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METHODS 

Setting 

The study was conducted in RML Specialty Hospital, a 90-bed freestanding long-term 

acute care hospital (LTACH); 62% of the beds are devoted to weaning patients from 

mechanical ventilation and 38% are devoted to rehabilitation after prolonged mechanical 

ventilation or wound care. The nurse-patient ratio was 1:5 during the daytime and 1:6 at 

night and weekends. The respiratory therapist-patient ratio was 1:7 or 1:8. The approach 

to weaning was multidisciplinary involving input from physicians, nurses, respiratory 

therapists, nutrition specialists, speech therapists, physical therapists, occupational 

therapists, and psychologists. 

 

Staff education  

Before commencing the study, the weaning protocol was circulated to physicians, nurses, 

and respiratory therapists at RML Hospital. Each person was requested to review the 

protocol and provide feedback. Several modifications to improve ease of implementation 

were identified and incorporated. The protocol was again introduced to nurses and 

respiratory therapists by means of monthly staged educational seminars during the first 

six months of the study; thereafter, seminars were repeated every four-six months as 

needed. In addition, compliance with the protocol was assessed daily by the study 

coordinator (LD) and feedback was provided to the therapists as needed. Close attention 

was paid to ensuring that the frequency of assessment in the pressure-support arm 

occurred three times a day and that respiratory distress, as defined in Table E1, was 

properly identified and managed as specified by the protocol. Finally, a study physician 
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was available 24 hours a day to answer specific question or concerns that arose during the 

study. 

 

Patients 

Patients were excluded for the following reasons: (a) cardiopulmonary instability as 

reflected by: (i) requiring vasopressor support (dopamine >5 μg/kg/min), (ii) oxygen 

saturation as measured by pulse oximetry (SpO2) < 90% with fractional inspired O2 

concentration (FIO2) >0.40 and positive end-expiratory pressure (PEEP) >5 cmH2O; (b) 

profound neurological deficits (Glasgow coma scale < 7); (c) bilateral phrenic-nerve 

injury; (d) previous admission to RML Hospital; and (e) life expectancy less than 3 

months (metastatic cancer that has not responded to medical or surgical therapy).  

 

Measurements at study enrollment 

Randomization: Because the time taken to wean appears to be influenced by underlying 

disease,1 patients in the two groups were further stratified into one of four categories: 1) 

chronic obstructive pulmonary disease, 2) acute lung injury, 3) neuromuscular disorders, 

or 4) postoperative respiratory failure (Figure E1). The Research Randomizer computer 

program was used to generate the randomization list. 

 

Weaning Protocol  

Trach-collar arm: If the patient developed respiratory distress (Table E1) during a trach-

collar challenge, assist-control ventilation was instituted and maintained for the 

remainder of the 24 hours.  A trach-collar challenge was performed the next day. 
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Pressure-support arm: If the patient developed respiratory distress (Table E1), pressure 

support was increased to the preceding level. If the patient continued to display signs of 

respiratory distress at that level, pressure support was then increased by 2 cmH2O every 

3-10 minutes until the patient displayed none of the signs of respiratory distress -- this 

level was designated the comfort level of pressure support.  The patient was maintained 

at the comfort level of pressure support for a minimum of 6 hours. At the next scheduled 

time-point, pressure support was decreased by 2 cmH2O, and, if tolerated, the patient 

remained at that level until the next scheduled time-point.   

 

Because fewer therapists were available at RML Hospital at night than during the 

daytime, pressure support was not decreased after 8:00 pm; moreover, no patient was 

switched from pressure support of 6 cmH2O to trach collar after 8:00 pm.  

 

Throughout the study, the ventilator used during assisted ventilation (assist control or 

pressure support) was Puritan-Bennett 7200.  The trigger sensitivity was set at -1 cmH2O. 

The level of PEEP was 5 cmH2O or lower. FIO2 was adjusted to maintain SpO2 above 

90%.  During assist-control ventilation, tidal volume was set at 8 ml/kg of predicted body 

weight, inspiratory flow was set at 60 L/min delivered as a square-wave. The back-up rate 

was set at 4-6 breaths/min below the patient's total respiratory frequency. During pressure 

support, the initial pressure was set to achieve a total respiratory frequency of <30 

breaths/min.   

 

Airway management: respiratory therapists assessed the need for tracheal suctioning as a 
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part of routine patient-ventilator assessment every 4 hours (or as needed).  Typically, 

patients required suctioning every 2-3 hours. Indications for suctioning included: 

respiratory distress, increase in airway pressure during assist-control ventilation, 
decreased tidal volume during pressure-support, decrease in SpO2 or visible secretions in 

the airways.   

 

Outcome Measures  

At the time that our study was commencing, there was no consensus as to the best 

definition of weaning success in patients who require prolonged ventilation (>21 days). 

Investigators who have studied ventilated patients in the ICU have typically defined 

weaning success as the ability to tolerate extubation for at least 48 hours.1,2 Because 

patients requiring prolonged ventilation usually have a tracheostomy in place, the 

yardstick of 48 hours following removal of an endotracheal tube is not an appropriate 

criterion of weaning success. Based on pilot studies, we concluded that a patient's ability 

to sustain five days of unassisted breathing was a pragmatic definition of weaning 

success. 

 

Weaning duration was calculated from the day that the patient was randomized to the last 

day of the five-day process of ventilator discontinuation. For example, in the case of a 

patient who was randomized on Day 4, started the five-day process of ventilator 

discontinuation on Day 8, and continued to tolerate unassisted breathing for 24 hours 

over the next five days (Day 13), weaning duration was calculated as 9 days.  Patients 

(randomized and non-randomized) were followed until death or discharge, and survivors 
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were contacted at 6 and 12 months after discharge to determine their status. If the patient 

had died, the date of death was confirmed. For the patients whose survival status could 

not be determined in this manner, searches of the Death Index was performed on a 

quarterly basis to determine survival beyond 12 months.  Survival status at one year was 

determined for all patients.  

 

Statistical Analysis 

To estimate what would represent a significant decrease in weaning time, we reviewed 

studies that compared different weaning modes in ICU patients receiving short-term 

mechanical ventilation; equivalent studies have not been conducted in patients requiring 

prolonged ventilation. Esteban et al2 demonstrated a significant reduction in weaning 

time with the use of T-tube trials as compared with pressure support: median weaning 

time, 3 days for once-daily T-tube trials versus 4 days for pressure support. That is, a 

25% decrease in weaning time with once-daily T-tube trials. In patients requiring 

prolonged mechanical ventilation, we reasoned that a 20% reduction in weaning time 

would be clinically meaningful.  Likewise, Vitacca et al3 as well as Hill 4 considered a 

20% decrement in weaning time in patients with COPD who require prolonged 

mechanical ventilation (>14 days) as clinically significant.  

 

RESULTS  

Four patients were withdrawn before initiating the weaning protocol: one patient in the 

pressure-support arm requested to be withdrawn before initiating the weaning protocol; 

three patients (two in pressure-support arm, and one in trach-collar arm) were withdrawn 
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by research personnel immediately after randomization because the duration of 

mechanical ventilation at enrollment was less than 21 days and, thus, did not meet the 

study’s inclusion criteria.  No data were collected in these four patients, and, thus, they 

were excluded from analyses. 

Of 312 randomized patients who commenced in the weaning protocol, 38 died and 80 

were withdrawn for the following reasons: the patient requested to be withdrawn from the 

study or the patient’s surrogate or attending physician requested the patient to be 

withdrawn from the study (n=27), the attending physician decided to transfer the patient 

to an acute care hospital (n=17), or the attending physician (who was not part of the 

research team) judged a patient unweanable and transferred him or her to another facility 

or home (n=36).  

 

Weaning Outcome 

For the late-failure group, survival was similar in the pressure-support arm (84.6%, 95% 

CI, 65.1% to 95.6%) and trach-collar arm (93.5%, 95% CI, 78.6% to 99.2%; p=0.27) at 

study exit. For the early-failure group, the percentage of successfully weaned patients 

was similar in the two arms: 46% in the pressure-support arm versus 49% in the trach-

collar arm; survival was also similar in the pressure-support arm (85.7%, 95% CI, 79.6% 

to 91.8%) and trach-collar arm (89.1%, 95% CI, 83.8% to 94.5%; p=0.40) at study exit.   

 

Adverse events 

A new episode of pneumonia (defined as a new infiltrate on chest radiograph, worsening 

hypoxemia, and leukocytosis with or without fever) was diagnosed in 15 of the 152 
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(10%) patients in the pressure-support group and in 10 of the 160 patients in the trach-

collar group (6%).  New arrhythmias or worsening of pre-existing arrhythmias occurred 

in 25 (16%) patients in the pressure-support group and 21 (13%) patients in the trach-

collar group. Pneumothorax occurred in 2 patients in the pressure-support group and none 

of the patients in the trach-collar group.  Differences in adverse events between the two 

arms were not significant. 

 

DISCUSSION 

Critique of methods 

The data were reanalyzed in which successful weaning was defined as breathing 

unassisted for seven days.5 For the early-failure group, the Cox model revealed that four 

covariates achieved statistical significance for predicting weaning duration: age (HR, 

0.981, 95% CI, 0.968 to 0.995;p<0.01), ventilator duration before randomization (HR, 

0.975, 95% CI, 0.961 to 0.99;p<0.01), f/VT (HR, 0.997, 95% CI, 0.994 to 0.999;p<0.01), 

and PImax (HR 1.015, 95% CI, 1.002 to 1.028;p <0.02). For the late-failure group, Cox 

analysis revealed that weaning method was the only covariate that predicted weaning 

duration (HR, 4.78; 95% CI, 1.85 to 12.35; p<0.01. (The assumption of proportional 

hazards was tested for both models and was upheld.) These outcomes, based on the 

seven-day criterion for successful weaning, were equivalent to the outcomes calculated 

on the basis of a five-day criterion. 

 

 

Study Limitations 
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The study took ten years to complete. A major obstacle in completing the study was the 

difficulty in obtaining informed consent. Only 43% of eligible patients had sufficient 

mental competence to provide informed consent, and thus most consents were obtained 

from surrogates. The IRB of RML Hospital imposed restrictions on the type of person 

who could serve as a surrogate:  only a person who was legally authorized to represent 

the patient or the spouse of a patient could act as a surrogate (children of patients were 

not allowed to serve as surrogates). Of patients who were screened and eligible, 35% 

could not be enrolled in the study because they did not have an authorized surrogate (as 

defined by the IRB). Moreover, one-third of the enrolled patients could not continue in 

the study because they did not develop respiratory distress during the 5-day screening 

procedure and thus were considered to have been successfully weaned (these patients 

were not eligible for randomization).  To determine whether the passage of time 

influenced study outcome, Cox models were constructed for the early-failure group and 

the late-failure group with date of randomization of each patient as an additional 

covariate. The assumption of proportional hazards was tested for both models and it was 

upheld.  For the early-failure group, four covariates achieved statistical significance for 

predicting weaning duration: age (HR, 0.982, 95% CI, 0.968 to 0.995;p<0.01), ventilator 

duration before randomization (HR, 0.976, 95% CI, 0.961 to 0.99;p<0.01), f/VT (HR, 

0.997, 95% CI, 0.994 to 0.999;p<0.02), and PImax (HR 1.016, 95% CI, 1.003 to 1.029;p 

<0.02); date of randomization was not significant (HR, 1.00, 95% CI, 0.999 to 

1.000;p=0.66). For the late-failure group, weaning method was the only covariate that 

predicted weaning duration (HR, 3.53; 95% CI, 1.48 to 8.44; p<0.01); date of 

randomization was not significant (HR, 1.00, 95% CI, 0.999 to 1.000; p=0.54). 
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Legend for eFigure and eTables 
 

Figure E1:  Stratification and randomization scheme. An eligible patient was first 

stratified either to the early-failure (0-12 hours) group or to the late-failure (12-120 

hours) group based on the time taken to fail the five-day screening procedure (first 

stratification).  The patient was further stratified into one of four categories according to 

underlying disease (second stratification).  The patient was then randomly assigned, using 

a block size of four, to pressure-support or trach collar in a blinded fashion using an 

opaque envelop. 
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eFigure. Stratification and Randomization Scheme 



eTable 1. Definition of Respiratory Distressa 

Criteria A Criteria B 

1. Heart rate > [(220-age)*0.8] beats/min 1. Respiratory rate > 35 breaths/min 

2. Systolic pressure < 80 mm Hg 2. Systolic pressure > 180 mm Hg 

3. SpO2 < 90% 3. Agitation+ 

4. Patient request 4. Diaphoresis 
 
 
aRespiratory distress was defined as the presence of one item from criteria A or two items 

from criteria B.  SpO2 = oxygen saturation as measured by pulse oximetry. +Agitation 

was defined as the inability to remain motionless for 1 minute. 
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eTable 2. Characteristics of Patients Who Died or Were 

Withdrawn at Randomization 
Variable Pressure 

Support 
(n=62) 

Trach Collar 
(n=56) 

Age, median years [IQR] 74 [66-81] 72 [66-78] 
   
Duration of mechanical ventilation  
   at randomization, median days [IQR] 

36 [27-47] 38 [27-51] 

   
Variables measured at enrollment   
          

P
I
max, cmH2O, median [IQR] 39 [32-48] 36 [30-43] 

   
f/VT, breaths/min/L, median [IQR] 135 [87-209] 131 [94-192] 

   
Resistance, cmH2O/L/s, median [IQR] 16 [13-20] 16 [12-20] 

   
Compliance, mL/cmH2O, median [IQR] 35 [26-45] 33 [26-43] 

   
Timing of screening failure   
   

Early –no. of patients 13 7 
     Late-no. of patients 49 49 

 

   
Cause of respiratory failure   

   
Post-operative –no. (%) 29 (47%) 26 (46%) 
   
Acute-lung injury –no. (%) 22 (35%) 23 (41%) 
   
Chronic obstructive pulmonary  
   disease –no. (%) 

6 (10%) 6 (11%) 

   
Neuromuscular-no. (%) 5 (8%) 1 (2%) 

IQR = interquartile range. f/VT = frequency-to-tidal volume ratio; P
I
max = maximum 

inspiratory pressure. 
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eTable. 3 Variables Used in Cox Proportional Hazard Model 
for Time to Successful Weaning* for the Randomized Group 

 
Variables Values Adjusted 

Hazard 
Ratio  

95% C.I. P Unadjusted 
Hazard 
Ratio 

95% C.I. P 

Weaning mode (PS /TC), 
     no. of patients (%) 

152 (49)/ 
160 (51) 

1.427 1.030-1.977 0.033 1.490 1.079-2.045 0.01
5 

Age, median (IQR), years 70 [62-70] 0.982 0.968-0.995 0.005    
Duration of ventilation at  
 randomization,  median 
   (IQR), days 

34 [26-46] 0.982 0.970-0.993 0.002    

f/V
T
, median (IQR), b/min/L 109 [76-176] 0.997 0.995-0.999 0.011    

P
I
max, median (IQR), 

   cm H
2
O 

40 [30-49] 1.015 1.004-1.028 0.008    

Early/late failure, 
 no. of patients (%) 

255(82)/ 
 57 (18) 

1.488 0.987-2.245 0.058    

Resistance, median (IQR),   
  cm H

2
O/L/s 

16 [11-20] 0.978 0.954-1.003 0.082    

Compliance, median (IQR),  
  ml/cm H

2
O 

37 [26-50] 1.003 0.999-1.007 0.082    

Cause of respiratory failure,    
  no. of patients (%) 

       

  Post-operative 144 (46) 1.708 0.122-23.89 0.69    
  Acute lung injury 108 (35) 1.855 0.132-26.00 0.65    

      Neuromuscular disorder 20 (6) 2.551 0.168-37.37 0.50    
      COPD  40 (13) 1.775 0.121-25.96 0.67    

 
C.I. = confidence intervals. PS = pressure support. TC = trach collar. IQR = interquartile range. 
f/VT = frequency-to-tidal volume ratio. PImax = maximum inspiratory pressure. COPD = 
chronic obstructive pulmonary disease. 
*Patients were considered successfully weaned when they breathed without ventilator assistance     
for at least five days. Patients were coded as 0 in the pressure-support arm and 1 in the trach- 
collar arm. Patients were coded as 0 in the early-failure group and 1 in the late-failure group.  
For each of the continuous variables, a single unit of measurement was considered an 
incremental change. For the cause of respiratory failure, the presence of a condition was coded as 
1 and the absence of a condition was coded as 0. 
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eTable 4. Variables Used in Cox Proportional Hazard Model 
for Time to Successful Weaning* for the Early-Failure Group 

Variables Values Adjusted 
Hazard 
Ratio  

95% C.I. P Unadjusted 
Hazard 
Ratio 

95% C.I. P 

Weaning mode (PS /TC), 
     no. of patients (%) 

126 (49)/ 
129 (51) 

1.126 0.785-1.615 0.52 1.24 0.869-1.773 0.24 

        
Age, median (IQR), years 69 [62-77] 0.982 0.968-0.995 0.008    
        
Duration of ventilation at  
 randomization,  median 
   (IQR), days 

34 [26-45] 0.976 0.961-0.990 0.001    

        
f/V

T
, median (IQR), b/min/L 113 [76-185] 0.997 0.995-0.999 0.02    

        
P

I
max, median (IQR), 

   cm H
2
O 

40 [30-49] 1.016 1.003-1.029 0.02    

        
Resistance, median (IQR),   
  cm H

2
O/L/s 

16 [12-21] 0.983 0.956-1.01 0.22    

        
Compliance, median (IQR),  
  ml/cm H

2
O 

38 [28-50] 1.003 0.999-1.007 0.17    

        
Cause of respiratory failure,    
  no. of patients (%) 

       

        
  Post-operative 119 (47) 1.850 0.089-38.54 0.69    

        
  Acute lung injury 86 (34) 1.986 0.095-41.40 0.66    

        
      Neuromuscular disorder 14 (5) 2.871 0.126-65.14 0.51    
        
      COPD 36 (14) 1.892 0.087-41.16 0.68    

 
C.I. = confidence intervals. PS = pressure support.  TC = trach collar. IQR = interquartile range.  
f/VT = frequency-to-tidal volume ratio. PImax = maximum    inspiratory pressure. COPD = 
chronic obstructive pulmonary disease. 
*Patients were considered successfully weaned when they breathed without ventilator assistance 
for at least five days. Patients were coded as 0 in the pressure-support arm and 1 in the trach- 
collar arm. For each of the continuous variables, a single unit of measurement was considered an 
incremental change. For the cause of respiratory failure, the presence of a condition was coded as 
1 and the absence of a condition was coded as 0. 
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eTable 5. Variables Used in Cox Proportional Hazard Model 
for Time to Successful Weaning* for the Late-Failure Group 

Variables Values Adjusted 
Hazard 
Ratio 

95% C.I. P Unadjusted 
Hazard 
Ratio 

95% C.I. P 

Weaning mode (PS /TC), 
     no. of patients (%) 

26 (46)/ 
31 (54) 

3.331 1.441-7.77 0.005 3.034 1.430-6.44 0.004 

Age, median (IQR), years 73 [65-79] 0.971 0.932-1.01 0.15    
Duration of ventilation at  
 randomization,  median 
   (IQR), days 

35 [29-47] 1.001 0.974-1.03 0.94    

f/V
T
, median (IQR), b/min/L 94 [73-138] 0.996 0.99-1.00 0.23    

P
I
max, median (IQR), 

   cm H
2
O 

40 [35-52] 1.008 0.98-1.04 0.59    

Resistance, median (IQR),   
  cm H

2
O/L/s 

13 [10-18] 0.943 0.883-1.01 0.08    

Compliance, median (IQR),  
  ml/cm H

2
O 

34 [26-48] 1.024 0.995-1.05 0.10    

Cause of respiratory failure,    
  no. of patients (%) 

       

  Post-operative 25 (44) 3.257 0.323-32.86 0.32    
  Acute lung injury 22 (39) 3.283 0.319-33.79 0.32    

      Neuromuscular disorder 6 (10) 3.228 0.233-44.77 0.38    
      COPD+ 4 (7) NA NA  NA     

 
C.I. = confidence intervals. PS = pressure support.  TC = trach collar. IQR = interquartile range.  
f/VT = frequency-to-tidal volume ratio. PImax = maximum inspiratory pressure. COPD = 
chronic obstructive pulmonary disease. NA = non-applicable. 
*Patients were considered successfully weaned when they breathed without ventilator assistance 
for at least five days. Patients were coded as 0 in the pressure-support arm and 1 in the trach- 
collar arm. For each of the continuous variables, an increment in change was one unit of 
measurement. For the cause of respiratory failure, the presence of a condition was coded as 1 
and the absence of a condition was coded as 0. +COPD could not be included as a covariate in 
this model because of the small number of patients and none were successfully weaned. 
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