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Objectives

• To discuss the epidemiology of stroke in young adults

• To describe the causes of stroke

• To describe the impact on recurrent stroke, quality of life and 
access to services
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Stroke in the Young

•Accounts for 10% to 15% of all stroke

• Incidence rates: 2005 GCNKSS study, age 20-54 years 

- whites, 48 per 100,000; blacks, 128 per 100,000

- ischemic (69%), ICH (17%), SAH (10%), unknown (5%)

● Case Fatality: FUTURE study, age 18-50 yrs

30-day fatality 4.5%; one-year mortality  for survivors 1.2% 
for TIA, 2.4% for ischemic stroke, and 2.9% for ICH. 

After 9 years, 32% had modified Rankin score >2
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Ischemic stroke hospitalization rates, ’95-

’08….concomitant increase in vascular risk 

factors!

(George et al., Ann Neurol 2011)
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Increasing incidence of stroke in 
young adults in Europe and the USA

7

Ekker et al. 
Lancet 
Neurol 2018

Highest 
increase in 
American 
Blacks 
(40%)







Figure 2. Kaplan-Meier estimates depicting cumulative 5-year mortality risks stratified by 
etiologic subgroups (log rank P<0.001).

Putaala J et al. Stroke 
2009;40:2698-2703
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Causes of Stroke in Young Adults (TOAST)

• Large-vessel atherosclerosis (2%-11%)

• Small-vessel disease (7%-14%)

• Cardiac embolism (20%-47%) 

• Other determined etiology (20%-34%)

• Multiple etiologies (2%-3%)

• Note:  more than 150 identified causes of early onset ischemic 
stroke exist



• Large artery atherosclerosis
• Atherosclerotic arteriopathy

• Cardioembolism
• Atrial fibrillation, cardiac tumors, cardiomyopathy, endocarditis, PFO or 

atrial septum defect

• Small vessel disease
• Genetic cerebral small vessel disease, CADASIL

• Sporadic cerebral small vessel disease
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• Stroke of other determined cause
• Antiphospholipid syndrome (women:men = 5:1)

• Autoimmune diseases, i.e. systemic lupus erythematosus (women:men
= 9:1)

• Cervical artery dissection (carotid > vertebral in Europeans; mean age 
44 y)

• Fabry disease (mean age in men 39.8 y; women 45.7 y) clinical 
features: acroparesthesia, hypohidrosis, angiokeratoma, chronic 
kidney disease, cardiomyopathy
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• Factor II deficiency, Factor V Leiden, Protein C or S deficiency

• Illicit drug use

• Intracranial dissection

• Malignancy

• Mitochondrial disorders (MELAS)

• Moyamoya disease

• Post-radiation

• Reversible Cerebral Vasoconstriction Syndrome

• Vasculitis
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Arterial imaging:  vasculitis or RCVS?

1/6/20
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RCVS due to cannabis use in a 41 yo woman with acute severe headache during a 
bowel movement, followed by recurrent thunderclap headaches



• Stroke of undetermined cause
• Often younger than 35 

• No cause or attributable risk factor identified after thorough 
investigations (transesophageal echocardiogram, digital subtraction 
angiography, hypercoagulable workup)

• Treat with long-term antiplatelet therapy
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N=57 (age 16-50, 2001-2006)
Misdiagnosis: N=8 (14%) 

4 men and 4 women; mean age, 38 years

All 8 initially seen at non-Primary Stroke Centers

Seven initially discharged from the ED

Predictors

Age <35y (p = 0.05)

Posterior circulation stroke (P = 0.006)

Early use of MRI improves diagnostic accuracy

 Increasing need for "young stroke awareness“

 Lost opportunity for thrombolysis

S. Chaturvedi et al (J Stroke Cerebrovasc Dis 2011;20(6):523-7; J Neurol Sci. 2013;324(1-2):62-4

Misdiagnosis of acute stroke in young adults

Kuruvilla, et al.  J Stroke Cerebrovasc Dis 2011;20:523-7



Clinical Clues

Headache 
• Above the eye (carotid artery dissection)
• Recurrent worst-ever headaches (RCVS)
• Chronic headache (CADASIL, CNS vasculitis, 

Moyamoya)

Stereotyped transient ischemic attacks
• Fixed arterial stenosis e.g. Moyamoya, premature 

atherosclerosis, focal arteritis

Clinical setting
• Infection e.g. TB, HIV, Zoster
• Exposure to illicit drugs, vasoconstrictive drugs, 

pregnancy, chemotherapy (RCVS)
• XRT (radiation associated carotid stenosis)



Clinical Clues
• Systemic Examination 

• Arterial pulse: temporal (TA), radial 
(Takayasu)

• Skin lesions (Syphilis, neurofibroma, livedo 
reticularis—Sneddon’s syndrome)

• Rheumatological conditions (SLE, 
Wegener’s)

• Connective tissue (Marfan’s, Ehler Danlos
Syndrome)

• Neurological Examination
• Multifocal brain and spine deficits (vasculitis)

• Peripheral nerve involvement (Zoster, HIV)

• Eye examination
• Premature atherosclerosis, Moyamoya, other 

rare conditions



Laboratory and Imaging Clues

•Blood tests
• Abnormal toxicology screen
• Abnormal Rheumatological tests

•Abnormal cerebrospinal fluid examination results

•Brain Imaging: Lesion Patterns
• string of pearls (MCA stenosis)
• disseminated infarcts (vasculitis)
• watershed infarcts with PRES (RCVS)
• ext capsule and anterior temporal lobe (CADASIL)) 
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Cardiac myxoma on 
transthoracic 
echocardiogram in 
34 yo woman with 
basilar thrombosis

Ekker et al. 
Lancet 
Neurol 2018



Case 1

• 35 yo woman, PMHx Pre-eclampsia and vaginal delivery, 3 
weeks post-partum

• Acute onset slurred speech and right sided weakness at 20:25 
pm. Initial NIHSS 17. CT/CTA showed no acute intracranial 
hemorrhage and no acute vessel cut-off. 

• BP 122/86

• tPA infusion began at 22:38

• Magnesium started for possible post-partum preeclampsia.



Case 1 Stroke workup:  MRI and TTE

• MRI brain: multifocal acute/subacute infarcts, 

different vascular territories

• TTE:  Severely dilated left and right ventricle,  

LVEF 15-20%, and a left ventricular thrombus



Peripartum cardiomyopathy

• Definition:

•Development of symptomatic heart failure 
in the last month of pregnancy or within 5 
months of delivery

•Absence of identifiable cause of heart 
failure

•Absence of preexisting heart disease prior 
to the last month of pregnancy

•Left ventricular systolic dysfunction(EF < 
45% and/or fractional shortening <30% on 
TTE



Peripartum cardiomyopathy

• U.S.  1/1000 to 1/4000 pregnancies

• Nigeria and Haiti:  1/100 to 1/300 pregnancies

• Prognosis:  Mortality is 5-15% (higher in Africa)

• 4% of heart transplants performed in U.S.

• Recovery of EF to normal => 50% but high recurrence with 
subsequent pregnancies

• Pathophysiology:  Prolactin (pituitary) and VEGF receptors 
(placenta) are implicated

• Association with preeclampsia



Approach to Treatment

• Antiplatelets e.g. aspirin 

• Anticoagulants (dissection)

• Steroids, immunosuppressive agents (arteritis)

• Statins (premature atherosclerosis)

• Permissive hypertension to boost perfusion ?

• Treatment of infection, malignancy

• Surgical options: intracranial stenting, balloon angioplasty, revascularization for 

moya moya procedures



Preventing recurrence after ischemic 
stroke at young age
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Italian Project on Stroke 
in Young Adults Study:
-1,867 patients with 
first-ever ischemic stroke 
at 18 to 45 yrs followed 
for 10 years
-Cumulative risk of IS, 
TIA, MI or other arterial 
events was 14.7%
-14.0% for brain 
ischemia

Pezzini, et al.  Circulation 2014;129:1668-1676



Long-term outcome after stroke/TIA in 
the young:  FUTURE study
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Synhaeve, et al.  J Neurol 206;264:1099-1105
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Take Home Messages

• Stroke in young adults is increasing worldwide

• The causes of stroke in the young are more diverse and often 
lead to more diagnostic tests and a wider differential diagnosis 
list

• The risk of recurrence can be quantified

• Stroke can impact lifespan, employment, disability, quality of 
life, and the development of other comorbidities
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