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ABBREVIATIONS

PSOM Pediatric Stroke Outcome Measure

RRQ Recurrence anBecovery Questionnaire

SDQ Strengths and Difficulties Questionnaire

SSIS Social Skills Improvement System Rating Sales
VABS-II Vineland Adaptive Behavior Scale, 2nd edition

AIM Littletis 'known about psychological and social outcorager paediatricstroke This
study aimed to evaluapesychosoal outcomes in childreb yearsafter paediatricstroke and
explorethe contribution okarly presenting factors.

METHOD Thirty-one children with arterialischemic stroke were involved in this
prospective, longitudinal study. Children underwent intellectual assessmentrabritBs
poststrokeand parents completed questionnairatng their own mental healthand their
child’s functioningat 12months and yearspoststroke.

RESULTS At 5-year followup, psychological and social functioresesignificantly poorer
than normative expectations. Exploration of early predictive fastora/edpoorer cognitive
and psychological function at 12nonths poststroke and oldege at stroke onsetas
associated=witlhy poorer psychosocial function5ayears Larger lesion size waslso
associatedwwitipoorer psychological functicst 5 years poststroke.

INTERPRETATION Theseearly predictorsof poorer psychosocial outcome suggest that
screening children within the first yeafter stroke may identify children most at risk of later
problems andacilitate early intervention.
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Psychosocial Functioning 5 yeafter Paediatric Stroke Mardee Greenharet al.

What this paper, adds

e Psychosacial function is impaired in childregears poststroke.

e Children with neonatal onset stroke have better psychosogtabmes at 5ears
poststroke than later onset.

e Poorerpsychological and cognitive function atrh@nths poststroke is associated the

poarer psychological function aty®ars.

[main text]

Stroke can.eccur at any sea@ development, with the raté childhood stroke29d-18y)
reported to bd.3 to 13per 100,000, and approximately 1 per 4000 live births in the neonatal
(birth-28d), populatiort Contrary tocommonly held viewschildren do norecover better
than adults andmorbidity rate are highwith the majority suffering longerm impairments
including motor, cognitive, and languadeficits

The_literature on social functioningfter paediatricstroke is limited. In available
studies, _sample sizes are often small and measurement largely consists of social domain
scores from-breader measures (e.g. adaptive function, quality of life) arstamatardized
tools. Yet"there is evidence thatfter paediatricstroke, children experience changes in
friendships=with peerd reduced social acceptance darsocial support from peets
impairments’in social function and peer relationsfipsind poorer social adjustment and
social participatiof A variety of psychological problembiave alsobeen described in the
paediatric strokéiterature® One studyreported 5%er cenof children with stroke developed
psychiatric disorders comparedth only 14 per centof chronic illnesscontrols'® Other

studies havealso reported elevated levels ofattentiondeficit-hyperactivity symptoms
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(learning difficulties, attention problems, anxiety,mpulsivity) (50%)* externalizing
problems (44%$ and emotional problems %)%’ Further, the literature suggests that there

is wide variation in the severity of these psychosocial impairments, with some children
showing Ittle or no difficulties.

Theoretical models focusing on psychosocial outcomes in the context of childhood
brain insult'**emphasizethe links between brain and psychosocial function, also
acknowled@ng the importance of functionalomains(e.g. cognition) ancenvironmental
factors (secioeconomic status, family function) to psychosocial outcoheeevidence for
factors associated witbsychosocial functioningfter paediatricstrokeis limited and findings
are inconsistentSome studies exploring timing have found no association between age at
stroke®® whilé“others have reported higher rates of psychopathology in children with
neonatal stfok&® Evidence from other early brain disorders suggests that children may have
elevated risk of social impairment regardless of agmsiilt'**> Few studies have explored
child related factors, though cognitive impairment has been reported to be assodiated wi
poorer social adjustmeft social participation and friendship quality’ Family
environmental.factors are known to play a key role in the-bestig of typically developing
children®'Within the child traumatic brain injury literature, health outcomes have been
linked to family" factors such as socioeconomic status, parent mental health, alyd fam
functioning’® The impact of environmental factors has not been addressed exteisitrely
strokeliterature though recent findings suggest thanily function and parent mental health
are associated with psychosodiactioning®*’

Psychosocialproblems are some of the most distressing and enduring symptoms
reported by familiesifter childhood brain ijury.?’ Problems in these domains are difficult to
identify and often emerge in later stages of recovery, thus they are not routinegsaddrg
rehabilitation servicesThis study aimedo evaluate psyctsmcial function5 years after
paediatricStroke’and exploréhe contribution ofearly presentingactors This is the first
prospectivelongitudinalstudy to explore early predictoos psychosocial outcome years
after paediatric’stroke The identification of factors that contribute to psychosocial
impairmentpospediatric stroke will enable healfitovidersto identify children most at risk
and provide“early intervention and support to famil® hypothesizedhat (1) children
with stroke would show poorer psychosocial function compared to normative dat&)and (
poorer psychsocial inction would be associatedith association withearly functional

impairmentand environmental factors.
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METHODS

Participants

The data presented represeatsubset of a lagy prospective, longitudinatudy”* which
recruited children from newbornto 16 yearsof age presenting toThe Royal Children’s
Hospital"Melbourne with focarterial ischemic strokifom December 2007 to January 2012.
Specificinélusion/exclusion criteria are detailed in Gordon &t &in earlierpaper fromour
group reporting ofthe original studyexamined psychosocialtcomes in the first 1thonths
after stroke®” While some partipants from the 1Znonth studycontinued into the §ear
cohort, the_sample in the current study is different. Th&-month paper reported on
childhood ‘stroke participants only, excluding neonatal onset, as psychosocial function was
underdeveloped at this stage.iSfpaper includedl) a broader age at stroke randmth
neonatal and older stroke onsetnd(2) only those who were tb 6 years poststroke aéhe
time of the followup study.

The_first 41 families who wereonsecutivelyrecruited to the initial studyvere
approached to participate & 5year followup (i.e. all participants who had reached64
poststroke):Lhree declined with no reason givand fourwere untraceable. One participant
was excludedecause ofinexplained developmental regression unrelated to the stioke,
had substantial missing da@andonewas 20years of age at followp and did not havall

measures administeretiherefoe, 31 children were included analysis.

M easur es

Psychosocial functio(by poststroke)

Psychological functiorwas measured usingl) Strengths and Difficulties Questionnaire

(SDQ)?® a parentated questionnaire. Five subscales are calculated: Emotional Symptoms,

Conduct PRroblemsHyperactivitylnattention, Peer Problems, and Prosocial Behasio

Total Difficulties'score is obtained by combining the scores for all but Pedddehavour.

SDQ datararescompared to US normative datd0,367) provided on the SDQ website

(www.sdginfe:eom). US norms were selecteetause othe age range {47y) comparing

more closely to the study sample than Australian normative datb/yy (2) Problem

Behavious Subscale, Social Skills Improvement System Rating Sales ($3i&)ent report

of externalizing, bullying, hyperactivity/inattentioand internalizing behaviws. Scores are

calculated as standard scores (M=100,15) with higher scores reflecting greater problems.
Social competencewas measured using(l) Socialization subscale, Vineland

Adaptive BehavioiScale, 2nd editiofVABS-I1),* parentreport of social function in terms
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of interpersonal relationships, play and leisaed coping skills(2) Social Skills subscale
from the SSIS Parent ratings of social skills in terms of communication, cooperation,
reasonability, empathy, engagememind seHcontrol. For both measurescoses are

calculated as standard scores (M=18D,15), with lower scores reflecting greater problems.

Predictors/of outcoméacute—12m@moststroke)
Sochl risk"Was féasure usindie Social Risk Idex® rates socioeconomic status using
family facters. Scores randgem 1 to 10with higher scoresdicatinghigher social risk.

Stroke severityLesion size was used as a marker of stroke severity. Lesion size was
determined, by _the vascular territory affected; where a major vessel was affected the lesion
was codedlarge, where a branch was affectadst coded medium and where a perforator
was affected it'was small.

Neurological mpairment.Neurological function was ass®d using: {) Pediatric
Stroke Outcome Measure (PSQfM)a detailed neurological examinationith outcome
scored in terms of degree of impairment in each of language, cogaitidrsensorimotp(2)
Recurrence-and Recovery Questionnaire (REQ@n abbreviated version of the PSOM
administered'as an interview with pareatsl based on the samenétional categories and
severity rating scale as the PSOGlbod agreement has been reported between PSOM and
RRQ?® Total.impairment scores (out of a maximum of 10) were collapsed into gooddpoor,
or 0-5 representing good and poor 1 or greater, consistintthe approach taken
previously*®

Early cognition. Cognition was assessed using one of the follow{t:Cognition
subscaleBayley Scales of Infant Developmentfi{age<3.5y): (2) IQ composite from the
Kaufman Brief Intelligence Test®2(age>4y). Scores for all measures are calculated as
standard seores (M=100, SB).

Early.psychological functionPsychological function was measured using one of the
following: (2):=SocialEmotionalscale Bayley Scales of Infant Development (Age <3y)
(M=100, SD:15); (2) Total Difficulties subscaleSDQ (age>3y). SDQ raw scores were
converteddo'standard scores (M=100, SD 15) using US normative data

Early'social competenceSocialization subscal&/ABS-Il, was used. See above for
details

Parentmental health. The mental health summary (M=50, 8I) from the SF36v2

was used to measure parent mental health. Australian nomasmeloyed?
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Procedure

The study was approved by the Human Research Ethics Commifiée &oyal Children’s
Hospital Melbourng HREC# 27114) Participants were identified by acute care clams

and referred to the study. Written consent was obtaued parents for their particgtion

and thatreftheir childrerLesion characteristics were determined by review of acute standard
clinical pratocolmagnetic resonance imagingfarct laterality, lesion location, and vascular
territory affected were rated by two neuroradiologists (MD, LC) and based aal vis
inspectiongof imaging obtained atet time of diagnosis, as describeg Gordonet al**
Twelve-monthcognitive assessmeat the childwasadministered individually by one of the
investigators (MG ALG). Twelve-month neurological function was evaluated using the
PSOM,rated by a trainegaediatricoccupational therapist (£/G) for 19 participantsand the
RRQ was administered via parent interview for the remgib2 participants, where a trained
PSOM rater was not availablParents completed questinaires atl2 months(VABS-II,
Bayley Scales of Infant Development:liSociatEmotional scale/SDEGF36v2) and 5 years

(SDQ,VABS-II, SSIS poststroke

Statistical analysis
For hypothesis™1, analysis was undertaken dividing the cohort into neonagal &t
diagnosis) and older 29d at time of diagnosis)Onesamplet-tests were conducted to
compareb-yearmeasures opsychological functioSDQ, SSIS: Problem Behawieos) and
social competence (VABS8: Socialization,SSIS Social Skills)ratings to normative data.
Independent samplegests were also conducted to compare measure of social function and
functional performance between the two -agjstroke onset groups. To explore rates of
impairment_on_the SDQ, scores were banded into ‘normalgvated or ‘clinically
significant,,where 80per centare expected to be ‘normal’, per centelevated and 10per
cent‘clinically.significant. Rates of impairmerfor the SSIS and VBASH were explored by
categorizing=participant’s ratings on eagteasure into ‘normal’, ‘elevad& or ‘clinically
significant'=Seores were considered elevated if they weseafddard deviatiofrom the mean
and dinically“significant scores were thoseore than 2 standard deviatioinem the mean.
Based on normal distribution, §&r centwould be expected to be within the normal range,
14 per cenelevatedand 2per cenin the clinically significant range.

For hypothesis 2, multiple regression modalere conducted for all predictor
variables with bootstrapped confidence intals (1000 replicationsy Likelihood ratio tests

determined model improvement with predictor; wheren-significant improvement was
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made, predictors were excluded. The most parsimonious models were presented, illustrating
the contribution ofmpairment to social function. One participant was missing psychological

functioning at 12nonthsand was excluded from regression analysis.

RESULTS

Sample characteristics

Sample demographicslinical characteristicsand predictorare presentetbr neonatal and

later age at stroke ongatTablel. Thirteen children had neonatal28l) and 18 older (29d)

stroke onset. A greater proportion of the neonatal group had large sized (neonatal 31%; older
11%) and left.sided (neonatal 28%; older 0%)desi The older group had a greater
proportionsof/discrete cortical lesions (neonatal 8%; older 72%) and infaxctlving the
vertebrobasilar-artery (neonatal 0%; older 28%). None of the 31 children had yepiteps
were taking seizure mediaaih at eitherl2 months or 5 years poststroke.

Psychosocial function 5 year s poststroke
For 5-yearmeasures gbsychological functionon the SDQ, compared to normative déte,
sample demonstratedsignificantly higher mean Emotional Symptoms p=0.016)
Hyperactivity $=0.001); and Total Difficulties(p=0.007) (Table 1l). They also showed
significantly peorermeanProsocial Behaviar (p=0.001).No significant differences were
found for Conduct Problem(®=0.309) or Peer Problem§=0.868).The older age at stroke
group showed poorer means scores on most of the SDQ subscales, but were not statistically
significant. Histograms of psychological and social outcomes can be found in Appendix S1
(online supporting information).

The_sampleshowedsignificantly poorer means scores $81S:Problem Behaviars
(p=0.017% compared to normative expectatioifiere wasa significant difference between
age at stroke groups for this measwrth the older group showing poorer mean scores than
the neonatal-group.

Forsmeasures of social competence, the sahgilgpooremean scorethan expected
on VABS-llz"Socialization p=0.029) andcloseto normative expectationsn SSIS:Social
Skills (p=0.542).The older age at stroke group showed poorer mean scores on both measures
compared to the neonatal group. This difference was statistically significant on SSIS: Social
Skills, but not VABSII: Socialization.

Psychosocial impairment rates
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To better conveyhe clinical relevance of these findingsyear data were characterized in
terms of fregency of impairment(Fig. 1). For psychological function, compared to
expectations, a higher proportion of participants élegatedor clinically significantscores
on Emotional Symptoms (36%), Conduct Problems (29%), Hyperactivity (36%)Total
Difficulties (32%) on the SDQPeer Problems (13%) and Prosocial Behavi{d@0%) were
within expéctations-or SSIS: Problem Behawios, 26per centwere classifie@s elevatedr
clinically significant For social function,for VABS-II: Socialization,26 per centwere

classified as elevateahd forSSIS: Social Skills, 1per centwere classified as elevated.

Predictorsef psychosocial outcome

Bootstrapped’ multiple regression models werenducted on psychological function
outcomes. Model parsimony was determined by likelihood ratio tests with iectaim
predictor inclusion, and final parsimonious models are presented (TiapleAnalyses
showed that _neurologicdlnction and social competence (both at 12mo) didnmake a
significant'contribution to any model, anetreexcluded.

For SPQ/Total Difficulties (Wald ¥*(2)=11.98,p=0.003,R*=0.32), poorer cognitive
function at, 12months étandardizedbeta coefficient §]=-0.39, p=0.025 and poorer
psycholagical function(p=-0.53, p=0.007) at 12 months poststroke significantly predicted
poorer psycheological function aty®ars.Poorer psychological functiof$£-0.46,p=0.009 at
12 months poststrokand larger lesion sizg£-0.43,p<0.001)significantly predicted poorer
5-year function for SSIS: Problem Behamis (Wald %(3)=27.06 p<0.001, R?=0.54).
Conversely,.older age at strolgggnificantly predictedbetter functioning inthe SSIS:
Problem Behaviots model 3=0.55,p=0.001).

ForgSSIS: Social Skill§Wald y%(3)=30.29, p<0.001, R’?=0.41) older age at stroke
onset B==0:51;+p<0.001) significantly predicted poorer social function, whiforer
cognitive function §=0.46, p=0.009and poorer psychological functiof<0.41,p=0.027) at
12 months poststroke significantly predicted poorer social skilldeiOage at stroke onset
(B=-0.47, p=0.005 alone significantly predictedfor VABS-II: socialization Wald
v*(5)=23.44,p<0.001,R>=0.44).

DISCUSSION

This study investigated psyclozsal functioning in children years poststroke and explored
early presenting factors that may predict outcome. Theniysdweregenerallyin keeping
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with study expectations. Firstly, mean group performances were significantlgrpban
normative datan many of the psychological measurbtean performance was significantly
poorer than normative data @ane measuref social competence (MBS-11: Socialization)
while there was no significant difference for the otf881S: Social Skills)Pooper cognitive
and psyehological function at ¥onthsand older age at stroke onsespredictive of poor
psychosocial function at 5 years. Larger lesion size was also predictive of poorer
psychological functionNeurological impairment, social function at h2onths,and early
family environmental factors were not associated with outcome.

It isimportant to note that while we found significant diffieces in group means,
they werewithin/the normal range arnthus mpairment rates were also examiriecconvey
clinical relevanceFor SDQ, 20per centof children would be expected to fall within the
elevated or clinically significant range and for VABSand SSIS, ased on the normal bell
curve 15per centwould be expected to be withtheserangesWe found much higher rates
in our sample for psychological outcomes, witht@3B6per centin the elevatedr clinically
significant'range on SDQ subscales of Emotional Symptoms, Conduct Problems and
Hyperactivitydnattention Twenty-six percent also fell into this range on SSIS: Problem
Behavious.These results are consistent \iitidings from previous studi€s®"*°We found
similar fatés"Bpsychologicalmpairmentin our 12month study?” with the exception of Peer
Problems. Insthe earliestudy, 29per centof childrenwere rated as having elevated or
clinically significant symptomsin this domain andonly 15 per centin the current study.
Differences acrossampleslimit direct comparisonshowever our findingsindicate a
reductionin peerinteraction difficultiesover time.While on some of these scalesly a
small proportion of children were rated in the clinicadignificant range, elevated scores
represent a deviation from normal functioning and may have a significant impactamldhe
and their family

Rates.of social impairment differed between tthe measures used, with 2@r cent
of children=foundto be impaired on the VABSI and 13per centon the SSIS. Tk
discrepancymay rdlect differences in the sociatlomains being measured by these
guestionnairesThe VABS-II measures adaptive function aftie Socialization subscale
comprises questions pertainitg interpersonal relationships, how the child spends play and
leisure time as well as coping skills. Thus, this measure may be capturing more of the
functionalaspects o$ocial skills and degree to which the child engages in social actilties.
contrast, the SSIS has a greater focus on skills required for social competence, including

communication, cooperation, empathy and self-control.
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Compared to the neonatal group, the older age at stroke group demonstrated poorer
mean scores across most measuaktspughthe difference was only statistically significant
on the SSIS measures. Furthermore, age at stroke was found to pogaipisychological
andsocial function, with children who suffered a stroke during the neonatal period showing
betteroutcomeOther studies have reported no association between age at stroke and social
function%yet these studies did not include children with neonatal onset sRekelts from
our 12month"study?? which did not include neonatal onset stroke, alsowedbetter social
function ingchildren who were younger at stroke onset, suggesting there may be apage eff
This finding, may be associated with the young age of the children in these studies, with
social problems difficult to recognize. Alternatively,may suggest thabrain plasticityin
children who/are very young at the time of strokay enable compensatidor damaged
brain regions, allowing for relatively normal social developm&ht debate between early
plasticity versis early vulnerability is fquently discussenh the childhood acquired brain
injury literature, but this usually rela¢o cognitive skills and has not been confirmed for
psychosocial function.

Greaerstroke severity (lesion size) wésund to predict pychological but notsocial
function. Previous studies have generally found no association between lesion size and
outcomé&2%34gthough arecent study from our groughowedlarger infarcts predicted poorer
social participatiolf andGanesan et atepored greaterdisability in children when infarcts
were more than 1Qer centof intracranial volumé&® Neurological functionat 12 months
poststroke. wasiot found to predict psychosocial outconasb years These findings are
inconsistentwith' those of our 12month s$udy, where we found acute neurological
impairment was associated with poorer social function amaB@ths;however, in a recent
retrospective, crossectional study we reported a significant relationship between
neurological deficits angoorer socialdjustment and participatidhAs noted in Tabld,
there wasconsiderable change ithe number of children classified as neurologically
impairmentat*12months compared to $ears particularly in the older age at stroke group
Taken together; results from these studies suggedhtanpact oneurological function is
subject to.ehange over time and may not predict later psychosocial development.

Cognitien, at 12months poststroke contributed twth psychological and social
function at 5 yearspoststroke Our earler study? found no association with cognition at 1
month poststroke and psychosocial function at 12 months. This may be explained by recovery
of cognitive function across the first year, with stabilization thought to occur lmgob2ts

poststroke. @er crosssectionalstudiesof longterm survivorsby our teamhave found
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cognitive impairment to beorrelatedwith poorer social adjustmeft social participation
and perceived friendship qualify Psychological function atZLmorths poststroke was a
significant predictor ofpsychosociafunction at 5years suggesting that it is possible to
identify children who may be at risk for later impairment at this early stagerbegning for
psychological=problemdnteresingly, socialcompetence at 1thonths poststroke did not
predictany of the Syears psychosociaheasures used@his may be due to the young ages of
the children, with social skills relatively undeveloped at the 12 month timepoint.

Soecial riskand parent mental health at T2onthswere not significant for any
outcomemeasureln our earler study?? we found that social risk was not associated with
psychosocial outcome at XRBonths poststroke, but that parent mental health ahd2hs
was. Few studies have explored the contribution of environmental factors on psychosocial
outcomes npaediatric stroke, thoughrecent studies from our team have found family
function, parent)mental healthand parent educatioto be associated with internaligin
problemsand _social cmpetencé®’ The lack of associatiom the current studyetween
child psychosocial function and earlier environmental factors may reflecthaeging
relationship.between these factors over the poststroke period.

There are seval limitations to this study. The small sample size limited analysis and
reduced power to detect differences. Tisisa common issue within theaediatricstroke
literature andshighlights the benefits of multigenstudies.Poststroke epilepsy has been
repated in 15 to 2(per centof children, and is associated with poorer cognituecomes
and quality of life* Since none of the children in this study had epilepsitaer 12months
or 5 years poststrokeour results may underestimate the outcomeshdfiren with more
severe neurological impairments. Another limitatiothis young age of these children, with
the majority preadolescentlt is possiblethatin such young children, particularly with many
of them preschool or early schaaje,psychosocial impairments have not yet emerged or the
full extentlis.not/apparent. Impairmemisgy emerge over time as children commence school
and are compared to sarage peersWhile the initial study was open to children up to 18
years of ageythere wetow numbers of children over 10 years of age recriitrhuse of
the higherrates gaediatricstroke in younger children. A longer follewp period, as these
childrenenteradolescencéwvhen the reliance on peer networkgiisatey may identify more
impaired outcomed=inally, the reliance on parent ratings of psychosocial function may not
capture the child’s functioning across contexts. The addition of teacher amdtisgié may

provide a more complete evaluation; though sgiert is difficult insuch young children.
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CONCLUSIONS

Despite these limitations, this study is the first to prospectii@lgw a group of children

with paediatricstroke to explore early presenting factors that may contribute to psychosocial
impairment 5years poststrokeThese results show that children are at greater risk of
psychosecialrimpairmerafter stroke and older age at stroke onset appears to place children
at greater vulnerability We found arelationship betweercognitive andpsychological
function at 12months poststroke and psychological function agears poststroke. This
association with earlier function suggests that screening children for psychbprgici@ms
within the first yearafter stroke may identify children most at risk of later difficed]

providing an opportunity for early intervention.

ACKNOWLEDGEMENTS

This study was supported by Murdoch Childrens Research Institute postgraduate research
scholarship_ (MG), NHMRC senior practitioner fellowship (VA), Stroke Foundation
(Australia) & Victorian Government Operational Infrastructure Schefe authors have

stated that.they-had no interests which might be perceived as posing a coni#ist or b

SUPPORTING INFORMATION
The following-additional material may be found online.

Appendix S1: Histograms of psychological and social outcomes.

REFERENCES

1. Mallick AA, O’Callaghan FJK. The epidemiology of childhood stroke. Europ J Paediatr Neurol 2010;
14: 197-205.

2. Simonetti.BG, Cavelti A, Arnold M, et al. Long-term outcome after arterial ischemic stroke in
children andiwyoungradults. Neurology 2015; 84: 1941-7.

3. Steinlin My=Roellin K, Schrot G. Long-term follow-up after stroke in childhood. Europ J Pediatr
2004; 163: 245-50:

4. Everts R, Pavlovic J, Kaufmann F, et al. Cognitive functioning, behavior, and quality life after stroke
in childhood€hild Neuropsych 2008; 14: 323-38.

5. De Schryver EL, Kappelle LJ, Jennekens-Schinkel A, Boudewyn Peters AC. Prognosis of ischemic
stroke in childhood: a long-term follow-up study. Dev Med Child Neurol 2000; 42: 313-8.

6. Gordon AL, Ganesan V, Towell A, Kirkham FJ. Functional outcome following stroke in children. J

Child Neurol 2002; 17: 429-34.

This article is protected by copyright. All rights reserved



7. Neuner B, von Mackensen S, Krumpel K, et al. Health-related quality of life in children and
adolescents with stroke, self-reports, and parent/proxies reports: cross-sectional investigation. Ann
Neurol 2011; 70: 70-8.

8. Anderson V, Gomes A, Greenham M, et al. Social competence following pediatric stroke:
contributienssef:brain insult and family environment. Soc. Neurosci 2014; 9: 471-83.

9. Gomes Aj Rinehart N, Greenham M, Anderson V. A critical review of psychosocial outcomes
following childhoodsstroke (19952012). Dev Neuropsychol 2014; 39: 9-24.

10. Max J, Matthews K, Lansing A, et al. Psychiatric disorders after childhood stroke. J Acad Child
Adolesc Psychiatry 2002; 41: 555-62.

11. Beauchamp M, Anderson V. SOCIAL: an intergrative framework for the development of social
skills. Psychol Bull:2010; 136: 39-64.

12. Yeates KOy Bigler ED, Dennis M, et al. Social outcomes in childhood brain disorder: a heuristic
integration of social neuroscience and developmental psychology. Psychol Bull 2007; 133: 535-56.
13. Max J, Bruce"M, Keatley B, Delis D. Pediatric stroke: plasticity, vulnerability, and age of lesion
onset. J Neuropsychiatry Clin Neurosci 2010; 22: 30-9.

14. Anderson V, Jacobs R, Spencer-Smith M, et al. Does early age at brain insult predict worse
outcome? Neuropsychological implications. J Pediatr Psychol 2010; 35: 716-27.

15. Greenham M, Spencer-Smith MM, Anderson PJ, Coleman L, Anderson VA. Social functioning in
children with brain_ insult. Front Hum Neurosci 2010; 4.

16. Lo WGordon A, Hajek C, et al. Social competence following neonatal and childhood stroke. Int J
Stroke 2014; 9: 1037-44.

17. Greenham M, Hearps S, Gomes A, et al. Environmental contributions to social and mental health
outcomes following pediatric stroke. Dev Neuropsychol 2015; 40: 348-62.

18. Noble KGj Houston SM, Brito NH, et al. Family income, parental education and brain structure in
children and@dolescents. Nat Neurosci 2015; 18: 773-8.

19. YeatessKOjpTaylor HG, Walz NC, Stancin T, Wade SL. The family environment as a moderator of
psychosocial outcomes following traumatic brain injury in young children. Neuropsychol 2010; 24:
345-56.

20. Anderson V, Northam E, Hendy J, Wrennal J. Developmental neuropsychology: a clinical
approach«East Sussex: Psychology Press, 2001.

21. Gordon AL, Anderson V, Ditchfield M, et al. Factors associated with six-month outcome of
pediatric stroke. Int J Stroke 2015; 10: 1068-73.

22. Greenham M, Anderson V, Hearps S, et al. Psychosocial function in the first year after childhood

stroke. Dev Med Child Neurol 2017 Jan 25. doi: 10.1111/dmcn.13387. [Epub ahead of print]

This article is protected by copyright. All rights reserved



23. Goodman R. The Strengths and Difficulties Questionnaire. J Child Psychol Psychiat 1997; 38: 581—
6.

24. Gresham FM, Elliott SN. Social Skills Improvement System: Rating Scales manual. Minneapolis,
MN: Pearson Assessments, 2008.

25. Sparrow S;=Cicchetti D, Balla D. Vineland Adaptive Behavior Scales (2nd edition). Minneapolis,
MN: Pearson Assessment, 2005.

26. Roberts G,"Howard K, Spittle A, Brown N, Anderson P, Doyle L. Rates of early intervention serves
in very preterm children with developmental disabilities at age 2 years. J Paediatr Child Health 2008;
44: 276-80.

27. Kitchen'L, Westmacott R, Friefeld S, et al. The pediatric stroke outcome measure: a validation
and reliability,study. Stroke 2012; 43: 1602-8.

28. Lo W, "lechord RN, Dowling MM, et al. The Pediatric Stroke Recurrence and Recovery
Questionnaire Validation in a prospective cohort. Neurol 2012; 79: 864-70.

29. de Veber'G,"MacGregor D, Curtis R, Mayank S. Neurologic outcome in survivors of childhood
arterial ischemic stroke and sinovenous thrombosis. J Child Neurol 2000; 15: 316-24.

30. Bayley N. Bayley Scales of Infant and Toddler Development (3rd edition). San Antonio, TX:
Harcourt Assessment, 2005.

31. Kaufman A, Kaufman N. Kaufman Brief Intelligence Test (2nd edition). Bloomington, MN: Pearson
Assessments, 1997.

32. Hawthorne G, Osborne RH, Taylor A, Sansoni J. The SF36 version 2: critical analyses of population
weights, scoring algorithms and population norms. Qual Life Res 2007; 16: 661-73.

33. Carpenter J, Bithell J. Bootstrap confidence intervals: when, which, what? A practical guide for
medical statisticians. Stat Med 2000; 19: 1141-64.

34. Max J, Mathews K, Manes F, et al. Attention deficit hyperactivity disorder and neurocognitive
correlates afterchildhood stroke. J Int Neuropsychol Soc 2003; 9: 815-29.

35. Ganesan V;=Ng V, Chong WK, Kirkham FJ, Connelly A. Lesion volume, lesion location, and

outcome after middle cerebral artery territory stroke. Arch Dis Child 1999; 81: 295-300.

[figure legend]

Figure 1. (a) Percentage of participants categorizednasmal devated and dinically
significant for SDQ subscales, compared to normative expectatibhsPdrcentage of
participants categorized asrmal, éevated andclinically significant for SSIS and VABSI

subscales, compared to normative expectatioBRQ, Strengths and Difficulties
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Questionnaire; ES, Emotional Symptoms; CP, Conduct Problems; HYP,
Hyperactivity/Inattention; PP, Peer Problems; PB, Prosocial Behaviours; Tdial
Difficulties; SSIS, Social Skills Improvement System; VABS Vineland Adapive

Behavior Scales.

Table|: Sample demographicslinical characteristicsand predictors

Neonataln=13) Older(n=18)
Age (y) at stroke onsetM (SD), range 0.0 (0.00 0.0-0.0 4.2 (2.89 0.293
Age (y) at assessmeri¥l (SD), range 5.1 (0.8 3.86.5 9.5 (3.0 5.9154
Time (y) sincesstrokeM (SD), range 5.1 (0.8 3.85.1 5.3 (0.8 4.06.8
Sex(malg n (%) 11 (89 (449
Epilepsy at assessman(%) 0 0) 0 0)
Lesion characteristics:
Lesion sizé
Largen (%) (3D 2 11
Mediumn (%) (69 16 (89
Smalln (%) 0 ©) 0 0)
Vascular territory
Full MCA'n' (%) 1 (8) 0 0)
Partial MCAN (%) 7 (59 8 (449
PCAnN (%) 3 (23 2 (11
Vertebrobasilan,(%) 0 0) 5 (28)
Multiple n (%) 2 (15 3 ()]
Laterality
Left n (%) 9 (69) 2 11
Rightn (%) 3 (23 6 (33
Bilateraln (%) 1 (8) 5 (28)
Infratentorial onlyn (%) 0 ©) 5 (28)
Location
Discretessubcortical (%) 1 (8) 13 (72
Cortical/cortical +subcorticah (%) 12 (92 5 (28)
Neurological examination
12mo PSOM/RRQnedian, IQRrange 0 0.0-2.0 1.0 0 0.05.0
12mo PSOM/RR®EnN (%) (15) 11 (61)
5y PSOM totalmedian IQR, range 0 0 0.0-5.0 0.3 0 0.04.5
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5y PSOMimpaired n (%) 5 (39) 5 (29
Child functioning

12mo cognitionM (SD),range 99.6 (13.6) 106.7 (21.5)

12mo psychologicdlunction M (SD), range 110.8 (9.3) 98.5 (17.3)

12mo sociatompetenceM (SD), range 98.4 (16.2) 98.2 (11.4)
Environmental factors

Acute SR| M (SD),range 1.9 1.7) 15 a.7)

12mo parent mentalhealtkl(SD), range 441  (11.6) 37.3 (13.6)

3 esionsize-“vaseular territory affected: largeajor vessel; mediurhranch;smaltperforator ° Impaired
PSOM were,total,scores 1 or greaMCA, middle cerebral artery; PCA, posterior cerebral artP§OM,
PediatricStrokeOutcomeMeasure; RRQRecurrenceand Recover@uestionnaire; IQR, interquartile range;
SRI, Social Risk ldex
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Tablell: Psychosocial functiortomparisorto published normative data

Difference
Comparison between
value Whole Sample Neonatal Older groups
M SD M SD t d M SD t d M SD t d t d
Psychological Function
SDQ: Emotional Symptoms 1.6 (1.8) 2.7 (2.9 2544 0.52 23 (21 1.217 0.36 29 (26) 2233 058 -736 0.25
SDQ: Condugt Problems 13 (1.6) 16 (1.3) 1.034 0.21 12 (1.3) -411 0.07 1.8 (1.3) 1.689 0.34 -1.419 0.46
SDQ: Hyperactivity 28 (25) 48  (3.0) 3718 0.72 43 (3.4) 1542 050 52 (28 3729 090 -904 0.29
SDQ: Peer Problems 1.4 (15) 14 (15) -0.168 0.00 12 (17 -530 0.12 15 (1.4) 307 0.07 -629 0.19
SDQ: ProsociakBehavim 8.6 (1.8) 75 (L7) -3570 063 75 (L7) -2300 0.63 75  (18) -2.656 0.61 061 0.00
SDQ: TotahPifficulties 71 (5.7) 104 (6.3) 2907 0.55 8.9 (7.0) .903 0.28 115 (5.7) 3275 0.77 -1.165 0.41
SSIS: Problem Behavics 100 (15) 106 (13.3) 2522 042 99.3 (13.7) -183 0.05 1109 (11.0) 4187 0.83 -2.610 0.93
Social Competence
VABS-II: Socialization 100 (15) 953 (115) -2291 035 99.23 (11.2) -0.248 0.06 924 (11.2) -2.882 057 1.680 0.61
SSIS: Social“Skills 100 (15) 98.6 (12.8) -0.617 0.10 1044 (11.7) 1.350 0.33 944 (12.2) -1.952 041 2289 084

Boldface indicatep<.05 SDQ, Strengths and Difficulties Questionnaire; VABS/ineland Adaptive Behavior Scales; SSIS, Social Skillprimmement System
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Tablelll: Multiple regression fopsychsocial outcomes

SDQ: SSIS: VABS-II: SSIS:
Total Difficulties Problem Behaviars Socialization Social Skills
Predictof B SE p B SE p B SE p B SE p

Age atstroke fieonate vs oldgr

Lesion sizgsmall/medium vs large

-0.39 018 0.025
-0.53 020 0.007

Cognition (X2mo)
Psychologicaldinction (12mo)
Socialrisk (time of diagnosis)
Parent mentalhealth (12mo)
R 0.32 0.003

055 0.16 0.001
-043 012 <0.001

-046 0.16 0.005

0.54 <0.001

-047 0.18 0.005

0.34 0.20 0.093
0.45 0.25 0.072
-0.30 0.20 0.087
-0.30 0.16 0.137
0.44 <0.001

-051 014 <0.001

046 0.8 0.009
041 0.18 0.027

0.41 <0.001

Boldface indieatep<0.05. *Neurologicalfunction— good vspoor (12mo) andsocial competence (12majid not contribute to any mode3, standardized beta coefficient

SDQ, Strengthsand Difficulties Questionnaire; SSIS, Social Skittgorovement System; VABS, Vineland AdaptiveBehaviourScales.

This article is protected by copyright. All rights reserved



100%
80%
60%
40%
20%

0%

01

Normal

n

Author Ma

(A) SDQ

cp HYP PP PB

W Elevated M Clinically Significant

TD

dmcn_13519_f1.pdf

(B) SSIS & VABS

100%
80%
60%
40%
20%
0%
SSIS: Problem SSIS: Social Skills VABS: Socialization
Behaviors

B Normal ®MElevated M ClincallySignificant

This article is protected by copyright. All rights reserved



