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Abstract

Background: Early rehabilitation has been found to prevent delirium and weakness that can hamper the recovery of
intensive care unit (ICU) survivors. Integrated clinical practice guidelines for managing patient pain, agitation and
delirium (PAD) have been developed. The Awakening and Breathing Coordination, Delirium monitoring/management,
and Early exercise/mobility (ABCDE) bundle provides a strategy to implement PAD guidelines into everyday clinical
practice. However, there is limited evidence on the effectiveness of the ABCDE bundle in the literature.
The purpose of this study was to evaluate the feasibility of conducting a full-scale randomised controlled trial
comparing the ABCDE bundle to standard care in an ICU. Trial feasibility was defined as the successful recruitment and
retention of trial participants, adherence to the intervention, identification of barriers to the intervention, and the
rigorous collection of outcome data.

Methods: A prospective, single-centre, randomised controlled feasibility study was conducted. Thirty adult
mechanically ventilated participants were recruited from an eight-bed ICU in south east Queensland, Australia,
between April 2015 and December 2015. Participants were randomised to receive either the ABCDE bundle or
standard routine management. The ABCDE bundle integrated prescribed awakening and breathing trials, delirium
monitoring and management, and prescribed exercise and mobility regimes. Feasibility outcomes measured included
recruitment and retention rates, intervention fidelity, and the feasibility of participant outcome data collection.
Outcome measurement assessors were blinded to participant assignment. It was not possible to blind the research
team or the participant to group assignment.

Results: In total, 30 (81.1%) of 37 eligible participants consented and were randomised to the intervention group
(n = 15) or the control group (n = 15). Of these, 23 (76.6%) participants successfully completed the 90-day post
discharge assessment. A lengthy recruitment period of 8 months was related to overly stringent inclusion and
exclusion criteria. Intervention adherence exceeded defined success rates with participation in awakening and
breathing trials, delirium monitoring and exercise interventions performed on 80.2, 97.4 and 90.2% of ventilated days
respectively. Outcome assessments were successfully and accurately performed at ICU and hospital discharge and
90-day post hospital discharge. Intervention participants were deemed to be delirious on 39.6% of mechanically
ventilated days indicating a requirement for a scripted regime to prevent delirium.
(Continued on next page)
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Conclusions: With minor adjustment of inclusion and exclusion criteria, the inclusion of delirium management
protocols, and encouragement of family engagement and involvement, a large-scale definitive randomised controlled
trial to test the impact of the ABCDEF bundle will be feasible.

Trial registration: Australian New Zealand Clinical Trials Registry 12614000763640 Date registered 17/08/2014

Keywords: ABCDE bundle, Critical illness, Delirium, Muscle weakness, Quality of life, Rehabilitation, Intensive care

Background
Introduction
Critically ill patients commonly suffer profound weak-
ness, pain, and delirium which are inextricably linked
[1]. Limited physical function and adverse effects associ-
ated with immobilisation are likely to worsen if cogni-
tion is not intact [2]. Physical impairments related to
these issues may last for years after discharge from the
intensive care unit (ICU) [3].
Integrated pain, agitation and delirium (PAD) clinical

practice guidelines for critically ill patients using
pharmacologic and non-pharmacologic approaches have
been developed following rigorous research and aim to
prevent long-term detrimental patient outcomes [4]. To
date, these approaches have not necessarily produced
reductions in negative sequela for the critically ill [5].
Researchers agree that delirium and ICU-associated
weakness (ICUAW) remain pervasive and under-
recognised within our ICUs [6].
The ABCDE bundle focusses on a way to implement

the PAD guidelines to reduce delirium and weakness re-
lated to over-sedation, prolonged mechanical ventilation
and forced immobility in mechanically ventilated critic-
ally ill patients [7]. This bundle of cares as described by
Balas and colleagues [7] comprises three inter-related
components: coordination of awakening and breathing
trials, monitoring and management of delirium, and
early exercise. Clinicians are increasingly incorporating
the ABCDE bundle into clinical practice [8] and investi-
gating outcomes associated with its use in the ICU [9].
A prospective before–after study tested the effective-

ness and safety of incorporating the ABCDE bundle into
everyday practice [10]. Balas and colleagues [10]
recruited 296 patients (146 in the pre-group and 150 in
the post bundle implementation group) from five adult
ICUs, a step-down unit, and an oncology special care
unit in a large tertiary hospital in the USA. The authors
found a number of significant patient benefits that
resulted from incorporating the ABCDE bundle includ-
ing decreased duration of ventilation, reduced delirium
and increased episodes of mobilisation [10].
Although results of this study were promising, limi-

tations of the study design warrant consideration.
Balas and colleagues [10] acknowledged that educa-
tion regarding the ABCDE protocol applied during

the pre-implementation period may have influenced
study results. There may have been contamination
during the pre-test period with inadvertent implemen-
tation of aspects of the intervention. As with all pre-
post studies, the effect of history on the internal
validity cannot be disregarded. Rigorous RCTs are
therefore required to adequately test the effect of this
bundle. To the best of our knowledge, there are no
published RCTs examining the ABCDE bundle and its
impact on ICU survivor quality of life.

Objectives
In this study, we aimed to test the feasibility of conduct-
ing an RCT to examine the impact of the ABCDE bun-
dle on quality of life in ICU survivors.
Our research question was: What is the feasibility of

conducting a RCT using the ABCDE bundle compared
with usual practice to improve ICU survivors’ quality of
life? Feasibility outcomes included successful recruit-
ment and retention of trial participants, intervention fi-
delity, identification of barriers to implementation of the
intervention, and the feasibility of collecting outcome as-
sessment data. The CONSORT extension statement
checklist for pilot studies [11] was used as a guide to en-
sure complete and transparent reporting of our study
(See Additional file 1).

Methods
Trial design
A prospective, single-centre, single-blinded, equally ran-
domised (1:1), controlled feasibility study was conducted
between April 2015 and March 2016 in an eight-bed,
level two [12] ICU in south east Queensland, Australia.
The protocol for this pilot trial is available on the
Australian New Zealand Clinical Trials Registry website.
We were cognisant that a study involving the multi-

component ABCDE bundle is complex and that many
trials involving complex interventions fail to prove a sig-
nificant positive result [13]. This may be related to poor
implementation of the intervention or substandard study
design rather than genuine ineffectiveness. To ensure
the effectiveness of our study protocol, we have utilised
the principles of the United Kingdom Medical Research
Council’s framework for the design and evaluation of
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complex health care intervention to prepare for a rigor-
ous and appropriately powered future RCT [14].
The initial development phase of the framework

required a comprehensive review of pertinent literature
relating to the early rehabilitation of critically ill patients
[15]. Our integrative review informed the modelling
component of the framework which involved introdu-
cing the ABCDE bundle of cares into an ICU as detailed
in the following method section. The results of the feasi-
bility and piloting phase of the framework are presented
in this manuscript. The outcome of this trial will deter-
mine if and how we can progress to an RCT to compare
the ABCDE bundle with standard ICU practice.

Participants
Schweickert et al. [2] had reported improved functional
outcomes in patients who had received physical therapy
within 72 h of the initiation of mechanical ventilation.
Thus, patients admitted to the ICU were included if they
were aged over 18 years, had been mechanically venti-
lated for 48 h and were expected to require ventilation
for at least a further 24 h.
Patients were excluded from the study if a premorbid

functional or cognitive impairment precluded engagement
in exercise. Exclusion criteria included an inability to mo-
bilise 3 meters before the current ICU illness; were diag-
nosed with neuromuscular disease that could impair
ventilator weaning; had suffered an acute stroke; were not
for active resuscitation; had been readmitted to ICU
within the current hospitalisation; or were not expected to
survive the current ICU admission.
During the week, potential participants were identified

during the 8 am ward round by a member of the re-
search nursing team. Senior medical or nursing staff
contacted the on-call member of the research team on
the week-end if a suitable participant was identified.
Consent was initially provided by the substitute

decision-maker as the participant lacked capacity related
to altered consciousness, sedation and medical condi-
tion. Once able, the participant was asked to provide de-
ferred consent to continue in the study.
Patient flow through the research process is depicted

in the CONSORT flow diagram (Fig. 1).

Sample size
Thirty participants were recruited with 15 in each group.
This number was consistent with recommendations for
pilot and feasibility studies where samples of 10 to 20
participants per group have been deemed adequate to
assess feasibility outcomes [16, 17].

Randomisation
Participants were randomised without stratification to
either the intervention or control group using a

computer-generated allocation sequence using permuted
blocks of two (www. randomizer.org). The assigned
group allocations were concealed in opaque (when held
to the light) envelopes that were consecutively num-
bered and sealed. The envelopes were prepared by
personnel not connected to the study and were stored in
a secured office within the ICU. An envelope was
opened by a member of the research team, and a partici-
pant was assigned to the allocated group once eligibility
criteria were met and informed consent obtained.

Blinding
It was not possible to blind the research team or the par-
ticipant to group assignment. However, participant out-
come measurement assessors were blinded to
participant assignment as they were separate to the
health care providers who performed the interventions
and did not normally work in the ICU.

Intervention group
The intervention group received the ABCDE bundle.
The completed Template for Intervention Description
and Replication (TIDieR) [18] provided in Additional file
2 provides a detailed description regarding the interven-
tion for replication in future studies.
In brief, the ABCDE bundle education program com-

menced 2 months prior to study commencement. Multi-
modal education was delivered via unit-based presentations
and simulation in order to familiarise staff with procedures
and to practice emergency responses. Ongoing support was
provided during the trial. Nursing, medical and allied
health staff who provide exercise interventions in the trial
were experienced critical care clinicians.
The ABCDE bundle was a standardised and protoco-

lised complex care bundle that was integrated into daily
patient care activities and delivered by the appropriate
member of the treating multidisciplinary team at various
times each day. The implementation of the bundle was
facilitated by using computer software that provided staff
care prompts. That is, the protocol components were
embedded into the patient record computerised infor-
mation system (CIS). Each component of the bundle was
prescribed by nursing or physiotherapy staff following
completion of a safety screen. The CIS provided an alert
when bundle components were due for action. A 1-h
window was provided so that other ICU activities could
be considered. An electronic signature was required to
confirm that each component of the bundle had or had
not been completed.
The Awakening and Breathing Coordination (ABC)

component of the bundle required the completion of a
safety screen within the CIS to determine whether it was
safe to interrupt sedation and commence a spontaneous
awakening trial (SAT). If the SAT was successful, a
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Spontaneous Breathing Trial (SBT) safety screen was per-
formed prior to testing pressure support ventilation or a
T-piece trial. Mechanical ventilation was recommenced if
the patient failed the SBT. The intensivist considered
extubation if the SBT was passed within 30 min.
The Delirium monitoring and management compo-

nent ensured all patients received routine pain, sedation
and delirium assessment using standardised and vali-
dated assessment tools [19, 20]. Pain was assessed every
2 h with the Numeric Rating Scale (NRS) if conscious or
the Critical Care Observation Tool (CCOT) if uncon-
scious. Continuous infusions of Fentanyl and/or
Remifentanil were titrated to keep NRS less than 4 or
CCOT less than 3. Level of alertness was monitored
every 4 h with the Richmond Agitation and Sedation
Scale (RASS). Sedation was optimised by keeping the
RASS between light sedation (− 2) to alert and calm (0).
Propofol and/or Dexmedetomidine were recommended
for the patients in the intervention group. The CAM-
ICU was performed every 12 h (8 am and 8 pm) to
determine if the patient was delirious.

The early exercise and mobility component of the
bundle required the completion of a screen within the
CIS to ensure the patient met safety criteria. If the pa-
tient did not pass the safety screen, they received passive
range of motion exercise and sitting position three times
a day in bed. The nurse or physiotherapist determined
the patient’s capacity for independent movement.
Patients progressed through four levels of progressive
activity, receiving the highest level they could manage.
The nurse created a nursing order in the CIS which
would appear in the CIS at the appropriate time
throughout the day. The nurse was provided a 1-h
window either side of the prescribed time to allow other
patient therapies to occur.
Nursing, medical and allied health staff involved in

providing interventions and those involved in perform-
ing outcome measurements were experienced critical
care clinicians and were deemed competent to perform
the rehabilitation strategies. Safety guidelines especially
with regard to management of endotracheal tubes and
invasive lines during exercise and mobility were

Fig. 1 Flow of study participants
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provided to all ICU staff involved in patient care. Safety
strategies were effective as no adverse events occurred
during the trial.

Control group
The control group received standard medical, nursing
and allied health care with routine pain, sedation and
delirium assessment using the Numeric Rating Scale
(NRS) if conscious or the Critical Care Observation Tool
(CCOT) if unconscious, the Richmond Agitation and
Sedation Scale, and the Confusion Assessment Method-
ICU (CAM-ICU).
Interruption of sedative and opiate infusions was per-

formed at the discretion of the ICU consultant on duty
and would generally occur following the morning hand-
over round (8.00 am). The decision to progress to cessa-
tion of sedation was based on information regarding the
patient’s clinical progress during the previous 12 to 24 h.
There were no standardised procedures to guide spon-
taneous breathing trials. Nursing staff would closely
monitor the patient’s neurological, haemodynamic and
respiratory status. The intensive care specialist would
make the decision whether to progress to extubation or
to resedate the patient.
There were no standardised approaches to the provision

of exercise and mobility at this site. Nursing staff did not
routinely provide patient exercise. Physiotherapists pro-
vided physical exercise for each patient on an ad hoc basis.
The degree of exercise ranged from no exercise to passive
range of motion to sitting out of bed and was delivered at
the discretion of individual physiotherapists.

Primary outcome assessment data
The Functional Independence Measure (FIM) quantified
the participant’s functional and cognitive status at both
ICU and hospital discharge. This tool is validated for use
in the critically ill population [21, 22] and provides reliable
information regarding patient functional change during
rehabilitation across various hospital settings [23].

Secondary outcome assessment data
The Physical Function ICU Test-scored (PFIT-s) is a re-
liable and responsive measure of the physical function
and potential patient physical limitations of critically ill
patients [24]. This test was developed in Australia [24]
and has recently been validated for patient cohorts in
the United States (US) requiring mechanical ventilation
for 4 days or longer [25]. In our study, the PFIT-s was
used in addition to the FIM to provide a specific func-
tional test for ICU patients at ICU discharge.
Physiotherapists who performed the PFIT-s and FIM

assessments and Occupational Therapists who per-
formed the FIM assessments were trained and creden-
tialed in the use of the tools. Assessments were timed to

be performed within 24 h of both discharge from the
ICU using FIM and PFIT-s and discharge from the acute
hospital using FIM.
The Short-Form (36) Health Survey (SF-36v2™)

provided a baseline and post discharge measure of
participants’ health-related quality of life (HRQOL). The
SF-36v2™ is a validated and reliable tool [26] and has
been used to assess the health status of ICU patients
prior to hospitalisation and after discharge [27]. Study
data collectors delivered the questionnaires during one-
on-one personal interviews with participants or their
next of kin when an inpatient of the ICU and by tele-
phone interview at the 90-day post discharge follow-up.
Responses provided by next of kin to HRQOL questions
within the SF-36 have been validated [28] with a signifi-
cant correlation shown between responses provided by
patients and their next of kin [29].
Whilst the main purpose of the study was to test feasi-

bility, the research team also collected health outcome
data including duration of stay in the ICU and hospital,
duration of mechanical ventilation, and mortality.

Trial feasibility - Participant recruitment and retention
rates
Enrolment logs were recorded for all patients who met
eligibility criteria. Pre-screen failure logs were kept for
patients who met the inclusion criteria but were unable
to be enrolled. Reasons for pre-screen failure were
recorded and data entered into an excel spreadsheet.
Recruitment success was defined as 80% of eligible
participants agreeing to be enrolled in the study.
Successful retention was defined by less than 10% attri-
tion rate for those participants who had survived to the
90-day post discharge assessment.

Trial feasibility - Intervention fidelity
The bedside nurse recorded each component of the
ABCDE bundle as it was delivered within the CIS. The re-
search assistants retrospectively recorded this data on a
case report form. Successful adherence to the protocol
was defined as the administration of the entire prescribed
ABCDE bundle on at least 80% of ventilated days.
Awakening and Breathing Coordination: Participant

records were checked for the presence of completed
Spontaneous Awakening Trial (SAT) and Spontaneous
Breathing Trial (SBT) safety screen, and whether a SAT
and SBT was performed if appropriate. Full compliance
was considered if a SAT and SBT if appropriate had been
administered each day.
Delirium monitoring and management: Assessment of

sedation and delirium status using the Richmond
Agitation Sedation scale [20] and the CAM-ICU [19]
were recorded.
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Early Exercise: Protocol adherence was determined
when the participant performed an appropriate level of
exercise each day.

Trial feasibility - Barriers to the implementation of the
intervention
Reasons for not completing components of the ABCDE
bundle were recorded by the bedside nurse. These re-
cords were stored at the bedside until collection by the
research team at participant discharge from the ICU.

Trial feasibility - Adverse events
Participants who suffered an adverse event were to be
immediately reviewed by the intensivist and the event
recorded in detail. Adverse events were to be reviewed
by an independent safety monitor at the recruitment of
participant 10 and 20 or before if indicated.

Trial feasibility - Collection of outcome data.
Primary and secondary outcome measures were per-
formed at four time points during the trial. A baseline
assessment occurred at enrolment into the study, with
further assessments performed within 24 h of ICU dis-
charge, hospital discharge and the final Health-Related
Quality of Life (HRQOL) assessment performed at
90 days post discharge from hospital.

Statistical analysis
The feasibility study was designed to test our procedures
and estimate the proportions of our participants who
would meet our feasibility objectives in a powered RCT.
Demographic and participant characteristics were sum-

marised by using mean and standard deviation for con-
tinuous variables and number and percent for categorical
variables. Descriptive statistics were used to report feasi-
bility outcomes. Participant recruitment and retention
rates, the adherence to the trial intervention, barriers to
the implementation of the intervention, and the feasibility
of collecting outcome assessment data were summarised
and reported as frequencies and proportions or as free
text. Functional and quality of life outcomes were
expressed as mean and standard deviation.
Between groups inferential comparisons were not per-

formed as the study was not powered for this analysis.
All analyses were based on the intention-to-treat
principle using complete case data only and were per-
formed using IBM SPSS software, version 21.0.

Results
Thirty critically ill patients were randomised. The mean
age of the recruited patients was 57.7 years (SD = 13.8).
Seventeen (56.7%) of the cohort were female represent-
ing a female-to-male ratio of 1.3:1. Average severity of
illness score (APACHE II) was 14.3 (SD = 5.4). Patients

were admitted to the ICU with a variety of clinical diag-
noses. All four patients admitted with gastrointestinal
disorders were randomised to the intervention group
(26%). This may have skewed results as this group had a
lengthy ICU stay (mean 16.2 days, SD 11.6) and in-
creased duration of ventilation (mean 14.1 days, SD
11.3). Mortality data was collected to the 90-day follow-
up. However, all mortality occurred prior to hospital
discharge. Baseline characteristics of the recruited
participants are shown in Table 1.
The results of this study are categorised and assessed

against 14 methodological items suggested by Shanyinde
et al. [30] and Bugge et al. [31] to evaluate a feasibility
study. A summary of the items is provided in Table 2.

Eligibility
Between May and December 2015, 433 patients were
screened for suitability for inclusion in the trial. A total
of 37 patients met the inclusion criteria of which three
were not enrolled as they were outside the time for re-
cruitment, one declined consent, one was homeless and
could not be followed up, an interpreter was unable to
be found for a non-English speaking patient and one pa-
tient was related to a research team member. A sum-
mary of patient eligibility is illustrated in the CONSORT
flow diagram (Fig. 1).

Recruitment and consent
Recruitment and consent processes performed by dedi-
cated research personnel were deemed successful. Ultim-
ately, 30 eligible patients (81.1%) consented and were
randomised either into the intervention (n = 15) or
control group (n = 15).

Table 1 Baseline characteristics of participants

Variable Mean (SD) or n (%)

Intervention
(N = 15)

Control
(N = 15)

Age in years 54.9 (15.9) 60.6 (11.0)

APACHE II score 14.9 (5.9) 13.7 (5.0)

Gender (Female) 6 (40.0%) 11 (73.7%)

ICU length of stay (days) 12.1 (6.9) 10.0 (6.3)

Duration of ventilation (days) 10.1 (7.0) 7.4 (5.2)

Hospital length of stay (days) 16.3 (9.3) 17.5 (13.6)

Mortality 4 (13.3%) 1 (3.3%)

Diagnosis

• Respiratory 5 (33.3%) 6 (40.0%)

• Sepsis 4 (26.7%) 7 (46.7%)

• Gastro-intestinal 4 (13.3%) 0 (0.0%)

APACHE Acute Physiology and Chronic Health Evaluation; ICU intensive care
unit; SD standard deviation
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Randomisation procedures
Randomisation processes worked smoothly with an un-
predictable assignment to comparison groups. However,

there was a noted imbalance in demographic data with a
disproportion in age and gender assignments between
the groups.

Table 2 Summary of findings against 14 methodological issues for feasibility research

Methodological items Findings Evidence

1. What factors influenced
eligibility and what proportion
of those approached were
eligible?

Ineligibility for inclusion was mainly due to
not expected to survive, having a neuromuscular
illness, or having an advanced health directive
or acute care plan.

30 out of 37 eligible patients (81.1%) agreed
to participate in the trial.

2. Was recruitment successful? Yes. Recruiting success was defined as 80%
of eligible participants agreeing to participate
and were enrolled in the study.
Review of inclusion and exclusion criteria will
facilitate more timely recruitment.

81.1% of eligible participants agreed to participate
and were enrolled in the study.

3. Did eligible participants
consent?

Yes. There was high conversion to consent. 30 out of 37 (81.1%) eligible patients or their substitute
decision maker consented to participate.

4. Were participants successfully
randomised?

Yes. Randomisation procedures worked well. Table 1 shows variation between the intervention and
control group as may occur with small sample size

5. Were blinding procedures
adequate?

Yes. Assessors of the FIM and PFIT-s remained
blinded to participant assignment throughout
the trial.

Participant treatment group information was not
provided to assessors. Assessors did not work in ICU.

6. Did participants adhere
to the intervention?

Yes. Successful adherence to the Intervention was
defined as participants receiving at least 80% of
the components of the intervention on each
ventilated day.

Awakening and Breathing Coordination: A daily SAT and
a SBT was provided on 105 of a total of 131 ventilated
days (80.2%). Delirium monitoring and management:
RASS score was completed on 100% of ventilated days,
CAM–ICU was completed on 97.4% of ventilated days.
Early exercise and mobility: The intervention group
participated in a total of 432 exercise sessions out of a
total of 479 prescribed sessions (90.2%).

7. Was the intervention
acceptable to the
participants?

Both participants and their families were keen
for the patient to receive the intervention.
Acceptability was measured by participant refusal
to comply with therapy.

1 out of 47 exercise sessions (2.1%) not delivered
was related to patient refusal.

8. Was it possible to calculate
intervention costs and
duration?

An economic evaluation was not conducted as
part of this study

9. Were outcome assessments
completed?

Reasons for non-completion of the assessment
included mortality, transfer to other facilities,
refusal of the assessment at hospital discharge
and one patient remained an in-patient at the
time of writing this report.

A total of 25 (83.3%) FIMs were performed at ICU
discharge and 24 (80%) at hospital discharge.
24 patients (80%) completed the PFIT-s
assessment at ICU discharge.
29 (96.7%) HRQOL assessments were completed
during the initial ICU admission. 23 (76.7%) assessments
were completed at 90 days post discharge.

10. Were outcomes measured
those that were the most
appropriate outcomes?

All outcomes were deemed appropriate and valid. The PFIT-s has a small floor and ceiling effect that
may exclude functional assessments in some ICU
patients [45].

11. Was retention to the study
good?

Successful retention in the study was defined
by less than 10% attrition rate for those patients
who had survived to the 90 days post discharge
assessment.

Five (16.7%) of the 30 participants had died within
90 days following hospital discharge.
Twenty three (92.0%) of the remaining 25 participants,
were successfully followed up.
Two participants were lost to follow up due to
non-contactability (n = 1) and withdrawal of consent (n = 1).

12. Were the logistics of running a
multi-centre trial assessed?

No. This was not assessed as this is a
single-centre trial.

13. Did all components of the
protocol work together?

The components of both the study itself and
the complex intervention worked well together.

Study processes were completed and met all
pre-determined criteria at the end of the study.

14. Did the feasibility/pilot
study allow a sample size
calculation for the main trial?

No. A sample size calculation for a future RCT
was not calculated.

Our feasibility study did not provide a meaningful effect
size estimate for planning a subsequent RCT. This is due
to the imprecision inherent in data from small sample
sizes [46].
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Blinding procedures
The outcome assessors who completed the FIM and
PFIT-s remained blinded to group assignment through-
out the course of the trial. It was not possible to blind
the research team, the treating multidisciplinary team or
the patient to group assignment.

Adherence to the intervention
Adherence to this complex intervention exceeded the
defined success rate of 80% of sessions received each
mechanically ventilated day.

Awakening and breathing coordination
The intervention group received a daily SAT and a SBT if
appropriate determined by a positive safety screen on 105
of a total of 131 ventilated days (80.2%). Of these, 45 SBT
sessions (34.4%) were ordered by the consultant on duty
even if the patient had not passed a safety screen.

Delirium monitoring and management
Documentation of the RASS score was completed on
100% of ventilated days, whilst the CAM–ICU was com-
pleted on 97.4% of ventilated days. Delirium was noted
to be present with a positive CAM–ICU on 39.6% of
mechanically ventilated days for the entire cohort of
participants.

Early exercise and mobility
The intervention group participated in a total of 432 ex-
ercise sessions out of a total of 479 prescribed sessions
(90.2%).
Safety screens built into the CIS met expectations.

There were no adverse events during intervention
sessions.

Acceptability of the intervention–barriers
A total of 479 exercise sessions were prescribed for the
intervention participants during the trial. Of these, 37
(7.7%) sessions were not delivered and of those 34
(91.9%) clearly had a reason documented. The reasons
that participants failed to receive their exercise session is
presented in Table 3.

Outcome assessment
A total of 25 (83.3%) FIM assessments were performed
at ICU discharge and 24 (80%) at hospital discharge.
Reasons for non-completion of the assessment in-

cluded mortality, with a total of three deaths at ICU dis-
charge and a further death at hospital discharge; two
participants were transferred to other facilities, one par-
ticipant refused the assessment at hospital discharge and
one participant remained a hospital in-patient at the
time of project completion.

Twenty-four participants (80%) completed the PFIT-s
assessment at ICU discharge. Reasons for non-
completion were mortality (n = 3, 10%); participant was
transferred to another facility (n = 2, 6.7%) and one
participant refused to be assessed (n = 1, 3.3%) due to
fatigue.
HRQOL was assessed with the SF-36 v 2.0 at baseline

and again at 90 days post discharge from hospital.
Twenty-nine (96.7%) baseline assessments were com-
pleted during the initial ICU admission. One participant
died during the admission, and it was deemed inappro-
priate to seek the baseline assessment. At 90 days post
discharge, 23 (76.7%) follow-up assessments were
complete. A total of 5 (16.7%) participants died during
the trial period related to their clinical condition, whilst
a further 2 (6.7%) refused to participate. Despite longer
length of stay and duration of ventilation, the interven-
tion group mean scores indicated better functional and
quality of life results at discharge. However, the sample
size was too small to provide reliable interpretation.
The entire participant group received RASS assess-

ment on 227 (100%) ventilated days. CAM-ICU assess-
ments were performed on 221 (97.4%) ventilated days.
The management component of delirium was not for-
mally recorded, as interventions had been suggested but
not prescribed. The primary and secondary outcome
assessment data is summarised in Table 4.

Selection of most appropriate outcome test
The outcome assessment tests provided robust clini-
metric measurements of the participant’s physical, func-
tional and HRQOL.

Trial feasibility—retention
Five (16.7%) of the 30 participants had died within
90 days post hospital discharge. Twenty-three (92.0%) of
the remaining 25 participants, were successfully followed
up. Two participants were lost to follow-up due to non-
contactability (n = 1) and withdrawal of consent (n = 1).

Table 3 Barriers to exercise

Reason/Barrier Number Percentage

Haemodynamic/respiratory instability 8 21.6

Sleeping 7 18.9

Procedures 6 16.2

Dialysis 3 8.1

Agitation/delirium 2 5.4

Heavily sedated; complex wound; patient
paralysed; patient refusal; pain; prone position;
end of life care; invasive devices.

1 each 2.7 each

Missing data 3 8.1

Sosnowski et al. Pilot and Feasibility Studies  (2018) 4:32 Page 8 of 12



Synergy of the components of the trial
The study protocol was robust evidenced by successful
implementation of a new complex intervention at the
study site which met study objectives. This suggests that
the study protocol requires very minor adjustment to
provide evaluation of the ABCDE bundle in an appropri-
ately powered trial.

Discussion
There are few studies that explore ‘whole body’ rehabili-
tation in the ICU. In the literature, the term ‘rehabilita-
tion’ frequently refers to mobility or exercise programs
exclusively [22, 32–36]. However, rehabilitation strat-
egies in the ICU should aim to restore physical,
functional and cognitive capabilities [37]. This may po-
tentially be achieved using a bundled approach to treat
and prevent both ICU-acquired weakness and delirium.
Health care interventions require rigorous evaluation,

and most health researchers agree that this is best
achieved with an RCT. However, complex interventions
made up of various components like the ABCDE bundle
pose additional methodological challenges. The UK
MRC guidance on designing and evaluating complex in-
terventions [14] explicitly recommend thorough feasibil-
ity work as an important initial step in the phased
approach to identifying problems that might occur in an
RCT of a complex intervention. This important prepara-
tory stage aims to deliver an RCT that is both robust
(internal validity) and generalizable in a real world
context (external validity) [31]. Important methodo-
logical criteria have been assessed within this study to
determine whether a definitive RCT is feasible.
Target enrolment of an adequate number of partici-

pants to test the study protocol was achieved. However,
recruitment of participants was accomplished in
8 months. We are mindful that an adjustment to the re-
cruitment strategy is required to ensure that recruitment
goals meet timely project completion.
The selection of participants who required a minimum

of 72 h of invasive ventilation resulted in a cohort with a
prolonged stay in the ICU. As it was not the intent of
the study to focus only on long stay patients, and as little

as 1 day of bed rest has been shown to have an impact
on muscle weakness [38], reducing the time for inclusion
would provide relevance to the wider ICU population.
The exclusion criteria relied on subjective assessments

only. Examination of functionality using a validated tool
would have strengthened objective assessment. Although
exclusion criteria were designed to avoid the confound-
ing effects of pre-existing cognitive and medical condi-
tions, eligibility numbers were lower than expected
indicating the criteria was restrictive. Potential cohorts
of the normal ICU population were omitted from the
study which would negatively impact on the generalis-
ability of the results. For instance, patients with neuro-
muscular disorders were excluded from the study, yet
are capable of performing some level of exercise and
mobility and importantly often require rehabilitation
post ICU discharge [39]. Revision of the exclusion cri-
teria to also include patients suffering premorbid func-
tional impairment will strengthen the relevance of a
larger RCT.
Randomisation processes worked efficiently and facili-

tated unpredictable assignment to the control and the
intervention group. Participants were randomised once
they had been mechanically ventilated for 48 h and were
expected to remain ventilated for at least 72 h. Although
limited, previous research confirms early rehabilitation
interventions that incorporate both prevention of delir-
ium and early physical exercise can optimise the short
term outcomes and long term quality of life for intensive
care unit survivors [15]. In this study, patients had fre-
quently been administered potentially delirium inducing
sedation prior to randomisation negating the positive ef-
fects of the ABCDE bundle. Revision of recruitment pro-
cesses to ensure recruitment at 24 h following the
commencement of mechanical ventilation would facili-
tate earlier implementation of interventions.
Retention throughout the trial to the 90-day follow-up

was deemed successful with only two of the surviving
participants lost to follow-up. Participants’ responses to
follow-up phone calls were very positive with the
researcher often providing reassurance regarding phys-
ical, emotional and psychological recovery. Research

Table 4 Summary of outcome data for study groups

Outcome measure All participants Mean
(SD) (N = 30)

Intervention group Mean
(SD) (N = 15)

Control group Mean
(SD) (N = 15)

FIM at ICU discharge 45.5 (18.4) 46.7 (16.8) 44.6 (20.2)

FIM at hospital discharge 95.4 (26.1) 95.8 (29.6) 95.2 (24.7)

PFIT-s at ICU Discharge 6.5 (1.2) 7.0 (1.1) 6.15 (1.2)

SF-36 PCS at baseline 37.5 (11.9) 32.7 (11.1) 41.6 (11.4)

SF-36 PCS at 90 day follow-up 40.6 (11.4) 43.8 (12.0) 37.9 (10.7)

SF-36 MCS at baseline 43.3 (14.1) 45.0 (14.4) 41.8 (14.1)

SF-36 MCS at 90 day follow-up 43.4 (16.0) 47.4(16.0) 40.3 (15.9)
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personnel were responsive and friendly, characteristics
which have been shown to foster participant motivation
and retention in a previous study [40].
We have demonstrated that the ABCDE bundle can be

reliably implemented in an Australian ICU with good
intervention fidelity. Awakening and breathing coordin-
ation protocols focussed on safe cessation from sedative
drugs and timely preparation for extubation. Medical
staff incorporated nurse initiated safety screens with
clinical judgement although SBTs were frequently
ordered by the medical staff regardless of whether the
patient had passed the safety screen.
Long-term patients that experienced difficulty weaning

from the ventilator presented a clinical challenge. How-
ever, we were mindful that the inclusion of delirium
management and early exercise would be particularly
beneficial for this cohort of patient. Trial participants re-
ceived a positive CAM-ICU assessment on 39.6% of
mechanically ventilated days. This is a similar rate to the
before/after US study which found a significant reduc-
tion in prevalence and duration of delirium following
the introduction of the ABCDE bundle [41]. Although
the ICU team improved delirium assessment, prevention
and management remained an issue. A scripted pharma-
cological and non-pharmacological regime would be key
to the future success of an RCT.
Staff were encouraged to provide a minimum of pas-

sive range of motion exercises to all participants in the
intervention group. A 2-h window around the prescribed
exercise session permitted necessary flexibility for clin-
ical procedures. The standard bed in our ICU facilitated
a ‘sit in full chair position’ without removing the patient
from the bed. Generalisation of our protocol to other
sites would be impacted by the lack of this or similar
equipment. Prescription of exercise as an actionable task
in the CIS promoted protocol adherence.
Potential contamination of the care of the control

group was considered. The intervention group re-
ceived the standardised and protocolised ABCDE bun-
dle via a prescription within the clinical information
system which once ordered could not be ignored or
deleted resulting in the delivery of consistent and
standard care every day. To provide additional control
in our pilot study, only the intervention group had
access to the ABCDE protocols via the clinical infor-
mation system. The protocols were not available in
any other format. Alternatively, the control group re-
ceived care dependent on the medical officers, physio-
therapists, occupational therapist, nursing decisions
made daily with no use of protocol. Variation in the
control group occurred related to different clinical
practice and effort of individuals.
A future RCT would benefit from the inclusion of data

related to contamination of the control group.

Family engagement and involvement was critical to the
success of this study. Healthcare professionals worked in
partnership with families to promote participant support
and encouragement. Family members viewed the comple-
tion of increasingly difficult levels of exercise as a positive
affirmation that their relative was recovering. Improving
family satisfaction by encouraging participation and com-
munication has been shown to decrease psychological dis-
tress and is considered a critical component of the
provision of quality care in ICU [42]. Importantly, latest
literature includes an “F” for family engagement in the
ABCDE bundle acknowledging the value of this relation-
ship in the recovery process [43].Thus, an ABCDEF
bundle will be implemented in the future RCT.
Our study has some limitations. It is possible that

some clinicians would have provided the intervention to
all patients. A future RCT would benefit from the inclu-
sion of data related to potential contamination of the
control group. It is important to emphasise that our
feasibility study was not designed or appropriately pow-
ered to test a hypothesis that objective will be achieved
in a future RCT. A review of literature supports the as-
sertion that hypothesis testing in a feasibility study is in-
appropriate [30, 44, 45]. Therefore, we cannot draw
conclusions regarding the ABCDE’s bundle effect on
functional or HRQOL outcomes. Enrolment at a single
site limits the generalisability of our results, and bias
may have been introduced related to our inability to
blind participants and ICU staff.

Conclusion
Functional disability and reduced quality of life remains
problematic for ICU survivors highlighting the require-
ment for further investigation to guide quality care
improvements in our ICUs. This feasibility study was
designed to test important aspects of our research meth-
odology to ensure a future appropriately powered RCT
would be robust. With only minor adjustment, we can
assert that a large-scale RCT to test the effect of the
ABCDEF bundle’s impact on critically ill survivors
functional and quality of life indicators will be feasible.
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