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Purpose of review

Although the clinical approach to the young adult stroke patient is similar to that of an older adult,
several important differences exist. The purpose of this article is to concisely review the epidemiology,
pathophysiology, risk factors, clinical manifestations, diagnostic methods and current treatment options for
the young adult ischemic stroke patient.

Recent findings

Evidence clearly indicates that the incidence ischemic stroke in young adults is on the rise. A variety of
factors are implicated, including an increased burden of classic and emerging vascular risk factors, and
improved stroke detection, among other causes. Improved awareness, prevention and successful treatment
of the young adult stroke patient is of great importance, particularly given the major long-term
socioeconomic impact strokes have on the patient, their family and society at large.

Summary

In this review, we focus on the latest epidemiologic, diagnostic and treatment paradigms to improve
physician awareness and optimize outcomes in young adult ischemic stroke patients. An overview of the
clinical presentations of various stroke syndromes is described, emphasizing key causes physicians should
consider, as well as providing recommendations regarding evaluation and treatment. Important causes
including dissection and inflammatory and noninflammatory vasculopathies are emphasized. The diagnoses
of cerebral venous thromboses, cardioembolic stroke and paradoxical emboli are also discussed. The
effects of established and emerging risk factors on large and small vessel disease, as well as genetic
contributions, are also highlighted.
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INTRODUCTION

Stroke has decreased to the fifth leading cause of
mortality in the United States in recent years.
Despite the improvements in mortality, stroke
remains a leading international cause of morbidity
[1,2]. Paradoxically, recent trends have shown that
while overall stroke hospitalization is decreasing,
stroke in patients younger than 50 years old is
increasing [1,3–9]. Stroke in young adults has major
social and economic impacts as they disable indi-
viduals in the peak of their most productive years
[1,2]. Although there are various definitions, for the
purpose of this review, we will define ‘stroke in the
young adult’ as an individual who has suffered a
stroke between 18 and 50 years old.

Across the entire age spectrum, young and old
alike, it is of paramount importance to determine
the cause of the stroke, as the cause infers on acute
treatment, secondary prevention and outcome.
Notably, young stroke patients are often quite etio-
logically different from older stroke patients. For
example, the etiologic-breakdown (%) of ischemic
© 2018 Wolters Kluwer 
stroke in the Helsinki Young Stroke Registry [cere-
bral artery dissection (15.5%), cardioembolic
(18.7%), small vessel disease (13.9%), large artery
atherosclerosis (LAA) (8.4%) and undetermined
cause (33.1%)] demonstrates dissection as a major
cause, which is not consistent among older onset
stroke populations [10,11]. Across all ages, the high-
est rates of recurrence are in the first month. As such,
it is imperative for physicians to follow a systematic
approach to determine stroke cause, emphasizing
Health, Inc. All rights reserved.

Volume 33 � Number 6 � November 2018

mailto:jcole@som.umaryland.edu


KEY POINTS

� Stroke in young is defined as patients less than
50 years old who suffer a stroke.

� A vigorous search for stroke cause has implications on
treatment and prognostication for these patients. The
most common causes in this patient group in
decreasing frequency are cardioembolic, cervical
artery dissections, small vessel disease and LAA.

� The diagnostic approach includes a comprehensive
heart to head evaluation including a meticulous patient
history, family history, physical examination, laboratory
and radiographic evaluation.

Ischemic stroke in young adults Stack and Cole
vascular risk factor control, optimal secondary
stroke prevention medications and implementing
close outpatient follow up.

With these important factors in mind, the pur-
pose of this review is to provide readers with a
framework to approach the young stroke patient
emphasizing clinical findings, evaluations, treat-
ment options and preventive measures.
 Copyright © 2018 Wolters Kluwe

Table 1. Stroke localization guide

Clinical deficit Artery Inj

Unilateral weakness (affecting
face, arm and leg equally)

Lenticulostriates of the
MCA

Perforating vessels of the
brainstem

Inte
Co

Unilateral weakness (affecting
face and arm > leg)

MCA Mo
a
h

Unilateral hemiparesis (affect
leg and trunk)

ACA Mo
a
h

Aphasia MCA-dominant side Bro
e

W
r

Gaze deviation (eyes looks
toward area of stroke
damage)

MCA Fro

Cortical sensory dysfunction
(e.g.: neglect, extinction,
construction dyspraxia,
astereognosis and
agraphesthesia)

MCA-nondominant side No

Visual field deficit PCA
MCA

Oc
Op

ACA, anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebra
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REVIEW OF THE DIAGNOSTIC APPROACH

Young stroke patients represent a unique subset that
requires careful consideration of cause and a diligent
diagnostic evaluation. A systematic method to con-
ceptualize and evaluate young stroke patients will
now be presented. Readers are urged to consider a
‘heart to head’ approach, as such, cardiac, vessels of
the head and neck, and coagulation irregularities
should all be considered while working to identify
stroke cause.
The brain

The specific neurologic deficit will depend on the
location of the brain injury. It is beyond the scope of
this review to discuss all neurological localizations
in stroke. However, Table 1 serves as a brief overview
of the common signs and symptoms often encoun-
tered, delineating their corresponding vascular and
anatomical localization.

Recall that the most common lacunar stroke
syndromes include pure motor (hemiparesis), pure
sensory, mixed sensorimotor, clumsy hand dysar-
thria and ataxic hemiparesis. Also, recall that
r Health, Inc. All rights reserved.

ury location Lobe affected

rnal capsule
rticospinal tract

Variable

tor cortex- laterally
ffecting face/arm
omunculus

Frontal lobe

tor cortex- medially
ffecting leg/trunk
omunculus

Frontal lobe

ca’s area (nonfluent or
xpressive aphasia)

ernicke’s area (fluent or
eceptive aphasia)

Dominant hemisphere injury:
Broca’s area: frontal lobe
Wernicke’s area: temporal lobe

ntal eye fields Frontal lobe

ndominant parietal lobe Nondominant Hemisphere injury:
Parietal lobe

cipital cortex (PCA)
tic radiations (MCA)

PCA: occipital lobe
MCA: parietal lobe (inferior

quadrantanopsia), temporal
lobe (superior
quadrantanopsia). Large MCA
strokes cause hemianopsia

l artery.
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Diseases of the aorta, pulmonary and peripheral vessels
crossed face-body signs (i.e. right facial droop and
left arm/leg weakness) localize to the brainstem,
corresponding to a posterior circulation stroke.
Please review this excellent practical review of
brainstem localization if more information is
desired [12].

Hyperacute evaluation

Recent trials have extended the window of hyper-
acute neurologic intervention in ischemic stroke up
to 24 h since last known well in a highly selected
patient population. Treatment with intravenous
alteplase (IV-tPA) is recommended up to 4.5 h since
last known well. As per the recent DAWN and
DEFUSE-3 studies, endovascular mechanical throm-
bectomy (EVMT) can now be performed up to 24 h
in patients with large vessel occlusion (LVO) with
appropriate stroke volumes on imaging [13

&&

–15
&&

].
Ultimately, there is a very small subset of eligible
patients, hence the mantra ‘time is brain’ still holds
true, with early identification and treatment being
most desirable.

Currently, the authors opine that all patients
presenting with stroke symptoms within 24 h from
time-of-symptom-onset should undergo an emer-
gent noncontrast brain computed tomography
(CT) and a head and neck CT angiogram (CTA) with
a delayed phase CT venogram (CTV). Each of these
diagnostic tests has direct implications on treatment
options. The CT brain evaluates for intracerebral
hemorrhage and the presence of ischemic hypoat-
tenuation, both which are absolute contraindica-
tions to the administration of IV-tPA. The CTA
evaluates for LVO of the head and/or neck with
the CTV serving to confirm its presence, further
inferring on the extent and presence of vasculature
collateralization. Further, each of these studies
infers on the eligibility and technical feasibility/
planning for EVMT.
 Copyright © 2018 Wolters Kluwer 

Table 2. Magnetic resonance imaging patterns

MR imaging pattern

Cortical stroke in multiple vascular territories – left, right, anterior, poster

Diffuse cortical and subcortical infarcts (and sometimes hemorrhage) that
infratentorial parenchyma

Small less than 2 cm infarcts in areas of deep penetrating vessels often a
capsule, basal ganglia and pons. Evidence of diffuse white matter dise

Rosary bead pattern in border regions between ACA-MCA and/or MCA

Confluent subcortical white matter changes. Specific findings include bila
hyperintensities (O’Sullivan Sign) and extreme capsule/corpus callosum

ICA hypoattenuation flow voids. Multiple flow void collateralization arou
Puff of smoke sign on DSA

Multifocal infarcts that do not respect vascular territories. It generally spa
but has cortical involvement. Lesions may migrate or even disappear in

596 www.co-cardiology.com
Acute inpatient and outpatient brain
parenchymal imaging

Although not required for all young stroke patients,
it can be helpful etiologically to perform a brain MRI
as part of the initial evaluation. MRI assists with
pattern recognition, which can further be used to
guide the evaluation in the appropriate clinical
context. For example, bilateral hemispheric involve-
ment would infer a more proximal or cardiac source.
Some of the MRI patterns observed and their corre-
sponding causes are presented in Table 2. In the
proper clinical scenario, rarer diagnoses more prev-
alent in younger stroke patients can be strongly
supported based upon MRI data. Overall, MRI offers
higher resolution imaging with multiple sequences
that are useful when considering the differential
diagnosis for a young stroke patient.
Arteries of the head and neck

Arterial injury or disease leads to ‘downstream’ dam-
age of the brain due to thromboembolic events or
in-situ occlusive events. Arteriopathies are an
important consideration when evaluating a young
stroke patient. These can be due to cervicocerebral
arterial dissection, noninflammatory vasculopa-
thies, inflammatory vasculopathies or LAA.

Cervicocerebral arterial dissection

The second most common cause of stroke in the
young is cervicocerebral arterial dissection with esti-
mates suggesting that they account for 10–25% of
ischemic strokes in this age group, with the most
common location affected being the extracranial
vertebral arteries [16–20]. Most dissections are spon-
taneous [21]. However, it is important to take a
detailed history to determine if associated trau-
matic-triggers occurred, such as coughing, vomit-
ing, sudden head movement as associated with a
Health, Inc. All rights reserved.

Associated causes

ior Cardioembolic stroke

may affect supra and Vasculitis

ffecting thalamus, internal
ase

Lacunar

/PCA territories Watershed

teral anterior temporal pole
hyperintensities

CADASIL

nd ICA. Moya-moya disease

res deeper white matter structures
serial imaging.

MELAS
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motor vehicle accident, chiropractic manipulation
or coitus. Other predisposing factors include
migraine, recent infection, pregnancy, oral concep-
tive (OCP) use, hyperhomocysteminemia and the
autumnal season [21–30]. Notably, hypercholester-
olemia and obesity may be protective against
spontaneous cervical artery dissection [31–34].
Regarding the dissection workup, a CTA of the head
and neck is preferred over carotid duplex and mag-
netic resonance angiography (MRA) (even with gad-
olinium contrast) by the authors as the initial
 Copyright © 2018 Wolters Kluwe

Table 3. Notable monogenetic diseases associated with stroke

Disease Category Genetics

CADASIL Small vessel
disease

AD
NOTCH3 gene

CARASIL Small vessel
disease

AR
Reduced HTRA1
protease activity or
of protein

Fabry disease Small vessel
disease

X-linked
a-galactosidase A
deficiency
Men have more sev

phenotype than w

Brain small vessel disease
with hemorrhage

Small vessel
disease

AD
COL4A1
Missense mutations

glycine residues
in triple helical do

Hereditary angiopathy with
nephropathy, aneurysms
and muscle cramps
(HANAC)

Small vessel
disease

AD
Mutation cluster in 3

acid region of the
protein encompas
integrin binding s

Vasculopathy, retinopathy
with cerebral
leukodystrophy

RCVL

TREX1/HERNS

Small vessel
disease

AD
TREX1 gene

Early onset stroke and
vasculoatphy associated
with mutations in ADA2

Small vessel
disease

AR
Spontaneous forms

Loss of function
mutation
in CERC1 encodi
ADA2 protein

Homocystinuria Large vessel
disease

AR
Deficiency of

cystathione
b-synthase

0268-4705 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
screening examination, primarily because this pro-
vides rapid and comprehensive vascular informa-
tion. When there is high clinical suspicion for
dissection, but no evidence of dissection, the
authors recommend an MRA with T1 fat saturation
and/or a conventional digital-subtraction angiogra-
phy (DSA) for further evaluation. Notably, many
genetic disorders are associated with dissections
including Ehler–Danlos type IV, Marfan syndrome
and Pseudoxanthoma elasticum which are discussed
in Table 3; http://www.omim.org/ [35].
r Health, Inc. All rights reserved.

Clinical pearls

Migraines with aura
Early onset dementia
Anterior temporal lobe and extreme capsule FLAIR

involvement on MRI with confluent bilateral extensive
white matter changes

loss

Childhood spasticity
Very early onset alopecia
Cognitive and motor decline with early onset dementia

ere
omen

Acroparesthesias- lancinating pain
Kidney disease
Multiple ophthalmologic issues including corneal

opacities, tortuous retinal
conjunctival vessels, crystalline
conjunctival deposits

Angiokeratomas
Neuropathy
Autonomic dysfunction

involving

main

Recurrent lacunar and hemorrhagic strokes
Axenfeld-Rieger
Anomaly: developmental eye

problem
Early onset cataracts
Retinal hemorrhages

1 amino
COL4A1

sing
ites

Tortuous retinal arteries
Renal disease
Painful muscle contractures and cramps

Progressive vision loss related to telangiectasias and optic
disk retinopathy

Renal disease
Seizures
Migraines
Dementia

ng

Strokes before age 5
Recurrent fevers and infections
Hepatosplenomegaly
Ophthalmologic issues including central retinal artery

occlusion, optic nerve atrophy and strabismus

Intellectual disability
Arterial and venous thromboembolic events
Multiple musculoskeletal issues including kyphoscoliosis,

pectus excavatum and biconcave codfish
Vertebrae and foot deformities
Brittle and sparse hair
Crowded teeth
Myopias
Glaucoma
Ectopia lentis
Elevated homocysteine and methionine levels
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Table 3 (Continued )

Disease Category Genetics Clinical pearls

Familial
hypercholesterolemia
type II-a

Large vessel
disease

AD
Abnormal LDL receptor

Early onset MI and hypercholesterolemia
Xanthelasma
Xanthomas
Corneal arcus

Tangier disease

Familial HDL deficiency
type 1

Large vessel
disease

AR Early onset MI
Painful extremities
Orange tonsils
Hepatosplenomegaly
Lymphadenopathy
Asymmetric polyneuropathy

Moya-moya disease Large vessel
disease

MYMY1: AR
MYMY2: AR
(RNF213 gene)
MYMY3: AR
MYMY4: XLR
MYMY5: AR (ACTA2 gene)
MYMY6: AR (GUCY1A3)

Early onset stroke and seizures
Angiography showing bilateral internal carotid

artery stenosis

Ehlers–Danlos syndrome
type IV

Connective tissue
disease

AD
Collagen III, a-1

gene—COL3A1

Aneurysms
Arterial dissections
Short stature
Alopecia
Thin nose and lips
Lobeless ears
Early loss of teeth
Gingival recession
Prolapse of bladder

Marfan syndrome Connective tissue
disease

AD
Fibrillin 1 gene

Tall, thin ‘Marfanoid habitus’
Opthalomologic issues including ectopia lentis, retinal

detachments, caracts and glaucoma
Hypermobile joints

Fibromuscular dysphasia Connective tissue
disease

AD Arterial dissections
Common in middle aged white women
Stack of coins appearance on angiography of middle 1/3

of ICA

Pseudoxanthoma elasticum Connective tissue
disease

AD
AR (rare)
-Defective transmembrane

protein ABCC6
(ATP-binding cassette subfamily

C,
member 6 gene)

Bleeding events including epistaxis, hematuria,
gastrointestinal and retinal bleeds

Macular degeneration
Plucked chicken skin: raised orange-yellow papules
Skin biopsy showing fragmented elastic fibers

Sickle cell disease Hematologic
disease

AR
Missense mutation,
valine for glutamate
in position 6 of b

hemoglobin chain

Pain crises
Asplenia
African decent

Protein C deficiency Hematologic
disease

AD Vitreous hemorrhages
Superficial thrombophlebitis
Recurrent thrombotic events

Protein S deficiency Hematologic
disease

AD Vitreous hemorrhages
Superficial thrombophlebitis
Recurrent thrombotic events

Factor V Leiden mutation Hematologic
disease

AR Vitreous hemorrhages
Superficial thrombophlebitis
Recurrent thrombotic events

MELAS Mitochondrial
disease

Defect in transfer RNA for
leucine
(A3243G and T3271C)

Lactic acidosis
Elevated pyruvate
Short stature
Hearing loss
Diabetes
Seizures
Migraines
Cataracts
Maternal inheritance
Myopathy with biopsy showing ragged red fibers

Data from [35].

Diseases of the aorta, pulmonary and peripheral vessels
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Noninflammatory vasculopathies

One noninflammatory arteriopathy of particular
interest is fibromuscular dysplasia (FMD). FMD
affects renal and cerebral vessels clinically resulting
in stroke and hypertension [36–38]. Evaluation of
the arteries with CTA, MRA or DSA demonstrates the
hallmark findings of a ‘string-of-beads’ pattern also
referred to as a ‘stack of coins’. Another noninflam-
matory arteriopathy is Moya-moya disease. Moya-
moya has been shown to represent 6–15% of non-
atherosclerotic vasculopathies [39]. Moya-moya dis-
ease has a preponderance for Asians, but can be also
seen in whites and those of African descent. The
pathognomonic appearance on DSA is the so-called
‘puff of smoke’ from which its name is derived,
resulting from bilateral intracranial carotid artery
stenosis/occlusion with associated dilatation of
lenticulostriate arteries.

A history of recurrent thunderclap headaches
and exposure to vasoactive substances (e.g. cocaine,
serotonergic drugs and synthetic marijuana) leads to
the consideration of reversible cerebral vasocon-
striction syndrome. A history of head/neck radia-
tion can lead to the acceleration of atherosclerosis
(i.e. radiation-induced-vasculopathy). Many genetic
disorders are associated with noninflammatory vas-
culopathies which include adult polycystic kidney
disease, osteogenesis imperfecta, Fabry’s disease,
Ehler–Danlos type IV, Marfan syndrome and Pseu-
doxanthoma. Again, an overview of these condi-
tions is provided in Table 3 [35].

Inflammatory vasculopathies

Many of the inflammatory vasculopathies in the
young stroke population are infectious. Associated
infections include syphilis, tuberculosis, HIV and
VZV, as well as bacterial and fungal infections.
Primary and secondary central nervous system vas-
culitis and neoplasm-related vasculopathies (e.g.
lymphoma) are other causes of inflammatory vas-
culopathies. Susac syndrome is one such example of
a rare autoimmune-mediated endotheliopathy,
characterized by impaired brain function (encepha-
lopathy), branch retinal artery occlusion and inner
ear disease (hearing loss, most notably). Overall,
these differing vasculopathies can affect large and
small arteries. In the evaluation of vasculitis, vessel
walls can be imaged using techniques such as black-
blood MRI. Black-blood imaging noninvasively vis-
ualizes the vessel wall for thickening and enhance-
ment patterns that occur in vasculitis, allowing
one to distinguish vasculitis from atherosclerotic
lesions. If an infectious cause is suspected, or if
the stroke cause remains unknown following
workup, a lumbar puncture [evaluating cell counts,
 Copyright © 2018 Wolters Kluwe
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antibody levels, viral DNA (PCR), and a Venereal
Disease Research Laboratory] is indicated.

Large artery atherosclerosis

In general, as age increases in a young stroke popu-
lation, so does their traditional vascular risk factor
burden [10,40,41]. Such factors, including hyper-
tension, diabetes and hyperlipidemia, are well-
established precursors for atherosclerotic disease.
These factors are important because young stroke
patients with LAA have higher mortality [12,42].
LAA has been identified to be less than 10% of
the causes in stroke in young, but stronger consid-
eration should be given to those in their late 40s
with multiple traditional risk factors.

Cerebral venous thrombosis

Occlusion of cerebral venous sinuses and veins leads
to poor venous outflow resulting in venous ischemia
and/or hemorrhagic infarcts. An often-overlooked
consideration for stroke in the young is venous
infarction resulting from a cerebral venous throm-
bosis (CVT). Overall CVT accounts for 0.5–1% of all
strokes, but it is approximately 5% of cases in young
stroke patients [43–45]. Notably, the International
Study on Cerebral Vein and Dural Sinus Thrombosis
trial demonstrated that CVT patients had a median
age of 37 years old and 74% of the patients were
women [46]. As such, CVT is clearly a disease that
primarily affects young women in childbearing
years, as supported by the highest incidence being
women 31–50 years old [44,46,47].

‘Red flags’ to prompt CVT consideration clini-
cally are young women, especially those on OCPs,
current smokers, pregnant or in the puerperium (<6
weeks postpartum) who present with headache,
vision complaints, neurologic dysfunction, ische-
mia and/or hemorrhage in patterns that do not
adhere to typical arterial vascular territories. Such
findings can be seen on noncontrast brain CT, CTA,
CTV, MRI, magnetic resonance venography (MRV).
Initiating a higher index of suspicion for CVT in
such situations is prudent. However, this is often
overlooked in clinical practice as evidenced by stud-
ies demonstrating the median time to diagnosis as
7 days after symptom onset, with a median delay
from symptom-onset to admission being 4 days
[46,48,49].

Epidemiological causative associations from the
ISCVT showed the most common contributing fac-
tors to CVT diagnosis were OCP use (54%), throm-
bophilia (34.1%), puerperium (14%), infection
(12%), malignancy (7.4%) and pregnancy (6%)
[50]. The third trimester of pregnancy portends
the highest risk of CVT [51].
r Health, Inc. All rights reserved.
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The heart

Cardioembolic causes are highly prevalent among
young stroke patients accounting for approximately
one in five strokes in this age group [17,52].

Dysrhythmias

Dysrhythmias such as atrial fibrillation, atrial flutter
and sick sinus syndrome are much less common in
younger patients. A standard 12 lead electrocardio-
gram (EKG) and telemetry monitoring are recom-
mended and supported in the most recent
guidelines for all stroke patients [13

&&

]. EKGs and
telemetry evaluate for dysrhythmias as well acute
myocardial infarction which may lead to stroke.

Despite a negative workup, if the index of sus-
picion is high for a cardioembolic cause, extended
cardiac monitoring should be performed.

Structural cardiac issues

In certain clinical scenarios, it is important to con-
sider structural abnormalities of the heart as a poten-
tial cause. Potential causes might include left atrial or
left ventricular thrombus, cardiac myxomas, infec-
tive and nonbacterial endocarditis, rheumatic heart
disease, degenerative valvular disease, cardiomyopa-
thies and patent foramen ovale (PFO). Transthoracic
echocardiography (TTE) with a bubble study is the
typical screening tool implemented. Bacterial endo-
carditis should be strongly considered in this age
group if cardioembolic appearing strokes are identi-
fied on brain imaging, particularly in the setting of
substance abuse. The Baltimore-Washington Young
Stroke Study identified bacterial endocarditis as the
most common cardiac cause [53]. Of the structural
cardiac abnormalities, cardiomyopathies have an
estimated relative risk ranging between 10 and 100
times greater in comparison to control groups in
pediatric and young adults stroke patients [54–58].
In consultation with cardiology, cardiac MRI can be
helpful in the evaluation of cardiomyopathies.

When there is high index of suspicion on clinical
grounds for cardioembolic stroke, but TTE does not
reveal a cause, it is reasonable to pursue a transeso-
phageal echocardiogram (TEE) to identify many
stroke causes including endocarditis, aortic arch ath-
eromas, intracardiac thrombi, pulmonary arteriove-
nous malformations, intracardiac tumors and PFOs.

Patent foramen ovale and stroke

One of the most highly controversial aspects of
stroke in young patients is paradoxical emboli lead-
ing to arterial ischemic stroke. PFOs are estimated to
be prevalent in 25% of the general population and
approximately 50% in young stroke patients [39,40].

Many studies have explored PFO closure for
secondary stroke prevention in such patients.
 Copyright © 2018 Wolters Kluwer 
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CLOSURE-I, RESPECT (part 1) and the PC Trial were
early trials that did not demonstrate benefit for
stroke prevention [59–61]. The PFO in Cryptogenic
Stroke Study (PICSS) specifically explored aspirin
versus warfarin and CLOSURE-I similarly evaluated
those two arms separately as compared to PFO clo-
sure [60,62]. Notably, there is no evidence that
warfarin is superior to aspirin for stroke prevention
in PFO. Therefore, aspirin is generally the accepted
treatment modality.

More recently, three trials CLOSE, REDUCE and
RESPECT (part 2- long-term follow up) have been
positive in support of PFO closure as secondary
stroke prevention [63

&&

–65
&&

]. Notably, these were
a highly selected group of patients. It is the authors’
practice to only consider a very selected patient
population who truly have Embolic Stroke of Unde-
termined Source after undergoing extra/intracranial
angiography, aortic arch angiography, hypercoagu-
lable evaluation (discussed in the following section),
TTE with bubble, TEE with bubble and extended
cardiac monitoring for at least 30 days. Patients
who meet these requirements must have TEE dem-
onstrating an atrial septal aneurysm defined as sep-
tum primum excursion more than 10 mm and/or
large intracardiac shunt defined as at least 30 or
more microbubbles in the left atrium within three
cardiac cycles using an agitated isotonic saline injec-
tion. If these requirements are met, the authors have
a candid discussion with the patient and their sup-
port group to explain risks and benefits. During
these face-face discussions, it is made clear that there
is a risk of peri/postprocedural atrial fibrillation
(CLOSE – 4.6%, REDUCE – 6.6%). If the patient
decides that they wish to pursue PFO closure follow-
ing these discussions, the patient is then referred to
a cardiologist with significant experience in PFO
closure procedures. Post PFO closure patients are
treated with antiplatelet agents indefinitely.
Hematologic and systemic issues
Hypercoagulable states

In general, the evidence is lacking that hypercoagu-
lable states directly lead to arterial ischemic stroke.
Often, even when hypercoagulable states are iden-
tified, no strong evidence exists to suggest changing
management. A notable exception is in the setting
of antiphospholipid antibody syndrome. An associ-
ation exists between antiphospholipid antibody
syndrome and increased risk of ischemic and recur-
rent stroke in young adults [66]. Screening for hyper-
coagulable states before cardiac and vessel imaging
in young patients is not recommended. Inherited
thrombophilia, including the factor V Leiden
Health, Inc. All rights reserved.
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mutation, prothrombin gene mutation, protein C
deficiency, protein S deficiency and antithrombin
deficiency, is associated with earlier venous throm-
bosis. These coagulopathies can be considered in the
setting of a CVT, or a paradoxical embolus presumed
related to a DVT and PFO, but there is no clear link
with these coagulopathies and ischemic arterial
stroke [67]. However, in cases where a detailed
workup has failed to demonstrate an cause, or if
there is a family history of a hypercoagulable state,
such testing should be considered in consultation
with hematology.

Hematologic disorders

Red cell disorders such as sickle cell disease, platelet
disorders and atypical emboli are other hematologic
issues that can lead to stroke, but should only be
considered in appropriate clinical scenarios.

Other considerations

A detailed family history should be obtained for all
stroke patients, young and old alike. In situations
where the workup in a young stroke patient has
failed to demonstrate an cause, or if there is a family
history of stroke, further scrutinization of the family
history should be performed including multisystem
diseases associated with stroke (i.e. Fabry disease).

Standard bloodwork employed on all stroke in
young patients includes complete blood count,
comprehensive metabolic panel, troponin, lipid
panel, HgbA1c, thyroid stimulating hormone and
urine toxicology. These laboratories, in addition to a
thorough history, help identify risk factors that may
contribute partly or wholly to stroke cause. A thor-
ough recreational drug and alcohol history is neces-
sary because drug use has been implicated in up to
12% of stroke in young and overuse of alcohol has
been identified as an independent risk factor for
ischemic stroke in the young [68,69]. Autoimmune
diseases should be considered if physical examina-
tion findings are present, such as butterfly rash
involving the cheeks and bridge of the nose as
commonly seen in lupus.

Monogenetic disorders associated with stroke
are also important considerations in young stroke
patients. An in-depth discussion is beyond the scope
of this review article; however, we have provided a
brief overview of numerous monogenic diseases
associated with stroke in Table 3 [35].
MANAGEMENT CONSIDERATIONS

Hyperacute therapy

The 2018 AHA/ASA guidelines recommend IV alte-
plase up to 4.5 h and mechanical thrombectomy in
 Copyright © 2018 Wolters Kluwe
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selected patients up to 24 h. Key evidence support-
ing these recent AHA/ASA guidelines includes
referenced trials for alteplase (NINDS1&2, ECASS,
ECASS2, ECASS3, ATLANTIS and ATLANTIS-A)
[70–75], mechanical thrombectomy (MR CLEAN,
ESCAPE, EXTEND-IA, SWIFT-PRIME, REVASCAT
and THRACE) [76–81] and thrombectomy up to
24 h (DAWN and DEFUSE-3) [14

&&

,15
&&

]. New throm-
bolytic therapies are being evaluated including
single bolus tenecteplase [82

&

,83
&

].
Secondary stroke prevention
Antiplatelet and lipid reduction
medications

Arterial ischemic stroke patients should be initiated
on aspirin 81 mg daily and a high-intensity statin
(atorvastatin 80 mg daily or rosuvastatin 40 mg daily)
[84,85]. These strategies are employed to mitigate the
stroke recurrence. Statin dose may be reduced as
related to cause. Antiplatelets are started either
immediately or 24 h after IV alteplase administration
assuming no contraindications. Patient and family
education early and often is highly advised. If clinical
pharmacists are available to give counseling in addi-
tion to the physician, this is recommended.

Limited duration dual antiplatelet therapy
can be considered in two patient groups based on
the CHANCE, POINT and SAMMPRIS studies
[84,85,86

&&

]. First, minor stroke patients and TIA
patients can be treated for 21 days with aspirin
and clopidogrel per CHANCE protocol [84,87]. Sec-
ond, patients with symptomatic intracranial steno-
sis as the stroke cause can be considered for aspirin
and clopidogrel therapy for 90 days. During these
time-windows, vascular risk factor management
should be optimized, with an emphasis on medica-
tion compliance and healthy lifestyle changes, such
as dietary improvements, regular exercise and smok-
ing cessation, among others.
Anticoagulation

Anticoagulation is indicated in CVT patients and
the rare young patients with atrial fibrillation.

The goal of anticoagulation in CVT patients is
quick initiation of anticoagulation (even in the
presence of hemorrhage) in order to prevent throm-
bus propagation. Patients with confirmed CVT
should be given anticoagulation initially with either
unfractionated or low molecular weight heparin
followed by warfarin for 3–6 months [48]. In certain
scenarios, the authors will consider novel oral anti-
coagulants (such as factor Xa inhibitors) although
evidence of their efficacy in CVT specifically is not
r Health, Inc. All rights reserved.
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Table 4. Risk factors and management

Vascular or lifestyle
risk factor Clinical recommendations

Blood pressure <140/90 mmHg in nondiabetic patients and <130/90 mmHg in diabetic patients.
<130/90

Obesity -DASH and Mediterranean diets [84,85]
- 30 min of moderate exercise at least 3 days a week

Diabetes - Diabetic diets with low glycemic index
- Aggressive-long term glycemic control

Sedentary lifestyle - 30 min of moderate exercise at least 3 days a week

Smoking - Begin counseling during acute stroke hospitalization
- All clinicians should discuss at subsequent clinical encounters
- Smoking cessation gums, patches, varencylce and bupriorion are recommended per AHA/ASA guidelines
- At present, safety of e-cigarettes are not established, so patients should be counseled against using these products

Diseases of the aorta, pulmonary and peripheral vessels
well established. Rescue therapies include intrasinus
application of thrombolytics and/or mechanical
thrombectomy.

There are rare exceptions to this rule, including
other cardiac anomalies, hypercoagulable states and
in the setting of some autoimmune processes. In
such situations, the use of anticoagulation should
be considered with guidance from the appropriate
subspecialist.
Extracranial carotid revascularization
procedures

In some instances, young patients will have extra-
cranial carotid atherosclerosis as the cause of
their stroke. Carotid endarterectomy (CEA) and/or
carotid artery stenting (CAS) is recommended in
those with severe ipsilateral carotid artery stenosis
(70–99%) when perioperative morbidity and mor-
tality is 6% or less [88,89]. Patient-specific factors
including age, sex and medical comorbidities
should be considered for CEA/CAS with symptom-
atic carotid stenosis in the 50–69% range [81,82

&

].
Rehabilitation

Multidisciplinary rehabilitation techniques includ-
ing physical, occupational and speech therapy
should be employed early to optimize each patient’s
functional recovery.
Behavioral/lifestyle modification

Another extremely important aspect stroke manage-
ment and prevention is the modification of vascular
risk factors through lifestyle and behavioral modifi-
cation as listed in Table 4 [84,85]. If clinical phar-
macists, lifestyle specialists and/or nutritionists are
available, it is helpful to involve them early
to discuss issues such as medication compliance
 Copyright © 2018 Wolters Kluwer 
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and behavioral compliance (i.e. smoking cessation,
healthy diet and regular exercise) [10].
CONCLUSION

Although the clinical approach to the young adult
stroke patient is similar to that of the older adult,
this review has highlighted several important differ-
ences, focusing on the pathophysiology, risk factors,
diagnostic methods and treatment options specific
to the young stroke patient. Given the constantly
changing landscape of stroke knowledge, it remains
highly important for physicians and others treating
stroke to maintain an ongoing understanding of the
latest findings and literature across the stroke spec-
trum, inclusive of the young stroke population as
presented herein.
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