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Who has the greatest stroke risk? 

A neonate, a young smoker, or a diabetic pensioner?  
 
 

“Neonates have a > 3x weekly AIS risk  
of a smoking adult with diabetes mellitus and hypertension” 

Mineyko A et al. J Child Neurol 2011 
Nelson KB. Stroke 2007 
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Incidence of Arterial Ischemic Stroke (AIS)  
in the Pediatric Population  

• Neonates: 13/100’000 life births 
 
 
 
 

• Children >1 month – 16 years: 
2-3/100’000/y 

 
 

30 children / y 

10 neonates / y 

Grunt S et al. Pediatrics 2015.  
Mallick AA et al. Eur J Paediatr Neurol 2010 
Agrawal N et al. Stroke 2009.  
Steinlin M et al. Neuropediatrics 2005.  
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Incidence of AIS in Young Adults 

•  Helsinki Young Stroke Registry (20-50 years of age): 
•  2.4/100’000/y   20-24 y old  
•  4.5/100’000/y   30-34 y old  
•  32.9/100’000/y   45-49 y old 

  

•  NOMASS: 10/100’000/y (20-45 years of age) 

Putaala et al. Stroke 09 

Jacobs et al. Stroke 02 

300 / year 
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George MG et al. 
JAMA Neurology 2017 
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Federal Statistical Office (FSO). Swiss Health Survey 2012. www.bfs.admin.ch.  
Goeggel Simonetti et al. Swiss Young Stroke Study SYSS. J Neurol 2015. Rosamond et al. Circulation 2008.  
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Etiologies of Arterial Ischemic Stroke in Young Adults 

Goeggel Simonetti B et al. Swiss Young Stroke Study SYSS. J Neurol 2015 
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Etiologies of AIS in Young Adults and Children 

TOAST Children (n=128) Young Adults (n=199) 

Cardioembolic 22 (17%) 74 (37%) 

Large artery disease 0 6 (3%) 

Small vessel disease 0 8 (4%) 

Other determined etiology 66 (52%) 57 (29%) 

- Cervical artery dissection 13 (10%) 45 (23%) 

- Moyamoya  7 (5%) 1 (0.2%) 

- Vasculitis  4 (3%) 2 (0.4%) 

- Inherited metabolic disease 4 (3%) 0 

Multiple causes 19 (15%) 2 (1%) 

No cause identified 18 (14%) 45 (23%) 

Bigi S et al. Ann Neurol 2011 
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•  Trauma 
•  Migraine  

•  Seizure of non-AIS origin (e.g. Rolandic seizure) 

•  Metabolic, non-arterial stroke (MELAS) 

•  Encephalitis, ADEM, intoxication 

•  Posterior reversible encephalopathy syndrome (PRES) 

Differential Diagnosis 
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Radiation exposure from CT scans in childhood and 
subsequent risk of leukaemia and brain tumours: 
a retrospective cohort study
Mark S Pearce, Jane A Salotti, Mark P Little, Kieran McHugh, Choonsik Lee, Kwang Pyo Kim, Nicola L Howe, Cecile M Ronckers, Preetha Rajaraman, 
Sir Alan W Craft, Louise Parker, Amy Berrington de González

Summary
Background Although CT scans are very useful clinically, potential cancer risks exist from associated ionising 
radiation, in particular for children who are more radiosensitive than adults. We aimed to assess the excess risk of 
leukaemia and brain tumours after CT scans in a cohort of children and young adults.

Methods In our retrospective cohort study, we included patients without previous cancer diagnoses who were fi rst 
examined with CT in National Health Service (NHS) centres in England, Wales, or Scotland (Great Britain) between 
1985 and 2002, when they were younger than 22 years of age. We obtained data for cancer incidence, mortality, and 
loss to follow-up from the NHS Central Registry from Jan 1, 1985, to Dec 31, 2008. We estimated absorbed brain and 
red bone marrow doses per CT scan in mGy and assessed excess incidence of leukaemia and brain tumours cancer 
with Poisson relative risk models. To avoid inclusion of CT scans related to cancer diagnosis, follow-up for leukaemia 
began 2 years after the fi rst CT and for brain tumours 5 years after the fi rst CT.

Findings During follow-up, 74 of 178 604 patients were diagnosed with leukaemia and 135 of 176 587 patients were 
diagnosed with brain tumours. We noted a positive association between radiation dose from CT scans and leukaemia 
(excess relative risk [ERR] per mGy 0·036, 95% CI 0·005–0·120; p=0·0097) and brain tumours (0·023, 0·010–0·049; 
p<0·0001). Compared with patients who received a dose of less than 5 mGy, the relative risk of leukaemia for patients 
who received a cumulative dose of at least 30 mGy (mean dose 51·13 mGy) was 3·18 (95% CI 1·46–6·94) and the 
relative risk of brain cancer for patients who received a cumulative dose of 50–74 mGy (mean dose 60·42 mGy) was 
2·82 (1·33–6·03). 

Interpretation Use of CT scans in children to deliver cumulative doses of about 50 mGy might almost triple the risk of 
leukaemia and doses of about 60 mGy might triple the risk of brain cancer. Because these cancers are relatively rare, 
the cumulative absolute risks are small: in the 10 years after the fi rst scan for patients younger than 10 years, one excess 
case of leukaemia and one excess case of brain tumour per 10 000 head CT scans is estimated to occur. Nevertheless, 
although clinical benefi ts should outweigh the small absolute risks, radiation doses from CT scans ought to be kept as 
low as possible and alternative procedures, which do not involve ionising radiation, should be considered if appropriate.

Funding US National Cancer Institute and UK Department of Health.  

Introduction
CT imaging is a valuable diagnostic technique, and new 
clinical applications continue to be identifi ed. As a result, 
the rates of CT use have increased rapidly in the USA and 
elsewhere, particularly in the past 10 years.1 Although the 
immediate benefi t to the individual patient can be sub-
stantial, the relatively high radiation doses associated 
with CT compared with conventional radiog raphy have 
raised health concerns.2–8 Potential increases in future 
cancer risk, attributable to the rapid expansion in CT use 
have been estimated with risk projection models, which 
are derived mainly from studies of survivors of the atomic 
bombs in Japan.3,6,8 These studies have been criticised 
because of concerns about how applicable the fi ndings 
from this group are to the relatively low doses of radiation 
exposure from CT scans and to non-Japanese populations. 
Some investigators claim that there are no risks, or even 
benefi cial eff ects, associated with low-dose radiation.9 No 

direct studies of cancer risk in patients who have 
undergone CT scans have been undertaken to date.

We did a study to directly assess the question of 
whether cancer risks are increased after CT scans in 
childhood and young adulthood. Here we assess the risks 
of leukaemia and brain tumours because they are the 
endpoints of greatest concern as the red bone marrow 
and brain are highly radiosensitive tissues, especially in 
childhood.10 Furthermore, these tissues are also some of 
the most highly exposed from childhood CT scans,11 and 
leukaemias and brain tumours are the most common 
childhood cancers.

Methods
Patients and study design
In our observational retrospective cohort study, we 
included patients without previous malignant disease 
who were fi rst examined with CT between 1985 and 

MRI! 
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And so what – the younger the better!? 

Kennard MA et al. J Neurophysiol 1938 
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Outcome after Stroke in the Young 

Goeggel Simonetti B et al. Dev Med Child Neurol 2013 
Elbers J et al. J Child Neurol 2013 
Neuner B et al. Ann Neurol 2011 
Steinlin M et al. Eur J Paediatr 2004 
Ganesan V et al. Dev Med Child Neurol 2000 

Variable Neonates Children Young Adults 
Case fatality rate 2-4% 3-15% 3-21% 
Sequelae 60% 50-75% 30-77% 
Recurrent stroke <2% 7-40% 4-20% 

BUT 
•  Heterogeneous study designs, populations, follow-up periods and -variables 
•  Inexistence of an outcome variable valid for both children and adults 

Goeggel Simonetti B et al. J Neurol 2015 
Rutten-Jacobs LCA et al. Ann Neurol 2013 

Nedeltchev K et al. J Neurol Neurosurg Psychiatry 2005 
Varona JF et al. J Neurol 2004 

Leys D et al. Neurology 2002 
 

Chabrier S et al. J Pediatr 2016. Grunt S et al. Pediatrics 2015. Kirton A, deVeber G. Stroke 2013 
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Functional outcome 7 (IQR 4.7 – 9.4) years after stroke 

Goeggel Simonetti B et al. Neurology 2015 
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Quality of Life 

p=0.204 
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Goeggel Simonetti B et al. Neurology 2015 
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Anderson V et al. Brain 2011 

Is being plastic fantastic? 

Growing into deficit 
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Take Home 

1.  Stroke happens even in the very young 
Ø   é Awareness  
 
2.  Etiologies are different than in the elderly 
Ø   Adapt investigations (MRI) and management 
 
3.  The younger is NOT the better in terms of outcome after brain injury 
Ø   Functional impairment in 1/3 – 2/3 of patients with longer life expectancy 
Ø   If you really want to know about outcome in the young, you need time 
 


