV, or IMV



Acute respiratory failureweaning
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weaning



Chang Gung Med J 2005;28:829-36

Acute respiratory failureWeaning
intervention



difficult-to-wean

• Patients are considered to have undergone simple weaning if they 
pass their first spontaneous breathing trial (SBT). 

• They are considered difficult-to-wean if they fail their first SBT and 
then require up to three SBTs or seven days to pass a SBT. 

• Finally, patients are considered to have undergone prolonged 
weaning if they fail at least three SBTs or require more than seven 
days to pass a SBT

Eur Respir J 2007; 29:1033



IDENTIFY AND CORRECT THE CAUSE 

• Repeatedly unsuccessful attempts at weaning usually signify 
incomplete resolution of the illness that precipitated mechanical 
ventilation 

• and/or the development of one or more new problems. 

• Further weaning attempts should be withheld once a patient has 
failed multiple attempts at weaning until the potential causes of the 
ongoing ventilator dependency are identified and corrected
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potential causes of difficult weaning 

• The potential causes of difficult weaning can be categorized according 
to whether they are respiratory/ventilatory or cardiac



• Once it is felt that the likely cause of ventilator 
dependency has been corrected, readiness 
testing can be performed to determine whether 
weaning is ready to resume

• Patients who are deemed ready to resume 
weaning should be psychologically prepared for 
the weaning process because psychological 
issues (eg, anxiety) can be significant 
impediments to successful weaning



• Patient with weaning-induced cardiac dysfunction should receive a 
spontaneous breathing trial on a T-tube or pressure support without 
PEEP

• It is important that a weaning trial be terminated if the patient is 
failing the trial, since respiratory muscle fatigue may develop. 

• Rest is the only treatment for such fatigue and recovery can take 
several days, delaying further weaning.



• Mechanical ventilation between weaning trials can have a profound 
effect. 

• Appropriate ventilator settings allow the muscles to rest and recover 
from fatigue caused by the weaning trial



patient‘s respiratory status 

• The patient‘s respiratory status should be optimized both during and 
between weaning trials. 
• This includes suctioning airway secretions before every weaning trial 

• and as-needed, administering a short-acting bronchodilator prior to every 
weaning trial 

• and as-needed, placing the patient the posture that they prefer, 

• and quickly correcting ventilator circuit problems



• Early mobilization and nutrition support may improve weaning 
success



• Some patients remain difficult-to-wean even though their acute 
illness has resolved and they are otherwise stable. 

• The care of such patients may be transferred to specialized weaning 
units.



long-term ventilator dependence

• For patients who are facing possible tracheostomy and long-term 
ventilator dependence, a meeting with the patient is essential to 
review their goals and preferences in the context of their expected 
prognosis and quality of life.

• If the patient is not able to participate in decision making, 
• meet with their designated decision-maker, or in the absence of a patient 

designated decision-maker, with the patient’s family.
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Variables    Total

N=335

Low Income

N=83

Middle Income

N=99

High Income

N=153

P value

Severe sepsis and septic shock 245 (73.1) 43 (51.8) 90 (90.9) 112 (73.2) <0.0001

Insulin and glucose control 268 (80) 56 (67.5) 87 (87.9) 125 (81.7) 0.002

Acute lung injury/ acute respiratory distress syndrome 218 (65.1) 38 (45.8) 85 (85.9) 95 (62.1) <0.0001

Admission and discharge criteria 259 (77.3) 45 (54.2) 89 (89.9) 125 (81.7) <0.0001

Do-not-resuscitate (DNR) 196 (58.5) 41 (49.4) 53 (53.5) 102 (66.7) 0.02

Sedation/analgesia 238 (71) 46 (55.4) 82 (82.8) 110 (71.9) 0.0003

Weaning from mechanical 

ventilation

216 (64.5) 41 (49.4) 77 (77.8) 98 (64.1) 0.0004

Venous thromboembolism prophylaxis 224 (66.9) 42 (50.6) 78 (78.8) 104 (67.9) 0.0003

Intravenous heparin 194 (57.9) 29 (34.9) 69 (69.7) 96 (62.8) <0.0001

Table S4: Written protocols and policies.
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weaning be initiated once the following 
criteria are satisfied 

• Evidence for some reversal of the underlying cause for respiratory 
failure 

• Adequate oxygenation (eg, PaO2 /FiO2  ratio >150 to 200 on 
ventilator settings that include ≤8 cm H2O of PEEP and an Fio2  ≤0.5)

• Adequate pH (eg, ≥7.25) 

• Hemodynamic stability, defined as the absence of active myocardial 
ischemia and clinically significant hypotension

• Capable of initiating an inspiratory effort 



• patients requiring PMV be weaned by gradually increasing the 
duration of spontaneous breathing

• Patients who fail spontaneous breathing should be placed on a non-
fatiguing, comfortable mode of ventilation and the cause of failure 
determined and corrected. 

• daily spontaneous breathing resume after the cause of failure has 
been corrected



The most successful weaning strategies include a daily 
assessment of the patient's readiness to wean


