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Mechanical Ventilator Weaning Protocols Driven by Nonphysician 
Health-Care Professionals 

Evidence-Based Clinical Practice Guidelines  

  

Abstract 

 
Health-care professionals (HCPs) can provide protocol-based care that has a measurable impact 
on critically ill patients beyond their liberation from mechanical ventilation (MV). Randomized 

controlled trials have demonstrated that protocols for liberating patients from MV driven by 
nonphysician HCPs can reduce the duration of MV. The structure and features of protocols 
should be adapted from published protocols to incorporate patient-specific needs, clinician 

preferences, and institutional resources. As a general approach, shortly after patients demonstrate 
that their condition has been stabilized on the ventilator, a spontaneous breathing trial (SBT) is 
safe to perform and is indicated. Ventilator management strategies for patients who fail a trial of 
spontaneous breathing include the following: (1) consideration of all remediable factors (such as 
electrolyte derangements, bronchospasm, malnutrition, patient positioning, and excess 
secretions) to enhance the prospects of successful liberation from MV; (2) use of a comfortable, 
safe, and well-monitored mode of MV (such as pressure support ventilation); and (3) repeating a 
trial of spontaneous breathing on the following day. For patients who pass the SBT, the decision 
to extubate must be guided by clinical judgment and objective data to minimize the risk of 
unnecessary reintubations and self-extubations. Protocols should not represent rigid rules but, 
rather, guides to patient care. Moreover, the protocols may evolve over time as clinical and 
institutional experience with them increases. Useful protocols aim to safely and efficiently 
liberate patients from MV, reducing unnecessary or harmful variations in approach.  

* From the Departments of Medicine (Dr. Ely), Vanderbilt University School of Medicine, Nashville, TN; the John Hopkins 
University School of Medicine (Dr. Haponik), Baltimore, MD; Barnes-Jewish Medical Center and Washington University School 
of Medicine (Dr. Kollef), St. Louis, MO; the Cleveland Clinic Foundation (Dr. Stoller), Cleveland, OH; and the Evidence-Based 
Practice Center (Drs. Meade, Cook, and Guyatt), McMaster University, Hamilton, Ontario, Canada. This research was supported 
by National Institutes of Health grant No. AG01023-01A1 (EWE) and a Beeson Scholarship from the American Federation for 
Aging Research (EWE).  
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Introduction 

 
Many advances have been made regarding the optimal methods of weaning ventilatory support 
and liberating patients from the ventilator. These efforts are important because mechanical 
ventilation (MV) is associated with considerable morbidity, mortality, and costs.1 2 3 However, 
the premature discontinuation of MV can contribute to the incidence of failed extubation, 
nosocomial pneumonia, or increased mortality.4 5 6 Traditionally, physicians have approached the 
discontinuation of MV through a gradual reduction in ventilatory support, which is reflected in 
universally applied but varying forms of "weaning." However, this gradual approach may 
unnecessarily delay the extubation of patients who have recovered from respiratory failure. With 
better recognition of the complications of MV, and with increasing awareness of the resources 
consumed during the care of patients experiencing respiratory failure, a change in the culture of 
weaning is well-supported by the literature. Evidence supports the current concept of "liberation" 
from MV 7 8 9 (ie, that the timely recognition of recovery from respiratory failure is more 
important than the manipulation of MV in an attempt to facilitate weaning). Furthermore, 
utilizing the skills and expertise of nonphysician health-care professionals (HCPs) can improve 
patient outcomes. 

The McMaster University Evidence-Based Practice Center has conducted a comprehensive 
review of the literature regarding weaning to address key questions posed by the Agency for 
Health Care Policy and Research (AHCPR).1 To create this 380-page document, which reviewed 

approximately 1,000 articles from 1971 to 2000, the authors chose 154 articles for final review 
and evaluation. Among the many aspects of weaning reviewed by the McMaster-AHCPR 
investigators, the strongest conclusions were drawn in regard to the development and 
implementation of ventilator weaning protocols and the use of nonphysician HCPs (eg, 
respiratory-care practitioners [RCPs] and nurses) in the ICUs to enhance patients’ liberation from 
MV.  

 
 

 
Materials and Methods 

We have described the methods of our reviews in the introduction to this supplement and in the 
article concerning alternative discontinuation assessment methods and weaning modes. Herein, 
we summarize these methods briefly, focusing on aspects specific to this topic.  

Eligibility Criteria 
We included all studies of adult patients who were receiving MV that compared weaning 
conducted according to an explicit protocol to the traditional, physician-directed approach. We 

included randomized trials, or controlled nonrandomized studies. We excluded studies that 
reported physiologic outcomes exclusively.  
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Search for Relevant Studies 
To identify relevant studies, we searched MEDLINE, EMBASE, HEALTHStar, CINAHL, the 
Cochrane Controlled Trials Registry, and the Cochrane Data Base of Systematic Reviews from 
1971 to September 1999, and we examined the reference lists of all included articles for other 
potentially relevant citations.  

Data Abstraction and Assessment of Methodological Quality 
Five respiratory therapists and five intensivists participated in data abstraction and in rating the 
methodological quality of all eligible randomized trials or nonrandomized controlled cohort 

studies that addressed treatment issues. One of the investigators rechecked the final data 
abstraction. The methodological features of randomized trials that we abstracted included the 
following: the method of randomization and whether randomization was concealed; the extent to 
which groups were similar with respect to important prognostic factors; whether investigators 
conducted an intention-to-treat analysis; whether patients, clinicians, and those assessing 

outcome were blind to allocation; the extent to which the groups received similar 
cointerventions; and reporting of the reasons for study withdrawal. For nonrandomized 
controlled clinical trials, we considered the extent to which groups were similar with respect to 
important prognostic factors, whether the investigators adjusted for differences in prognostic 
factors, and the extent to which the groups received similar cointerventions.  

Statistical Analysis 
We abstracted or, when necessary, calculated effect sizes in terms of relative risks (RRs) and 
associated 95% confidence intervals (CIs) for binary outcomes and mean differences and 95% 
CIs for continuous variables.  

 
 

Results 

  
We identified four randomized controlled trials (RCTs) that compared protocol-based weaning to 
conventional weaning (Table 1 ).9 10 11 12 One very small trial10 (15 patients) compared 
computer-directed weaning to physician-directed weaning and found trends in favor of the 
computer-directed weaning in both nonextubation and reintubation rates (Table 2 ).  
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Table 1.. Characteristics of RCTs Comparing Weaning Protocols to Physician-Directed 
Weaning*  

Study/yr ICU Population 
Method of 

Randomization Concealment

Weaning 
Criteria 

Reported

Extubation 
Criteria 

Reported 

Reintubation 
Criteria 

Reported 

Strickland 
and 
Hasson10 
/1993 

15 adults with 
acute respiratory 
failure MV in a 
multidisciplinary 
ICU 

Randomization 
table 

Sealed 
envelopes Yes No No 

Ely et al9 
/1996 

300 adults MV 
in medical and 
coronary ICUs 

Randomization 
table 

Sealed 
opaque 
envelopes Yes No No 

Kollef et 
al11 /1997 

357 adults MV 
in 4 medical and 
surgical ICUs Coin flip 

Sealed 
opaque 
envelopes Yes Yes No 

Marelich 
et al12 
/2000 

335 adults MV 
in a medical and 
trauma ICU 

Randomization 
table 

Sealed 
opaque 
envelopes Yes No No 

 

* MV = receiving mechanical ventilation. 

Table 2.. Results of Individual RCTs Comparing Weaning Protocols to Physician-Directed 
Weaning*  

Study/yr Outcome Results Effect Magnitude p Value 

Strickland and 
Hasson10 /1993      

Continuous variables Duration of weaning, h 
Int 1: 18.70 ± 
5.90 

- 6.90 (- 12.88–- 
0.92)  0.02 

  
Int 2: 25.60 ± 
5.60   

Binary variables Nonextubation 
Int 1: 2/9 
patients 0.39 (0.12–1.30)  0.13 

  
Int 2: 4/6 
patients   
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 Reintubation 
Int 1: 0/7 
patients 0.08 (0.00–1.15)  0.06 

  
Int 2: 2/2 
patients   

 Combined end point 
Int 1: 2/9 
patients 0.27 (0.09–0.80)  0.02 

  
Int 2: 6/6 
patients   

Ely et al9 /1996||     

Continuous variables ICU LOS, d 
Int 1: 8.00 ± 
10.50 

- 1.00 (- 3.14–
1.14)  0.36 

  
Int 2: 9.00 ± 
8.25   

 Hospital LOS, d 
Int 1: 14.00 ± 
12.75 

- 1.50 (- 5.03–
2.03)  0.41 

  
Int 2: 15.50 ± 
18.00   

 Duration of MV, h 
Int 1: 108.00 ± 
126.00 

- 36.00 (- 66.64–- 
5.36)  0.02 

  
Int 2: 144.00 ± 
144.00   

 Duration of weaning, h 
Int 1: 24.00 ± 
36.00 

- 48.00 (- 63.55–- 
32.45)  < 0.01 

  
Int 2: 72.00 ± 
90.00   

Binary variables MV for > 21 d 
Int 1: 9/149 
patients 0.43 (0.21–0.90)  0.03 

  
Int 2: 20/151 
patients   

 Self-extubation 
Int 1: 2/149 
patients 0.46 (0.11–2.02)  0.30 

  
Int 2: 5/151 
patients   

 Reintubation 
Int 1: 5/149 
patients 0.45 (0.17–1.18)  0.11 

  Int 2: 12/151   
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patients 

Kollef et al11 /1997¶     

Continuous variables Hospital LOS, d 
Int 1: 12.70 ± 
9.40 

- 1.50 (- 3.70–
0.70)  0.18 

  
Int 2: 14.20 ± 
11.70   

 
Duration of intubation, 
h 

Int 1: 35.00 ± 
74.25 

- 9.00 (- 32.36–
14.36)  0.45 

  
Int 2: 44.00 ± 
141.00   

Binary variables Hospital mortality 
Int 1: 40/179 
patients 0.95 (0.65–1.38)  0.78 

  
Int 2: 42/178 
patients   

 Reintubation 
Int 1: 23/158 
patients 1.18 (0.67–2.08)  0.56 

  
Int 2: 18/147 
patients   

 Requiring MV > 7 d 
Int 1: 21/179 
patients 0.68 (0.41–1.13)  0.13 

  
Int 2: 31/178 
patients   

 Combined end point 
Int 1: 44/179 
patients 0.89 (0.63–1.27)  0.53 

  
Int 2: 49/178 
patients   

Marelich et al12 
/2000¶     

Continuous variables Duration of MV, h 
Int 1: 68 (33–
164)# 56  0.0001**

  
Int 2: 124 (54–
334)#   

Binary variables Hospital mortality 
Int 1: 17/166 
patients 1.70 (0.81–3.54)  0.16 

  
Int 2: 10/169 
patients   
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Ventilator-associated 
pneumonia 

Int 1: 11/166 
patients 0.57 (0.29–1.14)  0.11 

  
Int 2: 20/169 
patients   

 Combined end point 
Int 1: 15/166 
patients 1.50 (0.71–3.19)  0.29 

  
Int 2: 10/169 
patients   

 

* Values given as mean ± SD, unless otherwise indicated. LOS = length of stay; Combined end 
point = nonextubation plus reintubation.  

Int 1 = intervention 1 (computer-directed weaning); Int 2 = intervention 2 (physician-directed 
weaning).  

Values given as differences in means (95% CI).  

Values given as RR (95% CI).  

|| Int 1 = intervention 1 (daily screening plus SBT protocol); Int 2 = intervention 2 (physician-
directed weaning).  

¶ Int 1 = intervention 1 (protocol by nurse and respiratory therapist); Int 2 = intervention 2 
(physician-directed weaning).  

# Values given as median (interquartile range).  

** From survival analysis. 

 

  
Three RCTs9 11 12 compared weaning protocols that were largely implemented by RCPs and 
nurses to conventional physician-directed weaning. These trials were all methodologically strong 
(Table 1) and, for this field, very large (300 to 357 patients). All three studies enrolled virtually 
all patients who were receiving MV in the participating units during the study periods.  

Ely and colleagues9 reported a two-step protocol that was driven by nurses and RCPs 
incorporating daily screening followed by a spontaneous breathing trial (SBT). Although the 151 
patients who were managed in the medical and coronary ICUs and were in the intervention group 
had a higher severity of illness than the 149 control patients, they were removed from the 
ventilator 1.5 days earlier, had 2 fewer days of weaning, had 50% fewer complications related to 
the ventilator, and had mean ICU costs of care that were lower by more than $5,000 lower per 
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patient.9 These investigators studied patients whose median durations of MV were 4.5 and 6 
days, respectively, in the protocol-directed and physician-directed groups. The RR of successful 
extubation in the protocol-directed group was 2.13 (95% CI, 1.55 to 2.92; p < 0.001), indicating 
that MV was successfully discontinued sooner in the protocol-directed group than in the control 
group. The largest separation between groups was at approximately 5 days, and differences 
disappeared by about 15 days. Patients in the physician-directed group spent a day longer in the 
ICUs and 1.5 days longer in the hospital. Neither of these differences reached statistical 
significance.  

Kollef and colleagues11 conducted their study in four ICUs using three different weaning 
protocols that had been developed and tested by the ICU staff prior to the start of the study. 
Despite the large sample size, the power of their study to detect differences in key end points was 
limited by the fact that most patients spent a relatively short period of time on the ventilator. In 

the protocol-directed and physician-directed groups, 25% of the patients were extubated by 15 
and 21 h, respectively, 50% were extubated by 35 and 44 h, respectively, and 75% were 
extubated by 114 and 209 h, respectively. Only 12% and 17%, respectively, of the patients spent 
> 7 days on the ventilator. Survival and regression analyses suggested a difference that favored 

patients in the protocol group. Simple analyses also favored the protocol-directed group, but they 
failed to reach statistical significance (Table 2) .  

In a more recent investigation that included 335 patients (approximately 50% surgical, and 
predominantly trauma), Marelich and colleagues12 showed in an RCT that the use of a weaning 
protocol incorporating multiple daily SBT assessments shortened the median duration of MV 
from 124 to 68 h (p = 0.001). Investigators censored patients in the protocol group for whom 
attending physicians violated the protocol, potentially excluding from the analysis patients who 
were destined to wean more slowly from ventilation. This may overestimate the reported benefit 
of the weaning protocol with respect to the duration of ventilation; thus, these results are 
potentially misleading.  

In addition to these RCTs, 11 non-RCTs have examined the impact of, largely, respiratory 
therapist-directed or nursing-directed weaning compared to physician-directed weaning on 
weaning outcomes in critically ill patients (Tables 3 4 4A ).13 14 15 16 17 18 19 20 21 These studies, 
conducted in a variety of populations, are generally much larger than the corresponding RCTs 
but are more prone to bias, given their observational design (Table 3) . The results of these 
nonrandomized studies are generally consistent with the results of the RCTs, demonstrating 
statistically significant reductions or trends toward reductions in the duration of MV and ICU 
length of stay. Protocol-based weaning was associated with other favorable process-of-care 
outcomes such as fewer arterial blood gas analyses. Mortality and reintubation rates did not 
appear to differ between the experimental and control groups. Complications of protocol-based 

weaning were not reported.  
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Table 3.. Characteristics of Clinical Non-RCTs Comparing Weaning Protocols to Physician-
Directed Weaning*  

Study/yr ICU Population 

Demonstrate 
Baseline 

Similarity 
Cointervention 

Similarity 

Weaning 
Criteria 

Reported

Extubation 
Criteria 

Reported 

Reintubation 
Criteria 

Reported 

Foster et 
al13 
/1984 

Cardiac bypass 
surgery (n = 63) Age 

Not 
demonstrated Yes Yes No 

Tong14 
/1991 

Postoperative (n 
= 54) Age 

Not 
demonstrated No No No 

Rotello 
et al15 
/1992 

Multidisciplinary 
adult ICU (n = 
63) 

Proportion 
with 
pneumonia, 
COPD 

Not 
demonstrated Yes No No 

Wood et 
al16 
/1995 

Cardiac surgery 
(n = 284) Age 

Not 
demonstrated Yes Yes No 

Saura et 
al17 
/1996 

Adult medical (n 
= 101) 

Age, prestudy 
time on 
ventilation, 
COPD, 
APACHE II 
score 

Not 
demonstrated Yes Yes No 

Djunaedi 
et al18 
/1997 

Multidisciplinary 
adult ICU (n = 
107) 

Age, 
proportion 
postoperative, 
APACHE II 
score 

Not 
demonstrated Yes Yes No 

Burns et 
al19 
/1998 

Multidisciplinary 
adult (n = 409) 

Proportion 
postoperative, 
with 
neuromuscular 
disease, time 
on ventilation 

Not 
demonstrated Yes No No 

Horst et 
al20 
/1998 

Postoperative 
adult ICU (n = 
893) 

APACHE II 
score 

Not 
demonstrated Yes Yes No 

Kollef et 
al21 

Surgical ICU (n 
= 347) None reported 

Not 
demonstrated No No No 
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/1998 

Kollef et 
al21 
/1998 

Mixed adult ICU 
(n = 88) 

Age, MPM 
score 

Not 
demonstrated No No No 

Kollef et 
al21 
/1998 

Mixed adult 
ICU  Age 

Not 
demonstrated No No No 

 

* APACHE = acute physiology and chronic health evaluation; MPM = mortality prediction 
model.  

No. of patients not reported. 

 
Table 4.. Results of Individual Clinical Non-RCTs Comparing Weaning Protocols to Physician-
Directed Weaning*  

Study/yr Outcome Results Effect Magnitude 
p 

Value 

Foster et al13 
/1984      

Continuous 
variables Duration of MV, h 

Int 1: 10.80 ± 
4.50 

- 7.40 (- 10.65–- 
4.15)  < 0.01 

  
Int 2: 18.20 ± 
8.50   

 
Duration of 
intubation, h Int 1: 9.80 ± 4.40 - 6.70 (- 9.79–- 3.61)  < 0.01 

  
Int 2: 16.50 ± 
8.00   

 
ABGs performed, 
No. Int 1: 6.60 ± 2.00 - 4.80 (- 6.68–- 2.92)  < 0.01 

  
Int 2: 11.40 ± 
5.30   

Binary variables Nonextubation 
Int 1: 22/36 
patients 0.64 (0.49–0.83)  < 0.01 

  
Int 2: 26/27 
patients   
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Tong14 /1991||     

Continuous 
variables 

ABGs performed, 
No. Int 1: 3.40 ± 0.50 - 2.80 (- 3.85–- 1.75)  < 0.01 

  Int 2: 6.20 ± 1.90   

Rotello et al15 
/1992¶     

Continuous 
variables 

Duration of weaning, 
min 

Int 1: 170.00 ± 
93.00 

- 137.00 (- 199.00–- 
75.00)  < 0.01 

  
Int 2: 307.00 ± 
131.00   

 
ABGs performed, 
No. Int 1: 1.06 ± 0.24  < 0.01 

  Int 2: 2.85 ± 0.69 - 1.79 (- 2.02–- 1.56)   

Wood et al16 
/1995#     

Continuous 
variables Duration of MV, h 

Int 1: 19.78 ± 
7.58 - 1.22 (- 3.62–1.18)  0.32 

  
Int 2: 21.00 ± 
9.60   

 
Duration of weaning, 
h Int 1: 3.01 ± 2.93 - 0.29 (- 1.42–0.84)  0.61 

  Int 2: 3.30 ± 4.65   

Binary variables Reintubation 
Int 1: 1/55 
patients 1.10 (0.17–7.27)  0.92 

  
Int 2: 3/142 
patients   

Saura et al17 
/1996**     

Continuous 
variables ICU LOS, d 

Int 1: 16.70 ± 
16.50 - 3.60 (- 9.43–2.23)  0.23 

  
Int 2: 20.30 ± 
13.20   

 Duration of MV, d 
Int 1: 10.40 ± 
11.60 - 4.00 (- 8.28–0.28)  0.07 

  Int 2: 14.40 ±   
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10.30 

 
Duration of weaning, 
d Int 1: 3.50 ± 3.90 - 0.10 (- 1.34–1.14)  0.87 

  Int 2: 3.60 ± 2.20   

Binary variables ICU mortality 
Int 1: 4/51 
patients 0.52 (0.18–1.52)  0.23 

  
Int 2: 8/50 
patients   

 Nonextubation 
Int 1: 5/51 
patients 1.20 (0.37–3.92)  0.76 

  
Int 2: 4/50 
patients   

 Reintubation 
Int 1: 9/51 
patients 1.24 (0.52–2.98)  0.63 

  
Int 2: 7/50 
patients   

 Tracheostomy 
Int 1: 1/51 
patients 0.33 (0.05–1.99)  0.23 

  
Int 2: 4/50 
patients   

Djunaedi et al18 
/1997      

Continuous 
variables Duration of MV, d Int 1: 3.89 ± 4.43 0.71 (- 0.89–2.31)  0.39 

  Int 2: 3.18 ± 3.98   

Burns et al19 
/1998      

Continuous 
variables Hospital LOS, d 

Int 1: 12.70 ± 
15.14 - 2.10 (- 6.73–2.53)  0.37 

  
Int 2: 14.80 ± 
15.68   

 Duration of MV, h 
Int 1: 11.60 ± 
12.47 - 1.30 (- 5.23–2.63)  0.52 

  
Int 2: 12.90 ± 
13.57   
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Horst et al20 
/1998      

Continuous 
variables Duration of MV, h 

Int 1: 112.60 ± 
164.00 

- 58.00 (- 79.77–- 
36.23)  < 0.01 

  
Int 2: 170.60 ± 
164.00   

Binary variables ICU mortality 
Int 1: 63/515 
patients 0.84 (0.60–1.17)  0.31 

  
Int 2: 55/378 
patients   

 Reintubation 
Int 1: 2/515 
patients 0.28 (0.07–1.21)  0.09 

  
Int 2: 6/378 
patients   

 

* Values given as mean ± SD, unless otherwise indicated. ABG = arterial blood gas analysis; 
IMV = intermittent mandatory ventilation. NE = no estimate of variance was 
available/calculable. See Table 2 for abbreviations not used in the text.  

Int 1 = intervention 1 (respiratory therapist-directed protocol); Int 2 = intervention 2 (physician-
directed weaning).  

Values given as differences in means (95% CI).  

Values given as RR (95% CI).  

|| Int 1 = intervention 1 (computer-directed weaning); Int 2 = intervention 2 (physician-directed 
weaning).  

¶ Int 1 = intervention 1 (nurse-directed oxygen weaning); Int 2 = intervention 2 (physician-
directed weaning).  

# Int 1 = intervention 1 (respiratory therapy-directed IMV weaning protocol); Int 2 = intervention 
2 (physician-directed weaning). ** Int 1 = intervention 1 (protocol-directed weaning); Int 2 = 
intervention 2 (physician-directed weaning).  

Int 1 = intervention 1 (multidisciplinary protocol-directed weaning); Int 2 = intervention 2 
(physician-directed weaning).  

Int 1 = intervention 1 (nurse and respiratory therapist-directed weaning protocol); Int 2 = 
intervention 2 (physician-directed protocol). 
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Table 4A.. Continued  

Study/yr Outcome Results Effect Magnitude p Value 

Kollef et al21 /1998      

Continuous variables ICU LOS, d Int 1: 4.40 ± NE - 1.67   

  Int 2: 6.07 ± NE   

 Duration of MV, h Int 1: 121.90 ± NE - 48.70   

  Int 2: 170.60 ± NE   

Kollef et al21 /1998      

Continuous variables Hospital LOS, d Int 2: 11 ± NE - 3.00   

 ICU LOS, d Int 1: 4.00 ± NE - 4.00   

  Int 2: 8.00 ± NE   

 Duration of MV, h Int 1: 72.00 ± NE - 72.00   

  Int 2: 144.00 ± NE   

Binary variables Hospital mortality Int 1: 14/53 patients 0.84 (0.44–1.60)  0.59 

  Int 2: 11/35 patients   

Kollef et al21 /1998      

Continuous variables Hospital LOS, d Int 1: 15.60 ± NE - 4.60   

  Int 2: 20.20 ± NE   

 ICU LOS, d Int 1: 5.80 ± NE - 2.30   

  Int 2: 8.10 ± NE   

 Duration of MV, h Int 1: 21.60 ± NE - 43.20   

  Int 2: 112.80 ± NE   
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Discussion 
 
To provide clinicians with the most useful information set for the design and implementation of 
weaning protocols, we have structured this section into seven key recommendations (Table 5 ). 
The results of the foregoing evidence-based review were incorporated into the first three 
recommendations. The last four recommendations were derived from emerging data about 
weaning from MV and extubation, the optimal delivery of sedation and analgesia in the ICU, and 
the need for an objective and graded plan of implementation.  
 

 

Table 5.. Summary of Recommendations for MV Weaning Protocols*  

Recommendation Description 

1. Nonphysician HCPs should be included in the development and utilization of protocols 
related to weaning from MV; 

2. ICU clinicians should utilize protocols for liberating patients from MV to safely reduce its 
duration; 

3. Clinicians should conduct SBTs at least once daily to identify patients who are ready for 
liberation from the ventilator; 

4. When patients fail an SBT, clinicians should attend to potentially remediable factors, 
choose a safe and comfortable mode of MV with the head elevated at 30° to 45°,46 conduct 
SBTs at least once daily, and, in the face of repeated failures, consider performing a 
tracheotomy or long-term care facilities; 

5. When patients pass an SBT, clinicians should seriously consider prompt extubation; 

6. For the delivery of psychoactive medications, clinicians should consider protocols that 
include daily ventilatory cessation and targeted sedation goals to reduce the duration of MV 
and ICU stay; and 

7. For the implementation of weaning protocols, consider the following strategies: 
development of goals using an evidence-based approach by a multidisciplinary team; and 
implementation using effective behavior-changing strategies such as interactive education, 
opinion leaders, reminders, audit, and feedback. 

 

* PSV = pressure-support ventilation; SIMV = synchronized intermittent mandatory ventilation. 
See Table 2 for abbreviations not used in the text. 
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Respiratory Care Provided by Nonphysician HCPs 
Considerable evidence exists that allied HCPs can implement respiratory-care protocols that 
enhance clinical outcomes for critically ill patients with respect to appropriate blood gas analysis 
or chest physiotherapy.21 22 23 24 25 26 Respiratory-care protocols (i.e., therapist-driven or patient-
driven protocols) have been investigated extensively during the past few years.27 28 29 30 31 From 
these studies, we have learned that the use of protocols can improve clinical outcomes and 
enhance the appropriate allocation of respiratory-care services.  

Recommendation 1: Based on evidence from randomized trials, we recommend that 
nonphysician HCPs be included in the development and utilization of respiratory-care protocols 
(not confined to liberation from MV).  

Weaning Protocols 
The McMaster evidence-based AHCPR report on weaning1 concluded that there is strong 
evidence that weaning protocols can, under some circumstances, decrease the length of time that 
a patient spends on the ventilator. These protocols may be organized and led by physician 
opinion leaders, then implemented on a daily basis by nonphysician HCPs. A major transition in 
thought regarding weaning began in 1994 and 1995, when it was demonstrated for the first time 
in RCTs,8 32 that one modality of weaning might be superior to another if it was executed in a 
specified fashion. However, these data did not establish that a weaning protocol was superior to 
the standard of care, which was the individual physician’s best management.33 Now, the results 
of three randomized trials,9 11 12 including 992 patients, suggest that protocols can, at least under 
some circumstances, result in important decreases in the duration of MV. The implementation of 
nurse-driven or RCP-driven weaning protocols, regardless of the specific weaning mode 
employed, can significantly expedite safe liberation from MV.1 31  

That three RCTs using appreciably different protocols have all demonstrated statistically 
significant reductions in the time spent receiving MV (although the magnitude of the difference 
between groups varied substantially) suggests that it is the protocols (and the culture change that 
these protocols represent) that effect the benefit, rather than any specific modality of weaning. 
The current data do not support the use of any one protocol (although some guidelines are offered 
below), and the selection of an appropriate protocol is best left to multidisciplinary teams at 
individual institutions. Importantly, each institution must endorse the fiscal commitment and the 

staffing modifications that are necessary for developing and implementing a multidisciplinary 
weaning protocol team of dedicated HCPs.34 While institutions should embrace collaborative 
weaning efforts35 and should customize protocols to local practices, several important general 
concepts may ease the process of implementation and may enhance success, and these are 
reviewed in multiple sections below.  

Recommendation 2: Based on evidence from RCTs, we recommend that ICU clinicians utilize 
protocols for liberating patients from MV in order to safely reduce the duration of MV.  

SBTs 
Given the low negative predictive value of most weaning parameters (ie, the available parameters 
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predict weaning failure poorly),3 36 37 it appears most prudent to conduct daily assessments of the 

patient’s ability to breathe spontaneously.8 9 11 32 Clinicians should have a low threshold to 
perform such a trial. Yet, in a recent international utilization review38 of the actual weaning 
practices of 412 medical and surgical ICUs in 1,638 patients receiving MV, only 20% of patients 
were weaned using some form of SBT, and in the United States, SBTs were incorporated into 
weaning in < 10% of all patients studied. Patients chosen for SBTs should be in 
hemodynamically stable condition, and their condition should be improving with regard to the 
underlying cause of respiratory failure. SBTs can be performed safely by nonphysician HCPs 
using a T-piece, continuous positive airway pressure without pressure support, or with pressure 
support up to 7 cm H2O, and for durations of 30 min to 2 h.6 8 9 11 32 34 39 40 The monitored 
assessment of spontaneous breathing should be conducted at least once daily (with the head of 
the bed elevated and after notifying the patient of the start of the SBT) and should be integrated 
with other major events in the patient’s daily care, including the cessation or temporary reduction 
in delivery of sedation and analgesia medications.41 There are emerging data about the utility of 
noninvasive positive-pressure ventilation to facilitate weaning and to avoid reintubation,42 43 44 45 
as well as ongoing multicenter trials that are studying protocols using this modality of respiratory 
support for weaning patients from MV.  

Recommendation 3: Based on evidence from randomized trials, we recommend at least once 
daily SBTs to identify patients who are ready for liberation from the ventilator.  

Recommendations for Patients Who Are "Not-Yet-Ready" for Liberation 
When a patient does not demonstrate readiness for liberation from the mechanical ventilator, but 
is improving as indicated by lessening support requirements, the clinician is faced with a decision 
about how to wean MV support. In randomized trials, both Esteban et al8 and Brochard et al32 
employed a screening process whereby patients were enrolled into the trials only if they failed to 
demonstrate readiness via an SBT. In these studies, either once-daily SBTs or pressure support 
ventilation were both superior to intermittent mandatory ventilation alone. Reported differences 
in the superiority of SBTs vs pressure support ventilation have been attributed to variations in the 
management protocols. The value of differing modes depends on thresholds for initiating, 
progressing through, and terminating weaning. Unfortunately, these thresholds involve more than 
objective data and appear to be related to physician judgment.1 Therefore, based on evidence 
from these investigations, we can offer the following recommendations.  

Recommendation 4: When patients fail an SBT, we recommend the following assessments and 
interventions, based on varying levels of evidence:  

1. All remediable factors should be addressed to enhance the prospects of successful 
liberation from MV (e.g., electrolyte derangements, bronchospasm, malnutrition, patient 

positioning, or excess secretions).  
2. The patient should be placed in an upright position46 on a comfortable, safe, and well-

monitored mode of MV (such as pressure support ventilation).  
3. An SBT should be performed at least once daily. Few data support multiple manipulations 

of ventilator settings each day in an effort to wean or "train" the patient. For clinicians 
who prefer stepwise reductions in MV, both multiple daily SBTs and weaning pressure 

support ventilation appear to be superior to intermittent mandatory ventilation.8 32  
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4. In the face of repeated failures at daily SBTs, clinicians should consider longer-term 
options, including both tracheotomy and a long-term acute-care or stepdown ventilator 
facility.47  

Extubation Decisions 
The clinical trials6 8 9 11 32 discussed above each outlined a rigid extubation protocol or, 
alternatively, an approach that incorporated the clinician’s judgment and preferences for the 
timing of extubation. Despite the care and rigor with which a team of HCPs evaluates their 
patients’ abilities to be liberated from MV, some patients will require reintubation,5 48 which 
carries an estimated 8-fold higher odds ratio for nosocomial pneumonia49 and a 6-fold to 12-fold 
increased mortality risk.4 6 39 50 Reported reintubation rates range from 4 to 20% for different 

ICU populations4 5 6 8 9 32 34 51 and may be as high as 33% in patients with mental status changes 
and neurologic impairment.48 The optimal rate of reintubation is not known but likely rests 

between 5% and 15% in non-neurologically impaired patients.  

One important cause of reintubation is self-extubation or accidental extubation of patients who 
are inadequately sedated and/or restrained. However, self-extubation also can occur in patients 
who are ready to be liberated from the ventilator. For instance, approximately 50% of patients 
who self-extubate do not require reintubation.50 52 53 54 55 This fact should further motivate 
physicians to adopt proactive protocols directed toward earlier extubation. In fact, two 
investigations have shown an associated reduction in reintubation rates by incorporating a 
protocol driven by nonphysician HCPs.9 56  

Recommendation 5: Based on the sum of evidence from randomized trials and observational 
studies, we recommend that when patients have passed an SBT, clinicians seriously consider 
prompt extubation.  

Sedation and Analgesia 
When other key features in the management of patients receiving MV, such as sedation and 
analgesia, are protocolized and managed by nonphysician HCPs, further reductions in the time 
spent receiving MV can be realized. Standardizing the delivery of sedatives and analgesics is the 
most recent development in the area of protocolization and weaning from MV. One RCT, using a 
nursing-implemented protocol to manage the delivery of sedation, showed a reduction in the 
duration of MV by 2 days (p = 0.008), decreased length of stay in the ICU by 2 days (p < 
0.0001), and a lower tracheostomy rate among the treatment group (6% vs 13%; p = 0.04).41 In 
another recently published RCT57 among 128 patients receiving MV in an ICU, those in whom 
sedation was maintained at a lighter level (via daily interruption of their sedative infusion) spent 
2 days less receiving MV (p = 0.004) and 3 days less in the ICU (p = 0.02) than did patients in 
whom infusions were not interrupted. In addition, the pharmacoeconomic impact of guidelines 
for analgesia, sedation, and neuromuscular blockade appear to be favorable and have received 

more attention in the medical literature recently.58 In summary, these studies have demonstrated 
the important interactions between the delivery of psychoactive medications and the expeditious 

weaning from MV. However, considering the nearly universal use of these agents in patients 
receiving MV and the relative paucity of controlled investigations in this area,59 further study is 
required before detailed and specific methods of protocolization can be recommended. For 
example, studies to date have monitored only the arousal component of consciousness and have 
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tracked relatively few adverse events, none of which included patients’ distress during 
awakening, recollections of discomfort after their stay in the ICU, delirium, or persistent 
neuropsychological outcomes. Emerging work in the area of the content of consciousness (eg, 
delirium) is revealing important interactions between the development of delirium and outcomes 
including the duration of the hospital stay, as well as long-term neuropsychological outcomes.60 
61 62  

Recommendation 6: Based on evidence from randomized trials for the delivery of psychoactive 
medications, we recommend the consideration of protocols that include daily cessation and 
targeted sedation goals to reduce the duration of MV and of the length of stay in the ICU.  

Implementation of Protocols 
Both the level of institutional commitment to improving clinical outcomes and the health-care 
team’s leadership, persistence, and consistency in the implementation of protocols will determine 
the ultimate success of any management protocol. Protocolized care has been advocated in many 
facets of medicine, but relinquishing control of the patient’s management often creates 
resentment and frustration on the part of physicians. Even when research clearly supports a 
change in approach, it is very difficult to get physicians to alter their practice and management 
styles.63 Certain physicians may have a low "readiness to change," and these professionals may 

require either motivational interventions or consultation with respected opinion leaders.64 65 
Negative reactions to protocols may be reasonable under some circumstances, since protocols 
have the potential to do harm. Important considerations that may facilitate behavioral changes 
include interactive education, timely and specific feedback, participation by physicians in the 
effort to change, administrative interventions, and even financial incentives and penalties.63 
Through a staged implementation process, using periodic reinforcement of all participants in 
ventilator management and the close monitoring of compliance with the protocol, large-scale 

implementation within major medical centers is possible.34 Protocol implementation (and 
acceptance) is potentially less complicated in smaller, self-contained units with fewer staff and 
more direct communication channels. Tips for the implementation of weaning protocols and for 
avoiding barriers to success, which were derived from the study of > 15,000 patient-days of MV 

over nearly 2 years of implementation,65 are presented in Table 6 . The effective implementation 
of protocols requires adequate staffing, and it has been shown that if staffing is reduced below 
certain thresholds, clinical outcomes may be jeopardized.66 67 Indeed, in the specific context of 
liberation from MV, reductions in nurse-to-patient ratios have been associated with a prolonged 
duration of MV.68  
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Table 6.. Tips for Implementation of Protocols to Maximize the Likelihood of Success in 
Achieving Both a Change of Behavior on the Part of HCPs and Long-term Protocol 
Implementation  

Identify the patient-care issue as a high-priority item (e.g., timely extubation); 

Obtain baseline data at your institution (e.g., lengths of stay and complication rates); 

Design the protocol using evidence-based methods complemented by a review of protocols 
in other programs and opinions of local experts; 

Acknowledge the need for a "change in culture" on the part of both physicians and 
nonphysician HCPs; 

Work hard to achieve the support of local experts, opinion leaders, and administrative 
officials; 

Establish a team including the hospital administration, physicians, RCPs, nurses/acute-care 
nurse practitioners, and potentially ethicists or other experts in end-of-life care; 

As a team, establish goals and set objective definitions of success and failure; 

Avoid changing personnel too often (e.g., if possible, have staff dedicated to specific ICUs 
rather than rotating through all ICUs of a hospital) 

Structure a graded, staged implementation process that provides all of the following 

Education 

Timely feedback 

Compliance monitoring 

Tracking of appropriate outcomes (including cost) via daily data collection 

Avoid complicated plans aimed at perfection; be pragmatic 

Consider the implementation as a dynamic process; incorporate innovative changes over time; 
respond to feedback and new literature 

Avoid an overly rigid interpretation of the rules of the protocol that can delay attempts 
toward advancing "ready" patients through a protocol; 

Do not remove clinical judgment on the part of any team members; and 

Acknowledge the need for and plan to have periodic refresher implementation processes to 
avoid the otherwise inevitable regression to baseline 
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It is imperative that protocols not be used to replace clinical judgment, but rather to complement 
it. Protocols are meant to guide patient care and may serve as the general default management, 
unless they are based on patient response or if any of the HCPs (i.e., physicians, nurses, or RCPs) 
can justify a departure from the protocol. Likewise, protocols should not be viewed as rigid rules, 
but rather as dynamic tools in evolution that can be improved on to address local problems and to 
accommodate new data. More studies regarding the impact of protocol-based weaning are needed 
to better delineate optimal approaches in specific patient populations (e.g., neurosurgical,69 70 
trauma,12 71 or COPD patients42 ), in specific organizational structures (e.g., open vs closed units 

or teaching vs community hospitals72 ), and using computer-assisted decision making.73 74  

Recommendation 7: We recommend the consideration of the following strategies for weaning 
protocols: development using an evidence-based approach by a multidisciplinary team; and 
implementation using effective behavior-changing strategies such as interactive education, 

opinion leaders, reminders, audit, and feedback.  

In summary, this evidence-based review suggests that protocols driven by nonphysician HCPs to 
manage the weaning and liberation of patients from MV can reduce the time that patients spend 
receiving MV. We have developed seven key recommendations to synthesize this information for 
those attempting to design a weaning protocol. We also have discussed key general issues to aid 
in protocol implementation. Acknowledging the important nuances in protocols that should be 
dictated by specific patient populations and institutional preferences, the following two steps in 
any successful weaning attempt derived from recent RCTs9 11 12 41 57 bear repeating: step A 
should involve minimizing or temporarily discontinuing sedation and analgesia enough to 
observe patient awakening; and step B should involve an assessment of the patient’s ability to 
spontaneously breathe.  

The data included in this systematic review and a more comprehensive discussion of the original 
articles are included in an Evidence Report of the Agency for Healthcare Research and Quality.75  

 
 

 Footnotes 

 
Abbreviations: AHCPR = Agency for Health Care Policy and Research; CI = confidence 
interval; HCP = health-care professional; MV = mechanical ventilation; RCP = respiratory-care 
practitioner; RCT = randomized controlled trial; RR = relative risk; SBT = spontaneous breathing 
trial  
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Brief Glossary of Terms related to mechanical ventilation: 

 
Airway Pressure Release Ventilation (APRV) - A spontaneous 
mode of ventilation that employs a time cycled fluctuation in positive 
airway pressure. Continuous Positive Airway Pressure is periodically 
released to facilitate exhalation. The difference between 
CPAP and release pressure will be the net release pressure gradient. 
Tidal volumes will vary directly with lung compliance and 
inversely with changes in total resistance. 
 
Assisted Ventilation - The continuous augmentation of the 
spontaneously triggered breathing effort with a mechanically generated 
breath. Can be volume, pressure or flow. 
 
Assist Control Ventilation (AC) - A mode of ventilation in 
which both spontaneous and mechanically triggered breaths are 
supported by the ventilator. The mandatory breath rate is the minimum 
amount of breaths the machine will deliver in a minute. 
The patient can trigger additional machine breaths above the set 
rate. AC breaths can be pressure, volume or flow cycled. 
 
Auto-PEEP - Positive End Expiratory 
Pressure (PEEP) that is not set by the clinician. 
This PEEP represents a dynamic 
hyperinflation of the lung. PEEP that is 
present but not reflected by the monitoring 
systems of the mechanical ventilator. 
 
BiPAP - A registered acronym of Respironics. A form of noninvasive 
full-face or nasal mask ventilation that employs a flow 
augmented, pressure limited, flow/time/pressure cycled form of 
ventilation. A level of inspiratory pressure limited flow augmentation, 
(IPAP) is clinician pre-set above a clinician pre-set end expiratory 
pressure, (EPAP). Essentially this time/pressure/flow triggered; 
pressure limited; flow/time/pressure cycled method of noninvasive 
ventilation is PSV with PEEP. Bear in mind that the pressures 
are cumulative and the PSV level will be the difference 
between the IPAP and EPAP levels. 
 
Continuous Mechanical Ventilation (CMV) - a mode a ventilation 
either assisted or controlled where all breaths are mechanical. 
Note: CMV is more classically used to designate Controlled 
Mechanical Ventilation, a mode in which the patient is unable to 
reach a "locked out" triggering threshold. 
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Continuous Positive Airway Pressure (CPAP) - a spontaneous 
mode of ventilation. The mechanical ventilator administers a continuous 
supra-atmospheric pressure to the airway. The patient 
breathes spontaneously above this pressure. 
 
Control variables - the variable the ventilator manipulates to 
cause inspiration. Specifically; pressure, time, flow and volume. 
Pressure controllers maintain pressure despite downstream changes 
in impedance. Volume controllers monitor volume delivery. 
Inverse Ratio Ventilation (IRV) - method of ventilation engaging 
a prolonged inspiratory time. This inspiratory time inverts the 
normal I:E creating a situation where the inspiratory time is 2-4 
times longer than the expiratory time. This maneuver attempts to 
enhance oxygenation with an increased mean airway pressure, 
gas-liquid inter-phase and greater alveolar recruitment. This pattern 
of I:E can be utilized in both pressure and volume limited 
modes of assisted ventilation. 
Mandatory Breath - a breath that is machine triggered and/or 
cycled. A non-spontaneous breath. 
Mandatory Minute Ventilation - (MMV) A method of ventilation 
that allows the patient to breathe spontaneously with a clinician 
pre-set minute volume target. If the patient satisfies the preset 
minute volume threshold the machine remains dormant and 
continues monitoring exhaled volume. Should the patient fail to 
reach the targeted minute ventilation the machine delivers clinician 
prescribed breaths until the pre-set minute volume is satisfied. 
Mean Airway Pressure (MAP) - The average airway pressure 
during one complete ventilatory cycle. MAP is directly related to 
PEEP and influenced by PAP, inspiratory time and inspiratory flow. 
NOTE: Frequently expiratory airways resistance is greater than 
inspiratory airways resistance. This will cause most machines to 
underestimate true MAP which will usually be greater in reality 
than the instrumentation will indicate. 
 
Peak Airway Pressure - (PAP/PIP) The maximum airway pressure 
recorded during an inspiratory cycle. This maximum or 
extreme pressure is usually actualized at the end of inspiration. 
This pressure reflects the collective result of machine and patient 
variables and is dynamic in character. 
 
Phase Variables - the aspects of the mechanically ventilated 
breath, (pressure, volume, flow and time) that affect the four 
phases of the mechanical breath. 1) the change from inspiration 
to exhalation, 2) inspiration, 3) the change from inspiration to 
exhalation and 4) exhalation. 
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Cycle variable - the variable that causes the change of phase 
from inspiration to exhalation. This variable can have a flow, 
time, pressure or volume threshold. 
 
Trigger variable - the threshold of flow, time, pressure or volume 
that initiates mechanical inspiration. The trigger can be 
patient initiated or machine actuated. 
 
Limit variable - the flow, pressure, time or pressure variable 
that frames the mechanical breath. The limit is a threshold that 
cannot be breached by the patient and remains constant. 
 
Baseline variable - the mechanical parameter controlled during 
exhalation. (ZEEP and PEEP) 
 
The PaO2/FiO2 index (P/F ratio) - quantifies the ratio of arterial 
oxygen tension to available oxygen concentration. It is a very 
useful formula in evaluating the degree of intrapulmonary shunt 
and subsequent compromise of cardiopulmonary function. The 
PaO2/FiO2 index is also a valuable indicie of diffusion capability 
and a primary tool in assessing the degree of injury to the lung. 
Low diffusion states will have a low ratio of arterial oxygen in 
relation to a given FiO2. The PaO2/FiO2 index acts to identify the 
severity of lung injury, If the PaO2/FiO2 index is < 300 strongly 
suspect Acute Lung Injury. (ALI) If the PaO2/FiO2 index is < 200 
strongly suspect Acute Respiratory Distress Syndrome. (ARDS) 
 
Plateau Pressure - (PPLAT) PPLAT is the pressure measured at 
the end of inspiration during an inflation hold. This inflation hold 
allows inspired gas to equilibrate in regions of the lung with 
incongruous time constants. PPLAT is the pressure required to 
counterbalance end inspiratory forces and is related to the static 
end inspiratory elastic recoil pressure of the total respiratory system. 
Airway pressure measured during an end inspiratory occlusion 
replicates the elastic threshold stress to the pulmonary system 
sans the inevitable resistive forces present during active 
inspiration. PPLAT faithfully approximates alveolar pressure and 
as such is a very useful clinical assessment tool. 
Plateau pressure is needed to calculate total lung compliance 
as the relationship between PPLAT and delivered volume. 
This lung and chest wall compliance is derived in the following 
manner. Cl = Vt / (PPLAT– PEEPtot) 
The difference between Peak Airway Pressure and PPLAT is a 
function of resistive forces in the patient ventilator system. Raw is 
calculated by looking at the pressure gradient between the peak 
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airway pressure and the plateau divided by the flow. 
Raw = PAP – PPLAT / Flow (L/sec.) 
 
Positive End Expiratory Pressure - (PEEP) the application and 
maintenance of supra-atmospheric or positive airway pressure 
through the expiratory phase of a mechanical breath. The application 
of PEEP will increase both peak and mean airway pressures as well as the FRC. PEEP is 
primarily utilized to increase the 
PaO2, maintain alveolar integrity and facilitate patient triggering. 
 
Pressure Controlled Ventilation - (PCV) A method of ventilation 
that is time cycled, pressure limited, pressure controlled and 
patient, (AC-PCV), or machine, (TC-PCV), triggered. Volume to 
the lung will be variable and related to pulmonary compliance, 
time constant, inspiratory time, pressure gradient and flow rate. 
PCV can be employed in the CMV, AC or SIMV modes. 
 
Pressure Support Ventilation - (PSV) A method of augmented 
spontaneous ventilation that is flow, pressure or time cycled pressure 
limited and patient triggered. A form of spontaneous ventilation 
where flow is delivered to the airway up to a clinician pre-set pressure 
limit and continued until the machine senses either a drop in 
inspiratory flow beyond a preset threshold, excessive inspiratory 
pressure or prolonged inspiratory time. In PSV the patient determines 
the inspiratory rate, time, volume and flow. PSV can be employed as 
a mode of mechanical ventilation or in the SIMV mode. 
 
Rapid Shallow Breathing Index (RSBI) - predictor of a patient’s 
potential for success in the weaning process. The clinician evaluates 
the patient’s breathing pattern by analyzing the relationship 
linking breathing frequency and average Vt. The RSBI is an accurate 
forecaster of the patient’s ability to perform endurance related 
work and assume the work of breathing when extubated. 
The RSBI is calculated as the spontaneous frequency divided 
by the average spontaneous tidal volume in Liters. The patient is 
evaluated wile breathing spontaneously without inspiratory 
adjuncts such as PSV. An index of < 100 is a predictor of weaning 
success. An index of > 100 suggests probable weaning failure. 
 
Spontaneous Breath - a patient triggered and cycled breath. 
 
Synchronized Intermittent Mechanical Ventilation - (SIMV) A 
mode of mechanical ventilation that delivers mandatory machine 
breathes as well as spontaneous breaths. The mechanical breaths 
are delivered in synchrony with the patient’s spontaneous breathing 
pattern. The mechanical breath can be time or patient triggered, 
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time or volume cycled and volume or pressure limited. The 
spontaneous breaths may have some level of PS. 
 
Volume Assured Pressure Support - (VAPS) a form of pressure 
support ventilation that is flow-cycled, volume targeted. 
Inspiratory flow is augmented in the event the patient triggered 
breath fails to reach a clinician pre-set tidal volume. This form of 
ventilation delivers a pressure supported breath when patient 
demand is high and a constant-flow volume targeted breath is 
cases off low patient demand. 
 
Volume Control - a method of mechanical ventilation in 
which volume is the control variable. 
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Mechanical Ventilation Weaning Examination 

 
Select the best answer to each of the following items. Mark your responses on the Answer form.  
 
1. Ventilator management strategies for patients who fail a trial of spontaneous breathing include 
the following _______. 
 
a. consideration of all remediable factors (such as electrolyte derangements, bronchospasm, 
malnutrition, patient positioning, and excess secretions) to enhance the prospects of successful 
liberation from MV 
b. use of a comfortable, safe, and well-monitored mode of MV (such as pressure support 
ventilation); 
c. repeating a trial of spontaneous breathing on the following day 
d. All of the above 
 
   
2. Protocols should not represent rigid rules but, rather, guides to patient care. Moreover, the 
protocols may evolve over time as clinical and institutional experience with them increases. 
 
a. True 
b. False 
 
   
3. The premature discontinuation of MV can contribute to _______. 
 
a. the incidence of failed extubation 
b. nosocomial pneumonia 
c. increased mortality 
d. All of the above 
 
   
4. In studies reviewed in this course, the results of nonrandomized studies are generally 
consistent with the results of the RCTs, demonstrating statistically significant reductions or 
trends toward reductions in the duration of MV and ICU length of stay.   
 
a. True 
b. False 
 
   
5. According to the recommendations in this course, nonphysician HCPs should be included in 
the development and utilization of protocols related to weaning from MV. 
 
a. True 
b. False 
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6. According to the recommendations in this course, clinicians should conduct SBTs at least once 
daily to identify patients who are ready for liberation from the ventilator. 
 
a. True 
b. False 
 
   
7. Evidence supports the current concept of "liberation" from MV (ie, that the timely recognition 

of recovery from respiratory failure is more important than the manipulation of MV in an attempt 
to facilitate weaning). 
 
a. True 
b. False 
 
   
8. According to the recommendations in this course, when patients pass an SBT, clinicians 
should seriously consider prompt extubation. 
 
a. True 
b. False 
 
   
9. According to the recommendations in this course, when patients fail an SBT, clinicians should 
attend to potentially remediable factors, choose a safe and comfortable mode of MV with the 
head elevated at 30° to 45°, conduct SBTs at least once daily, and, in the face of repeated 
failures, consider performing a tracheotomy or long-term care facilities. 
 
a. True 
b. False 
 
   
10. According to the recommendations in this course, for the delivery of psychoactive 
medications, clinicians should consider protocols that include daily ventilatory cessation and 
targeted sedation goals to reduce the duration of MV and ICU stay. 
 
a. True 
b. False 
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11. According to the recommendations in this course, for the implementation of weaning 
protocols, consider the following strategies: development of goals using an evidence-based 
approach by a multidisciplinary team; and implementation using effective behavior-changing 
strategies such as interactive education, opinion leaders, reminders, audit, and feedback. 
 
a. True 
b. False 
 
 
12. SBTs can be performed safely by nonphysician HCPs using _______. 
 
 
a. a T-piece 
b. continuous positive airway pressure without pressure support, 
c. with pressure support up to 7 cm H2O, and for durations of 30 min to 2 h 
d. All of the above 
 
   
13. One important cause of reintubation is self-extubation or accidental extubation of patients who are 
inadequately sedated and/or restrained. However, self-extubation also can occur in patients who are ready 
to be liberated from the ventilator. 
 
a. True 
b. False 
 
   
14. When other key features in the management of patients receiving MV, such as sedation and 
analgesia, are protocolized and managed by nonphysician HCPs, further reductions in the time 
spent receiving MV can be realized. Standardizing the delivery of sedatives and analgesics is the 
most recent development in the area of protocolization and weaning from MV. 
 
a. True 
b. False 
 
   
15. Certain physicians may have a low "readiness to change," and these professionals may 

require either motivational interventions or consultation with respected opinion leaders.64 65 
Negative reactions to protocols may be reasonable under some circumstances, since protocols 
have the potential to do harm. Important considerations that may facilitate behavioral changes 
include _______. 
 
a. interactive education 
b. participation by physicians in the effort to change 
c. financial incentives and penalties 
d. All of the above 
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