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OBJECTIVE: We sought to determine whether the utilization of a respiratory therapist (RT)
driven mechanical ventilation weaning protocol is associated with improvement in clinical outcomes
in subjects with simple versus difficult weaning. METHODS: This was a retrospective analysis of
prospectively collected data obtained during a quality improvement project. We collected data on
803 consecutive mechanically ventilated patients admitted to the ICU of an academic tertiary care
hospital. We compared an RT-driven weaning protocol to a physician-driven weaning strategy.
RESULTS: Of the 803 patients, 651 with simple weaning and 131 with difficult weaning were
included in the analysis. In the subjects with simple weaning, 514 (79%) were weaned with the
RT-driven protocol. Among the difficult weaning subjects, 101(77.1%) were liberated with the
RT-driven protocol. A multivariate analysis, which included Acute Physiology and Chronic Health
Evaluation II, body mass index, and type of primary ICU team under which the subjects were
admitted, revealed a significant difference in ventilator-free days at 28-days, which supports the
RT-driven protocol over the physician-driven strategy. Specifically, the RT-driven protocol in-
creased ventilator-free days by 20.92% and 68.2% among subjects with simple and difficult wean-
ing, respectively. A multivariate analysis of ICU mortality and extubation failure found no signif-
icant difference between the RT-driven protocol and the physician-driven strategy. CONCLUSIONS:
The RT-driven weaning protocol increased ventilator-free days among subjects with simple and
difficult weaning, with no significant differences in ICU mortality or extubation failure. Key words:
mechanical ventilation; weaning; protocols; extubation; respiratory failure; respiratory therapist. [Respir
Care 2014;59(2):170–177. © 2014 Daedalus Enterprises]

Introduction

The process of mechanical ventilation discontinuation
consists of a systematic number of steps, which involve
screening patients for reversal of the underlying cause of
respiratory failure, spontaneous breathing trial (SBT), and
assessment of airway patency. Over the last few years,

guidelines on ventilator discontinuation have been pub-
lished, allowing clinicians to organize their practice, but
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also providing them with flexibility to fill existing gaps
when uncertainty remains.1 Nevertheless, with the current
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need of standardization of best-care-practices, the
evaluation and application of respiratory care protocols
have dramatically expanded. Particularly, mechanical ven-
tilation weaning protocols have been studied since 1989,2

and the number of publications has grown ever since.3 In
fact, based on a survey of directors of respiratory therapy
departments, published in 2012, 96.2% of surveyed hos-
pitals (n � 663) responded that they relied on protocols for
ventilator management.4

Recently, an international task force on ventilator dis-
continuation recommended categorization of weaning pa-
tients into 3 groups: simple weaning, defined as successful
liberation and extubation after the first SBT; difficult wean-
ing, defined as patients who require up to 3 SBTs or as
long as 7 days after the initial SBT attempt; and prolonged
weaning, defined as the need of more than 3 SBTs or more
than 7 days after the first SBT.5 Despite clear evidence
supporting the utilization of mechanical ventilation wean-
ing protocols in clinical practice, many gaps in our under-
standing still remain. Specifically, how do ventilator pro-
tocols perform when applied to patients with simple
weaning, compared with those in whom weaning is diffi-
cult or prolonged? In order to answer the aforementioned
question, we assessed a consecutive series of mechanically
ventilated patients admitted to the ICU at Creighton Uni-
versity Medical Center. These subjects underwent the pro-
cess of weaning from the ventilator, based on a respiratory
therapist (RT) driven weaning protocol or a physician-
driven weaning order. We aimed to compare the effect on
clinical outcomes of a mechanical ventilation liberation
protocol versus a physician-ordered weaning strategy,
within groups of subjects with simple and difficult weaning.

Methods

In September 2011, Creighton University Medical Cen-
ter adopted a mechanical ventilation weaning protocol
(Table 1). This protocol was approved based on prior ev-
idence suggesting benefits of RT-driven weaning proto-
cols, compared with physician-ordered weaning strategies.
Hence, as an institutional policy, all patients in our mixed
(medical, surgical, trauma, and neurologic) ICU started to
be liberated from mechanical ventilation following the pre-
viously described protocol, unless the attending physician
of the primary service opted out of protocol participation.
The decision to opt-out was based on physician prefer-
ence, physician comfort, and prior training. In order to
assess the clinical effect of opting out from the protocol,
we initiated a quality improvement project to assess whether
this decision (opting out) was associated with worse clin-
ical outcomes. This study was exempt from the Creighton
University Medical Center institutional review board. From
September 2011 to August 2012, a group of RTs initiated
a prospective collection of data on every mechanically

ventilated patient admitted to the ICU at Creighton Uni-
versity Medical Center. Demographic information, sever-
ity of disease based on the Acute Physiology and Chronic
Health Evaluation II (APACHE II) score, diagnosis on
ICU admission, type of primary ICU team (medical, sur-
gical, trauma, neurologic), time on mechanical ventilation
per intubation episode, weaning attempts per intubation
episode, need for reintubation or noninvasive ventilation
within 48 hours post-extubation, need for tracheostomy,
and ICU mortality were prospectively collected on a daily
basis.

In the present study we retrospectively reviewed the
data to assess whether opting in versus opting out of a
ventilator weaning protocol affected clinical outcomes in
subjects with simple or difficult weaning. All subjects who
were deemed ready for weaning underwent an SBT, after
fulfilling certain parameters, as shown in Table 1. We
grouped the subjects according to number of weaning at-
tempts: simple weaning (1 attempt), difficult weaning (2
or 3 attempts or up to 7 days after initial SBT), and pro-
longed weaning (� 3 attempts or � 7 d after the initial
SBT). Patients with prolonged weaning were not included
in the analysis, as many of them were transferred to long-
term acute care facilities, precluding evaluation of out-
comes. Within the simple weaning and difficult weaning
groups, we divided the subjects based on whether the at-
tending physicians opted in or out of the ventilator dis-
continuation protocol. Clinical outcomes were compared
between those groups. Of note, subjects who were reintu-
bated after 48 hours of extubation were considered inde-
pendent subjects. The primary outcome of interest was
ventilator-free days at 28 days. Secondary outcomes were
extubation failure, defined as the need of reintubation or
noninvasive ventilation within 48 hours after extubation,
and ICU mortality. Furthermore, within each group (sim-
ple or difficult weaning) we assessed the outcomes men-
tioned above according to the type of primary ICU team

QUICK LOOK

Current knowledge

Protocol-based ventilator weaning with daily spontane-
ous breathing trials speeds ventilator discontinuation,
compared to routine physician-ordered weaning.

What this paper contributes to our knowledge

A respiratory-therapist-driven protocol that included a
weaning-readiness screening and spontaneous breath-
ing trials increased ventilator-free days, compared to
physician-directed weaning, both in simple-to-wean
and difficult-to-wean patients, and with no difference in
extubation-failure rate.
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(medical, surgical, trauma, neurologic) the subjects were
admitted to, and their severity on admission. Every subject
who was opted in received sedation vacation in the morn-
ing, and the weaning protocol was initiated when the
Richmond Agitation-Sedation Scale score was 0 to �2. In
the opt-out group sedation vacation and weaning was per
physician preference.

Statistical Methods

Within each group the subjects were stratified by whether
the attending physician opted in or out of the ventilator
discontinuationprotocol.Continuousbaselinedemographic
and clinical variables are presented as mean � standard
deviation, whereas categorical variables are presented as
number and percent. Univariate analyses were conducted
separately for subjects within the simple and difficult wean-
ing groups, and employed independent-samples t tests and
Fisher exact tests for continuous and categorical variables,
respectively.

We evaluated for differences between subjects whose
physician opted in or out of the ventilator discontinuation
protocol in both ventilator-free days and the ratio of ven-
tilator-free days to stay after adjusting for APACHE II
score, body mass index (BMI), and type of ICU. For both
primary outcomes, multiple regression models were esti-
mated separately within the simple and difficult weaning
groups.

Two issues were encountered when modeling the data
for the 2 primary outcomes. First, for ventilator-free days,
severely negatively skewed residuals were observed within
the analyses in both groups. Therefore, the number of
ventilator-free days was reflected, so the value of the high-
est number of ventilator-free days became the lowest value,
and vice versa. Reflecting the data resulted in distributions
of residuals with severe positive skewness, which was
accounted for by using a natural log transformation of the
reflected ventilator-free day values. It is important to note
that both reflecting the outcome data and using a natural
log transformation substantially affect how regression es-

Table 1. Assessment for Readiness for Spontaneous Breathing Trial, Spontaneous Breathing Trial Settings and Criteria, and Assessment for
Extubation Readiness

Step Criteria and Action

1 The ventilator patient in the ICU must meet all of the following criteria to enter the ventilator-weaning protocol:
Hemodynamic stability
Heart rate between 50 and 120 beats/min
Blood pressure between 90 and 180 mm Hg
No pressors
SpO2

� 90%
FIO2

� 0.50
PEEP � 8 cm H2O
Spontaneously breathing
Tidal volume � 5 mL/kg on pressure support of zero and PEEP of zero
Negative inspiratory force less than �20 cm H2O on pressure support of zero and PEEP of zero
Rapid shallow breathing index � 105 on pressure support of zero and PEEP of zero
Minute ventilation � 15 L/min on pressure support of zero and PEEP of zero

If all the above parameters are within goal, proceed to spontaneous breathing trial.
If any parameter does not meet the goal, leave the patient on the prior ventilation mode and notify the physician.

2 Spontaneous Breathing Trial
Pressure support 5 cm H2O
PEEP 5 cm H2O
60-min trial

During the spontaneous breathing trial assess for the following signs of distress and/or failure:
Breathing frequency � 35 breaths/min
SpO2

� 90%
Tidal volume � 5 mL/kg ideal body weight with pressure support
Increase or decrease of heart rate or blood pressure by 20% from baseline
Substantial agitation, anxiety, and/or diaphoresis

If any of above signs is present, place the patient back on the previous ventilation settings and notify the physician.
3 Reevaluate in the morning. If the patient has none of the above signs of failure, proceed to assessment for extubation readiness.
4 Assessment for Extubation Readiness

Adequate cough/gag reflex
Minimal secretions (suctioning required no more often than every 2 hours)

If the patient passes the assessment for extubation readiness, contact the physician on service responsible for ventilator
management, to obtain the extubation order.
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timates are interpreted. Specifically, using reflected data
results in positive regression estimates being associated
with decreases in ventilator-free days. Further, a natural
log transformation produced regression estimates that are
associated with changes in the natural log of ventilator-
free days. For example, using reflected and natural log
transformed ventilator-free days, a regression estimate of
�2.0 would indicate that for every one-unit increase in the
independent variable the natural log of ventilator-free days
decreases by 2.0.

Second, for the ratio of ventilator-free days to stay there
was severe positive skewness, which was remedied by
using a natural log transformation. This transformation
also affected the interpretation: an increase in an indepen-
dent variable resulted in an increase in the natural log of
the ratio of ventilator-free days to stay. For all primary
analyses, non-constant variance was indicated in residual
values, which was accounted for using a technique de-
scribed by MacKinnon and White.6

For the secondary outcomes, multiple logistic regres-
sion analyses were employed to evaluate differences in
both the probability of ICU death and extubation failure
between subjects whose physicians opted in or out of the

ventilator discontinuation protocol, after adjusting for
APACHE II score, BMI, and type of ICU. No differences
in ICU death could be evaluated within the difficult wean-
ing group, as only one subject died.

For all the regression-type models, continuous predic-
tors were centered near their mean. All analyses were
conducted with statistics software (SAS 9.3, SAS Institute,
Cary, North Carolina). P � .05 was considered statisti-
cally significant.

Results

Over the year post-implementation of the RT-driven
ventilator weaning protocol, 803 patients were admitted
and mechanically ventilated in our ICU. Of those patients,
651 (81.1%) required simple weaning, whereas 131 (16.3%)
and 1 (0.1%) were difficult and prolonged weaning cases,
respectively. Demographic information, APACHE II
scores, and ICU type are shown in Table 1. Among sub-
jects who required simple weaning, 514 (79.0%) were
weaned with the RT-driven protocol, whereas 137 (21.0%)
were liberated from the ventilator by physician orders. In
the group of subjects with difficult weaning, 101 (77.1%)

Table 2. Univariate Analyses of Demographic and Clinical Variables for Patients Included in the Primary Analysis

Simple Weaning Difficult Weaning

Opt-In
n � 470

Opt-Out
n � 120

P
Opt-In
n � 99

Opt-Out
n � 30

P

Age, mean � SD y 57.95 � 18.21 54.61 � 18.97 .06 61.16 � 15.07 54.50 � 18.29 � .001
Weight, mean � SD kg 84.65 � 24.69 84.11 � 24.68 .82 87.48 � 33.22 87.02 � 22.06 .94
Height, mean � SD cm 172 � 10 172 � 11 .94 171 � 10 172 � 11 .54
Body mass index, mean � SD kg/m2 28.49 � 8.40 28.15 � 7.77 .68 29.44 � 11.90 30.86 � 11.38 .57
Acute Physiology and Chronic Health

Evaluation score, mean � SD
19.23 � 6.17 19.91 � 6.58 .27 19.74 � 5.52 20.20 � 7.25 .75

Ventilator-free days, mean � SD d 24.39 � 7.08 22.53 � 8.47 � .001 23.26 � 5.54 20.68 � 6.66 � .001
Stay, mean � SD d 12.44 � 17.22 17.96 � 23.67 � .001 18.84 � 14.97 26.10 � 23.33 � .001
Ventilator-free days/stay 0.23 � 0.30 0.26 � 0.31 .47 0.24 � 0.20 0.35 � 0.25 � .001
Male, no. (%) 321 (64.1) 92 (68.7) .36 56 (56.0) 16 (53.3) .84
ICU type, no. (%)

Medical 208 (45.5) 43 (35.8) .050 47 (47.0) 9 (30.0) .14
Surgical 171 (34.9) 36 (28.4) .18 34 (34.0) 13 (43.3) .39
Trauma 91 (19.6) 41 (35.8) � .001 18 (19.0) 8 (26.7) .44

ICU deaths, no. (%) 31 (6.2) 14 (10.4) .09 1 (1.0) 0 (0) � .99
Surgery ICU, no. (%)*

Cardiac 104 (60.6) 5 (15.8) � .001 26 (76.5) 1 (7.7) � .001
Abdominal 47 (28.0) 25 (68.4) � .001 4 (11.8) 6 (46.2) � .001
Thoracic 17 (9.7) 3 (7.9) � .99 3 (8.8) 2 (15.4) .61

Trauma ICU, no. (%)†
Cardiac 3 (3.1) 1 (2.1) � .99 1 (5.3) 0 (0) � .99
Abdominal 15 (15.3) 6 (12.5) .80 2 (10.5) 0 (0) � .99
Thoracic 14 (14.3) 7 (14.6) � .99 2 (10.5) 0 (0) � .99

* Simple opt-in n � 175, simple opt-out n � 38, difficult opt-in n � 34, difficult opt-out n � 13.
† Simple opt-in n � 98, simple opt-out n � 48, difficult opt-in n � 18, difficult opt-out n � 8.
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used the weaning protocol, whereas only 30 (22.9%) were
weaned based on physician orders. Of these subjects, 49
(simple n � 48, difficult n � 1) died in the ICU, and an
additional 14 were missing predictor variables (simple
n � 13, difficult n � 1). Because the regression-type
models used in this study consider only subjects with com-
plete data, the sample sizes differed between the analyses.
That is, a subject with missing data on any variable was
excluded from analysis. Therefore, given the missing data,
the primary analyses included 590 subjects in the simple
weaning group and 129 subjects in the difficult weaning
group, ICU death included 638 subjects (simple weaning
group only), and extubation failure included 638 and 130
subjects for the simple and difficult weaning groups, re-
spectively.

The results for number of ventilator-free days are pre-
sented in Table 3. In the simple weaning group there was
a statistically significant difference in the number of ven-
tilator-free days between the opt-in and opt-out subjects.

After adjusting for APACHE II score, BMI, and ICU type,
opting in was associated with a 20.9% increase in venti-
lator-free days, compared to the opt-out group (ie, ((1/
exp (�0.19)) �1) � 100). As explained in the statistical
methods section, the increase in ventilator-free days asso-
ciated with a negative regression coefficient is a direct
result of reflecting the ventilator-free days prior to analy-
sis. A similar pattern of results was observed for the dif-
ficult weaning group: after adjusting for APACHE II score,
BMI, and ICU type, opting-in was associated with a 68.2%
increase in ventilator-free days, compared to opting out.

The results for the ratio of ventilator-free days to stay
are presented in Table 4. For the difficult weaning group
there was a statistically significant difference in the ratio
of ventilator-free days to stay between the opt-in and opt-
out subjects. After adjusting for APACHE II score, BMI,
and ICU type, opting in was associated with a 32.2%
increase in this ratio, compared to opting out (ie,
(1 �exp (�0.39)) � 100). For the simple weaning group,

Table 3. Multiple Regression Results for Number of Ventilator-Free Days*

Simple Weaning Difficult Weaning

Estimate
Standard

Error
95% CI Estimate

Standard
Error

95% CI

Intercept 1.13 0.07 2.03 0.16
Acute Physiology and Chronic Health

Evaluation II score (0 � 20)
0.03* 0.01 0.02 to 0.04 0.02 0.01 0 to 0.04

Body mass index (0 � 30) 0 0 �0.01 to 0.01 0 0.01 �0.01 to 0.01
ICU type

Surgery vs medical �0.37* 0.06 �0.49 to �0.25 �0.68* 0.15 �0.97 to �0.38
Trauma vs medical 0.09 0.08 �0.08 to 0.25 0.35 0.18 0 to 0.70
Surgery vs trauma �0.46* 0.08 �0.62 to �0.29 �1.03* 0.18 �1.38 to �0.68

Opt-out vs opt-in �0.19* 0.07 �0.33 to �0.04 �0.52* 0.15 �0.82 to �0.21

* P � .05. Because we natural log transformed ventilator-free days, a 1-unit increase in any predictor variable is associated with a change in the natural log of ventilator-free days. Because the
number of ventilator-free days was reflected prior to analysis, a positive regression estimate (ie, estimate) is associated with a decrease in ventilator-free days.

Table 4. Multiple Regression Results for Ratio of Ventilator-Free Days to Stay*

Simple Weaning Difficult Weaning

Estimate
Standard

Error
95% CI Estimate

Standard
Error

95% CI

Intercept �1.79 0.12 �0.93
Acute Physiology and Chronic Health

Evaluation II score (0 � 20)
0.03* 0.01 0.02 to 0.05 0.02 0.02 �0.01 to 0.05

Body mass index (0 � 30) �0.01 0.01 �0.02 to 0.01 0 0.01 �0.01 to 0.02
ICU type

Surgery vs medical �1.17* 0.11 �1.39 to �0.96 �1.13* 0.20 �1.53 to �0.73
Trauma vs medical 0.13 0.13 �0.12 to 0.39 0.12 0.24 �0.35 to 0.59
Surgery vs trauma �1.31* 0.12 �1.56 to �1.05 �1.25* 0.24 �1.72 to �0.78

Opt-out vs opt-in �0.01 0.13 �0.24 to 0.22 �0.62* 0.21 �1.03 to �0.22

* P � .05. Because we natural log transformed the ratio, a 1-unit increase in any predictor variable is associated with a change in the natural log of the ratio.
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opt-in or opt-out was not associated with a difference in
the ratio.

The results for ICU death and extubation failure are
presented in Tables 5 and 6. There were no statistically
significant differences between the opt-in and opt-out sub-
jects in the probability of death or extubation failure.

Discussion

The main findings of this study are:

• The ventilation liberation protocol increased ventilator-
free days, compared with the physician-driven strategy,
in both the simple and difficult weaning groups, and
after adjustment for severity of disease, BMI, and type
of ICU.

• When the number of ventilator-free days was adjusted
for the total number of hospital days, opting-out de-
creased the ventilator-free days in the difficult-to-wean
subjects.

• There were no differences in ICU mortality or extuba-

tion failure between the opt-in and opt-out groups, in
both the simple and difficult weaning groups.

To the best of our knowledge, this is the first study to
compare an RT-driven weaning protocol to a physician-
driven strategy within groups of patients with different
weaning complexity (simple and difficult). Prior studies
on RT-driven weaning protocols did not specify whether
the subjects were classified as simple, difficult, or pro-
longed weaning. Specifically, Ely and colleagues7 studied
300 mechanically ventilated subjects in medical and cor-
onary ICUs. After a daily screening by RTs and nurses, the
intervention group underwent a 2-hour SBT with CPAP of
5 cm H2O, whereas the control group was liberated based
on standard practice. Notably, the study revealed a reduc-
tion of duration of mechanical ventilation, reintubation
rate, and costs with the SBT strategy. The following year,
Kollef and colleagues8 published a study comparing pro-
tocol-directed to physician-directed weaning. Three hun-
dred fifty-seven subjects admitted to the medical and sur-
gical ICUs were included. Subjects randomized to the
protocol-directed strategy had a median ventilation dura-

Table 5. Multiple Logistic Regression Results for ICU Death in the Simple Weaning Group

Estimate
Standard

Error
Odds
Ratio

95% CI
for Odds Ratio

Intercept �1.78 0.39
Acute Physiology and Chronic Health Evaluation

II score (0 � 20)
0.12* 0.02 1.13 1.07–1.18

Body mass index (0 � 30) 0 0.02 1.00 0.96–1.04
ICU type

Surgery vs medical �0.81 0.47 0.45 0.17–1.16
Trauma vs medical �0.66 0.40 1.93 0.88–4.27
Surgery vs trauma �1.47 0.52 0.23 0.08–0.63

Opt-out vs opt-in �0.39 0.36 0.68 0.34–1.36

* P � � .001.

Table 6. Multiple Logistic Regression Results for Extubation Failure

Simple Weaning Difficult Weaning

Estimate
Standard

Error
Odds
Ratio

95% CI
for Odds Ratio

Estimate
Standard

Error
Odds
Ratio

95% CI
for Odds Ratio

Intercept �2.37 0.42 �1.75 0.71
Acute Physiology and Chronic Health Evaluation

II score (0 � 20)
�0.02 0.03 0.98 0.93–1.04 0.03 0.05 1.03 0.93–1.14

Body mass index (0 � 30) �0.04 0.03 0.96 0.91–1.01 0.06* 0.02 1.06 1.02–1.11
ICU type

Surgery vs medical �0.84 0.45 0.43 0.18–1.05 0.11 0.70 1.11 0.28–4.42
Trauma vs medical �0.98 0.53 0.37 0.13–1.06 �0.60 0.97 0.55 0.08–3.66
Surgery vs trauma 0.14 0.61 1.15 0.35–3.80 0.71 0.97 2.02 0.30–13.64

Opt-out vs opt-in �0.30 0.43 0.74 0.32–1.72 �0.62 0.65 0.54 0.15–1.92

* P � � .001.
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tion of 35 hours, compared with 44 hours among the sub-
jects in the physician-directed strategy (P � .02). Differ-
ences in hospital mortality and costs were not statistically
significant between the groups. It is noteworthy that the
studies by Ely,7 and Kollef8 and our study included sub-
jects with similar severity of disease (average APACHE II
scores of 18.85, 17.05, and 19.75, respectively), but ICU
mortality differed substantially, with ranges of 22–23%,
38–40%, and 1–13%, respectively. These differences may
be related to improvement in overall ICU care over the last
16 years, and further application of evidence-based bun-
dles (eg, sepsis, low-tidal volume). Marelich and col-
leagues9 randomized 335 subjects from medical and sur-
gical ICUs to a 30-min SBT performed with either pressure
support or T-piece, versus standard ICU care. The SBT
subjects had shorter ventilation duration and a trend to-
ward a reduced rate of ventilator-associated pneumonia.
Interestingly, that study applied different weaning strate-
gies, depending on whether the subject had been ventilated
for more or less than 72 hours. Subjects ventilated less
than 72 hours were liberated after an SBT, whereas those
ventilated for � 72 hours were gradually weaned to spe-
cific goals and then underwent SBT.

A more recent study by Krishnan and colleagues10 found
no differences in clinical outcomes between an RT-driven
weaning protocol and a physician-driven strategy. Inter-
estingly, the staffing model applied in their closed ICU
might explain the lack of differences in outcomes. Partic-
ularly, the usual group had a staffing model with a phy-
sician-hour/bed/day of 9.5, compared with Ely7 (3.5 h),
Kollef8 (4.0 h), Marelich9 (4.7 h), and ours (� 4.5 h),
which had a lower physician-hour/bed ratio. Therefore, it
is likely that the control group in the Krishnan study re-
ceived higher intensity care than at most institutions.

Among studies that addressed weaning in organ-
specific ICUs, Navalesi and colleagues11 randomized 318
subjects from a neurologic ICU to a liberation protocol
consisting of a 1-hour SBT, versus usual care (physician-
driven strategy). There was a lower incidence of extuba-
tion failure (5% vs 12%, P � .047) in the intervention
group. Secondary outcomes, such as ventilation duration,
ICU stay, rate of tracheostomy, and ICU mortality, were
not different between groups.

Finally, a recent meta-analysis by Blackwood and col-
leagues,12 which included 11 randomized-control trials
(1,971 subjects), found weaning protocols were associated
with a 25% reduction in the mean duration of mechanical
ventilation (P � .006), with the highest impact in surgical
ICU subjects.

Our work adds to the current knowledge, as this is the
first study that addresses the effect of a weaning protocol
on subjects with different weaning classifications. We stud-
ied a large number of subjects (782), which is the largest
number of weaning subjects considered in a weaning study.

Also, all subjects were admitted to one mixed ICU that
uses the same protocols in all patients for all aspects of
ICU care (eg, sepsis bundle, low-tidal volumes, glucose
control). Therefore, it is unlikely that our results are due to
heterogeneity in patient care. Despite the aforementioned
strength, our study has several limitations. First, as we
analyzed our data retrospectively, it is likely that we in-
curred selection and information biases. We did not collect
the reasons why providers opted out of the protocol. It is
possible that some of the opt-out subjects had contraindi-
cations to an RT-driven protocol (ie, need for deep seda-
tion due to airway instability). Also there were imbalances
in the distribution of subjects within the groups. For ex-
ample, more post-cardiac-surgery subjects were included
in the opt-in group, whereas post-abdominal-surgery sub-
jects were most frequently opted out. These imbalances
may have impacted our results, as post-cardiac-surgery
subjects are on mechanical ventilation only briefly.13,14

Conversely, post-abdominal-surgery subjects are more
likely to have complications15 (eg, abdominal compart-
ment syndrome, atelectasis) that prolong ventilation. By
performing multivariate analysis we attempted to adjust
based on type of ICU, but our analysis did not include
adjustments within surgical ICU subjects. Finally, the ap-
proach to weaning in the physician-driven group may have
been affected by behavioral factors. Providers within cer-
tain ICUs may have decided to wean subjects in a more
conservative fashion, based on, for instance, their prior
experiences or training.

Conclusions

In summary, our study demonstrated that an RT-driven
weaning protocol increased ventilator-free days in both the
simple and difficult weaning groups, and when adjusted
for severity of disease, BMI, and type of ICU. The rate of
extubation failure and ICU mortality were not affected by
the weaning strategies within the groups.
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