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Every child, every day, back to play: 2

the PICUstars protocol - implementation
of a nurse-led PICU liberation program
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Abstract

Background: As admissions to paediatric intensive care units (PICU) rise and mortality rates decline, the focus is shift-
ing from survival to quality of survivorship. There is paucity of internationally accepted guidelines to manage com-
plications like over-sedation, delirium, and immobility in the paediatric setting. These have a strong adverse impact
on PICU recovery including healthcare costs and long-term functional disability. The A2F bundle (ABCDEF), or ICU
Liberation, was developed to operationalise the multiple evidence-based guidelines addressing ICU-related complica-
tions and has been shown to improve clinical outcomes and health-care related costs in adult studies. However, there
is little data on the effect of ICU Liberation bundle implementation in PICU.

Methods: PICU-STARS will be a single centre before-and-after after trial and implementation study. It is designed to
evaluate if the multidimensional, nurse-led ICU Liberation model of care can be applied to the PICU and if it is suc-
cessful in minimising PICU-related problems in a mixed quaternary PICU. In a prospective baseline measurement, the
present practises of care in the PICU will be assessed in order to inform the adaptation and implementation of the
PICU Liberation bundle. To assess feasibility, implementation outcomes, and intervention effectiveness, the imple-
mentation team will use the Consolidated Framework for Implementation Research (CIFR) and process assessment
(mixed methods). The implementation process will be evaluated over time, with focus groups, interviews, question-
naires, and observations used to provide formative feedback. Over time, the barriers and enablers for successful
implementation will be analysed, with recommendations based on “lessons learned”

All outcomes will be reported using standard descriptive statistics and analytical techniques, with appropriate allow-
ance for patient differentials in severity and relevant characteristics.

Discussion: The results will inform the fine-tune of the Liberation bundle adaptation and implementation process.
The expected primary output is a detailed adaptation and implementation guideline, including clinical resources (and
investment) required, to adopt PICU-STARS in other children’s hospitals.

Patient and public involvement statement: The authors thank the PICU education and Liberation Implementation
team, and our patients and families for their inspiration and valuable comments on protocol drafts. Results will be
made available to critical care survivors, their caregivers, relevant societies, and other researchers.
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Study status: recruiting.
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Key messages
Little is known on effective implementation of the Lib-
eration bundle in critically ill children.

This hybrid mixed methods project will evaluate both
the adaptation feasibility and effectiveness of the Lib-
eration bundle.

The study will generate knowledge on how to improve
PICU clinical practice and implement optimum care for
children admitted to PICU.

Strengths and weaknesses of this study

This will be the first comprehensive study to investigate
the feasibility and impact of the A2F bundle adaptation
to an Australian PICU.

The hybrid mixed methods study design will allow
reporting of a detailed adaptation and implementation
guideline, including clinical resources (and investment)
required, to adopt the PICU Liberation bundle in other
children’s hospitals.

The PICU Liberation intervention is not amend-
able to blinding of patients, family or clinicians or ran-
domisation. The primary limitation is the single-centre
design.

Background

Context

Focus in paediatric critical care (PICU) has shifted
from mortality only to improving morbidity and
long-term outcomes of survivors [1]. The risks of
PICU related complications (ventilator-induced
lung injury, immobilisation, delirium, oversedation)
are well established [2-6]. They are associated with
increased risk of ventilator associated pneumonia,
intensive care acquired weakness, increased hospi-
tal length of stay, and mortality. Importantly, they
can result in persistent functional disability, which
affects the quality of life of PICU survivors [7, 8].
Physical, social, emotional, behavioural and cognitive
impairments related to these issues may last for years
after discharge and are now known as Post Inten-
sive Care Syndrome (PICS) [5, 9]. With achieving a
reduction in PICU-related mortality from 8 to 18% to
2.3-5% over the past 50 years, survivorship and PICS
linked to the underlying disease and PICU-related
complications have become key research and quality
improvement areas [7-12].

The A2F bundle and ICU liberation program

Adherence to integrated pain, agitation and delirium
clinical practice guidelines using pharmacologic and
non-pharmacologic approaches can prevent long term
detrimental patient outcomes and long term (includ-
ing economic) burdens on the family and society [13,
14]. Operationalising these guidelines, however, has
remained a challenge for many ICU clinicians [15]. Dif-
ferent bundles have been tried in the adult context, but
the only bundle approach proven to be effective and
addressing all key areas is the A2F bundle. The A2F
bundle is the central framework for an ICU Liberation
program [16—19], which aims to improve patient out-
comes by providing the right care — that is, starting the
right treatments and stopping ineffective treatments.

The A2F bundle focuses on addressing over-sedation,
prolonged mechanical ventilation, forced immobility, and
family involvement, especially in mechanically ventilated
patients [15]. It includes: Assess, prevent, and manage
pain, Both spontaneous awakening and breathing trials,
Choice of analgesia and sedation, Delirium: assess, pre-
vent and manage, Early mobility and exercise, and Family
engagement and empowerment [20].

Two decades of cumulative research supports the A2F
bundle implementation as a strategy to improve the qual-
ity and quantity of life of the critically ill. Large adult stud-
ies have demonstrated improved outcomes and shown a
dose-dependent effect on exposure to benzodiazepines,
shorter duration of delirium, less time on mechanical
ventilation, fewer ICU and hospital days, and better func-
tional dependence on hospital discharge and on follow up
[15]. Bundling these evidence-based strategies helps to
standardise care processes, reduce variation in practise,
and increase communication among ICU teams. It guar-
antees that all bundle elements are applied to all patients
in a consistent and suitable manner. Organizations have
been encouraged to implement all bundle components
to optimise therapeutic outcomes due to the synergis-
tic impacts of the bundle components. To achieve full
impact, it is recommended that healthcare providers con-
sider using the bundle every day, in every patient admitted
to the ICU. Of all the adult ICU Liberation programs that
rely on the A2F framework, the nurse-led interdiscipli-
nary approach has shown the most promising outcomes
[18, 20]. Subsequently, the implementation of an ICU Lib-
eration program for adults has moved toward the nurse-
led interdisciplinary collaboration in some centers [20].
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Knowledge and implementation gap

To date, there is lack of evidence for adaptation of
Liberation program implementation and clear dose-
response relationship for the A2F bundle in PICUs.
Feasibility has been suggested by early work in the
north American PICU context [21, 22] as part of the
ICU Liberation group of the Society of Critical Care
Medicine (SCCM).

It is essential to generate further evidence of effec-
tiveness of the A2F bundle and evidence of successful
implementation of the Liberation program in PICU. A
nurse-led, interdisciplinary approach to adaptation is
promising and includes the family’s perspective [17].
This will ensure that the bundle elements target the
right care and interventions for children and their fami-
lies, and that these would be patient-important out-
comes. PICU care is different to adult ICU care, in that
children are especially vulnerable due to their develop-
mental stages and abilities (both physical and cognitive)
and have specific disease conditions not seen at other
stages of life (e.g. congenital heart disease).

Therefore, we plan to adapt the ICU A2F bundle to
the PICU. We will implement and evaluate the feasi-
bility and effectiveness of the pilot PICU Liberation
program in a large children’s hospital in Brisbane, Aus-
tralia. The adapted A2F bundle will be a nurse-led,
interdisciplinary PICU Liberation model of care, that
can be implemented and contextualised in other chil-
dren’s hospitals.

Study aims

We hypothesise that adaptation of A2F bundle and
implementation of the ICU Liberation program is fea-
sible in the PICU context. Second, implementation of
the pilot PICU liberation program will have an impact
on incidence and effects of PICU related complications.

To test the first hypothesis, we will describe the pro-
cess of adapting the A2F bundle to PICU. We will gen-
erate and describe the roll-out plan for the pilot PICU
Liberation program, including the development and
delivery of education and training resources, in addi-
tion to a discussion on unit specific and organisational
requirements. To assess the feasibility, we will describe
the PICU and hospital resources required for the suc-
cessful adaptation and implementation.

Further, efficacy of A2F bundle adaptation to PICU
will be described by reporting impacts of the PICU Lib-
eration program on PICU related complications, family
and staff satisfaction and creating a sustainable feed-
back process to determine further changes required
over time.
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Methods

Study protocol

This single centre prospective before-after hybrid trial-
and-implementation quality improvement initiative
will be conducted in a 36-bed mixed medical-surgi-
cal-cardiac PICU in a large children’s hospital in Bris-
bane (Australia) with approximately 2000 admissions
per year. The adaptation, as well as the implementa-
tion process, will involve the children’s parents, carers,
PICU clinicians and researchers.

Waiver of ethical approval and consent for this clini-
cal innovation was obtained from the Children’s Health
Queensland Ethics Committee as the intervention is
a quality improvement project. This study will be per-
formed in accordance with the ethical principles of the
Declaration of Helsinki, ICH GCP for Guidance on Good
Clinical Practice and NHMRC National Statement on
Ethical Conduct in Research Involving Humans [23, 24].

Children will be identified by screening consecutive
admissions to the PICU by the interdisciplinary research
and quality improvement team, including PICU medical,
nursing and allied health staff. Their data will be analysed
if inclusion criteria are fulfilled and no exclusion criteria
present. (Table 1).

Measurement of exposures

The adaption phase began in March 2019 and is expected
to be completed in 3years. The period from March 2019
to March 2020 has been defined as the “Before period”
including Phases 1 and 2; the period from March 2020 to
March 2022 as the “Intermediate period” including Phase
3 (pilot implementation); the period from March 2022 as
the “After period” signifying Phase 4 (feasibility assess-
ment and impact), see Fig. 1 and Appendix 1.

The Consolidated Framework for Implementation
Research (CFIR) will be used to guide the PICU Lib-
eration bundle’s adaptation, implementation, and pro-
cess evaluation. The CFIR is divided into five major

Table 1 Inclusion and exclusion criteria

Inclusion criteria Admission to study PICU

<18years of age on admission
PICULOS > 24h

Expected survival >1year post PICU admission

Paediatric Advanced Resuscitation Plan (PARP)
actively enacted during admission

Exclusion criteria

Severe chronic disability precluding PICU libera-
tion program participation

Minimally consciousness state on admission
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Pre-implementation

assessment

Pilot implementation of PICU-STARS

Feedback on pilot implementation, and
ongoing adaptation of PICU-STARS

Continuous monitoring and evaluation of
the PICU-STARS implementation

Assessment of the
feasibiltity of A2F bundle
adaptation

Assessment of the
success of PICU-STARS
implementation

Fig. 1 PICUStars study phases

domains: intervention features, inner and outer set-
ting, individual characteristics, and implementation
process. These domains have been founded to interact
in rich and complex ways to influence implementation
effectiveness [25]. The PICU Liberation bundle (the
intervention) will be fully documented in a CFIR-based
implementation “toolkit” before the end of the trial. The
toolkit will outline the circumstances and resources
needed for other children’s hospitals to adopt the bun-
dle, as well as how to adjust bundle features to the envi-
ronment, clinical team organisation, and workflows of
different hospitals. During the intervention establish-
ment phases, the study team and interested clinicians
will collaborate to build and test an effective feedback
loop and related clinical team response. (Phases 1-3).

Implementation process
Phase 1: bundle adaptation to Australian PICU context

Objectives To adapt the ICU Liberation A2F bundle to
PICU through identification of specific requirements for
children necessitating special consideration within the
A2F bundle elements. To account for further neuroscien-
tific developmental stages, each bundle element will then
be adapted for infants <6 months of age in the “Baby-Lib-
eration” program.

Activities:

.

Comparison of current practice and Libera-
tion model of care to identify gaps and areas for
improvement required. Current assessment tools
and documentation will be workshopped, and
results will inform the development of the nurse-
led, interdisciplinary PICU Liberation model of
care.

Comprehensive review of the current clinical assess-
ment tools, guidelines and documentation (e.g., pain
assessment, sedation assessment) to identify and
remove duplicates, and to add updated and evidence-
based assessment tools and guidelines where needed.
A series of focus groups and workshops to discuss
and gather feedback on the acceptability of the PICU
Liberation bundle elements (see Fig. 2), and the pro-
posed education tools developed by the PICU Liber-
ation program implementation group.

Assessment of any specific bundle requirement for
use in specific patient cohorts; for example, neonates
and infants less than 6 months of age.

Regular assessment and revision (when appropriate)
of the adapted PICU Liberation elements and con-
tents will occur. A feedback and evaluation process
will be established and include clinician and family
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Institutional analgesia and
sedation guidelines adaptation

®

Safety screening tool

and checklist for SABT

and extubation
readiness development
and adaptation

Early mobilisation and
@ rehabilitation program
development

hybrid booklet development

Fig. 2 PICUstars bundle elements and educational tools

c inf . personalise the patient for the
® onsumer information : Baby Liberation clinicians and strategies to

Delirium checklist and
guideline education
tools development

Institutional analgesia and
sedation guidelines adaptation

Nutritional checklists
nutritional assessment @
tool development

Development of tools to help

individualise care

feedback, audits, and evaluations (Table 2). Survey
analyses and feedback from experienced clinicians
that will be engaged to help improve each bundle
element based on learnings from “provide care as
required” will inform changes required as well.

+ The four study phases will include parent/carer and
clinician engagement workshops.

+ Ongoing modifications to the PICU’s Clinical Infor-
mation System to streamline documentation, to add
assessment pieces where required for new content
(e.g., early mobility assessment), and ensure all docu-
mentation is purposeful for clinical decision-making.

Phase 2: pre-implementation assessment

Objectives To identify barriers and facilitators for the
PICU Liberation program; to assess organisational readi-
ness and parent satisfaction with current care practice; to
collect baseline data of primary and secondary outcomes.

Activities:

Assess barriers and facilitators for the PICU Libera-
tion program using mixed methods, including targeted
questionnaires, focus and expert group feedback.
Assess knowledge and perception (acceptability) of
the PICU Liberation bundle by staff as well as level of
engagement of PICU clinicians.

Assess organisational readiness (including team-
work and collaboration) and resource availability for
implementing the PICU Liberation program (includ-
ing education and training group activities, unit spe-
cific requirements including ability of the electronic
medical record system to capture goals, and organi-
sational readiness including culture and acceptability
of concepts including inclusion of parents at ward
rounds and other systems, settings and processes).
Assess consumer engagement strategies and commu-
nication materials, ward round tools.

Assess staff wellbeing (including retention).
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Table 2 Instruments and measures used to assess implementation feasibility and success (adapted from PUN et al.) [16]

Instrument
Empathic 30-AUS questionnaire

PICU Liberation knowledge and perceptions
questionnaire

Organisational readiness questionnaire

Daily Goal checklist
Check-in Audit
Measure

Feasibility

Bundle fidelity (bundle compliance):
Compliance with daily patient screening for
PICU Liberation program using the daily goals
checklist; eligible bundle element performed
per patient day

Bundle performance

Target population
Parents of eligible children
PICU staff

PICU staff, organisational leadership teams

PICU staff
PICU staff
Definition

> 75% bundle compliance (daily goals set)
at 1year

> 75% absolute and/or > 25% improvement
from baseline compliance rate of checklist
completion

impact of bundle on process and quality
of care (the practices that the bundle was

Study phase Outputs
From phase 2 onwards

Phase 2,3 and 4

Family engagement and satisfaction

Drivers, barriers, knowledge gaps

Phase 2,3 and 4 Drivers, barriers, leadership effectiveness, culture

and employee morale or satisfaction/meaning

making

Phase 3 Proportion of Liberation goals set

Phase 3 Drivers, barriers, knowledge gaps

Study Phase Outputs

Phase 3 Control charts of bundle compliance

Phase 3 Control charts of liberation goals set and bundle
element activities performed per eligible
patient day

Phase 3 Complete performance is measured by a

patient-day in which every eligible element of

designed to influence)

the bundle was performed (i.e,, 100% of the
bundle versus anything less) and “proportional
performance”as the percentage of eligible
elements a patient received on a given day (i.e,,
“bundle dose”). This will be measured only if the
patient was in the PICU for a full 24 h (Table 4)

To limit the Hawthorne effect, PICU staff will not be
actively notified of the study during this time, nor will
they be instructed on PICU Liberation [18]. Methods to
measure baseline rates of correct assessments for pain,
level of sedation, delirium, and occurrence of PICU
related complications will be established (covering activ-
ity levels, over-sedation, withdrawal, delirium, PICU
acquired weakness, ventilator free days, VAP, CLABSI,
immobility, CAUT]I, falls, mediation errors, PICU read-
mission, accidental line removal) (see Table 3).

Semi-structured interviews and questionnaires will be uti-
lised (Table 2). A purposeful sampling strategy will be used
to select clinicians from each relevant profession including
allied health, nursing, medical, education and administra-
tion. A variety of perspectives will be sought from key cli-
nicians, organisation leadership and staff involved in the
implementation of PICU Liberation. A similar process is
repeated through Phases 3 and 4 of the study.

Phase 3 - pilot implementation with feedback and ongoing
adaptation

Objectives Implementation and adaptation based on
adherence and effects including on PICU related compli-
cation rates.

While bundle adaptation will result in some variations,
the PICU Liberation bundle is expected to have the fol-
lowing key components (see Fig. 2 and Table 3).

Activities:

+ Implement PICU Liberation “check-ins” - a nurse-
led, interdisciplinary rounding checklist - to ensure
communication and application of all relevant bun-
dle elements as clinically appropriate. The Plan-
Do-Study-Act cycle will be utilised in the delivery
of each bundle element, and adaptation will occur
based on clinician and family feedback, and fea-
sibility assessment following the initial roll-out to
improve usability.

+ Develop and implement a daily goals checklist for use
during daily multidisciplinary ward rounds, which
will include specific reference and reminders for each
relevant bundle element.

+ Provide education and training for PICU staft
regarding the Liberation program via various medi-
ums (new staff orientation, online, workshops,
nursing education program curricula (theory mod-
ules and workbooks), individual bundle element
in-services, bedside teaching, videos, breakfast ses-
sions, case studies, simulations). This education will



Page 7 of 18

(2022) 22:279

Waak et al. BMC Pediatrics

(1uswabeuew UoREPSS S P|IYD JO

uondadiad siaied) synsal alleuuonssnb oiyredwy
(durwely

‘1eIpAy|elolyd ‘sauldazelpozuag “H'a pasn SaAl
-BePas JO SISSE|D JO Jaquunu AQ) SN 9AI1RPIS
[PAOUIRI BUI| [PIUSPIDDY *

[LAYD puUe ISgy 1D -

POPI0I3J SI04ID UONBDIPIIN *

(91BIPAY [BIO|YD ‘BUIWEISY ‘SouUIdazeIpOZ

-Uuaq ‘sploldo) papI03l $103}J3 3PIS UOIRDIPIA «
SS.1d JO soduRISU -

(c—<

SSyY) ,uonepas dasp, Yim syusned Jo Jaquuny «
saniunuoddo

/A121endoidde paullopiad uonelly uonepas -
saniunyuoddo /135 |eob uonepas

$911UN1I0ddo /SIUSWISSISSEe SSYY

JO sadURISU|

(sjein

Bulyiealq pue bujuademe snosueuods spjiyd Jo
uondadniad s1a1ed) synsai alleuuonsanb diyredw3
UOIB[IIUDA SAISBAUI INOYLIM SABP/SINOH

uon

-eqnIXa JO aW} O} Apeal uoliegnixa wolj AejaQ -
y | Ulyim uoneqniul-a1 buuinbai

SUOJIBgNIXD [BIUSPIDIL ‘SUOIBgNIXD Pa)led »
eluouwnaud paleIdosse J01e|lIUSA

Auuny

-loddo/uo11egnIxa Pajgqeus-asinu JO SadUeISU|
‘Alunpioddo/s1uswissasse uopeqnixy «
‘saniunuioddoysieny 1 gvs -
‘sanunuoddo/pawioyiad BuluasIds | gys «

JO S9DURISU|

(auawabeuew ujed spjiyd jo

uondadiad s1a1ed) synsai alleuuonsanb oiyredwy
(saposida uonensiuiwpe pue suondudsaid

Jo Jaquinu) ya121 uted [einpadold 1oy uones|jin
950NS pUe |IW 15eaIq Passaldxa Jo sadueISU|
9sn auldazelpozuag pue ploido

S9DURISUI [PMBIPYLIAN +
s2111UNI0ddo/S1UBWISSaSSe [87] [V
(9beruadiad)

uonedIpaw uled Jo asn asimdals arendolddy -
sa11IUN}0ddo/s1UsWSSasse DIy 1 -

JO sadURISU|

le]

(SSVY) 9|eds UOIIePaS PuP UOIELBY PUOWYIIY
2y bulsn “AlINoY YN0y 1589 12 PIPUSUIWODI
[ESNOJE IO UOIIRIDR 'UOIEPSS JO JUSWISSISSY *
paiedipul A|jediuld

SS3|UN PaHRINOISIP SUIWRISY puUe S1eIPAY
-[eJO|YD ‘sauldaze|pozuag ‘Jualied paie|liuaA
‘pa1elibe Ue JO JuUsWsbrURW SY3 Ul JUSWI1ea]
1313-pU023s AJUO ‘SaAIIRPaS JO 3sN aHeINOISI -

S3Ul|apIND UoIIePSS puk eIsabjeue [PUOIINIIASU|

SUOIegNIXS Pajgeus
3sinu apInb 01 NDId 404 paardepe ssaulpess uon
-BQN1IX3 10} ISIYDaYD pue [001 HUlUDaIS A19JeS -
S19VS pal-asinu apinb 03 NDId 10 paidepe
19VS 10} 1SI1¥29Yd pue |00} Buluaids A1ajeS «

[£2 92 21025 DDV 14 2y Buisn

‘AINOY Y3noy 1sea] 1e ujed JO JUaWSSassy »
|1y passansip 10 pareybe

Ul 351y SDIsabjeue Jo uondNPoIIUl aSIMAIS -
saul|apING uolepas pue ejsabjeue [RUOIINIASU]

“JUSWINASUL S|qeI2) pue pijeA e buisn
SIUBLUSSISSE Uoepas,/uonelbe - saulepinb Qvd

UOI1B|13UDA [edjueydaW BUIAIDDRI

41(19S) |er1 Buiyiealq snoaueiuods 4oj sping
SUOISNJUl SAI}EPSS

JUSNIWIRIUL JO SNONUIUOD BulAIRd3 S| syualied
J1(1VS) el Buluaseme snoaueiuods 10y apingy

1USWINJISU| 9|gelj2) pue
pljeA e buisn syusawissasse uled - saulepinb Qyd

SOAI1BPAS JO DI0YD) — D

sjely buiyieaiq pue buluaseme snoaueiuods — g

eisabjeue buisiwndo - v

sainseapy

9|punq NOILvY34I1 NDId

a|punq 4zv 3Py

jusWIdJd d|pung

[91] (3Iqe 313yM e 13 NNd Wl pardepe) sainseaw pue soyiads 1uawafd 3[pund NOLLYY3gI NDId SA [91] 3jpund 47y € djqeL



Page 8 of 18

(2022) 22:279

Waak et al. BMC Pediatrics

(Juawabeuew Ayjigow spjyd Jo

uondadiad s1a1ed) s3nsai alleuuonsanb diyredwy
(X¥dD2) [001 JUBWISSISSY [BIISAYJ

218D [e2111D) BIS|YD) SUIP|IYD JO S9dURISUl AG
uonouny [ea1sAYd Jo Juawssasse) bujuonipuodag
Aupgowy

S|led

LAloleinguie buipnpur 9>edspaq Jo 1IN0 Al
-|lgow — ooiobuey ‘buipuels/pad Jo INo Aljiqow
Buipnpul ssiiAioe 3dedspag Ul — 1GUIOAA :DURIS
Buipnppul saniAoe pag Ul — e[eoy ‘SuoiedIpulel}
-U0D SS$3UN UOIOW JO dbuel pue Buluosod suly
-NOJ ‘3|IqOWIWI — PIBZIT :PIASIYDE S|AS| AU|ICON *
Kep

12d 1uaned Jad palaisiuiwipe saniARoe ANJIGO «
Joop s;usijed uo UbIs [9A3] ANljIqOW JO SSDURISU] -
‘leob A|iep se 135 5|eob [9A3] ALIAINDE papeIr) -

JO sadURISU|

(auswabeuew uonruaA3Id WNISP SPJIYD JO
uondadiad s1a1ed) synsai alleuuonsanb oiyredwy
(Bunsau/bulppems

‘duinos 1ybiu/Aep “69) pasijin sydunfpe dagys
(wnuijep bunabiel suonuaAlalul [eD160]0D
-ewleyd Jo seduelsul ‘wnLIRP bunabiel SUoIUSA
-121u] [e21H0j0dBWIRYd-UOU JO S3DUEISUL) SaIIUNY
-loddo/pamojjoy ue|d Juswabeuew areldolddy -
‘(s90UBISUl) PaYRUSP! WNWIRQ
‘sa131un1oddo/s1uswssasse g-dvD «

JO sadURISU|

[0€] (x¥dD2) |01

JUBUISSASSY [eDISAUd 24eD) [BIALD) BS|aYD SUIp
-1lyD ay3 buisn asidelsyiolsAyd duiepaed e Ag
pa13|dwod S uondUNy [edISAYd JO JUSWISSISSY
'sanss| A12es buapisuod

wyaLioble uonesijigow Ajiea ayi uodn paseq
(oosebuey 1eGUIOAA ‘B[OY ‘PIRZIT) S|9AS| ALAILDE
papeib 01Ul payIsse|d ale ualp|iyD NDId 01 Uols
-Siwpe 150d Y g paouswiwiod si welboid uon
-€11|IqeyaJ pUB UOIIeSI|IOW A|Jed paIn1oNis v »

ged-dV¥D 33 buisn ‘Ajtep

15e3| 12 PIPUSWILIODI JUSLUISSISSE WNIRQ »
‘5216218415 JUsWSbeURW

wnuiap [ea1bojosewseyd pue (Uopdo 1siy se
pabeinodus) [ed1bojodewleyd-uou 01 apIno) «
— 9UII9PIND pUB 114234 WNUISP [BUOIINIASU|

(Iley Jo woou Ul buryjem

‘aoe|d Ul Bulydlew 4ieyd apispag 01 buiyjiem
‘paq JO 9pIs 1e buipuels ‘paq Jo abpa 1e bul|b
-Uep ") UoNOW Jo abuel sAnde ueyl Jaybiy
249M 1eY) SR AljIqow BulA3IyDe 01 9pIng

JUSWNIISUL 3|gel[24 pUe pijeA
e BUISN SIUSWISSISSE WNLIP - SaulldpIinb Qvd

uoneigeya pue Aljiqow Aje3 - 3

JO JUaWaheURW pUR JUSWISSISSe AJeg — ]

sainseapy

3lpung NOILYYH3dI1 NDId

a|punq 4zv NPy

juswWiJs 3|pung

(panunuod) € ajqey



Page 9 of 18

(2022) 22:279

Waak et al. BMC Pediatrics

(Auswiabeuew uonUINU pue Bulpaay sP|IYd JO
uondadiad s1a1ed) synsai alleuuonsanb oiyredw3
[eJo1

-ualed D13sebOSeU "'l $31N0J AJSAIIPP UOIIIINN
SIUDLUSSISSE SSaUIpe) Bulpas) [eI0

Abojoyred yoaads 01 sjellaoy

"SABP 991) UOILINN *

‘uoniubod

'sSaUNeam pale|ai ND)| ‘Buluoipuodep ‘(A/] 3sod
Y8 oy A|[eauaied 1o Ajjeiaius paydeal syusw
-aliNbal JO £/ Se pauysp) PaIaAIRP UonLINU
a1endoidde Jo sadurISUl ‘PaUIRICO YDBISA *
'PISN [00) JUSUISSDSSE [RUOIILINN *

paAalyoe sjeob

[PUONLIINU JO SSDURISUI 195 S[POD [BUORLIANN *
so1ew

-1159 1yDIaM PUP JUSUISSISSE 1YDlom Juslied «

4O SadURISU|

(24e2/109dSa1/U0ISN DUl AU WHRHUS JO
uondadiad s1a1ed) synsai alleuuonsanb diyredwy
‘Buew buluesw yeis pue buidod Ajiwe)

$S9SSE 0} PAJSISIUILWIPE $3IIPUUOISINY JO JaquUnN
AU

-nuoddoyuons|dwod aireuuonssnb oiyledws -
,¢91ep 01 dn 1day uaaqg NoA ARy, SI9

-piroid 21e243[eay YiM UOIeDIUNUWIWIOD Ajluded «
(wooi spualied ayi apisino sdiy Jo saduRISUl
'S3ppn> d1Inadelay} JO SadURISUl 19MOY Uoh
-eJ3q)l| Agqeq buipn|pul a1ed jo ueid ‘spunol
‘AuAnde Aljigow AJea pue [exuswdolaaspoinau
'sa1ed ‘UofIeIaqI| NDId U0 paplacid uoiiesnpa)
Auannoe sjeob uonelaq| ur uoneddied Ajiwed
‘Buines [rob uonesaq)| Ul uopedidied Ajiued -
‘(Pasi|n wioy,NOA mouy 01 buniab, uo
S|SIP/SY1| 195 S|ROD Yum parepdn 1ieyd sjeob
Ajie@ "6-9) uoisn|dul Ajiwie) 21NsSUS 03 Pasn S|00] »
JO S9DURISU|

SIUDLUSSISSE SSaUIpeal bulpaa) 210
"pa13|dWI0d SHeyd YImoib dlielpaeyd

195 s|eob |euoninu

Jy1oads Juaned A|yosm 1ses| 1e PapPUSWI0I)
SIUDLUSSISSE [PUORLANU ‘(SIYDIaM pa1eulisa
ueyl Jayiel syyblam [enide) sJUSWISSISSe d1aw
-0d0JYIuY - SISIHI3YD [RUOHLINU [UORNIASU|

SPUNOJ PUB SIIIAIIDE UOIIeS
-1]lgow AjJea pue [eIUSWAO[SASPOIN3U ‘S31D Ul
uopedpinied Ajiwe) ‘Uoilndaxa pue Huines [eob

Buipnpul ajpung uoneISqIT NDId UO Siaied/Ajl
-Wej Bunesnpa |els1ew UO[BULIOMU| J2UWNSUOD)

47v 1npe jo 1ed 10N

21ed Palejal 3|puUNg Y 4o ‘aJed jo ueid ‘dus
-J9JU0 'SpUNOoJ :BUIMO||O} BY) JO SUO 15e3| 18

ul paiedidiiied Jo/pue 3jpung 47y 3yl Uo paied
-NP3 Sem JaY10 JUedYIUBISJaquuau Ajiwie) v

uonUINN Po0D -9

JuaWIsMmodus pue Jusawabebua Ajiuleq - 4

sainseapy

3lpung NOILYYd3dI1 NDId

a|punq 4zv NPy

juswWiJs 3|pung

(panunuod) € ajqey



Page 10 of 18

(2022) 22:279

Waak et al. BMC Pediatrics

s£01 uo apu YsiA uodjeq ‘puokaq pue NDid PUNOIE SAIHAIRE AJjIqow pasealdul - oosebuey| ‘a|gel Hi ‘sd

oW 1I0ys ‘siajsuely

11eyd 03 paq ‘Aejd 100} ‘Paq JO INO BUIIIS - JLGUIOA ‘SB1IIAIIDR ANjIGOW Paq Ul 13430 ‘Bul|dAd paq ul ‘paq Jo 36pa uo 1o paq ui Bullis - B[ROy ‘Sa13IAIDR Uoow Jo dbuel ‘bujuoiisod aulnos - piezi :sajdwexa 93] AN[IGoN

(S)USWISJD [BNPIAIPUI pue Wielboid uolelaqi jo
uondadiad siaied) synsal alleuuonssnb ojyledwy
Auunpoddo/saoueisul alleuuonsanb oiyredw3
Aunyoddo

/P313]dWOD SUI-D3YD UOIIRIdqIT JO SdURISU|
‘Alunyioddo,aas sjeob Ajiep jo saouelsul

(Reas NDId Jo €p

wolj Ytz [|n4 e 40§ NDId Ul sem juaiied ayy ji pain
-seaul Ajuo) Aep 1uaned Jad Juswa|d 3|pung yoe
JO 9dueWIOHd JO SIDURISUI JO JUSWDINSEIN

(dwwelboud uoneiaq Ageg jo

uondadiad siaied) synsal alleuuonssnb oiyredwy
S9|ppn> ‘buljppems

‘Buiisau ‘spuey ,A3ez, se yons s1ounfpe Jo asn

35N JSMO|} UOI1BISG| Ageq JO 35

JO sadURISU|

(032 buuue|d 2182 JO 35N ‘24D PSSI[ENPIAIPUI JO
uondadiad siaied) synsal alleuuonsanb oiyredwy
oy, noA mouy 01 buimab, Jo uons|dwo?) «
(dwes

JO 9sn pue) ad1Ales bunuud ojoyd ‘Aieiqi| 30oq
SUIP|IYD SB YONS SIDIN0S3I JO SSAUDIRME A|lLLie «
“(S1eYD |0J3U0D)

Buidod Ajiuie) pue yeis 1oy bupew-bujueaw ain
-SeaUl O} paJlsIUIWPe Salleuuosanb Jo synsal
pue Jaqwinu ‘Ayjunyioddo/ai1ed pasijenplAIpul «
‘(,noA mous| 01 bumab, H3) suedIUIP 3y}

10} 3uaned sy asijeuosiad djsy 01 5|00 JO UOIL
-BS1|1IN JO S3DURISUI ‘PIASIYDE S|EOD WISIUBWINH »
(uejdased/uuioy

,NoA mouy| 01 bumab, ‘apispaq 1e pake|dsip pue
payuld sojoyd buinpjoul) 195 S|pob Ws|uewnH
JO sadURISU|

LSul-Payd, bul

-INp uoouJaye Yoea :parsn(pe/paydeal syabie|
(W215AS

UOI1BWLIOJUI [BDIUID NDId 341 Ul Pa1Uswndop
pue punoi piem Aseuldidsipiynu 3yl Uyim 13s
39 01 aJe s19b4e) AN|IGOW ‘SSVY dS Buipnpul
s1obiey UoneIaqIT bululiow yoe3) bumes 19bie|
:SaINseaw aouewIoIad [euonIppy

219 Bul|ppems
pue bulIsaU ‘sa1ed YINoW J0oj 3|1 15eaiq Jo asn
uawabebus Ajiwej se yons aled Jo sallobHared

Bunoidap,19moy, U0 paruswndop sjeob uon
-e19q17 Ageg — pasiundo st juswdojaAaspol
-N3U JUBJUI 2INSUS 0} $3IB31L1IS [PUOIINYISU|
SJuLW

-9[9 dpung uonesqi NDId |18 Ul pappagqui]

"A|lEP PUOD3S 15B3| 1B PRIPUSUILIOIA) UONE)
-uawndop s|eob Ajiwey - padojaAap sadualaR.d
[eAN3ND pue ‘|erusuidolaAsp ‘[euosiad saljiue)
pue siuaiied Ajauapl 01 sa1b6a1ei1s [euoiNIISU|

(9% u1,250p 3|pung, “a'1) Aep UaAIb

e UO PaAladal Juaned e suawale 9|q1bie jo abe
-1uadJad se pauyap ,souewdioyiad [euoniodold,
(ss9] BulyAue

SNSISA 3|PUNQ Y1 JO %001 “2'1) pawiopiad sem
3|pung ay3 Jo 1uawajd 3|q1bI3 A19A3 Ydiym Ul
Aep-1uaiied se pauysp ,2oueuliopad a19|dwod),

4zv ynpe jo ued 10N

42y 1npe jo 1ed 10N

2duewWIoIRd 3|puUng |[BI2AO

uonelaqi Ageg

wsiuewnH — H

S9INSes

9|punq NOILv434I1 NDId

a|punq 4zv 3npy

juaWIdJd 3|pung

(panunuod) € ajqey



Waak et al. BMC Pediatrics (2022) 22:279

introduce the individual components of the bundle,
use of assessment items, and recommendations
for clinical actions based on assessment results.
While education will be consolidated early in the
implementation phase, it will be purposively stag-
gered over all phases to ensure adequate updates
and inclusion of new PICU staff. Education will be
offered to nursing, medical, and allied health staff.
Outreach and education to other hospital depart-
ments and services including non-clinical areas will
be provided to ensure adequate understanding on
downstream effects of PICU Liberation.

+ Develop awareness of the relevance and importance
of PICU Liberation program and its role in reduc-
ing PICU-acquired complications and improving
short- and long-term outcomes.

+ Repeat audits of A2F Bundle compliance, patient
outcomes and satisfaction by parents as well as staff
satisfaction and wellbeing assessments.

+ Assess a) perceptions from staff about the PICU
Liberation program and the implementation pro-
cess; b) perceived barriers and facilitators to its
implementation; c¢) how PICU Liberation has
affected care; d) staff knowledge of key bundle ele-
ments and components, and e) perception of staff
about the PICU Liberation educational resources.
Note that the structural aspects (i.e., relative socio-
economic resources, political norms, policies) and
their influence will not form part of this assessment.

+ Continue to dynamically assess barriers and enablers
to inform the continuous adaption of the A2F bun-
dle operationalisation to improve the feasibility and
implementation success.

« Focus group interviews with key stakeholder groups
(i.e, family members, clinicians and administrative
leaders) will be conducted to determine a) percep-
tions of PICU Liberation and the implementation
process; b) perceived barriers and enablers to its
implementation; and c) how PICU Liberation has
affected care. All interview approaches will be used to
maximise involvement, including face-to-face inter-
views, teleconferenced focused groups, and semi-
structured interviews using separate interview guides.
Families may be interviewed following exposure to
the intervention and patient care experience (i.e., at or
after PICU discharge). Clinicians may be interviewed
mid-implementation to understand their impressions
of the knowledge application process and adapt the
implementation procedures if necessary.

Throughout Phase 3, the live reporting of selected com-
pliance measures and patient outcomes will be visible to
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clinicians to provide motivation and real-time evaluation
of current uptake of the A2F Bundle and their impact on
the process and patient outcomes. Staff feedback will be
proffered to consolidate compliance with PICU Liberation
practices via on-the-spot feedback; compliment emails;
patient and family narratives, photos, and videos included
in weekly all-staff communications. Safety metrics will
also be monitored and communicated to staff during this
period.

Phase 4 - assessment of the feasibility of A2F bundle
adaptation and the implement success of the PICU liberation
program

Objectives Assess feasibility, adherence, acceptability,
and impact of pilot study roll-out including on PICU
related complications.

Activities:

+ Assess the feasibility of adapting the A2F bundles in
PICU.

+ Measure bundle fidelity (i.e. bundle compliance/
adherence), using both quantitative analytic and
qualitative methods (Table 2, Table 4). If a low
degree of fidelity of certain PICU Liberation bundle
elements is present, or concerns regarding fidelity
are identified, modifications to the bundle elements
will be considered to maintain the bundle integrity
and primary objective of the PICU Liberation pro-
gram, i.e., improve patient outcomes.

+ Compare PICU-related complication rate between
from pre- (before period) and post-implementation
(intermediate and after periods, refer to Fig. 3).

+ Conduct focus groups to ascertain learnings from the
implementation process and gather feedback from
PICU staff about successes and areas for improve-
ment to inform further adaptation, if required.

During Phase 4, each bundle element will be continu-
ously adapted based on feedback and feasibility assess-
ment following the initial roll-out to improve usability.
As a proof of concept for wider adoption in other cen-
tres, we will embed evaluation metrics within each of
the educational formats provided. All the measures that
reflect patient outcomes, patient and parent experi-
ence, and compliance will be collected, monitored, and
communicated to staff well beyond the implementation
period to ensure ongoing adherence to the PICU Libera-
tion bundle.
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Before period

(pre-implementation)

PICU Liberation implementation

Facilitate discussions on setting Liberation daily goals with
the rounding team, nurses, allied health staff and families
Assist nurses with strategies to achieve daily Liberation
goals

Give advice on how to address barriers to Liberation goals
Present barriers to Liberation goals to rounding teams for
solutions

Identify adverse events and report them to the study team

Intermediate period and after period
(post-implementation)

Fig. 3 Interventions pre- vs post-Implementation of PICU Liberation (PICUstars)

Statistical analysis

Sample size

The study follows a prospective before-after hybrid trial-
and-implementation approach, whereby efficacy data will
be collected in a convenience sample of 1800 patients
(estimated) and implementation and process data will be
collected from PICU staff and parents over the three-year
period.

This relatively large sample of 1800 instances of com-
plete or partial bundle implementation effects will allow
an in-depth analysis of the methods considering the rela-
tively large heterogeneity of the study population.

Data collection

Data will be collected for the periods of before (pre-
implementation), intermediate (during implementation,
12months in), and after (post-implementation) as well
as continuously through all study phases. Data collection
will include bundle feasibility, impact and implementa-
tion measures as well as clinical data. (Tables 1, 2, 3, 4).

Descriptive statistic analyses

The twelve pre-implementation-months will be collated
and presented as a single timeframe; all months during
the implementation period will be described separately.
Categorical variables will be described as counts (per-
centage). Continuous variables will be described by their
median (interquartile range). Continuous outcome meas-
ures such as the length of stay (LOS) and hospital free
days will be analysed using either survival analysis and
competing-risks regression. The availability of recorded

data on a specific characteristic will be described (e.g., we
can only describe sedation on days which had any seda-
tion data recorded).

In addition to analysis of the whole patient cohort,
we will undertake sub-analyses for patients <6 months
of age, PICU stay shorter than 48h and non-ventilated
patients.

Impact measures of the PICU liberation program
implementation
Orchestrated Testing will be used to assess implementa-
tion success, the impact of the PICU Liberation interven-
tion, and identify essential components for best practise
[32]. A clear implementation plan and structure for inter-
action are two of the Orchestrated Testing requirements.
(generated in study phase 1, see Fig. 1 and Appendix 1).
In our study, the number of bundle components in Phase
1 represents existing practise and Phase 4 represents
bundle implementation, hence a Factorial (or Fraction-
ated factorial) matrix is critical. In step 4, the results will
be analysed. The ability to duplicate the study findings
will be tested internally (repeat plan-do-act cycles) and
externally, as part of a proposed secondary study testing
bundle implementation at a separate PICU in Australia.
Control charts depicting the PICU Liberation metrics
will be used to track exposure to the intervention/con-
sistency. (as described in Table 3 and Fig. 4 below).
Control Charts [33] will be used in repeated measure
studies for bundle compliance and performance over
time since they are an efficient way of measuring prac-
tise change in real-time. In reaction to positive or nega-
tive change, education and implementation tactics can be
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Instances of pain assessments,
opioid and bezodianzepine use
Instances of withdrawl

« Instances of SABTs

- Instances of extubation

assessments

Hours/days without

invasive ventiation

« Instances of ventilator-
associated pneumonia

®
©
®

- Instances of activity level
classified as daily goal

« Instances of mobility
activities administered per
patient per day

« De-conditioning

+ Instances of tools used to
ensure family inclusion

Fig. 4 PICUstars bundle element outcome measures

®

< pPICU- °
STARS

Baby Liberation

« Instances of correct RASS

« Instances of sedative use

« Instances of medication side
effects recorded

« Instances of CAP-D scoring

« Instances of non-pharma
interventions targeting
delirium

« Instances of delirium
correctly diagnosed

®

« Instances of nutritional
@ assessment tools used
« Instances of weight obtained
« Instances of apporpriate
nutrition delivered

O,
®

« Utilisation of tools to help
personalise the patient for
the clinicians (e.g., "getting to
know you" tool)

tailored. The control chart rules will be used to specify
improvement [33, 34].

Before and after implementation, the process of care
outcomes will be assessed. Background variables that
may act as confounders in the process outcomes will be
monitored (e.g., acuity, staffing ratios). The effects of each
element and their combinations will provide preliminary
estimations of the PICU Liberation bundle’s clinical sig-
nificance. Absolute and relative risks, followed by logistic
regression algorithms to adjust for relevant prognostic
risk factors for dichotomous outcomes, will be calcu-
lated to assess secondary efficacy outcomes before and
after deployment of the bundle. The incremental cost of
PICU-related problems, as well as incremental cost effec-
tiveness ratios and 95% confidence intervals, will be esti-
mated for the economic analysis plan [35].

Ethics and dissemination

Data management and oversight

The study investigators will be in charge of overseeing
the project’s day-to-day operations and ensuring that

the ICH-GCP criteria are followed. The data will be
monitored by members of the PICUstars research team.
Protocol adherence, effective study management, and
timely completion of research procedures will all be
monitored. On-going surveillance and adherence to the
study protocol (intervention fidelity) will be monitored
by the principal Investigator (PI) and clinical research
nurse (CRN) during monthly audits.

Streamlined data collection instruments and proce-
dures will be used. All other data will be collected by the
CRN onto the case report form (CRF) directly from the
source data. Data will be entered into a custom-build
electronic database developed using the electronic data
platform REDCap, hosted by Griffith University [36, 37].

Data storage and security

Identifiable data will be stored on institutional network
drives, which will be protected by firewalls and other
security measures. Hard copies of records will be kept
in a locked cabinet in a safe place.
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Only study personnel will have access to records and data.
The data from the study will be de-identified, and a master
linking log containing identifiers will be preserved and stored
separately from the data. Dissemination

Results will be made available to the funders, critical care
survivors and their caregivers, the relevant societies, and
other researchers.

Discussion

The protocol for a single-centre prospective implemen-
tation of evaluating the PICU Liberation programme,
which adapts the A2F bundle in adult ICU to the PICU of
a major children’s hospital in Queensland, is presented in
this publication. The goal of the study is to determine the
feasibility of adaptation, as well as to evaluate the PICU
Liberation trial’s implementation success by assessing the
capacity to meet A2F bundle objectives, improve patient
quality of care, and optimise children’s recovery while
reducing PICU length of stay. Up to 66% of critically ill
children can develop PICU-related problems [11]. They
not only have a short-term influence on hospital length of
stay and cost of care, but they can also cause morbidity,
which has long-term detrimental consequences for the
child’s quality of life, such as psychiatric, behavioural, and
neurocognitive issues (long-term impacts) [11]. There
are no paediatric-specific bundles available to aid in the
detection and prevention of PICU-related problems [38].
More studies that change from a mortality focus to a
quality of survivorship focus are critical [3, 11, 39, 40].

The PICU Liberation project focuses on improving
care quality through interdisciplinary team collabora-
tion and best practises for long-term quality initiative
implementation. In the adult ICU, there is substantial
clinical evidence that the ICU Liberation programme
improves patient outcomes significantly and dose-
dependently [38].

For a successful implementation, there are necessary
conditions: an evidence-based implementation frame-
work, a context appropriate implementation framework,
an implementation team leader or facilitator, inter-pro-
fessional team engagement (nursing, allied health, medi-
cal, family), and the ability to customise PICU Liberation
to the site needs. This project is designed with these con-
ditions primed. First, it is guided by the Consolidated
Framework for Implementation Research (CFIR), which
has been shown to facilitate successful bundle adoption
and improve the quality of care in adult and paediatric
ICUs [25-27, 41]. It will also be guided by the quadruple
aim: patient outcomes (including children and family sat-
isfaction), staff satisfaction and work-related wellbeing,
cost effectiveness in care, and population health) [28].
Second, several publications go into great detail about
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the Liberation package, and its implementation has been
closely observed by one of our team members overseas,
as our content expert and implementation team leader/
advisory role. Third, certain aspects of the bundle are
‘adaptable; meaning they can be changed to fit a specific
situation without jeopardising the intervention’s integrity.
We have developed several working groups to adapt and
review each of the Liberation bundle elements to ensure
feasibility and optimal compliance. Lastly, we have fore-
seen the main causal factors that influence implementa-
tion outcomes (at structural-, organizational-, patient-,
provider-, and innovation-levels).

This study is unique in that it includes all aspects of
a multifaceted nurse-led PICU model of care in a large
cohort of critically ill children, as well as measurement
of important clinical outcomes aimed at shifting ICU
culture away from the harmful inertia of sedation and
restraints and towards an animated PICU filled with
patients who are awake, cognitively engaged, and mobile,
as well as family members engaged as partners with the
PICU team at the bedside. Its advantages include its
applicability, clinical team focus, and use of currently
accessible resources. PICU Liberation study constitutes a
clinical innovation. It was created by the interdisciplinary
team and written concisely for intuitive adaptation. The
study facilitators will ensure consistency and feasibility of
goal setting and Liberation interventions as well as track-
ing children/s’ and families’ progress. It is designed to be
a low tech, high yield clinical and rehabilitation interven-
tion bundle that optimises care through a community of
practice and team collaboration, that can be applied to
every critically ill child, every day.

The findings of this study will add to our understanding
of how to effectively implement optimal care for critically
ill children. The research findings will be externally valid
and should drive clinical application of the bundle in any
PICU because this knowledge will be generalisable to the
broader PICU population. Project outcomes and learn-
ings will add to the general body of knowledge about
implementation science in the PICU.

The Liberation algorithms allow nurses to readily con-
tribute to goal setting on rounds and provides structure
for the nurses to “liberate” their patient. While we believe
that the Liberation bundle makes effective use of current
resources, we recognise that transferring resources to
Liberation interventions may have opportunity costs in
certain scenarios. Owing to the nature of this trial-and-
implementation health service research, there are nota-
ble limitations. The primary limitation of this study is
the single-centre design. Given our institution’s standing
as the state-wide referral centre, external validity will be
achieved by designing the implementation pathway for
adaptability in other PICUs locally and nationally.
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Second, the PICU Liberation program is not amend-
able to randomisation or blinding of patients, family,
or clinicians. The achieved Liberation assessments and
interventions will be recorded by the bedside nurse who
is unblinded and part of the intervention. The PICU Lib-
eration facilitator will record achieved Liberation inter-
ventions during regular afternoon Liberation check-ins.

Third, to achieve the daily Liberation targets, we do not
add additional people resources. This is a setting where
current mobilisation, sedation, and ventilation goals are
occasionally difficult to achieve. The Liberation bundle,
we feel, is complementary to nursing philosophy and will
be seamlessly integrated into their system with minimal,
if not positive, impact on their workload. It is acknowl-
edged, however, that this budget-neutral approach may
not enable effective operationalisation of PICU Libera-
tion, and a dedicated Liberation clinical team may be
necessary.

Lastly, successful bundle adoption will create a culture
shift from immobilised, sedated patients with limited
family presence to comfortable awake patients who are
cognitively engaged, and mobile with family members.
This highlights a further limitation as bedside nurses
become more comfortable applying those principles to all
their patients over time, effect size may vary and increase
over time, which may lead to a type II error. The high
sample size and long post implementation measurement
phase of 12 months may help to minimise this.

Methodological limitations

Our prospective study design in which variates are reli-
ably measured over time will provide stronger evidence
for feasibility of this PICU Liberation implementation
project than could be obtained from a retrospective
design or offline assessment models.

The principal drawback of this study is its single-center
design and the possibility of missing data (data failure),
which would call into question the internal and external
validity of the presented findings. Our research team, on
the other hand, has substantial experience with excellent
recruitment rates and data integrity in past trials of criti-
cally ill children receiving innovative therapies. Strate-
gies to minimise missing data will include experienced
study personnel with appropriate training and support
to ensure accurate and timely capture and entry of data,
streamlined IT solutions and utilisation of standardised
database tools (REDcap).

Conclusion

This provides a description of our study protocol and
analysis plans for the PICU Liberation Trial. This
project is aimed to maximise the efficiency of exist-
ing resources without requiring any new employees
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or funding, in addition to examining the benefits of
goal-directed Liberation bundle adaptation on clini-
cal outcomes and survivability. This study offers a way
to utilise goal-directed Liberation interventions to
enhance PICU clinical outcomes while reducing hospi-
tal costs.
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