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Abstract

Rationale: A bundled approach to intensive care unit (ICU) care
known as “Awakening and Breathing Coordination, Delirium
monitoring/management, and Early exercise/mobility” (ABCDE)
has been proposed, with evidence supporting individual
interventions as well as the bundle as a whole. Few data exist on the
bundle’s implementation and efficacy in community practice.

Objectives: To evaluate self-reported rates of implementation of
ABCDE components and their association with outcomes in a state-
wide quality improvement collaborative.

Methods: A written survey was administered to representatives
attending the 2012 annual meeting of the Michigan Health and
Hospital Association’s Keystone ICU collaborative. Respondents
reported on their practices regarding spontaneous awakening trials,
delirium assessments, and early mobility.

Measurements andMainResults:There were 212 respondents,
a 76% response rate. Wide variation in focus was noted across the
assessed components of ABCDE. Only 12% reported having

implemented routine spontaneous awakening trials and delirium
assessments as well as early mobility, 36% reported not having
early mobility as an active goal in their units (nonmovers), and
52% reported attempts at early mobility without both routine
sedation interruption and delirium screening implementation. In
adjusted models, those who implemented exercise with sedation
interruption and delirium screening were 3.5 (95% confidence
interval, 1.4–8.6) times more likely to achieve higher levels of
exercise in ventilated patients than those who implemented
exercise without both sedation interruption and delirium
screening.

Conclusions:There is incomplete penetrance of aspects of ABCDE
across ICUs in this highly motivated statewide quality improvement
collaborative. Yet, implementation of exercise in the context of both
sedation interruption and delirium screening was associated with
improved self-reported mobility outcomes. Effective knowledge
translation and implementation strategies may offer substantial
benefits to ICU patients.
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Intensive care unit (ICU)–acquired delirium
and weakness have devastating
consequences for survivors of critical illness
(1–3). Iatrogenic factors such as mechanical
ventilation, sedation, and immobilization

are risk factors for acquiring delirium and
weakness in the ICU (4–9). With sequelae
ranging from increased mortality to longer
ICU length of stay to persistent functional
and cognitive dysfunction (10–13), there is

an increasing need to target delirium
and weakness with evidence-based
interventions (14).

Multiple initiatives have emerged as
best practice in mechanically ventilated
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patients: spontaneous awakening trials
(15–17), spontaneous breathing trials
(18–20), and early mobilization (21). However,
most studies have tested these interventions
as single-pronged interventions. Limited
recent data suggest that a bundled approach is
more effective; this has been coined
“Awakening and Breathing Coordination,
Delirium monitoring/management, and Early
exercise/mobility,” or ABCDE (22–26).
The existing randomized controlled trial
evidence base is rooted in protocolized
practice, performed in single centers, and
where each additional step of ABCDE was
tested on a foundation of care that involved
near uniform implementation of the
previous steps.

There is a logical argument that one
should only attempt to implement in
sequence. For example, D (delirium
screening) and E (early exercise) may be
more effective after first limiting sedation,
A (awakening patients)—this might be
termed sequential implementation of
ABCDE. There are few data on community
practice regarding selection among these
practices and the extent to which sequential
or nonsequential implementation is
common. It is also unclear whether
complete implementation regarding
components of ABCDE leads to improved
outcomes versus incomplete methods.
Therefore, we performed a cross-sectional
survey study to assess the level of self-
reported implementation of aspects of
ABCDE. We hypothesized that there would
be a wide variety of implementation
practices, and that implementation of A, D,
and E would be associated with increased
self-reported levels of achieved patient
mobility. Some of the results of these
studies have been previously reported in the
form of an abstract (27).

Methods

Design
A written survey was administered to 278
representatives of 51 hospitals attending
the January 2012 annual meeting of the
Michigan Health and Hospital Association
Keystone ICU initiative, a quality-
improvement collaborative focused on
improving outcomes in Michigan ICUs.
Respondents included staff nurses,
nurse managers, physicians, hospital
administrators, respiratory therapists, and
pharmacists. The 2012 survey was part of

the Michigan Health and Hospital
Association Keystone’s ongoing quality
improvement efforts to understand its
members’ practices along with self-reported
outcomes. At the time, Keystone strongly
advocated the use of the ABCDE bundle,
which had been introduced sequentially.
Spontaneous awakening trials had been
introduced and emphasized from 2004,
while delirium screenings had been
advocated from the January 2009
workshop, and data collection regarding
delirium screenings performed within the
collaborative beginning in 2010. Early
mobility initiatives had been strongly
encouraged from 2011 through
presentations at the January ICU workshop
and during coaching calls throughout the
year.

At the time of this survey, Keystone
actively encouraged submission of data
regarding frequency of spontaneous
awakening trial and delirium assessment
performance from collaborative members;
however, this was an area the leadership also
recognized as needing improvement. The
survey contained multiple items assessing
attitudes toward spontaneous awakening
trial performance, delirium assessment, and
data collection. Because of the sensitive
nature of these attitudinal questions, the
investigators and Keystone leadership
believed that keeping surveys anonymous
would encourage more honest feedback.
This decision was reinforced in feedback
from extensive preadministration testing of
the survey instrument in members of
multiple professional disciplines. Analysis
of the data was approved by the University
of Michigan Medical Center Institutional
Review Board (HUM00065602).

Measures

Outcome variables. Respondents were
asked if they routinely try to have patients
actively engaged in exercise within
48–72 hours of mechanical ventilation.
Respondents were also asked how many of
their patients receiving physical therapy
reach weight bearing (standing), marching
in place, or walking before extubation. This
outcome was considered met if respondents
reported more than 10% of patients
meeting one of these levels of exercise.

Institutional and individual
variables. Respondents were asked if their
unit or hospital had an association with
a medical school, residency or house

officers, critical care fellows, or other
academic affiliation. Institutions were
classified as academic if any of these criteria
were met. Respondents were also asked
about unit size (i.e., number of beds),
whether the unit model was closed (in which
only intensivist-led critical care teams write
orders), frequency of data collection, and
whether intensivists made primary decisions
in their units.

Description of practice. Respondents
were asked to report on their practices
regarding the use of spontaneous awakening
trials, delirium assessments, and early
mobility, and the frequency with which they
collected data regarding these practices.
(Relevant questionnaire items are presented
in the online supplement.) We did not
assess the rate of spontaneous breathing
trials as respiratory therapists were
underrepresented in the group attending the
meeting and we therefore had concerns
about the reliability of the representative
respondents’ self-report regarding this
particular intervention. Respondents were
then grouped into one of several categories
based on responses. Those who did not
endorse early mobility as an active goal in
their unit were deemed “nonmovers.”
Respondents who reported that early
mobility (E) was an active goal were then
determined to be complete, or A/D/E,
implementers if they also reported routine
spontaneous awakening trial use (.75% of
mechanically ventilated patients undergo
spontaneous awakening trials each day—A)
and routine delirium assessment (.75% of
mechanically ventilated patients undergo
delirium assessments each day—D). All
other respondents who endorsed early
mobility as an active goal, but did not
report either routine spontaneous
awakening trial use or delirium assessment
(or both), were classified as incomplete, or
E without A or D implementers (Figure 1).
We also created a score regarding frequency
of self-reported data collection based on
answers to the following questions: “On
how many patient days do you collect data
on delirium assessments?” and “On how
many patient days do you collect data on
spontaneous awakening trials (SATs)?” For
each question, there were six levels of
increasing frequency to choose from, with
more than 90% representing the highest
level. A data collection frequency score was
created on the basis of the level of response
to both questions, with 12 being the highest
frequency of data collection and 2 being the
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lowest. Questionnaire items, details of score
construction, and the distribution of
responses are shown in the online data
supplement.

Statistical Analysis
We employed descriptive univariate analysis
for the variables of interest. We then used
bivariable analysis to compare cultural and
organizational variables with our outcome
variables and with type of implementation.
Chi-square testing assessed associations
with categorical variables; the Student t test
was employed for continuous variables.
Multivariable logistic regression modeling
evaluated the aforementioned groups for
differences in their organizational
characteristics and approach to early
mobility and in reported outcomes. The
emphasis on anonymity precluded the
ability to analyze data on the basis of unit
or institution, and therefore the data were
analyzed in aggregate. The variables used to
evaluate differences between groups and in
outcomes were a priori determined by the
investigators and included academic
affiliation, intensivist-led management
(either closed unit or mandatory intensivist
consultation), and frequency of reported
data collection.

We also evaluated characteristics of
high-level data collectors by multivariable
regression including the a priori determined
variables of academic affiliation, intensivist-
led model, and reporting having sufficient
resources to devote to research. We then
used logistic regression to study the
primary outcomes. We compared groups in
their reported outcomes in early exercise
and higher levels of exercise. As a sensitivity

analysis, we also performed multivariable
regressions controlling for academic
affiliation, intensivist-led model, and high-
level data collection. These additional
variables did not have significant
associations with the primary outcomes in
multivariable regression, and their removal
from the models did not significantly
change the associations of the groups
with the primary outcomes. Therefore
ultimately, these additional variables were
not included in final models. SAS 9.3 was
used for statistical analysis (SAS Institute,
Cary, NC).

Results

Of the 278 in attendance, we received 212
responses to our survey, a response rate of
76%. Median unit size was 16 beds, with
an interquartile range of 21. Thirty-six
percent reported being from intensivist-led
units, either traditionally closed or with
mandatory intensivist consultation.
Seventy-six percent reported some academic
affiliation. Demographic information
concerning the respondents and represented
units can be seen in Table 1.

Components of ABCDE
Incomplete compliance was noted across the
assessed components of the bundle
(Table 2). With respect to spontaneous
awakening trials, 88% of those surveyed
had a protocol in place, with only 45%
reporting that more than three-quarters of
their patients undergo spontaneous
awakening trials every day. Only 31% of
respondents reported performance of daily

delirium assessments in at least three-
quarters of their ventilated patients.

Early mobility was reported as a specific
goal for 65% of respondents, and 39%
claimed to have their mechanically
ventilated patients routinely engaged in
active exercises within the first 48–72 hours.
Twenty-three percent of respondents
reported that at least one-tenth of their
ventilated patients reach weight bearing,
marching in place, or walking before
extubation.

In addition, there was wide variation in
data collection. Of the respondents, 32%
reported collecting data for both
spontaneous awakening trials and delirium
assessments on more than 90% of days,
representing those with the highest data
collection scores. Almost 20% reported
collecting data on less than 10% of days.

Practice Patterns
Respondents were then aggregated into
three categories: A/D/E implementers; E
without either A or D; and nonmovers, that
is, those not attempting E (Figure 1). In
total, 12% of those surveyed were A/D/E
implementers, 52% were E without A or D
implementers, and 36% were nonmovers.

Logistic regression modeling revealed
a variety of differences between the groups.
A/D/E implementers were more likely to be
high-level data collectors (score of 12) than
the other groups (odds ratio [OR], 3.5; 95%
confidence interval [CI], 1.5–8.2) whereas E

SAT Use

YES

YES

YES YES

YES YES

YES

YES

Delirium
Assessment

Early
Mobilization

A/D/E
(Complete)

E without
A and/or D

(Incomplete)

Non-
Mover

12%

4%

17% 52%

31%

36%NO

NO

NO

NO

NO

Either Either

Figure 1. Groupings of respondents. ABCDE = Awakening and Breathing Coordination, Delirium
monitoring/management, and Early exercise/mobility; SAT = spontaneous awakening trial.

Table 1. Respondent and organizational
characteristics

Variable %

Unit beds, median (interquartile
range)

16 (21)

Academic affiliation 76
Intensivist-led staffing (closed unit

or mandatory intensivist
consultation)

36

Professional role
Nurse manager 18
Nurse educator/clinical nurse
specialist

13

Staff nurse 36
Physical therapist/occupational
therapist/speech therapist

8

Physician 6
Other (representatives of quality
management [n = 7] and
infection control [n = 5], nursing
leadership not included above
[n = 8], and respiratory therapy
[n = 1])

19
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without A or D implementers were less
likely to be high-level data collectors (OR,
0.28; CI, 0.15–0.55). In fact, for each point
in the intensity of data collection score,
respondents were 1.2 (CI, 1.1–1.4; P = 0.01)
times more likely to be A/D/E
implementers. In a multivariable analysis
controlling for data collection, E without A
or D implementers were more likely to
report academic affiliation (OR, 2.9; CI,
1.4–5.7). Although in univariate analysis
academic affiliation and the intensivist-led
model were significantly associated with
being a high-level data collector, none of
the included variables were significantly
associated with reported high-level data
collection in multivariable analysis.

Although both A/D/E and E without A
or D implementers were more likely to
engage mechanically ventilated patients in

early active exercise than nonmovers, A/D/E
implementers were more likely to report
getting patients to higher levels of exercise
than E without A or D implementers (OR,
15.6 [CI 4.7–51.8] vs. OR, 4.5 [1.6–12.2];
P = 0.006). When directly comparing A/D/E
implementers versus E without A or D
implementers, A/D/E implementers were 3.5
(CI, 1.4–8.6) times more likely to report
getting patients to higher levels of exercise
(Table 3).

We also examined the role of delirium
assessment in A/D/E implementation, to
test the hypothesis that the spontaneous
awakening trial alone is the key intervention
leading to successful early mobility. We
compared A/D/E implementers with those
reporting that they were performing routine
spontaneous awakening trials, but not
routinely assessing for delirium (A/E no D

implementers). We also compared this
group with others. We found that those who
were performing routine spontaneous
awakening trials but not routine delirium
assessment were less likely than A/D/E
implementers to achieve early exercise (OR,
0.33 [CI, 0.11–0.97]) or to achieve higher
levels of exercise (OR, 0.15 [CI, 0.05–0.52]).
When comparing A/E no D to other E
with no A implementers, there was no
significant difference in achieving early
exercise or achieving higher levels of
exercise (OR, 0.58 [CI, 0.25–1.31] and OR,
0.43 [CI, 0.15–1.25], respectively). In fact,
point estimates suggest that A/E no D
implementers performed worse than E no
A implementers, although associations did
not reach statistical significance.

Discussion

In this cross-sectional survey, we found
ongoing incomplete penetrance and variable
implementation of components of ABCDE
in Michigan ICUs, especially in the areas
of delirium assessment and achievement of
early mobility in ventilated patients. This is
particularly notable given that the ICUs
represented in the Keystone Collaborative
are highly motivated units engaged in an
effort to improve this practice. A clear
majority of respondents reported
attempting mobility without having
implemented routine sedation interruption
and delirium screening. Such incomplete—
or, perhaps, nonsequential—implementation
was also associated with lower self-reported
success in mobilization.

For several years, individual
components of ABCDE have been shown to
improve outcomes in critically ill patients.
Single intervention studies dating to the
mid-1990s on aspects of the bundle have
demonstrated decreased ventilator days,
sedative exposure, and ICU-related costs
(15, 16, 18). In the late 2000s, early physical
therapy in mechanically ventilated patients
was shown to improve functional status
and outcomes (21). However, only more
recently has a bundle of these initiatives
been proposed to target cognitive and
functional decline in critically ill patients
(25, 26). This bundling is purported to
strengthen implementation. A logical
progression in patient care can be seen
with use of the bundle, each aspect has
evidence in the literature to support its
implementation, and all aspects of the

Table 2. Component and outcome measures

Component Measure Percentage of Respondents Self-
Reporting Meeting Measure

A (BC) .75% of ventilated patients undergo
daily SAT

45

D .75% of ventilated patients undergo
daily delirium assessment

31

E Early mobility is an active unit goal 65
Outcome .10% of ventilated patients

receiving physical therapy reach
weight-bearing status before
extubation (high levels of exercise)

23

Outcome Routinely try to have patients
engaged in active exercise within
first 48–72 h of mechanical
ventilation (early exercise)

39

Definition of abbreviations: ABCDE = Awakening and Breathing Coordination, Delirium monitoring/
management, and Early exercise/mobility; SAT = spontaneous awakening trial.

Table 3. Relative likelihood of reporting achievement of higher levels of exercise*

Comparison OR for High-Level Exercise† (95% CI) P Value

A/D/E‡ vs. nonmoversx 15.6 (4.7–51.8) ,0.0001
A/D/E vs. E without A or Djj 3.5 (1.4–8.6) 0.0063
E without A or D vs. nonmovers 4.5 (1.6–12.2) 0.004

Definition of abbreviations: ABCDE = Awakening and Breathing Coordination, Delirium monitoring/
management, and Early exercise/mobility; CI = confidence interval; OR = odds ratio; SAT =
spontaneous awakening trial.
*Unadjusted regression results, as results were not significantly confounded by other tested
covariates (see text for description).
†High-level exercise: respondents who report getting more than 10% of patients to standing,
marching in place, or walking before extubation.
‡A/D/E: Complete implementers—those reporting early mobility efforts (E) and routine implementation
of SATs (A) and delirium assessments (D).
xNonmovers: those who report no active early mobility efforts.
jjE without A or D: incomplete implementers—those who report early mobility efforts (E) without
routine implementation of SATs (A) and/or delirium assessments (D).
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bundle need to be performed to maximize
the benefit in patients (28). This rationale
has been used in deploying bundles
throughout other areas of medicine. In fact,
a few studies have shown improved
outcomes both from ABC and ABCDE
bundles, although these have been in highly
structured, controlled settings (20, 21, 23).

As has been noted extensively in the
literature, practical implementation of
bundles has its own challenges and needs to
be assessed separately. In fact, Balas and
colleagues identified facilitators and barriers
to acceptance of the ABCDE bundle in
a single center (22). Our study further
provides data from multiple ICUs of
varying sizes and demographics across an
entire state to illustrate three important
points: inadequate penetrance of ABCDE
components, variable implementation
methods, and potential consequences of
variable implementation for levels of
achieved patient mobility. Complete or
sequential implementers who had the
upstream components of ABCDE,
spontaneous awakening trial performance
and delirium assessment, in place reported
achieving higher levels of self-reported
patient activity than their peers. Further,
those who reported routine spontaneous
awakening trial performance but not
delirium assessment were no more
successful than other incomplete or
nonsequential implementers in achieving
self-reported exercise outcomes. In other
words, this study preliminarily adds
another layer of evidence to the notion that,
with respect to ABCDE, the whole truly is
greater than the sum of its individual parts.

With respect to group-specific
associations, complete implementers were
more likely to be high-level data collectors
than their peers. In fact, each incremental
increase in self-reported frequency of data
collection supported the likelihood that
a respondent would be a complete
implementer. Causation is impossible to

establish with our present study design, and
it is possible that those with more resources
for data collection would also have more
resources for early mobility initiatives.
However, when controlling for responses
that might reflect those increased resources,
such as academic institution, intensivist-led
units, or resources to devote to research, our
findings did not change. Therefore, we
suspect the act of data collection and
analysis allows for improved quality
assessments among health care teams,
which then allows for feedback and
improved performance of the interventions
studied. This has been recognized as
a priority in the medical realm (29), and it
has even been shown to improve efficiency
in other sectors of our society (30).

Our study has important limitations
that must be addressed. First, the sample of
respondents was drawn from the Michigan
Health and Hospital Association Keystone
ICU annual meeting. These attendees likely
represent a motivated cohort of thought
leaders, not a broad reflection of ICU
practitioners from across the state or at
a national level. However, this cohort is
more likely to be aware of data collection
efforts, and if anything is more likely be
aware of appropriate ABCDE practice.
Second, data and outcomes were self-
reported and not directly observed;
therefore, these represent how respondents
think of their own practice. Third, the data
for this analysis were obtained from
a survey; thus, we must consider
nonresponse bias in our interpretation,
although our 76% response rate compares
favorably with the published literature
(31). Fourth, in this type of survey study,
ideally we would analyze the data by
taking into account clustering of
representatives from units and hospitals.
However, we chose to deemphasize
identifying information to encourage
honesty in responses, and therefore
a stratified and weighted analysis was not

possible. The Michigan Health and
Hospital Association has a policy of
subsidizing attendance costs for three
representatives from each unit, which
decreases the effect of weighting of
attendance of larger institutions.
Attendance by several representatives of
most units was confirmed in review of
attendance records collected separately
(not for research purposes). Fifth, we
were unable to assess the spontaneous
breathing trial component of ABCDE
given the underrepresentation of
respiratory therapists in our cohort.
However, to our knowledge, this is still
the largest, most complete assessment of
bundle components in daily practice to
date.

The consequences of critical illness are
far reaching and have implications well
beyond the initial ICU stay. Moreover, life-
saving strategies employed on the “front
end” of treating the critically ill are now
known to have morbidity and mortality
ramifications if left unchecked. ABCDE
mitigates functional and cognitive decline
in controlled settings acutely, and our study
suggests the benefit of full sequential
implementation of the bundle in a practical
setting through a statewide survey of
motivated critical care practitioners. We
believe this lends credence to the claim that
ABCDE is a crucial component in ICU-
level care to ensure that patients do not just
survive, but are given the best opportunity
to recover. n
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