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Top 10 Symptoms and Signs
Frequency in children with acute focal deficits

Ataxia

Visual disturbance
Headache

Facial paresis

Loss of conciousness
Hemiparesis
Seizures

Speech disturbance
Altered mental state

Vomiting
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Recognition tools for stroke: FAST
For Paramedics

FAST Anteri Posterior
circulation | circulation
76%

Face 70% 42%
Arm 61% 71% 33%
Seech 34% 38% 42%
At least 1 76% 88% 50%

Acute brain attack EPNS Budapest 2015 3
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Recognition tools for stroke: Rosier
For Emergency Phycisians

Asymm facial weakness

+
Asymm arm weakness +
Asymm leg weakness + 57% 67% 33%
Speech disturbance +
Visual defects + 10% 6% 17%
Pos Rosier (21) 81% 85% 75%

Acute brain attack EPNS Budapest 2015 ¢
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ACT FAST ON THE FIRST SIGN OF STROKE

Make your Try to make

your child

Acute brain attack EPNS Budapest 2015
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What is your next step?

Acute brain aitack Mackay et al, Neurology 2014 Epns Budapest 2015 ¢
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Magnetic resonance the first choice of imaging

Table 5 Median time intervals (IQR) in hours according to age
group from arrival in hospital to first neuroimaging

Age group AIS HS
Table 3 Modality and results of first 1
<1 year 113 (24-245 (p=11) 10 (05-1.5) (n=3)
1-5years 4.5 (27-125) (n=33) 17 (0.7-2.7) (n=6)
First newraimaging modaiity 6-10 years 2.1 (1.1-43) (n=9) 14 (0.9-4.7) (n=12)
a 11-15years 25 (07-735) (n=13) 11 (06-1.9) (n=13)
Rl p Value 0.4 058
Uss A, artesial ischaemic stroke; HS, haemorthagic stroke.
First newroimaging was diagnostic of stroke 72 (76%) 40 (95%)
By modality
fu 365 (G6%) 3941 (%)
MRI 28128 (100%) 111 (100%)
uss 172 (50%)

AlS, arterid ischaemic stroke; HS, haemor thagic stroke; USS, cranial ultrasonography.

.
D:Igr::;vﬁc ) / Penumbra? Perfusion imaging
DWI with ADC w ———— CE MRA Neck
FLAIR ~ Fat saturated axial
Transverse T2 [] Dissection? neck imaging
Transverse T1 o
G TOF MRA
Swi (Aortic arch to
MRA Circle of Willis)
Jl % Inflammation? |CE T1SEor IR

No Abnormality

J

Vasculitis? Double IR or MS Dark
Blood

STOP
 —

Fast imaging by magnetic resonance !!!!

MR >>>CT

W

*CT might be negative

A
T2"weig hikd *Radiation by CT/ CTA
*MRA
perfusion
Dark blood

enhanced TOF
fat suppression
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Diffusion — Perfusion Mismatch

Important for decisions on
endovascular interventions

e — EPNS Budapest 2015 10

Careful for posterior circulation stroke!

 —

Suspicion of an inflammatory process

MRA

T1 dark blood




Search for dissection

\Fat suppressed T
axial.inages

I —  —

The top 10 aetiologes for acute focal deficits in in children
please rank their frequency

Bell’s palsy °
CNS infection and in
Seizures/epilpsy adults?
Psychiatric

Cerebellitis

Encephalopathy

CNS demyelnation

Stroke

peripheral NS

Migraine

Differential diagnosis stroke versus migraine

Family/personal hx
Jacksonian march
Sensory sy starting
Visual Plus sy
Freightened by sy

MIGRAINE

Sudden onset
Stuggering sy
Motor>Sensory
Neglect for sy
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Risk factors SNPSR
25
20 J— % 17% :z

Omore thlan 3

15 3;:'? / Trone
10 % 38%

5

0 SNPSR ™ n=79
S\
o0 2
S & F & F &

& ¥ F e & S &

%
% Related to vasculopathy % Related to inflammatory process

JE—— SNPSR Switzerland EPNS Budapest 2015 16

Suggested investigations

- Results as an emergency | To do at diagnosis To do at appropriate time

Blood Viral serology Lipid profile, Homocystein
( as Varicella/Herpes simplex/ Alipoprotein
irus) ic studies
Borreliosis (Factor V, Prothrombin and
Vasculitis ? (ESR, ACLA, ANA, LA)  MTHRF mut., Protein S and C)
Specific investigations
5= |

Organic Amino acids*
if supected metabolic!

CSF Opening pressure cells, PCR varicella

protein, glucose, lactate other PCR / serologies

Acute brain attack EPNS Budapest 2015 17
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Treatment in First Hours

» Body temperature 36.5-37 °Celsius
» Avoid Hypo- und Hyperglycemia (rare in children!)

» Montoring of level of conciousness s of
9 mpto™ esSure

ial
- d cran
» Blood pressure monitoring .‘“c\-ease

» Treat seizures (in aobut on 20%!)

Acute brain attack EPNS Budapest 2015 18
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Thrombolyses and Thrombectomy in children
Why considering it?
Pro Contra

¢ Outcome
50% with hemiparesis « Different aetiologies
66% with cognitive problems

. « Different Penumbra course?
e Children not less affected =31

=24
than young adults' o Different time course of

. vessel occlusion?
* Younger children have

higher risk for problems

Acute brain attack EPNS Budapest 2015 13
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Thrombolyses and Thrombectomy in children

Thrombolysis Vessel occlusion Evidence limited to
Intravenous / - and DW/perfusion mismatch uncontrolled case reports,

arterial pedNIH >>4; often not conforming to

within 4.5 hour time window adult guidelines

100 T T Large vessel occlusion Evidence limited to

and diffusion/perfusion mismatch uncontrolled case reports
pedNIH >>4;

within recommended adult time win.

Steinlin and Mackay, in press, Ellis et al 2014, Fransen et al 2015

Acute brain attack EPNS Budapest 2015 20
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Aspirin versus Heparin

| ndeatons _____Jcaveas

Baseline treatment r/o first dissection and

5mg/kg BW cardiac problem
Positive studies for adults

CESELLGIC B Extracranial dissection Caution required with

Cardioembolic stroke large hemispheric or

Negative study for kids
posterior fossa infarction

Steinlin and Mackay, in press, Berge et al 2002, Monagle et al 2011

Acute brain attack EPNS Budapest 2015 2t




The Role of Steroids?

| consideringinu______lcaveats

Focal (transient) arteriopathy No evidence

Medium to large vessel vasculitis

Immuno- Small vessel vasculitis

suppression

Steinlin and Mackay, in press; Benseler 2014
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Decompressive craniotomy in children

Malignant media infarction

21 children malignant media infarction
aged 1 5/12 — 18y
Glasgow coma scale 4-9;
13/13 dilated pupil;
Craniotomy < 48h in 13

Posterior circulation stroke
11% craniotomy
all within 72hours

J—— Shah et al 2013; Mom etal 2012 EPNS Budapest 2015 2
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Prenotify Stroke Team

Emergency 4
Neuropaediatrician
Stroke team
Neuroradiology
Anaesthesia

S ICU S are =T

Acute brain attack
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RISK FACTORS

DISCUSSED- Vasculopathy
NO TIME!

>
Metabolic

Vasculopathy: inabout 50% of children with stroke

PCS Swiss British

(Biirki et al) (Wraige et al)
Sickle cell 0 16 (12%)

. - Arteri n=277
Cardioembolic 16 (20%) 10 (7%9
Moyamoya 5 (6%) 18 (13%) FCA 69 (25%)
Art. dissection 2 (3%) 18 (13%) M 61 (22%)
Stenoocclusive 25 (31%) 42 (31%) Art. dissection 56 (20%)
Other determined | 16 (20%) |15 (11%)  [\oqcyiiis 33 (12%)
Multiple 8 (10%) 5 (5%) q q
Sickle cell art h 21 (8%

probable/possible ciie celarieriop &
Undetermined 4 (5%) 15 (1% [postyarizella 19 (7%)
Not cassifiable 3 (5%) Other 10 (4%)
DMCN: 2010, Biirki et al; 2005 Wraige et a| Unspecified 9 (3)

Circulation, Amlie-Lefond 2009

Transient focal arteriopathy

Dissection
4\ /FMD
Other
VP «<—TCA
Moyamoya

Vasculitis

e Stenosis pref. M1 and A1, unilateral
Irregularities 32%  Collaterals 5% +/-Vessel enhancement

¢ Worsening in acute phase:
FU Normalisation (23%) improvement /stabilisation (45/32%)

e Recurrence in first year: 18%? No recurrence on longterm

Acute brain attack Chabrier et al, 1998 2009 EPNS Budapest 2015 27
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Transient focal arteri

- TS
opathy

Previously healthy child
Stuttering onset of symptoms

hemiparesis
with dystonic involvement

Varicella preceeded in 44%
(Braun et al, 2009)

Typical location of infarction: Basalganglia

Sometimes involving caudate, adjacent grey/white matter

Sparing of internal capsule

Acute brain attack
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EPNS Budapest 2015

Medium to large vessel vasculitis

Non progresgi

focal unilateral stenosis
medial and anterior CA
vessel wall thickening

‘Acute brain attack Benseler , Lancet Ne
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T1 dark blood

Progressiv

Persistent headache/
Cognitive problems

Stroke

multifocal, > 1 vessel bed
unilateral seldom bilateral

emavessel wall thickening

EPNS Budapest 2015 29

Moyamoya
chronic progressive stenosing vasculopathy

with typical col

* Typically terminal internal carotid/
posterior circulation in about 30%

¢ Frequently warnings:
TIA, minor strokes

* Children more likely to have
ischaemic problems

 Fluctuand symptoms,

laterals

increasing neuropsychological problems

Acute brain attack

EPNS Budapest 2015 30
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Moyamoya a spectrum!
 Associated with:
—Sickl cells
—Neurofibromatosis
—Downs syndrom

—Radiation

RNF213 polymorphismin Japanese
o Coriskfactors for ischaemic events:
—Infection, art. Hypertension

—Coagulopathy, homocystinemie

Dissection: cervical and intracranial

e Infection (31%)
(Guillon, 2003)

e Trauma (minimal)

MR with fat e Cervical bone abnormalities
supression (Cushing 2001, Ganesan; Hasan 2002)

Diagnosis;may¥e
diffi /y

* Homocystinemia
(Ganesan 2002, Pezzini 2002)

¢ Vasculopathy

* Migraine
(Tzourio 2002)

Infections are frequent! ;.
Infection /inflammation in 1/3 ‘&_ff
A

of paediatric stroke a risk factor!

25 /

Known germs:

« Varicella (Sébire et al 1999
Askalan et al 2001)

0 * Mycoplasma

aan
@tmownmo
|
1
~N
-

N Y W N ;
@‘ﬂ»“"eo*b\e‘*'}c&"a \n“a&a"&f"%‘?ﬁ\ v"\&@:@’@ Entem\.” e
T S LENS S « Parvovirus
< . .
&% & - Borreliosis

« Focal vasculopathy

* Medium to large vessel vasculitis

Acute brain attack Amelie-Lefond 2010, EPNS Budapest 2015
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Infections in childhood stroke PSS

* 310 cases compared to 289 controls (35 centres) " A
* Infection <1week prior to stroke: 6.5-fold risk of AIS
OR 4.7, 95% Cl 3.1-13.5, p<0.0001
* Cases were under-vaccinated compared to controls
Some/few/no routine vaccinations: risk of AlSrisk 1 ORG6.7,
(95% C12.3-19.6)  p<0.0001
* Protective: Having received an

MMR, polio, or pneumococcus vaccine

rwevanaack  Hills NK Stroke 2014;45:A89 (abstract) epns udapest 2015
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Cardiac problems: children
Second on the hit list -

. EE SSRGS ES
* 5.4 stroke per 1000 children operated . e
risk increased: older age at operation
cardiopulmonary bypass

reoperation

o Co risk factors hereditary coagulopathy
infection

Acute brain attack Domi Pediatrics 2008 EPNS Budapest 2015 3
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Cardiac problems: neonates

« Perinterventionally silent!

Missed !'?

* Preoperative stroke in 39% -

significantly higher risk after balloon atrial septostomy

» Postoperative: injury of white matter in 35%
especially: single ventricles and aortic arch obstructions
after cp bypass, low intraoperative Hb,
low mean blood pressure during first day postop

Acue brain attack McQuillen Stroke 2007 EPNS Budapest 2015 3
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Metabolic problems:

Metabolic infarction

Cardiac problems

rare but....

Vasculopathy

Coagulopathy

Mitochondrial
Urea cycle defect

Hyperlipidemia

T —— ‘

Motor

EPNS Budapest 2015

OUTCOME

NOT
DISCUSSED-
NO TIME!

Cognitive

Quality of life

Mortality

* Top 10 causes of death in children in US

Haemorrhagic stroke > SVT > arterial ischaemic stroke

¢ Mortality arterial ischaemic stroke
California (Fullerton et al)
Canada (de Veber et al)
London area  (Gandesan/Kirkham et al)
Sweden (Christerson 2010)
Denmark (first 30 days) (Tuckuviene 2011)
CH (SNPSR 2000-2008)
Melbourne (Mackay)

EPNS Budapest 2015 3

5%

10%

6%

8%

4%

7%; 1/3 due to stroke

EPNS Budapest 2015
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Outcome over years / different subpopulations

Stroke overall

40 -
I N=95 ™ 6 month
30 ™ 5-10years — P=0.18
o
5 20 - Recurrence 6%
°
D 10 -
o
0 -
N A P I T R Dissections
D O H O O & E
FEE FEE & 1w N trakraniell

P <0.001

Outcome (modified Rankin Scale Score)

e bran atack - Goeggel et al, submitted, Heldner et al in prepEPNS Budapest 2015 <«
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Stroke in children and young adults

Adults
n= 128 n=199

pedNIH/ NIH scores 0.102
Mod Ranking score 0-1 59% 60% 0.907
Mortality 4% 6% 0.436

J—— Bigi et al, Ann Neurol 2011EPNS Budapest 2015 <

Outcome after 2 years SNPSR

:Z Seizures 7% (20% of infants)
30
25 \|
n=99 20 /
15
10
5
0
normal mild moderate severe paresis
mild no dysfunction in daily life: 28%
moderate dysfunction in daily life : 34%
severe loss of function 6%

Acute brain attack Steinlin et al, 2006; Christerson 2010 EPNS Budapest 2015 2




Cognitive outcome and age at stroke -k
2 A\
120
110 —
100 | P=0023
Q90
Q
B0
70
6o 1
50 v
early preschool middle late
childhood childhood childhood
N=99

Acute brain attack Studer , submitted; Westmacott 2010, Scott 2013 EPNS Budapest 2015 43

C —
Follow Up: Neuropsychology n=37/31

P* x2-test

% of children with
abnormalities

Conners RS: Global Index 43%  0.043*
Attention 57%  0.001**

J—— Everts et al, Child Neuropsychol 200&PNS Budapest 2015
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Children Rating
stratified by neurological impairment
2 years after stroke

Y e
impaired
50 | n=31
a8
l severly
@ impaired
n=8
£
physicalwel  pachoiogeal  auonomyand peersandsocal  schosl HRQaL
being wel-being parer sppont envirorment
One sample t-test: Significant better results compared to norms.
*p<.05, *p<.01
Independent t-test: Significant difference in one scale

Aoute brain attack Kornfeld, submitted EPNS Budapest 2015 4
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Parent Rating
stratified by neurological impairment

™ 2 years after stroke

~=—not impaired

s0 n=31
s severly
impaired

“ n=8

Ed

0

physical well-tiengpsychoiogcal well- auionomyand  peers and sacial  schoal HAGsL
seing supper enviranment

One sample t-test:
Significant better/worse results compared to norms *p<.05, *p<.01, p<.001
Independent sample t-test: significant differences (p<.05, p<.01)

Acute brain attack Studer, submi EPNS Budapest 2015
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