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Abstract

Objective Childhood arterial ischaemic stroke (AIS) is rare, but causes significant morbidity and mortality. We aimed
to investigate incidence, age-dependent clinical presentation, and risk factors and to discuss the medical care situation in
Germany.

Methods This prospective epidemiological study was conducted via ESPED (Erhebungseinheit fiir Seltene Pidiatrische
Erkrankungen in Deutschland), a hospital-based German nation-wide surveillance unit for rare pediatric diseases. Children
aged 28 days—18 years with first AIS between January 2015 and December 2017 were included.

Results In the 3-year period, 164 children were reported. Incidence showed peaks in infants, children <2 years of age, and
adolescents (12—18 years), with a significant male predominance observed in adolescents only. Independent of age, most
children (91%) presented with focal symptoms, particularly with acute hemiparesis. The occurrence of seizures in infants
(57%) and more nonspecific symptoms in school-children and adolescents (54%) is considered noteworthy. Prothrombotic
states (34%), cardiac disorders (29%), and arteriopathies (19%) were the most frequently identified risk factors. The majority
of children (72/131, thus 55%) were discharged home after acute care phase. At time of discharge, most common neurologi-
cal symptoms were hemiparesis (42%), facial palsy (15%), and speech disturbance (12%).

Conclusion This study provides population-based data of childhood AIS which may be useful for further research. The
improvement of acute stroke management is needed for children, but also the standardization of post-stroke care in the out-
patient setting has to be structured. Considering the higher stroke incidence in (male) adolescents, it is advisable to combine
research activities in adolescents and young adults.
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Introduction

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s00415-019-09508-5) contains

> 0 ; ‘ Childhood arterial ischemic stroke (AIS) differs in essen-
supplementary material, which is available to authorized users.

tial aspects from adult stroke. Pediatricians, among others,
struggle with a low awareness among laypersons and physi-
cians, resulting in delayed diagnosis, less experience in the
use of thrombolysis and mechanical thrombectomy, and a
time-and resource-consuming etiological clarification due
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to the multitude of possible risk factors [1-7].

The aim of this study was to provide data from Germany
for the incidence, age-dependent clinical presentation, and
risk factors for childhood AIS and to reflect the medical
care situation for children with stroke regarding diagnostic
work-up, hyperacute treatment, short-term outcomes, and
follow-up.
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Methods Results
Study population Population characteristics

From 1 January 2015 to 31 December 2017, the ESPED child-
hood stroke study group enrolled infants, children, and adoles-
cents (aged 28 days—18 years) with first AIS in Germany. The
diagnosis was given by the treating pediatrician. Exclusion
criteria were (presumed) perinatal/neonatal stroke, hemor-
rhagic stroke, cerebral sinovenous thrombosis, and presumed
transient ischemic attack.

Reporting system

Patients eligible for inclusion were identified via ESPED
(acronym for: Erhebungseinheit fiir seltene pédiatrische
Erkrankungen in Deutschland), a hospital-based nation-wide
surveillance system for rare pediatric diseases founded in
1992. Every month, all participating children’s hospitals and
pediatric departments (n=345) were asked via e-mail or post-
card to report the number of children admitted with first AIS
(including a null option). Pediatricians reporting new cases
were requested to fill out a study-specific, anonymous ques-
tionnaire, based on the child s medical record. As there was no
standardized investigation protocol, diagnostic work-up as well
as treatment were at the discretion of the treating pediatricians.

All questionnaires were checked for plausibility by a pedi-
atric neurologist (LG) and specialist for pediatric hemostase-
ology (MO).

The case report form included information about demo-
graphic variables, presenting features, risk factors, diagnostics,
imaging results, treatment, short-term outcomes and follow-up
care, among other variables. The questionnaire developed for
this study can be obtained in the English language version as
a supplementary file.

Statistical analysis

For descriptive statistics, we used SAS, version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). Proportions were compared using
Chi-square statistics. p values < 0.05 were considered signifi-
cant. For estimating incidence, population data from the Fed-
eral Statistical Office for children under 18 years (2015-2017)
were used [8]. We used the method described by Armitage and
Berry to calculate the 95% confidence interval (95% CI) for
incidence estimates.

Ethical approval

The study was approved by the ethics committee and data pro-
tection commissioner of the Medical Faculty of the Ludwig-
Maximilians-University Munich, Number 42-15 (05-04-2015).
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In the 3-year study period, 164 cases of first AIS were
reported, with completed questionnaires, accounting for an
overall incidence of 0.41/100,000 per year (95% CI 0.347;
0.474). Analysis of age showed a u-shaped distribution
with peaks in infants, very young children, and adoles-
cents. Estimate incidences were highest in children less
than 1 year (0.60/100,000 per year; 95% CI 0.330; 1.013),
compared with those aged 1-5 years (0.38/100,000 per
year; 95% CI 0.274; 0.513), > 5-12 years (0.32/100,000
per year; 95% CI 0.226; 0.427), and > 12-18 years
(0.48/100,000 per year; 95% CI 0.226; 0.427).

97 children were male (m:f=1.44; p=0.0191). Higher
incidence in males was highly significant in adolescents
from 12 years onwards (m:f=45:22; p=0.005), whereas
sex-specific incidence was nearly equal in the younger age
group (0 to < 12 years: m:f=52:45; p=0.4772) (Fig. 1).
Most of the children were Caucasian (86.6%), 5.5% were
Asian, and 1.8% were African (missing data for 6,1% of
cases).

Presenting symptoms

Table 1 shows the presenting symptoms for the whole sam-
ple and by age group.

Focal symptoms, in particular an acute hemiparesis,
were the most common presenting features of childhood
AIS, independent of age. Concomitant nonspecific symp-
toms such as headache, vertigo, vomiting, and decreased
levels of consciousness were especially common in school-
aged children and adolescents. More than half of infants
presented with seizures.

Risk factors

One risk factor was reported in 59 (36%) children, two in
52 (32%) children, three in 12 (7%) children, and four in 1
(1%) child. Stroke was classified as cryptogenic (no known
risk factor identified) in 40 (24%) children.

An overview of risk factor categories is given in
Table 2. Prothrombotic states, cardiac diseases, and arteri-
opathies were most common. Especially, cardiac disorders
are often described as a single risk factor (19/47 children),
whereas coagulation problems often co-occur with other
risk factors (43/56 children). Infectious diseases were seen
in 19 children, of which 4 children did not show any addi-
tional risk factors. With exception of the risk factor cat-
egories arteriopathy (p =0.0436) and other (p =0.0006),
categories did not differ significantly across different age
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Fig.1 Age and sex distribution of children with AIS (n=164)
Table 1 Presenting symptoms in total and by age group (n=164)
Number of cases <1year (n=14) 1-5 years (n=42) 6-18 years (n=108)
(n=164)

Focal symptoms 149 (91%) 10 (71%) 34 (81%) 105 (97%)
Hemiparesis 110 (67%) 10 (71%) 28 (67%) 72 (67%)
Facial weakness 52 (32%) 4 (19%) 11 (26%) 37 (34%)
Speech disturbance 68 (41%) - 10 (24%) 58 (54%)
Visual disturbance 32 (20%) 2(14%) 3 (7%) 27 (25%)
Ataxia 24 (15%) - 6 (14%) 18 (17%)
Paresthesia 19 (12%) 1 (7%) - 18 (17%)
Other focal symptoms 29 (18%) 2 (14%) 11 (26%) 16 (15%)
Nonspecific symptoms 79 (48%) 2 (14%) 19 (45%) 58 (54%)
Headache 39 (34%) - 3 (7%) 36 (33%)
Decreased consciousness level 34 21%) - 13 31%) 21 (19%)
Vomiting/ nausea 33 (20%) 2 (14%) 8 (19%) 23 (21%)
Vertigo 21 (13%) 2 (5%) 19 (18%)
Other nonspecific symptoms 5 (3%) - 3 (T%) 2 (2%)
Seizure 30 (18%) 8 (57%) 13 31%) 9(8%)

groups (Table 2). A detailed overview of described risk  Risk factors in adolescents

factors is shown in Table 3. This table separately shows

which risk factors occurred in isolation. As male sex was highly significant in AIS incidence in ado-
lescence (> 12 years), we compared risk factors reported
for males vs females in this age group. We did not find a
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Table 2 Prevalence of risk

. Risk factor category ~ Number 0to 1-5years  5-12years 12-18years p value
factor categories by age of cases 12 months old old (n=42) old (n=41) old (n=67)
(n=164) (n=14)
Cardiac 47 (29%) 6 (43%) 15(36%) 8 (20%) 18 27%) 0.2369
Prothrombotic state 56 (34%) 6 (43%) 13 (31%) 17 (42%) 20 (30%) 0.5238
Arteriopathy 31 (19%) 1 (7%) 7 (17%) 14 (34%) 9 (13%) 0.0436
Acute systemic 19 (12%) 3(21%) 6 (14%) 6 (15%) 4 (6%) 0.1814
Hemato-oncological 15 (9%) - 4 (10%) 3 (T%) 8 (12%) 0.6670
Metabolic 3(2%) - 1 2%) 1 2%) 1 2%) 1.0000
Chronic head and 12 (7%) - 2 (5%) 2 (5%) 8 (12%) 0.3867
neck disorders*
Other** 13 (8%) 2 (14%) 9 (21%) - 2 (3%) 0.0006
Cryptogenic*** 40 (24%) 2 (14%) 8 (19%) 9 (22%) 21 (31%) 0.4078

* . B . . .
Brain tumor, aneurysms, arteriovenous malformations, migraine

ek . . . . . . .
Connective tissue disorders, genetic disorders, previous brain surgery, trauma

“*No risk factor reported

significant difference regarding the number of risk factors
(p=0.4025) (Fig. 2). The only significant difference regard-
ing risk factors was observed in the category “hemato-onco-
logical diseases” [p=0.0456; reported diseases in 8 male
adolescents: acute lymphatic leukemia (n=3), sickle cell
disease (n=1), osteosarcoma (n = 1), neuroblastoma (n=1),
lymphoma (n=1), and pontine glioma (n=1)] (Fig. 3).

Neuroimaging

First imaging modalities were a CT in 25/146 children, CT
plus CT angiography in 10/146 children, MRI in 48/146
children, MRI plus MR angiography in 58/164 children, and
a transcranial ultrasound in 5/146 children (missing informa-
tion or multiple applied imaging modalities n=18).

The lesion was right-sided in 58/137 children and left-
sided in 65/137 children, and both sides were affected in
14/137 children (missing information n=27).

The middle cerebral artery was by far the most affected
vessel (75/110 children), followed by the posterior cerebral
artery (20/110 children) and the anterior cerebral artery
(15/110 children). In 24/110 children, an abnormality was
seen in more than one cerebral vessel (missing information
n=>54) (Table 4). Our data did not indicate a correlation
between affected vessel and presenting clinical symptom.

Hyperacute therapy

29 children (18%) aged 0-16 years received hyperacute ther-
apy (thrombolysis n= 11, mechanical thrombectomy n = 10,
thrombolysis plus mechanical thrombectomy n=38). A
bleeding complication was reported in one child. A detailed
analysis of this for adults evidence-based treatment option
is currently in preparation and will be published separately.

@ Springer

Secondary prevention

With respect to the secondary prevention, 16/145 children
were discharged without any antithrombotic therapy (miss-
ing information in n=19). The majority of children (62/145
children) received low-weight heparine followed by ASS
(45/145 children), ASS plus further anticoagulation (16/145
children), or Vitamin K antagonists (6/145 children).

Short-term outcomes and follow-up care

Most common neurological symptoms at the time of dis-
charge were hemiparesis (69/164, 42%), facial palsy (24/164,
15%) and speech disturbance (19/164, 12%). An overview of
the age-specific short-term outcomes is provided in Table 5.

Two children (1%) died during the acute phase (day 1
and day 3 after stroke, respectively). One child suffered the
stroke as a complication of cardiac surgery (ASD closure)
with a bilateral occlusion of the middle cerebral artery, left-
sided occlusion of the internal carotid artery and a cerebral
edema. Etiology of the stroke in the other child was an
acute myeloid leukemia with hyperleukocytosis (196.000
per microliter) leading to a thrombosis of both middle cer-
ebral arteries, the left carotid artery and the anterior cerebral
artery. On day 3, the child developed raising intracranial
pressure and a brainstem herniation.

Two children died in the post-acute phase, but not because
of the arterial ischemic stroke but the severe underlying dis-
ease (rupture of an infectious aortic aneurysm and dilatative
cardiomyopathy, respectively).

Information about the setting of follow-up care was
provided for n=131 children. The majority 72/131 (55%)
was discharged home with an ambulant follow-up, whereas
59/131 (45%) children were transferred to a rehabilita-
tion clinic. The latter group had significantly more often a
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Table 3 Prevalence of risk factors in detail in children with AIS (n=164). Some children presented with more than one risk factor within a risk

factor category

Risk factor category In total

As an isolated
risk factor cat-

egory

In total Asan

isolated risk
factor

Cardiac 47
Prothrombotic state 56
Arteriopathy 31
Acute systemic 19
Hemato oncological 15
Metabolic 3

Chronic head and neck disorders 12

22

15

Congenital / Acquired heart disease
Patent foramen ovale
Endocarditis
Previous cardiac surgery / catheterization
Arrhythmia
Other
Protein C deficiency
Protein S deficiency
Prothrombin mutation (G20210A)
Factor V Leiden (G1691A)
MTHER (C677T)

Homozygous

Heterozygous + hyperhomocysteinemia
elevated Lipoprotein (a)
Antithrombin deficiency
Increased factor VIII
Focal cerebral arteriopathy
Primary CNS-vasculitis
Para-/postinfectious vasculitis
Arterial dissection
Moyamoya disease
Fibromuscular dysplasia
Systemic lupus erythematodes
Other

Infectious disease (varicella, borrelia burgdorferi, myco-
plasma pneumonia, enterovirus, parvovirus, other)

Sickle cell disease
Hemolytic anemia
Iron deficiency anemia
Other
Mitochondriopathy

M. Fabry
Homocysteinuria
CDG syndrome

Other

Brain tumor
Aneurysm
Arterio-venous malformation

Migraine

25
15

13
11

18

18

~N W W

9
7

| W w |

B S

oS S I )
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Table 3 (continued)

In total As an isolated
risk factor cat-

Risk factor category

In total Asan
isolated risk

egory factor
Other 13 4 Connective tissue disorders
Ehlers-Danlos syndrome - -
Marfan syndrome - -
Other 1 1
Genetic disorders
Trisomy 21 4 -
Other 2 -
Previous brain surgery - -
Trauma 5 3
Other 1 -
Fig.2 Number of risk factors 45 - 42
in female and male adolescents
(=12 years, n=67) 40 - 36
35 1 31 32 32
30 A
25 A
% 20 - 18 male
15 - m female
10 - d
5 -
0
0
0 1 2 3

Number of risk factos in n=67 adolescents (male n=45, female n=22)

hemiparesis compared to the children which were discharged
home (72% vs 28%; p <0.0001).

Discussion

Childhood AIS is a potentially life-threatening event which
requires early diagnosis and adequate treatment based on
underlying risk factors. Minimizing the risk for recurrent
stroke episodes and prioritizing the child’s neurological
and psychological sequelae is important for the child’s
integration into its educational, eventual professional and
social environment. Our study provides population-based
data of childhood AIS and reflects the current medical care
situation for children with stroke in Germany. The results

@ Springer

regarding age distribution, clinical presentation, risk fac-
tors, hyperacute treatment, and short-term outcomes are
confirming the previous reports on childhood AIS in most
aspects [2, 9-11]. Some points require commentary.

Clinical presentation

The time delay in diagnoses of childhood strokes, reported
to be as high as a median interval of 23 h from symptom
onset to diagnosis, is a well-known barrier in childhood
stroke care, which may prevent time-critical treatments
such as thrombolysis or mechanical thrombectomy [7, 12,
13]. The lack of awareness for childhood stroke, the long
list of more common, stroke-mimicking conditions, as
well as insufficient pediatric stroke codes in hospitals with
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Fig. 3 Risk factor categories
in female and male adolescents

(>12 years, n=67)

%

29 29

30 4

25 4

20 A

15 4

10 4

13

23

18
14

Risk factor categories in n=67 adolescents (male n=45, female n=22)

Table 4 Affected vessels in children with AIS (n=110)

Affected vessel

N (total) (N=110) N (only

one vessel
affected)
(N=86)
Middle cerebral artery 75 54
Posterior cerebral artery 20 13
Anterior cerebral artery 15 4
Internal carotid artery 11 5
Cerebellar artery 5 4
Aa. lenticulostriatae 4 2
Basilar artery 2 1
Aa. thalamoperforantes 2 2
A. choroidea ant 2 1
External carotid artery 1 -

Table 5 Age-specific short-term outcomes

delays in proper neuroimaging may be mainly responsible
for this unsatisfactory situation. Apart from increasing
awareness, there should be considerable effort invested
into improving clinical pathways. The evaluation of
adult stroke recognition tools in childhood stroke, such
as the FAST test (Face Arm Speech Time), beFAST test
(b=balance, e =eyes) and the ROSIER scale (Recognition
of Stroke in the Emergency Room), as well as ongoing
research on how to differentiate stroke from stroke-mim-
icking conditions in the emergency room, may improve
quick diagnosis and treatment [6, 14-21].

The results of our study confirm that nonspecific symp-
toms such as headache or vomiting and seizures may
complicate the diagnosis of childhood stroke. However,
the most common presenting symptom, independent of
age, is an acute focal neurological deficit. In school-aged
children and adolescents, it is worth highlighting that
104/108 children (96%) presented with a clinical symp-
tom listed in the extended FAST Test, the beFAST test
(1 child presented with paresthesia only). In adults, the

Total (n=164) <1 year (N=14) 1-5 years (n=42) 5-12 years (N=41) 12-18 years (N=67) p value
Death 4 (2%) - 3 (7%) 1 2%) -
Diagnosis at discharge
Hemiparesis 69 (42%) 7 (50%) 20 (48%) 23 (56%) 19 (28%) 0.0222
Facial palsy 24 (15%) 2 (14%) 7 (17%) 10 (24%) 5 (8%) 0.0883
Speech disturbance 19 (12%) - 5 (10%) 7 (17%) 7 (10%) 0.4255
Seizures 11 (7%) 1 (7%) 8 (19%) - 2 (3%) 0.0024
Cerebellar symptoms 6 (4%) - 3 (7%) 1 (2%) 2 (3%) 0.6129
Visual disturbance 4 (2%) - 2 (5%) 1(2%) 1 (2%) 0.8689
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beFAST test was shown to be more sensitive than the
FAST test in detecting ischemic stroke [14]. These data
should encourage paramedics, nurses, and pediatricians to
use the beFAST test as triage test for pediatric patients in
the emergency room. Unfortunately, pediatricians in non-
English speaking countries seem to not be very familiar
with this test. Data show that only 27% of pediatricians
participating in a survey in Bavaria/Germany were able to
correctly explain the meaning of the acronym FAST, and
38% have not heard of the FAST test yet [3]. However, it is
to emphasize that the (be)FAST is only a recognition tool
for arterial ischemic stroke, not for hemorrhagic stroke.
As hemorrhagic stroke in childhood is almost as common
as ischemic stroke, the development of pediatric stroke
recognition tools should also provide basic information
about the clinical presentation of children with intracranial
bleeding—severe headache, vomiting, and altered level of
consciousness [16]. The Munich Pediatric Stroke Working
Group distributed pocket cards (MERCS—Munich Early
Recognition of Childhood Stroke) highlighting leading
symptoms for both stroke types on the front and back of
the pocket card and provided teaching lessons for nurses
and pediatricians. The MERCS card can be downloaded
as a supplemental material.

With respect to standardized clinical examination tools
in childhood stroke, such as the Pediatric NIH Stroke Scale
(PedNIHSS) and the Pediatric Stroke Outcome Measure
(PSOM), our data show that these are barely used in Ger-
many (information on: PedNIHSS 13/164, PSOM 3/164).
Further training sessions will have to focus on these neu-
rological examination tools which are not only the clinical
standard in the acute and follow-up examination of children
with stroke, but also necessary for collecting comparable
data in childhood stroke research [12, 22-24].

We understand it as a genuine task of pediatric socie-
ties with all their subspecialities to implement (obligatory)
training sessions for early recognition of childhood stroke
(beFAST) as well as standardizing neurological examination
in acute care phase (PedNIHSS) and long-term follow-up
(PSOM).

Risk factors

In the present study, prothrombotic states (39%), cardiac
diseases (29%) and arteriopathies (19%) were top of a long
list of presumed risk factors for childhood AIS. It is note-
worthy that there was significant variance in the proportion
of prothrombotic states in different reports of pre-existing
conditions in childhood AIS [9, 10, 25-27]. Differences in
access to laboratory testing in different countries, as well
as higher prevalence of some prothrombotic risk factor
in Caucasians (f.e. Factor V Leiden Mutation) could be a
reason for this variability.

@ Springer

There is an ongoing research interest in the role of arte-
riopathies in childhood stroke and some studies consider
arteriopathies to be the most common cause [9, 28-31].
Especially, focal cerebral arteriopathies, an unilateral arte-
riopathy without progression after 3—6 months, seems to
be responsible for a remarkable proportion of childhood
strokes [32, 33]. There is no good explanation for why,
over a three-year period, no focal cerebral arteriopathy
was reported in our cohort, or for why the proportion of
para-/postinfectious vasculitis was so low in general. As
our study design did not include validation measures of
neuroimaging results, we cannot exclude that some arte-
riopathies remained undetected.

Childhood stroke is known to be a multiple-risk disease,
meaning that the presence and the interaction of differ-
ent factors may lead to an ischemic event. In the present
study, 40% of children showed at least 2 risk factors, 34%
presented with one risk factor, and in 26% of the patient’s
stroke was classified as cryptogenic. The causal role of
some isolated risk factors in childhood stroke, for exam-
ple, the presence of an isolated patent foramen ovale, high
Lipoprotein (a) levels, or migraine, has not yet been fully
clarified.

For the prevention of recurrent strokes, large trials
(CLOSE and REDUCE trials) showed the benefits of a
PFO closure in adult patients (< 60 years) with a PFO and a
cryptogenic stroke, compared to antiplatelet therapy alone
[34]. Some additional criteria for the PFO as large size, or
significant right to left shunt (RTLS), as well as a thorough
and complete diagnostic work-up justifying the diagnosis of
cryptogenic stroke may aid in selecting appropriate candi-
dates for PFO closure. In children, where the list of risk fac-
tors and the possible combinations may be even more com-
plex, paradoxical embolism from a PFO as a single cause of
stroke remains a diagnosis reached by exclusionary process
[35]. In the present study, a PFO as an isolated risk factor
was detected in 9 children. However, unfortunately, these
case report forms did not provide any additional information
on the size of the defect, a significant RTLS, atrial septal
aneurysm, or whether the diagnosis of the PFO in the child
with stroke resulted in a PFO closure.

In 5 children, high Lipoprotein (a) [Lp (a)] levels were
reported as single risk factors. Elevated Lp (a) levels are a
known adult cardiovascular risk factor, but there are only
limited data regarding childhood stroke [36-38]. While
a German study identified an isolated Lp (a) elevation
(>30 mg/dl) as a risk factor for spontaneous ischemic stroke
in children, these results could not be confirmed by other
studies, which only found high Lp (a) levels as a mild prog-
nostic factor for recurrent strokes [39-42].

Migraine with aura seems to be associated with an
increased risk for ischemic stroke in adults and adoles-
cent migraineurs aged 12-18 years, but not in the overall
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pediatric population [43—45]. Interestingly, a recently pub-
lished study described migraine with visual aura as being
associated with an increased risk for atrial fibrillation, which
may be one explanation for the increased risk for ischemic
stroke in this population [46]. These results and their rel-
evance for pediatric patients have to be confirmed in further
studies.

Our data show incidence of AIS peaks in infants, very
young children and adolescence without significant differ-
ences in risk factor categories. Our results could not sup-
port the hypothesis that infants and toddlers are at a higher
risk of infectious diseases and therefor at higher risk for
para-infectious vasculopathies leading to an ischemic stroke
[47-49]. Indeed, our case report form may have missed some
mild upper respiratory tract infections up to one week before
the stroke event, but considering the results of other studies,
pediatricians were expected to report a higher proportion of
vasculopathies in stroke patients in the younger age group.

With respect to the incidence peak in adolescence, our
data again did not show an age-dependency of risk factors.
Furthermore, we failed to explain the highly significant
male predominance in this age group, regarding risk fac-
tor category and number of risk factors. Besides a possible
neuroprotective effect of estrogen or the influence of endog-
enous testosterone, further risk factors discussed in ischemic
stroke in young adults (defined as patients less than 50 years)
should be investigated in further studies [50-52]. As only
three females in this age group took contraceptives and we
have no information whether the contraceptives were estro-
gen containing, our data cannot contribute to the discussion
whether estrogen containing contraceptives increase the risk
of stroke in adolescents with additional prothrombotic risk
factors or with migraine.

In addition to known risk factors in childhood and young
adult stroke, such as cardioembolic risk factors, inflamma-
tory and non-inflammatory vasculopathies, and spontaneous
and traumatic cervicocerebral artery dissections, some stud-
ies also place vascular risk factors in general in the focus of
interest [53]. A large Finnish study compared 918 ischemic
stroke patients between 25 and 49 years old to 1392 healthy
controls [54] The highest population attributable risk fac-
tors were found to be smoking, hypertension, low HDL-C,
cardiovascular disease (CVD), type 1 diabetes mellitus, a
family history of stroke, type 2 diabetes mellitus (T2D), and
atrial fibrillation. CVD, low HDL-C, T2D, a family history
of stroke and hypertension emerged as significant risk fac-
tors only in men. A Germany nationwide case—control study
focused on potentially modifiable cardiovascular/“lifestyle”
risk factors in young adults aged 18-55 years [55]. Low
physical activity, hypertension, heavy episodic alcohol con-
sumption, smoking, and overweight/obesity contributed

significantly to the risk of ischemic stroke. Substance abuse
is a further important risk factor in stroke in young adults
[56]. Whereas cocaine abuse is known to increase the risk
for a stroke significantly, studies show controversial results
regarding the potential role of cannabis use in the etiology
of stroke.

As risk factors of childhood stroke are also of (research)
interest in young adults, may be advisable to combine
research activities in adolescents and young adults for a
mutual exchange of knowledge of probable risk factor pro-
files [57].

Follow-up

After an optimized treatment in the acute phase, rehabilita-
tion and thorough follow-up of children with stroke is neces-
sary for the best possible long-term outcome and participa-
tion in daily life. Recently, guidelines and recommendations
for the acute treatment and criteria for primary childhood
stroke centers have been published in different countries
[58, 59]. Same efforts should be invested into standardizing
long-term care and follow-up. Rehabilitation clinics offer
treatment by multidisciplinary personnel to children after
stroke, including therapists, psychologists, and social work-
ers. Fortunately, our data show that children with hemipare-
sis after stroke are significantly more often transferred to a
rehabilitation clinic than being discharged home. However,
patients being discharged home after acute care phase with
no or only minor neurological deficits, as the majority of
children in our cohort (72/131 children), are especially at
high risk for being lost to follow-up. Life-changing sequela
such as fatigue, attention deficits, cognitive decline, and psy-
chiatric comorbidities may be overlooked. Therefore, special
follow-up settings and personnel are needed. In Germany,
so-called social pediatric centers (SPZ) provide specialized
multi-professional, interdisciplinary treatment in an outpa-
tient setting, and caring about all bio-psycho-social aspects.
These SPZ should be the preferred long-term follow-up set-
ting for children and adolescents after stroke. In addition,
introducing a specialized case manager to the family in the
acute treatment phase, who provides care to the patient and
the family within the first months of recovery and organizes
the follow-up appointments, seems to be a solution currently
being implemented and evaluated in adult stroke medicine
in Germany [60, 61]. Further prospective studies or registry-
based data are required to capture all children with child-
hood arterial ischemic stroke to describe accurately long-
term outcomes and how these outcomes are influenced by
underlying aetiology, acute, and rehabilitative treatment.
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Strength and limitations of the study

Strength of this study is its prospective design, population-
based approach, and the relatively large study population.

Underreporting may be a significant limitation (ESPED is
a voluntary reporting system) which may explain the lower
estimated incidences for childhood stroke in Germany com-
pared to other countries (0.41/100,000 per year compared
to 1.25-13/100,000 per year) [4, 10, 62]. The fact that in
Germany, adolescents with stroke are also admitted to adult
stroke units, and in general, more than 35% of children
(< 15 years) are not treated in children’s hospitals, may
also contribute to the lower incidences for childhood stroke
as only children’s hospitals and pediatric departments are
reporting to ESPED [63].

However, it is improbable that underreporting had a sig-
nificant influence on the described results. The study design
did not provide predetermined investigation protocols; there-
fore, analysis of risk factors was limited. Though inquired
about through the questionnaire, we unfortunately did not
receive sufficient information about the completeness or the
extent of laboratory or imaging investigations in different
hospitals. Furthermore, images were not centrally validated
and we did not receive any information on how often ves-
sel wall imaging was performed. As mentioned above, it is
possible that some etiological hints were overlooked, and
for example, arteriopathies as underlying etiology were
underreported.

Conclusions

There has been some effort to improve diagnostic accuracy
in childhood stroke in the emergency department, and the
effectiveness of different adult stroke recognition tools has
been evaluated for childhood stroke recognition with some-
what unsatisfying results. Well aware that it often remains a
challenge to distinguish stroke from stroke-mimicking con-
ditions in the emergency room, we would still like to encour-
age pediatricians to use the beFAST test. In our cohort, 96%
of all school-aged children and adolescents (6—18 years)
showed at least one symptom listed in the beFAST test. Fur-
thermore, being familiar with the beFAST test will undoubt-
edly increase awareness for childhood stroke, and, therefore,
hopefully help to shorten the time to diagnosis. Nevertheless,
one should keep in mind that hemorrhagic stroke in children
is almost as common as ischemic stroke. Clinical symptoms
of hemorrhagic stroke are not covered by the beFAST test,
and therefore, the development of child-specific recognition
tools of stroke should provide information of both stroke
types, ischemic events and intracranial bleeding.

With respect to the low percentages of arteriopathies in
general, and the absence of focal cerebral arteriopathy in
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particular in our cohort, standardized vascular and vessel
wall imaging protocols analyzed by experienced neuroradi-
ologists are necessary.

Considering the higher stroke incidence in (male) ado-
lescents and given the fact that a relevant number of ado-
lescents are already treated at adult stroke units, it is advis-
able to combine research activities in adolescents and young
adults for a mutual exchange of knowledge of risk factor
profiles, treatment options, and outcomes. In this context,
research should also include the role of endocrinological
aspects and modifiable cardiovascular and stroke risk fac-
tors such as obesity, hypertension, heavy episodic alcohol
consumption, and tobacco or drug abuse.

As a remarkable proportion of children with stroke can be
discharged home from the acute care hospital, it is necessary
to implement standardized follow-up protocols and to pro-
vide sufficient support for the affected families. Especially,
children with no obvious neurological deficit on the side
of the motor system are at a great risk to be lost to follow-
up, and therefore, later, in life restricting sequelae such as
fatigue, cognition decline, or social problems, which may
not to be overlooked and/or misattributed.
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