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[abstract]

AIM Childhood|stroke disrupts brain development and emerging neural networks. Motor,
cognitive,and language deficits are well recognized, yet little is known about psychosocial
function after childhood strokeThis study aimsa describepsychosocial functiomwithin the

first yearafterehildhood stroke, and identify factors associated with outcome.

METHOD , Thirty-seven children were involved in a prospective, longitudinal study
investigating recovery over the first yesterchildhood strokeChildren’s social functioning

was assessed at @and 12months poststroke angdsychological functionat 12months
poststrokeusing standardized measures.

RESUL TS Mean ®cial function was poorer at both &d 12months poststrokecompared

to prestroke. Psychologicabroblems weremore common than expected, with emotional
difficulties'and hyperactivityinattention most significantly affected. Pooreocsal function

was associated witblder age at onset, acute neurological impairmant pretrokesocial
impairment Social and psychologicptoblems were associatedth paent mental health
INTERPRETATION While not all children are affectedsychosocialmpairment affects a
significant=mingrity after childhood stroke Older age at onset, acute neurological
impairmenty=prestrokeocialproblems, and poorgrarent mentahealthwere associated with
deficits Identifying early predictors of poorer outcome will facilitate early intervent@n.
particular impertance is parent mental heasthiggesting support for families may improve
child outcome.
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What this paper. adds
e Childrensare at elevated risk of psychosoriglairmentafter childhood stroke.
e Psychosacial impairments may begin to emerge within the first 12 months of
recovery.
e Children whohave stroke onset at an earlier agpear to have better social
outcomes.

e Parent.mental health is associated with child psychosocial outcomes.

[main text]
Childhood.,stroke can occur between 1 month and 18 years of age and is increasingly
recognized.as’a significant cause of childhood disability. #eng neurological impairmen
including motor, cognitiveand language deficithiasbeen reported 50 to 60 per centof
childrenafter childhood strokeé"? Due to rapid brain development, childhood strbks the
potential to_cause impairment in already developed skills and disrupt the develogment o
emerging | skills: and the neural networks underpinning them. Psychosocial skills have
protracted .development throughout childhood and adolescence, placing them at risk of
disruption.

Intact=psychosocial function is critical to many ests of longterm adjustment,
including mental health, quality of life, academic progress, employnaaat functioning
within the ‘community. A recent review found the literature to tatehow thathildren are
at elevated'risk of psychosocial impairmpoststroke, yet these studies are often limited by
small sample sizes and are generally eeesgional in design. Studies have generally utilized
social domain scores from broader measures oistardardized tools. Further, no study has
prospectively captured psychosocial function at specific time pafteschildhood stroke
and factors associated with outcomes have largely been unexplored.
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Despite the limitationén the literaturethere is evidence thahildren are at risk of
social impairmenéafter childhood strokeA study using qualitative questions to examine peer
and family integration in 16 childreafter childhood strokereported significant changes in
friendships with peersUsing a quality of life measur@nother studyfound that children
reported=reduced social acceptance, and parents reported mood instability and decreased
social support from peefsOther studies have also reported reduced social and peer
relationship S€orés’on paremfport quality of life measures’

Psychologicabutcomes have received more attention in the literature, with a variety
of internalizing,(anxiety, inattention) and externalizing problems (aggression, hyperactivity,
emotional ‘lability) reported Max and colleagues explored psychiatric disorders immplea
of childhood stroke€n=29) and a chronic illness control grotip* They reported 5@er cent
of children with stroke had developed psychiatric disorders compared to opbr téntof
controls'™® The disorders with the highest rate of prevalencthi; sample were attention
deficit-hyperactivity disorder(ADHD) (49%), anxiety disorders (31%), mood disorders
(21%),and personality change (17%).a study of 133 children with stroke, parents reported
significantly.pedrer emotional welbleing, compared to healthy contrBlthough rates of
impairment.were not reportedOther studies have generally consisted of sample sizes fewer
than 20y btit'have reported high rates of emotional problems (28#8rnalizingbehaviours
(44%)? and ADHD (50%)

Currently, our understanding of which factors may predict psychosocial ousftene
childhood strokes limited and available findings are inconsistent. Studiggoringclinical
features of childhood stroke have generally found no association with lasio
characteristicd "** yet one study reported a relationship between lesions in the ventral
putamen, medial and orbital prefrontal cortend ADHD symptoms® Studies investigating
the effect of age at stroke on social function have generally founssooiatiori"’ However,

a recent study.including seképort measures found that younger age at stroke was associated
with higherlevels of selésteem and fewer problems in social interactidResearch into the
impact of neurelogical impairments on psychosocial function is largely lacking, bstuhe

has reportedthat children with more severe neurological function had poorer social
adjustment™and social participatibh The impact of environmental factors such as
socioeconomic status, family functiog, and parent mental health have been found to
influence health outcomes following other forms of acquired brain infugh aschildhood

traumatic brain injury (TBI}**° Environmentafactors have not been extensively explored
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in the childhood strokéterature, but aecent crossectional studies from our team found
family function and parent mental health to be associated with psychosocial outédnes.
The aims of this study were to prospectively explore psychosocial function iinsthe f
yearafter childhood strokeand identify factors associated with poorer function. No previous
study has wused prospective, longitudinal design to examine the psychosmugih dn
childhood strokeWhile the first 12monthsafter childhood strokas a transienphase, with
recovery still'taking place, examining psychosocial function during this phase may identify
factors associated with longerm difficulties. We predicted social function would be
reduced at.6and 12months posttroke compared tprestroke, and mean scores at both
posstroke ‘time/points would be lower than normative expectatiBased on the limited
childhood strokeand TBI literature we predicted environmental and child factors would be

associated withroutcome, but neurobiological factors would not.

METHODS
Design
We employed.a’prospective, longitudinal design, with three pioiets: prstroke/acute, 6

months, and 12-months poststroke.

Participants

This studyrecruiteda sample of children ag&dmonthsto 16years presenting ta'he Royal
Children’s_Hospital Melbourne with focalrterial ischemic strokeA(S) from December
2007 to January 201as described in a previous papeChildren were included if brain
magnetic [ resonance imaging (MRI) confirmed acute ischemic parenchymfeaicti
corresponding to one or more arterial territories. Children with previouatjndsed stroke,
primarily hemorrhagicinfarction, coexisting diffuse brain injury due to a traumatic or
hypoxic ischemic event, angreterm infants (i.e. borrbefore 36weeks’ gestation) were
excluded.

M easur es

A. Prestrokefacute

Neurobiological information. Infarct laterality, lesion location, and vascular territory affected
were rated by two neuroradiologists (MD, LC) and based on visual inspection of imaging
obtained at the time of diagnosis using a standardized coding system. For anaigsis, le

location was collapsed into two group$) (iscrete cortical pathology including lesions that
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affected regions of the cerebral cortex, a@yl ¢ortical/cortical and subcortical, where
pathology included brain regions below the cerebral cortex, as well as the brain stem and
cerebellum. Lesion size was determined by the vascular territory affected; where a major
vessel was affected the lesion was coded large, where a branch was affected it was coded
mediumandwhere a perforator was affected it was small.

Acute neurological impairment was measured using the Pediatric Stroke Outcome
Measure (PSOM¥2 within the first weekafter diagnosis, rated by a trained pediatric
occupational therapist. The PSOM is a detailed neurological examinationowitbme
scored in terms of degree of impairment in each of language, cogmitidrsensorimotor.

Total impairment scores (out of a maxim of 10) were collapsed into good/poor (0 & 0
representing good and poed.5), consistent with the approach taken previoffsly.

Child functioning: Socialization from theVineland Adaptive Behavior Scale, 2nd edition
(VABS-11)** was used to measumrestrokesocial functioning. This was ompleted by
parents within the first montafter diagnosis, with instructions to rate their child’s abilities
beforethe strokeScores were calculated as standard sconesu§100, standard deviation
[SD] 15).

Acute cognitive functionwas assessed using one of the followiy 1-month
postdiagnosis(d) Cognition subscaleBayley Scales of Infant Development IB$ID-111)?°
(age<3 .5y):or (2 1Q composite from the Kaufman Brief Intelligence Test 2 (KBff2)
(>4y). Both havemean of 100 (SD 15).

Family environment. The Social Risk Index (SRfjrates a number of family factors (family
structure, education of the primary caregiver, occupation and employment stptusay
income eatner, language spokémame and maternal age at child’s birth) and was collected
within thefirst. monthafter diagnosis. Scores range 1 to 10, higher scores indicate higher

social risk!

B. 6- and 12=month assessments

Family envirenment. The Mental Component 8mmary(MCS) (mean B, SD 10) from the
SF-36v2 (Quality Metric, Lincoln, Rl)was used to measure parent mental he&tmonths
postchildhood stroke The SF36v2 is a 3@tem, selfrated questionnaire that evaluates
health status acrossght health concepts, Wi the MCS primarily comprising items related

to social, emotionaknd psychological webeing Australian norms were employ&d.
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Child psychosocial functioning. Social function was evaluated usisgcializationfrom the
VABS-II at 6 and 12months.Socialization is measured across the domainstefpersonal
relationships (e.g.shows a desire to please otheay andleisuretime (e.g., seeks out
others forplay"or companionshj@ndcoping «ills (e.g. acts appropriately when introduced
to stangers) Scaregyreater than on8D below the mean (i.e. 85) dverderlineandgreater
than two SD below the mean (i.e. 70) aligically significant

Psychological functiomwasmeasureat 12months postrokeusing the Strengths and
Difficulties _Questonnaire (SDQJ° Five subscales are calculateemotional symptoms,
conduct symptoms, hyperactivityrattention peerproblems, angrosocialbehavioursTotal
difficulties Score\is obtained by combining the scores for allgposocialbehaviour.SDQ
data are compared tdJS normative datanElO 367) provided on the SDQ website
(www.sdqginfo.cam)Scores werdanded into ‘normal’, ‘borderlinegr ‘abnormal; where 80
per ceniare expected to be ‘normal’, p@r centborderline’, and 1Qper centabnormal’.

Procedure

The study'was.approved by the Human Research Ethics CommitteeRidyal Children’s
Hospital, MelbourndHREC# 27114) Participantsvere identified by acute care clinicians
who discussed the study wigarents,andreferredthem to the studyParticipants were all
recruited within the first monthfter diagnosisWritten consent was obtained by parents for
their particimtion and that of their childreAll children were able to complete the cognitive

assessmermonducted at 1-month poststroke.

Statistical analysis
A repeated measures analysis of variance (ANOWA3 conducted texplore the trajectory
of socializationprestroke and- and 12months poststrokelime was included as discrete
predictor and“Bonferroniadjusted postioc comparisons between times was explored
Differences==in" the ordinal proportions of children with social impairment
(normal/berderlinelinically significant) prestroke, émonths,and 12months were tested
using Wilcoxon,signedank tests.

Onesample t-tests were conducted to compameean socialization ratings to
normative dataandbecause othe skew of SDQ total and subscale scores, median ratings
were compared to SDQ norms using -@aeple Wilcoxon signed rank tests. Effsttes

were determined by Cohen’sl. Pearson correlation coefficient was used to investigate
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whether social and psychological problems occur together in children who had normal
premorbid social functionMultiple regressions were then ahrcted to explore he
contribution of neurobiological, chiléind environmental factors ftine ®cialization domain

of the VABSII and thetotal dffic ulties domain of the SDQ at 48onths posttroke.Model
improvement=through predictor removal was tested using both likelihood ratiso &@sl
comparisons of Akaike information criterion (AIC).

All analyses diagnostics were examined to ensure meeting model assuniptans.
missingness was explored, and the above models were rerun using multiply imputed data as a
sensitivity analysis. Results did not differ from analyses with listwise deletion, and the latter
was applied All;analyses were carried out using Stata vil&thtaCorp, College Station,

Texas)

RESULTS

Sample description

Seventythreechildren were identified asieeting the study inclusiogriteria Twenty-eight
were not appredchediVe resident interstategight died acutely 15 missed/not referred in
time). Foundeclined to participateofie because oemployment three no reason given).
Forty-one children were recruited. One child died of an oncological illbekwse 6-months
follow-up. Fiverparticipants were excluded becauseno§sing data abne or more time
points andof the 28participants old enough to recei®®Q ratings four did not complete
the questionnaire. Theocial function (VABS-Il) of 35 participants(one missing at 12

months) and psychological functi¢g8DQ) of 24 participantsre reportedTablel).

Social function over thefirst year poststroke

A repeated measures ANOVidentified astatistically significant timepoststroketerm for
socialization.E[2; 68=9.17,p<0.001). Model means an®5 per cent confidence intervadse
presentedrirFigure 1 Plotted nean scoreshow asignificantly poorerscoresat 6:months,
poshoc testp<0:001.The levelling out at12-monthswas not statistically significanThey
were alsosignificantly poorerthan normative expectations antnths p=0.010)and 12
months p=0.033).

Five participants had impairedgmorbid ®cialization ratingsa sensitivity analysis
was conductetb determine whether this impairment influenced the resiftsr removal of
thesefive casesthesignificant time tern{F[2,58]=10.43,<0.001) and posthoc premorbid to
six month comparisorp&0.00]) remained. Mean scores did not significantly differ coraga
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to normativeexpectations at eitherronths p=0.162) or 12months poststrokep€0.249)
Yet when compared to premorbid ratingjsere was evidence that mesocialization was
significantly poorer at both-fonths p<0.001) and 12-month£0.001).

Social functionsimpair ment

There wagno significant difference in the proportion of children in the impaired range from
prestrcke to émonths p=0.059), 6months to 12months (=1.000), or prestroke to 12
months p=0.096). However, there was a trend for increased rates of impairment roeer ti
Prestrokeratings showed 14per centhad ®cializationscoresin the borderlinerange this
increased tdl6 per centborderlineand 6per centin the clinically significant rangat 6
months and 12-montl{&ig. 2).

Psychological function 12-months poststroke

On the SDQ,_compared to normative data, our samgénonstratedsignificantly higher
mean hyperactivity—hattention (Z=2.55, p=0.011, d=0.55 only. No significant mean
differences.werdound for total difficulties (Z=1.89,p=0.059,d=0.56) emotional gmptoms
(Z=1.89, p=0.059, d=0.59); conduct poblems (Z=1.01, p=0.314, d=0.28); peer problems
(Z=0.09,p=0.931,d=0.19); or posocialbehaviour Z=—1.84 p=0.066,d=0.37).Further, here
was a lower_proportioof childrenin the normal range than expectaetoss thenajority of
domaing(Fig. 2).

Relationship between social and psychological function

The five participants with prestroke social impairment were removedo explore the
relationship_between social and psychological function in children without psesimeial
impairment There was a strong, negative correlation betweenwbevariables(r=—0.62,

n=24, p=0.00J), with lower social function associated witiigher psychological problems.

Factor s assoeiated with outcome

Comparisen”of multiple regression models using likelihood ratio test andmpévement
arrived parsimenious models for social and psychological funetas carried outlt was
found that lesion locationdiscretesubcortical vscortical and sibcortical), acute cognition
(1-month positroke), and social risk dishow significantcontribuion to either model, and
were excludedFor social functionR[4,30]=8.42,p<0.001,R*=0.53),increasing age at stroke
significantly (p=0.010) and impaired acute neurological functipr{.020)predicted poorer
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socialization,and highempremorbid social functiosignificantly predicted higher tthonth
social function (p<0.001) Parent mental healtBignificantly predicted both outcomes
showing a positive relationship with socializatige0.012), andvas the only predictor to be
included in the psychological functioning modE[X,22]=24.08, p<0.001,R*=0.52), with a
strong negative-relationship wiBDQoutcome p<0.001) Table I).

DISCUSSION

Consistent: with previous reseafef'*®* social function posthildhood stroke was
significantly, paorer than expected. While group means remained within thegavemnge,
social function.at both-6and 12months posttroke were significantly poorer compared to
prestroke ratingsWhile, as a groupthese children’s social function was not outside the
normal range, this suggests thtair social development was negatively impacted in the year
after stroke. Additionally, almost orguarter of children were impaired at@&d 12months
posstroke. While 14per cent were impairedrestroke, pmmorbid social problems are an
important risk factors for later social deficits. Further, our results showatpadportion of
previouslytypically developingchildren develop social difficulties peshildhood strokeA
recent study ‘exploring loagerm outcomesfter childhood strokeeported 33per centhad
impaired Social'life and 1per centwere dependent in social activiti®sResearch to date
suggests thatssocial impairment does not affect all childftem stroke, but it may affect a
significant minority.

Overall, psychological function wasot impaired compared to normative
expectationswith the exceptiorof hyperactivity-inattention Evaluation of impairment rates
alsorevealeda high proportion of children displayirtyperactivity-inattention with 12 per
cent borderline_and 2Xer centin the abnormal range, and much higher than normative
expectations of 1per cent® This is consistent with previous research which has reported the
prevalencé.of ADHD symptoms as high ag08® cenf*! High rates oemotional difficulties
were also 'observed, with pér centorderline and 2per centin the abnormal rang&@hese
findings aressimilar to reports in cressctional studies, reporting high levels of emotional
problems’2Higher than expected proportions of impairment were also observedrfduct
problems (21%. borderline; 12% abnormal) apeéer problems (8% borderline; 21%
abnormal).

Consistent withprevious studies, v found no association between psychosocial
function andlesion locatiorf’** Because othe complex nature of psychosocial function,

there may be a lack of relationship with ‘focal’ me®s such as lesion locatiomhe
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majority of studies have found no association with age at stfokecontrast, we found a
significant association between age at onset and social function, with yocimtggen
showing better outcomes. This may becaise ofthe young age of the children in this
sample, with skills still developing and deficits difficult to recognigew studies have
explored=theassociatiorbetween neurological impairment and psychosocial outcomes. We
found auteé reurological impairmet was associatedith socialfunction, consistent with one
previous study® But not psychological function.

Noty surprisingly, prestroke social function was associated wjbsstroke social
function. While 50per centof children who suffer a stroke are previously healthy, chronic
diseases of childhood, such as cerebral artery disease and cardiac disease, frequently underlie
childhood #8troké” This high prevalence of previous disease may impact psychosocial
developmety with stroke further compounding thepee-existing problems. Thus, children
identified to have underlying conditions may be more vulnerable to developing impairments
and these children may benefit framarly intervention. Our sample size was too snall t
investigate.the impact of stroke risk factors, but this is an important area to explore in future
studies. It should also be noted tipaestroke social function maie attributable to non
medical internal factors, such as the child’'s temperament or personality as well as
environmental factors. These factors may also play a role in social fupostsiroke.

The family environment has been reported to be the most significant predictor of
psychosocial outcome to date, with some factors playing a morertanpaole than
others!*?° Indirect, stable environmental factpssich as socioeconomic status and parental
education, have been reported to have less impact, with more direct,fagtdrsas family
functioning and parent mental health, significant predictors of outcome. Cohsigtethese
earlier studies, we found social risk did mpwedict psychosocial outcombowever,there
was a strong relationship between parent mental health and both socpdyahdlogical
outcome, Whilelit remains uncleashether poor parent mental health results in poorer child
functioningTerwice versa, there is emerging evidence p#esedbehavioural inventions
aimed at improving childehaviourand social competendadter brain insult also improve
parent mental healft

There are limitations to this study. Firstly, our sample size is quite ,smiaiith
limited the analyses we were able to perform and ability to detect subtle effects. Second, the
use of thesocialization @main from the VABSI as a measure of social function fails to
comprehensively examine social skills. Utilizing a dedicated measure of social function may

provide more detailed information regarding the nature of social problems andl thd i
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developmentf targeted interventions. A third limitation is the sole reliance on parent ratings
of psychosocial function. This may be strengthened in future research by the addition of
teacher and seleport ratings, although sei¢port is difficult in such young children. The
time since stroke is another limitation. Sand 12months postroke represents a transient
phase, when-ehildren are still recovering and thus difficulties they experience dwsitiméhi

may dissipate. However, byykarposstroke children are usually discharged from services
and so it is important to plot these difficulties early to identi§k fiactors ando intervene

early. Wegare planning a longer folleup of these children to examine longerm
outcomes. A fipal limitation is thgoung age of the children in this study. It is possible that in
such young_children, particularly with many of them preschool age, psychosocial

impairments may be difficult to recognize.

Conclusions

Despite the_limitations, our results suggest that children are at elevated risk for developing
psychosocial difficultiesfter childhood stroke, emerging within the first year of recovery.
These findings.are noveddecauserevious studies have not examined psychosocial function
over the firstiyeaafter childhood stroke, including reference poestroke evaluationsVe

found a strong relationship between parent mental health and psychological function. This
association_with' parental wellbeing suggests that greater support for families, particularly
within the first yearafter childhood stroke may have a significant effect on children’s

outcomes,
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Tablel: Sample demographic and clinical characteristics

n 35

Mean age at stroke onsgt(SD), range 6.8 (4.9) 0.3-16.4
Male, % 46

Epilepsy atl2smenthgoststroke% 0

Aetiology/identifiedrisk factors %

Cardioemolic 26
Moyamoya 9
Cervical arterial dissection 9
Steneocclusive cerebral arteriopathy 6
Multiple‘probable/possibletielogies 9
Undeterminecetiology 43
Lesion charaeteristics
Lesion siz& %
Large 11
Medium 80
Small 9
Vascular territory %
Partial MCA 51
PCA 6
VertebrgBasilar arteries 20
Multiple 23
Laterality;"%
Left 23
Right 40
Bilateral 17
Inratentorial only 20
Location %
Discrete/subcortical 63
Cortical/corticalandsubcortical 37
Neurological examination
Acute PSOMmedian, IQR 2.0 1.0-35
Acute PSOM impaireti % 20
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MCA, middle cerebral artery; PCA, posterior cerebral arté?$OM, Pediatric Stroke
Outcome MeasurdQR, interquartile rangélLesion sze — vascular territory affectedarge,
major vessel; medium, branch; small, perforattmpairedPSOM scores were total scores

>0.5.
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Tablell: Multiple regression fathe socalization domain of th¥’ ABS-1l1 and the atal difficulties domain of th&SDQ

VABS-II: socialization SDQ: total difficulties

n=35 n=24
Predictof B SE p B SE p
Age atstroke -0.35 0.13 0.010
Acute neurologicalfunction(Impaired -0.32 0.13 0.020
Premorbidsoeialization 0.53 0.13 <0.001
Parentmentalhealth 0.34 0.13 0.012 -0.72 0.15 <0.001
R 0.53 <0.001 0.52 <0.001

VABS-IIyVineland Adaptive Behavior Scale, 2nd editi®&@DQ, Strengths and Difficulties Questionnaire; SE, standard ;eBrastandardized
beta coefficient®_esion location(discrete subcortical vs corticahd subcortical)acute cognition (@month poststroke), and social risk didt

contribute-to either model.

Figure 1#Observedneans and 95% confides intervalsof socialization scores for premorbid;n8onths and 12nonths postroke, including
(A) the total.samplenE35), and (B) those with normal premorbid score®s( n=30). VABS-II, Vineland Adaptive Behavior Scale, 2nd edition.

Figure 2=(A): Percentage of participants impaired smcialization from the Yheland Adaptive Behaviourc8@le premorbid, émonths and 12
months podtroke. (B) Percentage of participaitgairedon the Strengths ardifficulties Questionnairesubscales based on normative data.
ES, emetional symptoms; CP,conduct poblems; HYP,hyperactivity-inattention; PP peer problems; PB,prosocial behavior; TD, total
difficulties.
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