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Objective: The debilitating and persistent effects of ICU-acquired
delirium and weakness warrant testing of prevention strategies.
The purpose of this study was to evaluate the effectiveness and
safety of implementing the Awakening and Breathing Coordina-
tion, Delirium monitoring/management, and Early exercise/mobility
bundle into everyday practice.

Design: Eighteen-month, prospective, cohort, before-after study
conducted between November 2010 and May 2012.

Setting: Five adult ICUs, one step-down unit, and one oncology/
hematology special care unit located in a 624-bed tertiary medi-
cal center.

Patients: Two hundred ninety-six patients (146 prebundle and
150 postbundle implementation), who are 19 years old or
older, managed by the institutions’ medical or surgical critical
care service.

Interventions: Awakening and Breathing Coordination, Delirium
monitoring/management, and Early exercise/mobility bundle.
Measurements and Main Results: For mechanically ventilated
patients (n = 187), we examined the association between bun-
dle implementation and ventilator-free days. For all patients, we
used regression models to quantify the relationship between
Awakening and Breathing Coordination, Delirium monitoring/
management, and Early exercise/mobility bundle implementa-
tion and the prevalence/duration of delirium and coma, early
mobilization, mortality, time to discharge, and change in resi-
dence. Safety outcomes and bundle adherence were moni-
tored. Patients in the postimplementation period spent three
more days breathing without mechanical assistance than did
those in the preimplementation period (median [interquartile
rangel, 24 [7-26] vs 21 [0-25]; p = 0.04). After adjusting for
age, sex, severity of illness, comorbidity, and mechanical ventila-
tion status, patients managed with the Awakening and Breath-
ing Coordination, Delirium monitoring/management, and Early
exercise/mobility bundle experienced a near halving of the odds
of delirium (odds ratio, 0.55; 95% CI, 0.33-0.93; p=0.03) and
increased odds of mobilizing out of bed at least once during
an ICU stay (odds ratio, 2.11; 95% ClI, 1.29-3.45; p = 0.003).
No significant differences were noted in self-extubation or rein-
tubation rates.

Conclusions: Critically ill patients managed with the Awakening
and Breathing Coordination, Delirium monitoring/management,
and Early exercise/mobility bundle spent three more days breath-
ing without assistance, experienced less delirium, and were more
likely to be mobilized during their ICU stay than patients treated
with usual care. (Crit Care Med 2014; 42:1024-1036)

Key Words: Awakening and Breathing Coordination, Delirium
monitoring/management, and Early exercise/mobility bundle;
delirium; intensive care unit; ventilator-free days

rowing evidence suggests that there is an iatrogenic
component to ICU practice that influences critically
ill patients’ likelihood of experiencing ICU-acquired

delirium and weakness. These comorbidities are common in
adult critically ill patients (1-7) and independently predict
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increased mortality (1, 8-11), mechanical ventilator days
(5, 10-12), ICU length of stay (12—14), and use of continu-
ous sedation and physical restraints (15, 16). The effects of
both conditions are often persistent and include functional
decline (17) and long-term cognitive impairment (18).
Strategies are needed to prevent and/or treat ICU-acquired
delirium and weakness.

Mechanical ventilation, sedative medications, and immobi-
lization are known risk factors for ICU-acquired delirium and
weakness (6,7, 19). When these factors interact with other known
predisposing factors, the likelihood of developing delirium and
weakness rises (6, 7, 20). Multicomponent approaches targeted
to modifiable risk factors have effectively prevented delirium
among older hospitalized medical patients (21). Such multifac-
eted interventions, however, are understudied in the ICU setting.

A multicomponent liberation and animation strategy aimed
at reducing delirium and weakness has recently been proposed
(22-25). Liberation refers to reducing exposure to mechanical
ventilation and sedative medications through use of coordi-
nated, target-based sedation protocols, spontaneous awaken-
ing trials (SATS) (26), and spontaneous breathing trials (SBTs)
(27). Animation refers to early mobilization, which reduces
delirium (28-30). This evidence-based strategy is referred to as
the “Awakening and Breathing Coordination, Delirium moni-
toring/management, and Early exercise/mobility” (ABCDE)
bundle (22-25).

A bundle is a small set of evidence-based practices that,
when performed collectively and reliably, have been proven
to improve patient outcomes (31). Bundles are used in the
ICU setting to address a number of serious iatrogenic condi-
tions (e.g., ventilator-associated pneumonia and central cath-
eter infections). The use of bundles, as suggested in the study
by Barr et al (32), may be similarly beneficial for developing
patient-centered protocols for preventing and treating PAD in
critically ill patients.

Although many ABCDE bundle components improved
important clinical outcomes in rigorously designed random-
ized controlled trials (RCTs), most of these RCTs evaluated the
safety and efficacy of these interventions in isolation, excluded
many important ICU populations, and generally relied on
research staff to implement the intervention. Additionally, the
evidence supporting both the ABCDE bundle and the new
PAD guideline recommendations was based predominately on
data derived from RCTs in mechanically ventilated patients.
Given these circumstances, there is great interest on the part of
ICU clinicians to know if the ABCDE approach will improve
patient outcomes and which patients the bundle should be
applied to (e.g., intubated vs nonintubated patients). These are
relevant questions considering that the vast majority of ICU
patients are not mechanically ventilated (33).

This study was designed to better understand these impor-
tant aspects of the ABCDE management strategy. Our goal was
to determine if implementing the ABCDE components as a
bundle would prove safe and effective if applied to every criti-
cally ill patient, every day, regardless of mechanical ventilation
status, as well as to identify successes and pitfalls in bundle
1025
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implementation. Some results of this study have been previ-
ously reported in abstract form (34-36).

METHODS

Additional information about the methods is provided in the
online supplement (Supplemental Digital Content 1, http://
links.lww.com/CCM/A798).

Overview of Study Development and Adoption of
ABCDE Bundle Policy

We recently described in detail our experience implement-
ing the ABCDE management strategy into everyday practice
(37). In brief, over an 18-month period, members of the
research team and study site collaborated on the develop-
ment of an institutional ABCDE bundle policy and numer-
ous ABCDE bundle-related educational opportunities
(Table E1, Supplemental Digital Content 1, http://links.Iww.
com/CCM/A798). The ABCDE bundle was officially imple-
mented on October 3, 2011.

Usual Care (Pre-ABCDE Bundle Implementation)
Prior to ABCDE bundle implementation, clinicians at the
participating institution had some experience with SATSs
and SBTs. The performance of both procedures, however,
was inconsistent and identified as a needed area of quality
improvement. There were no official policies in place to guide
the SAT or SBT process (e.g., no checks to see if it was safe
to perform a SAT or SBT, no guidance as to what defined
success or failure). Additionally, SATs and SBTs were rarely
coordinated and interprofessional rounding depended on the
individual ICU physicians’ practice. No delirium monitoring
or management policies were in place. One ICU was in the
beginning phase of an early mobility program, but patients
were not routinely assisted out of bed in the ICU setting.

ABCDE Bundle Intervention (Post-ABCDE Bundle
Implementation)

In the postimplementation period, the stated institutional
policy was that the ABCDE bundle was to be applied to every
adult patient receiving ICU level of care. All patients were to
receive the intervention on a daily basis unless a licensed pre-
scriber wrote an order not to have the patient participate in
certain components of the ABCDE bundle (opt-out method).
The five distinct components of the ABCDE bundle, along
with safety screen and success failure criteria used in this study,
are provided in Figure 1 and Table 1.

Study Design, Setting, and Participants

This prospective before-after study was conducted at a
624-bed tertiary medical center. Eligible patients included
adult patients (= 19 yr old) admitted to the institution’s med-
ical or surgical critical care service, regardless of mechani-
cal ventilation status. Critically ill patients were recruited
consecutively from five adult ICUs, one step down unit, and
an oncology/hematology special care unit. Patients were
1026
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excluded if they did not have a legally authorized representa-
tive (LAR) to provide consent within 48 hours of ICU admis-
sion. “Pre” patients were enrolled from February to October
2011 and received “usual care.” “Post” patients were enrolled
from October 2011 to April 2012. The institutional review
board approved the study protocol, and written informed

consent was obtained from all patients’ LAR.

Study Procedures

To ensure reliability of outcomes assessment in the pre- and
postimplementation period, trained research personnel (all
registered nurses [RNs]) were hired to enroll patients, perform
daily sedation/agitation and delirium assessments, and conduct
standardized medical record reviews. Interrater reliability checks
for delirium and sedation/agitation screenings were 100% for
all four research personnel. The research personnel had no role
in administering any parts of the ABCDE bundle. The decision
to perform daily SATs, SBTs, delirium monitoring/management,
and early exercise/mobility was made solely by the ICU team.

At enrollment, we collected demographic data, admission
source, and primary diagnosis. Severity of illness and comor-
bidity were measured by the Acute Physiology and Chronic
Health Evaluation II (APACHE II) (38) score and Charlson
Comorbidity Index (39), respectively. We recorded the cumu-
lative amount of sedative medications administered from ICU
admission until study enrollment, including operating room,
postanesthesia care unit, and procedural sedation.

Awakening and Breathing Coordination. We recorded
daily the total 24-hour dose of sedative medications as we did
at study enrollment. If a patient received a continuous infusion
of sedative medications and/or mechanical ventilation within
the preceding 24-hour period, we recorded whether that
patient received a SAT/SBT and the documented reasons for
safety screen or trial failure. We recorded the date and time of
intubation and extubation, any unplanned extubations, rein-
tubations, new tracheostomies, and any hospital discharges on
mechanical ventilation.

Delirium Monitoring/Management. The patients’ level
of arousal was assessed daily by research personnel with the
Richmond Agitation-Sedation Scale (RASS) (40, 41). Sub-
jects with a RASS score of —3 or higher underwent delirium
screening with the Confusion Assessment Method for the ICU
(CAM-ICU) (2, 42). If the subject was unavailable, additional
attempts were made to evaluate their neurologic status that
day. We also recorded the results of the ICU clinicians’ every
8-hour CAM-ICU and RASS assessments.

Early Exercise/Mobility. We recorded daily whether patients
received physical therapy consultation and if they were mobi-
lized out of bed anytime in the previous 24 hours.

Outcome Definitions

Our primary outcome for mechanically ventilated patients was
ventilator-free days (VFDs). We defined VFDs as the number
of days patients were breathing without mechanical ventila-
tor assistance during a 28-day period which began at the time
of study enrollment. A period of unassisted breathing began
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Figure 1. Awakening and Breathing Coordination, Delirium monitoring/management, and Early exercise/mobility bundle policy. RN = registered nurse,
SAT = spontaneous awakening trial, SBT = spontaneous breathing trial, RT = respiratory therapist, RASS = Richmond Agitation-Sedation Scale,

CAM-ICU = confusion assessment method for the ICU, PT = physical therapist. *Continuous sedative medications maintained at previous rate if SAT safety
screen failure. Mechanical ventilation continued, and continuous sedative medications restarted at half the previous dose only if needed due to SBT safety
screen failure. ®Continuous sedative infusions stopped, and sedative boluses held. Bolus doses of opioid medications allowed for pain. Continuous opioid
infusions maintained only if needed for active pain. “Continuous sedative medications restarted at half the previous dose and then titrated to sedation target
if SAT failed. Interdisciplinary team determines possible causes of SAT/SBT failure during rounds. Mechanical ventilation restarted at previous settings and
continuous sedative medications restarted at half the previous dose only if needed if SBT failed. “SAT pass if the patient is able to open his/her eyes to
verbal stimulation without failure criteria (regardless of trial length) or does not display any of the failure criteria after 4 hr of shutting off sedation. *Each day
on interdisciplinary rounds, the RN will inform the team of the patient’s target RASS score, actual RASS score, CAM-ICU status, and sedative and analgesic
medications the patients is receiving. If delirium is detected, team will discuss possible causes, eliminate risk factors, and employ nonpharmacologic man-
agement strategies. ‘Each eligible patient is encouraged to be mobile at least once a day, with the specific level of activity geared to his or her readiness.
Patients progress through a three-step process, embarking on the highest level of physical activity they can tolerate. Progress includes sitting on edge of

bed, standing at bedside and sitting in chair, and walking a short distance. Use of the protocol ends when the patient is discharged from the ICU.

with extubation (or removal of mechanical ventilation support
for patients with tracheostomies) if the period of unassisted
breathing lasted at least 48 consecutive hours. Patients who
died during the study period were assigned 0 VEDs.

We secondarily examined outcomes across the entire ICU
population (i.e., mechanically ventilated and nonmechani-
cally ventilated patients), including the prevalence, duration,
and percent of ICU days of delirium and coma. Duration
of delirium was defined as the number of ICU days in
which patients were CAM-ICU-positive and not comatose.
Duration of coma was defined as the number of ICU days
that patients had a RASS score of —4 or —5. We additionally
explored the number of patients mobilized out of bed during
their ICU stay. Finally, we examined 28-day ICU and total
hospital mortality, time to discharge from the ICU and hos-
pital, and the number of patients who experienced a change
in residence. Change in residence was defined as discharge
from the hospital to a place other than home in subjects
residing at home prior to admission. Unplanned extubations,
reintubations, tracheostomy placement, percent of ICU time

Critical Care Medicine

in physical restraints, and the use of imaging for “changes in
mental status” were tracked as safety endpoints. Reintubation
was defined as a second intubation that occurred during the
patient’s initial ICU stay.

Statistical Analysis

Demographic and clinical characteristics were compared
between both sets of subjects and by mechanical ventilation
status. Mean and sp (median and interquartile range [IQR]
for skewed distributions) or frequencies and percentages are
presented for continuous or categorical variables, respec-
tively. Initial comparisons between pre and post groups were
made using ¢ tests (or Wilcoxon test) for continuous variables,
chi-square test (or Fisher exact test) for categorical variables,
and log-rank tests for time-to-event variables. Differences in
outcomes between pre and post groups were analyzed after
adjusting for age, sex, mechanical ventilation status, APACHE
11, and Charlson Comorbidity Index using logistic regression
for binary outcomes and Cox regression for time-to-event out-
comes. SAS version 9.2 (SAS Institute, Inc. Cary, NC) was used
1027
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TABLE 1. Awakening and Breathing Coordination, Delirium Monitoring/Management, and
Early Exercise/Mobility Bundle Safety Screen Questions and Success/Fail Criteria

Awakening
and Breathing
Coordination,

Delirium Monitoring/
Management, and
Early Exercise/Mobility
Bundle Component

1) Active seizures

2) Alcohol withdrawal

Spontaneous

awakening trial
3) Neuromuscular blockade
4) Control of increased ICP
5) ICP > 20mm Hg
6) Receiving ECMO
7) Documentation of Ml in past 24 hr
8) Current RASS > 2

Safety Screen Criteria-Conditions for Exclusion

Pass/Fail Criteria-Conditions Denoting Failure

1) RASS score > 2 for > 5 min

2) Pulse oximetry reading < 88% for > 5 min
3) Respirations > 35 breaths/min for = 5 min
4) Acute cardiac arrhythmia

5) ICP > 20 mm Hg

6) Two or more of the following: heart rate
increase = 20 BPM, heart rate <55 BPM,
use of accessory muscles, abdominal paradox,
diaphoresis, or dyspnea

Spontaneous
breathing trial

1) Chronic ventilator dependence
2) Pulse oximetry reading < 88%
3) Fio, > 50%

4) Set PEEP > 7

5) ICP >20mm Hg

6) Receiving mechanical ventilation in an attempt

to control ICP
7) Documentation of Ml in past 24 hr

8) Increasing doses of vasopressor medications

9) Lack of inspiratory effort

1) Respiratory rate > 35 breaths/min for > 5 min
2) Respiratory rate < 8

3) Pulse oximetry reading < 88% > 5 min

4) ICP >20mm Hg

5) Mental status changes

6) Acute cardiac arrhythmia

5) Two or more of the following: use of accessory
muscles, abdominal paradox, diaphoresis, and
dyspnea

1) RASS < -3
2) Fio,> 0.6
3) Set PEEP>10cm H,0

Early exercise/
mobility

4) Increasing doses of vasopressor infusions in

the last 2 hr

5) Evidence of active M|

6) Administration of a new antiarrhythmic agent

7) Receiving therapies that restricted mobility

(e.g, ECMO and open abdomen)

8) Injuries in which mobility is contraindicated

(e.g, unstable fractures)

1) Symptomatic drop in mean arterial pressure

9) Heart rate < 50 or > 130 BPM > 5 min

3) Respiratory rate <5 or > 40 breaths/min > 5 min
4) Systolic blood pressure > 180mm Hg > 5 min
5) Pulse oximetry reading < 88% > 5 min

6) Marked ventilator dyssynchrony

7) Patient distress

8) New arrhythmia or evidence of active Ml

9) Concern for airway device integrity or
endotracheal removal

10) Fall to knees

RASS = Richmond Agitation-Sedation Scale, ICP = intracranial pressure, ECMO = extracorporeal membrane oxygenation, BPM = beats per minute,

MI = myocardial ischemia, PEEP = positive end-expiratory pressure.

for all summaries and analyses. The statistical level of signifi-
cance was set at less than 0.05 (two-sided o).

RESULTS

Patient Characteristics
A total of 146 patients were enrolled before ABCDE bundle
implementation (“pre” group) and 150 after implementation

1028
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(“post” group) (Fig. 2). Patients in the preimplementation
phase were older (pre-age mean 59.2 £ 16.1 vs post-age mean
55.6+14.9; p=0.05), but otherwise they shared similar base-
line characteristics to patients in the postimplementation
period (Table 2). Patients in both groups were lightly sedated
at the time of study enrollment (median RASS score of —1)
and received similar doses and types of sedative medications

May 2014 « Volume 42 * Number 5
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) !

Pre-ABCDE Bundle (n=150)

Mechanically ventilated (n=93)
Non-mechanically ventilated (n=57)

Post-ABCDE Bundle (n=150)

Mechanically ventilated (n=94)
Non-mechanically ventilated (n=56)
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Fewer patients treated with
the ABCDE bundle experi-
enced delirium (pre 62.3%
vs post 48.7%; p = 0.02)
(Table 3). Delirium duration
was reduced by 1 day in the
postimplementation  period,
and the percent of ICU days
spent delirious decreased by
17% (pre 50% [IQR, 30-64.3]
vs post 33.3% [IQR, 18.8-50];
p = 0.003). After adjusting for
age, APACHE II score, sex,
Charlson Comorbidity Index,
and mechanical ventilation,
there continued to be a sig-
nificant effect of the ABCDE
bundle on prevalence of delir-
ium (p = 0.03), and the odds
of delirium were reduced by
almost half (odds ratio, 0.55;
95% CI, 0.33-0.93). No signifi-
cant difference was noted in
coma prevalence, coma dura-

tion, percentage of ICU days

T

spent in coma, or mean RASS
score between the pre- and

Withdrawn from study (n=4)
+ LAR consent not returned and/or
obtained

Withdrawn from study (n=0)

postimplementation  period
in unadjusted or adjusted
analyses.

[ Analysis ]
v

Following  multivariable
adjustment, a significant effect

Analyzed (n=146)

Analyzed (n=150)

of the ABCDE bundle was
observed on the percentage of

patients (pre 48% vs post 66%;

Figure 2. Patient Recruitment, Enrollment, and Analysis Pre and Post Awakening and Breathing Coordination,
Delirium monitoring/management, and Early exercise/mobility (ABCDE) Bundle Implementation. LAR = Legally

Authorized Representative.

prior to study enrollment. Patients were admitted to the ICUs
with a variety of medical and surgical diagnoses, with more
than 40% of the sample having surgery on or during their
ICU admission. When we examined baseline characteristics
by mechanical ventilation status, no significant differences
between pre- and postimplementation groups were noted
(Table E2, Supplemental Digital Content 1, http://links.Iww.
com/CCM/A798).

Outcome Effectiveness

Mechanically ventilated patients in postimplementation group
spent more days breathing without mechanical ventilator assis-
tance than those in preimplementation group (pre-median
21 d [IQR, 0-25] vs post-median 24 d [IQR, 7-26]; p = 0.04)
(Table 3). Three patients in the postimplementation and five in
the preimplementation period were discharged from the hos-
pital on mechanical ventilation (p = 0.50).

Critical Care Medicine

p =0.002) who were mobilized
during their ICU stay. Patients
treated with the ABCDE bun-
dle had twice the odds (95%
CI, 1.30-3.45; p = 0.003) of mobilizing out of bed at least once
during their ICU stay compared with patients in the ICU prior
to bundle implementation (Table 3).

Unadjusted hospital mortality was significantly lower in the
postimplementation group (p = 0.04), while ICU mortality
showed a nonstatistically significant reduction (p = 0.07). The
hospital mortality rate was 19.9% in the preimplementation
period versus 11.3% in the postimplementation period, yielding
an odds ratio of 0.56 (95% CI, 0.28—1.10; p = 0.09) after adjust-
ment for age, APACHE II score, sex, and comorbidity (Table 3).

No significant difference was observed in the time to ICU or
hospital discharge between the pre- and postimplementation
periods (Table 3). Few ICU patients who were admitted from
home returned to this setting at hospital discharge in either the
pre- or postimplementation period. No significant differences,
however, were noted in change in residence in either the unad-
justed or adjusted analysis.

1029
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TABLE 2. Characteristics of Patients Admitted to Study Units on ICU Admission

Characteristic Pre-ABCDE Bundle (n = 146) Post-ABCDE Bundle (n = 150)
Age mean (sp) yr 59.2 (£ 16.1) 556 (£ 14.9) 0.05
Female, n (%) 67 (45.9) 64 (42.7) 0.58
Caucasian, n (%) 134 (93.1) 133 (89.3) 0.25
Residence preadmission,® n (%) 0.09
Home 118 (80.8) 132 (88.0)
Nursing home 7 (4.8) 7 (4.7)
Skilled nursing facility 4(2.7) 6 (4.0)
Rehabilitation center 5(3.4) 0 (0)
Other hospital 9(6.2) 1(0.7)
Other 3(2.1) 4(2.7)
Acute Physiology and Chronic Health Evaluation || 23.5 (17-29) 21 (16-28) 0.08
score, median (IOR)
Charlson Comorbidity Index, median (IOR) 2 (1-5) 2 (1-4) 0.48
Admitting ICU diagnosis, n (%) NT
Medical®
Shock 20 (13.7) 20 (13.3)
Respiratory 37 (25.3) 35 (23.3)
Cardiac 6 (4.1) 5(3.3)
Neurologic/other 25 (17.1) 34 (22.7)
Surgical?
Neurosurgical 29 (19.9) 24 (16.0)
Cardiothoracic/vascular 6 (4.1) 20 (13.3)
General surgery/trauma 21 (14.4) 11 (7.3)
Other 2(1.4) 1 (0.7)
Admission type (elective), n (%) 30 (20.6) 39 (26.0) 0.27
Sedation before enroliment, median (IQR)
Benzodiazepines® (mg) 79 (2-24) 8.8 (2-26.8) 0.91
Opiate (mg)' 16.7 (6.7-42.7) 26.7 (10-47) 0.27
Propofol (mg) 230 (100-1,260) 200 (100-480) 0.48
Dexmedetomidine (pg) 1,034 (748-1,320) 78 (35—-184) 0.06
Haloperidol (mg) 5(n=1) 1(h=1) NT
Surgery on/during ICU admission 63 (44.4%) 70 (46.7%) 0.69
Richmond Agitation-Sedation Scale on first study day -1(-8t00),n=121 -1 (-31t00), n=131 0.99

ABCDE = Awakening and Breathing Coordination, Delirium monitoring/management, and Early exercise/mobility, IQR = interquartile range, NT = not tested (not
enough subjects).

“When age was examined by mechanical ventilation status, no significant differences were noted (mechanically ventilated patients age, pre 57.7 £ 16.2 versus
post 55.41+14.5, p = 0.30; nonmechanically ventilated patients age, pre 61.7+15.8 versus post 56+ 15.7, p = 0.06).

®Data were recategorized as home/other for purposes of statistical analysis.
°Medical category described fully in online supplement (Supplemental Digital Content 1, http://links.lww.com/CCM/A798).
dSurgical category described fully in online supplement (Supplemental Digital Content 1, http://links.lww.com/CCM/A798).

°Expressed in lorazepam equivalents; includes the following medications: lorazepam, midazolam, clonazepam, diazepam, and temazepam. The total dose includes
continuous infusions and bolus doses given IV, intramuscularly, and orally.

‘Expressed in morphine equivalents; includes the following medications: morphine, hydromorphone, and fentanyl. The total dose includes continuous infusions
and bolus doses given IV, intramuscularly, and orally.
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TABLE 3. Effectiveness Outcomes of ABCDE Bundle Implementation

Pre-ABCDE Post-ABCDE

Bundle Bundle Unadjusted Adjusted Adjusted
ABCDE Bundle Component Outcome (n=146) (n=150) P Odds Ratio p

Awakening and breathing coordination®

Ventilator-free days?

Mean (sp) 15(11.4) 18 (10.6)
Median (IOR) 21 (0-25) 24 (7-26) 0.04
Delirium monitoring/management
Delirium anytime, n (%) 91 (62.3) 73 (48.7) 0.02 0.65° (0.33-0.93) 0.03
Duration of delirium, days, median (IQR) 3(1-6) 2(1-4) 0.52
Percent ICU days spent delirious, median (IQR) 50 (30-64.3)  33.3 (18.8-50) 0.003
Coma anytime, n (%) 41 (28.1) 43 (28.7) 0.91 1.00° 0.99
Coma days, median (IOR) 2 (1-4) 2 (1-b) 0.35
Percent ICU days spent in coma, median (IQR) 25 (182-44.4) 25 (12.5-42.9) 0.89
Richmond Agitation-Sedation Scale Score, 0.02 (1.4) -1.03(1.9) 0.38
mean (sp)

Early exercise/mobility

Mobilized out of bed anytime in ICU, n (%) 70 (48) 99 (66.0) 0.002 2.11°(1.30-3.45) 0.003
28-day mortality®

Hospital mortality (ICU and post-ICU), n (%) 29 (19.9) 17 (11.3) 0.04 0.56° (0.28-1.10) 0.09

ICU mortality, n (%) 24 (16.4) 14 (9.3) 0.07
Time to discharge? (d)

From ICU, median (IOR) 5(3,8) 4(3,5) 0.21 1.16°(0.89-1.50) 027

From hospital, median (IQR) 13 (9, 15) 11 (9, 13) 0.99 1.01¢(0.77-1.31) 0.96
Residence at hospital discharge,’ n (%)

Home 51 (44) 60 (45.1) 0.86

Nursing home 9 (7.8) 8 (6)

Skilled nursing facility 13(11.2) 16 (12)

Rehabilitation center 29 (2b) 27 (20.3)

Home with hospice 1(0.9) 2(15)

Hospice center 2.7 4 (3)

Swing bed/other hospital 8(6.9) 6 (4.5)

Other 3(26) 10 (7.5)
Change in residence for those who came from 72 (61) 72 (564.6) 0.30 1.16°(0.66-2.03) 0.60

homes, n (%)

ABCDE = Awakening and Breathing Coordination, Delirium monitoring/management, and Early exercise/mobility, IQR = interquartile range.
2For those subjects that received mechanical ventilation only pre (n = 93) and post (n = 94).

°Qdds ratio and 95% Wald confidence limits.

°All subjects who died did so within 28 d post enroliment.

9Time to ICU discharge is calculated only for the 28-day interval post enrollment. If a subject was not discharged within the first 28 d or died within 28 d, then
she/he was considered censored.

°Hazard ratio and 95% hazard ratio confidence limits.
‘Data were categorized as home/other for purposes of statistical analysis.
9Change in residence was defined as discharge from the hospital to a place other than home in those subjects residing at home prior to hospital admission.
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Outcome Safety

No significant differences were found in unplanned extuba-
tions, reintubation rates, tracheostomy placements, percent
time spent in physical restraints, or the use of imaging for
mental status changes pre- versus post-ABCDE bundle imple-
mentation (Table 4).

ABCDE Bundle Compliance and Sedative
Medication Use

Most patients requiring mechanical ventilation received a
continuous infusion of either sedative or opioid medications
sometime during their ICU stay (pre 77.4% vs post 70.2%,
p = 0.26) (Table 5). Post-ABCDE bundle implementation,
there was a significant increase in the number of patients
who had their continuously infused sedative medication
held at least once for a SAT (pre 53% vs post 71%; p = 0.04).
The percentage of ICU days on which patients received a
SAT while on a continuously infused opioid medication also
doubled in the postimplementation period (pre 25% vs post
50%; p = 0.001). Patients in the postimplementation period
were significantly more likely to undergo a SBT at least once
during their ICU stay (pre 71% vs post 84%; p = 0.03). In the
postimplementation period, clinicians documented a variety
of reasons for not performing both SATs and SBTs (Table
E3, Supplemental Digital Content 1, http://links.lww.com/
CCM/A798).

Although there was a trend toward decreased benzodi-
azepine use and increased opiate use in the postintervention
period, the number of patients treated and total average daily
doses of these medications did not differ significantly in pre-
and postimplementation (Table 6). CAM-ICU and RASS score
were documented in the postimplementation period every 8
hours by bedside nurses 50% and 68% of the time, respec-
tively (Table 6). Delirium was identified as present by bedside
nurses in 51% of patients in the postimplementation period.
Although nearly two thirds of the patients received a physi-
cal therapy consultation while they were in the ICU, approxi-
mately one third of ICU days were spent out of bed.

DISCUSSION

We explored the effectiveness and safety of implementing into
everyday clinical care an interprofessional, multicomponent,
bundle of evidence-based interventions directed at reducing
the harmful effects of oversedation, mechanical ventilation,
and immobility. In this prospective before-after study, imple-
mentation of the ABCDE bundle resulted in patients spending
an additional 3 days breathing without mechanical ventilator
assistance compared with patients treated with usual care. After
adjusting for important covariates, the ABCDE bundle was
found to be an important independent predictor of reduced
delirium rates and increased likelihood of mobilizing out of
bed. Implementation of the ABCDE bundle was also found to
be safe and well tolerated. These efficacy and safety findings
were present despite a lower than anticipated compliance with
the ABCDE bundle.

Our results are consistent with RCTs that studied the individ-
ual components of the ABCDE bundle. Girard et al (43) found
that a ventilator liberation strategy pairing daily SATs and SBTs
resulted in three more VFDs and less time in coma compared
with usual care consisting of daily SBTs and patient-targeted
sedation. We found a similar reduction in VEDs but not in
coma days. This may be due to deeper sedation levels at enroll-
ment in the study by Girard et al (43) (RASS of —4 compared
with RASS of —1). Our findings are also consistent with ran-
domized trial evidence from Schweickert et al (30) that found
a rehabilitation strategy consisting of SATs and physical and
occupational therapy resulted in more VFDs and shorter dura-
tion of delirium for mechanically ventilated patients who were
functionally independent prior to hospitalization.

In the current and previous investigations (30,43), improve-
ments in outcomes occurred despite the fact that the overall
number of patients treated with sedative and opioid medica-
tions did not significantly differ between groups. This suggests
(but does not prove) the potential benefit from the “act” of
awakening. This awakening strategy ensures a period of maxi-
mum wakefulness that may mitigate harm through a variety
of potential mechanisms. For example, daily awakenings may

TABLE 4. Safety Outcomes of ABCDE Bundle Implementation

Safety Outcome

Any unplanned extubation

Any self-extubation?

Self-extubation requiring reintubation®

Any reintubation

Tracheostomy

Underwent imaging related to change in mental status®

Percent of ICU time in physical restraints (median,
interquartile range)®

Pre-ABCDE Bundle

Post-ABCDE Bundle

(n=93) (%) (n =94) (%) P
7 (75) 7 (75) 098
6 (6.5) 5 (5.3) 0.74
1(1.1) 1(1.1) 099
16 (17.2) 11(11.7) 0.28
15 (16.1) 14 (14.9)
21 (14.4) 17 (11.3) 0.43
12.7 (0-51.4) 6.9 (0-50) 0.29

ABCDE = Awakening and Breathing Coordination, Delirium monitoring/management, and Early exercise/mobility.

2Defined as an extubation documented to be done by patient.
5For all patients included in study: pre (n = 146) and post (n = 150).
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TABLE 5. Spontaneous Awakening and Breathing Trial Implementation

Variable

Mechanically Ventilated Patients

Pre-ABCDE
Bundle (n = 93)

Post-ABCDE
Bundle (n =94)

Received a continuously infused sedative medication® anytime 67 (72) 59 (62.8) 0.18
during ICU stay, n (%)

Had continuously infused sedative medication® held at least once 35 (63) 492 (71.2) 0.04
for a SAT, n (%)

SATs performed on eligible days (sedative medication® only), median 499 (25-66.7) 50 (33.3-55.6) 0.38
% (IOR)

Received a continuously infused opioid medication® anytime during 34 (36.6) 30 (31.9) 0.50
ICU stay, n (%)

Had continuously infused opioid medication® held at least once for 15 (45.5) 18 (60) 0.25
a SAT, n (%)

SATs performed on eligible days (opioid medication® only), median 25 (14.3-40) 50 (45.2-66.7) 0.001
% (IQR)

Received a continuously infused sedative® or opioid® medication 72 (77.4) 66 (70.2) 0.26
anytime during ICU stay, n (%)

Had continuously infused sedative® or opioid® medication held at 36 (50.7) 42 (63.6) 0.13
least once for a SAT, n (%)

SATs performed on eligible days (sedative? or opioid® medication 33.3(24.4-52.8) 50 (33.3-50) 0.18
held), median % (IQR)

Underwent a SBT anytime during ICU stay, n (%) 65 (70.7) 79 (84) 0.03

SBT/mechanical ventilation days, median (IQR) 50 (31.8-66.7) 50 (33.3-66.7) 094

ABCDE = Awakening and Breathing Coordination, Delirium monitoring/management, and Early exercise/mobility, SAT = spontaneous awakening trial,

IQR = interquartile range, SBT = spontaneous breathing trial.

?ncludes the following medications: lorazepam, midazolam, propofol, and dexmedetomidine.

®Includes the following medications: morphine, hydromorphone, and fentanyl.

reduce the risks of prolonged deep sedation (44), provide ben-
eficial effects of higher peak stimulations (45), and/or allow
for patients to engage in physical and cognitive activity (46)
that may be independently protective. It is equally plausible
that observed improvements were due to other factors such as
active care coordination or more intense delirium monitoring.

Despite intense education regarding the hazards of contin-
uously infused sedation, more than two thirds of the patients
in the current study were treated with this sedation strategy.
Although clinicians in this study were more likely to discon-
tinue sedative drips for a SAT after ABCDE bundle implemen-
tation, there was no difference in SAT performance for patients
receiving opioid infusions, suggesting that clinicians may not
view opioids as potentially harmful, or alternatively, believe the
need for pain medication outweighs the need to discontinue
sedation.

Similarly, despite the known benefits of early mobilization in
mechanically ventilated patients (28—30), patients spent more
than 65% of their ICU days in bed. This finding may be due
to a number of factors, including the method by which early
mobilization was conducted (i.e., primarily by ICU RNs with-
out additional staffing), the patients to which it was applied
(i.e., prehospitalization functional status not considered), and
the outcomes that were used to evaluate effectiveness. Patient

Critical Care Medicine

outcomes, however, were significantly improved despite
lower-than-desired bundle adherence. Therefore, the current
study may underrepresent the potential impact with ABCDE
bundle implementation, considering that we did not reach the
goal of “applying it to every patient every day.” This also high-
lights the need for rigorously designed research to understand
best practices for applying evidence to the bedside.

A major strength of this study was the daily assessment of
patients’ sedation/agitation level and delirium status by trained
study staff using valid and reliable screening instruments.
Enhancing the applicability and feasibility for other ICUs,
this study also included the results of bedside RNs’ assessment
of sedation levels and delirium status, demonstrating good
agreement between clinician and research personnel. In con-
trast to previous RCTs, our study had few exclusion criteria.
We included a diverse patient population (e.g., intubated and
nonintubated) and relied on clinicians to implement the inter-
ventions and monitor the patients, suggesting that the ABCDE
bundle could be applied widely across ICUs. We also followed
adherence to the individual components of the ABCDE bun-
dle, critical to understanding effectiveness trial results. Finally,
study focus was on knowledge translation, or applying research
findings into everyday practice, an important yet understudied
subject area in critical care.
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TABLE 6. Sedative Medication Utilization and Delirium Monitoring/Management and Early
Exercise/Mobility Implementation

Pre-ABCDE Post-ABCDE
Variable Bundle (n = 146) Bundle (n = 150) P
Sedation received post enrollment
Benzodiazepines?
Patients treated, n (%) 91 (62.3) 77 (561.3) 0.06
Total dose (mg), median (IQR) 21.2 (3-876) 174 (3-56.1) 0.41
Average daily dose® (mg), median (IQR) 28 (1-12.7) 1.7 (0.4-78) 0.09
Opiates®
Patients treated, n (%) 124 (84.9) 134 (89.3) 0.26
Total dose (mg), median (IQR) 26.3 (10-1472) 35.8 (14-126) 0.70
Average daily dose® (mg), median (IQR) 5.8 (2-16.7) 55(22-143) 097
Propofol
Patients treated, n (%) 25 (17.1) 31 (20.7) 0.44
Total dose (mg), median (IOR) 1,003 (150-5,305) 410 (140-2,310) 0.50
Average daily dose® (mg), median (IQR) 83.3 (10-499.8) 66.7 (77-419) 0.64
Dexmedetomidine (ug)
Patients treated, n (%) 12 (8.9) 16 (10.7) 0.47
Total dose (mg), median (IOR) 1,538 (666-5,820.3) 2,600 (332-3726) 0.69
Average daily dose® (mg), median (IQR) 140.3 (88.4-269.3) 18b6.7 (28.4-294.9) 0.87
Haloperidol
Patients treated, n (%) 11 (75) 12 (8.0) 0.88
Total dose (mg), median (IQR) 6 (2.6-19.56) 175 (38-393) 024
Average daily dose® (mg), median (IQR) 05 (0.3-1.3) 1.3 (0.4-4.1) 0.20
Percentage of time CAM-ICU results documented every 8 hr by bedside nurse* NA 50 (33.3-66.7)
MV patients, median (IQR) NA 50 (33.3-66.7)
Non-MV patients, median (IQR) NA 60 (33.3-68.6)
Delirium anytime per bedside nurse documentation, n (%) 76 (51)
Percentage of time Richmond Agitation-Sedation Scale score documented 66.3% 68% 0.84
every 8hr by bedside nurse
Richmond Agitation-Sedation Scale Score by bedside nurses, mean (so) -0.64 (1.1) -0.59 (1.1) 0.68
Physical therapy consults anytime during ICU stay, n (%) 105 (71.9) 113 (75.3) 0.50
Mobilized OOB at least once during ICU stay, n (%) 70 (48) 99 (66.0) 0.002
MV patients, n (%) 44/93 (47.3) 57/94 (60.6) 0.07
Non-MV patients, n (%) 26/53 (49.1) 42/56 (75) 0.005
OOB days/ICU length of stay, median % (IQR) 33.3 (16.7-50) 33.3(20-539) 064

ABCDE = Awakening and Breathing Coordination, Delirium monitoring/management, and Early exercise/mobility, IQR = interquartile range, CAM = confusion
assessment method, NA = not applicable, MV = mechanically ventilated; OOB = out of bed.

2Expressed in lorazepam equivalent;. includes the following medications: lorazepam, midazolam, clonazepam, diazepam, and temazepam. The total dose includes
continuous infusions and bolus doses given IV, intramuscularly, and orally.

bAverage daily dose calculated by taking the total dose per subject and dividing by their total days in ICU.

°Expressed in morphine equivalents; includes the following medications: morphine, hydromorphone, and fentanyl. The total dose includes continuous infusions
and bolus doses given IV, intramuscularly, and orally.

9Per the institution's ABCDE bundle policy, bedside nurses were required to document results of the CAM-ICU every 8hr.
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There are several important limitations to this investigation.
Because of the study’s design, relatively small sample size, and
the fact that there was a delay in study enrollment until con-
sent was obtained, our results are susceptible to both temporal
changes and the impact of important unbalanced (or missing)
confounders not included in our multivariable adjustment.
The fact that most ABCDE bundle-related educational efforts
took place during the preimplementation period may have also
influenced study findings. Although we attempted to track the
number of patients who received individual components of
the ABCDE bundle each day, we were unable to determine the
cause of coma (i.e., structural or drug-induced) and relied on
medical record reviews, which limited our ability to determine
definitively the reasons for withholding specific interventions.
This was particularly true in the preimplementation period,
when there were no SAT or SBT safety screen criteria. Finally,
we also did not follow pain levels using a valid and reliable tool
as suggested in the new PAD guidelines. These limitations, in
balance with the observed intervention benefit, suggest the
value of confirmative trials.

Although we followed a number of important effective-
ness and safety outcomes, some applied to only to a segment
of the ICU population (e.g., VFDs to mechanically ventilated
patients), whereas others could be interpreted as either an out-
come or compliance measure (e.g., mobilized out of bed any-
time). Future studies would be strengthened by the use of a
validated functional outcome measure. We also did not explore
the role that specific sedative medications had on patient out-
comes, but this is an appropriate direction for future analysis.
Finally, it is important to reiterate that nearly all the evidence
supporting the ABCDE bundle (and new PAD guidelines) was
derived from RCTs that included only mechanically ventilated
patients. Our inclusion of nonintubated patients extrapolated
evidence derived from one population (mechanically venti-
lated patients) to a population less well studied (nonmechani-
cally ventilated patients). Although we found benefits and no
obvious harm applying the ABCDE bundle to nonintubated
patients, we believe that individual ICUs should explore their
own epidemiology/patient mix, culture, and staffing levels
before they decide whether to apply the ABCDE bundle to
their entire ICU population. Our data also suggest that RCTs
may be warranted in nonmechanically ventilated patients to
strengthen the PAD evidence base.

CONCLUSIONS

This prospective study explored the effectiveness and safety of
the ABCDE bundle, an evidence-based, interprofessional, mul-
ticomponent ICU management strategy that promotes early
liberation and animation of critically ill patients. In a diverse
group of critically ill patients, implementation of the ABCDE
bundle resulted in reduced time on the ventilator, less delirium,
and more time spent out of bed compared with patients not
treated with the bundle. These improvements were achieved
despite little difference in medication exposure and incomplete
bundle adherence. The ABCDE bundle appears to be a valu-
able tool in the management of critically ill patients.
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