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ABBREVIATIONS
AIS Arterial ischaemic stroke

FAST Face Arm Speech Time

AlIM To estimatghe strengths of association between clinical features and migraine or

arterial ischaemic stroke (AlS) in children presentmghe emergency department.

METHOD Eighty-four children with migraine, prospectively recruited from 2@02010,
were comparedwitb5 children with AIS, prospectively/retrospectively recruited from 2003
to 2010.0dds ratios were calculated via logistic regression to measure associations between

clinical features and proces$-care factorsand migraine and AlS.

RESUL TS Median age wa 13 years 5 month{gterquartile range 3211moe-13y 10m@ for
migraine.andb.years (interquartile rangg 3mo-8y for patients with AISAIl cases oAIS

and 30% of'migraine cases underwent neuroimaging. Over 40% of children with migraine

had vomiting;numbness, or visual disturbance; other symptoms were uncokiftysfive

per cenhadno signs on physician assessment. Weakness or speech disturbance were
common inpatients withAlS. Significant clinical features associated with increased odds of

AIS included sudden symptom onset, weakness, seizures, speech disturbance, and ataxia, and
signs of face, arpor leg weakness, inability to walk, dysarthria, dysphasid,altered

consciousnes$£€0.05).Significant features associated with decreased odd$Soingluded
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older age, vomiting, visual, sensory, other symptoms, and dosahsigns on assessment
(p<0.05).

INTERPRETATION Presenting features can discrimieathildhoodAIS from migraine
These differencemform decisions about urgency and type of neuroingam children

presenting to the emergency departnwett brain attacksymptoms
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Stroke and,Migraine in the EmergencgfgartmeniMark T Mackay et al.

What this paper adds

e Weakness, seizures, ataxspeech or walking difficulties are more frequent in
arterial ischaemic strok@\IS).

e Vomitings: visua) or sensory disturbance and abskatl signsare more frequent in
migraine.

o |dentifying features ofAlS and migraine guideseuramaging inchildren with brain
attack symptoms.

[Main text]

Migraine is the most common chronic paediatgtirological conditiorl,with an overall
prevalence of 10.6% in the childhood population. Auras, which occur in up to 30% of
children with migrainé,are more common in femaléshildren oves years of agéand
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those with a positive family history of migraine. In contrast, childhood arterial ischaemic
stroke (AIS) is an uncommon occurrence, witreatimated incidence df.6 per 100 000

childrenperyear in arecent population-based stutly.

Headachewerethe thirdleading neurological cause of referral to paediatric
emergencylepartmentsaccounting for more than 340 000 visits per year, in a USA national
survey® In‘aFrench study of 7833 childen, ron-febrile, nontraumatic headache accounted
for 2.6% of allemergency departmeptesentationgnd headache associated with at least
one neurological deficit for 102 (0.13%) presentatiolmsthe subset of children with
headache with"fecal symptomsigraine with aura was the mastmmon diagnosis, in 62%
of all casesfollowed by @ilepsy-associated headacthie 26% ofcases In contrast,
cerebrovascular disorders accounted for 6%agkswhich is similar to a larger cohort of
children with_brain attacks from our institution (which included all children with migraine

and some stroke patients in the current stfidy).

Migraine is also the most common causérmaiin attack (strokéke) symptoms in
children presentintp the emergency departmeatcounting for 1% to29% of case&® A
challengefor emergency departmephysicians, in children presenting with headache and
focal neurological symptoms or signs, is to differentiate migraine, a common and benign
condition in children, fronfiar less common bigerious neurological disorders such as stroke,
which require urgent diagnostic imaging to confirm diagnosis and treatment to naithniz

extent of brain injury.

Werhavepreviously reportede key clinical features thdifferentiatechildhood
strokefrom mimicsin children presenting to the gdiatricemergency departmewith brain
attack symptom&’ Preliminaryanalyses suggestéfuatfactorsthatdiscriminatel AlS from
mimicsweredifferent to those thatiscriminatel haemorrhagic stroke from mimics.
Understanding thelinical differences betweemigraineand AlSis important to assist
emergency.departmephysicians with clinicatlecision-making, and for the development of
paediatricemergency department Code Stroke prototmsnabe targetedutilization of
urgentmagnetic resonance imagitgconfirm diagnosis, whilavoiding overuse d limited

resource fombenign conditions suchnaigraine.

The purpose of this study wteereforeto estimate strengths of association between
presenting clinical features, demographics, andgssof-care factors, and migraine AlS,

This article is protected by copyright. All rights reserved



and to describe parental concerns leadingsits tothe padiatric emergency department

children withmigraine

METHOD,
Ethical approvalhand patient consent

Ourinstitutional ethics committee did not require investigators to obtain intbooesent

from studyiparticipants because data collected consisted of presenting symptoms and signs of
stroke andienstroke brain attacks, documented by the emergency department physician
assessing thepatient. Informed consent was however obtained for the subset sfvypi#tient
migraine wha were contacted for the follow up phone calls.

Participants

Children with migraine consisted of consecupatientspresentingo a tertiary paediatric
emergency.departmebetweenJune 2009 and December 20igraine was defined
according to the Internation@lassification of HeadacHaisorderscriteria** Children with
migraineneeded to havassociated neurological symptoorssignsbeforepresentation
(weakness, sensory, spegohvisual disturbanceltered mentadtate;vertigo or
unsteadinessandpersistenheadachen arrival to theemergencylepartmentio be eligible
for inclusion. Performance of neuroimaging was at the discretion of the emergency
department physiciai€hildren with AlSconsisted of a mixed prospectiaed retrospective
group of patientsvith radiologically confirmedhcuteinfarctiononmagnetic resonance
imaging, presentingp the samemergency departmebétweenJanuary 2003 andecember
2010. Children withAIS who were directlyadmittedto the wardor with incomplete medical
recordsandchildren withheadach@ot meetingnternational Classification of Headache

Disorderscriterialwere excluded

M easur esiand procedur es

Informationcollected includd patient demographics, processeafe factors, and

neurological symptoms and sigfi&ables | and ). Final diagnosi®f migraine or AlSvas
determined by the study neurologist (MTM) after review of clinical data, neaging, and
other investigations. Children were triaged ushmg Australian triage scale; patients assigned
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a category of 1, 2, 3, 4, and 5 are to be seen immediately, within 10, 30, 60, and 120 minutes
respectively* During the prospective study from 2009 to 2010, the triage nurse used a brain
attack screenmtoolto identifyeligible children withat least on@eurological symptom

relevant for stroker stroke mimics (brain attack$)ncludingfocal weakness, focakensory
disturbanceydysarthria or dysphasia, visual disturbance, altered consaieusrexplained
collapse, first febrile or afebrile seizure, headache with other neurolsgrogkoms,

dizziness or unsteadiness. Theagenurse notified the research assistant ofildkgchildren,
between @.m.and 6 p.m. on weekdaywho were then followed by a research assistant
during theiremergency departmestay, and data were directly entered todhse report

form. The pakent discharge list in themergency departmetrtage system was reviewed

daily for children who presented on the previous day outside recruitment hioddata

were retrospectively entered to ttese report form

Parents of children with a discharge diagnosis of migraine were contacted by phone
approximately=6=weekaftertheir child’s visit to theemergency departmend ensure there
was no change-of diagnosis, anticipating low rates of admission and neuroirRayeTgs
were asked to answer questions abtypést history of migraine, and, if so, how the current
episodedifferedfrom previous attack&?) thereasons for their child’s visi{3) specifically
whether they were concerned about a brain turoostroke; and (#familiarity with the
Face Arm.Speech Time (FAST) to call emergency medaaices public education message
(Appendix S1, online supporting informatioi)The study was approved by the Royal
Children’stHospital Melbourne Human Reseafthics Committee (HREC30194A).

Statistics

Categoricahvariables are describedhd%o), and age as median and interquartile range
Univariate bgistic regression modelling was used to investigate associations between
independent variables and firdihgnoss of migraineor stroke Odds ratios and
corresponding 95% confidence interv@¥s) were estimatedCls not including 1 were
indicativesof statistical significancd atwo-tailed p-valueof 0.05 Multivariable regression
analyses weremnot performbdcaus®f the low numbers of individuals with positive signs,
comparedvith the potentiahumber of combinations of independent variables ratios,
resulting in numerically unstable models grwbrly estimated associationStatistical
analyses were performedth STATA 13 (StataCorp, College Station, TXUSA).
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RESULTS

The study population consistedaprospective group &3 children with84 migraine
presentationto the emergency departmeséerfrom July 2009 until December 2010, and a
prospectivaktrespectivegroup of 55 children witlS. Twelve children with headache not
meetinginternational Classification of Headache Disordwiteria for migraine and 10
childrenwith"AIS] who weredirect admissions to the inpatient unit, or who had incomplete
medical recordswere excluded from the analydidedian age was 13 years1onths
(interquartile range 3211mac-13y 10mo) for migraine, arislyears (interquartile range 3
7mo-8y) for AlS (Table ). Neuroimaging was performed 2% (30%) patients witmigraine
andall children with AIS. Onlyone child with migraindnad an abnormal scanith
computedtemaoagraphshowing incidental left ethmoidal sinus disedsgenty-seven (33%)
patientswithemigraineand allpatients with AIS were admitted to the waRlcessof-care
factorssignificantlyassociated with increased odds of lsérdiagnosis included healtlare

professional referral, ambulance transpand high triage catego(yablel).

More than 40% othildren with migrainéhad vomiting, focal numbness, or visual
symptomsbut-other symptoms wetencommon. Focal weakness or speech disturbance were
the most common symptomspatients withAIS (Tablel). Sudden symptom onset, focal
weaknessspeech disturbancseizuresand ataxia wersignificantlyassociated with
increased odds of strokelder age (all but threehildren with migrainevereaged over 5y),
vomiting, fecal'nfumbness, visual disturbance, and other symptenessignificantly

associated with decreased oddistroke(Tablel).

Fifty-fivesper cent of children with migrairfead no signs at the time efmergency
departmenphysician assessmeatdindividual signswvere infrequet altered arm
sensation; while'most common, occurred in only 14% of chil@irahlell). Signs
significantly associated with increased odds of stroke included face, arngameldkness,
dysarthria, dysphasiabnormal Glasgow Coma Scale scarg] inability to walk. In
contrastresolution of neurological defiditsforeemergency departmephysician
assessment was significantly associated withedsed odds of stroke diagno@iablell).
However,odds ratios for most signgere poorly estimated with widels, because few
children with migraine had positive neurological findings (in the order 2¥dlfer weakness

and speech disturbance).
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Follow-up data were available f60 (72%) of 8%hildren with migraineThere was
no change in final diagnosis for the 60 ¥@)2children who could be contactedvo
contacted parents could not remember visitingethergency departmemntine families could
not be contacted because an incorrect number was entered to their medical re¢bed, and
remainderfailed-to return callslespite fourattempts to contact therReasons for
presentation to themergency departmeate presented ihablelll. Thirty percent of
parents stated they were concerned about a possible stroke, 28% were concerned about a
brain tumair, and 15% thought their child’s symptoms could be another serious neurological
condition. Thirtyseven (62%parents were familiar with tfeAST to call emergency

medical servicepublic awarenesacronym.

DISCUSSION

We found several important differences in the presenting features of migssmaatedvith
focal deficitsand AIS in children presenting to thasgliatricemergency department
Children with ALS were younger than those witilgraine Migraine withaurais less
common in.children under 8 years of agéth a prevalence of%8 to4% in children aged 3
to 7 yearsyversug3% to31% ofteenagers’ By comparison, previougsearctsuggests that
approximately.half of childhood AIS occurs in children dgss than jearsat symptom
onset! Suddensymptom onsets significantly moreommon in children with AIS. The
more gradual onset of neurological symptoms in migraine, which typically dewetop
more than"5'miAute¥,is explained by artical spreading depressiofiLeao, consistingof
depolarization followed by hyperpolasitzon at a rate of 3 t& millimetresper minuteacross
contiguous brain regioris.

Visual.and sensory disturbance occudessfrequently in children wittAIS than
migrainey=consistent with clinical observations thata symptomsnd sensory symptoms
are the most commanigraineaurasymptomsn children, occurring in up to 87% and 12%
to 39%of ¢asesespectively’'® Thesefindings are also explained by electrophysiological
and functional neuroimaging studies of cortical spreading depression, whichimawsave

from posteriorlysto anteriorly withowtonforming to neurovascular boundartes.

Symptoms or signs of focal weakness, speech disturbance or ataxia, seizures, inability
to walk, and abnormal conscious statere significantlymore frequenin childhood AIS

Multicentreprospective case serieavereporedhemiparesisn 72% to 79%, altered
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consciousness in 42% to 52%, speech disturbance in 33% to 55%, and seizures in 29% to
31% ofAlS cases$:’ In contrasthemiparesiss an uncommon form of migraine aura,
occurring inless than 10% of casé¥ and very rarely in the absence of other symptoms.
sporadic hemiplegic migraine motor symptoms gradually develop over minutes, are mor
likely to affectthe arm than the Iéghile sparing the fage can be bilaterabndare almost
always acéompanied by headadhacute confusional state is also very uncommon in
childhood migFaifié; reported in only 3% of children in one stfidydno cases were

observednyanotherstudy*®

SeizureSiara relativelycommonoccurrencen childhoodAlS, reported irup to58%
of children**Some studies report seizuwter migraine in up to 10% of adultS8put we
observed seizures in only 4%adifildren with migraineFinally, vomiting is a common
migrainous.symptomparticularly inyounger childreri,but it isuncommon in AIS. Asence
of symptomsand signsat the time oemergency departmephysicianassessment was
significantlysmere common in migraineonsistent with clinical observations that migraine
auras areisually-fully reversible within 60 minutes, and often within even shorter time
periods inchildrenThe higher likelihood of signs resolvimgforeemergency department
physician assessmentmigraineis important because it negatee need for urgent imaging
in childrenspresentingithin the time window foreperfusion therapiebecause a Pediatric
National Ingitutes of Health Stroke Scocé less than 4s considered an exclusion criteni
for off-label use ofhrombolysis?* Conversely, given the uncommon occurrence of aura in
younger children with migraine, the study findings suggest a low threshold for neuroimaging

in children agedess thar8 years with headache and focal neurological deficits

The'inereased odds of ambulance transport and higher triage categorization on arriva
at the emergency departmeniggest the time course or constellation of AIS symptoms were
more concerning to parents and triage nurses than those associated with migraine.
Unfortunatelythe small numbers of patients limited our ability to determine the relationship
between particalr symptoms and parental concemrstheir relationship to caigeeking

behaviour suchsas calling an ambulance.

To date, there havenly beenwo paediatric stutesinvestigating expectations and
reasons for seeking medical assistance for head&Hf&oncerns about frequency and
severity of pain were the two most common reasons for consultation, according te parent
and the treating paediatrician, in an Italian study of 100 children attending an outpatie

clinic. To the best of our knowledge, this study is the first to focus on parental comcerns i
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children presenting to thegdiatricemergency departmewtth headache and focal
neurological symptoms. On open-ended questimiose severe attacks tire presence of

focal symptoms, both in approximately ottérd of cases, were the main parental reasons
provided for presenting to tleenergency departmeri total, almosthreequartersof

parents othildren with migrainealso reported concerns about serious neurolbgica
conditions; with'onghird consdering the possibility of stroke. This contrasts wotily 2%

of parents'béifig€6ncerned about tunsdn the Italian stud$® The sme study explored
families expectations from the medical consultation and found that parents and children were
seekingreassurance that headaches wereaosed by serious illness, and answers about
the underlying cause of the headaches. Another USA study, which focused on the child’s
expectations,/found that their most important priorities were understandinguite af their
headache, what would make it better, and gaining reassurance that they did notfeave a li

threatening illnes&’

ThesFASTto call emergency medical serviaeessage, developed in tb&, has
been adopted-as the main stroke public education messagehs advocacy organizations
in several countriesncluding theUSA, Australig and thdJK. Sixty-two percent of parents
were familiar with thé=AST to call emergency medical servicsronym for the symptoms
of stroke, at.similar rates to a rece study, suggesting that public education progrem
are reasonably effectiyeven in younger adulté.

The study has several limitatiori$ie different methods of patient selection for the
AIS and migraine groups, and the retrospective data entpaf@nts withAlS presenting
afterhoursgare'sources of study bikiss possible there were additional casemajraine in
the 12 children‘with headache whémeernational Headache Sociatyagnostic criteria were
not met.The fact that only threehildren with migrainevere younger than five highlights the
challenges In diagpsing migraine in preschool childrewing totheir limited ability to
describe pair associated neurological symptorBgcause this was an observational study
less than on¢hird of children wih migraine underwent imagirag the clinician’s discretion
(only one hadnsincidental abnormalifyand it was not possible to compare imaging
characteristics between the AIS and migraine grolps possible that some had more
serious underlying conditions treir symptoms were caused by transient ischaemic aftack
but there was no change in final diagnosis in 72% of children whose families wergednta
6 weeksafterdiagnosis. Performance offdsion-weighted magnetic resonaniceaging and

magnetic resonanangiographywithin a week of presentatipm children with a discharge
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diagnosis of migrainevould have been required exclude underlying cerebrovascular
disorders.

We did not explore differences in positiversus negative symptoms, the coexistence
of hemiplegia with other symptoms, or the presence of common associatechauigrai
symptoms such as photophobia or phonophobia, between patientd Sveihd migraineWe
were unable tadentify factors independently associated with AIS or migraine diagnosis, nor
could we assess the effect of potential confounding factagsp@st history of migraine) on
reasons for,parental caseeking behaviour or emergency department presentagioal e
the small patient numbers prevented multivariable anal¢dellren who were referred by
healthcare providers or transported by ambulance were likely preselected as having more
severe neurological symptoms and thereéoeenot directly comparabte those who were
not. The follow-up telephone calls relied on parental recall, potentially introgistidy
bias,and it is possible there were differences in reasons for presentation, or change in
diagnosis intthernerespondent migraine group. The mixed prospective and retrospective
design mayshave influenced the quality and completeness of the AIS data codadtéue
study was/conducted at a single tertiary hospital so the findings may not be appiieable t

broader paediatric population.

In conelusion, ngraineand AlShave different presenting clinical features in children
presenting.to.themergency departmtwith brain attacksymptoms which may inform the
development of padiatric Code Stroke protocols, to assistergency department physicians

with decisiormaking about the urgency and type of diagnostic brain imaging.
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Supporting information

The following additional material may be found online:

Appendix S1: Follow-up form — migraines.
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Tablel: Demographics, process factgasd symptoms associated with arterial ischaemic
stroke AIS) and migraine diagnoses

Demographicprocess | AlS (n=55) | Migraine (n=84) | OR? | 95% ClI p

factors

Median (IQR)age (y) | 5.0 (3.6-8.0)| 13.4 (12.9- 0.74 |0.67-0.82 | <0.001
13.8)

Median(IQR) lag time | 10 (7-25] 4 (4-9f 1.003 | 0.99-1.10 | 0.236
(h)
Male sex 25 (45) 34/83 (41) 1.20 | 0.60-2.39 | 0.602
Past medical history | 25 (45) 46/83 (55) 0.67 |0.34-1.33 | 0.252
Well in theprevious | 44 (80) 69/83 (83) 0.81 |0.34-1.95 | 0.640
week
Referred to'emergency| 27 (49) 12/83 (15) 5.71 | 2.54-12.81 <0.001
department
Ambulance transport | 33 (60) 28/83 (34) 295 |1.45-5.97 | 0.003
High triage category | 17 (31) 13/83 (16) 241 |1.06-5.49 | 0.036
Symptom

Sudden 46 (84) 54/83 (65) 2.74 |1.18-6.39 | 0.019

symptomyonset

Headache 26/53 (49) | 83/83 (100) 1.00 |0

Vomiting 9/53 (17) 39/83 (47) 0.23 |0.10-0.53 | 0.001
Focal weakness 40 (73) 23/83 (28) 6.96 | 3.24-14.93 <0.001
Focal.aumbnesg 9 (16) 37/83 (45) 0.24 |0.11-0.56 | 0.001
Visual 8/53 (15) 35/82 (43) 0.24 |0.10-0.57 | 0.001

disturbance

Seizure 12 (22) 3/83 (4) 7.44 |1.99-27.81 0.003

Altered mental | 11 (20) 11/83 (13) 1.64 | 0.65-4.09 | 0.292
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State

Dizziness 7/52 (13) | 19/83 (23) 0.52 |0.20-1.35 | 0.181

Speech 28 (51) 21/83 (25) 3.06 |1.48-6.32 | 0.002

disturbance

Ataxia 13/54 (24) | 5/82 (6) 4.88 | 1.63-14.65 0.005

Loss of 0 (0) 4/83 (5) 1.00 |0

consciousness

Vertigo 2/50 (4) 2/83 (2) 1.69 |0.23-12.37 0.607

Other symptomd 1 (2) 19/83 (23) 0.06 |0.01-0.48 | 0.008

Data aren (%) unless otherwise indicatéi@dds of the factor or symptom among those with
AIS divided by odds among those with migrait@dds if AIS per extra year of agt=54.
*n=76."0dds-0f-AlS per extra hour of lag time. OR, unadjusted odds ratios; Cl, confidence

interval; IQRinterquartile range
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Tablell: Signs associated witirterial ischaemic strok@&(S) and migraine diagnoses

AIS (n=55) | Migraine OR? | 95% CI P
(n=84)
Sign
Face weakness 36 (65) 1/83 (1) 155.37| 20.03- <0.001
1205.33
Arm weakness 36 (65) 9/83 (11) 15.58 | 6.41-37.84 <0.001
Legweakness 30 (55) 6/83 (7) 15.40 | 5.75-41.27 <0.001
Dysarthria 19/52 (37) | 1/83 (1) 47.21 | 6.07-367.13 | <0.001
Dysphasia 7/52 (13) | 1/83 (1) 12.76 | 1.52-106.97 | 0.019
Ataxia 6 (11) 0/83 (0) 1.00 | Infinity
Inability to.walk 14/54 (26) | 2/83 (2) 14.18 | 3.07-65.41 | 0.001
Abnormaleye 3 (5) 4/82 (5) 1.13 [0.24-5.23 0.881
movement
Visual defects 4/45 (9) 9/82 (11) 0.79 |0.23-2.73 0.711
Face alteredssensation| 5 (9) 5/83 (6) 1.56 |0.43-5.66 0.499
Arm altered sensation | 9 (16) 12/83 (14) |1.16 |0.45-2.96 0.760
Legaltered.sensation | 7 (13) 8/83 (10) 1.37 |0.47-4.01 0.569
GCS abnormal (<15) | 15 (27) 11/83 (13) |2.45 |1.03-5.85 0.043
Pupillary abnormalities| 1/54 (2) 1/79 (1) 1.47 | 0.09-24.05 0.786
Sensory neglect 2 (4) 0/83 (0) 1.00 | Infinity
Other sign® 7 (13) 9/83(11) |[1.20 [0.42-3.43 0.735
No focal signs 3 (5) 45/83 (54) |0.05 |0.01-0.17 <0.001

Data aren (%) unless otherwise indicatéi@dds of the factor or symptom among those with
AIS divided by odds among those with migraif@ther signs included abnormal deep

tendon reflexesl¥TRs), confusion, altered consciousness or slowed mentation, involuntary
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movements, papilloedema. OR, unadjusted odds ratios; ClI, confidence irG&l;

Glasgow Comacore.Tablelll: Parental interviews of children with migraine

Differences between this and previous attacks in chil{ n=40
with past history of headache
More severe headache 13 (33)
Focal symptoms or signs 12 (30)
More severe.and more frequent headaches 5(13)
More severe and focal symptoms or signs 4 (10)
No reason provided 4 (10)
Parental concerns on open ended questioning n=60
Stroke 18 (30)
Brain tumair 17 (28)
Other serious brain condition 9 (15)
Parental'cencerns on direct questioning n=60
Stroke 29 (48)
Brain tumaur 22 (37)
Both 6 (10)
Neither 3 (5)
Awareness.of FAST public awareness acronym 37 (62)

Data aren (%). FAST, Face Arm Speech Time to cathergency radicalservices
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