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Validation of the pediatric stroke outcome measure
for classifying overall neurological deficit
Mahmoud Slim1, Christine K. Fox2, Sharon Friefeld3, Nomazulu Dlamini1, Robyn Westmacott4, Mahendranath Moharir1,
Daune MacGregor1 and Gabrielle deVeber1 On behalf of the SIPS Investigators

BACKGROUND: The pediatric stroke outcome measure (PSOM) is a standardized, disease-specific outcome measure. We aimed to
validate the overall classification of neurological deficit severity using PSOM.
METHODS: We identified 367 neonates/children with arterial ischemic stroke (AIS) (Derivation Cohort). We analyzed the PSOM
subscales (scored as 0 [no deficit], 0.5 [minimal/mild deficit; normal function], 1 [moderate deficit; slowing function], or 2 [severe
deficit; missing function]) to derive severity levels using latent class analysis (LCA). We validated a severity classification scheme
(PSOM-SCS) in: (a) children who had Pediatric Evaluation of Disability Inventory (PEDI; n= 63) and/or the Pediatric Quality-of-Life
Inventory (PedsQL; n= 97) scored; and (b) an external cohort (AIS; n= 102) with concurrently scored modified Rankin Scale (mRS),
King’s Outcome Scale for Childhood Head-Injury (KOSCHI) and PSOM.
RESULTS: Within the Derivation Cohort, LCA identified three severity levels: “normal/mild,” “moderate,” and “severe” (83.7%, 13.3%,
and 3%, respectively). We developed severity classification based on PSOM subscale scores: “normal/mild”—normal function in all
domains or slowing in one domain, “moderate”—slowing in ≥2 domains or missing function in one domain, and “severe”—missing
function in ≥2 domains or slowing in ≥1 plus missing in one domain. PEDI and PedsQL both differed significantly across the severity
groups. PSOM-SCS displayed high concordance with mRS (agreement coefficient [AC2]= 0.88) and KOSCHI (AC2= 0.79).
CONCLUSION: The PSOM-SCS constitutes a valid tool for classifying overall neurological severity emphasizing function and
encompassing the full range of severity in pediatric stroke.

Pediatric Research (2020) 88:234–242; https://doi.org/10.1038/s41390-020-0842-5

IMPACT:

● Arithmetic summing of the PSOM subscales scores to assess severity classification is inadequate.
● The prior severity classification using PSOM overestimates poor outcomes.
● Three distinct severity profiles using PSOM subscales are identified.
● The PSOM-SCS is in moderate to excellent agreement with other disability measures.
● PSOM-SCS offers a valid tool for classifying the overall neurological deficit severity.

INTRODUCTION
Pediatric arterial ischemic stroke (AIS) represents a serious cause of
lifelong neurological disabilities affecting 1.2–8 per 100,000 children/
year and one in 2300–5000 live births in neonates.1–3 Neurologic
deficits in sensorimotor function, language production or compre-
hension, and cognitive and behavioral function affect more than half
of pediatric stroke survivors.4,5 In addition to physical disabilities,
pediatric stroke confers significant language, cognitive, emotional,
psychological, and socioeconomic burdens.6,7

Compared to adults, childhood stroke outcome assessment is
challenging because of changing age-specific functions over
childhood and across normal development.8 According to the
International Classification of Functioning, Disability, and Health
for children and youth developed by World Health Organization,

relevant assessment requires thorough consideration of body
functions, body structures, and activities, as well as participation in
physical, social, and psychological development.9 Over the past
three decades, the pediatric stroke outcome measure (PSOM) has
played a key role in evaluating the body function domain in
children with pediatric stroke.10,11

Several other outcome measures have been applied to assess
and classify outcome severity following pediatric stroke including
the modified Rankin Scale (mRS) and the Pediatric Evaluation of
Disability Inventory (PEDI).12,13 However, the PSOM remains the
only disease-specific outcome measure for this patient popula-
tion.10 The PSOM is a standardized neurological examination that
includes five equally weighted subscales (sensorimotor right,
sensorimotor left, language production, language comprehension,
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and cognitive/behavioral) each scored from 0 to 2.10,14 Taken
together, these subscales encompass overall neurological func-
tion. The validity and reliability of the five individual PSOM
subscales in measuring domain-specific neurological impairment,
both prospectively and retrospectively, has been well established
against standardized neuropsychological measures.10

In most outcome studies, PSOM outcome scores have been
dichotomized using arbitrarily “cut-off” values, for example, total
score “0 or 0.5” vs. “1 or greater” to define “good” vs. “poor” groups,
respectively.13,14 However, with this approach, “poor” collapses
patients with normal function (despite minor neurological findings),
slowed but not missing function, a single missing function, and
multiple missing functions into one large heterogeneous group.
Previous attempts to combine subscale scores of the PSOM to
classify overall outcome severity included (1) simple arithmetic sum
of the five subscale scores from 0 (no deficit) to 10 (maximum
deficit) and (2) a more complex subscale score combination
scheme.14 The arithmetic sum of the PSOM score from 0 to 10 is
unsatisfactory as scores can overlap for children with missing
function and children with normal function. For instance, a total
score of 2 can be obtained from a score of 0.5 on four subscales (no
missing function) or from just a score of 2 on one single subscale
(missing function). The prior combination scheme published in
2000 demonstrated correlation with quality of life (QOL) measures
in pediatric stroke survivors;14,15 however, it tended to overestimate
poor outcomes.13,16

There is a clear need for a different approach that helps us
identify distinct severity classes based on the PSOM subscales.
Global neurological outcome based on combining PSOM subscale
scores has not been validated to date and the optimal number of
severity classes remains unknown. Latent class analysis (LCA), which
identifies hidden, homogeneous sub-groups (subclasses) within
larger populations, could be applied to better determine distinct
severity profiles among children with stroke.17 The LCA model has
been used in various domains, including behavioral research,
diagnostic testing accuracy (in the absence of gold-standard tests),
psychology, and education, to identify homogeneous profiles
sharing a common trait/abnormality.18–21 The objective of this study
was to develop a new scheme for pediatric stroke outcome classi-
fication based on PSOM subscale scores that would (1) accurately
reflect the full range of neurological body functions and ability, (2)
distinguish between the different severity profiles following AIS, and
(3) prove to be valid against standardized function/disability and
QOL measures.

METHODS
Study design
We conducted a study in children with AIS to develop and validate
an overall severity classification scheme (SCS) for the PSOM using
both clinical and statistical approaches. The study comprised two
parts: (1) the derivation of a SCS and (2) validation of the SCS
against disability and QOL measures in an overlapping internal
cohort and against global disability measures in a distinct, external
cohort of patients (Fig. 1).

Patient population
We screened neonates and children (term birth to 18 years old)
prospectively enrolled in the institutional Children’s Stroke Out-
come Study at the Hospital for Sick Children between January
1994 and August 2017. The criteria for AIS were: (1) acute focal
neurologic deficit or seizure consistent with stroke, and (2) arterial
infarct conforming to an arterial territory on computed tomo-
graphy or magnetic resonance imaging consistent with clinical
symptom localization and timing. Infants with presumed perinatal
AIS were excluded.
All children had undergone serial PSOM assessments in

our Stroke Clinic. We selected all neonates/children who had
PSOM examinations performed at age 5 years or older as our
Derivation Cohort; we excluded children with their last PSOM
below this age because they may later manifest emerging
deficits with maturation.
Next, we identified two Validation Cohorts: (1) the Internal

Validation Cohort comprised of children who had assessments
with the PEDI or Pediatric Quality of Life Inventory (PedsQL)
measures at SickKids.22 In order to account for shifts in severity in
the early post-stroke recovery period and ensure a reasonable
inter-test time interval, we restricted this subset to children that
had had the PSOM ≥5 years of age AND (1) all assessments (PSOM,
PEDI, and/or PedsQL) were performed >1 year post-stroke AND a
maximum inter-test interval of 365 days, OR (2) Any of PSOM,
PEDI, or PedsQL performed 3–12 months after stroke AND a
maximum inter-test interval of 90 days; (2) an External Validation
Cohort comprised of unique children with AIS from the multi-
institutional Seizures in Pediatric Stroke (SIPS) study.23 All children
in the Validation Cohort had undergone concurrent PSOM, King’s
Outcome Scale for Childhood Head Injury (KOSCHI) and mRS
assessments 1 year after stroke onset as part of the SIPS study.
Details of the study protocol and procedures have been published
elsewhere.23

Part 1: Derivation Part 2: Validation

Study cohorts

Screened for study
children with AIS in SickKids

outcome study
N = 604

Excluded (N = 237):

- Missing follow-up PSOM
assessment (N = 114)

- Aged <5 years on their
last PSOM assessment

(N = 123)

Included in study
(Derivation Cohort)

N = 367

Included in study
(Validation Cohort)

N = 102

Included
PEDI

N = 63*

Internal
Validation

Cohort
External

Validation
Cohort

Included
PedsQL
N = 97*

*43 children had both PEDI and PedsQL

Screened for study
children with AIS in SIPS

N = 138

Screened for study
AIS with PEDI and/or PedsQL

assessments
N = 173

PEDI
N = 75

Excluded (N = 12):

- Lag time> 365 days
(N = 10)

- Lag time> 90 days for
children with AIS since

<1 year (N = 2)

Excluded (N = 50):

- Lag time> 365 days
(N = 49)

- Lag time> 90 days for
children with AIS since

<1 year (N = 1)

Excluded (N = 36):

- Children with CSVT
(N = 26)

- Missing PSOM or
global severity

outcomes (N = 10)

PedsQL
N = 147

Fig. 1 Flow diagram. The “Derivation Cohort” consisted of children who had PSOM examinations at age ≥5 years old (N= 367). The “Internal
Validation Cohort” consisted of children who were evaluated using the Pediatric Evaluation of Disability Inventory (N= 63) and/or Pediatric
Quality of Life Inventory (N= 97). The “External Validation Cohort” consisted of unique children with AIS from the multi-institutional Seizures
in Paediatric Stroke study (N= 102).
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Study procedures
LCA for development of the PSOM-SCS. Within the Derivation
Cohort, we entered the five PSOM subscale scores (each scored 0,
0.5, 1, or 2) into a “LCA” software program to derive the optimal
number of inherent distinct outcome classes (between 1 and 10
classes) (statistical derivation). The program empirically identifies
patterns of severity by assigning children to a set of discrete,
mutually exclusive classes based on the severity of deficit on each
of the five PSOM subscales.
We separately developed criteria for classifying overall neuro-

logical outcome severity based on individual subscales scores in
order to differentiate children with normal function, decreased/
slowed (but not missing) function, and missing functions
(disability). The PSOM subscales are each scored as 0 (no deficit),
0.5 (minimal/mild deficit, normal function), 1 (moderate deficit,
slowing but not missing function), or 2 (severe deficit, at least
one missing function) (Supplemental Table S1 online).10 The
definitions for the classes in the revised PSOM-SCS are summar-
ized in Table 1. Normal function on all subscales (a combination
0’s and 0.5’s) was classified as overall “normal,” while the presence
of slowing of function (a score of 1) on only one subscale led to
“mild” classification. Slowing function on more than one subscale
or missing function (a score of 2) on only one subscale was
classified as “moderate,” whereas missing function in only one
subscale and slowing in any remaining subscales OR missing
function in multiple subscales was classified as “severe.”
Within the Derivation Study Cohort, we compared the agree-

ment of the PSOM-SCS with the LCA-determined distinct severity
groups and the agreement of the prior classification system with
the LCA groups.

Validation procedures. In the subset of children at SickKids with
PEDI and/or PedsQL scores, we determined the congruence of the
PSOM-SCS and the prior classification system with these two
measures of disability and QOL. We performed cross-class analysis
comparing PEDI and PedsQL continuous scores based on the
PSOM-SCS and the prior classification system categories.
We also examined the performance of the PSOM-SCS and the

prior classification system in the External “SIPS” Validation Cohort
by evaluating the agreement in outcome severity between PSOM-
SCS with mRS and KOSCHI. We also compared PSOM-SCS to
parental/child responses to the Recovery Recurrence Question-
naire across the PSOM-SCS categories.24

Outcome measures
Pediatric stroke outcome measure. The PSOM includes 115 test
items encompassing observed functions in behavior, cognition,
language, cranial nerve, motor, sensory, cerebellar, and gait sections.

In each section, test items are organized sequentially and
developmentally from infancy to teenage years. In the “summary
of impressions,” the examining neurologist scores each of five PSOM
subscales (right sensorimotor, left sensorimotor, language expres-
sion, language comprehension, cognitive/behavioral) in terms of the
child’s abilities based on patient history and results of the PSOM
neurological examination, as 0 (no deficit), 0.5 (minimal/mild
deficit, normal function), 1 (moderate deficit, slowing but not
missing function), or 2 (severe deficit, at least one missing function)
(Supplementary Table S1 online).

Pediatric Evaluation of Disability Inventory. The PEDI utilizes
parental and teacher self-report across 197 questions to measure
functional abilities in children.25 The PEDI also evaluates the need
for help provided by caregiver (distributed over 20 questions) for
self-care, mobility, and social functions.

Pediatric Quality of Life Inventory. The PedsQL, a multidimen-
sional measure of health-related QOL utilizes child self-report
(age 5–18 years) and parental report (age 2–19 years).26 The
23 questions are distributed over four sub-scales: physical,
emotional, social, and school. The PedsQL yields three summary
scores: total score, psychosocial health summary score, and
physical health score.

King’s Outcome Scale for Childhood Head Injury. The KOSCHI, a
pediatric adaptation of the Glasgow Outcome Score, measures
disability and recovery in children with head injury.27 KOSCHI
includes five main severity groups: normal (5b), mild (5a),
moderate (4a and 4b), and severe (3a, 3b, 2, and 1).

Modified Rankin Scale. The mRS, a 6-point ordinal scale, assesses
disability in adults with stroke emphasizing motor function. The
mRS modified for use in children adds a school performance
question and correlates with general functioning and QOL in
children with AIS.13,28 Outcomes are classified as normal (grade 0),
mild (grades 1–2), moderate (grade 3), or severe (grades 4–6).28

Recurrence and Recovery Questionnaire. The Recurrence and
Recovery Questionnaire (RRQ) was derived from the PSOM using
a lay language suited to parental survey.24 The RRQ includes
questions relating to clinical recovery (Has your child recovered
completely from the stroke?), the need for help in day to day
activities (Does your child need extra help with day-to-day
activities compared to other children their age?), emotional status
(Has the stroke affected your child’s emotional state, behavior and
feelings about his/herself?), and the use of assistive devices (Does
your child use aids or assistive devices?).

Table 1. Severity classification based on the PSOM subscales scores (N= 367).

PSOM-severity classification scheme (current) N (%) PSOM-prior severity classification N (%)

Normal 0–0.5 in all subscales 181 (49.3) 0 in all subscales 93 (25.3)

Mild 1 in 1 subscale and <1 in the remaining subscales 84 (22.9) 0.5 in 1 subscale 69 (18.8)

Moderate 1 in ≥2 subscales
OR
2 in only 1 subscale and <1 in all remaining subscales

60 (16.4) 0.5 in 2, 3, or 4 subscales
OR
1 in 1 subscale
OR
1 in 1 subscale and 0.5 in another

92 (25.1)

Severe 2 in only 1 subscale and ≥1 in any of remaining subscales
OR
2 in ≥2 subscales

42 (11.4) 0.5 in all subscales
OR
1 in 1 subscales and 0.5 in 2 subscales
OR
1 in ≥2 subscales
OR
2 in ≥1 subscale

113 (30.8)
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This study was approved by the Research Ethics Boards at the
Hospital for Sick Children. Written patient or parental informed
consent was obtained from all study participants.

Statistical analysis
Continuous variables were presented as mean±standard deviation
(SD) or median with interquartile ranges (IQRs), as appropriate.
Qualitative variables were described using frequency distributions.
For the LCA, we used the Vuong–Lo–Mendell–Rubin (VLMR)

likelihood ratio test to compare models.29 The VLMR test
compares the fit of a K0 class model vs. an alternative K1 -class
model; significant p values suggest that the estimated model fits
the data better than a model with one less group.29 LCA was
conducted using the statistical package poLCA in R-3.4.1 and
MPlus demo Version-7. After selecting the best-fitting model, we
assessed concordance between the LCA-generated severity
classifications and the PSOM-SCS using the second-order agree-
ment coefficient (AC2).30 AC2 measures levels of agreement
similar to Cohen’s κ; however, it has the advantage of being more
accurate in the presence of imbalance in the table’s marginal
totals (skewed distributions) and if an ordered categorical
classification such as the PSOM-SCS is being evaluated.31 We also
evaluated the agreement between latent classes with the severity
groups originating from the prior classification system.14

Group comparisons of PSOM-SCS and the previously published
PSOM severity score to PEDI and PedsQL were conducted using
Kruskal–Wallis tests and multiple pairwise comparisons were
evaluated using Dwass–Steel–Critchlow–Fligner test, a post hoc
non-parametric test used to correct for multiple group compar-
isons.32 In the Validation Cohort, agreement analyses between
PSOM-SCS with mRS and KOSCHI severity classes were assessed
using AC2. Based on the published criteria, agreement was
defined as poor, fair to moderate, moderate, and excellent for
coefficients <0.20, 0.21–0.40, 0.41–0.80, and >0.80, respectively.33

Differences in RRQ domains between the different severity profiles
of the PSOM-SCS were evaluated using χ2 or Fisher’s exact test, as
appropriate. Statistical analyses were undertaken using SAS
University Edition (SAS Institute, Inc., Cary, NC).

RESULTS
Patient population
The Derivation Cohort included 367 children with neonatal (n=
69) or childhood (n= 298) AIS from SickKids who had had a PSOM

examination after 5 years of age. Children had a median age of 5
years at stroke onset (IQR: 0.54–9.5) and 60% were male (Table 2).
The Internal Validation Cohort consisted of 117 children from
SickKids who had PEDI (n= 63) and/or PedsQL (n= 97) in addition
to PSOM and met the inter-test interval criteria. Of these 117
children, 71 were also part of the Derivation Cohort. The External
Validation Cohort consisted of 102 children from 14 North
American and 7 non-North American SIPS study centers with
PSOM, KOSCHI, and mRS scored 1 year after AIS (26 neonatal
strokes, median age: 3 years at stroke onset, IQR: 0.03–9.7; 57%
males). Figure 1 illustrates the flow diagram for the screening and
selection of children in each of the study cohorts.

Development of the novel PSOM-SCS
Latent class analysis. The 3-class model was superior to either the
2-class or the 4-class model. As shown in Fig. 2, the p value for the
2-class model using the VLMR test was <0.001, which indicated that
the 2-class model provided a better fit compared to a 1-class model
and the 3-class model provided a better fit compared to a 2-class
model (p= 0.0021); in addition, a 4-class model did not provide a
better fit compared to a 3-level model (p= 0.1113). The probability
of scoring 0, 0.5, 1, or 2 using the 3-class model on each of the
subscales is shown in Supplementary Fig. S1 (online). Using the LCA
3-class model, class 1 children (n= 307, 83.7%) were more likely to
have normal function and ability (a score of 0 or 0.5) on all five
subscales. Class 2 children (n= 49, 13.3%) tended to have decreased
function. Class 3 included 11 (3%) children who had the highest
probability of missing function (Supplementary Fig. S1 online).

Severity classification scheme. Based on both/LCA findings and
clinical judgment, we developed the PSOM-SCS criteria illustrated
in Table 1. Consistent with the 3-class LCA model, we grouped
patients as: “normal/mild,” “moderate,” and “severe.” There were
265 (72.2%) children classified as “normal/mild” who were normal
or had trivial abnormal physical findings (e.g., tendon reflex
asymmetry) or slowing of function in one subscale (e.g., slowed
fine finger movements one hand) and no missing function. This
category included 93 children who scored 0 on all five subscales,
124 who scored 0.5 on one or more subscales, and 48 with a score
of 1 on only one subscale. The “moderate” category included 60
(16.4%) children who scored 1, that is, slowing of function, in two
or more subscales, and/or scored 2, that is, missing function in
only one subscale. The “severe” category included 42 (11.4%)
children who scored 2, i.e. at least one missing function, in at least

Table 2. Demographic and clinical characteristics of children in the Derivation (N= 367) and Validation (N= 102) Cohorts.

Variable Derivation Cohort Validation Cohort

Age at onset, years (25–75 IQR) 5 (0.54–9.5) 3 (0.03–9.7)

Male, n (%) 220 (60) 58 (57)

Neonatal stroke, n (%) 69 (18.8) 26 (25.5)

Time to last follow-up visit (years) 6.8 (4–10) 1.1 (0.97–1.5)

Age at last PSOM assessment (years) 14.1 (8.8–17.2) 4.5 (1.5–11.5)

PSOM summary score at stroke onset 1 (0.5–2) NA

PSOM summary score at last follow-up assessment 1 (0–2) 0.5 (0–2)

Time interval between

Stroke onset and PSOM assessment (years) 6.8 (4–10) 1.1 (0.97–1.5)

PSOM and PEDI assessments (days) 74 (0–160) NA

Stroke onset and PEDI assessment (years) 3 (2.1–5) NA

PSOM and PedsQL assessments (days) 0 (0–169) NA

Stroke onset and PedsQL assessment (years) 3.9 (2–6.3) NA

Results are expressed as median (IQR: 25–75).
IQR interquartile range, NA not available, PEDI Pediatric Evaluation of Disability Inventory, PedsQL Pediatric Quality of Life Inventory, PSOM Pediatric Stroke
Outcome Measure.
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one subscale plus 1, i.e. slowing of function, in at least one other
domain OR at least one missing function in ≥2 suscales; therefore,
most likely to be disabled.

Agreement between current PSOM-SCS and prior PSOM classification
system with the LCA model. The concordance between LCA and
the PSOM-SCS in classifying pediatric stroke severity yielded an
AC2 of 0.81 (95% confidence interval [CI]: 0.76–0.85); classification
was concordant in 77.6% of cases. On the other hand, the
agreement between LCA and the prior classification system
resulted in an AC2 of 0.40 (95% CI: 0.31–0.49); classification was
concordant in 48.7% of cases.

Mathematical summing of PSOM subscale scores. This yielded
three categories of score ranges when examined based on the

presence of missing function(s) (Fig. 3). Subjects with no missing
function and those with missing function were clearly identified
by summary scores 0–1.5 and 5–10, respectively. However,
summary scores 2–4.5 contained both subjects with (n= 53) and
without (n= 42) missing function, indicating the inadequacy of
this approach to total severity classification on the PSOM.

Validation of the PSOM-SCS
Internal Validation Cohort: Comparison of PEDI and PedsQL scores
across the different severity groups of the prior classification system
vs. the PSOM-SCS. Among children screened for the study, an
eligible subset of 117 children were assessed using both PEDI and
PedsQL (43 children), PEDI alone (20 children), or PedsQL alone (54
children). PEDI assessments were done at a median 3 years after
stroke and at intervals from the PSOM of maximum 82 days in the
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first post-stroke year and maximum 350 days in the subsequent
post-stroke years. The PEDI results correlated with the PSOM-SCS
classification. Children classified as normal/mild had the highest
scores on the PEDI domains (least disability), followed by children
classified with moderate severity by the PSOM-SCS. Patients
classified as severe by the PSOM-SCS had the lowest scores (most
disability) (Table 3). Differences in self-care (parent-report) and
social function but not mobility scores were statistically significant
across the PSOM-SCS classes (p < 0.05). In comparison, although
the overall score differences were statistically significant, the prior
PSOM severity classification did not differentiate between the
moderate and severe classifications (Table 3).
Ninety-seven children were assessed with the PedsQL at

median 3.9 years from stroke onset. PedsQL total and summary
scores were significantly higher in the normal/mild group
compared to moderate or severe groups using PSOM-SCS (p <
0.05) for total score, psychosocial health, and physical health
(Table 3). Differences between the moderate and severe groups
were not statistically significant. Similarly, differences across the
severity groups of the PSOM-prior severity classification were
statistically significant, but post hoc pairwise comparisons did not
show any significant differences between normal/mild vs.
moderate groups.

External Validation Cohort: Agreement of prior vs. current PSOM-SCS
with disability measure scores. In the validation cohort, 86%, 11%,
and 13% of children were classified as normal/mild, moderate, and
severe respectively according to the PSOM-SCS. On the other
hand, using the PSOM-prior severity classification, 45%, 29%, and
26% were classified as normal/mild, moderate, and severe,
respectively. Agreement between the PSOM-SCS and KOSCHI
was moderate at 75.5% (AC2= 0.79; standard error [SE]= 0.04);
however, 15.7% of children classified by PSOM-SCS as “normal/
mild” were classified as “moderate” on the KOSCHI. For the mRS,
agreement with the PSOM-SCS was excellent at 84.4% (AC2=
0.88; SE= 0.03) and 5% of children classified as “normal/mild” on
PSOM-SCS were “moderate” on the modified Rankin (Table 4). On
the other hand, the agreement between the prior severity

classification with KOSCHI and mRS was fair to moderate with
less agreement compared to PSOM-SCS. Agreement was 63.8%
(AC2= 0.61) and 71.6% (AC2= 0.68) of cases, respectively
(Table 4).
Based on the RRQ survey, children with PSOM-SCS severe were

more likely to require help in day-to-day activities (100%), use
assistive devices (80%), and suffer from poor emotional status
(50%) (p < 0.001) (Supplementary Fig. S2 online). While 69% of
patients with normal/mild status reported complete recovery, only
one child classified as moderate and none from the severe group
reported complete recovery (p < 0.001).

DISCUSSION
We developed and validated an evidence-based overall severity
classification based on PSOM scoring in children with AIS. We
ascertained three distinct severity profiles: normal/mild, moderate,
and severe and validated them against multiple standardized
disability and QOL measures. By employing LCA, we demonstrated
the superiority of a three-level severity classification over other
models. Our corresponding severity classification definitions
provide categorization that is meaningful to patients, families,
and healthcare providers, with capacity to distinguish between
normal function, decreased or slowing of function, and disability
(multiple missing functions). The exclusion of children with PSOM
performed aged <5 years in the Derivation Cohort reduced the
potential bias that could have been attributed to the LCA model
by including children most likely to grow into a later deficit.
We previously validated the five component PSOM subscales

against relevant standardized neuropsychological measures.10

However, validation of the global/overall neurological outcome
based on the total PSOM has been lacking. Prior approaches for
classifying the overall severity have been problematic. We
demonstrated that arithmetic summing of the five subscale scores
resulted in significant overlap in total PSOM scores for children
with and without missing neurological function. Despite the
historical tendency to dichotomize outcomes, we believe that a
three-level classification approach as provided by the PSOM-SCS

Table 3. Comparison of PEDI and PedsQL domain scores among the severity groups of the new severity classification scheme and the prior severity
classification (tested using Kruskal–Wallis and post hoc Dwass–Steel–Critchlow–Fligner test).

PEDI PSOM-severity classification scheme PSOM-prior severity classification

Total sample,
N= 63

Normal/mild,
N= 49

Moderate,
N= 7

Severe,
N= 7

P value Normal/mild,
N= 16

Moderate,
N= 32

Severe,
N= 15

P value

PEDI—Functional skills scale (mean ± SD)

Self-care 74.9 ± 19.8 78 ± 19.2* 69 ± 12.1 56.4 ± 20.2 0.017 83.6 ± 17.2*^ 66.6 ± 18.2 65.1 ± 19.2 0.002

Mobility 86.8 ± 14.9 88.3 ± 14.8 85.3 ± 14 78.2 ± 15.7 0.184 92.4 ± 10.9 78.8 ± 17.9* 83 ± 15 0.01

Social function 72.7 ± 20 76 ± 20 64.5 ± 11.4 57.7 ± 19.8 0.034 78.3 ± 18.2* 70 ± 22.3 63.7 ± 18.3 0.02

PEDI—Caregiver assistance scale (mean ± SD)

Self-care 75.3 ± 21.04 78.1 ± 20.5 67.7 ± 15.4 58.7 ± 27 0.090 82.5 ± 18.5^ 67.8 ± 21 66.7 ± 21.9 0.02

Mobility 86.6 ± 15.9 88.5 ± 15.4 80.9 ± 16.2 77.9 ± 17.3 0.176 91.6 ± 12 81.1 ± 19.6 81 ± 16.4 0.048

Social function 79.7 ± 18.4 83.2 ± 16.3* 73.1 ± 10.4 58.9 ± 27.6 0.019 87.4 ± 13.5* 75.5 ± 18.9 66.8 ± 19.8 0.01

PedsQL (mean ± SD) Total sample,
N= 97

Normal/mild,
N= 69

Moderate,
N= 17

Severe,
N= 11

Normal/mild,
N= 21

Moderate,
N= 47

Severe,
N= 29

Total score 71.1 ± 17.9 76.4 ± 16.5*^ 58.7 ± 13.7 56.5 ± 16.2 <0.0001 77.1 ± 17.4* 75.9 ± 14.2* 57.8 ± 14.2 <0.0001

Psychosocial health 69.2 ± 17.7 74 ± 16.9*^ 58.4 ± 14.1 55.6 ± 13.6 <0.0001 75 ± 18.1 73 ± 14* 57.3 ± 13.5 <0.0001

Physical health 67.3 ± 18.9 70.6 ± 19.4* 61.3 ± 17.2 55.9 ± 10 0.01 71.7 ± 20.9* 68.6 ± 16.4 59.4 ± 14.6 0.01

PEDI Pediatric Evaluation of Disability Inventory, PedsQL Pediatric Quality of Life Inventory, SD standard deviation.
*P < 0.05 for post hoc pairwise comparisons of normal/mild vs. severe or moderate vs. severe.
^P < 0.05 for post hoc pairwise comparisons of normal/mild vs. moderate.

Validation of the pediatric stroke outcome measure for classifying. . .
M Slim et al.

239

Pediatric Research (2020) 88:234 – 242



provides a more clinically relevant approach. On the spectrum of
outcome from normal to severely disabled, the importance of
distinguishing among children with intact function, minor
limitations, and more severe limitations including disability is
evident. In an era of aggressive and risky but potentially life-saving
therapeutic interventions, including endovascular treatment,34 the
adult stroke studies rely on death/disability vs. alive, and non-
disabled for decision making. It is important to utilize a similar
“cut-point” now available in our PSOM-SCS if we are going to
migrate such treatments down to children. Future studies
employing the PSOM-SCS can employ the three-level approach
or dichotomize at different levels, that is, normal/abnormal or non-
disabled/disabled, depending on the study purpose.
The PSOM was designed to describe cognitive/behavioral,

language, and sensori-motor deficits after a stroke. It was intended
to provide clinically meaningful results. The PSOM is essentially a
neurological examination and the presence of an abnormal
finding on the neurological examination itself may or may not
constitute a meaningful deficit, as exemplified by abnormal deep
tendon reflexes, a positive Babinski, slightly asymmetric index
finger tapping, and so on in a child without a corresponding
functional consequences. The presence of such findings, however,
does not fit the label “normal” as with a “normal neurological
examination.”
The prior PSOM severity classification over-weighted the finding

of isolated neurological testing abnormalities in a child with
completely normal function (subscale scores 0.5) by placing such a
child into a more severe category. Therefore, in the current study
we attempted to improve the PSOM summary score to make it
more functionally meaningful by translating findings on the
neurological examination into categories that are weighted
towards relevant function. For these reasons, using the current
PSOM-SCS we have classified the 0.5 scores along with normal,
thereby changing the definition for the other categories by
removing them from the other more severe categories. For
children with a single domain having slowed function, but no loss
of function (score of 1), we have classified them as “mild” and
using the 3-class scheme, we categorized them along with
“normal” such that “normal/mild” is the most favorable of the
three outcome classes. This resulted in our shifting patients into
the normal/mild category compared with prior classification.
Although refining the severity classification of the neurological

function using PSOM-SCS does not negate the usefulness of
previous outcome studies conducted in AIS, which distinguished
children with deficit on one single domain vs. the aforementioned
heterogeneous groups, we believe that the PSOM-SCS provides a

new opportunity to better characterize neurological function
among children with AIS and to be useful in future studies aiming
to identify clinical and radiological predictors of outcomes.
We found excellent concordance between the PSOM-SCS and

the LCA severity profiles. Although the PSOM-SCS is a measure of
functional outcome rather than QOL, we also demonstrated
significant differences of PedsQL scores across the PSOM-SCS
classes. The latter scores are comprised of self-reports, parent
reports and clinician reports, supporting validity over a wide range
of perspectives. In accordance with international classification of
functioning, disability, and health in children and youth,9 our
validation approach using proxy disability measures assessed
body functions across a wide spectrum of domains, including
physical, motor, speech, language, cognitive, and emotional
ability, as well as activities and participation, including commu-
nication, mobility, self-care, and social function ensuring the
relevance of the PSOM and PSOM-SCS.
Unlike the prior severity classification which does not differ-

entiate between PEDI scores in the moderate and severe groups,
we found a clear pattern of worsening in the PEDI functional skills
and caregiver assistance scales scores across increasing levels of
severity of the PSOM-SCS. However, the PEDI mobility domain was
not significantly different across PSOM-SCS levels. This is likely due
to the overall high PEDI scores (mean 86) indicating preserved
mobility across our full cohort. This agrees with prior research
showing that children with AIS have preserved mobility relative to
other functional domains.5 Differences in the physical health
summary scores of the PedsQL across the severity groups of the
PSOM-SCS were less pronounced than differences in the
psychosocial health summary scores. These results align with
prior findings that altered behavior and cognition have a greater
impact than altered physical function on the global well-being of
children after stroke.35,36

We demonstrated moderate to excellent agreement between
the PSOM-SCS and the KOSCHI, and modified Rankin, whereas
agreement of these disability measures with the prior severity
classification was fair to moderate. While our previously published
severity classification approach overestimated deficit severity
compared to the modified Rankin,13,14,16 the current PSOM-SCS
appears to slightly underestimate severity compared with the
KOSCHI and modified Rankin. Similar to PSOM, KOSCHI considers
age-specific functions, cognitive functions, and neurological
sequelae affecting function;27 however, it has not been validated
for use in children with AIS. The PSOM has advantages over
modified Rankin and KOSCHI in that it accounts for age-specific
evolving functions in longitudinal serial assessments and its

Table 4. Agreement between PSOM-SCS and the prior classifications with the KOSCHI and mRS classification of disability.

PSOM-severity classification scheme PSOM-prior severity classification

Normal/mild Moderate Severe Normal/mild Moderate Severe

KOSCHI

Normal/mild (scores 5a and 5b), N (%) 61 (59.8) 3 (2.9) 0 31 (30.4) 2 (1.9) 1 (1)

Moderate (scores 4a and 4b), N (%) 16 (15.7) 10 (9.8) 6 (5.9) 15 (14.7) 28 (27.5) 19 (18.6)

Severe (scores 1–3), N (%) 0 0 6 (5.9) 0 0 6 (5.9)

AC2 (SE), 95% CI 0.79 (0.04), 0.71–0.87 0.61 (0.05), 0.5–0.72

mRS

Normal/mild (grades 0 and 2), N (%) 72 (70.6) 6 (5.9) 0 39 (38.2) 3 (2.9) 2 (1.9)

Moderate (grades 3), N (%) 5 (4.9) 7 (6.9) 5 (4.9) 7 (6.9) 27 (26.5) 17 (16.7)

Severe (grades 4–6), N (%) 0 0 7 (6.9) 0 0 7 (6.9)

AC2 (SE), 95% CI 0.88 (0.03), 0.82–0.94 0.68 (0.05), 0.57–0.79

AC2 second-order agreement coefficient, CI confidence interval, KOSCHI King’s Outcome Scale for Childhood Head Injury, PSOM-SCS Pediatric Stroke Outcome
Measure-severity classification scheme, mRS modified Rankin Scale, SE standard error.
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subscales represent global function distributed over 40% sensor-
imotor and 60% language/cognition domains.
Our study has several limitations. This was a retrospective

evaluation of prospectively enrolled cohort in the institutional
Children’s Stroke Outcome Study. In addition, the study was
limited by the lack of systematic evaluation of children using the
disability measure (PEDI) in the Derivation Cohort, which was
only available in a subset of 63 children. Nevertheless, the
comparative analysis of PEDI scores among the different severity
profiles was regarded as a confirmatory step following the LCA
validation, which was conducted using a relatively larger sample
size. In addition, despite excluding children who were very
young at assessment and limiting the inter-test interval, since
PEDI and PedsQL measures were not done on the same day as
PSOM, deficits may still have emerged or recovered between
assessments, which could have resulted in underestimating the
PSOM-SCS validity in the PEDI and PedsQL samples. Finally, the
aforementioned limitations of the mRS and KOSCHI disability
measures in the validation constitutes another limitation in
our study.
In clinical practice, assessing outcomes in terms of limitation in

activity, participation, and environmental domains is crucial to
ensure thorough and rigorous evaluation of health and well-
being following pediatric stroke. The use of the PSOM coupled
with disability measures that evaluate the impact of stroke on
activities and participation, as well as environmental factors
remains the cornerstone for the comprehensive evaluation of
children with stroke. The development and validation of the
PSOM-SCS has established the ability of the PSOM to measure
and classify global neurological deficit and its validity for
outcomes of relevance, including function and disability after
pediatric stroke. The three-level outcome classification demon-
strates promising discriminatory capacity based on disability and
QOL measures and will enable the PSOM to be of greater value in
future studies of pediatric stroke outcome, including clinical trials
of therapies.
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