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Background Approaches to removal of sedation and mechanical ventilation for critically ill patients vary widely. Our
aim was to assess a protocol that paired spontaneous awakening trials (SATs)—ie, daily interruption of sedatives—
with spontaneous breathing trials (SBTs).
Methods In four tertiary-care hospitals, we randomly assigned 336 mechanically ventilated patients in intensive care
to management with a daily SAT followed by an SBT (intervention group; n=168) or with sedation per usual care plus
a daily SBT (control group; n=168). The primary endpoint was time breathing without assistance. Data were analysed
by intention to treat. This study is registered with ClinicalTrials.gov, number NCT00097630.
Findings One patient in the intervention group did not begin their assigned treatment protocol because of withdrawal
of consent and thus was excluded from analyses and lost to follow-up. Seven patients in the control group discontinued
their assigned protocol, and two of these patients were lost to follow-up. Patients in the intervention group spent
more days breathing without assistance during the 28-day study period than did those in the control group (14·7 days
vs 11·6 days; mean diﬀerence 3·1 days, 95% CI 0·7 to 5·6; p=0·02) and were discharged from intensive care (median
time in intensive care 9·1 days vs 12·9 days; p=0·01) and the hospital earlier (median time in the hospital 14·9 days
vs 19·2 days; p=0·04). More patients in the intervention group self-extubated than in the control group (16 patients vs
six patients; 6·0% diﬀerence, 95% CI 0·6% to 11·8%; p=0·03), but the number of patients who required reintubation
after self-extubation was similar (ﬁve patients vs three patients; 1·2% diﬀerence, 95% CI –5·2% to 2·5%; p=0·47), as
were total reintubation rates (13·8% vs 12·5%; 1·3% diﬀerence, 95% CI –8·6% to 6·1%; p=0·73). At any instant
during the year after enrolment, patients in the intervention group were less likely to die than were patients in the
control group (HR 0·68, 95% CI 0·50 to 0·92; p=0·01). For every seven patients treated with the intervention, one life
was saved (number needed to treat was 7·4, 95% CI 4·2 to 35·5).
Interpretation Our results suggest that a wake up and breathe protocol that pairs daily spontaneous awakening trials
(ie, interruption of sedatives) with daily spontaneous breathing trials results in better outcomes for mechanically
ventilated patients in intensive care than current standard approaches and should become routine practice.

Introduction
A third of patients in intensive care worldwide are
mechanically ventilated.1 Although instituted to save
lives, mechanical ventilation is nearly universally
accompanied by the administration of large doses of
sedatives;2 together these interventions are associated
with signiﬁcant morbidity.3–6 Eﬀorts to reduce the
duration of mechanical ventilation in intensive-care
populations via ventilator weaning protocols and sedation
protocols can improve clinical outcomes.7–9 Unfortunately,
only a few patients are managed with these strategies
since there is ongoing disagreement among health-care
professionals with regard to beneﬁts and risks and
because weaning protocols and sedation protocols are
viewed as separate concerns—often handled in a
cumbersome fashion by diﬀerent members of the
patient-care team (eg, sedation by nurses and ventilator

weaning by respiratory therapists and physicians). Since
the process of discontinuing ventilatory support is
aﬀected by heavy use of sedatives, there is an unmet need
to combine approaches to sedation and ventilator
weaning and to optimise their management.
Numerous randomised trials support the use of
ventilator weaning protocols that include daily
spontaneous breathing trials (SBTs) as their centrepiece;
such protocols are standard of care, having reduced the
duration of mechanical ventilation in diverse populations
of patients with acute respiratory failure.7,10–14 Recent
clinical trials, seeking to identify ways to manage sedation
that might also facilitate earlier extubation, have shown
that both intermittent use of sedatives and spontaneous
awakening trials (SATs)—ie, daily interruption of
sedatives—can reduce the duration of mechanical
ventilation without compromising patient comfort or
www.thelancet.com Vol 371 January 12, 2008
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Figure 1: Treatment protocols
ICU=intensive-care unit. SAT=spontaneous awakening trial. SBT=spontaneous breathing trial.

safety.8,9,15 The paucity of additional evidence supporting
the routine use of SATs, however, as well as anecdotal
concerns regarding patient safety and agitation, have led
to limited use of this sedation strategy. Whereas some
intensive-care practitioners report only lightly sedating
patients during most of their time on the ventilator, less
than half of practitioners worldwide have implemented
daily interruption of sedatives—eg, 34% in Germany,16
40% in Canada,17 and 40% in the USA.18,19 Also, proponents
of patient-targeted sedation strategies argue that titration
of sedatives according to patients’ needs produces
outcomes equivalent to those resulting from a protocol
that promotes daily SATs.20,21
To test our hypothesis that routine SATs improve
patient outcomes when combined with routine SBTs, we
undertook the Awakening and Breathing Controlled
(ABC) trial, a multicentre, randomised controlled trial in
which we assessed the eﬃcacy and safety of a protocol of
daily SATs paired with SBTs versus a standard SBT
protocol in patients receiving patient-targeted sedation as
part of usual care.

Methods
Patients
We recruited participants at four large medical centres:
Saint Thomas Hospital (Nashville, TN, USA), University
of Chicago Hospitals (Chicago, IL, USA), Hospital of the
University of Pennsylvania (Philadelphia, PA, USA), and
Penn Presbyterian Medical Center (Philadelphia).
Vanderbilt Coordinating Center (Nashville, TN, USA)
supervised the trial; a Vanderbilt investigator was
available 24 h a day to answer questions and respond to
reports of adverse events.
Study personnel screened all patients in intensive care
every day to identify adult patients (≥18 years old) who
required mechanical ventilation for 12 h or more. Patients
receiving full ventilatory support and those whose
support was being weaned were eligible. Patients were
www.thelancet.com Vol 371 January 12, 2008

excluded from enrolment for the following reasons:
admission after cardiopulmonary arrest, continuous
mechanical ventilation for 2 weeks or longer, moribund
state (ie, death was perceived to be imminent), withdrawal
of life support, profound neurological deﬁcits (eg, large
stroke or severe dementia), or current enrolment in
another trial.
The institutional review boards at each participating
centre approved the study protocol, and written informed
consent was obtained from participants or their
authorised surrogates.

Procedures
Patients were randomly assigned in a 1:1 manner to
management with paired SAT and SBT protocols (the
intervention group) or usual care, including patienttargeted sedation and an SBT protocol (the control group).
A computer-generated, permuted-block randomisation
scheme was stratiﬁed according to study centre by a
Vanderbilt biostatistician. Each assignment was
designated on a tri-folded piece of paper enclosed in a
consecutively numbered, sealed, opaque envelope. After
informed consent was obtained, before data were
collected, the appropriate envelope was opened by local
study personnel.
According to each study centre intensive-care unit’s
usual practice of care, physicians and nurses managed all
patients with patient-targeted sedation, titrating sedative
and analgesic doses to maintain the level of arousal and
comfort deemed clinically appropriate for each patient.
Each intensive-care unit used a validated sedation scale
to monitor depth of sedation. Beginning the morning
after enrolment, intensive-care nurses and respiratory
therapists or study personnel managed patients according
to the study protocols. Figure 1 displays the steps in each
study protocol.
In accordance with the SBT protocol, patients in the
control group were assessed every morning with an SBT
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safety screen. Patients passed the screen if they had
adequate oxygenation (oxygen saturation [SpO2] ≥88% on
a fraction of inspired oxygen [FIO2] ≤50% and a positive
end-expiratory pressure [PEEP] ≤8 cm H2O), any
spontaneous inspiratory eﬀort in a 5-min period, no
agitation, no evidence of myocardial ischaemia in the
previous 24 h, no signiﬁcant use of vasopressors or
inotropes (dopamine or dobutamine ≥5 µg/kg per min,
norepinephrine ≥2 µg/min, or vasopressin or milrinone
at any dose), and no evidence of increased intracranial
pressure. Patients who failed the screen were reassessed
the following morning.
Patients who passed underwent an SBT: ventilatory
support was removed, and the patient was allowed to
breathe through either a T-tube circuit or a ventilatory
circuit with continuous positive airway pressure of
5 cm H2O or pressure support ventilation of less than
7 cm H2O.22 No change was made in FIO2 or PEEP during
the SBT. Patients failed the SBT if they developed a
respiratory rate of more than 35 or less than eight breaths
per min for 5 min or longer, hypoxaemia (SpO2 <88% for
≥5 min), abrupt changes in mental status, an acute
cardiac arrhythmia, or two or more signs of respiratory

1658 patients considered eligible

1322 excluded
324 had their surrogate
or physician refuse
306 were unable to
provide consent
243 were admitted post-cardiac arrest
155 had been ventilated ≥2 weeks*
137 were enrolled in another trial
134 were moribund or not committed
to full support
23 had profound neurological deﬁcits

336 randomised

168 allocated to spontaneous
awakening trial plus
spontaneous breathing trial
167 initiated protocol
0 discontinued protocol
1 did not initiate protocol due
to early withdrawal‡

168 allocated to usual care including
spontaneous breathing trial
168 initiated protocol
7 discontinued protocol
3 withdrew from study†
4 transferred for surgery

1 lost to follow-up

167 analysed

2 lost to follow-up

168 analysed

Figure 2: Trial proﬁle
*Patients who were excluded because of ≥2 weeks of mechanical ventilation were transferred from other
intensive-care units after periods of prolonged mechanical ventilation. †Withdrew from the study: discontinued
the study protocol but allowed study personnel to track study outcomes, which were included in analysis. ‡One
person was excluded from analysis due to study withdrawal by the surrogate immediately after randomisation,
before any data collection.
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distress, including tachycardia (>130 bpm), bradycardia
(<60 bpm), use of accessory muscles, abdominal paradox,
diaphoresis, or marked dyspnoea. Patients who failed the
SBT were ventilated immediately with the ventilator
settings used before the trial. Patients passed the SBT if
they did not develop any failure criteria during a 120-min
trial. If the SBT was successful, the patients’ physicians
were notiﬁed verbally. Study personnel did not participate
in decisions to extubate patients.
In accordance with the SAT protocol, patients in the
intervention group were assessed every morning with an
SAT safety screen. SATs were prescribed by protocol only
for patients in the intervention group, although patients
in the control group were not prevented from undergoing
SATs if the managing clinician felt that they were
indicated. Patients passed the screen unless they were
receiving a sedative infusion for active seizures or alcohol
withdrawal, were receiving escalating sedative doses due
to ongoing agitation, were receiving neuromuscular
blockers, had evidence of active myocardial ischaemia in
the previous 24 h, or had evidence of increased intracranial
pressure. Patients who failed the screen were reassessed
the following morning.
Patients who passed the screen underwent an SAT: all
sedatives and analgesics used for sedation were
interrupted. Analgesics needed for active pain were
continued. Patients were monitored by intensive-care
staﬀ or study personnel for up to 4 h. Patients passed the
SAT if they opened their eyes to verbal stimuli or tolerated
sedative interruption for 4 h or more without exhibiting
failure criteria. Patients failed the SAT if they developed
sustained anxiety, agitation, or pain, a respiratory rate of
more than 35 breaths per min for 5 min or longer, an
SpO2 of less than 88% for 5 min or longer, an acute
cardiac dysrhythmia, or two or more signs of respiratory
distress, including tachycardia, bradycardia, use of
accessory muscles, abdominal paradox, diaphoresis, or
marked dyspnoea. When patients failed an SAT,
intensive-care staﬀ restarted sedatives at half the previous
dose and then titrated the medications to achieve patient
comfort. Patients who passed the SAT were immediately
managed with the SBT protocol.
The primary endpoint was deﬁned a priori as the
number of days patients were breathing without
assistance (ventilator-free days) during the 28-day study
period, which began at the time of enrolment. Patients
who died during the study period were assigned
0 ventilator-free days.23 A period of unassisted breathing
began with extubation (or removal of ventilatory support
for patients with tracheostomies) if the period of
unassisted breathing lasted at least 48 consecutive hours.
Secondary endpoints included time to discharge from
the intensive-care unit and from the hospital, all-cause
28-day mortality, 1-year survival, and duration of coma
and delirium.
Trained study personnel did neurological assessments
every day with two well-validated instruments: level of
www.thelancet.com Vol 371 January 12, 2008
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arousal was assessed with the Richmond agitation-sedation
scale (RASS),24,25 and delirium was diagnosed with the
confusion assessment method for the intensive-care unit
(CAM-ICU).26–28 Duration of coma was deﬁned as the
number of days in the study period that patients had no
response to verbal or physical stimulation (RASS –5) or
responded to physical or painful stimulation with
movement but without eye opening (RASS –4). Duration
of delirium was deﬁned as the number of days in the
study period during which patients were CAM-ICU
positive and were not comatose.
Patients were followed up from enrolment until death
or discharge, and survivors were followed up for vital
status until 1 year after enrolment using the hospitals’
electronic record systems, telephone calls, in-person
visits, and a commercial version of the Social Security
Death Master File.29
Study personnel monitored patients for adverse events
during the trial and reported all serious, unexpected, and
study-related adverse events to an independent data and
safety monitoring board. Self-extubation and reintubation
were tracked as safety endpoints. The data and safety
monitoring board reviewed two interim analyses of
adverse events after enrolment of 30 and 100 patients. No
interim analysis of eﬃcacy was done.

Statistical analysis
On the basis of a pilot database, we expected a mean
of 12·9 (SD 10·4) ventilator-free days in the control group.
Thus, we calculated that a sample size of 334 patients
would be needed to detect a 25% increase in ventilator-free
days to 16·1 days within the intervention group with
80% power and a two-sided signiﬁcance level of 0·05.30
Data were analysed with an intention-to-treat approach.
We used χ² tests to compare categorical variables between
the study groups, and the Wilcoxon-Mann-Whitney
two-sample rank-sum test to compare continuous
variables, including the primary endpoint. We also used
bootstrapping with 2000 samples to calculate a
non-parametric 95% CI for the diﬀerence in mean
ventilator-free days, because the variable had an unusual
distribution.31 Speciﬁcally, we calculated the diﬀerence in
mean ventilator-free days in each of 2000 samples
randomly generated from the original data using
resampling with replacement and determined the 95%
CI using the 2·5 and 97·5 percentiles of the results of
these calculations.
To compare the eﬀects of the two treatment protocols
on length of stay in the intensive-care unit and in the
hospital, we used time-to-event analyses. Patient data
were censored at time of death. Medians and IQRs were
obtained with Kaplan-Meier analyses, and the log-rank
test was used to assess the eﬀect of the treatment
protocols. Kaplan-Meier analysis and the log-rank test
were also used to assess the eﬀect of the treatment
protocols on 1-year survival; patients were censored at the
time of last contact alive or at 1 year from enrolment,
www.thelancet.com Vol 371 January 12, 2008

whichever was ﬁrst. The unadjusted hazard ratio (HR) of
death up to 1 year was obtained with Cox proportional
hazards regression. We assessed the proportional hazards
assumption by examining scaled Schoenfeld’s partial
residuals32 for the independent variable included in the
model; no violation of the assumption was detected. To
Intervention group (n=167)

Control group (n=168)

Age (years)

60 (48 to 71)

Sex (female)

77 (46%)

83 (49%)

APACHE II score

26 (21 to 33)

26·5 (21 to 31)

9 (6 to 11)

8 (6 to 11·5)

SOFA score

64 (51 to 75)

Diagnosis on admission to intensive care
Sepsis/acute respiratory distress syndrome

79 (47%)

87 (52%)

Myocardial infarction/congestive heart failure

22 (13%)

29 (17%)

Chronic obstructive pulmonary disease/asthma

17 (10%)

12 (7%)

Altered mental status

18 (11%)

12 (7%)

Hepatic or renal failure

9 (5%)

5 (3%)

Malignancy

3 (2%)

2 (1%)

Alcohol withdrawal

1 (1%)

1 (1%)

18 (11%)

20 (12%)

–4 (–5 to –2)

–4 (–5 to –2)

Other*
RASS on ﬁrst study day
Sedation before enrolment
Benzodiazepines (mg)†

8 (4 to 34)

10 (2 to 41)

Opiates (µg)‡

815 (184 to 4380)

850 (142 to 4685)

Propofol (mg)

5102 (2340 to 9720)

3248 (1455 to 7420)

Time from admission to enrolment (days)

2·2 (1·1 to 3·9)

2·2 (1·1 to 3·9)

Data are n (%) or median (IQR). APACHE II=acute physiology and chronic health evaluation II. RASS=Richmond
agitation-sedation scale. SAT=spontaneous awakening trial. SBT=spontaneous breathing trial. SOFA=sequential organ
failure assessment. *Including gastrointestinal bleeding, metabolic disarray, haemoptysis, pulmonary embolism, and
status epilepticus. †Expressed in lorazepam equivalents.34 ‡Expressed in fentanyl equivalents.34

Table 1: Baseline characteristics

Intervention group (n=167)

Control group (n=168)

p value

Underwent an SAT

150 (90%)*

0 (0%)

<0·0001

Sedatives held before any SBT

150 (90%)*

52 (31%)

<0·0001

Underwent an SBT

136 (81%)†

146 (87%)†

0·17

120 (72%)

111 (66%)

Benzodiazepine use post-enrolment
Patients treated
Total dose (mg)‡
Average daily dose (mg)‡

0·25

20 (5–93)

39 (8–213)

0·02

2 (0–8)

3 (1–17)

0·12

Opiate use post-enrolment
Patients treated
Total dose (µg)§
Average daily dose (µg)§

130 (78%)

128 (76%)

0·87

2662 (431–9875)

3700 (772–16 306)

0·07

327 (49–891)

301 (69–1555)

0·28

Propofol use post-enrolment
Patients treated

117 (70%)

Total dose (mg)

8950 (3070–17 159)

Average daily dose (mg)

1230 (431–2070)

115 (69%)
8380 (2250–18 980)
987 (373–2158)

0·88
0·90
0·40

Data are n (%) or median (IQR). SAT=spontaneous awakening trial. SBT=spontaneous breathing trial. *17 patients in
the intervention group never passed an SAT safety screen or underwent an SAT. †22 patients in the control group and
31 in the intervention group never passed an SBT safety screen or underwent an SBT. ‡Expressed in lorazepam
equivalents.34 §Expressed in fentanyl equivalents.34

Table 2: Protocol adherence and sedative use
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p value

Mean

14·7 (0·9)

0·02

Median

20·0 (0 to 26·0)

A

11·6 (0·9)
8·1 (0 to 24·3)

Time to discharge (days)
From intensive care

9·1 (5·1 to 17·8)

12·9 (6·0 to 24·2)

0·01

14·9 (8·9 to 26·8)

19·2 (10·3 to NA)†

0·04

28-day mortality

47 (28%)

58 (35%)

0·21

1-year mortality

74 (44%)

97 (58%)

0·01

From hospital

100
Patients successfully extubated (%)

Intervention group (n=167) Control group (n=168)
Ventilator-free days*

Duration of brain dysfunction (days)
Coma

2 (0 to 4)

3 (1 to 7)

0·002

Delirium

2 (0 to 5)

2 (0 to 6)

0·50

RASS at ﬁrst successful SBT

–1 (–3 to 0)

–2·5 (–4 to 0)

SAT plus SBT
Usual care plus SBT

80
60
40
20

Patients
167
168

0
0
Patients at risk
SAT plus SBT
Usual care plus SBT

0·0001

167
168

Events
120
114

7
14
21
Days after randomisation
57
68

24
30

9
18

28
3
8

Any self-extubation

16 (10%)

6 (4%)

0·03

5 (3%)

3 (2%)

0·47

Reintubation‡

23 (14%)

21 (13%)

0·73

Tracheostomy

21 (13%)

34 (20%)

0·06

Self-extubation requiring
reintubation‡

B

Data are mean (SD), n (%), or median (IQR). RASS=Richmond agitation-sedation scale. SAT=spontaneous awakening
trial. SBT=spontaneous breathing trial. *Ventilator-free days from study day 1 to 28. †Greater than 25% of patients in
the SBT group remained in the hospital at study day 28. ‡Reintubation within 48 hours of extubation.

Table 3: Main outcomes

Role of the funding source
The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the manuscript. The corresponding author
had full access to all the data and had ﬁnal responsibility
for the decision to submit for publication.

Results
1658 patients were considered eligible for enrolment
between October, 2003, and March, 2006. We enrolled and
randomised 336 of these individuals (ﬁgure 2). 168 patients
were randomly assigned to each group. Seven (4%) patients
in the control group discontinued the protocol: surrogates
withdrew three patients from the study, and four patients
were transferred to another service not participating in the
trial. No patient in the intervention group discontinued the
protocol; a surrogate withdrew one patient before protocol
initiation or any data collection, and this patient was
excluded from analyses.
The two groups were similar at baseline (table 1). On
day 1, 87 (52%) patients in the control group and 94 (56%)
130

100
80
60
40
20

Patients
167
168

0
0

Patients at risk
SAT plus SBT
Usual care plus SBT

C

167
165

Events
117
99

7
14
21
Days after randomisation
89
102

35
52

20
33

28
10
18

100
Patients discharged from hospital (%)

assess for an interaction between study centre and
treatment with respect to the primary endpoint, we
included an interaction term in a proportional odds
logistic regression model with ventilator-free days as the
dependent variable. We used R (version 2.4 patched) for
all statistical analyses.33 An independent biostatistician
re-analysed the ﬁnal dataset and veriﬁed all our results.
This study is registered with ClinicalTrials.gov, number
NCT00097630.

Patients discharged from intensive care (%)

Complications

80
60
40
20
Patients
167
168

0
0
Patients at risk
SAT plus SBT
Usual care plus SBT

167
168

Events
99
81

7
14
21
Days after randomisation
126
130

64
72

34
47

28
24
30

Figure 3: Probability of successful extubation (A), discharge from intensive
care (B), and hospital discharge (C) during the ﬁrst 28 days after
randomisation
Events indicate total number of successful extubations (A), discharges from
intensive care (B), and discharges from the hospital (C) in each treatment group
during the 28 days from enrolment.

patients in the intervention group were comatose. Before
enrolment, the two groups were treated with similar
doses of benzodiazepines and opiates, although patients
in the intervention group received more propofol
(p=0·02). Propofol dose before enrolment, however, was
not associated with study outcomes (data not shown).
www.thelancet.com Vol 371 January 12, 2008
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More patients in the intervention group self-extubated
than in the control group (6·0% diﬀerence, 95% CI
0·6–11·8; p=0·03; table 3). Only ﬁve individuals in the
intervention group self-extubated, however, during or
within 12 h of an SAT. Also, ﬁve patients in the intervention
group required reintubation within 48 h of self-extubation,
100

SAT plus SBT
Usual care plus SBT

80
Patients alive (%)

150 (90%) patients in the intervention group passed an
SAT safety screen; these patients underwent 895 SATs
(table 2). Analgesics were continued for pain
during 132 (15%) of these SATs. Clinicians discontinued
the sedatives administered to 52 (31%) patients in the
control group before at least one SBT (table 2). The
number of patients in each group treated with
benzodiazepines, opiates, or propofol was similar, as was
the cumulative dose of propofol (table 2). The cumulative
benzodiazepine dose was higher in the control group than
in the intervention group. Only 45 (27%) patients in the
control group and 31 (18%) patients in the intervention
group received haloperidol (p=0·07).
Patients in the intervention group spent more days
breathing without assistance than those in the control
group (3·1 mean ventilator-free days diﬀerence, 95% CI
0·7–5·6; p=0·02; table 3). Additionally, the intervention
protocol resulted in discharge about 4 days earlier from
both intensive care and from the hospital (table 3 and
ﬁgure 3). There was no signiﬁcant interaction between
study centre and treatment with respect to the number of
ventilator-free days (data not shown).
The duration of coma was signiﬁcantly shorter in the
intervention group than in the control group, whereas
the duration of delirium was similar between the two
groups (table 3). Of the assessable patients, delirium
occurred in 124 (74%) in the intervention group and
119 (71%) in the control group (p=0·66).
Patients in the two treatment groups progressed to the
point of passing an SBT at the same rate (median
number of days to ﬁrst passed SBT 3·8 [IQR 1·1–14·0]
days in the intervention group vs 3·9 [1·0–11·8] days in
the control group; p=0·49). Patients in the intervention
group, however, were more alert than were those in the
control group on the day they ﬁrst passed an SBT safety
screen (median RASS –2 [IQR –3 to 0] vs –3 [–4 to –1];
p=0·0003) and an SBT (–1 [–3 to 0] vs –2·5 [–4 to 0];
p=0·0001). 59 (54%) of the 109 patients in the
intervention group who ever passed an SBT were
extubated on the day they ﬁrst passed an SBT compared
with 49 (40%) of the 124 patients in the control group
(14·6% diﬀerence, 95% CI 1·0–26·0; p=0·03).
Analysis of 1-year survival showed that, at any instant
during the year after enrolment, patients managed with
the SAT plus SBT strategy were 32% less likely to die
than were patients in the control group (HR 0·68, 95% CI
0·50 to 0·92; p=0·01; ﬁgure 4). For every seven patients
treated with the SAT plus SBT protocol, one life was
saved (number needed to treat 7·4, 95% CI 4·2–35·5).
Tracheostomies, which no patient had at enrolment,
were placed in 21 (13%) patients in the intervention group
and in 34 (20%) of those in the control group (absolute
risk reduction 7·6%, 95% CI –0·3% to 15·6%; p=0·06).
Median time to tracheostomy placement was similar in
the two groups (12·7 [IQR 5·9–13·4] days in the
intervention group vs 12·9 [8·0–18·1] days in the control
group; p=0·32).
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Figure 4: Survival at 1 year
Events indicate the number of deaths in each group in the year after enrolment.
Intervention Control
group
group

p value

SAT
Total

895

Passed

837 (94%)

NA

NA

Opened eyes to verbal stimuli

731 (82%)

NA

NA

Tolerated SAT for ≥4 h

106 (11%)

NA

NA

58 (7%)

NA

NA

42 (5%)

NA

NA

Signs of respiratory distress

25 (3%)

NA

NA

Tachypnoea

20 (2%)

NA

NA

Hypoxaemia

12 (1%)

NA

NA

Dysrhythmia

1 (0%)

NA

NA

Failed*
Anxiety, agitation, or pain

0

SBT
Total

603

Passed

319 (53%)

948
492 (52%)

0·70

Failed*

284 (47%)

456 (48%)

..

Tachypnoea

221 (37%)

351 (37%)

0·75

Signs of respiratory distress

125 (37%)

217 (23%)

0·27

Hypoxaemia

33 (6%)

51 (5%)

0·98

Abrupt change in mental status

13 (2%)

17 (2%)

0·64

Bradypnoea

8 (1%)

19 (2%)

0·31

Dysrhythmia

15 (3%)

9 (1%)

0·02

Data are n (%). NA=not applicable. SAT=spontaneous awakening trial.
SBT=spontaneous breathing trial. *Some patients had more than one reason for
failure.

Table 4: Results of the spontaneous awakening trials and spontaneous
breathing trials
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compared with three patients in the control group
(1·2% diﬀerence, 95% CI –5·2% to 2·5%; p=0·47). The
overall rate of reintubation was similar between the two
groups (1·3% diﬀerence, 95% CI –8·6% to 6·1%;
p=0·73).
Patients in the intervention group failed 201 (18%) of
the 1140 SAT safety screens that were done, most often
due to agitation, which was noted during 151 (13%) safety
screens. An SAT was done after 895 (95%) of the 939 SAT
safety screens that were passed. Patients passed 837 (94%) of
these SATs. Patients who failed SATs most often did so
due to anxiety, agitation, or pain, which occurred only
during 42 (5%) SATs (table 4).
Two-thirds of all SBT safety screens were passed (647
[66%] of 983 screens done in the intervention group
vs 1036 [65%] of 1599 in the control group; p=0·59), and
half of all SBTs were passed by patients in both groups
(table 4). The most common reasons for SBT failure in
both groups were tachypnoea and other signs of
respiratory distress. Patients failed a small number of
SBTs in both groups due to acute dysrhythmias; this
occurred more frequently in patients in the intervention
group (1·6% diﬀerence, 95% CI 0·3–3·2; p=0·02). None
of these dysrhythmias were deemed to be serious, since
none resulted in clinically adverse sequelae other than
termination of the SBT.

Discussion
Our results show that a paired sedation and ventilator
weaning protocol consisting of daily SATs plus SBTs
resulted in patients spending more time oﬀ mechanical
ventilation, less time in coma, and less time in intensive
care and the hospital, and the protocol improved 1-year
survival compared with usual care. This wake up and
breathe strategy was eﬀective and was associated with
few adverse events in a diverse population in intensive
care in both community and university hospitals.
Respiratory failure and mechanical ventilation frequently
result in anxiety and pain.35,36 Thus, clinicians use sedatives
and analgesics to alleviate patient discomfort, decrease
oxygen consumption, facilitate nursing care, and ensure
patient safety.37 These medications, however, are associated
with adverse eﬀects, including oversedation,38 delirium,5
and prolongation of mechanical ventilation.6 The most
appropriate pattern and dose of administration is often
diﬃcult to determine, and many intensive-care practitioners
have the perception that their patients are not oversedated,
even though observational studies in Europe2 and the
USA38 found that nearly half of intensive-care patients are
deeply sedated and unarousable.
In 2000, Kress and colleagues9 reported that a protocol
of daily SATs reduced duration of mechanical ventilation
and length of stay in intensive care. This study showed
that SATs are safe; self-extubation,9 intensive-care-related
complications,39 myocardial ischaemia,40 and posttraumatric stress disorder41 did not occur more
frequently in patients managed with daily SATs than in
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those managed without SATs. Kress and colleagues’
trial was limited, however, being a single-centre trial
that did not mandate daily SBTs. Because of the absence
of a multicentre trial supporting the eﬃcacy of SATs
and persistent concerns regarding the safety of this
sedation strategy, most intensive-care patients are not
managed with routine SATs; intensive-care practitioners
often opt instead for individualised, patient-targeted
sedation.16–19
In the current investigation, daily SATs reduced the
likelihood of oversedation so that patients were
neurologically ready for extubation once their respiratory
failure had improved. Patients in the intervention group
were more alert than were patients in the control group
on ﬁrst passing both an SBT safety screen and SBT. Thus,
these patients were more likely to be extubated shortly
after ﬁrst passing a breathing trial. Accompanying this
earlier neurological recovery in the intervention group
was a higher rate of self-extubation. Since these events
did not result in more reintubations, the patients were
apparently ready to come oﬀ the ventilator earlier than
the intensive-care team had expected. Self-extubation
within the intervention group did not substantially aﬀect
the results of the trial; after excluding all patients who
self-extubated, the diﬀerence in ventilator-free days
between treatment groups remained signiﬁcant (data not
shown).
In both the current trial and that by Kress and
colleagues,9 patients managed with daily SATs were
treated with less total benzodiazepine medication than
were patients who did not undergo SATs, a diﬀerence in
drug dose that was considerable over the entire stay in
intensive care but small on any given day of treatment.
Total propofol doses, however, were similar between
groups in both studies, suggesting that a reduction in
drug dose was not the sole factor leading to improved
outcomes. The pattern of administration is apparently an
important factor; the interruption of a sedative infusion—
during the wake up component of the SAT plus SBT
protocol—probably facilitates a decline in plasma drug
concentration and reduces the likelihood of drug
accumulation.
Major strengths of the ABC trial included the parallel
format of the SAT plus SBT protocol, which includes
speciﬁc safety screens and failure criteria, making it easy
to replicate; participation by intensive-care staﬀ, including
nurses and respiratory therapists; use of patient-target
sedation and an SBT protocol in both groups; assessment
of coma and delirium with validated and reliable
instruments; and a multicentre study design with
enrolment in both open and closed intensive-care units.
Also, the liberal SBT safety screen criteria used (FIO2 ≤50%
and PEEP ≤8 cm H2O) facilitated the observation that
many patients might be ready to breathe without assistance
sooner than previously expected. Likewise, the simple
criteria for passing an SAT were part of an SAT plus SBT
protocol that was easy to implement yet eﬀective. The
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format of the SAT plus SBT protocol (ie, linkage of SATs
and SBTs) should facilitate its use, making the typical
practice of devising and implementing sedation protocols
and ventilator weaning protocols as independent constructs unnecessary, thereby avoiding emphasis on one or
the other depending on local strengths and personnel.
Lastly, the patients and critical care communities that
participated in the ABC trial were heterogeneous, greatly
enhancing the generalisability of these ﬁndings.
Several limitations should be noted. Research personnel
and intensive-care staﬀ were not blinded to patient
allocation because blinding is not possible in a study of
this kind. Knowledge of group allocation can bias study
results, so we randomly assigned patients to treatment
groups, managed patients in both groups with formal
protocols, followed well-deﬁned outcomes, and used a
statistical analysis plan designed a priori. Although each
participating intensive-care unit used patient-targeted
sedation strategies, we did not mandate the use of a
speciﬁc sedation protocol in the control group or particular
short-acting or long-acting sedatives in either group but—
to compare the SAT plus SBT protocol with usual care—
allowed clinicians to use their judgment with regard to the
most appropriate medications and levels of sedation for
individual patients. A detailed description of sedation
practices used to manage patients in the control group is
therefore not available except that sedative doses were
recorded. By chance, patients in the intervention group
received more propofol before enrolment than did those
in the control group, whereas benzodiazepine and opiate
doses were similar between groups. Although increased
propofol doses before enrolment in the intervention group
might have biased the results against showing improved
outcomes in the intervention group, our analysis indicated
that pre-enrolment propofol dose was not associated with
study outcomes. Because we did not track the time spent
executing the SAT plus SBT protocol, we cannot report the
amount of personnel time needed to implement this
intervention. The protocol was designed to be done by
bedside nurses and respiratory therapists during the
course of routine care, and it was implemented largely by
clinical staﬀ during the trial. Lastly, we did not enrol
surgical patients because of their potential need for
continuous analgesia; thus, the wake up and breathe
protocol should be tested separately in a surgical
intensive-care population.
At any instant during the year following enrolment,
patients managed with the wake up and breathe protocol
were about a third less likely to die than were patients in
the control group. Patients with more severe critical
illness, who tend to have prolonged stays in intensive
care—ie, those who accrue the largest cumulative
exposure to sedative medications—could receive the
greatest beneﬁt from management with the SAT plus
SBT strategy, but we are limited in our ability to draw
such conclusions since no data exist to elucidate the
mechanism of the observed survival beneﬁt.
www.thelancet.com Vol 371 January 12, 2008

In conclusion, our results suggest that use of a so-called
wake up and breathe protocol that pairs daily spontaneous
awakening trials (ie, interruption of sedatives) with daily
spontaneous breathing trials for the management of
mechanically ventilated patients in intensive care results
in better outcomes than current standard approaches and
should become routine practice.
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