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Background and Purpose—Clinical identification of stroke in the pediatric emergency department is critical for improving
access to hyperacute therapies. We identified key clinical features associated with childhood stroke or transient ischemic
attack compared with mimics.

Methods—Two hundred and eighty consecutive children presenting to the emergency department with mimics, prospectively
recruited over 18 months from 2009 to 2010, were compared with 102 children with stroke or transient ischemic attack,
prospectively/retrospectively recruited from 2003 to 2010.

Results—Cerebrovascular diagnoses included arterial ischemic stroke (55), hemorrhagic stroke (37), and transient ischemic
attack (10). Mimic diagnoses included migraine (84), seizures (46), Bell’s palsy (29), and conversion disorders (18).
Being well in the week before presentation (odds ratio [OR] 5.76, 95% confidence interval [CI] 2.25-14.79), face
weakness (OR 2.94, 95% CI 1.19-7.28), arm weakness (OR 8.66, 95% CI, 2.50-30.02), and inability to walk (OR
3.38,95% CI 1.54-7.42) were independently associated with increased odds of stroke diagnosis. Other symptoms were
independently associated with decreased odds of stroke diagnosis (OR 0.28, 95% CI 0.10-0.77). Associations were not
observed between seizures or loss of consciousness. Factors associated with stroke differed by arterial and hemorrhagic
subtypes.

Conclusions—Being well in the week before presentation, inability to walk, face and arm weakness are associated with
increased odds of stroke. The lack of positive or negative association between stroke and seizures or loss of consciousness is
an important difference to adults. Pediatric stroke pathways and bedside tools need to factor in differences between children
and adults and between stroke subtypes. (Stroke.2016;47:2476-2481. DOI: 10.1161/STROKEAHA.116.014179.)
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Long delays in diagnosis of childhood stroke limit access
to hyperacute interventions that improve outcome in
adults.'* However, a recent US study has demonstrated the
benefits of developing a pediatric Code Stroke protocol for
shortening time to diagnosis and increasing rates of thrombol-
ysis and mechanical thrombectomy.* Clinical differentiation
of stroke from mimics by pediatric triage nurses and emer-
gency physicians influences the decision-making process, in
particular the rapidity of medical assessment, the need for
emergent neuroimaging to confirm diagnosis, the initiation
of antithrombotic treatment in ischemic stroke, and neurosur-
gical intervention in hemorrhagic stroke (HS). Correct clini-
cal identification of stroke avoids unnecessary diagnostic or
therapeutic procedures and allows early implementation of
measures to maintain physiological homeostasis.

Three studies on adults have described clinical features that
differentiate stroke from mimics. Focal neurological symp-
toms and signs were associated with increased odds of stroke,
whereas loss of consciousness, altered mental state, dizziness,
confusion, and seizures were associated with increased odds
of mimic.’” It may not be appropriate to extrapolate data from
adults because of different presenting features, such as fre-
quent occurrence of seizures,® and the different spectrum of
disorders that mimic childhood stroke.’

Several prospective case series have reported the present-
ing features of childhood stroke,'®'* but most have focused
on arterial ischemic stroke (AIS), and none have explored
differences between stroke and other conditions that mimic
stroke. Therefore, our primary aim was to identify key clinical
features that were positively and negatively associated with
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pediatric stroke, compared with mimics, in children present-
ing with brain attack symptoms. We hypothesized that the
clinical features associated with stroke are similar to those of
adults, with the exception of seizures.

Materials and Methods

The study population comprised 2 groups of children presenting to
the Royal Children’s Hospital Melbourne Emergency Department
(ED). The first consisted of a consecutive group of children with
stroke mimics, presenting between July 2009 and December 2010.
The second consisted of a mixed prospective and retrospective
group of children with radiologically confirmed AIS, transient isch-
emic attack (TIA), and HS, presenting between January 2003 and
December 2010 (Figure).

Inclusion criteria, exclusion criteria, study procedure, and diagnos-
tic definitions for the prospective cohort of patients with brain attack
symptoms’ (defined as acute onset focal brain dysfunction) and ret-
rospective stroke patients'* have been previously described. Children
with stroke mimics (including those presenting with a first seizure)
had persistent neurological symptoms (headache, subjective visual or
sensory disturbance) on presentation to the ED or abnormal neuro-
logical signs on examination. TIA required a known history of cere-
brovascular disease, a clinical history typical of a vascular brain event
with full resolution of symptoms within 24 hours, and absence of
acute infarction on magnetic resonance imaging.' There was no time
limit on duration of symptoms after arrival at ED in the mimic group.
The following stroke subgroups were excluded: perinatal stroke,
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cerebral sinovenous thrombosis, admission directly to the ward, and
incomplete medical records. Children with subdural or extradural
hemorrhage were also excluded.

Variables collected included demographics and neurological
symptoms and signs. Clinical variables were selected on the basis
of being common presenting features of stroke or being discrimina-
tory between stroke and mimics in the published studies on adults.>”
Key demographic factors and neurological symptoms variables were
compared between the prospective and retrospective cerebrovascular
patients to account for threats to study validity by ensuring both sta-
tistical and substantive similarity of the 2 cohorts.

Analyses were performed for the following outcomes: (1) com-
bined stroke (AIS and HS) or TIA versus mimics, (2) AIS subtype
versus mimics, and (3) HS subtype versus mimics. For simplicity,
stroke and TIA are referred to as stroke in the combined analysis sec-
tion of the results. Categorical variables are descriptively presented as
counts and percentages. Continuous variables are presented as mean
and standard deviation for normally distributed data or median and
interquartile range for non-normally distributed data.

Logistic regression modeling was used to investigate associations
between independent variables and stroke diagnosis. Selection of
variables for regression analyses was determined by a combination
of computational analyses and clinical importance. Variables were
initially individually examined by univariate logistic regression for
associations with the outcome of interest. Odds ratios (ORs) and
corresponding 95% confidence intervals (95%Cls) were estimated.
Variables with P values of <0.05 were considered for entry into the
multivariable model to determine the adjusted association with the
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|
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Figure. Case ascertainment for stroke and mimic data sets. Causes of ischemic strokes/TIAs: focal cerebral arteriopathy 19 (29%), bilat-
eral cerebral arteriopathy 14 (22%), arterial dissection 5 (8%), cardioembolic 3 (5%), other determined etiology 5 (7 %), multifactorial etiol-
ogies 2 (3%), and undetermined 17 (26%). Causes of hemorrhagic strokes: arteriovenous malformation 20 (54%), cavernous malformation
3 (8%), arterial dissection 3 (5%), subarachnoid, cause undetermined 2 (5%) and because of aneurysm 1 (3%), tumor-related bleed 1
(8%), focal cerebral arteriopathy with ruptured collaterals 1 (3%), and undetermined 7 (19%). AIS indicates arterial ischemic stroke; CVST,
cerebral sinus venous thrombosis; HS, hemorrhagic stroke; N, number; and TIA, transient ischemic attack. *“Brain attack study.” AReasons
for exclusion: CVST (1), direct admission to inpatient unit (5), and incomplete medical records (5).
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outcomes of interest for combined AIS and HS diagnoses versus mim-
ics. Multivariable modeling was not performed for AIS or HS stroke
subtypes versus mimics because of the relatively small sample sizes.
Unadjusted (produced by univariate models) and adjusted (produced
by multivariable models) ORs are presented with corresponding 95%
CIs and P values. CIs not including 1 are indicative of statistical sig-
nificance, with the P value set at 0.05. Standard analyses of model
fit and excessive collinearity diagnostics were performed, including
(1) computation of pairwise correlation coefficients to assess inter-
dependence of causal variables and (2) measures of multicollinearity,
including variance inflation factors and condition number, to deter-
mine whether there was a linear association between >2 predictor vari-
ables. Statistical analyses were performed using STATA 13 (StataCorp,
TX). This study was reviewed and approved by the Royal Children’s
Hospital Human Research Ethics Committee (HREC30194A).

Results
The study population comprised 280 children with mimics,
prospectively recruited from July 2009 until December 2010
and 102 children with stroke, prospectively and retrospec-
tively identified from January 2003 until December 2010.
No statistically significant difference between the 2 stroke
cohorts was observed, with sex (P=0.09) being the only vari-
able approaching significance (Table I in the online-only
Data Supplement). AIS was the most common stroke subtype
in 55 children, followed by HS subtype in 37 and TIAs in 10
children. Twelve children with stroke were excluded: 2 had

cerebral sinovenous thrombosis, 5 were direct admissions
to the inpatient unit, and 5 had incomplete medical records
(Figure). In children with neurological symptoms or signs
on arrival at the ED, the most common mimic diagnoses
included migraine in 84 children, febrile or afebrile seizures
in 46, Bell’s palsy in 29, conversions disorders in 18, and syn-
cope in 14 children. A full list of mimic diagnoses has been
previously published.’

Fourteen factors associated with increased odds, and 2 fac-
tors with decreased odds of stroke diagnosis (Tables 1 and 2),
were included in the multivariable logistic regression model.
Four factors emerged as being significantly associated with
stroke diagnosis in the adjusted analysis. Being well in the
week before presentation (OR 5.76, 95% CI 2.25-14.79) was
associated with increased odds of stroke. Arm weakness (OR
8.66, 95% CI 2.50-30.02) was the neurological sign most
strongly associated with stroke, but the association was poorly
estimated as indicated by the wide 95% confidence intervals.
Face weakness (OR 2.94, 95% CI 1.19-7.28) and inability to
walk (OR 3.38, 95% CI 1.54-7.42) were also associated with
increased odds of stroke. In contrast, the presence of other
symptoms (OR 0.28, 95% CI 0.10-0.77) was negatively asso-
ciated with stroke diagnosis (Table 3).

Factors significantly associated with AIS diagnosis on uni-
variate analyses included symptoms of focal weakness and

Table 1. Univariate Analyses of Demographic Factors, Time Course, and Symptoms Associated With Stroke and Mimic Diagnoses
Total, n (%) Stroke (1=102),n (%)~ Mimic (1=280,n (%) = OR  95%LCI 95%UCI  PValue
Demographics
Male sex 179/382 (47%) 48/102 (47%) 131/280 (47%) 1.01 0.64 1.59 0.96
Past medical history 149/382 (39%) 44/102 (43%) 105/280 (38%) 1.26 0.80 2.00 0.32
Sudden symptom onset 285/378 (75%) 87/102 (85%) 198/276 (71%) 2.28 1.24 4.19 0.008
Woke with symptoms 70/373 (19%) 20/100 (20%) 50/273 (18%) 1.11 0.63 1.99 0.71
Well in the week prior 292/381 (77%) 90/102 (88%) 202/279 (72%) 2.86 1.48 5.15 0.002
Mean age, y 9.2(SD5.1,0.1-17.7) | 8.3(5.0,0.1-17.7) 9.6 (5.1,0.1-17.6) 0.95 0.91 0.99 0.01
Symptoms
Headache 219/380 (58%) 58/100 (58%) 161/280 (58%) 0.93 0.64 1.62 0.93
Vomiting 135/380 (36%) 32/100 (32%) 103/280 (37%) 0.81 0.50 1.31 0.39
Focal weakness 151/378 (40%) 58/102 (57%) 93/276 (34%) 2.59 1.63 4.12 <0.0001
Focal numbness 85/376 (23%) 17/102 (17%) 68/274 (25%) 0.61 0.34 1.09 0.01
Visual disturbance 83/376 (22%) 17/100 (17%) 66/276 (24%) 0.65 0.36 1.17 0.16
Seizure 78/382 (20%) 21/102 (21%) 57/280 (20%) 1.01 0.58 1.77 0.97
Altered mental status 84/380 (22%) 31/102 (30%) 53/278 (19%) 1.85 1.10 3.1 0.02
Dizziness 73/375 (19%) 15/99 (15%) 58/276 (21%) 0.67 0.36 1.25 0.21
Speech disturbance 80/379 (21%) 37/102 (36%) 43/277 (16%) 3.10 1.84 5.20 <0.0001
Ataxia 59/377 (16%) 18/101 (18%) 41/276 (15%) 1.24 0.68 2.28 0.48
Loss of consciousness 45/380 (12%) 10/102 (10%) 35/278 (11%) 0.75 0.36 1.59 0.46
Vertigo 12/371 (3%) 2/97 (2%) 10/274 (4%) 0.55 0.12 2.58 0.45
Other symptoms 64/381 (17%) 5/102 (5%) 59/279 (21%) 0.19 0.07 0.49 0.001

Other symptoms, in order of frequency, included pain or stiffness, lethargy, gait disturbance, fever, involuntary movements, nausea, and irritability. Well in the week
prior was defined as no fever or prodromal symptoms before the day of presentation. LCl indicates lower 95% confidence interval; n, number; OR, unadjusted odds

ratios; and UCI, upper 95% confidence interval.
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Table 2. Univariate Analyses of Signs Associated With Stroke and Mimic Diagnoses

Signs Total, n (%) Stroke (n=102), n (%) = Mimic (n=280), n (%) OR 95% LCI 95% UCI PValue
Face weakness 85/378 (22%) 44/99 (44%) 41/279 (15%) 4.64 2.77 7.79 <0.0001
Arm weakness 74/378 (20%) 47/99 (47%) 27/279 (10%) 8.44 4.82 14.76 <0.0001
Leg weakness 72/378 (19%) 37/99 (37%) 35/279 (13%) 4.16 2.43 714 <0.0001
Dysarthria 33/374 (9%) 22/96 (23%) 11/278 (4%) 7.22 3.34 15.56 <0.0001
Dysphasia 17/374 (5%) 10/96 (10%) 71278 (3%) 4.50 1.66 12.18 0.003
Ataxia 37/378 (10%) 8/99 (8%) 29/279 (10%) 0.76 0.33 1.72 0.51
Inability to walk 59/373 (16%) 30/98 (31%) 29/275 (11%) 3.74 2.10 6.67 <0.001
Abnormal eye movement 30/376 (8%) 6/99 (6%) 24/277 (9%) 0.68 0.27 1.71 0.41
Visual defects 30/366 (8%) 9/89 (10%) 21/277 (8%) 1.37 0.60 31 0.45
Facial sensory disturbance 18/372 (5%) 6/99 (6%) 12/273 (4%) 1.40 0.51 3.84 0.51
Arm sensory disturbance 36/374 (10%) 12/99 (12%) 24/275 (9%) 1.44 0.69 3.00 0.33
Leg sensory disturbance 29/373 (8%) 9/99 (9%) 20/274 (7%) 1.27 0.56 2.89 0.57
GCS abnormal (<15) 110/382 (29%) 40/102 (39%) 70/280 (25%) 1.94 1.20 3.13 0.007
GCS<9 18/382 (5%) 9/102 (9%) 9/280 (3%) 291 1.12 7.56 0.03
Pupillary abnormalities 11/358 (3%) 5/98 (5%) 6/260 (2%) 2.27 0.68 7.63 0.18
Sensory neglect 5/377 (1%) 3/99 (3%) 2/278 (0.7%) 4.31 0.71 26.20 0.11
Other signs 32/381 (8%) 9/102 (9%) 23/279 (8%) 1.078 0.48 2.41 0.86
No focal signs 122/379 (33%) 20/100 (20%) 102/279 (37%) 0.43 0.25 0.75 0.003

Other signs included abnormal deep tendon reflexes, confusion, altered consciousness or slowed mentation, involuntary movements, papilloedema. GCS indicates
Glasgow coma score; LCI, lower 95% confidence interval; n, number; OR, unadjusted odds ratios; and UCI, upper 95% confidence interval.

speech disturbance and signs of face, arm, or leg weakness,
dysarthria, dysphasia, and inability to walk. No child with AIS
presented with loss of consciousness or coma (GCS [Glasgow
coma score] of <9). In contrast, factors significantly associ-
ated with mimic diagnosis on univariate analyses included
presence of other symptoms and absence of neurological signs
on examination (Table IT in the online-only Data Supplement).
Factors associated with HS diagnosis on univariate analyses
included sudden onset of symptoms, vomiting, altered mental
state, inability to walk, abnormal GCS, and coma. All children
with HS were well in the week before presentation, whereas
none presented with vertigo (Table III in the online-only Data
Supplement).

Discussion

Significant delays to diagnosis of pediatric stroke, well beyond
those reported in adults,'!%” mean that children are unlikely
to access time-critical treatments that have been shown to
improve outcome in adults.”® Prehospital factors contrib-
ute more to delayed diagnosis in adults,"” but recent studies
suggest that in-hospital factors are more important contribu-
tors to delayed diagnosis in children.'= It is likely that poor
recognition of stroke among pediatric physicians® or limited
knowledge of neurologically relevant brain attack symptoms
are contributing factors.

Triage nurses and emergency physicians play a critical role
in the diagnosis of stroke because they are the first point of
contact in =50% of adults with stroke.' Clinical differentia-
tion of stroke from mimics is a crucial first step that influences

decisions about type and urgency of investigations and selec-
tion of the most appropriate treatments. Assessment of patients
with brain attack symptoms is challenging for non-neurolo-
gists, with accuracy of emergency physician diagnosis, before
completion of investigations, ranging from 51% to 81%.77-2-
The low a priori probability of childhood stroke makes diagno-
sis even more challenging for pediatric ED staff.’

The key findings of this study are as follows: (1) there are
differences in the clinical presenting features of childhood
stroke and mimics and (2) factors that discriminate stroke
from mimics differ by stroke subtype. Few studies have inves-
tigated the clinical features that distinguish stroke from mim-
ics in adults. Exact time of onset,” abnormal vascular findings
(such as hypertension, atrial fibrillation, and valvular heart dis-
ease),’” and sudden-onset symptoms of face, arm, or leg weak-
ness and speech® are associated with increased odds of stroke.
Lateralized signs,” face, arm, or leg weakness, eye movement
abnormalities, visuospatial neglect, hemiparetic or ataxic gait
disturbance, sensory disturbance of the arm or leg,® and abnor-
mal visual fields® are also associated with increased odds of
stroke. In contrast, altered consciousness,>® cognitive impair-
ment,” dizziness, confusion, loss of consciousness, and sei-
zures> are associated with increased odds of mimic diagnosis.

We found that 16 variables were associated with combined
stroke or mimic on univariate analysis but only 5 remained
significant on multivariable analysis. Being well in the week
before arrival, inability to walk, and examination findings of
focal face or arm weakness were associated with stroke diag-
nosis, consistent with those in the literature on adults. Visual
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Table 3. Factors Independently Associated With Stroke and
Mimic Diagnoses on Multivariable Regression Analyses

| OR | 95%LCI 95%UCI  PValue
Demographic factors
Well in the week prior 5.76 2.25 14.75 <0.0001
Mean age 0.95 0.89 1.01 0.07
Symptoms
Sudden symptom onset 0.95 0.45 2.02 0.90
Focal weakness 0.57 0.23 1.45 0.24
Altered mental status 1.39 0.65 2.97 0.39
Speech disturbance 1.63 0.73 3.64 0.23
Other symptoms 0.28 0.10 0.77 0.01
Signs
Face weakness 2.94 1.19 7.28 0.02
Leg weakness 0.44 0.13 1.57 0.21
Arm weakness* 8.66 2.50 30.02 0.001
Dysarthria 2.41 0.80 7.27 0.12
Dysphasia 1.33 0.31 5.75 0.70
Inability to walk 3.38 1.54 7.42 0.002
Abnormal GCS (<15) 1.03 0.48 2.25 0.92
GCS<9 1.79 0.35 9.30 0.49
:Z;gcal neurological 103 0.50 214 0.92

Other symptoms, in order of frequency, included pain or stiffness, lethargy,
gait disturbance, fever, involuntary movements, nausea, and irritability. GCS
indicates Glasgow coma score; LCl, lower 95% confidence interval; OR,
adjusted odds ratios; and UCI, upper 95% confidence interval.

*The effect size for arm weakness needs to be interpreted with caution
because of the wide 95% confidence intervals.

symptoms were not independently associated with stroke
diagnosis, which may be explained by the different spectrum
of disorders mimicking pediatric stroke. For example, visual
disturbance is the most frequent type of aura in migraine, and
migraine is the most common pediatric stroke mimic.’ Sudden
symptom onset was not independently associated with stroke.
The lack of independent association between sudden symptom
onset and stroke may be because of selection bias, because
brain attack symptoms were defined as acute-onset focal brain
dysfunction, or variable interpretation of the term’s meaning
among ED physicians.

Equally important were the findings that seizures and
loss of consciousness were not independently associated
with mimic diagnosis, and therefore, in contrast to adults,
they are not useful discriminators for mimic diagnosis in
children. The relatively frequent occurrence of seizures
in childhood stroke is well described in the pediatric lit-
erature, with reported rates ranging from 11% to 52% for
ischemic stroke™!*13161723 and from 37% to 41% for HS.>**»
This contrasts with the low rates of seizures in adults, rang-
ing from 0.5% to 11%.%" Increased rates of seizures may
reflect age-related cortical hyperexcitability or decreased
inhibitory influences in the developing brain. Loss of

consciousness, which has been noted in 18% to 41% of
adults with mimics,*” was also nondiscriminatory, occur-
ring in low numbers of children in both groups. Differences
in discriminatory factors between adults and children may
also be related to the higher proportion of HS in children
because presenting features differ by stroke subtype.*'
Thirty-six percent of children in our stroke cohort had HS,
consistent with the 37% to 46% rates reported in popula-
tion-based studies.?**

Exploratory analyses suggest that factors that discriminate
AIS from mimics are different from those that discriminate
HS from mimics. In contrast to the analyses comparing all
strokes to mimics, being well in the week before presenta-
tion was not associated with AIS, and face or arm weakness
was not associated with HS. Understanding factors that dis-
criminate ischemic or HS subtypes from mimics may assist
the clinician in selecting the most appropriate neuroimaging
modality to minimize delays and maximize diagnostic yield.
However, magnetic resonance imaging has similar sensitivity
to computed tomography for detection of hemorrhage, and
recent studies have demonstrated feasibility of rapid magnetic
resonance imaging screening protocols that avoid the need for
anesthesia in young children.*

Our study has limitations. The wide 95% ClIs in the mul-
tivariable analyses for some signs suggest that the effect
sizes need to be interpreted with caution. We did not have
data on exact time of onset, assess for presence of positive
signs in other systems, or use standardized stroke sever-
ity scales. Therefore, we were unable to assess the value
of other factors that have been shown to be discriminatory
in adults.” The majority of our stroke group was identified
retrospectively but we did not find significant differences
in the presenting features when compared with the smaller
prospective group. Relatively small numbers of children
limited our ability to determine adjusted associations for
the arterial ischemic and HS subgroups. Children with sino-
venous thrombosis were excluded from the analyses and,
therefore, they require further study. Accuracy of the clini-
cal examination findings may have been influenced by level
of experience of emergency physicians.” The discriminatory
values of conventional stroke risk factors were not assessed
because the causes of stroke differ from adults.!"* We did
not assess the influence of discriminatory factors in AIS for
anterior and posterior circulation. Finally, the study findings
may not apply to children with in-hospital strokes, such as
those with cardiac disease, because of differences in demo-
graphic factors, comorbid problems, such as infection, and
presenting clinical features.

Development of ED brain attack protocols* and deci-
sion support tools to improve accuracy of stroke diagno-
sis by frontline emergency staff need to take into account
differences between children and adults®® and differences
between ischemic stroke and HS subtypes. Further work
is required to assess discriminatory factors for stroke
compared with more common mimic diagnoses, such as
migraine, and with less common but more serious diagno-
ses requiring rapid intervention, such as encephalitis, acute
disseminated encephalomyelitis, and central nervous sys-
tem tumors.
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