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Statement Of Compliance

The study will be carried out in accordance with Good Clinical Practice (GCP) as re-
quired by the following:

United States (US) Code of Federal Regulations (CFR) applicable to clinical studies
(45 CFR Part 46; 21 CFR Part 50, 21 CFR Part 56, and 21 CFR Part 312)

ICH E6; 62 Federal Register 25691 (1997)

All key personnel (all individuals responsible for the design and conduct of this study) have
completed Human Subjects Protection Training.
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Abbreviations

AE Adverse Event
ACF Alive and coma free
ADCF Alive and delirium and coma free
AVF Alive and ventilator free
CCC Clinical Coordinating Center
CONSORT CONsolidated Standards of Reporting Trials
CRF Case Report Form
DCC Data Coordinating Center
DSMB Data Safety Monitoring Board
ECMO Extracorporeal membrane oxygenation
EHR Electronic Health Record
ERIC Expert Recommendations for Implementing Change
IRB Institutional Review Board
JHM Johns Hopkins Medicine
LOS Length of stay
OT Occupational Therapist
PCPC Pediatric Cerebral Performance Category
PICS Post-Intensive Care Syndrome
PICU Pediatric Intensive Care Unit
POPC Pediatric Overall Performance Category
PT Physical Therapist
QA Quality Assurance
QI Quality Improvement
RCT Randomized Control Trial
SAE Serious Adverse Event
SBS State Behavioral Scale
SEIPS 2.0 Systems Engineering in Patient Safety 2.0
sIRB Single Institutional Review Board
SUSAR Suspected, unexpected, serious adverse reaction
TSW Traditional stepped-wedge
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Participating Study Sites

Table 1: Characteristics of Participating Sites

Institution Hospital Name Site PI Email Address

Baylor College of
Medicine

Texas Children’s
Hospital

Matthew Musick, MD mamusick@texaschildrens.org

Dartmouth College
Geisel SOM

Children’s Hospital at
Dartmouth

Kelly Corbett, MD kelly.corbett@hitchcock.org

Geisinger
Commonwealth

Janet Weis Children’s
Hospital

Elizabeth Scarlett, MD eescarlett@geisinger.edu

Medical College of
Wisconsin

Children’s Hospital of
Wisconsin

Charles Rothschild,
MD

crothschild@mcw.edu

Stanford University Valley Children’s
Hospital

Molly Dorfman,
MD, MPH

mdorfman@valleychildrens.org

University of Central
Florida

Nemours Children’s
Hospital

Mashael Alqahtani,
MBBS, MS

mashael.alqahtani@nemours.org

University of Louisville Norton Children’s
Hospital

John Berkenbosch,
MD

john.berkenbosch@louisville.edu

University of
Minnesota

Hennepin Healthcare Andrew Kiragu, MD andrew.kiragu@hcmed.org

University of North
Carolina

UNC Children’s
Hospital

Tracie Walker, MD twalker3@med.unc.edu

West Virginia
University

WVU Med Children’s
Hospital

Mel Wright, DO mwright@hsc.wvu.edu
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Précis

Study Title
Clinical Effectiveness of the ”PICU Up!” Multifaceted Early Mobility Intervention for Criti-
cally Ill Children: A pragmatic, stepped-wedge trial

Short Title: The PICU Up! Stepped-wedge Trial
Objectives:

1. To evaluate if the PICU Up! intervention, delivered in real-world conditions, de-
creases mechanical ventilation duration (primary outcome) and improves delirium
and functional status compared to usual care in critically ill children.

2. Conduct a multi-stakeholder, mixed-methods process evaluation to identify key
contextual (work system) factors associated with delivery of PICU Up!.

Design, Interventions, and Duration This study is a mixed-methods, stepped-wedge,
cluster randomized trial of a pragmatic, interprofessional, and multifaceted early mobility
intervention (PICU Up!) conducted in 10 hospitals with a primary outcome of mechanical
ventilation duration, defined as days alive and ventilator free (AVF), and secondary out-
comes of delirium and functional status. Over a 2-year period, data will be collected on
1,440 PICU patients.
The study includes an embedded
process evaluation (to be added
to the protocol in subsequent
amendments) to identify factors
associated with reliable PICU Up!
adoption and performance. All
participating PICUs will simultane-
ously start the control period with
data collection and conduct implementation planning for the PICU Up! intervention, a mul-
tifaceted, interprofessional, and systematic tiered pathway that is integrated into routine
PICU practice to safely optimize early and progressive mobility. The order in which the
PICUs will move into the intervention period will be determined through randomization.
Data collection will occur only during the control and intervention phases. Data collec-
tion includes patient demographic, clinical, and rehabilitation data from the Epic electronic
health record (EHR) from PICU admission through Day 21 or PICU discharge, whichever
comes first.
Sample Size and Population As a pragmatic trial, all PICU patients regardless of their
length of stay are screened for the PICU Up! unit-based intervention, which includes
criteria for exclusion based on specific clinical factors (i.e., open chest or abdomen,
ECMO).[1] Criteria for inclusion in data collection and statistical analysis are children
receiving invasive mechanical ventilation ≥ 48 hours on Day 3 of PICU admission
(n=1,440).
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1 Study Objectives

1.1 Primary Objective

To evaluate if the PICU Up! intervention, delivered in real-world conditions, decreases
mechanical ventilation duration (primary outcome) and improves delirium and functional
status compared to usual care in critically ill children. Our hypothesis is that PICU Up!
(compared to usual care) will shorten the duration of mechanical ventilation resulting in
an increase of at least 1.8 days AVF during the 21-day follow-up.

1.2 Secondary Objectives

a. To evaluate if the PICU Up! intervention, delivered in real-world conditions im-
proves:

i. Delirium, defined as days alive and delirium- and coma-free (ADCF)
ii. Functional status at the earlier of PICU discharge or PICU Day 21 (Pediatric

Cerebral Performance Category and Pediatric Overall Performance Category)
iii. Exploratory Outcomes: Deep sedation (defined as days alive- and coma-free,

ACF), PICU length of stay (through Day 21), PICU mortality (through Day 21),
PICU and hospital disposition (discharge to home/inpatient floor/inpatient re-
habilitation/other hospital), new pressure injury (through Day 21), and opioid
and benzodiazepine exposure (morphine- and benzodiazepine-equivalents
median mg/kg/day).

b. To evaluate the proportion of PICU Up! elements performed as a measure of reli-
able PICU Up! delivery.
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2 Background and Rationale

2.1 Background on Condition, Disease, or Other Primary Study Focus

Over 250,000 children are admitted to U.S. Pediatric Intensive Care Units (PICUs) annu-
ally, with 25% of PICU patients utilizing 75% of all bed-days.[2, 3] As such, the number
of U.S. PICU beds has increased by 43% since 2000.[2, 4] PICU mortality rates have
decreased by over 50% in the last 2 decades due to the changing spectrum of pedi-
atric critical illness and medical and technological advances.[5, 6] However, decreased
PICU mortality has led to a growing number of survivors experiencing both short and
long-term morbidities.[5, 7, 8] Importantly, over half of all critically ill children develop pre-
ventable PICU-acquired morbidity, including iatrogenic opioid or sedative withdrawal,
delirium, venous thromboembolism, pressure injury, and ICU-acquired muscle weak-
ness, with the highest risk in mechanically ventilated patients.[9-18] These morbidities
are strongly associated with poor functional recovery, which leads to poor quality of life
and increased parental stress.[9, 19] The resulting long-lasting physical, psychological,
and neurocognitive impairments are known as pediatric post-intensive care syndrome
(PICS).[5, 7, 8, 20] The recognition of PICS has resulted in substantial research in adult ICU
populations, and is recognized by the NIH/NHLBI and major academic societies as a
high research priority.[21-25] Thus, the preventable morbidities experienced by a grow-
ing number of PICU survivors are an important public health issue urgently in need of
evidence-based strategies.

2.2 Study Rationale

Why will a multifaceted, interprofessional intervention to increase mobility improve PICU
patients’ outcomes?
a. Early and Progressive Mobility in the PICU

Early (within 72 hours of ICU admission) and progressive mobility is associated with im-
proved outcomes in critically ill adults including shortened duration of mechanical ven-
tilation and improved muscle strength.[26-40] However, the clinical effectiveness of early
and progressive mobility in the PICU has never been rigorously studied. Unlike adults,
critically ill children are admitted to the PICU during a crucial period of physical and neu-
rocognitive development. Less than 40% of PICU survivors with normal baseline func-
tion recover to their baseline by 3 months after PICU discharge.[9] Moreover, our multi-
center point prevalence study of physical rehabilitation in 82 U.S. PICUs found that 68%
of all admissions ≥ 3 days are patients ≤2 years old.[41] Thus, there is an urgent need to
attend to both rehabilitation and to habilitation, the acquisition of new physical and cogni-
tive skills, in the PICU. Our research and others have shown that the youngest children
and those with normal baseline function have the longest delays to starting mobilization,
likely due to a misperception by the medical team that they are at lower risk for func-
tional deterioration.[9, 41, 42, 43] Physical and occupational therapists (PT and OT) have
the expertise to address PICU patients’ physical and cognitive needs across the age
spectrum.[44] Yet, our data shows that 30% of PICU patients do not have either a PT or
OT consult by Day 10 of admission.[41]
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Figure 1: Team Model for Early Mobility in the
PICU

Figure 2: Conceptual framework guiding PICU Up!
design

Figure 3: ABCDEF Bundle

The focus of early PICU care is on resus-
citation and stabilization of acute disease
processes. Thus, any form of mobility is
often considered only after the child has
begun to recover and is not “too sick to
mobilize”.[45]
Therefore, the scientific premise is that the
clinical effectiveness of early and progres-
sive mobility to improve outcomes must be
evaluated using a rigorous, pragmatic, in-
terprofessional, and unit-based approach.

b. Interprofessional and Family Teamwork
to Promote Mobility

Pediatric rehabilitation team resources
are finite in the critical care setting, with
<20% of U.S. PICUs having a dedicated
full-time equivalent PT or OT.[41] Optimiz-
ing mobility in complex PICU patients re-
quires effective interprofessional shared
decision-making and teamwork (i.e., co-
ordination, communication, collaboration)
from all disciplines involved in their care
(Figure 1).[1, 46] Nurses and families are the
foundation of mobility in the PICU. Nurses
are at the bedside 24 hours a day.
Furthermore, 100% of the 82 U.S. PI-
CUs in our rehabilitation point prevalence
study allow 24-hour family presence at the
bedside.[41] As such, PICU nurses facilitate
67% of all mobilization activities alone or
in combination with family or other staff,
while only 14% are therapist-provided
mobility.[41] In preliminary data from our
qualitative study, nurses felt their participa-
tion in patient mobility was beneficial to the
patient and personally rewarding if they
were given the educational tools to safely mobilize patients and had PT/OT collaboration.
Families are also highly supportive of mobility,[47] but need guidance on how they can
help through effective communication with the PICU team.[48, 49, 50]
Engaging families in their child’s care and considering them as part of the care team is
key to effective family-centered care.[51, 52] Therefore, the scientific premise is that clin-
ical effectiveness of early mobility interventions will be optimized with interprofessional
shared-decision making and family collaboration.

Protocol, Version 2.0 10



Protocol: Clinical Effectiveness of the ”PICU Up!” Multifaceted Early Mobility Intervention for Critically Ill
Children: A pragmatic, stepped-wedge trial

c. Multifaceted Intervention to Promote Early and Progressive Mobility

Despite known harms of bedrest, a PICU culture of immobility is facilitated by overse-
dation, physical restraints, and poor sleep hygiene due to a perceived need to optimize
safety and comfort.[53, 54, 55] These factors all increase the risk of prolonged mechanical
ventilation.[56] Single-component approaches to decrease duration of mechanical ven-
tilation in the PICU have not consistently shown effectiveness.[57, 58, 59, 60] The largest
multicenter RCT of protocolized sedation for children with acute respiratory failure led to
no difference in ventilation-free days.[57]

d. Pain and sedation management, sleep hygiene, delirium, extubation readiness assess-
ments, mobility and family engagement are all intimately interconnected in ICU care

A child who is deeply sedated, for instance, is more likely to be delirious, with higher
risks for mobilization and lower likelihood of extubation readiness. Our data suggest that
family members are less likely to engage when their child is sedated and mechanically
ventilated.[61] We have also shown that sleep is severely disturbed in the PICU,[55, 62, 63]
and poor sleep can increase delirium and impact participation in mobility(Figure 2).[64]
These issues have been mitigated in adult ICUs with early, exercise-based rehabilitation
as part of the interprofessional ABCDEF Bundle (Figure 3). [65, 66] The ABCDEF bundle
is associated with lower mortality, less delirium and more ventilator-free days in critically
ill adults.[65-68] However, the heterogeneity of the PICU patient population limits direct
translation of this approach and has never been rigorously studied.
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3 Detailed Description of the Trial Methods

3.1 Study Design and Population

a. Study Design

The study will be conducted using a pragmatic stepped-wedge cluster randomized trial
design, with each PICU acting as one cluster. This study protocol is reported in accor-
dance with the CONSORT (CONsolidated Standards Of Reporting Trials) extension for
stepped-wedge cluster RCTs guideline.[69-71] In a traditional stepped-wedge (TSW) de-
sign, all clusters begin in the control group and then transition to the intervention group
at sequential and randomly assigned periods, facilitating the delivery of a desired inter-
vention to all clusters, in this case, all participating PICUs.
There are several additional advantages to a TSW trial compared to a traditional cluster
RCT including:

i. TSW design overcomes the logistical constraint of not being able to implement and
deliver the intervention simultaneously to all PICUs.

ii. The TSW design is ideal for interventions that are designed to be implemented on
a unit level, and for which patient-level randomization may result in contamination
between control and intervention groups.[71]

iii. In contrast to the before-and-after design utilized for our single-center QI study,[1]
the TSW allows for a robust comparison between treatment and control periods by
accounting for temporal trends in the data.

After IRB approval and setup for data collection, all participating PICUs will simultane-
ously start the control period with data collection and continue implementation planning
as described in Section 3.2.b. The order in which the PICUs will move into the interven-
tion period will be determined through randomization. Data collection (Section 3.1.f) will
occur only during the control and intervention phases. Table 2 displays the trial’s TSW
design.

Table 2: Stepped-Wedge Design for the PICU Up! Trial

b. Randomization Strategy

Randomization will occur at the
PICU level. The role of random-
ization in stepped-wedge trials is
to 1) determine the order in which
the clusters (PICUs) will transition
from control to intervention; 2) in-
crease internal validity of the study; and 3) increase the transparency and perceived fair-
ness of allocation.[72] Two PICUs will cross over to the intervention at a time (5 steps).
Since there is only one PICU participating in each hospital, we will not need to account
for contamination between PICUs in the same hospital. All possible permutations will
be considered for the order of transition from control to intervention. However, some
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permutations will lead to the largest PICUs transitioning early and the smallest PICUs
transitioning late, or vice versa. In this case, there would be an imbalance in patients
included in the control and intervention phases. Therefore, the imbalance for each per-
mutation will be estimated based on anticipated PICU-specific eligibility expectations,
and permutations with excessive imbalance will be excluded. The permutation selected
for implementation will then be chosen at random from permutations with adequate bal-
ance. The R statistical package will be used to create the set of unique permutations,
compute the imbalance score and finally sample from eligible permutations.[73] Each site
study team will be notified of their site’s transition date four months in advance. PICU
Up! will then be implemented over three months including PICU staff training as outlined
in Section 3.2.b. All PICUs will remain in the study for the entire period, with each pair
of PICUs being exposed to the intervention for different durations based on the random-
ization schedule (Table 2).
c. Study Setting

The PICU Up! trial will include 10 PICUs in 10 states within the U.S. (See Participating
Study Sites). These sites [1] represent a diverse mix of public, private, and federally-
funded teaching and nonteaching hospitals, with small to large ICUs, located in urban
and suburban areas with varied patient populations (medical-surgical or medical-surgical-
cardiac); and [2] do not have an existing PICU mobility protocol and would commit to not
implementing a mobility protocol until their randomized time of implementation; All sites
have agreed to engage in a single IRB reliance agreement with Johns Hopkins Univer-
sity. Across all study sites, Dr. Kudchadkar (PI) will lead efforts to train clinical teams to
adapt and implement the PICU Up! intervention locally. All participating sites utilize the
Epic Electronic Health Record (Epic Systems Corporation).

Table 3: Inclusion and Exclusion for Data Collection
Inclusion Criteria Exclusion Criteria Rationale for Exclusion
Invasive mechanical ventila-
tion via oral/nasal endotra-
cheal tube

Active or anticipated with-
drawal of life support w/in
48h

Patients unlikely to re-
ceive benefit from PICU
Up!

Mechanical ventilation ≥48
hours at 7 a.m. on PICU Day
3

Open chest or abdomen Exclusion Criteria for
PICU Up!

Extracorporeal Membrane
Oxygenation (ECMO)

Exclusion Criteria for
PICU Up!

d. Study Population

As a pragmatic trial, all PICU patients, regardless of their length of stay, are screened
for the PICU Up! unit-based intervention, which includes criteria for exclusion based on
specific clinical factors (i.e. open chest or abdomen, ECMO).[1] Criteria for inclusion in
data collection and statistical analysis (Table 3) will focus on children who are receiving
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invasive mechanical ventilation ≥ 48 hours on Day 3 of PICU admission for which we ex-
pect our intervention will have the highest impact. This inclusion criterion will ensure that
children who are only mechanically ventilated in the perioperative period or for short pe-
riods (procedures, transport) are not included. If the patient is readmitted to PICU during
the index hospitalization, they will be included in data collection if they once again meet
inclusion criteria on the subsequent admission with repeated outcome assessment as
outlined in C.1.i. (n=1,440 patients)
e. Informed Consent

All eligible subjects at participating sites will have data collected under a waiver of in-
formed consent. The Johns Hopkins IRB has granted a waiver of consent in our pilot
multicenter PICU Up! trial based on the factors below. Full details are included in the
section entitled Adequacy of Protection Against Risks (Section 6.3)

i. The intervention is targeted to the PICU care environment and interprofessional
shared-decision making and does not deviate from accepted clinical practice. All
mobility activities and goals are individualized and determined solely by the pa-
tient’s medical team and not the PICU Up! intervention.

ii. The PICU Up! intervention poses no more than minimal risk, because it is a unit-
based intervention focused on PICU workflow and interprofessional shared-decision
making. Sedation goal-setting, delirium screening, sleep promotion, rehabilitation
team consultation, extubation readiness assessments, family engagement and mo-
bilization activities are already practiced in PICUs and these processes will be at
least equivalent, or improved, with the PICU Up! Intervention.

iii. The PICU Up! intervention involves no procedures for which written consent is nor-
mally required outside of the research context, and this research could not prac-
ticably be carried out without a waiver of consent. All patients and families in the
participating PICUs will be made fully aware of the unit-wide PICU Up! intervention
when the PICU is randomized to the implementation phase through patient-family
education by local PICU staff.

iv. The waiver will not adversely affect the rights and welfare of the subjects. All data
will be deidentified for transmission to the Data Coordinating Center (DCC). Pro-
tections against risks, including the risk for breach of data confidentiality, are delin-
eated below.

v. Obtaining informed consent would threaten the scientific validity of the study, which
depends on capturing all eligible patients during the enrollment period.

vi. Whenever appropriate, patients and their families will be provided with additional
pertinent information after participation.

f. Data Collection

When the patient meets eligibility as outlined in Table 3, demographic, clinical and reha-
bilitation data will be collected from the Epic electronic health record (EHR) from PICU
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admission through Day 21 or PICU discharge, whichever comes first. Data collection
variables/timing are summarized in Table 4. This data collection schedule has been
comprehensively tested for feasibility in our multicenter pilot trial. Daily data collection
during invasive mechanical ventilation takes, on average, 12 minutes per patient per
day. We chose 21 days for the duration of data collection for both feasibility and clinical
relevance based on our pilot data.
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Table 4: Data Collection Schedule
ADMISSION DATA COLLECTION (ONE TIME) Variable Type
Demographic data (age, sex, race) Continuous/

Categorical
Height weight; Body Mass Index Continuous
Baseline Function: Pediatric Overall Performance Category[53,74] &
Pediatric Cerebral Performance Category[74]

Ordinal

PICU Admission Diagnosis (e.g. cardiac, respiratory, sepsis,
surgical)

Categorical

Severity of Illness: Pediatric Risk of Mortality Score IV[67, 75, 76] Continuous
INVASIVE MECHANICAL VENTILATION DAYS ONLY (DAILY THROUGH 21)
Mode of Ventilation (Conventional, High Frequency Oscillatory
Ventilation, High Frequency Jet Ventilation)

Categorical

FiO2 (%) Continuous
Analgesic and Sedative Medications Doses
(morphine milligram equivalents (MME) and midazolam miligram
equivalents/kg/day)

Continuous

State Behavioral Scale(SBS):[77] daily SBS goal, number of docu-
mented sedation assessments/day & range

Continuous

Extubation Readiness Testing Outcome Categorical
ALL PATIENT DAYS THROUGH DAY 21 or PICU DISCHARGE (DAILY)
Respiratory Support
(room air, supplemental O2, Heated HFNC, CPAP, BiPAP,
Trach collar, Mechanical ventilation via tracheostomy,
Invasive mechanical ventilation)

Categorical

Minimum activity goal & highest level of mobility achieved
(adapted Johns Hopkins Highest Level of Mobility Scale)[78]

Ordinal

Documentation of therapy from the rehabilitation team
(Physical Therapy, Occupational Therapy, Speech Language
Pathologist)

Categorical

Pain assessment: # of documented assessments/day using validated
tools & range

Continuous

Delirium assessment: number of documented assessments (Cornell
Assessment of Pediatric Delirium[79]) and score

Continuous

Family engagement: Documentation of family visitation/engagement
on rounds/participation in mobility (yes/no)

Categorical

PICU Up! Level (intervention phase only) Ordinal

Continued on next page
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Table 4: Data Collection Schedule (Continued)

Safety event: fall, unplanned extubation or device removal, cardiac
arrest

Categorical

New pressure injury Categorical
DISCHARGE DATA COLLECTION (ONE TIME)
Reason for completion: PICU discharge/death/exclusion criteria Categorical
Discharge function: Pediatric Overall Performance Category[53, 74] &
Pediatric Cerebral Performance Category[74]

Ordinal

Discharge Disposition (Inpatient Floor, Inpatient Rehab, Home,
Transfer to another PICU)

Categorical

g. Blinding and Minimizing Bias

It is not possible to blind this study to patients, families, clinicians or research staff. How-
ever, our primary outcome (Days Alive and Ventilator Free) is objective and quantitative
and not likely biased by care team members’ perceptions or behaviors.

h. Data Coordinating Center

This study’s Data Coordinating Center (DCC) will employ a multifaceted approach to
data quality control.[80] First, the DCC will provide centralized training and data quality
assurance to each site as outlined herein:

1) the DCC will maintain an online repository of the current and prior versions of the
study protocol, case report forms, manuals of operations and other training materi-
als;

2) data collection will be protocolized, and staff trained and re-trained on protocols
with initial and ongoing quality assurance procedures; and

3) the DCC will conduct periodic data cleaning, including review of descriptive statis-
tics of data and logic checks of the data during the study with regular data queries
and PICU Up! performance feedback to sites.

The DCC will utilize REDCap, a web-based database, to capture, manage, and export
research data using unique de-identified research participant identifiers.[81] The RED-
Cap database features secure, HIPAA-compliant data storage as well as an audit trail
for all data field edits. Each site will only have access to their own data and only autho-
rized IRB-approved personnel will receive database access. The REDCap database will
include automated data validation, range checks, and missingness checks at entry.
Data use agreements will be established between all sites and the DCC. The DCC will
transmit data, as needed, via encrypted transfer.
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i. Study Leadership and Management of PICU Up! Trial

To address important leadership, communication, implementation or quality issues, our
Steering Committee (PI, 4 Co-Is, CCC Program Manager and DCC Research Manager)
will meet at least monthly (weekly, as needed) by phone to discuss day-to-day issues
arising during trial conduct. We will have a communications plan to ensure constant,
consistent, and important information is reaching key stakeholders in a timely fashion.
Each site PI will supervise day-to-day local operations in close contact with the site’s
PICU Up! Champion team and research staff (see Study Team Roster).
j. Clinical Coordinating Center

The Clinical Coordinating Center (CCC) will be led by Sapna Kudchadkar, MD, PhD, the
Principal Investigator and Chair of the CCC, along with CCC Program Manager Colleen
Mennie, RN. The CCC is responsible for oversight of study activities at all 10 partici-
pating sites, including the single IRB process, training and education for implementa-
tion of the PICU Up! Intervention, monitoring intervention fidelity and reporting of proto-
col events and deviations. The CCC will keep current contact information for all sites,
and will ensure that each participating site has a Federalwide Assurance (FWA) for the
Protection of Human Subjects on file with the Office for Human Research Protections
(OHRP).
The CCC will maintain a study website that can only be accessed by approved study
team members from each participating site. The website will contain the most current
version of the protocol, amendments to the protocol, and educational and study related
resources. These study materials will also be distributed via email to the site PI’s and
research coordinators as they are available or updated.
As part of the onboarding process, all participating site study team members will receive
training from the CCC regarding protocol events and deviations as well as JHM IRB’s
prompt reporting requirements. Policy updates and refreshers will be provided through-
out the entirety of the study. Each site will promptly report any protocol events or devia-
tions through the study site’s REDCap portal. This data collection platform (see Section
3.1.h) is monitored daily by both the CCC and the Data Coordinating Center (DCC), and
the CCC will be responsible for ensuring appropriate reporting of these events and devi-
ations to the JHM IRB. The DCC will be responsible for all data collection and manage-
ment, including annual enrollment data (see Section 3.1.f-h).

3.2 Implementation of the Intervention

a. Description of the PICU Up! Intervention

PICU Up! is a multifaceted, interprofessional and systematic tiered pathway that is in-
tegrated into routine PICU practice to safely optimize early and progressive mobility. De-
tailed methodology for the development of the PICU Up! intervention has been published.[1]
PICU Up! incorporates the screening process for determining a patient’s appropriate
activity level into the daily rounding workflow for all PICU patients, with a tiered activity
plan (Figure 4) based on clinical parameters to individualize goals based on each child’s
unique needs. Included are criteria for pausing the activity and for reassessing the pa-
tient before continuing the activity.[1]
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Figure 4: PICU Up levels and corresponding activity

While the PICU Up! level is
based on objective criteria, the
interprofessional team collec-
tively determines the daily ac-
tivity goal(s) through shared
decision-making, which is doc-
umented in the medical record
on morning rounds. The inter-
vention includes a rounding
template which ensures daily
discussion of the PICU Up!
level (Figure 4) and elements:
1) analgesia; 2) protocolized
extubation readiness testing;
3) sedation level and goal; 4)
delirium screening; 5) mobility
goal including PT/OT consul-
tation by Day 3; 6) family en-
gagement in mobility; and 7)
sleep promotion. As a prag-
matic trial, all other aspects of
PICU care will be conducted
per routine practice.

b. PICU Up! Implementation Process at Participating Sites

The timeline and training materials for PICU Up! implementation outlined below have
been comprehensively tested in our multicenter PICU Up! pilot stepped-wedge trial.
During study setup, each site will build their PICU Up! Champion Team with at least 2
representatives from each relevant discipline. The CCC will conduct monthly video con-
ference training with each of the Champion teams for PICU Up! implementation plan-
ning including integration of PICU Up! elements.[77, 79, 82] The initial site initiation webinar
(Month 1) will include all champions and begin skills development to learn PICU Up! el-
ements and strategies for rollout, along with orientation to all training materials/planning
resources (Table 5). Teams will coordinate local planning efforts after identifying local
barriers and facilitators to implementation and will be informed of their randomized time
for implementation 4 months in advance to allow for adequate preparation time. Dur-
ing each site’s implementation, educational materials in multiple formats developed, uti-
lized and refined from our single-center[1] and multicenter pilot study will be presented in
meetings, discipline-specific webinars and online communications by the local team to
ensure engagement of all PICU staff.
A key component of the educational program is a required 45-minute online learning
module for all PICU staff about early rehabilitation in the PICU, including interactive
case-based scenarios to illustrate application of the PICU Up! criteria. We have con-
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firmed the compatibility of each site’s e-learning platform with our module, which has
been utilized in our single-center and multicenter pilot trial.No data collection will occur
during the 3-month implementation phase to ensure the site team’s focus on implemen-
tation and to allow for outcomes evaluation after implementation is complete. The edu-
cation phase of implementation will be one month. In Month 2, the PICU Up! interven-
tion will be deployed. Each child’s activity level will be discussed and established during
morning rounds, with the bedside nurse reporting the PICU Up! level based on the es-
tablished criteria (Figure 4). The PICU team will determine the daily activity goal during
rounds. The bedside nurse will record this information in a templated electronic record
daily goals note, accessible to all staff. Activities can be conducted by nursing and/or
therapists based on their skillset and the child’s needs. Families will receive PICU Up!
education on admission.

Table 5: Implementation Planning Resources for Site Champions

Site Champion Resources PICU Up! Go-Live Materials (all PICU
Staff)

Monthly CCC training (video conference) Online learning module w/illustrative
cases

PICU Up! discipline-specific webinars PICU Up! Patient-Family Handbook
Resource Library on key PICU Up! topics:
· Creating the Interdisciplinary Team
· Optimizing Sedation in the PICU
· Promoting Sleep Hygiene
· Delirium Screening in the PICU
· Implementation: Getting to “Yes”
· Family Engagement: A key resource
· PICU Nurses as Mobility Champions
· The Role of Child Life Specialists
· Which Equipment?
· Making PICU Mobility Fun

Bedside binders with SBS, delirium &
activity resources
PICU Up! pocket cards: Includes State
Behavioral Scale and delirium screen-
ing guidance

PICU Up! educational posters (staff &
family)

Electronic Health Record (Epic) Templates
· PICU Up! Flowsheet
· Daily Rounding Note
· Extubation Readiness Trial Flowsheet

PICU Up! Policy Documents (for unit-
specific adaptation)
Rounding Script Template w/ PICU Up!
Elements

PICU Up! Barriers and Facilitators Tool PICU Up! Family Menu & info materials
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3.3 Patient-Level Outcomes

Primary and Important Secondary Endpoints:

a. Primary Outcome: Days Alive and Ventilator Free (AVF) through Day 21.

We will consider Time 0 as the time of endotracheal intubation or PICU admission for pa-
tients intubated at an outside hospital and days free of ventilation are counted following
the first time the endotracheal tube was continuously absent for at least 24 hours. Days
AVF are counted for both patients who die prior to or survive through day 21. Patients
will be assigned 0 days AVF if they remained intubated through 21 days or were trans-
ferred prior to day 21 without remaining extubated for more than 24 hours. We purpose-
fully chose days AVF as the primary outcome given the abundance of literature suggest-
ing the negative impact prolonged mechanical ventilation has on children’s outcomes
and established association with sedative exposure, delirium, and other ICU-acquired
morbidities. We chose days AVF instead of duration of mechanical ventilation due the
challenge of analyzing duration of mechanical ventilation in the presence of patient mor-
tality, which could introduce bias in our analysis if not appropriately accounted for. For
example, standard survival analysis methods would treat patient mortality as an inde-
pendent censoring event for duration of mechanical ventilation, even though these out-
comes are likely correlated. Days AVF was chosen over the alternative composite “alive
and ventilator free days” as days AVF considers any day off the ventilator as important
to the patient, family, and provider regardless of whether the patient ultimately survivors
or not; whereas the latter is more heavily focuses on mortality by assigning a value of 0
to all patients that die regardless of the duration of mechanical ventilation. Additionally,
we chose this primary outcome in lieu of PICU length of stay due to capacity factors that
may delay PICU discharge. Even if a patient is ready to be transferred to the inpatient
floor, they may remain in the PICU not due to clinical necessity but due to a lack of in-
patient beds. Transition to tracheostomy with mechanical ventilation from endotracheal
tube will count as mechanical ventilation days. If the patient was successfully extubated
and discharged before 21 days, the days after discharge will count as ventilator-free.
For patients discharged to a long-term ventilation rehabilitation facility, if the discharge
happens before day 21, the remainder of the days to day 21 will be considered mechani-
cal ventilation days (Table 6).
b. Secondary Effectiveness Outcomes

Secondary outcomes will include the following:

i. Days alive and delirium- and coma-free (ADCF), which will be supplemented with
days alive- and coma-free (ACF) and days alive. If the patient was discharged
from the PICU alive, all days following discharge will be considered days alive,
delirium- and coma-free (Table 6).

ii. Functional status at PICU discharge or Day 21 (Pediatric Cerebral Performance
Category and Pediatric Overall Performance Category)
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c. Exploratory Outcomes

Exploratory outcomes will include: PICU length of stay (through Day 21), PICU mortality
(through Day 21), PICU and hospital disposition (discharge to home/inpatient floor/inpatient
rehabilitation/other hospital), new pressure injury (through Day 21) and opioid and/or
benzodiazepine exposure (median mg/kg/day; morphine/benzodiazepine equivalents).

d. Safety Endpoints

All patients will be closely monitored as part of routine ICU care. Each site will document
the following events of interest and determine if they meet prespecified criteria for Sus-
pected Unexpected Serious Adverse Reaction (SUSAR; see Section 7.6): unplanned
extubation or device removal, falls, and cardiac arrest.
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Table 6: Definition of Outcome Measures
Primary Outcome
Days Alive and
Ventilator-Free (AVF)

Days when the patient was alive, and an endotracheal tube
was absent for 24 continuous hours during a calendar day 1,2

through 21 days
Secondary Outcomes
Days Alive and
Delirium- and Coma-
Free (ADCF)

Days when the patient was alive, without delirium, and coma-
free for 24 continuous hours during a calendar day 2-4through
21 days

Days Alive and Coma-
Free (ACF)

Days when the patient was alive, and coma-free for 24 contin-
uous hours during a calendar day 2,4through 21 days

Days Alive Days when the patient was alive for 24 hours during a calen-
dar day 5 through 21 days

Functional Status Pediatric Cerebral Performance Category and Pediatric Over-
all Performance Category scores assessed at the earlier of
PICU discharge or Day 21

Exploratory Outcomes
PICU Length of Stay Number of days on which the patient was physically present

in the PICU rounded to the nearest higher day through 21
days

PICU Mortality Number of patients deceased or withdrawn from the study
for limitation of care orders or brain death evaluation / total
enrolled patients

PICU and Hospital
Discharge Destination

Number of patients discharged to home, inpatient floor, inpa-
tient, rehabilitation, other hospitals / number of discharged
patients

New Pressure Injuries Rate of new pressure injuries / eligible patient days through
21 days

Opioid Exposure Opioid dose (mg/kg/day) measured in morphine milligram
equivalents (MME) 6

Benzodiazepines
Exposure

Benzodiazepine dose (mg/kg/day) measured in midazolam
milligram equivalents 7

1 For patients with a tracheostomy, a ventilator-free day will be defined as a day when the patient is not receiving invasive me-
chanical ventilation for 24 continuous hours during a calendar day. Specifically, patients with a tracheostomy whose breaths are
unassisted (i.e trach collar) will be considered ventilator-free; patients receiving assisted breaths (i.e. CPAP) will not be considered
ventilator-free.

2 Days following PICU discharge to 21 days will be considered days alive, ventilator-, delirium- and coma-free, with the following
exceptions: days after PICU discharge will not be considered days alive for deceased patients, days after PICU discharge will not
be considered days ventilator-free if the patient remains intubated at discharge.

3 Delirium-free days are days when the patient is at risk of delirium (i.e. coma-free) and delirium was not present.
4 Coma-free days are days when all documented sedation scores are above the following thresholds: SBS >= -1; RASS >= -3;
COMFORT-B >= 10.

5 For patients who were withdrawn from the study due to limitation of care orders or brain death evaluations, they will be considered
deceased on the day death is pronounced.

6 The following conversion will be used: Fentanyl: 10 mcg = 1 MME; Hydromorphone: 0.25 mg = 1 MME; Morphine 1 mg = 1
MME.[83]

7 The following conversion will be used: Lorazepam: 0.5 mg = 1 midazolam milligram equivalents; Midazolam: 1 mg = 1 midazolam
milligram equivalents.[84]
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4 Process Evaluation Methods

4.1 Overview of Process Evaluation

We will perform a mixed-methods process evaluation of the PICU Up! trial using the
United Kingdom’s Medical Research Council’s framework for evaluating complex in-
terventions and guided by our Systems Engineering in Patient Safety 2.0 Framework
(SEIPS 2.0; Preliminary Data).[85] Our goal is to gain a deeper understanding of what im-
plementation and contextual factors affect PICU Up! intervention performance. Our pro-
cess evaluation involves rigorous quantitative and qualitative methodology and multiple
data types/sources (survey questionnaires, document analysis, routine monitoring data).
Defining the implementation and contextual factors that affect PICU Up! performance
will ultimately lead to the development of tailored approaches to increase systematic up-
take of this evidence-based, interprofessional intervention into routine clinical practice.

4.2 Detailed Process Evaluation Methods

As illustrated in Figure 5, there are three core components involved in a process evalu-
ation (implementation, mechanisms of impact, and context). These key components are
informed by a description of the intervention (Section 3.2) and its causal assumptions
and inform the interpretation of study outcomes (Section 4.1). Our project specifically
focuses on implementation and context.
a. Implementation Factors

Figure 5: Key Functions of Process Evaluations and the
Relationships amongst them[84]

We define implementation as the
process through which interven-
tions are delivered and what is
actually delivered in practice. For
this evaluation, we will specifically
focus on: 1) how much of the in-
tervention was delivered (dose); 2)
how delivery was achieved; and
3) what alterations were made to
PICU Up! in order to achieve a bet-
ter contextual fit.
Document Analysis
To determine if any alterations were made to the PICU Up! intervention in order to achieve
a better contextual fit, we will perform a document analysis. We are specifically inter-
ested in learning if sites: 1) adapted/changed any of the early mobility screening pro-
cess criteria or activity progression steps; 2) utilized and/or adapted any of the provided
EHR templates (PICU Up! flowsheet, daily rounding note, extubation readiness); and/or
3) revised pain, sedation, delirium, mechanical ventilation, mobility, or sleep protocols/policies.
To achieve this goal, we will ask all participating sites to submit copies of all PICU Up!
related documentation forms and policies at study initiation and end of the trial data col-
lection phase in Aim 1. These forms will be compared and differences within and be-
tween sites will be noted.

Protocol, Version 2.0 24



Protocol: Clinical Effectiveness of the ”PICU Up!” Multifaceted Early Mobility Intervention for Critically Ill
Children: A pragmatic, stepped-wedge trial

b. Contextual Factors

We define context as factors external to the intervention which may influence its imple-
mentation. For this evaluation, we are most interested in exploring how the work system
factors illustrated in our SEIPS 2.0[85] framework (Preliminary Data) influence PICU Up!
delivery and adoption.

Organizational & Resource Availability Survey
This online survey has been utilized and adapted from previous studies led by Dr. Kud-
chadkar (PI)[41] and Dr. Balas (co-I).[66, 68] The PICU Organizational and Resource Avail-
ability Survey will collect information on hospital and ICU organizational characteristics,
utilization rates, staffing patterns/ratios, and rounding and PICU Up! practices. The first
section contains questions on characteristics of the hospital (type, locale, teaching sta-
tus) and PICU (type, training programs). The next section contains focuses on utilization
data, such as total number of hospital/PICU/step-down beds and annual hospital/PICU
admissions data. The third section collects PICU physician/advanced practice provider/
RN/other ICU team member staffing, education, and certification data. The fourth sec-
tion details ICU organization, such as whether it is an open, semi-open, or closed unit,
and leadership structure. The final section has questions regarding PICU rounding and
PICU Up! practices. This section collects specific data regarding daily rounds (time, lo-
cation, attendees) use of pain, sedation, and delirium assessment tools, family engage-
ment, which protocols and teamwork tools the PICU utilizes, and types/length of QI ex-
perience. This survey takes approximately 20 minutes to complete and will be filled out
by the Site PI in collaboration with the PICU Nurse Manager and rehabilitation team
leaders. The survey will be administered at the beginning of the study and end of the
data collection period to determine of changes occurred.

4.3 PICU Up! Intervention Performance

Similar to the patient-level measures of PICU Up! performance in Aim 1, we will sum-
marize the outcome of PICU Up! performance at the PICU level for each month of the
intervention period. Specifically, we will calculate a measure of complete, proportional
and individual element performance for each PICU. The individual PICU Up! elements
and operational definitions are provided in Table 7. The monthly complete and propor-
tional performance will respectively be defined as the proportion of patient-days in which
every eligible element of PICU Up! was performed and the proportion of eligible ele-
ments received divided by the number of eligible elements. Individual performance will
be defined as the proportion of patient-days where the individual element was received
divided by the number of days where the individual element was eligible. Patient-days
will only be included if the patient was in the PICU for the full 24 hours.
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Table 7: Definition of PICU Up! Performance Measures[66]

Element Days eligible Performance
A All days ≥ 6 pain assessments/24 hours using a vali-

dated pediatric pain scoring scale
B Days when receiving

invasive mechanical
ventilation

Screened for extubation readiness trial
once daily if receiving invasive mechanical
ventilation

C Days when receiv-
ing sedation and/or
invasive mechanical
ventilation

≥ 6 sedation assessments/24 hours using a
validated sedation scale and sedation goal
documentation if receiving sedation and/or
invasive mechanical ventilation

D Days when patient is at
risk for delirium

≥ 2 delirium screening assessments using a
validated pediatric delirium screening tool

E All days Documentation of mobility goal AND highest
level of mobility achieved each day

F All days A family member was educated on PICU Up!
and/or participated in rounds/conferences/
mobility
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5 Statistical Plan and Analytic Approach

5.1 Power and Sample Size for Patient-Level Outcomes

Utilizing site-specific admissions data, PARK-PICU screening and clinical data, and
data from our pilot multicenter trial, we anticipate that conservatively an average of 8
patients/cluster/month will be eligible for inclusion in data collection (mechanically venti-
lated ≥48h on PICU Day 3 and meeting rest of eligibility criteria). In the stepped-wedge
design proposed, with two hospitals switching at each step, there will be a total of 180
months of observation (90 months control/90 months intervention). Thus, there will be
720 patients included in the baseline period and 720 patients included in the intervention
(post-implementation) period. In stepped-wedge designs, the power calculation must in-
corporate the clustered nature of the design and the confounding effect of time.[71] Using
preliminary data obtained from our multicenter pilot trial,[86] we simulated 1000 hypothet-
ical stepped-wedge trials allowing the days AVF to day 21 to decline linearly over time
(Month 1 mean (variance) of 13.2 (26.4) days AVF to day 21, with monthly decline of 0.1
days) with a fixed decline (i.e. effect of intervention is constant over time) at both the
start of the implementation period and during the intervention period. Based on our pre-
liminary data, we assumed that patients within hospitals will be correlated with an ICC
of 0.01. Given the design, the anticipated sample size and a 5% Type I error rate, we
will have 80% power to detect at least a 1.8 day improvement in the mean days AVF to
day 21 comparing the intervention and control period. Current literature indicates a 1 to
2-day reduction in duration of mechanical ventilation is clinically meaningful.[57]

5.2 Analytic Plan for Patient-level Outcomes

All analyses for Aim 1 will be designed and overseen by Dr. Colantuoni at the DCC, in
consultation with Dr. Kudchadkar (PI) and Dr. Needham (co-investigator). Descriptive
statistics for continuous variables will be presented as the mean ± standard deviation
and quantiles and categorical variables will be expressed as percentages. The effect of
the PICU Up! intervention on the clinical outcomes will be estimated using mixed-effects
models that include indicators for both the implementation (3-months in duration) and
intervention vs. control periods and incorporate features of the stepped-wedge design
by including a random intercept defined for each site to account for clustering of out-
comes within sites and a fixed effect of time (month, modeled as a natural cubic spline)
to account for temporal trends in the outcomes over the period of the study.[87] Linear
mixed-effects models will be used for the primary outcome where the coefficient for the
indicator of intervention vs. control period directly estimates the mean difference in days
AVF by day 21 comparing the intervention and control period. To account for potential
violations of model assumptions (e.g. non-constant variance and the possibility of more
complex correlation patterns among patients over time from the same PICU), robust vari-
ance estimates will be used. Similar linear mixed-effects models will be used for the sec-
ondary outcomes of delirium (days ADCF by day 21), with supplemental outcomes days
ACF and days alive, as well as PICU length of stay. We expect that the distribution of
the primary outcome and the aforementioned secondary outcomes will be skewed; how-
ever, given the large sample size, the linear models should be robust for estimating the
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mean difference in these outcomes. Poisson log-linear mixed-effects models with the
same random and fixed effects will be used as a sensitivity analysis for the linear mixed-
effects models proposed above. Logistic mixed-effects models will be used for binary
patient-level outcomes (e.g. PICU mortality). For the ordinal outcomes, Pediatric Cere-
bral Performance Category and Pediatric Overall Performance Category, if sufficient
data is present in each ordered category or if we collapse the 6 ordered categories into
at least 3 categories, we will utilize multinomial models to evaluate the effect of the inter-
vention. If the data suggest collapsing the ordered categories into only two categories,
then binomial regression models will be used. The primary analysis for all outcomes will
be unadjusted, that is, we will assume that patients enrolled in the study over time will
be similar with respect to characteristics associated with the outcomes (e.g. age and
severity of illness). Secondary analyses will include exploratory analyses to evaluate
this assumption and the models described above will be extended to include adjustment
for key patient characteristics (e.g. admission diagnosis, baseline function). We will
plan to conduct analyses to detect significant differences in intervention effect among
sex/gender. Additional secondary analyses will fit the models described above includ-
ing adjustment for the patient-specific measure of PICU Up! performance by separately
including the measure of proportional performance (ranging from 0 to 1) and the binary
indicator of complete performance. Statistical significance will be set at p-value < 0.05
using a two-sided hypothesis test for the primary outcome analysis; all secondary anal-
yses will be considered exploratory with two-sided 95% confidence intervals reported.
We will conduct missing data assessment/estimation, and if necessary, employ methods
for imputation of missing data using MICE in R.[88]

5.3 Analytic Plan for Process Evaluation

Online survey data will be summarized using descriptive statistics. The mean and stan-
dard deviation will be reported for continuous measures and frequency and percentages
for categorical variables. Trends in performance within a PICU over time will be explored
using spaghetti plots with locally weighted regression smoothers to explore the general
trends over time across all PICUs. Mixed-effects Poisson models will be used to model
the trends in performance over time via restricted cubic splines with a minimum of a ran-
dom intercept defined at the PICU level (i.e. the models may include random slopes
at the PICU level). Subsequently, the models will include the hospital and PICU-level
covariates (organizational survey), such as structural characteristics, staffing patterns,
organizational traits (e.g., open vs. closed ICU), rounding practices, and use of daily
teamwork tools. Including these covariates will allow us to determine if variation in per-
formance across the PICUs is partially explained by these PICU-level factors. In addi-
tion, we will explore the potential interaction between trends in performance over time
and the PICU-level covariates and staff insights. Given that we will enroll 10 PICUs in
the study, we will limit the number of covariates included in each model and the interac-
tion models should be considered exploratory in nature.
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5.4 Interim Analyses

Interim analyses will be performed and presented to the DSMB every 12 months from
the beginning of data collection. The interim analyses will focus on patient accrual and
safety; data on trial operations, gender and minority inclusion and intervention effects
will also be reviewed. The DSMB may recommend stopping the trial if: 1) The interven-
tion is associated with increased safety events; 2) Patient accrual is well below accept-
able goals and the ability of the study to achieve its goals is seriously compromised; or
3) evidence external to the study renders it unethical to continue the study. Given the
minimal anticipated risk of the PICU Up intervention, no a priori stopping rules were
specified for early stopping for safety or futility of the intervention.
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6 Human Subjects

6.1 Institutional Review Board Reliance and Oversight

a. Single Institutional Review Board (sIRB) approval for the CCC and DCC and local
IRB acknowledgment is required and will be secured before any subject is entered
into the study at a given clinical site. IRB notices will be written and dated. The
investigator will assure that s/he will promptly report to IRB all changes in the re-
search activity and all unanticipated problems involving risk to human subjects or
others, and that s/he will not make any changes in the research without IRB ap-
proval, except where necessary to eliminate apparent immediate hazard to human
subjects (an event which is not expected to occur). Sites that are unable to partic-
ipate in sIRB oversight will undergo oversight from their relevant IRB and will not
enroll any patients until their local IRB approval has been received.

b. Johns Hopkins Medicine is serving as the single IRB for this study. It is the prefer-
ence of Johns Hopkins Medicine IRB to use the SMART IRB reliance agreement
as the basis of reliance. The SMART IRB master reliance agreement was created
in 2016 to harmonize and streamline the IRB review process for multisite studies.
It enables reliance on a study-by-study basis, clearly defines roles and responsi-
bilities of relying institutions and reviewing IRBs, and eliminates the need to sign
reliance agreements for each study [e.g., a non-SMART IRB agreement]. 900+ in-
stitutions have already signed onto this agreement and are actively using it as the
basis of reliance for multisite projects. Sites that will rely on JHM IRB are still re-
sponsible for conducting a local context review prior to the start of research at their
site and for following any local and institutionally required policies as it applies to
research at their site (e.g., reporting of unanticipated problems).

6.2 Risks to Human Subjects

a. Human Subjects Involvement, Characteristics and Design

The proposed study is a stepped-wedge, cluster randomized trial of a pragmatic, inter-
professional and multifaceted early mobility intervention (PICU Up!) conducted in 10
hospitals. The trial’s primary outcome is mechanical ventilation duration (through Day
21). Secondary outcomes include proportion of days with delirium and functional status
at pediatric intensive care unit (PICU) discharge. Over a 2-year period, data will be col-
lected on 1,440 PICU patients. The study includes an embedded process evaluation to
identify factors associated with reliable PICU Up! delivery.
The PICU Up! trial will include 10 pediatric intensive care units (PICUs) in the United
States, with each PICU acting as one cluster. In this traditional stepped-wedge design,
all clusters begin in the control group and then transition to the intervention group at se-
quential and randomly assigned periods, facilitating the delivery of a desired intervention
to all clusters, in this case, all participating PICUs. Thus, randomization will occur at the
level of the PICU hospital unit. All participating PICUs will simultaneously start the base-
line control period and data collection and plan their PICU Up! implementation process.
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b. Study Procedures

PICU Up! is a multifaceted, interprofessional pathway that is integrated into routine PICU
practice to safely optimize early and progressive patient mobility. PICU Up! incorporates
the screening process for determining a patient’s appropriate activity level into the daily
rounding workflow for all eligible PICU patients, with a tiered activity plan based on clin-
ical parameters to individualize goals based on each child’s unique needs. While the
patient’s PICU Up! level is based on objective criteria, the interprofessional team col-
lectively determines the daily activity goal(s) through shared decision-making, which is
documented in the medical record on morning rounds. The intervention facilitates daily
discussion of 1) goal-directed analgesia and sedation; 3) extubation readiness testing;
4) delirium screening and management; 5) sleep promotion; 6) family engagement and
7) activity goal including rehabilitation team consultation by PICU Day 3. As a pragmatic
trial, all other aspects of PICU care will be conducted as per routine practice/at the medi-
cal team’s discretion.
As a stepped-wedge cluster RCT and unit-based intervention, all patients admitted to
the PICUs randomized to implementation, regardless of their length of stay, are screened
for eligibility to receive the PICU Up! intervention, which includes criteria for exclusion
based on specific clinical factors. Criteria for inclusion in data collection and outcomes
evaluation for this trial will be children who are receiving mechanical ventilation via an
endotracheal tube for ≥ 48 hours as of 7 am on Day 3 in the PICU. Exclusion criteria for
data collection and outcomes evaluation are 1) active or anticipated withdrawal of life
support within 48 hours; 2) open chest or abdomen; or 3) extracorporeal membrane oxy-
genation. Outcomes evaluation will be conducted for 720 children in the control/baseline
period and 720 patients in the intervention (post-implementation) period.
Prior to and during the baseline data collection phase, the clinical sites will develop their
PICU Up! implementation strategy with guidance and resources from the Clinical Co-
ordinating Center (CCC). The sites will each develop an interprofessional PICU Up!
champion team to lead the implementation in their unit. The implementation planning
will focus on local barriers and facilitators to early and progressive mobility for critically
ill patients as well as goal-directed sedation, delirium prevention, extubation readiness
assessments, sleep promotion and family engagement. The PICU Up! Implementation
Bundle includes discipline-specific educational resources (webinars, templates, educa-
tional presentations) and a unit-based electronic learning module to orient all PICU staff
to PICU Up!.
Source of Materials: Sources of research material will include: 1) electronic health
records; 2) organizational surveys completed by PICU leaders; and 3) document anal-
ysis.
Electronic health record: Trained research staff will review eligible patients’ electronic
health record daily to record the demographic, clinical, safety and PICU Up! performance
data as outlined in the Research Strategy.

i. Online surveys: Two online surveys will be disseminated to PICU staff at each
clinical site. The PICU Organizational and Resource Availability Survey will be
completed by the clinical site PI in collaboration with medical, nursing and reha-
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bilitation team leadership twice; once at the beginning of the study and again at the
completion of the intervention data collection period.

ii. Document Analysis: All clinical sites will provide their PICU Up! related documen-
tation forms and policies at the beginning of the study and end of the trial data col-
lection phase in Aim 1.

All subject data will be maintained with strict privacy measures. Online surveys will be
entered directly into a REDCap database. All data will be secured for the purpose of
confidentiality (see Adequacy of Protection Against Risks, Section 6.3) and these
data will only be used for research purposes.

c. Potential Risks

The PICU Up! intervention has very low potential risk to the patient. As a unit-based in-
tervention focused on the interprofessional team’s shared decision-making and workflow,
the PICU Up! intervention integrates key aspects of PICU practice that are clinically ac-
cepted standard of care. This multifaceted care pathway integrates goal-directed anal-
gesia and sedation, delirium monitoring and management, extubation readiness testing,
sleep promotion, family engagement and early evaluation by the rehabilitation team into
daily PICU care. Each of these practices are considered safe components of PICU care.
All mobility activities and goals are individualized and determined solely by the patient’s
medical team and not the PICU Up! intervention. Moreover, all patients in the PICU are
screened for PICU Up! eligibility regardless of their inclusion in data collection for this
trial. The exclusion criteria include patients with special considerations including active
or anticipated withdrawal of life support w/in 48 hours, open chest, open abdomen, and
extracorporeal membrane oxygenation.

6.3 Adequacy of Protection Against Risks

a. Informed Consent and Assent

All patients who meet the eligibility criteria at participating sites will have data collected
under a waiver of consent as outlined in Section 3.1.e.
b. Protections Against Risk

i. PICU Up! Intervention: As outlined above, the PICU Up! intervention poses no
more than minimal risk. All of the components of the PICU Up! intervention are
safe, including goal-directed analgesia and sedation, delirium screening, screening
for extubation readiness, sleep promotion, family engagement and rehabilitation
team consultation. Risk is further minimized as all mobilization activities are deter-
mined solely by the interprofessional PICU team.

ii. Data Security and Confidentiality: To minimize risks to patient confidentiality,
each patient included in data collection will be assigned a unique study identifica-
tion number, and all patient identifiers will be separated from the data obtained
in the chart review. All Case Report Forms (CRFs) will be coded with this unique
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study ID and not include other patient identifiers (e.g. names, medical record num-
bers). Each site’s enrollment log, linking Study ID Number to patient identity, will
remain in a locked file in a locked office, accessible to the site PI and local research
staff only. REDCap, the database for this study, has well documented and tested
features to maintain data confidentiality and HIPAA compliance. Users must have
valid login credentials (authentication), database access privileges and specific
permissions within the database (authorization). Each site will only be able to ac-
cess data from their own site in REDCap. Authentication and authorization can
only be granted and revoked by authorized system administrators within the DCC.
Only authorized study personnel will be granted access to enter and view study
data, after completing training and receiving a personal login and password. A
waiver of HIPAA Privacy Authorization will be requested to enable identification
and screening of potential participants via review of Electronic Medical Record
data.
Protected Health Information will not be reported in any publications nor disclosed
outside the research team at each site. Access to electronic and hard copy files
will be restricted to study staff members and investigators directly involved with the
studies. Investigators associated with the study will be assigned separate unique
passwords that are protected and will be known only to the individual user. The
data system will maintain a log of all users that access it. Physical security of the
workstations/files will be maintained. Automated daily data back-up plan will oc-
cur as per the Johns Hopkins network administrator’s standard protocol. The staff
will receive training on data entry into the REDCap system and on the importance
of security procedures. All key personnel will be required to complete human sub-
jects research compliance training prior to joining the study, which includes a his-
tory of the IRB system and emphasizes the moral imperatives to protect the rights
and wellbeing of research subjects. This training also includes a review of the fed-
eral regulations governing IRB operations and incorporates educational case stud-
ies and discussions of the ethical principles underlying research involving human
subjects. The training has a specific emphasis on the informed consent procedure.
Data exported by the DCC from REDCap (e.g. for interval data cleaning, final data
analyses) will be de-identified. This includes shifting dates, i.e. adjusting dates to
not indicate actual dates. The shifting maintains time intervals to be able to calcu-
late values such as length of stay or duration of mechanical ventilation.

6.4 Protocol Deviations and Violations

The investigator will not implement any deviation from, or changes of the protocol with-
out agreement by the sponsor and prior review and documented approval/favorable
opinion from the IRB of an amendment, except where necessary to eliminate immediate
hazard(s) to study subjects, or when the change(s) involves only logistical or adminis-
trative aspects of the trial (e.g., change in monitor(s), change of telephone number(s)).
Any deviation from the approved protocol will be documented and explained by the in-
vestigator or a person designated by the investigator. The investigator may implement
a deviation from, or a change of, the protocol to eliminate immediate hazard(s) to trial
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subjects without prior IRB approval/favorable opinion. As soon as possible, the imple-
mented deviation or change, the reasons for it, and if appropriate, the proposed protocol
amendment will be submitted to the IRB. A Protocol Deviation Summary Sheet (RF4)
will be kept to detail minor, approved departures from protocol and will be included in the
yearly Continuing Review Application.

6.5 Potential Benefit of the Research to Participants and Others

The proposed study has potential benefit for all patients admitted to participating PICUs.
PICU Up! is a unit-based intervention which is directed at optimizing interprofessional
collaboration to integrate goal-directed sedation, extubation readiness assessments,
sleep promotion, delirium prevention, early mobility and family engagement into the
daily PICU workflow. As a unit-based intervention, each child in the PICU is screened
for PICU Up! eligibility regardless of their acuity of illness or mechanical ventilation sta-
tus, and receives interventions based on their physiologic status and shared decision-
making by the interprofessional team. While the proposed research will only include
data from patients receiving invasive mechanical ventilation, this stepped-wedge clus-
ter randomized trial includes implementation of the PICU Up! intervention for the entire
PICU at the time of randomization. Thus, most patients in the PICU are eligible for the
PICU Up! intervention and have potential for benefit from the proposed research.

6.6 Importance of the Knowledge to be Gained

This proposed study also has benefit to society because it is aimed at finding methods
to improve the outcomes of pediatric survivors of critical illness, many of whom experi-
ence persistent physical, psychological and neurocognitive impairments. This study will
contribute to understanding whether a multifaceted strategy to optimize early mobility
affects duration of mechanical ventilation, delirium incidence and functional outcomes.
Consequently, this study will generate important new knowledge regarding ways to opti-
mize short and long-term outcomes for critically ill children.
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7 Safety Monitoring

The PICU Up! intervention has low potential risk to the patient. As a unit-based inter-
vention focused on the interprofessional team’s shared decision-making and workflow,
the PICU Up! intervention integrates key aspects of PICU practice that are clinically ac-
cepted standard of care. This multifaceted care pathway integrates goal-directed anal-
gesia and sedation, delirium monitoring and management, extubation readiness testing,
sleep promotion, family engagement and early evaluation by the rehabilitation team into
daily PICU care. Each of these practices are considered safe components of PICU care.
All mobility activities and goals are individualized and determined solely by the patient’s
medical team and not the PICU Up! intervention. Moreover, all patients in the PICU are
screened for PICU Up! eligibility regardless of their inclusion in data collection for this
trial. The exclusion criteria include patients with special considerations including active
or anticipated withdrawal of life support w/in 48 hours, open chest, open abdomen, and
extracorporeal membrane oxygenation. Any risks will be further minimized as described
the section entitled Adequacy of Protection Against Risks (Section 6.3).

1. This pragmatic clinical trial will prospectively monitor all of the following events of
interest identified via documentation in the electronic health record: a) falls; b) un-
planned extubation or invasive line/tube removal; c) reintubation; and d) cardiac
arrest.

2. These events of interest will be reviewed for trends and a summary of these events
will be included be provided in reports to the DSMB meetings.

3. Relying sites should comply with their local reporting requirements as well as the
Johns Hopkins reporting requirements, which can be found here:

a. https://www.hopkinsmedicine.org/institutional_review_board/
guidelines_policies/organization_policies/prompt_reporting_policy.html

b. https://www.hopkinsmedicine.org/institutional_review_board/
guidelines_policies/organization_policies/103_6a.html

4. An Event Report Summary Sheet (RF3) will be kept up to date and included in the
yearly Continuing Review Application to summarize anticipated problems or events

5. Accepted definitions of Adverse Events (AEs) and Serious Adverse Events (SAEs)
will be used as defined below:

a. Adverse Event: Any untoward or unfavorable medical occurrence, including
any abnormal sign, symptom or disease, whether or not considered related to
the subject’s participation in the research.

b. Serious Adverse Event- An adverse event will be considered “serious” if, in
the view of the investigator, it results in any of the following outcomes: death,
a life-threatening adverse reaction, prolongation of existing hospitalization, a
persistent or significant incapacity, or substantial disruption of the ability to
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conduct normal life functions. Important medical events that may not result
in death or be life threatening may be considered serious when, based upon
appropriate medical judgment, they may jeopardize the patient or subject and
may require medical or surgical intervention to prevent one of the outcomes
above.

6. We will report all safety events that fulfill criteria for a suspected, unexpected, se-
rious adverse reaction (SUSAR) to the DSMB, IRB and NICHD. SUSARs are ad-
verse events that are deemed by the site investigator to be both unexpected in
nature and related to the patient’s participation in the study. All SUSARs will be
reported by the participating site to the DCC using the REDCap electronic data
capture system. The DCC will generate an expedited SUSAR event report that will
be submitted to the DSMB and other study stakeholders. Deidentified reporting will
occur within 7 calendar days for such events that are fatal, life-threatening or seri-
ous (as per above definition) and within 10 calendar days for those which suggest
greater risk of harm to participant than previously known or recognized.

7. Confidentiality of patients’ data will be protected by having all patient-identifying
information removed from databases before analysis. Electronic data storage will
be password protected with daily back-up and storage. Only local research staff
at each study site will have access to patient identifying information. All filing cab-
inets and storage facilities that contain sensitive patient information will be locked
when not in use and all computers and storage cabinets will be located within se-
cure office locations.
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8 Publication Of Research Findings

Publication of the results of this trial will be governed by the policies and procedures de-
veloped by the Steering Committee. Any presentation, abstract, or manuscript will be
made available for review by the sponsor and all study team investigators prior to sub-
mission.
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