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ABSTRACT

Introduction As paediatric intensive care unit (PICU) mortality
declines, there is growing recognition of the morbidity
experienced by children surviving critical illness and their
families. A comprehensive understanding of the adverse
physical, cognitive, emotional and social sequelae common

to PICU survivors is limited, however, and the trajectory of
recovery and risk factors for morbidity remain unknown.
Methods and analysis The Post-Intensive Care Syndrome

— paediatrics Longitudinal Cohort Study will evaluate child

and family outcomes over 2 years following PICU discharge
and identify child and clinical factors associated with impaired
outcomes. We will enrol 750 children from 30 US PICUs during
their first PICU hospitalisation, including 500 case participants
experiencing >3 days of intensive care that include critical care
therapies (eg, mechanical ventilation, vasoactive infusions)
and 250 age-matched, sex-matched and medical complexity-
matched control participants experiencing a single night in
the PICU with no intensive care therapies. Children, parents
and siblings will complete surveys about health-related quality
of life, physical function, cognitive status, emotional health
and peer and family relationships at multiple time points

from baseline recall through 2 years post-PICU discharge.

We will compare outcomes and recovery trajectories of

case participants to control participants, identify risk factors
associated with poor outcomes and determine the emotional
and social health consequences of paediatric critical iliness on
parents and siblings.

Ethics and dissemination This study has received ethical
approval from the University of Pennsylvania Institutional
Review Board (protocol #843844). Our overall objective is to
characterise the ongoing impact of paediatric critical illness to
guide development of interventions that optimise outcomes
among children surviving critical illness and their families.
Findings will be presented at key disciplinary meetings and

in peer-reviewed publications at fixed data points. Published
manuscripts will be added to our public study website to
ensure findings are available to families, clinicians and
researchers.

Trials registration number NCT04967365.

INTRODUCTION

Survival following paediatric critical illness
has improved substantially over the past
several decades, with mortality now <3% of all
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The Post-Intensive Care Syndrome — paediatrics
(PICS-p) Longitudinal Cohort Study will comprehen-
sively characterise post-paediatric intensive care
unit (PICU) recovery in children and their families to
facilitate the development of targeted interventions
that prevent or mitigate adverse outcomes.

= By comparing critically ill children receiving >3days of
intensive care to control participants who spend a single
night in the PICU without intensive care therapies, we
will better understand the contribution of critical illness
itself to adverse outcomes while also exploring whether
there are common sequelae in all children or families
who experience the PICU environment regardless of ill-
ness severity or exposure duration.

= While exclusion of children with prior intensive care unit
admissions limits generalisability, this will allow us to
explore the phenomenon of PICS-p from its onset and
capture the development of chronic critical illness.

= Although parent proxy-report and self-report of pre-
PICU baseline may be affected by recall bias, anchoring
assessment of change on pre-illness baseline will al-
low us to characterise the magnitude and direction of
change for each measure and explore factors associat-
ed with both decline and improvement.

= While enrolment is limited to families in the USA
who speak English or Spanish, we will evaluate for
differences in recruitment, retention and outcomes
by race, ethnicity, language, social influencers of
health and geography to understand how these fac-

tors may affect generalisability across populations.

paediatric intensive care unit (PICU) admis-
sions."™ As PICU mortality declines, there
is increasing recognition of the morbidity
experienced by children surviving critical
illness and their families.”™ Impairments in
health-related quality of life (HRQL), overall
health, physical function, neurocognition,
emotional health and social development
and relationships have been identified in
PICU survivors.”"” Families of these children
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also experience deficits in mental health, quality of life
and family cohesion.'®*

Despite increasing attention to survivor outcomes, a
comprehensive understanding of PICU morbidity and
the trajectory of recovery among PICU survivors remains
limited. Most existing studies have focused on narrow
patient populations, examined isolated outcome domains
or assessed recovery at a single time point,” limiting our
understanding of common morbidities facing the PICU
population and how different sequelae intersect with
each other. With studies rarely considering the impact
of children’s pre-existing health status or clinical factors
on outcomes, it is difficult to identify the extent to which
different elements of critical illness and PICU admission
contribute to post-PICU morbidity.

In adult survivors of critical illness, increasing aware-
ness of new morbidities across multiple health domains
led to the development of the concept of post-intensive
care syndrome (PICS).** Post-intensive care syndrome in
paediatrics (PICS-p) built on this framework integrating
the child’s pre-illness baseline, the PICU experience for
the child and family, ongoing child and family devel-
opment and varying trajectories of recovery that can
potentially span decades.” Applicability of the PICSp
conceptual framework to the actual patient experience
requires validation. Targeting interventions to address
PICU morbidity requires an understanding of the risk
factors, the health domains most impacted and the
recovery trajectory among children and families who
share the PICU experience.

In this study, Post-Intensive Care Syndrome — paedi-
atrics Longitudinal Cohort Study, we will address these
knowledge gaps by evaluating child and family outcomes
over 2 years following PICU discharge to characterise
trajectories of recovery and identify risk factors associated
with impaired outcomes in multiple health domains. We
will enrol 750 children during their first PICU hospitalisa-
tion, including 500 ‘case’ participants exposed to inten-
sive care therapies and >3 days of intensive care and 250
‘control’ participants experiencing one night in the PICU
with no intensive care therapies. Outcomes in multiple
health domains for children, parents and siblings for 2
years following PICU discharge will be compared between
case and control participants. This work will elucidate the
ongoing impact of paediatric critical illness and guide
future interventions to optimise outcomes.

METHODS AND ANALYSIS

Study purpose and objectives

The PICS-p study will address three objectives:

1. Determine the physical, cognitive, emotional and so-
cial health outcomes and trajectory of recovery in a
population of children post-critical illness.
Hypothesis: PICU survivors will experience a common
set of physical, cognitive, emotional and social prob-
lems after critical illness and will demonstrate variable

trajectories of recovery in the first 2 years post-critical
illness.

2. Determine the baseline health, presenting problem
and PICU factors associated with impaired physical,
cognitive, emotional and social outcomes among PICU
survivors.

Hypothesis: Subgroups of PICU survivors will exhibit
varying levels of recovery in their physical, cognitive,
emotional and social health.

3. Determine the emotional and social health outcomes

of parents and siblings of PICU survivors.
Hypothesis: Families, including parents and siblings,
will experience emotional and social health conse-
quences of having a child or sibling who survived pae-
diatric critical illness.

Study design

PICS-p is a prospective, multicentre, longitudinal cohort
study that will enrol 750 children during their first PICU
hospitalisation at 1 of 30 participating US sites to evaluate
child and family outcomes in the 2 years following PICU
discharge. The study cohort will be comprised of 500 case
participants who experience >3 intensive care days that
include at least one critical care therapy (box 1) and 250
control participants who experience a single night in the
PICU with no intensive care therapies.

We will collect information about the child’s baseline
health status and PICU course. Child and family outcomes
will then be measured at PICU discharge and at 2 weeks, 6
weeks and 3, 6,12, 18 and 24 months after PICU discharge.
After the 24-month follow-up period, a subset of parents
will be selected for qualitative interviews regarding their
experiences participating in this study, their perceptions
about post-PICU recovery, as well as their preferences for
post-PICU follow-up care. PICS-p study recruitment ran
between July 2021 and November 2023. Data collection is
anticipated to continue until January 2026.

Participants

Case/control participants

Inclusion criteria are purposely broad in scope (box 2).
Exclusion criteria preclude enrolment of children not
anticipated to survive 1 year after PICU hospitalisation
and children in foster care and/or suspected of being
maltreated. Control participants will be frequency
matched to cases on a 2:1 case to control ratio based on age
group (1-12 months, 13-23 months, 2—4 years, 5—7 years,
8-12 years and 13-15 years, as categorised in the Paedi-
atric Quality of Life Inventory (PedsQL) Generic Core
Scales” and Infant Scales™’), sex and medical complexity
(complex chronic disease, non-complex chronic disease,
no chronic disease?’). Each participating site will enrol
approximately 20 case and 10 control participants over
a 2-year enrolment period. To capture seasonal variation
in PICU admission diagnoses, each site will screen and
enrol consecutive eligible children up to a prespecified
target on a quarterly basis. The Data Coordinating Center
(DCC) will monitor case participant characteristics and
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Box 2 Post-intensive care syndrome in paediatrics

Box 1 Criteria for intensive care therapies
Examples of therapies and monitoring that are typically provided only
in the paediatric intensive care unit. Examples are not subject to local
practice patterns.
Multisystem
= Extracorporeal life support (any type).
Respiratory
= New tracheostomy.
= Invasive mechanical ventilation.
= Non-invasive mechanical ventilation (NIV): >48hours of continu-
ous positive airway pressure >5¢m H,0 or bilevel positive airway
pressure.
= Paediatric acute respiratory distress syndrome or other acute
lung disease: NIV plus Pa0,/Fi0, ratio <3000r Sp0,/Fi0, ratio
<264 for at least 4 hours.
—> Status asthmaticus: NIV plus >48 hours of continuous broncho-
dilator therapy (eg, albuterol, terbutaline or magnesium infusion).
Cardiovascular
= Continuous infusion of titratable medications (eg, vasopressors/ino-
tropes/antihypertensives/pulmonary vasodilators).
= Cardioversion/defibrillation.
= Cardiac pacing (any type).
= Ventricular assist device.
Neurological
= Continuous electroencephalogram monitoring for status epilepticus.
= Intracranial pressure monitoring and treatment for intracranial
hypertension.
= Continuous vasopressin infusion.
Renal
= Acute renal replacement therapies (eg, haemodialysis, continuous
renal replacement therapy).
Haematological
= Erythrocytapheresis/red blood cell exchange.
= Plasmapheresis/plasma exchange.
= Leukapheresis.
Hepatic
= Extracorporeal hepatic support.
Surgical
= Postoperative solid organ transplant.

instruct sites to enrol a prespecified number and type
(eg, specific age group or medical complexity) of control
participants in the final two quarters.

Family participants
At least one eligible parent/legal guardian who is the
child’s primary care provider must be willing to partic-
ipate. If two parents are willing, parents will self-select
who will serve as the primary parent for the proxy-report
surveys; the second parent may complete a separate set
of self-report surveys independently. A subset of case
and control parents who complete the 2-year data collec-
tion time point will be systematically selected for quali-
tative interviews. This will include parents of children
of differing age and medical complexity. Interviews will
continue until thematic saturation has been reached.

Up to two cognitively capable siblings (Paediatric Cere-
bral Performance Category (PCPC) <3)* aged 8-15 years
who live with the patient at least 50% of the time and have

Open access

inclusion and exclusion criteria

Eligibility criteria
Inclusion criteria
= First intensive care unit (ICU) admission, including paediatric sub-
specialty ICU (eg, cardiac) and/or neonatal ICU.
= Age >4 weeks (and >44 weeks corrected gestational age) and <16
years at PICU admission.
= PICU length of stay:
= Case participants: >3 days (ie, covers >3 nights from 00:00 to
07:00) with at least one intensive care therapy for organ dysfunc-
tion (eg, invasive mechanical ventilation, vasopressors/inotropes;
see box 1 for full list).
= Control participants: One overnight stay (ie, covers one 00:00
to 07:00 period) with no intensive care therapies for organ
dysfunction.*
= Anticipated discharge to home, directly or indirectly following stay in
another facility (eg, rehabilitation).
Exclusion criteria
= Does not live with at least one parent/legal guardian.
= Life expectancy not anticipated to be more than 1 year (eg, active
do-not-resuscitate order, palliative care team involvement for end-
of-life symptom management).
= Anticipated discharge into foster care, ward of the state or known or
suspected child maltreatment.

PICU, paediatric intensive care unit.
*Postoperative patients extubated prior to parental presence in the PICU can be
considered.

not been previously hospitalised in an ICU will be invited
to complete sibling surveys. If more than two siblings are
eligible, the two siblings with the next birthdays after the
patient’s birthday, regardless of year, will be invited to
participate.

Study sites and recruitment

Each participating site is a member of the Paediatric Acute
Lung Injury and Sepsis Investigator (PALISI) Network.
Research staff at each site will screen their PICUs daily for
eligible patients and enrol consecutive case and control
participants each quarter. Parents/legal guardians will
be approached for consent within 72 hours of PICU
discharge. Children who have reached the age of assent
(=8 years), have not received sedation/pain medications
for 72 hours and have PCPC <3 will be deemed cogni-
tively capable and asked to provide assent. Adolescents
who would reach their 18th birthday during the 2-year
longitudinal follow-up (=16 years at PICU admission)
will not be enrolled. Eligible siblings will provide written
assent while visiting the hospital or verbal assent by phone
followed by an electronic assent if visits are not planned
or, due to the COVID-19 pandemic, permitted.

Data collection and follow-up

Site research staff will collect demographic and clinical
data through family interview prior to hospital discharge
and data extraction from the electronic medical record.
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These data include baseline medical history, develop-
mental history, academic history, social influencers
of health (ie, Child Opportunity Index*’), household
factors, health insurance type, presenting diagnosis,
illness severity as measured by the Paediatric Risk of
Mortality IV score™ and hospital course factors (eg, dura-
tion of mechanical ventilation, PICU and hospital length
of stay, organ dysfunction). Using provided contact infor-
mation, parents will be sent electronic surveys to report
their child’s and family’s status prior to PICU hospitalisa-
tion and a separate set of surveys to report their status
at the time of PICU discharge. Assented patients and
siblings will be sent surveys starting at 2 weeks post-PICU
discharge.

After PICU discharge, data collection will be managed
centrally by the Clinical Coordinating Center (CCC) and
DCC. Surveys are primarily web-based using the elec-
tronic data capture platform REDCap (Research Elec-
tonic Data Capture) Cloud,” which distributes surveys
through individual, secure email links. Prior to each
follow-up time point, participants will receive an email
to complete surveys with a completion window. Depen-
dent on parent preference, email or text reminders will
be sent or reminder phone calls will be made for surveys
not completed within the time window. Participants will
be instructed to report their status for the prior 7days
for first three sampling periods (2 weeks, 6 weeks and 3
months post-PICU discharge) and for the prior month
for later sampling periods (6, 12, 18 and 24 months).

Participants with limited internet access or other exten-
uating circumstances will be given the opportunity to
complete surveys by mail or telephone interview. If a child
does not have a personal email address or is <13 years
old, survey links will be sent to parents with instructions to
share the link with their child. Each survey starts by asking
the relationship of the respondent to the patient and the
patient’s (or sibling’s) age. If a child is still hospitalised or
is rehospitalised during the data collection period, data
collection will be paused until the child returns home
and will resume per the schedule based on the index
PICU discharge date.

End-of-study interviews are anticipated to take at least
30min and will be conducted by the study investigators
or a trained study team member. At the beginning of the
interview, the interviewer will obtain the parent’s consent
to record the interview. The interview guide was devel-
oped by the co-investigator team in consultation with the
parent advisory group.

Spanish-speaking families will complete validated
Spanish versions of all assessment instruments by mail
or telephone interview with a Spanish-speaking research
team member. If a Spanish-speaking family is selected for
an end-of-study interview, the interview guide will be trans-
lated into Spanish and the interview will be completed
with the assistance of a Spanish-speaking research team
member.

Outcome measures

The primary outcome is HRQL for case and control
participants as measured by the PedsQL V.4.0 Generic
Core Scales® or Infant Scales®® (table 1). The Generic
Core Scales assess physical, emotional, social and school
functioning in children 2-17 years. The Infant Scales
assess physical functioning and symptoms and emotional,
social and cognitive functioning in children <2 years.
Both sets of instruments demonstrate validity and reli-
ability,”™" have been widely used in PICU populations™
and discriminate between healthy children and those with
a wide range of acute and chronic health conditions.”

Secondary outcomes for case and control participants
include measures of fatigue,” cognitive and functional
status,” 77 pain,44 ¥ sleep disturbance,* v growth and
developrrus:nt,48 emotional and behavioural health,* %
post-traumatic stress disorder (PTSD) symptoms”' ** and
hope™ (table 1). Secondary outcomes for parents include
family functioning,”® resilience,” anxiety”™™ depres-
sion,” sleep disturbance,” PTSD symptoms” and post-
traumatic growth.”’ Secondary outcomes for siblings
include quality of life,” participation in caregiving activi-
ties,”” emotional and behavioural health® > and hope.”

All outcomes will be measured at least three times over
the 2-year follow-up period (table 2), except for resilience
(measured at baseline and 18 months) and post-traumatic
growth (measured at 12 months). See online supple-
mental file 1 for a full description of all survey measures.
In addition, parent-completed surveys include questions
about medical history after the index PICU discharge
(eg, medical providers and prescribed medications) and
missed school and work, as well as free-text fields asking
about major life events occurring during the follow-up
period (eg, move, divorce) and services and resources
that are wanted but not being received.

The wording of the PedsQL V.4.0 Generic Core, Infant,
Multidimensional Fatigue and Cognitive Functioning
scales; PCPC and Paediatric Overall Performance Cate-
gory; and Functional Status Scale (with owner permis-
sion) were modified in response to parent advisory group
and participant feedback regarding the need for patient-
centred and family-centred language. Text changes are
noted in online supplemental files 1,2.

Analysis plan

The DCC will perform all statistical analyses for the PICS-p
study. Descriptive statistics for demographic information,
medical history, presenting illness, hospital course and all
child, parent and sibling survey measures will be calcu-
lated, including means, SD, medians and IQRs for contin-
uous variables and frequency counts and percentages for
categorical variables. Data will be examined for skewness,
outliers and systematic missing data. Transformations will
be undertaken as needed.

To explore PICU survivors” health outcomes and trajec-
tory of recovery, we will compare the outcome measures
of case versus control participants using t-tests and linear
regression adjusting for matching factors (age group, sex,
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Table 1 Measures, participant burden and association with PICS-p framework

Age group Number of Time required PICS-p domain

Measure (years) items (minutes) assessed*
Parent proxy-report for child
PedsQL V.4.0 Generic Core or Infant Scales P,C,E S

Teen 13-17 23 <4

Child 8-12 23 <4

Young child 5-7 23 <4

Toddler 2-4 21 <4

Infant (13-24 months) 1-2 45 <10

Infant (1-12 months) 0-1 36 <7
PedsQL Multidimensional Fatigue Scale V.3.0 18 <4 PC

Teen 13-17

Child 8-12

Young child 5-7

Toddler 2-4
PedsQL Cognitive Functioning Scale 6 <2 C

Teen 13-17

Child 8-12

Young child 5-7

Toddler 2-4
Survey of Well-being of Young Children — milestones 0-5 10 2 RPC,S
only
Strengths and Difficulties Questionnaire (SDQ) 25 4 E, S

Teen/child 11-17

Child/young child 4-10

Toddler 2-4
Young Child PTSD Screen — Revised PICU 3-17 6 2 E
Functional Status Scale 0-17 6 2-5 P
Paediatric Cerebral Performance Category 0-17 1 1 C
Paediatric Overall Performance Category 0-17 1 1 P

Parent proxy-report for family
PedsQL Family Impact Module V.2.0 - 36 5 P C,E S
Parent self-report

Connor-Davidson Resilience Scale-10 — 10 3 E,S
State-Trait Anxiety Inventory-40 — 40 10 E
State-Trait Anxiety Inventory-6 - 6 2 E
Patient Health Questionnaire-4 = 4 2 E
PROMIS Sleep Disturbance — Short Form 4a and Sleep- — 8 3 P, E
Related Impairment — Short Form 4a
PTSD Checklist for DSM-5 - 20 6 E
Post-traumatic Growth Inventory — Short Form - 10 4 E
Patient self-report
PedsQL V.4.0 Generic Core Scales 23 <4 P,C,E S
Teen 13-17
Child 8-12
PedsQL Multidimensional Fatigue Scale V.3.0 18 <4 P C
Teen 13-17
Continued
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Table 1 Continued
Age group Number of Time required  PICS-p domain
Measure (years) items (minutes) assessed*
Child 8-12
PedsQL Cognitive Functioning Scale 6 <2 C
Teen 13-17
Child 8-12
PedsQL Paediatric Pain Questionnaire 8-17 2 1 P
PROMIS Paediatric Pain Interference — Short Form 8a  8-17 8 <2 P
(only if reporting pain in past week/month)
PROMIS Paediatric Sleep Disturbance — Short Form 4a 8-17 8 3 P E
and Paediatric Sleep-Related Impairment — Short Form
4a
SDQ teen/child 11-17 25 4 E, S
Child PTSD Symptom Scale for DSM-5 8-17 27 10 E
Children’s Hope Scale (CHS) 8-17 6 3 E
Sibling self-report
PedsQL V.4.0 Generic Core Scales 23 <4 P C,E S
Teen 13-17
Child 8-12
Multidimensional Assessment of Caring Activities 8-17 18 2-4 S
SDQ teen/child 11-17 25 4 E, S
CHS 8-17 6 3 E

*P=physical health; C=cognitive health, Ez=emotional health, S=social health.
DSM-5, Diagnostic and Statistical Manual of Mental Disorders, 5th edition; PedsQL, Pediatric Quality of Life Inventory; PICS-p, paediatric
post-intensive care syndrome; PICU, paediatric intensive care unit; PROMIS, Patient-Reported Outcomes Measurement Information System;

PTSD, post-traumatic stress disorder.

medical complexity). We will compare patients’ outcomes
to HRQL data from the general and chronically ill popu-
lations using t-tests. For consistency across age groups,
parent proxy-report scores will be used in primary anal-
yses. To explore response consistency, parent proxy-report
and patient self-report will be compared in a separate
analysis. For longitudinal data, we will assess correlations
between time points using Pearson correlations and will
use mixed linear regression models with random subject
effects to analyse trajectories over time. We will use graph-
ical analyses to display health outcome trajectories.

To identify factors associated with impaired health
outcomes among PICU survivors, we will use Pearson
correlations for continuous covariates and t-tests or anal-
ysis of variance for categorical covariates. We will use
multiple linear or logistic regression modelling with vari-
able selection techniques to adjust for baseline factors or
confounding patient variables. We will compare patient
versus sibling outcomes using paired t-tests, and we will
compare patient, parent and sibling emotional and social
health outcomes to published means using t-tests.

We will use mixed effects and generalised estimating
equations models to explore whether adjustment for sex,
race/ethnicity or site affects study inferences. If there are
differences in baseline or PICU factors or early PedsQL

measurements between participants with and without
l-year and 2-year data, multiple imputation methods and
sensitivity analyses will be used to account for missing
data due to attrition. Finally, classification and regression
trees with recursive partitioning, principal component
analysis, factor analysis and machine learning methods
will be explored to help describe subgroups of patients
with similar trajectories of outcome.

Audio data from end-of-study interviews will be tran-
scribed verbatim, reviewed and pseudo-anonymised prior
to formal thematic analysis.”” NVivo V.12 software will
facilitate qualitative data analysis. Codes will be collated
and collapsed into subthemes and subsequent themes.
The emerging findings will be periodically reviewed by
the principal investigators and co-investigators to allow
for the data analysis to be refined, enhancing the rigour.

Statistical power

Assuming 20% attrition, 2-year outcomes will be avail-
able for 400 case and 200 control participants. With
these sample sizes, we will have >80% power to detect
the minimum clinically significant difference of 4.5
points (0.283 SD)* for the primary outcome, PedsQL
total score, between cases and controls. We will have 80%
power to detect moderate differences (0.29 SD) between

6

Curley MAQ, et al. BMJ Open 2024;0:6084445. doi:10.1136/bmjopen-2024-084445

"yBuAdoo Aq paloalold 1sanb Aq £20z ‘ST Yyosew uo Jwod g uadolwagy/:dny woly papeojumoq +20z Alenigad ¥z Uo Syyy80-y20z-uadolwa/osTT 0T se paysignd isiy :uado rINg


http://bmjopen.bmj.com/

Open access

BMJ Open: first published as 10.1136/bmjopen-2024-084445 on 24 February 2024. Downloaded from http://bmjopen.bmj.com/ on March 15, 2024 by guest. Protected by copyright.

panunuon

X X X oas

B WI04 YoyS — juswuredw)

paleloy-das|S ouleIpaed PUB By WIOH HOYS

X X X — 9douequnisiq des|S dlreIpaed SINOYd

(Yruow

Meam 1sed ul ured Buipodas Ji Ajuo) eg wio4

X X X X X X X/X HOYS — sduslspsiu| uled duieipsed SINOdHd

X/x 8lleuuonseny uled olijelipsed 1Osped

X X X ajeag Buluonoung aniubon Jospad

X X X X 0\ ©[e9S anbiye [euoisuswipnini OspPad

X X X X X X X $8|edS 8100 dusuULY O'F'A 10SPed
sjualied

X
X
X
X
X
X

X w04 Hoys — AIOJUSAU| UIMOJL) DljeWNel}-1sod

X X X X G-INSQ 404 18Io8UD dsLld

ep WIo4 Yoys — uswiredw| peiejey-des|s

X X X -/X PUE By WI0H Hoys - sdoueqinisiqg des|S SINOHd

X X X X/- p-8areuuonssnp yijesH jusiied

X X X 9-Aojuanu| Aleixuy Hel| -o1eis

-/X o-Aojuenu| Aleixuy yel| -o1e1s

X -/X 01-9|E2S 92UB||IS9Y UOSpPIABJ-I0UUO0D

X 0°2'A @InpPo 10edw Ajiwe Jospad

X/X AiobBsie) souewIOpa [[BISAQ OllBIpa_d

AobBejen aouewlopad [eigale) duielpaed

X/X 9[e0g SNIelIS [BuoiOouUN

NDld PasIASY — UsaIOS dSLd PIIYD Bunox

X -/X  (Das) aareuuonsenp senndYIQ pue syibuang

X X -/X ualp|iyD Buno, 1o Buisg-|||pA 10 AeAing

X X X 9[eog Bujuoioun aaiuboD JOsped

X X X X -/X 0\ ©[e9S anbie [euoisuswipiiniA JOspPad

X X X X X X X -/X $8[BOS JUBJU| IO 810D duBULY O''A TOSPad
sjualed

X X X X X X
X X X X X X
X X X X X

syljuow g SYUoWIgL SYUoWg|L  SyYowg9  syjuowg syoomg syoomg abieyosip NoId sainses\
/«duleseg

wd)-buo wJa)-Hoys
Jabieyosip NJId-1sod

uone|dwod AsAIns Jo 8|NPaYds g 9lqeL

Curley MAQ, et al. BMJ Open 2024;0:¢084445. doi:10.1136/bmjopen-2024-084445


http://bmjopen.bmj.com/

Table 2 Continued

Post-PICU discharget

Short-term
2weeks

Long-term

Baseline*/

3months 6 months 12months 18months 24 months

6weeks

PICU discharge

Measures

Child PTSD Symptom Scale for DSM-5
Children’s Hope Scale (CHS)

Siblings

X§/-

PedsQL V.4.0 Generic Core Scales

X§/-

Multidimensional Assessment of Caring

Activities

SDQ
CHS

*For the baseline/pre-PICU surveys, respondents are asked about the time period before the child’s critical illness.

TRespondents asked about the prior 7 days for the short-term sampling periods and the prior one month for the long-term sampling periods.

FPatients who self-report are asked about their pain before going to the hospital and at PICU discharge during their 2-week survey.

§Siblings are asked about the time period before their brother or sister’s critical illness during their first survey, typically collected two weeks post-PICU discharge after assent is obtained.
DSM-5, Diagnostic and Statistical Manual of Mental Disorders, 5th edition; PedsQL, Paediatric Quality of Life Inventory; PICU, paediatric intensive care unit; PROMIS, Patient-Reported

Outcomes Measurement Information System; PTSD, post-traumatic stress disorder.

two case groups with different exposures or the case
group with 200 matched siblings (0.29 SD). For multiple
linear regression modelling on 400 cases using a two-
sided 0.05-level test and assuming 5-10 covariates with an
R? value of 0.10-0.30, we will have 80% power to detect a
new predictor variable that improves R® by 0.017.

Patient and public involvement

A co-investigator team that collectively provides exper-
tise in physical and functional health outcomes, child
and family psychological evaluation, sibling support and
biostatistics were integral in developing the study design,
meets biannually with the study principal investigators to
provide feedback and will assist with data interpretation.
A parent advisory group comprised of parents who have
had a child previously admitted to the PICU provided
feedback on survey and interview guide development,
will assist with ongoing problem-solving and will provide
feedback on data interpretation at the end of the study.

Ethics and dissemination

Ethical review

Adhering to the National Institutes of Health (NIH)
mandate for multisite research studies, the University of
Pennsylvania (PENN) institutional review board (IRB)
serves as the IRB of record or reviewing single IRB for
this study (protocol #843844). PENN conducts the ethical
review for all sites under a reliance agreement. This study
has been externally peer-reviewed and awarded funding
from the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD;
ROIHDO098269; MPIs Curley and Watson) and is coordi-
nated by PENN and Seattle Children’s Research Institute.
The grant for this study was initially submitted for NICHD
review on 31 May 2018 and resubmitted on 4 March 2019.
Funding began on 1 July 2020. The study has been regis-
tered on ClinicalTrials.gov.

Quality assurance and control plans
Cohort retention procedures are based on investigator expe-
rience'* 7 * and published strategies to maximise retention
in longitudinal outcome studies.” * Retention strategies
include establishing rapport with families through contact at
regular intervals of at least every 3 months by mail or email
based on family preference (eg, quarterly family newslet-
ters), centralised follow-up management by the CCC and
flexibility in accommodating family schedules facilitated by
the bicoastal research team to account for time zone differ-
ences. To maintain rapport, families receive family-oriented,
study-branded tokens of appreciation (eg, fidget spinner,
poprits) at their 12-month study milestone. Participants are
reimbursed for their time, and a public study website (after-
picu.com) is used to enhance study enthusiasm and provide
families with PICS-p education, study information and proce-
dures for securely updating contact information.

Follow-up surveys will be reviewed at regular intervals
to monitor for potential mandated-reporting events (eg,
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child maltreatment). Free-text fields are monitored for
mention of harm to self or child.

Data management plan

Each site will maintain an enrolment log linking each
patient to a unique study number. All contact informa-
tion and clinical and survey data will be entered into the
REDCap Cloud database developed and maintained by
the DCC at Boston Children’s Hospital. Only the study
principal investigators, DCC and CCC teams have access
to individually identifiable private information. The
DCC regularly monitors the completeness, accuracy and
consistency of the study database and produces regular
reports on enrolment, data quality and completeness of
participant follow-up. Qualitative data will be housed in a
password-protected secure research drive accessible only
to the principal investigators and their designee.

Dissemination

Children surviving critical illness are at risk for a broad
spectrum of adverse sequelae including physical decon-
ditioning, cognitive deficits, post-traumatic stress and
impaired social development and family dynamics. The
PICS-p conceptual framework describes this constella-
tion of morbidities that may be uniquely experienced
by children and families who survive paediatric critical
illness.” The framework incorporates the influence of
baseline health, socio-demographic characteristics, matu-
ration and psychosocial development on a child’s lifetime
health trajectory and recognises the interdependence of
the child and family. The PICS-p Longitudinal Cohort
Study will test the applicability of this framework for crit-
ically ill children across the USA and comprehensively
characterise post-PICU recovery to facilitate development
of targeted interventions that prevent or mitigate adverse
outcomes. Qualitative data on the post-PICU experience
and parent preferences for post-PICU follow-up is sepa-
rate but complementary to the quantitative survey data
and will provide directions for future interventions.

The PICS-p study design includes several unique inno-
vations. By comparing critically ill children undergoing
>3 days of intensive care to control participants who spend
a single night in the PICU without intensive care thera-
pies, we will better understand the contribution of crit-
ical illness itself to adverse outcomes while also exploring
whether there are common sequelae in all children or
families who experience the PICU environment regard-
less of illness severity or exposure duration. If children
or families experience emotional and social health conse-
quences independent of the child’s illness severity, as has
been described,'’ ® efforts to reduce anxiety and trauma
associated with a PICU stay may benefit all children and
families exposed to the PICU environment. Conversely,
if children exposed to multiple days of intensive care
experience a common set of problems not experienced
by control participants, this will support the concept of
a syndrome of associated morbidities arising from the
combined effects of severe illness and resulting therapies.

Future mitigation approaches would focus on reducing
the adverse impact of specific therapies and optimising
recovery across subpopulations of the most critically ill
children. In addition, measures of hope and resiliency
will allow evaluation of family strengths affected by the
PICU experience.

Although exclusion of children with prior ICU admis-
sions will limit generalisability of study findings, it will
allow us to explore the phenomenon of PICS-p from
its onset and capture the development of chronic crit-
ical illness.”® Chronic critical illness and PICS may share
common pathophysiological mechanisms in adults,” but
the relationship between new post-PICU morbidities and
recurrent PICU admission has not been elucidated in chil-
dren. The frequent follow-up assessment time points and
2-year study observation period provide opportunities to
estimate the incidence of chronic critical illness develop-
ment, explore how different domains of morbidity and
recurrent PICU admission intersect and identify periods
of vulnerability to high healthcare resource use during
which children and families may benefit from increased
support.

Outcome measures in the PICS-p Longitudinal Cohort
Study were selected for alignment with the PICS-p
conceptual model,” psychometric properties, ease of use,
availability in Spanish, potential for child self-report and
parent proxy-report, previous use in the PICU popula-
tion® and consistency with the adult PICS literature.” "'
Measures also align with the Paediatric Critical Care Core
Outcome Set’ and Core Outcome Measurement Set”
developed by the PALISI and Collaborative Paediatric
Critical Care Research networks with multidisciplinary
stakeholder involvement from clinicians, researchers
and families. Consistency between the domains and
measures used in PICS-p and those recommended for
use by the paediatric critical care community will facili-
tate comparison and integration of findings with future
PICU outcomes research. As some instruments were
designed for clinician use, text was revised when needed
to improve inclusivity and patient-centredness and family-
centredness of the chosen measures.

Measurement of outcomes across multiple time points
will characterise trajectories of change for each phenom-
enon of interest and critical periods of vulnerability in
each health domain to identify opportunities for focused
interventions. We are implementing an evidence-based
multimodal approach to optimise cohort retention and
minimise loss to follow-up,” °® ™7 with an emphasis on
longitudinal engagement with children and families. In
addition to improving cohort retention, development
of a culture of survivorship and engagement may have
important implications for the health of PICU survivors
and their families. Studies of childhood cancer survivors
suggest that survivors who are engaged in follow-up care
may have improved outcomes.”

Central to our ability to accurately assess trajectories of
recovery is inclusion of recall estimates of children’s base-
line status prior to PICU admission. While most PICU
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outcome studies compare follow-up scores to population
means,” this approach does not capture clinically mean-
ingful change for many children. The general paediatric
populations on which instrument norms are based may
have important differences from children experiencing
critical illness who have a high prevalence of chronic
health conditions* " * and baseline HRQL or functional
status scores below population averages.” Comparison of
post-PICU scores to population means may overestimate
decline for participants whose baseline scores were low
and underestimate decline for participants with baseline
scores significantly above the population mean.*' There is
also a poorly characterised subset of children who expe-
rience improvement in health status following critical
illness.** " Although parent proxy-report and self-report
of pre-PICU baseline may be affected by recall bias,
anchoring assessment of change on pre-illness baseline
will allow us to characterise the magnitude and direction
of change for each measure and explore factors associ-
ated with both decline and improvement.

Finally, using the robust patient and clinical data
collected in a geographically diverse sample recruited
from 30 PICUs across the USA, we will characterise
subgroups of children with unique risks for poor long-
term outcomes. Identification of risk factors will stimu-
late development of targeted interventions focused on
prehospital, in-hospital and post-discharge factors for
high-risk patient groups. Identification of risk factors
involving specific intensive care therapies or medications
will inform interventional trials that avoid or minimise
exposure to those factors to reduce patient morbidity.
While enrolment is limited to families in the USA who
speak English or Spanish, we will evaluate for differences
in recruitment, retention and outcomes by race, ethnicity,
language, social influencers of health and geography to
understand how these factors may influence generalis-
ability across populations. Data from PICS-p will allow for
cross-national comparison to other ongoing studies in the
field.*

Research is urgently needed to better understand
morbidity among survivors of paediatric critical
illness and identify strategies to optimise long-term
outcomes.”* The PICSp Longitudinal Cohort Study
will systematically and comprehensively determine the
physical, cognitive, emotional and social health outcomes
experienced following paediatric critical illness, identify
periods of vulnerability in each health domain over 2
years following PICU discharge and inform interventions
to reduce morbidity and optimise recovery among chil-
dren surviving critical illness and their families.

Our dissemination strategy will be multifaceted to
ensure findings are reported in a timely manner to
clinicians, researchers and families. We will produce
incremental publications (eg, 3-month, 6-month, I-year,
2-year outcomes) as knowledge unfolds. We will target
high-quality, peer-reviewed journals for publication. As
manuscripts are published, they will be added to our
public study website along with a brief plain language

summary. Findings will be reported on ClinicalTrials.gov
and presented at local, national and international meet-
ings to increase understanding of the morbidities experi-
enced by survivors of paediatric critical illness and their
families. As per NIH policy, a de-identified data set and all
data-related documentation necessary to use study data
will be provided to the NICHD Data and Sharing Hub no
later than 3 years after the final follow-up interview or 2
years after the primary paper has been published, which-
ever comes first.
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SUPPLEMENTARY FILE 1: DESCRIPTION OF SURVEY MEASURES

Primary Outcome

¢ PedsQL (Pediatric Quality of Life Inventory) 4.0 Generic Core(1) or Infant Scales(2)

PedsQL 4.0 Generic Core Scales for children 22 years using parent proxy-report: 21-
23 items, depending on age, with 4 domains including physical, emotional, social, and
school functioning. Respondent indicates how much of a problem each item has been
over the recall period on a scale of 0 = “Never a problem” to 4 = “Almost always a
problem.” Items are reverse scored, averaged, and transformed to a scale of 0-100.
Higher scores indicate fewer problems. In addition to individual scale scores, the total
score (primary outcome; mean of 4 scale scores), physical health summary score
(physical functioning scale score), and psychosocial health summary score (mean of
emotional, social, and school functioning items) are calculated.

PedsQL Infant Scales for children <2 years using parent proxy-report: 36-45 items,
depending on age, with 5 domains including physical functioning, physical symptoms,
emotional functioning, social functioning, and cognitive functioning.

Both sets of instruments demonstrate validity and reliability,(3-5) have been widely used
in PICU populations,(6) can be completed in 5-7 minutes,(5) and discriminate between
healthy children and those with acute and chronic health conditions.(7-9) Norms based
on large community samples exist for U.S. children, including 9,467 healthy children,(7)
3,652 children with a chronic health condition,(8) condition-specific results for >2,500
children with 10 different chronic conditions (e.g., asthma, cancer, cerebral palsy, end-
stage renal disease),(9) and >5,000 children and young adults with diabetes.(10)

APPROVED ADAPTATION FOR PICS-p: For each question, a “Does not apply to my
child” option was added. If selected, an open text box is provided so that parents can
explain why one or more of the items does not apply to their child.
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Secondary Outcomes

Parent Proxy-Report for Child

PedsQL Multidimensional Fatigue Scale Version 3.0(4)

18-item scale encompassing 3 domains: general fatigue, sleep/rest fatigue, and
cognitive fatigue. Respondent indicates how much of a problem each item has been
during the recall period. Child self-report is available for ages 8-12 and 13-17 years and
parent proxy-report is available for ages 2-4, 5-7, 8-12, and 13-17 years. Items for each
form are identical, differing in developmentally appropriate language. Format,
instructions, Likert response scale, and scoring method are identical to the PedsQL 4.0
Generic Core Scales, with higher scores indicating fewer fatigue symptoms.
APPROVED ADAPTATION FOR PICS-p: For each question, a “Does not apply to my
child” option was added. If selected, an open text box is provided so that parents can
explain why one or more of the items does not apply to their child.

PedsQL Cognitive Functioning Scale(11)

6-item scale assessing cognitive functioning. Respondent indicates how much of a
problem each item has been during the recall period. Child self-report is available for
ages 8-12 and 13-17 years, and parent proxy-report is available for ages 2-4, 5-7, 8-12,
and 13-17 years. ltems for each form are identical, differing in developmentally
appropriate language. The format, Likert response scale, and scoring method are
identical to the PedsQL 4.0 Generic Core Scales, with higher scores indicating fewer
cognitive problems.

APPROVED ADAPTATION FOR PICS-p: For each question, a “Does not apply to my
child” option was added. If selected, an open text box is provided so that parents can
explain why one or more of the items does not apply to their child.

Survey of Well-being of Young Children (SWYC)(12)

10-item developmental screening tool for children <5 years, with 12 versions depending
on age. Developmental milestones questions include indicators of fine and gross motor,
language, social, and cognitive development. Parents often describe behaviors that
approximate a milestone before their child manifests the full behavior. To reflect this, the
three response options are 0 = “Not yet,” 1 = “Somewhat,” and 2 = “Very much.” Validity
has been assessed via comparison with the Ages & Stages Questionnaire, 3rd Edition
(ASQ-3)(13) and previous diagnoses of developmental delay per parent report.

Strengths and Difficulties Questionnaire (SDQ)(14, 15)

25-item behavioral screening tool used to evaluate emotional symptoms, conduct
problems, hyperactivity/inattention, peer relationship problems, and prosocial behavior.
Quantifies low, medium, and high risk of emotional, behavioral, hyperactivity, and
concentration disorders, or any disorder.

Young Child PTSD Screen — Revised PICU (YCPSFPICV)(16, 17)

6-item instrument that quickly screens for PTSD in children 3 years and older. This
screener incorporates DSM-5(18) criteria and is the only known short screener for very
young children (<6 years). A 3-point Likert scale is utilized to assess each item, where 0
=“No,” 1 = “Alittle,” and 2 = “A lot.” The YCPS has demonstrated 100% positive and
negative predictive value as a PTSD screener. A positive YCPS includes 2 items
endorsed within the screener. We are using a modified version of the YCPS, the Young
Child PTSD Screen — Revised PICU (YCPSFRPICY) which situates the PICU stay as the
traumatic event.
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Functional Status Scale (FSS)(19, 20)

Valid and reliable assessment method developed and validated by the Collaborative
Pediatric Critical Care Research Network (CPCCRN) to quantify functional status. The
FSS includes 6 domains: mental status, sensory functioning, communication, motor
function, feeding, and respiratory. Domain scores range from 1 = “Normal” to 5 = “Very
severe dysfunction” with total scores ranging from 6-30. It was selected due to ease of
administration, granularity, and objectivity of assessment compared to other available
methods and has been used in other outcome studies including in over 10,000 patients
in the CPCCRN Trichotomous Outcomes In Pediatric Critical Care (TOPICC) study.(19,
21)

APPROVED ADAPTATION FOR PICS-p: The word “normal” was removed and
changed to phrases such as “like other children of a similar age.” See Supplementary
File 2.

Pediatric Cerebral Performance Category (PCPC) and Pediatric Overall
Performance Category (POPC)(22-24)

Quantifies short-term cognitive impairment and functional morbidity. The POPC scale is
dependent on the PCPC scale. Scores range from 1-6 for both scales with 1 = “No
disability,” 2 = “Mild disability,” up to 6 = “Brain death.” Studies of patients with scores 1-
4 (No disability to Severe disability) at PICU discharge, hospital discharge, and 1- and 6-
month follow-up show association with performance on neurocognitive and
developmental testing.(22-25)

APPROVED ADAPTATION FOR PICS-p: The word “normal” was removed and
changed to “on target for age.” The word “disability” was removed and changed to
“impairment.” The words “conscious,” “coma,” and “brain death” were changed to words
such as “awake,” “unaware,” and “unresponsive.”

Parent Proxy-Report for Family

PedsQL Family Impact Module (FIM) Version 2.0(26)

36-item scale that measures the impact of pediatric health conditions on family
functioning. It includes 8 dimensions (physical, emotional, social, and cognitive
functioning; communication; worry; daily activities; family relationships). The Parent
Health-Related Quality of Life Summary Score is computed as the sum of the physical,
emotional, social, and cognitive functioning scale scores and the Family Functioning
Summary Score is the sum of the daily activities and family relationships scale scores.

Parent Self-Report

The Connor-Davidson Resilience Scale (CD-RISC-10)(27)

10-item measure that quantifies the level of self-perceived resilience, defined as the
ability to bounce back after an adverse event. ltems are rated on a 5-point Likert scale
(0-4), with higher scores reflecting greater resiliency. This scale has efficient
measurement (e.g., low burden, short completion time) and excellent psychometric
properties.
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o State-Trait Anxiety Inventory (STAI-40)
The Spielberger STAI Form Y(28) is a well-established self-report scale comprised of 2
independent scales each consisting of 20-items — state and trait anxiety scales. Each
scale uses a sixth grade reading level. State anxiety is transient anxiety directly related
to an adverse situation. Trait anxiety is an individual’'s anxiety level as defined by their
inherent characteristics experienced on a daily basis, not reliant on an event (i.e., the
PICU admission) and includes items such as “l worry too much over something that
really doesn’t matter.” Each item is assessed on a 4-point Likert scale, from 1 = “Almost
never” to 4 = “Almost always.” Scores range from 20-80 with higher scores indicating
higher state or trait anxiety.

¢ State-Trait Anxiety Inventory (STAI-6)(29)
6-item questionnaire that assesses the symptoms of anxiety. It is a short version of the
Spielberger State Anxiety Scale.

o Patient Health Questionnaire-4 (PHQ-4)(30)
Brief, 4-item measure of depression and anxiety. Scores are strongly associated with
multiple domains of functional impairment; the anxiety and depression subscales make
unique overall contributions to the PHQ-4, both in terms of factorial and criterion validity.
Results indicate that anxiety has a substantial independent effect on functioning, even
more so when present with depression.

o PROMIS Sleep Disturbance — Short Form 4a and Sleep-Related Impairment —
Short Form 4a (31)
8-item measure that assess qualitative aspects of sleep and wake function to gauge the
severity of sleep-wake problems in those with and without diagnosed sleep disorders.
The sleep disturbance scale considers sleep patterns, while the sleep-related
impairment form considers effects of sleep disturbance on daytime function. Short forms
were developed based on computerized adaptive simulations and clinical judgement
from content experts and demonstrate both validity and reliability. Each question is
scored on a 5-point Likert scale. Raw scores range from 4-20 with lower scores
indicating more sleep disturbance or sleep-related impairment.

e PTSD Checklist for DSM-5 (PCL-5)(32)
20-item measure that assesses the presence and severity of PTSD symptoms. The
items correspond with DSM-5(21) criteria for PTSD. It can be used to screen individuals
for PTSD, quantify and monitor symptoms over time, and assist in making a provisional
or temporary diagnosis of PTSD. This measure is valid and reliable, useful in quantifying
PTSD symptom severity, and sensitive to change over time.(33, 34) Severity can be
determined by adding scores of each item together to determine a total score (range 0-
80). A total score 233 is a reasonable value for provisional PTSD diagnosis and
suggests the patient needs further assessment to confirm the PTSD diagnosis.

o Posttraumatic Growth Inventory — Short Form (PTGI-SF)(35)
10-item measure used to assess posttraumatic growth, or positive psychological change
after a traumatic event. It is a reliable measure that compares psychological well-being
of an individual pre- and post-trauma (i.e., PICU hospitalization). Higher scores correlate
to greater posttraumatic growth. It is useful for determining how successful individuals
are in strengthening their sense of self, sense of others, and the meaning of events
when coping with the aftermath of trauma.

Curley MAQ, et al. BMJ Open 2024; 14:€084445. doi: 10.1136/bmjopen-2024-084445



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s) BMJ Open

PICS-P PROTOCOL PAPER

Patient Self-Report

PedsQL 4.0 Generic Core(1)
Described above.

PedsQL Multidimensional Fatigue Scale Version 3.0(4)
Described above.

PedsQL Cognitive Functioning Scale(11)
Described above.

PedsQL Pediatric Pain Questionnaire(36)

Respondents identify a point on a 100 mm line that best shows their current pain level
and the worst pain experienced during the recall period. Anchors include “No hurting, no
discomfort, or no pain” and “Hurting a whole lot, very uncomfortable, severe pain.”

PROMIS Pediatric Pain Interference(37)

8-item scale assessing consequences of pain on relevant aspects of one’s life, including
the extent to which pain hinders engagement with social, cognitive, emotional, physical,
and recreational activities. Respondents are asked to evaluate each item’s burden
during the recall period. A 5-point Likert scale is utilized to assess each item, from 1 =
“Never” to 5 = “Almost always.”

PROMIS Pediatric Sleep Disturbance — Short Form 4a and Pediatric Sleep-Related
Impairment — Short Form 4a (38, 39)

8-item measure that assess qualitative aspects of sleep and wake function to gauge the
severity of sleep-wake problems in those with and without diagnosed sleep disorders.
The sleep disturbance scale considers sleep patterns, while the sleep-related
impairment form considers effects of sleep disturbance on daytime function. Questions
were developed by panel of clinical experts, children, and parents. The measures
correlate with existing measures of pediatric sleep health, demonstrate increased sleep
disturbance and sleep-related impairment in those with diagnosed sleep disorders, and
are reliable. Each question is scored on a 5-point Likert scale. Raw scores range from 4-
20 with lower scores indicating more sleep disturbance or sleep-related impairment.

Strengths and Difficulties Questionnaire (SDQ)(14, 15)
Described above.

The Child PTSD Symptom Scale for DSM-5 Self-Report (CPSS-5 SR)(40)

27-item screening tool modified to include DSM-5 criteria.(21) Twenty items are rated on
a 5-point Likert scale of frequency and severity, from 0 = “Not at all” to 4 = “Almost
always (6 or more time a week).” An additional 7 items, rated binarily (yes/no), assess
impairment of endorsed symptoms on daily functioning such as “Fun things you want to
do.” Children are asked to use one-month recall to answer questions. This scale is valid
and reliable with good test-retest reliability.

Children’s Hope Scale (CHS)(41)

Brief, 6-item measure of children's perceptions that their goals can be met. This scale
has been extensively validated in healthy and ill children and young people, aged 8-17
years. This scale has shown good internal consistency and test-retest reliability.
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Sibling Self-Report

¢ PedsQL 4.0 Generic Core(1)
Described above.

¢ Multidimensional Assessment of Caring Activities (MACA-YC18)(42)
18-item measure that provides a score of the total amount of caring activity undertaken
by a young person, as well as 6 subscale scores for domestic tasks, household
management, personal care, emotional care, sibling care, and financial/practical care.
Higher scores indicate greater levels of caring activity.(42, 43)

¢ Strengths and Difficulties Questionnaire (SDQ)(14, 15)
Described above.

e Children’s Hope Scale (CHS)(41)
Described above.

Definition of abbreviations: DSM-5, Diagnostic and Statistical Manual of Mental Disorders,
5" Edition; PICU, pediatric intensive care unit; PTSD, post-traumatic stress disorder.
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SUPPLEMENTARY FILE 2: FUNCTIONAL STATUS SCALE — PARENT PROXY-REPORT

Adapted with permission from Murray M. Pollack, MD (personal communication to MAQ
Curley on November 8, 2023) to allow for parent proxy-reporting.

Baseline: The following questions ask about your child's status in 6 areas. For each
area, select one answer that best describes your child's status before their current
illness that brought them to the intensive care unit. Please compare your child with other
children of a similar age, not to your child's status in the past.

PICU Discharge: The following questions ask about your child's status in 6 areas. For
each area, select one answer that best describes your child's status TODAY (around the
time of your child's PICU discharge). Please compare your child with other children of a
similar age, not to your child's status in the past or anticipated future status.

Post-PICU Discharge: The following questions ask about your child’s status in 6 areas.
For each area, select one answer that best describes your child’s status TODAY. Please
compare your child with other children of a similar age, not to your child’s status in the
past or anticipated future status.

What is your child’s level of awareness, alertness, mood, and thinking ability?
(select one)

1) My child sleeps at usual expected times (nighttime, naps) and is alert when awake,
like other children of the same age.

2) My child is unusually sleepy most of the day but can be woken up by touch,
movement, or speech. Sometimes my child is difficult to wake up. After being woken
by touch, movement, or speech, my child is alert and reacts similarly to other
children of the same age.

3) When awake, my child is not alert and is instead sluggish, inactive, slow, very tired,
sometimes almost lifeless, or seems "half asleep." Because of not being alert, my
child has trouble answering questions or responding to directions in a way that |
expect.

4) My child is mostly "asleep," not responding to other people or very difficult to wake
up. My child requires very strong touch or a very loud voice to be woken up. My child
is very slow to respond like | would expect for a child of a similar age even after
being aroused or woken up.

5) My child is not conscious. My child does not respond in a way to touch, movement,
or speech like | would expect of a similar aged child and is unaware of the
surrounding environment. Although | may understand my child's needs, my child
does not follow my directions or communicate in a way | think other children would.
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99)None of the above are appropriate.
If selected, open text box appears: If none of these categories seem appropriate,
please describe your child's mental status.

How are your child's hearing, vision, and ability to respond to touch? (select one)

1) My child's hearing, vision, and reaction to touch are like other children of a similar
age. My child has fine or acceptable vision in both eyes, either without glasses or
using glasses. My child hears like other children of a similar age in both ears either
without hearing aids or using hearing aids.

2) Although | am not certain, my child may be blind in one or both eyes. Although | am
not certain, my child may be deaf in one or both ears.

3) My child is blind in at least one eye OR deaf in at least one ear.
4) My child is blind in at least one eye AND also deaf in at least one ear.

5) My child does not respond to touch or feel pain like other children of a similar age or
my child does not sense pain or touch at all. When sensing touch or pain, my child
does not know what is happening.

99)None of the above are appropriate.
If selected, open text box appears: If none of these categories seem appropriate,
please describe your child's hearing and vision.

How does your child communicate with you and others? (select one)

1) My child communicates like other children of a similar age. My child communicates
using speech or making verbal noises, making facial expressions, or using hand
gestures.

2) My child communicates with others less frequently and with less intensity than other
children of a similar age. Although not exactly like | expect of children of a similar
age, my child's communication is not severely impaired. For example, my child may
whimper or cry with a soiled diaper, but not as much as other children of the same
age. Similarly, my child may be irritable or cry when hungry but not as much as other
children of a similar age.

3) My child does not seek attention like children of a similar age. My child does not try
to get attention when uncomfortable or upset. For example, with a soiled diaper, my
child may cry or whimper very little. Similarly, my child will not try to get attention by
crying or doing other things. Sometimes it is hard to tell when my child is in pain. My
child does not seem to need to be held or comforted.
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4) My child does not react to things causing discomfort by trying to attract attention or
asking for help. For example, my child will not cry with a soiled diaper. Similarly, my
child may not seek attention when in pain. My child does not need to be held or
comforted.

5) My child does not communicate by gestures, facial expressions, or vocalization.

99)None of the above are appropriate.
If selected, open text box appears: If none of these categories seem appropriate,
please describe how your child communicates.

How do your child's arms and legs function? (select one)
1) My child's arms, legs, hands, and feet function like other children of the same age.

2) One of my child's arms, legs, hands, or feet does not function as expected of
children of a similar age but function could improve over time. Reasons that function
is different may include the presence of a cast, paralysis, amputation, or any
condition preventing function that | expect.

3) Two or more of my child's arms, legs, hands, or feet do not function as expected of
children of a similar age but function could improve over time. Reasons that function
is different may include the presence of a cast, paralysis, amputation, or any
condition preventing function that | expect.

4) My child's head flops around more than other children of a similar age. My child
cannot hold their head up like other children of a similar age when being held, sitting
upright, or being pulled from laying down to sitting.

5) All my child's limbs are either stiff or paralyzed. With stimulus, my child sometimes
gets a stiff body posture with arms and feet stretched out or arms folded onto the
chest or belly. My child is paralyzed.

99)None of the above are appropriate.
If selected, open text box appears: If none of these categories seem appropriate,
please describe how your child's arms and legs function.

How does your child get nutrition? (select one)

1) My child eats like other children of the same age.

2) My child can eat but needs some help, devices, or formulas that other children of a
similar age do not need. Reasons may include problems of the mouth, hands or

arms, or conditions preventing function that | expect. My child may need special
nipples, special bottles, special formulas, or thickened foods.

10
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3) My child takes some food by mouth but also gets some nutrition by using a feeding
tube. These tubes could be inserted from the mouth or nose and go into the stomach
or small bowel. These tubes can also go directly through the belly wall into the
stomach. These tubes are called OG, OJ, OD, NG, NJ, ND, GT, or GJ tubes.

4) My child gets some daily nutrition intravenously. My child also gets some nutrition
each day either by mouth or by tube feedings.

5) All of my child's nutrition is given intravenously without any food by mouth or tube.

99)None of the above are appropriate.
If selected, open text box appears: If none of these categories seem appropriate,
please describe the way your child gets nutrition.

Does your child need help with breathing or need oxygen? (select one)
1) My child does not need or use oxygen or any device for breathing.

2) My child uses extra oxygen through a tube during the day either by nose or mouth.
These tubes are connected to an oxygen tank or to a device that concentrates
oxygen from the air. Even if not needing extra oxygen, my child sometimes may
require the use of a suction machine to clear their airway.

3) My child has a tracheostomy. A tracheostomy is a tube in the neck that allows
oxygen to be given directly into the airway and lungs. My child may get extra oxygen
or humidity through the tracheostomy.

4) My child uses a device to support breathing during part of the day or just at night.
These devices include a continuous positive airway pressure device (called CPAP),
a bi-level positive airway pressure device (BiPAP), or a ventilator.

5) My child requires either a bi-level positive airway pressure device (BiPAP) or a
ventilator all day and night (24 hours per day, 7 days per week).

99)None of the above are appropriate.

If selected, open text box appears: If none of these categories seem appropriate,
please describe your child's breathing.

11
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