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Abstract

Following a pediatric stroke, outcome measures selected for monitoring functional recovery and
development vary widely. We sought to develop a toolkit of outcome measures that are currently
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available to clinicians, possess strong psychometric properties, and are feasible for use within
clinical settings. A multidisciplinary group of clinicians and scientists from the International
Pediatric Stroke Organization comprehensively reviewed the quality of measures in multiple
domains described in pediatric stroke populations including global performance, motor and
cognitive function, language, quality of life, and behavior and adaptive functioning. The quality of
each measure was evaluated using guidelines focused on responsiveness and sensitivity, reliability,
validity, feasibility, and predictive utility. A total of 48 outcome measures were included and were
rated by experts based on the available evidence within the literature supporting the strengths of
their psychometric properties and practical use. Only three measures were found to be validated
for use in pediatric stroke: the Pediatric Stroke Outcome Measure, the Pediatric Stroke Recurrence
and Recovery Questionnaire, and the Pediatric Stroke Quality of Life Measure. However, multiple
additional measures were deemed to have good psychometric properties and acceptable utility

for assessing pediatric stroke outcomes. Strengths and weaknesses of commonly used measures
including feasibility are highlighted to guide evidence-based and practicable outcome measure
selection. Improving the coherence of outcome assessment will facilitate comparison of studies
and enhance research and clinical care in children with stroke. Further work is urgently needed to
close the gap and validate measures across all clinically significant domains in the pediatric stroke
population.
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Introduction

Pediatric stroke is associated with significant morbidity that can affect a child’s
developmental trajectory.! Typical growth and maturation processes in the developing

brain are frequently disrupted, resulting in a spectrum of neurological impairments.!
Consequent deficits may include hemiparesis, language impairment such as aphasia,
cognitive difficulties, and social-emotional problems, some of which only emerge later in
childhood when developmental and educational demands increase.2~ In addition, variability
in age at stroke, stroke etiology, and premorbid risk factors make predictions of poststroke
recovery trajectories and outcomes challenging.>~’ Outcome measures are one effective
way to monitor recovery and screen for potential emerging deficits.® Clinicians can
evaluate initial deficits and track impairments during rehabilitation through the use of
global functional outcome measures, which are brief, easy to administer, and broadly
applicable. Outcome measures that focus on a particular area, such as motor function,
language, cognition, adaptive function, or mood and behavior allow for a more precise
understanding of a child’s strengths and weaknesses. These domain-specific measures often
take longer to administer and might require expertise, but provide valuable insight into
specific neurological impairments to inform individualized treatment recommendations.

In practical terms, outcome measures help clinicians make decisions about how to
direct resources and care. Given their importance, measurement tools should possess high-
quality psychometric properties. International programs such as the COSMIN initiative
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(Consensus-based Standards for the Selection of Health Measurement Instruments) have
been developed to encourage the use of psychometrically sound health instruments.9-11
COSMIN advocates for systematic evaluation of health instruments, including clinical
outcome measures, through a framework with checklists that incorporate validity, reliability,
internal consistency, responsiveness, and interpretability. This approach of identifying high-
quality measures with a uniform set of criteria may also aid in the development of preferred
or gold-standard instruments to standardize the collection of data across clinical sites and
hospitals.

A systematic review in 2012 found wide variation in the use of outcome measures

in pediatric stroke research, with 34 studies utilizing 38 different outcome measures.8
Unfortunately, such variation limits the comparison of studies. Harmonizing outcome
measures across clinical sites would allow for easier cross-site comparison of pediatric
stroke outcomes and treatment results. To encourage the adoption of a common set of
outcome measures, we utilized a multidisciplinary team of health care providers with
pediatric stroke expertise to evaluate a wide range of commonly used clinical outcome
measures in pediatric stroke care using the COSMIN framework. The purpose of the
evaluation was to develop an expert-informed compendium of outcome measures, a “toolkit”
for the evaluation of children with stroke. Our goal was to provide clinicians and researchers
with valuable information related to psychometric properties and practical features of
measures to inform their selection within clinical settings and research studies.

The expert group for the current study was created and coordinated through the International
Pediatric Stroke Study (IPSS) and International Pediatric Stroke Organization (IPSO)
network, which consists of a multidisciplinary group of clinicians, scientists, and research
staff. The IPSO members who participated in the evaluation process were selected to ensure
diverse expertise in clinical backgrounds and research areas related to pediatric stroke. The
group of 13 contributors included neurologists, a neurointensivist, neuropsychologists, a
nurse practitioner, a physical therapist, and a speech and language pathologist.

To develop the measurement toolkit, the expert group evaluated the measures through the
following stages.

Stage 1: identification of domains and generation of the initial list of measures for
inclusion in the expert review

Commonly used measures for evaluating stroke-related impairment were identified within
the clinical research literature and through existing recommendations for the following
outcome domains of interest: (1) global performance; (2) motor function; (3) behavioral
assessments and adaptive function; (4) cognitive function; (5) language; (6) quality of life
(QoL); and (7) mood. The expert team met and reviewed the list of domains and their
associated outcome measures. An initial list of measures was discussed to finalize a list for
review before stage 2.
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Stage 2: quality criteria and content for review measures and REDCap survey ratings of

guality criteria
A survey was utilized to rate the importance of quality criteria for subsequent evaluation of
the individual measures within the domains of interest. These quality criteria were adapted
from the COSMIN guidelines international consensus on measurement properties. 1011
Additional information to guide the ratings such as practical features and scoring
information was reviewed further and approved by expert group members. The working
group completed an anonymous REDCap survey in which each member rated the following
quality criteria adapted from the COSMIN guidelines on a scale of 1 to 10 with 1 considered
least important and 10 considered most important: responsiveness and sensitivity, reliability,
repeatability, validity, feasibility, and predictive utility. The operationalized definitions
for each quality criterion were provided to each group member to ensure consistent
interpretation (refer to Supplementary Document 1).10-11 The REDCap survey ratings of
the importance of each quality criteria provided by each group member were rank ordered,
and then each criterion was averaged across the 12 raters with a derived mean level of
importance to the expert working group.

Stage 3: literature search and drafting of data tables

The literature search was performed within PubMed using search terms “stroke”

OR “pediatric stroke” AND (“outcomes” OR “measures” OR “psychometrics” OR
“rehabilitation” OR “neurological rehabilitation” OR “therapy” OR “recovery”). An
additional search was undertaken in PubMed and on Google Scholar for each domain (e.g.,
“cognition” or “language”) with the aforementioned search terms, and for each individual
measurement scale (e.g., “behavior rating inventory of executive function” or “clinical
evaluation of language fundamentals™) that was included within the designated domain.
Tables for each outcome domain were initially developed by a single working group member
based on literature review. Scales were identified from the literature search according to
quality criteria that included psychometric properties (i.e., responsiveness and sensitivity,
reliability, repeatability, validity, feasibility, and predictive utility), time of administration,
age range, scoring range, and practical features of each measure. The identified scales were
then assigned to the appropriate domains (global performance, motor function, language,
etc.) within the evaluation framework.

Stage 4: expert review of data tables

Three expert working group members were assigned to each domain of interest to verify
the preliminary information in the table for accuracy and to ensure completeness (refer
to Supplementary Tables 1-6). These assignments were determined according to the
specialized knowledge and expertise of the members.

Stage 5: rating of individual measures using the modified COSMIN checklist

A modified version of the COSMIN checklist was utilized to assess the quality of each
outcome measure (Table 1). With measure names removed to reduce bias, blinded coauthors
reviewed all measures within each domain and rated the measures assigning a score for each
measure from 1 to 5.

Pediatr Neurol. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Feldman et al.

Page 5

Stage 6: rating and recommendation review of measures for the toolkit

Results

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

The rated measures were reviewed by additional members of the expert group who did not
participate in stage 5, and these members provided comments and feedback.

Outcome measures in the seven domains of interest were identified by the expert working
group: (1) Global Performance (eight outcome measures); (2) Motor Function (eleven
outcome measures); (3) Behavioral Assessments and Adaptive Function (eight outcome
measures); (4) Language (six outcome measures); (5) Quality of Life (four measures); and
(6) Cognitive Function (ten measures) and Mood (two measures).

Quality criteria that were selected included responsiveness and sensitivity, reliability,
repeatability, validity, feasibility, and predictive utility. Based on working group input, the
following content areas were added to the previously described modified COSMIN quality
criteria: instrument description, scoring range, and practical features of the measurement
tool. The REDCap survey results demonstrated that validity, sensitivity, and responsivity
received the highest mean scores indicating their greater importance to the raters. Reliability
and feasibility were also reported to be important, with slightly lower mean ratings than
validity and sensitivity. Repeatability and describing a measure’s practice effect impact were
the least important qualities to the majority of expert raters. However, across all measures,
there was significant variability in importance ratings of a given criteria. For example,
repeatability received the majority of the lowest ratings; however, two experts rated it highly
(nine out of ten rating of importance).

7608 articles were screened via title review followed by abstract review when relevant on
PubMed and Google Scholar during the literature search. Information from 304 articles and
six technical manuals were referenced and used to populate the domain tables.

Domain tables were verified by group members (see Supplemental Tables 1-6).

Tables of domain-specific measures are summarized below and are organized from highest
to lowest rated.

Global performance

The Pediatric Stroke Outcome Measure (PSOM) received the highest rating (mean = 4.66,
range 4-5) among the eight scales (Table 2). The PSOM was recognized as being the only
validated global composite performance measure developed specifically to assess outcomes
in pediatric stroke. The PSOM was rated to have good to excellent validity and reliability
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and was noted to be easy to administer at the bedside. The Pediatric Stroke Recurrence and
Recovery Questionnaire (psRRQ) and the Hammersmith Infant Neurological Examination
(HINE) had the next highest ratings, respectively. Importantly, the psRRQ is a derivative
of the PSOM, which can be conducted remotely, an important consideration in easing

the burden of attending clinic and assessing outcome for children and families who live
remote to the stroke center. The HINE was rated highly due to sensitivity and accuracy

in identifying mild delays in infants with cerebral palsy relative to typically developing
infants and based on evidence supporting its predictive validity, as it is highly correlated
with gross motor function at two years and full-scale 1Q scores.18 Other measures within
the domain received lower scores because they were not specific, were generally more
rough estimates of function, were not validated in pediatric samples, or required multiple
informants to accurately identify a child’s functional capacity across a number of different
domains making their use somewhat impractical except in team-based care settings. The
shortcomings of many of the measures within the global performance domain are the
limited range and lack of specificity of items that determine a child’s overall functioning;
thus, substantial changes in functional ability would be necessary to shift scores to a
different performance category (from mild to moderate or moderate to severe).22-24.28,29,31
The limited range and lack of specificity are desirable in that only clinically meaningful
differences in scores are likely to be detected; however, this could limit detection of subtle
changes that could prove important at an individual level.

Motor function

The Gross Motor Functional Measure (GMFM) was the highest rated outcome measure

for motor function (refer to Table 3 and Supplemental Table 2) based on excellent validity
and reliability in children with cerebral palsy.32-38 The GMFM is designed to measure
gross motor function over the course of typical development and therefore is sensitive to
motor impairments and change over time. The GMFM also rates capacity to complete

a movement rather than quality of performance.3® For children with hemiparesis, this is

a meaningful outcome because less fluid, but functional movements may allow children

to complete activities of daily living. One significant drawback is that the GMFM is an
hour-long assessment, which is not usually practical during a routine clinic appointment.
Some of the alternative measures have not been validated in children or in relevant

clinical populations (e.g., pediatric stroke or cerebral palsy). These measures also may

be impractical or lack adequate sensitivity, reliability, or validity. Future work should aim

to validate motor function measures such as the GMFM in pediatric stroke samples. The
Dysphagia Disorder Survey is the only validated measure reported for use in pediatric stroke
that assesses swallowing and feeding function; however, the Dysphagia Disorder Survey
requires substantial training to administer and interpret, and therefore received a lower score
(mean rating = 3).74

Adaptive functioning and behavior

The Adaptive Behavior Assessment System (ABAS) is one of the most commonly used
measures to evaluate adaptive functioning (Table 4) in children and adults and is normed on
a large sample representative of the US population. The ABAS received a mean rating of
4.66 and is considered a gold standard in terms of assessment of adaptive functioning. The
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ABAS possesses strong psychometric properties (i.e., validity, reliability) and is frequently
used in pediatric stroke research.”® The Child and Adolescent Scale of Participation (CASP)
also received high scores (mean = 4.33) and is freely available, unlike the ABAS, which
requires a cost per use.89-84 The Vineland Adaptive Behavior Scale received lower ratings
due to variable test-retest reliability and its long administration time.104

The Child Behavior Checklist (CBCL), Vanderbilt Assessment Scale (\VAS), and the
Behavioral Assessment System for Children (BASC) evaluate children’s internalizing
and externalizing behaviors and assist in diagnosing behavioral and emotional problems
in children. All three measures indicate items that correspond with the DSM-V
diagnostic criteria for disorders diagnosed in children (e.g., attention-deficit/hyperactivity
disorder, generalized anxiety disorder, major depressive disorder, oppositional defiance
disorder).107-109 The CBCL and BASC possess similarly strong psychometric properties,
and both received ratings with a mean of 4 and were rated higher than the VAS, which
was found to have low-inter-rater reliability and no evidence of discriminant validity (mean
rating = 3.66).107.109 The CBCL possesses good cross-cultural validity; it is available in
multiple languages and has been validated in countries outside of North America,100-102

Quality of life (QoL)

Mood

Cognition

Four measures of QoL were evaluated, and all were rated positively (mean rating=4). The
Pediatric Stroke Quality of Life Measure (PSQLM) received the highest rating of 4.66.

In addition to the PSOM, the PSQLM is one of the few scales developed specifically

for children with stroke. The PSQLM has excellent sensitivity and validity, and the items
were informed by the experiences of children with stroke and their families.111 Generic
QoL measurement tools such as the PedsQL tend to lack the elements of QoL related to
cognition, language, and memory issues, which are of critical importance in pediatric stroke
populations.

The Revised Children’s Anxiety and Depression Scale (RCADS) had a higher rating (mean
rating 4.33) than the Child Depression Inventory (CDI) (mean rating = ADD). The RCADs
has been validated in a large number of children representative of the US population, spans a
wide range of ages, and is less costly than the CDI.119-121

Cognitive performance is often characterized as consisting of five subdomains: memory

and learning, language, attention, executive functions, and perceptual and motor functions.
Motor function and language were addressed separately, so this section focused primarily on
batteries assessing overall intellectual ability, memory and learning, and executive function
(Table 5). Two batteries that assess core domains of cognition were evaluated. The Wechsler
Intellectual Ability Tests (WPPSI-IV, WISC-V, WAIS-1V) received a mean rating of 4.66.
The Wechsler tests are the gold-standard measures to assess intellectual ability across the
life span.160 The child version has been normed on over 2000 children, possesses excellent
psychometric validity, and is continually updated and improved upon.1®> The Weschler tests
require significant training, have high associated costs, and are known to have practice
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effects. The NIH toolbox also received high ratings, with a mean score of 4. The NIH
toolbox has a shorter administration time, is less expensive, and has good psychometric
validity. The toolbox is far less widely used than the Wechsler tests as it is a newer battery
and has only recently been validated for use in children with TBI.

Within the memory subdomain, the California Verbal Learning Test (CVLT-C) was most
highly rated with a mean score of 4.66. The CVLT-C is a standardized test with a short
administration time, excellent reliability and validity in a pediatric TBI sample, and has
been used in a research context in pediatric stroke.137 Within the subdomain of executive
function, the Behavior Rating Inventory of Executive Function received a score of 4.33

due to short administration time, strong psychometric properties, availability in several
languages, and ability for parents to complete in clinic.144 Only one objective attention
measure, the Test of Everyday Attention-Child, was included in our evaluation, which
received a mean rating of 3.66. The Test of Everyday Attention-Child has good validity;
however, it possesses weak test-retest reliability, and some clinicians tend to prefer previous
versions of the measure. However, the BASC, CBCL, Conners, and the VVAS (covered under
the Adaptive Function and Behavior domain) all will identify concerns about attention.

Speech and language

Very few language-specific measures were identified as being commonly used in pediatric
stroke. The highest rated measure, the Focus on the Outcome of Communication Under Six
has strong psychometric properties and received a mean score of 4. However, the age range
is limited and therefore does not have wide applicability across the pediatric age span with
low utility as a longitudinal measure. The Clinical Evaluation of Language Fundamentals
(CELF) covers a broader range of ages (mean rating = 3.66); however, it is quite long

to administer, requires specific expertise to interpret, and requires some degree of motor
function.

Discussion

This study identified and evaluated 48 commonly used outcome measures across

seven domains of function through a review of the literature and expert ratings by a
multidisciplinary group of clinicians who care for children with strokes. Although there

are a range of different outcome measures utilized in clinical care and clinical trials in
pediatric stroke, existing literature provides little guidance regarding outcome measure
quality and utility. Our comprehensive assessment of commonly used instruments addresses
an important gap in knowledge regarding outcome measures by providing systematic multi-
rater scoring of instruments for their utility across multiple domains of function. The
selected outcome measures were evaluated based on their psychometric properties pertaining
to the relevant clinical groups (i.e., pediatric stroke, cerebral palsy, TBI). Instrument
strengths and weaknesses were summarized from the current literature by expert users.
These evaluations can guide outcome measure selection for clinical trials or observational
studies. Over the long-term, the use of a shared set of high-quality outcome measures

could facilitate comparison between research studies, improve understanding of the recovery
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phases following pediatric stroke, and advance pediatric stroke recovery based on this
knowledge.

Consistent with a prior systematic review completed a decade ago, most outcome measures
have been validated in related populations of children with cerebral palsy or TBI.8

Only three measures were specifically validated for use in pediatric stroke populations:

the PSOM; the psRRQ, which is a derivative of the PSOM; and the PSQLM. The

PSOM received the highest rating of the global performance measures, with strengths
including construct validity, inter-rater reliability, and ease of use either prospectively or
retrospectively.13 The PSOM has been used in multiple outcome studies and has been
previously strongly recommended for prospective clinical trials in pediatric stroke.1® The
psRRQ as a remote administration option expands its use.1® One inherent limitation of
global performance measures is that the corollary of their strengths as general screening
measures is their limitation in being able to identify more subtle or focal deficits with
sufficient sensitivity. Some global performance measures may misclassify a patient with
minor neurological impairment into a more severe category and in turn predict an
unnecessarily poorer outcome.24 For example, on the KOSCHI, a child must meet all criteria
outlined within a given category; otherwise, the child would be classified in a lower category
suggesting an increased level of disability than might otherwise be warranted. With the
PSOM, a child with mild functional impairment in four domains can receive the same
score as a child with severe or profound impairment in one domain, which can lead to
different levels of functional impairment within the same score. A variation of the PSOM,
the Severity Classification Scheme (PSOM-SCS) has recently been developed to capture
overall functional impact across domains better!2 and has been used in pediatric stroke
outcome studies as well.”

A number of the global outcomes and motor scales have been adapted from adult scales
such as the Glasgow Outcome Scale (GOS) and the Assisting Hand Assessment (AHA),
which provides the advantage of supporting comparison with adult populations as well as
facilitating the evaluation of teens into adulthood.28 However, definitions may be hard to
interpret, given the developmental stage of a child (e.g., “age appropriately independent
for daily living”). Also, young children with stroke may have deficits that become more
apparent over time as language and motor skills become more complex.3

Many of the motor performance and cognition measures evaluated in the current study

are designed to assess different subdomains of function. Broad batteries of motor function
or cognitive measures that screen many subdomains of function such as the Gross Motor
Function Measure or the Wechsler Intelligence Scales are valuable and received high ratings
from the experts as they are well validated and standardized. However, these measures are
often impractical and time-consuming to administer within a routine neurology clinic visit
or a clinical trial visit. A global performance measure may be useful to identify areas of
impairment, whereas well-validated subdomain specific measures such as the California
Verbal Learning Test, which is used to assess verbal memory, or the Community Balance
and Mobility scale may be better suited to provide greater specificity and detail of specific
impairments after areas of low performance are identified on a broad screening battery (e.g.,
WISC-V).
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Often deficits in social-emotional functioning and behavior have a greater impact on health
and well-being of children after stroke than deficits in physical functioning and mobility.112
Therefore, an index of well-being such as a quality-of-life measure or a behavioral measure
to track patient outcomes over time is recommended. Through the current evaluation of
commonly used measures, it was noted that several of the adaptive functioning and behavior
measures were highly correlated with one another (e.g., the BASC and CBCL) and are
described to evaluate similar constructs.®” During selection of outcome measures in the
domains of behavior, QoL, and adaptive function for clinical practice or a clinical trial,

care must be taken to avoid administering multiple highly correlated measures to reduce
redundancy as well as patient burden.

There are some notable limitations to this study. Although a comprehensive evaluation

of many of the outcome measures is provided, not every measure available to evaluate
outcomes in pediatric stroke has been captured. The list of measures included in the current
study was informed through a thorough literature search and modified by experts; however,
the measures chosen were those most frequently used within the North American context.
Measures used that are in accordance with the European International Classification of
Disease system were outside the scope of the current study. Nevertheless, many of the
measures selected for use are validated cross-culturally and are available in numerous
languages. Our assessment suggests the need for new practical outcome measures to assess
specific outcome subdomains and the necessity of further validation of commonly used
measures within a pediatric stroke population.

Although making definitive outcome measure recommendations for all situations and studies
remains difficult, pediatric stroke centers should include global measures at each follow-

up time point as well as more domain-specific measures as appropriate. The rankings
established in this article provide a reference for selecting outcome measures depending

on the clinical or research question, assessment capabilities, and age of the child. Typical
timing of assessments varies (also see Felling et al., (2023) which provides a roadmap for
the timing of pediatric stroke outcome assessment). However, at hospital discharge, global
assessments such as the PSOM are appropriate. More detailed assessments may occur in
inpatient rehabilitation, three months poststroke, 12 months poststroke, and as clinical needs
dictate, especially at critical time points of transition. Some measures have practice effects
such that they cannot be used more often than every 12 months.

This work is intended to provide a toolkit for clinicians and clinical researchers to tailor
outcome measure choices for children with stroke in clinical care, observational research
studies, or clinical trials. The compendium of assessments and evaluation of their quality and
utility should support more consistency across centers, which should facilitate research and
care pathways. In the future, the development of additional pediatric stroke-specific outcome
measures or validation of existing measures in pediatric stroke populations would be helpful.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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