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Ischemic Stroke in
Young Adults
By Jukka Putaala, MD, PhD, MSc
ABSTRACT
PURPOSE OF REVIEW:This article reviews current knowledge on epidemiology,
risk factors and causes, diagnostic considerations, management, and
prognosis of ischemic stroke in young adults (those 55 years old and
younger).

RECENT FINDINGS: The incidence of ischemic stroke in young adults has
been increasing since the 1980s, which has occurred in parallel with
increasing prevalence of vascular risk factors and substance abuse among
the younger population. Young adults have a considerably wider range
of risk factors than older patients, including age-specific factors such as
pregnancy/puerperium and oral contraceptive use. Behavioral risk factors
such as low physical activity, excess alcohol consumption, and smoking
are factors aswell.More than 150 identified causes of early-onset ischemic
stroke exist, including rare monogenic disorders. Several recent advances
have been made in diagnosis and management of stroke in young adults,
including molecular characterization of monogenic vasculitis due to
deficiency of adenosine deaminase 2 and transcatheter closure of patent
foramen ovale for secondary prevention. Compared with the background
population of the same age and sex, long-term mortality in patients
remains fourfold higher with cardiovascular causes underlying most of
the deaths. The cumulative rate of recurrent stroke extends up to 15%
at 10 years. Patients with atherosclerosis, high-risk sources of
cardioembolism, and small vessel disease underlying their stroke seem
to have the worst prognosis regarding survival and recurrent vascular
events. Young stroke survivors also often have other adverse outcomes
in the long term, including epilepsy, pain, cognitive problems, and depression.

SUMMARY: Systematic identification of risk factors and causes and the
motivation of patients for long-term prevention and lifestyle changes are
of utmost importance to improve the prognosis of early-onset ischemic
stroke.
INTRODUCTION

linical and scientific interest in ischemic stroke in young adults
(synonymous with early-onset stroke; usually defined as an age

cutoff at 50 or 55 years at stroke occurrence) has been continuously
expanding, particularly within the past decade. Stroke in young
adults, compared with stroke in general, should be viewed from a
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KEY POINTS

● Of great public health
importance, the incidence
of ischemic stroke at
younger ages has been
increasing worldwide from
the 1980s to 2010s.

● In the large Stroke in
Young Fabry Patients study,
the most common risk
factors were abdominal
obesity, tobacco smoking,
physical inactivity, and
hypertension.
specific perspective. Young adults have awider range of potential risk factors and
recognized causes underlying their strokes, and some risk factors are exclusive to
young adults. They also have different social and vocational situations than older
adults. They often have an active family life, are at productive and reproductive
age, and are making influential career moves. Stroke may affect all these life
domains. Although the chances of surviving stroke at a young age are markedly
better than for those at an older age, young survivors face an increased risk of
recurrent strokes and other adverse events, such as neuropsychiatric problems
and seizures for a much longer time span. Stroke management for young adults
necessitates a multidisciplinary approach.

This article reviews risk factors and pathogenic mechanisms, including recent
insights on genetics aswell as diagnostic considerations, poststrokemanagement,
and key prognostic aspects of ischemic stroke in young adults.

EPIDEMIOLOGY
The incidence of ischemic stroke in young adults varies remarkably globally,
ranging from approximately 8 per 100,000 person-years in Europe to more than
100 per 100,000 person-years in sub-Saharan Africa.1,2 Traditional risk factors,
selected age cutoff criteria, ethnicity, and genetic, socioeconomic, and climatic
factors may explain this variation. Incidence rates at younger ages are slightly
lower for women, although higher rates for very young women (younger than
30 years) have been reported, probably due to sex-specific risk factors.3

The incidence of ischemic stroke in young adults has been increasing
worldwide from the 1980s to the 2010s, with some studies suggesting a more
pronounced increase of incidence for women.4 Although systematic data on the
reasons for this observation are scarce, better awareness of stroke, improved
diagnostic accuracy (more frequent use of brain MRI), and the increasing
prevalence of hypertension, diabetes mellitus, obesity, tobacco smoking, and use
of illicit drugs and alcohol may explain this trend.5–7 In keeping with the
increasing incidence, the prevalence of ischemic stroke among working-aged
adults almost doubled from 1990 to 2013 both in high-income and low- to
middle-income countries.8

RISK FACTORS
This section provides an overview of the prevalence and strength of association
of both well-documented and less well-documented risk factors for ischemic
stroke in young adults.

Modifiable Well-Documented Cardiovascular Risk Factors
Large studies demonstrated a higher than expected prevalence of modifiable
vascular risk factors in young stroke patients.3,9 TABLE 8-1 shows the prevalence
of risk factors in the large SIFAP (Stroke in Young Fabry Patients) study in
patients with ischemic stroke or transient ischemic attack at the age of 18 to
55 years enrolled in 2007 to 2010; the highest frequencies observed were for
abdominal obesity (64%), tobacco smoking (55%), physical inactivity (48%),
and hypertension (47%). Most of the vascular risk factors are more prevalent
among men and tend to cluster with age in both sexes.9

In light of the epidemiologic observations, strength of association and
population attributable risk of vascular risk factors in younger individuals are
important to discuss. A study of 2125 young patients with stroke and 8500
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TABLE 8-1

Risk Factors

Well-documented and modifiab

Tobacco smoking

Physical inactivity

Hypertension

Dyslipidemia

High low-density lipoprotei

Low high-density lipoprote

Obesity (body mass index [BM

Overweight (BMI 25.0–29.9

Abdominally obese (high w

Diabetes mellitus

Cardiovascular disease

Coronary artery disease

Congestive heart failure

Myocardial infarction

Peripheral arterial disease

Valvular disease

Atrial fibrillation

Less well-documented or pote

High-risk alcohol consumptio

Migraine, lifetime history

Sleep ≤6 h

Obstructive sleep apnea

a Data from von Sarnowski B, et al, St
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telephone-interviewed community controls showed the highest population
attributable risk for low physical activity (population attributable risk, 60%),
hypertension (population attributable risk, 25%), heavy episodic alcohol
consumption (population attributable risk, 17%), and cigarette smoking
(population attributable risk, 15%).10 In that study, these four risk factors
together explained almost 80% of population attributable risk. Population
attributable risk values were higher in those who were older and in men. A study
of 961 young patients with ischemic stroke and 1403 population-based controls
Risk Factors for Ischemic Stroke in Young Adults Aged 18 to 55 Years
Stratified by Sexa

All (%) Men (%) Women (%)

le

56 59 50

48 47 50

47 52 39

35 39 29

n cholesterol (≥3.37 mmol/L) 42 44 37

in cholesterol (≤1 mmol/L) 28 38 14

I] ≥30 kg/m2) 22 23 22

kg/m2) 38 45 28

aist circumference) 66 64 73

10 13 7

9 11 6

4 6 2

1 1 1

3 4 1

2 3 2

2 2 2

2 3 2

ntially modifiable

n 33 42 20

27 19 38

18 21 14

3 5 2

roke.9
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KEY POINT

●Migraine with aura is a risk
factor for early-onset
ischemic stroke.
specifically studied the effect of well-documented cardiovascular risk factors,
establishing statistically strong associations for atrial fibrillation (odds ratio, 10.43;
95% confidence interval [CI], 2.33 to 46.77), cardiovascular disease (odds ratio, 8.01;
95% CI, 3.09 to 20.78), and type 1 diabetes mellitus (odds ratio, 6.72; 95% CI, 3.15
to 14.33).11 Type 2 diabetes mellitus (odds ratio, 2.31), current tobacco smoking
(odds ratio, 1.81), and hypertension (odds ratio, 1.43) showed weaker associations.11

Population attributable risk values of all risk factors in that study ranged from 2% to
20%. In ischemic stroke in general (the INTERSTROKE study),12 risk factors with
the greatest population attributable risk were hypertension (population attributable
risk, for self-reported hypertension or blood pressure >160/90 mm Hg, 45%),
unfavorable lipid profile (population attributable risk, 35%), physical activity
(population attributable risk, 29% for regular physical activity as a protective
factor), abdominal obesity (population attributable risk, 26%), and cigarette
smoking (population attributable risk, 21%). An association between
hyperlipidemia and early-onset ischemic stroke has not been demonstrated.10

Studies have shown only a weak association with obesity (body mass index
>30 kg/m2)10 or no association if adjusted for concomitant vascular risk factors.13

Obesity predisposes to obstructive sleep apnea syndrome, and its prevalence is
increasing with the global obesity epidemic. However, the prevalence of
obstructive sleep apnea syndrome has not been systematically studied in young
patients with stroke; however, one longitudinal study including only individuals
with obstructive sleep apnea syndrome demonstrated a higher stroke risk for
women younger than 35 years of age compared with women in older age groups.14

Taken together, behavioral risk factors seem to have a more profound role in
young adults compared with older adults. Although they do not explain much of
the risk in the population, cardiac disease and diabetes mellitus, if diagnosed at a
young age, seem to have a strong effect on the risk.

Migraine
Migraine with aura can be considered a risk factor for early-onset ischemic
stroke. A 2010 meta-analysis addressed the association between migraine and
ischemic stroke by including 8 cohort studies and 13 case-control studies with
622,381 patients aged 30 to 50 years and adjusted for several confounding factors,
such as hypertension, smoking, combined oral contraceptives, cholesterol,
cardiac disease, and family history of migraine or stroke.15 The pooled adjusted
odds ratio for ischemic stroke in patients with migraine with aura was 2.3 (95%
CI, 1.5 to 3.3). No association was found between migraine without aura.
According to a nationwide Danish population-based cohort study,16 the
association appears stronger in the short term (0 to 1 year) after migraine
diagnosis than in the long term (up to 19 years) and in women. The mechanisms
of this association remain unclear. Interestingly, a shared genetic basis for
migraine (yet much stronger for migraine without aura than with aura) and
ischemic stroke has been observed.17 Importantly, migraine acts in interaction
with environmental risk factors since smoking increases the migraine-associated
stroke risk about 10-fold, combined oral contraceptives up to 17-fold, and these
three factors together more than 30-fold.18

Oral Contraceptives and Pregnancy
A Cochrane review showed that the risk for ischemic stroke was increased
1.7-fold to 6-fold in women using combined oral contraceptives compared with
CONTINUUMJOURNAL.COM 389
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nonusers.19 The risk for ischemic stroke or myocardial infarction seemed to
increase with higher doses of estrogen and doubled for women taking pills
containing ≥50 mcg of estrogen compared with nonusers.19 Pooled dose-specific
estimates solely for ischemic stroke are lacking.

Ischemic stroke complicates fewer than 20 per 100,000 pregnancies.20 The
risk is highest during the third trimester, around delivery, and in the postpartum
period. Hypertension, cardiac diseases, diabetes mellitus, migraine, genetic or
acquired coagulopathies, and complications of pregnancy and delivery may
also increase the risk. Mechanisms of pregnancy-related ischemic stroke
include a hypercoagulable state due to pregnancy, eclampsia, peripartum
cardiomyopathy, amniotic fluid embolism, and reversible cerebral vasoconstriction
syndrome.21

Patent Foramen Ovale
The association of patent foramen ovale (PFO) and ischemic stroke appears
stronger for younger (approximately fivefold risk) than older individuals
(approximately twofold risk) when compared with stroke-free individuals or
patients with known stroke causes.22 Given the approximate 25% prevalence of
PFO in the population, it is incompletely understood specifically as to which
circumstances and which characteristics of the PFO are needed to cause ischemic
stroke. Nevertheless, paradoxical embolism from the venous circulation is the
prevailing hypothesis as the mechanism of PFO-attributable stroke. PFO size,
magnitude of the shunt, tunnel length, and concomitant atrial septal aneurysm
may modify the risk of ischemic stroke and the probability that PFO would be
causally related to the stroke.23 Concomitant risk factors increasing the risk of
stroke from PFO include immobilization, pregnancy, and genetic and acquired
hypercoagulable states. The Risk of Paradoxical Embolism (RoPE) score may
be helpful when estimating the probability of a PFO’s causality with the stroke.24

In the RoPE score, younger age (a scale from 0 to 5 according to age group:
5 points for age 18–29 years, no points for age ≥70 years), cortical infarct, and a
lack of vascular risk factors give more points and a greater probability of
stroke-related PFO.

Alcohol and Illicit Drugs
Both recent and long-term heavy drinking, including heavy episodic drinking
(binge drinking), have been shown to increase the risk of ischemic stroke at
younger ages.10,25 Themechanism of this association includes an increased risk of
cardiac arrhythmias and adverse effects on hemostasis, fibrinolysis, and blood
clotting. Heavy drinkers also tend to experience more frequent head and neck
trauma, which can predispose to cervical artery dissection.26

Cannabis, opiates, cocaine, amphetamine and related substances, and newer
designer drugs can predispose users to ischemic stroke by several mechanisms,
including acute hypertensive crisis, vasoconstriction, platelet activation,
accelerated atherosclerosis, toxic vasculitis, cardiac arrhythmias,
cardiomyopathy—as well as septicemia and endocarditis, especially in
intravenous drug users.27 The route and mode of drug administration modulate
the risk and affect the possible pathophysiologicmechanisms. For example, acute
cocaine use within 24 hours was associated with a sixfold risk of ischemic stroke
compared with no use, and the risk was higher for crack cocaine.28 In that study,
infrequent use was not associated with increased risk, but after excluding
APRIL 2020

rican Academy of Neurology. Unauthorized reproduction of this article is prohibited.



KEY POINTS

● The risk for ischemic
stroke or myocardial
infarction increases with
higher doses of estrogen
and is doubled for women
taking pills containing at
least 50 mcg of estrogen
compared with nonusers.

● Ischemic stroke
complicates fewer than
20 per 100,000 pregnancies.
The risk is highest during
the third trimester, around
delivery, and in the
postpartum period.

● The association of patent
foramen ovale and ischemic
stroke appears stronger for
younger (approximately
fivefold risk) than older
individuals (approximately
twofold risk) when
compared with stroke-free
individuals or patients with
known stroke causes.

● The Risk of Paradoxical
Embolism (RoPE) score may
be helpful when estimating
the probability of a patent
foramen ovale causing the
stroke. In the RoPE score,
younger age, cortical
infarct, and a lack of
vascular risk factors give
more points and a greater
probability of stroke-
related patent foramen
ovale.

● Both recent and
long-term heavy drinking,
including binge drinking,
have been shown to
increase the risk of ischemic
stroke at younger ages.

● The route and mode of
illicit drug administration
modulate the risk and
affect the possible
pathophysiologic
mechanisms of ischemic
stroke.
patients who had used cocaine within 24 hours from stroke, frequent use (ie,
more than 1 time per week) increased the risk of ischemic stroke about twofold.
Furthermore, it is important to realize that widely used drugs such as cannabis
that are generally believed to be less harmful were demonstrated to increase the
risk of ischemic stroke particularly among young adults.29

Cancer
Studies have identified malignancy as an important risk factor of ischemic stroke
in young adults. A 2018 case-control study showed an unadjusted odds ratio
of 3.67 (95% CI, 1.42 to 9.50) for active malignancy; however, this association
was no longer statistically significant after adjusting for cardiovascular risk
factors.11 One cohort study following 178,962 cancer survivors aged 15 to 39 years
demonstrated an incidence of ischemic stroke twice what was expected.30 A
Finnish cross-sectional study of 1002 young patients with ischemic stroke found
malignancy in 7.7%, of whom 3.6% were diagnosed prior to the first ischemic
stroke, 0.3% during hospitalization for the current stroke, and 3.8% after stroke
hospitalization.31 Multiple mechanisms may explain the association between
cancer and ischemic stroke, including toxic effects of chemotherapy, long-term
effects of radiotherapy on vasculature, hypercoagulation, accelerated
atherosclerosis, direct effects of a solid tumor, marantic endocarditis, and
intravascular disease manifestations (eg, in lymphoma). Cancer survivors of
central nervous system tumors, head and neck tumors, and leukemia seem to be
at greatest risk of future ischemic stroke.30

Chronic and Recent Infections
Infections may increase the risk of ischemic stroke by endothelial dysfunction,
platelet activation, interference with other risk factors (eg, by altering serum
lipids toward a more atherogenic profile), and creation of a hypercoagulable
state. Some infections, such as infective endocarditis, meningoencephalitis, or
human immunodeficiency virus (HIV), may directly cause the stroke, whereas
most preceding infections in patients with stroke should be considered merely a
risk factor. Respiratory tract infections are the most common type of acute
infections associated with ischemic stroke.32 In a retrospective study, up to 10.7%
of young patients experienced infections within 4 weeks prior to stroke,
including upper respiratory tract infections, gastrointestinal infections, and
skin or mucous membrane infections.33 Chronic infections found to associate
with a heightened risk of ischemic stroke include periodontitis, chronic
bronchitis, and infection with Helicobacter pylori, Chlamydia pneumoniae,
cytomegalovirus, and HIV (without being the direct cause).32,34 Syphilis,
tuberculosis, neurocysticercosis, and Trypanosoma cruzi (Chagas disease)
infections should be considered in patients who have ischemic stroke and are
from endemic areas or who have risks for these infections.32,35

Antiphospholipid Antibodies
Antiphospholipid syndrome can be diagnosed with two positive blood test
results at least 12 weeks apart showing the presence of antiphospholipid
antibodies—most commonly lupus anticoagulant, anticardiolipin antibodies, or
anti–β2 glycoprotein-I antibodies—reacting against proteins that bind to
phospholipids on plasmamembranes. In most young patients with ischemic stroke,
anticardiolipin antibodies or anti–β2 glycoprotein-I antibodies are only modestly
CONTINUUMJOURNAL.COM 391
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elevated, and often on one occasion only, and so criteria for antiphospholipid
syndrome are not met. A 2015 systematic review summarized the current
knowledge on the prevalence of antiphospholipid antibodies and ischemic
stroke in subjects younger than 50 years old.36 A total of 43 fairly small and
heterogeneous studies were included, resulting in 5217 patients and controls. The
overall frequency of antiphospholipid antibodies was 17.4% (range, 5% to 56%)
with a pooled odds ratio of 5.48 (95% CI, 4.42 to 6.79) for cerebrovascular events.

Genetic Thrombophilia
Studies have assessed the role of factor V gene polymorphism as a risk factor
for ischemic stroke with heterogeneous results. A meta-analysis of 6860 patients
and 18,025 controls found a significant yet weak association (odds ratio, 1.40;
95% CI, 1.22 to 1.62) for factor V Leiden mutation (F5 gene), which was
moderately stronger for patients with stroke onset at age younger than 40 years
(odds ratio, 1.84; 95% CI, 1.47 to 2.30).37 In another study, the prothrombin
G20210A mutation (F2 gene) had no overall association with early-onset
ischemic stroke, although an association also in that study emerged in a younger
subgroup (odds ratio, 5.9; 95% CI, 1.2 to 28.1).38 Deficiencies of protein C,
protein S, or antithrombin III in adults are rare (less than 1% in the population),
and their contribution to ischemic stroke has been suggested by one observational
cohort study only39 but not confirmed by case-control studies or meta-analysis.40

A synergistic effect of multiple concomitant thrombophilias and modifiable risk
factors are relevant to consider because studies suggest a gene-dose effect of
prothrombotic variants, as well as interactions with tobacco smoking,
hypertension, and combined oral contraceptives in young adults.41,42

Genome-Wide Risk Variants
Two genome-wide association studies that specifically focused on early-onset
ischemic stroke have been completed to date.43,44 One of them included a total of
4505 young patients and 21,968 controls from three ethnic groups and identified a
new age-specific locus at 10q25 associated with ischemic stroke of any subtype.43

Specifically, this locus is located near HABP2, which encodes an extracellular
serine protease regulating coagulation, fibrinolysis, and inflammatory pathways
suggesting a biologically plausible mechanism leading to ischemic stroke. The
CADISP (Cervical Artery Dissection and Ischemic Stroke Patients) study
included 1393 patients with cervical artery dissection and 14,416 controls and
identified one previously unreported genome-wide risk locus for cervical artery
dissection at PHACTR1 and a few additional highly suggestive loci.44 The
rs9349379(G) allele at PHACTR1 was associated with a lower risk of cervical
artery dissection. These were preliminary findings, and additional studies of
interactions with environmental risk factors and further replication of these
novel genome-wide association study findings in early-onset stroke cohorts and
in specific subtypes are needed to understand their significance.

DISTRIBUTION OF CAUSES
Etiologies typically seen in older patients—large artery atherosclerosis, small
vessel disease, atrial fibrillation, and other high-risk cardiac causes—are
considerably less common in young adults compared to older adults in the
population. In a European multicenter study involving retrospective and
prospective data of 3331 patients aged 18 to 49, large artery atherosclerosis
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KEY POINTS

●Malignancy is a risk factor
for ischemic stroke in
young adults.

● Antiphospholipid
syndrome can be diagnosed
with two positive blood test
results at least 12 weeks
apart showing the presence
of antiphospholipid
antibodies—most commonly
lupus anticoagulant,
anticardiolipin antibodies, or
anti–β2 glycoprotein-I
antibodies—reacting against
proteins that bind to
phospholipids on plasma
membranes.

● In most young patients
with ischemic stroke,
anticardiolipin antibodies or
anti–β2 glycoprotein-I
antibodies are only
modestly elevated, and
often on one occasion only,
and so criteria for
antiphospholipid syndrome
are not met.

● Rare causes, eg,
noninflammatory and
inflammatory
vasculopathies, hematologic
causes, and monogenic
disorders, together cause up
to 22% of ischemic strokes in
young adults.

● The most frequent
singular cause of ischemic
stroke in young adults is
carotid artery dissection,
causing up to one-fifth of all
events. In the largest series,
etiology of stroke remained
undetermined in up to 40%.
accounted for 9.3%, high-risk cardiac sources 8.7%, and sporadic small vessel disease
12.2% of ischemic strokes45; these proportions vary among studies with geography,
ethnicity, completeness of diagnostic workup, and enrollment period, as well as
classification and age limits used.46 To put these numbers in perspective, the
population-based Oxford Vascular Study reported frequencies of 11.0% for large
artery atherosclerosis, 26.1% for cardioembolism, and 12.4% for small vessel disease
in patients with ischemic stroke or transient ischemic attack at a mean age of
70.4 years.47 TABLE 8-2 lists cardiac sources of embolism with specific attention to
sources occurring at young ages.48 Atrial fibrillation and cardiomyopathies (with or
without atrial fibrillation) are the most frequent, well-established high-risk sources
whereas, importantly, evidence also suggests a strong causality for congenital heart
diseases (CASE 8-1).49 Apart from congenital heart diseases, especially myxoma,
fibroelastoma, rhabdomyoma, paraganglioma, and primary cardiac sarcoma
represent high-risk cardioembolic sources that primarily affect young adults.

More than 150 rare etiologies of ischemic stroke can be considered in younger
adults; however, their causality may not have been well established if based
on incidental reports only. Such rare causes together underlie up to 21.5% of
ischemic strokes in large series.45,50 TABLE 8-3 summarizes the most frequently
diagnosed rare causes not considered as monogenic conditions and depicts
specific clinical features, diagnostic tests, and treatment options. The most
frequent (but rare in general) singular cause of ischemic stroke in young
adults is cervical artery dissection, causing up to 12.7% of all events in the
largest series and even a larger proportion (18.6%) in patients younger than
45 years.46,51 Monogenic disorders causing ischemic stroke in young adults are
shown in TABLE 8-4. Sometimes, monogenic disorder can underlie cervical artery
dissection (CASE 8-2).

In a large retrospective study, etiology remained undetermined (cryptogenic)
in 39.7%45 of patients with ischemic stroke with a similar frequency in prospective
studies using protocols to guide diagnostic workup.50 One recent finding in young
patients with otherwise cryptogenic stroke is the presence of carotid webs, which
are seen on CT angiography (CTA) and defined as intimal variants of
fibromuscular dysplasia appearing as a shelflike lesion on the posterior aspect of
the carotid bulb.52 It has been proposed that this structure forms a pocket in the
vessel wall and, therein, hemodynamic circumstances that favor thrombosis.
Larger studies are still needed to confirm causality of carotid webs.

DIAGNOSTIC APPROACH TO DETERMINE STROKE ETIOLOGY
Given the wide variety of rare etiologies underlying ischemic stroke in
young adults, etiologic diagnosis is challenging. Full clinical and family history
must be obtained and a complete examination undertaken with attention to
the cardiovascular system, skin, mucous membranes, and eyes, as well as stature
and deformities. Specific validated diagnostic algorithms are not available for
young patients. Options include performing diagnostic tests in a stepwise manner
or performing a defined set of tests on all patients and continuing with more
specific tests guided by phenotype and results of first-line investigations. The first
step in etiologic investigations, nevertheless, is imaging of the brain and
intracranial and extracranial arteries, including the aortic arch.

With its excellent sensitivity and spatial resolution, MRI offers improved
differential diagnosis compared with CT, and it should include diffusion-weighted,
fluid-attenuated inversion recovery (FLAIR), and T2*/susceptibility-weighted
CONTINUUMJOURNAL.COM 393
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imaging sequences. Diagnosis of cervical artery dissection, moyamoya pattern,
fibromuscular dysplasia, and large or medium vessel vasculitis can be
demonstrated or suggested in most cases with CTA or magnetic resonance
angiography (MRA). Notably, axial neck MRI with fat-saturated T1-weighted
sequences is the only reliable method to demonstrate arterial wall hematoma in
cervical artery dissection. Once the gold standard, digital subtraction angiography
can be reserved for cases in which diagnoses remain uncertain after CTA or MRA.
A repeat CTA orMRAmay sometimes be needed to demonstrate vasoconstriction
in suspected reversible cerebral vasoconstriction syndrome and another later
study to show its reversibility (TABLE 8-3).53

A full blood cell count, lipid panel, blood glucose, kidney function tests, and
inflammatory parameters should be included in the routine evaluation of young
adults with ischemic stroke. In addition to a detailed history of drug use,
systematic urine screening for illicit drugs may be warranted because it yields a
Cardiac Diseases Predisposing to Cerebral Embolism in Young Adults

High-Risk Sources

◆ Atrial fibrillation/flutter

◆ Sick sinus syndrome

◆ Recent myocardial infarction

◆ Previous myocardial infarction and akinesia

◆ Left ventricular thrombus

◆ Left atrial cavity thrombus

◆ Left atrial appendage thrombus

◆ Congenital heart diseasesa

◆ Cardiomyopathiesb

◇ Dilated

◇ Hypertrophic

◇ Restrictive

◇ Arrhythmogenic right ventricular cardiomyopathy/dysplasia

◇ Unclassified

◆ Rheumatic valve disease

◆ Prosthetic valve disease

◆ Valvular vegetation or mass

◆ Intracardiac tumors

◇ Myxoma

◇ Fibroelastoma

◇ Rhabdomyoma

◇ Sarcoma

CONTINUED ON PAGE 395
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higher percentage of drug users especially in younger patients with concurrent
tobacco smoking.54 Although its utility in general is uncertain,55 screening for
acquired and genetic thrombophilia should be considered in all young patients in
whom initial diagnostic tests fail to identify a definite cause. If the initial testing
for antiphospholipid antibodies carried positive results, repeated testing at least
12 weeks later is recommended to demonstrate permanence of antiphospholipid
antibodies. When rarer causes are suspected, a wider range of blood and
cerebrospinal fluid analyses should be carried out (TABLE 8-3).

A routine 12-lead ECG is a first-line cardiac investigation that can reveal occult
atrial fibrillation and hints from other high-risk sources of embolism. For example,
P terminal force in lead V1 appeared strongly associated with a final diagnosis of
cardioembolism from a high-risk source in young patients.56 Transthoracic
echocardiography should be included in the routine general cardiac workup in
patients with stroke.57 The benefit of transesophageal echocardiography (TEE) is
CONTINUED FROM PAGE 394

◇ Metastasis

◇ Hemangioma

◇ Primary cardiac lymphoma

◇ Paraganglioma

◆ Marantic or infective endocarditis

◆ Aortic atheroma

◆ Iatrogenic (eg, heart surgery, catheterization and electrophysiology studies)

Low-Risk or Uncertain-Risk Sources

◆ Patent foramen ovale

◆ Atrial septal aneurysm

◆ Calcified aortic stenosis

◆ Mitral annular calcification

◆ Mitral valve prolapse

◆ Left ventricular aneurysm

◆ Spontaneous contrast in echocardiography

◆ Aortic aneurysm

◆ False tendon in the left ventricle

◆ Moderate/severe left atrium enlargement

◆ Left ventricular hypertrophy

◆ Concentric left ventricular geometry (increased relative wall thickness but normal left
ventricular mass)

a Congenital heart diseases are a heterogeneous group of conditions and can be further classified according
to anatomic structures affected (Marelli classification).48 These may cause ischemic stroke with variable
mechanisms with risk affected by concomitant comorbidities.
b Historically, also classified as primary (including acquired, genetic, or mixed) and secondary as part of a
systemic disorder (including, eg, infiltrative diseases, storage diseases, endocrine disorders, muscle
disorders, mitochondrial disorders, sarcoidosis, and inflammatory and infectious diseases, some of which
also belong to monogenic disorders).
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less certain. However, particularly in younger patients, TEE often changes
treatment strategies, mainly because of detection of PFO.58 Transcranial Doppler
ultrasonography provides an easy-access tool for detecting and quantifying
right-to-left shunts with a high sensitivity and specificity.59 Cardiac MRI and CT
can be used as complementary studies, especially when further information is
needed on intracardiac mass, congenital heart disease, and valvular disease or
when TEE is contraindicated or resulted in suboptimal findings.60 Chest CT to
detect pulmonary arteriovenous fistula or pulmonary embolism and
ultrasonography of the lower extremities to detect deep venous thrombosis as a
source of paradoxical embolism can be considered.61 Occult atrial fibrillation is
increasingly found with prolonged ECG monitoring in older patients with
embolic stroke of undetermined source, but the data on its detection rate in
younger patients are scarce.62

Detecting Monogenic Causes
Known monogenic disorders were diagnosed in fewer than 1% of all ischemic
strokes in young adults in a large hospital-based multicenter series.45 However,
A 24-year-oldman presentedwith amaurosis fugax in the right eye lasting
for minutes that was first thought to be migraine aura. Three years before
that event, he had a 1-day episode of difficulty producing speech; he had
no examinations carried out and was not seen by a neurologist at that
time.

He had a history of combined congenital heart disease encompassing a
double outlet right ventricle, ventricular septal defect, subvalvular
pulmonary stenosis, patent ductus arteriosus, and mitral valve anomaly.
He had undergone reparative surgery at the ages of 1 and 8 with
mechanical mitral valve placement in the second operation and warfarin
treatment ever since with a target international normalized ratio (INR) of
2.5 to 3.5. He had no cardiac symptoms, was physically active, and
regularly attended cardiac follow-up visits. He had also been previously
diagnosed with migraine without aura and had headaches several times a
month.

Clinical neurologic examination demonstrated no focal findings. Brain
MRI revealed an old infarction in the left middle cerebral artery territory
(FIGURE 8-1A), unremarkable findings in the cerebral and carotid arteries
(FIGURES 8-1B and 8-1C), and a small incidental cavernous malformation in
the left cerebellum (FIGURE 8-1D). INR levels had been labile prior to the
current event, including both high and low INR levels.

He received counseling on anticoagulation and started with low-dose
vitamin K substitution to improve INR control and aspirin after it was
determined that the risk of major bleeding complication was
comparatively low. Neuropsychological assessment revealedmild verbal
and attention difficulties, and hewas able to return to work 1 month after
the event.
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the incidence of monogenic disorders may be underestimated since studies
applying a clinical prescreening algorithm of candidates for screening of
monogenic disorders yielded a proportion as high as 7% with a monogenic
disorder causing stroke.63,64 Importantly, the presence of vascular risk factors did
not exclude a diagnosis of monogenic disorders, and positive family history was
the only significant factor predicting a positive genetic diagnosis in one of
the studies.63

TABLE 8-4 summarizes diagnostic hints of monogenic disorders associated
with ischemic stroke in young adults, as well as describing genetic loci,
pattern of heritability, and classic clinical features. Phenotypes of these disorders
vary from isolated central nervous system affliction to a wide range of
organ manifestations, and the disorder may go unsuspected if typical textbook
features are not completely present. Many of the disorders show progressive
cerebral small vessel disease pathology defined as MRI white matter
hyperintensities (CASE 8-3). Strokes caused by these disorders may occur in
childhood or early adulthood (eg, in sickle cell disease, neurofibromatosis
type 1, and COL4A1-related disorders), can be ischemic or hemorrhagic, and
COMMENTThe risk of ischemic stroke in patients with congenital heart disease is
increased, and careful follow-up is necessary to prevent strokes. Oral
anticoagulation with warfarin can sometimes be difficult to maintain in
young people because they need regular laboratory assays, and potential
interactions with food and possible concomitant medications must be
considered.

FIGURE 8-1
Imaging of the patient in CASE 8-1. Axial fluid-attenuated inversion recovery (FLAIR) MRI
revealed old infarction in the left middle cerebral artery territory (A, arrow). Magnetic
resonance angiogram demonstrating unremarkable findings in the cerebral (B) and cervical
(C) carotid arteries. T2*-weighted MRI showed a probable small incidental cavernous
malformation in the left cerebellum (D, arrow).
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TABLE 8-3 Characteristics, Diagnosis, and Treatment of Selected Nongenetic Rare
Causes Leading to Early-Onset Ischemic Stroke

Cause
Specific Clinical
Characteristics and Red Flags Diagnostic Workup Treatment

Antiphospholipid
syndrome

Recurrent venous and/or
arterial thrombosis;
miscarriages; eclampsia;
placental failure

Lupus anticoagulant,
anticardiolipin antibodies, anti-
β2-glycoprotein-I antibodies in
at least 2 time points at least
12 weeks apart

Vitamin K antagonists with or
without antiplatelets

Behçet disease Brainstem involvement;
recurrent oral and/or genital
ulcers, uveitis; retinal vasculitis;
erythema nodosum, arthritis;
cerebral venous thrombosis;
Mediterranean, Middle East, or
Asian ethnic origin

Clinical criteria; no specific
tests aid in diagnosis

Symptomatic; interferon alfa and
tumor necrosis factor inhibitors
being tested in clinical trials

Cervical artery
dissection

Trauma to head or neck;
neck or facial pain; Horner
syndrome; lower cranial
nerve palsies

CT angiography (CTA)/
magnetic resonance
angiography (MRA), digital
subtraction angiography (DSA):
irregular stenosis, an occlusion
or a dissecting aneurysm,
intimal flap, double lumen; axial
fat-saturated T1-weighted MRI
sequences of the neck to show
intramural hematoma

Anticoagulation or antiplatelets
for 6–12 months; long-term
treatment in selected patients
after repeat imaging

Illicit drug use History of drug use;
marks of injection

Urine toxicology screening Cessation of drug use; no
specific treatment unless other
comorbid conditions, such as
endocarditis or cerebral
vasoconstriction, are present

Intracranial artery
dissection

Headache CTA/MRA, DSA: intramural
hematoma, intimal flap, double
lumen, stenosis, occlusion, or
aneurysm; CT/MRI: ischemic
stroke and/or subarachnoid
hemorrhage

Antiplatelets; if aneurysm
progressively enlarges,
endovascular or surgical repair
can be considered

Malignancy History of malignancy;
symptoms suggestive of
malignancy (eg, weight loss,
unexplained fatigue)

Screening investigations in high
suspicion, eg, chest and
abdomen CT

Treatment of underlying
malignancy; anticoagulation
(often with low-molecular-
weight heparins) or antiplatelets

Migrainous
infarction

Known migraine with aura;
ischemic stroke associated
with a typical aura (for that
patient) persisting >60 min

No specific diagnostic tests;
apply International Headache
Society criteria

No specific treatment; triptans
and ergotamines should be
avoided

Moyamoya disease
or syndrome

Migrainelike headache; seizures;
recurrent ischemic events; events
triggered by hypoperfusion or
hyperventilation; intracerebral
hemorrhage; choreiform
movements (in children)

CTA/MRA, DSA: distal internal
carotid artery narrowing and
collateral formation

Antiplatelets, calcium channel
blockers, revascularization
surgery (bypass)
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CONTINUED FROM PAGE 398

Cause
Specific Clinical
Characteristics and Red Flags Diagnostic Workup Treatment

Postradiation
vasculopathy

History of radiation therapy to
head, neck, or cervical spine

CTA/MRA: narrowing of distal
internal carotid artery with or
without development of
collaterals

Antiplatelets

Primary central
nervous system
vasculitis

Headache; progressive
cognitive impairment;
encephalopathy; seizures;
multifocal ischemic and/or
hemorrhagic lesions at various
stages; no signs of systemic
disease

MRI: multiple acute and old
infarctions in different vascular
territories; MRA/DSA: focal or
multifocal segmental narrowing
of medium and small
intracranial arteries; CSF
analysis (pleocytosis, elevated
protein), brain biopsy

Immunosuppression
(prednisone followed by
cyclophosphamide)

Reversible cerebral
vasoconstriction
syndrome

Recurrent thunderclap
headaches; reversible edema;
subarachnoid hemorrhage in
the convexity

CTA/MRA, DSA: string-of-
beads–like segmental
narrowing of intracerebral
arteries

Elimination of precipitating
factors (eg, cocaine,
amphetamines); nimodipine;
avoid steroids and antiplatelets

Sneddon syndrome
(livedo reticularis
and stroke)a

Livedo reticularis; small
infarctions in deep white
matter and pons

Skin biopsy; screening for
antiphospholipid antibodies;
DSA

Vitamin K antagonists;
antiplatelets in patients without
antiphospholipid antibodies

Susac syndrome
(retinocochleocerebral
arteriopathy)

Encephalopathy; focal deficits;
sensorineural hearing loss;
visual disturbances; corpus
callosum lesions on MRI

Retinal fluorescein angiography Immunosuppression

Systemic vasculitis Malaise, fever, weight loss,
rash; neurologic symptoms as in
primary central nervous system
vasculitis; variable organ
affliction depending on disease

CTA/MRA, DSA, aortic positron
emission tomography (PET);
skin, nerve, or muscle biopsy;
full blood cell count,
erythrocyte sedimentation rate,
C-reactive protein; specific
autoantibodies (perinuclear
antineutrophil cytoplasmic
antibodies/ myeloperoxidase,
cytoplasmic antineutrophil
cytoplasmic antibodies/
proteinase-3); CSF analysis
(pleocytosis, elevated protein)

Immunosuppression

a Knowledge of Sneddon syndrome’s genetic basis is evolving because familial forms have been recently reported to belong to ADA2 mutation
disorders (TABLE 8-4).
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TABLE 8-4 Selected Monogenic Disorders With Ischemic Stroke as One of the Primary
Manifestations or a Recognized but Not the Primary Manifestation

Disorder and
Inheritance Pattern Gene Chromosome

Stroke
Features

MRI White
Matter Lesions

Other Clinical
Features and Red Flags

Ischemic stroke as the primary manifestation

CADASIL (cerebral
autosomal dominant
arteriopathy with
subcortical infarcts and
leukoencephalopathy);
autosomal dominant (AD)

NOTCH3 19p13.12 Recurrent
lacunar
ischemic;
rarely
hemorrhagic

Yes, extensive;
characteristic in
the anterior
temporal lobe
and/or external
capsule

Migraine with aura;
cognitive decline;
mood disorders;
seizures

CARASIL (cerebral
autosomal recessive
arteriopathy with
subcortical infarcts and
leukoencephalopathy);
autosomal recessive (AR)

HTRA1 10q26.13 Lacunar
ischemic;
rarely
hemorrhagic

Yes Similar to CADASIL; in
addition, premature
alopecia, back pain,
spondylosis

COL4A1 disorders; AD COL4A1 13q34 Recurrent
lacunar
ischemic or
hemorrhagic

Yes, extensive Cerebral aneurysms;
porencephaly; retinal
vascular tortuosity;
kidney disease; muscle
cramps

Deficiency of adenosine
deaminase 2
(DADA2)-associated
polyarteritis nodosa
vasculopathy; AR

ADA2 22q11.1 Recurrent
lacunar
ischemic or
hemorrhagic

Yes Polyarteritis nodosa;
small vessel vasculitis;
recurrent fevers and
livedo racemosa in
early childhood;
hepatosplenomegaly

Familial moyamoya;
AD or AR

ACTA2, MTCP1,
RNF213

Several,
including X

Ischemic or
hemorrhagic

No Headaches; neurologic
events triggered by
hypoperfusion;
telangiectasia;
intellectual disability;
seizures; bilateral
stenosis or occlusion of
terminal portion of
internal carotid arteries
and/or proximal
portions of anterior
and middle cerebral
arteries

Retinal vasculopathy
with cerebral
leukodystrophy
(RCVL); AD

TREX1 3p21.31 Ischemic Yes Visual loss; cognitive
problems; mild kidney
or liver dysfunction;
retinal microangiopathy
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CONTINUED FROM PAGE 400

Disorder and
Inheritance Pattern Gene Chromosome

Stroke
Features

MRI White
Matter Lesions

Other Clinical
Features and Red Flags

Ischemic stroke not as the primary manifestation,
but a recognized manifestation

Adult progeria (atypical
Werner syndrome); AD

LMNA 1q22 Ischemic or
hemorrhagic

No Short stature; thinning/
graying of hair; a
“birdlike” facial
appearance;
myopathy; defects in
the cardiac conduction
system; lipoatrophy;
diabetes mellitus;
atherosclerosis;
osteoporosis;
premature aging

Arterial tortuosity
syndrome; AR

SLC2A10 20q13.12 Ischemic or
hemorrhagic

No Arterial stenoses,
tortuosity, and
aneurysms;
diaphragmatic hernia;
infant respiratory
distress syndrome;
joint hypermobility,
contractures; soft and
stretchable skin;
telangiectasia;
arachnodactyly;
scoliosis; pectus
excavatum/carinatum;
diverticulosis;
congestive heart failure

Carney syndrome
(facial lentiginosis
and myxoma); AD

PRKAR1A 17q24.2 Ischemic No Spotty skin
pigmentation; cardiac
and skin myxomas;
endocrine tumors;
endocrinal overactivity;
schwannomas

Fabry diseasea;
X-linked recessive

GLA X Ischemic or
hemorrhagic

Yes Acroparesthesia;
angiokeratomas;
corneal opacity;
hypohidrosis; renal
and/or cardiac disease

Familial hemiplegic
migraine; AD

CACNA1A,
ATP1A2, SCAN1

Several Ischemic No Migraine with aura with
motor impairment

Hereditary hemorrhagic
telangiectasia
(Rendu-Osler-Weber
syndrome); AD

ACVRL1, ENG,
GDF2, SMAD4

Several Ischemic or
hemorrhagic

No Telangiectasia;
arteriovenous
malformations in lungs,
liver, intestines, and
brain
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Disorder and
Inheritance Pattern Gene Chromosome

Stroke
Features

MRI White
Matter Lesions

Other Clinical
Features and Red Flags

Homocystinuria; AR MTHFR, MTR,
MTRR, MMADHC

Several Ischemic Yes Poor growth in
childhood;
neuropsychiatric
deficits; myopia; lens
dislocation;
osteoporosis;
cardiovascular disease;
thromboembolic
events

Loeys-Dietz
syndrome; AD

TGFBR1, TGFBR2,
SMAD3, TGFB2

Several Ischemic or
hemorrhagic

No Aortic aneurysm;
arterial tortuosity;
arterial dissection;
pectus carinatum or
excavatum; joint laxity;
craniosynostosis;
widely spaced eyes;
high palate/bifid uvula

Marfan syndrome; AD FBN1 15q21.1 Ischemic or
hemorrhagic

No Lens dislocation,
cataract, myopia; aortic
aneurysm/dissection;
carotid artery
dissection; cerebral
aneurysms; arthritis; tall
habitus; pectus
excavatum; dural
ectasia

Mitochondrial myopathy,
encephalopathy, lactic
acidosis, and stroke
(MELAS); mitochondrial

Several,
mitochondrial;
transfer
RNA-Leu
most common

Mitochondrial
DNA

Strokelike
episodes

Yes,
extensive

Muscle weakness;
migrainelike headache;
seizures; short stature;
sensorineural hearing
loss; episodic vomiting;
exercise intolerance;
diabetes mellitus;
cardiomyopathy;
retinitis pigmentosa

Neurofibromatosis
type 1; AD

NF1 17q11.2 Ischemic or
hemorrhagic

No, but
nonspecific
white matter
hyperintensities

Neurofibromas; café au
lait spots; optic glioma;
freckling; Lisch
nodules; learning
disabilities; seizures;
cerebral aneurysms;
autism; hypertension;
short stature;
macrocephaly; skeletal
abnormalities;
moyamoya syndrome
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Disorder and
Inheritance Pattern Gene Chromosome

Stroke
Features

MRI White
Matter Lesions

Other Clinical
Features and Red Flags

Pseudoxanthoma
elasticum; AR

ABCC6 16p13.1 Ischemic or
hemorrhagic

No Reduced vision; retinal
angioid streaks;
yellowish papules in
flexor areas; elastic
skin; claudication;
gastrointestinal
bleeding; arterial
dissection

SAMHD1 gene mutation–
associated cerebral
vasculopathy; AD

SAMHD1 20q11.22-q12 Ischemic or
hemorrhagic

Yes, but can be
absent

Developmental
disability; multifocal
stenoses and
aneurysms in large
cerebral arteries;
moyamoya morphology

Sickle cell disease; AR HBB 11p15.5 Ischemic or
hemorrhagic

Yes, frontal and
parietal

Anemia; pain episodes;
infections; lung/
kidney/spleen
manifestations;
moyamoya syndrome;
African ancestral origin

Vascular Ehlers-Danlos
syndrome; AD

COL3A1 2q31 Ischemic or
hemorrhagic

No Joint hypermobility,
subluxation, and pain;
cerebral aneurysm;
dissection; short
stature; bruises,
intestinal and uterine
fragility

a Some authors consider stroke one of the primary manifestations of Fabry disease.
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vary by size of the vessel affected. Currently, genetic testing ofmonogenic disorders
should be guided by positive family history and suggestive clinical phenotype.

Fabry disease–related strokes, in particular, have been subject to intense
research during the past decade. Mutations in the GLA gene lead to malfunction
of lysosomal α-galactosidase A enzyme, which leads to accumulation of
globotriaosylceramide, particularly in cells lining blood vessels in the skin and cells in
the kidneys, heart, and nervous system. Classic symptoms include acroparesthesias,
angiokeratomas, hypohidrosis, and corneal opacity, as well as gastrointestinal
and ear symptoms.65 The SIFAP study enrolled 5023 young patients with
cerebrovascular disease and identified 27 patients (0.5%) with definite Fabry
disease and an additional 18 patients with probable Fabry disease.50 Although a
A 41-year-old woman experienced transient right-eye blindness and
left-sided hemiparesis and dysarthria. She was admitted to the hospital
beyond the thrombolysis time window, scoring 2 on the National
Institutes of Health Stroke Scale (mild lower-facial paresis and sensory
symptoms). Brain MRI demonstrated an acute infarction in the right
anteriormiddle cerebral artery territory (FIGURE 8-2A).Magnetic resonance
angiography (MRA) showed occlusion in one of the M3 branches
(FIGURE 8-2B) and in the origin of the right internal carotid artery with an
incomplete flame-like appearance suggesting dissection (FIGURE 8-2C).
Other arteries were unremarkable with no signs of atherosclerosis.

On clinical examination, she was 1.88 m (74 in) tall, and further history
revealed that she had surgery due to severe scoliosis when she was an
adolescent; she had also been examined in her thirties because of
palpitations, which resulted in a diagnosis of dilated aortic root. Family
history revealed aortic dissection and aortic dilatation in first-degree
relatives.

She was anticoagulated with warfarin, with repeat MRA 6 months later
showing complete recanalization of the right internal carotid artery
(FIGURE 8-2D). Her genetic test showed an FBN1 mutation consistent with
Marfan syndrome. After the stroke, she needed multidisciplinary
rehabilitation comprising occupational and neuropsychological therapy.
Neuropsychological findings included problems with attention,
executive functions, and neglect. She was not able to return to work.

This case illustrates not only the most common solitary cause of ischemic
stroke in young adults (carotid artery dissection) but also that monogenic
disorders can sometimes cause this condition. Despite mild or absent
motoric sequelae, neuropsychological problems can persist and hamper a
young-adult stroke survivor’s work ability.
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meta-analysis suggested that Fabry disease may explain 3% to 5% of cryptogenic
strokes,66 routine screening of Fabry disease may still not be warranted in the
absence of suggestive phenotypic features. Deficiency of adenosine deaminase 2
is another monogenic disorder that has gained much attention and is the first
vasculitic disorder characterized at a molecular level (TABLE 8-4).67

MANAGEMENT
General recommendations and target values should be followed in the treatment
of established cardiovascular risk factors since no specific guidelines for the
management of ischemic stroke in young adults exist. Unfortunately, young
adults have been underrepresented in stroke medicinal secondary prevention
FIGURE 8-2
Imaging of the patient in CASE 8-2. A, Diffusion restriction compatible with an
acute infarction in the right anterior middle cerebral artery territory. B,
Intracranial magnetic resonance angiogram (MRA) showing occlusion in one of
the anterior M3 branches and terminal internal carotid artery (ICA) (arrows). C,
MRA demonstrating occlusion of the origin of right ICA with an incomplete
flamelike appearance suggesting dissection (arrow). D, Repeat MRA 6 months
later showed complete recanalization of the right ICA (arrow).
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trials, so the results of those trials may not be directly generalizable to this
population. Achieving treatment goals and good long-term adherence to secondary
prevention medication is of utmost importance. Observational studies showed that
discontinuation of antiplatelets and antihypertensives and poor adherence to
antihypertensives were associated with a heightened risk of recurrent stroke, other
vascular events, and mortality.68,69 Adherence was poor in about one-third of those
in whom antihypertensives were initially prescribed.69

Lifestyle changes should always be recommended and should includemultiple
measures, probably at multiple time points. Lifestyle changes can also be
challenging to maintain. For instance, a 2013 study observed that fewer than
half of cigarette smokers had stopped smoking in long-term follow-up.70Weight
A 39-year-old woman presented with a 1-week history of vertigo and
tingling of both legs and left arm. She had a history of hypertension and
migrainelike headaches. She had a history of homonymous hemianopsia
lasting for several hours 3 years before, but she did not seek medical
attention at that time. Paternal family history was positive for recurrent
early-onset ischemic strokes and CADASIL (cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy) in two
family members.

On neurologic examination, the patient had a sensory deficit in the left
arm and leg. Brain MRI showed an old lacunar infarction in the pons
(FIGURE 8-3A) and bilateral thalamic microbleeds (FIGURE 8-3B), as well as
extensive subcortical white matter hyperintensities (FIGURE 8-3C)
extending into the anterior temporal lobes (FIGURE 8-3D).

Guided by clinical and imaging phenotype as well as family history,
genetic testing for CADASIL was performed, which yielded a Y1069C
mutation in the NOTCH3 gene. Genetic counseling was performed. Two
years after the genetic diagnosis, the patient continued to experience
headaches but had had no additional clinical strokes.

This case illustrates a classic clinical and imaging phenotype of CADASIL,
one of the monogenic causes underlying ischemic stroke in young adults.
The distribution of MRI white matter hyperintensities involving the anterior
temporal lobes, frontal lobes, and periventricular white matter is a
suggestive feature of CADASIL.
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reduction and regular physical activity are recommended, although there are no
clinical trials on the efficacy of either after stroke. Dietary assessment and
measures to reduce sodium intake and adoption of the Mediterranean type of
diet are recommended. Illicit drug use, combined oral contraceptives, and
hormone replacement therapy should be discontinued and excessive alcohol
intake reduced. In patients with migraine, triptans and ergotamines should be
avoided because of their vasoconstrictive effects.

Secondary prevention after stroke due to large artery atherosclerosis, small vessel
disease, and high-risk sources of cardioembolism should follow general guidelines.55

Three completed positive trials compared transcatheter closure of PFO with
medical treatment.71–73 A meta-analysis of these and two earlier completed trials
FIGURE 8-3
Imaging of the patient in CASE 8-3. Axial fluid-attenuated inversion recovery
(FLAIR) brain MRI showed an old lacunar infarction in the pons (A, arrow).
Axial susceptibility-weighted MRI demonstrated bilateral thalamic
microhemorrhages (B, arrows). Axial FLAIR MRI revealed extensive subcortical
white matter hyperintensities (C), which extended into the anterior temporal
lobes (D, arrows).

CONTINUUMJOURNAL.COM 407

Copyright © American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



ISCHEMIC STROKE IN YOUNG ADULTS

408

Copyright © Ame
concluded that PFO closure reduces the risk of recurrent ischemic stroke with an
odds ratio of 0.43 (95% CI, 0.21 to 0.90) and a number needed to treat of 46.74

However, a significant increase in new-onset atrial fibrillation was associated with
transcatheter closurewith an odds ratio of 5.15 (95%CI, 2.18 to 2.15), although atrial
fibrillation episodes in most patients were reported as transient. When high-risk
features of PFO were assessed in detail (eg, at least moderate right-to-left shunt,
concomitant atrial septal aneurysm), the benefit of closure was observed for
patients with these high-risk features but not for those without these features. In
one trial, closure was compared with an oral anticoagulation arm, but the number
of patients and events remained too few to draw conclusions.72 Currently, PFO
closure has emerged as the treatment of choice in patients with high-risk PFO. As
there is still considerable uncertainty, the decision of PFO closure should be made
in collaboration between neurologists and cardiologists and by carefully assessing
the causality of PFO and ruling out other possible causes.

In cervical artery dissection, a randomized trial found no difference between
antiplatelets and oral anticoagulants in secondary prevention.75 Stroke or death
occurred in 2% of patients assigned to antiplatelets and in 1% of patients assigned
to anticoagulants (odds ratio, 0.335; 95% CI, 0.006 to 4.233). That study had a
small sample size (n = 250), and not all patients had ischemic stroke as their initial
symptom. A few case series reported the use of non–vitamin K–antagonist
anticoagulants (NOACs) after cervical artery dissection.76,77 NOACs appear safe
in this indication, but the numbers are too low and the absence of randomized
trials does not permit conclusions.

Treatment options to prevent recurrent stroke and other vascular events
in other rare causes should be individualized (eg, anticoagulation for
antiphospholipid antibody syndrome, immunosuppression for vasculitides, and
revascularization for moyamoya) (TABLE 8-3). Only a few of the monogenic
disorders have specific treatments available to date. For example, enzyme
replacement therapy with agalsidase infusions for Fabry disease every other week
was shown to prevent cardiac and renal outcomes.78Whether enzyme replacement
therapy prevents recurrent strokes or occurrence of white matter lesions in
advanced Fabry disease is uncertain.79 In patients with sickle cell disease, regular
blood transfusions to reduce hemoglobin S to less than 30% of total hemoglobin is
recommended, and when transfusion therapy is not available or practical,
hydroxyurea can be considered to prevent recurrent strokes.55 Tumor necrosis
factor inhibitors and hematopoietic stem cell transplantation have been suggested
for patients with deficiency of adenosine deaminase 2.80

POSTSTROKE OUTCOMES
Young patients with stroke need counseling on their prognosis and effects of
stroke during acute hospitalization, rehabilitation, and follow-up. Counseling
should be multidisciplinary and, depending on the patient, include social work,
occupational therapy, psychology/psychiatry, internal medicine, cardiology,
urology, and clinical genetics.

In outcome studies, approximately 2 of 5 of young patients with ischemic
stroke recovered completely or almost completely (modified Rankin scale, 0 to
1), and almost 9 of 10 were able to live independently (modified Rankin scale, 0
to 2).81 Fatality was less than 3%.81,82

In a Finnish study, cumulative long-termmortality rates were 4.7% at 1 year and
10.7% at 5 years without a sex difference.82 After an average of 10.2 years of
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KEY POINTS

● One recent finding in
young patients with
otherwise cryptogenic
stroke is the presence of
carotid webs, which are
seen on CT angiography and
defined as intimal variants of
fibromuscular dysplasia
appearing as a shelflike
lesion on the posterior
aspect of the carotid bulb.

● A routine 12-lead ECG is a
first-line investigation that
can reveal occult atrial
fibrillation and hints from
other high-risk sources of
embolism. For example, P
terminal force in lead V1

appeared strongly
associated with a final
diagnosis of cardioembolism
in young patients.

● Cardiac MRI and CT can
be used as complementary
studies, especially when
further information is
needed on intracardiac
masses, congenital heart
disease, valvular disease, or
when transesophageal
echocardiography is
contraindicated or resulted
in suboptimal findings.

● Discontinuation of
antiplatelets and
antihypertensives and poor
adherence to
antihypertensives are
associated with a
heightened risk of recurrent
stroke, other vascular
events, and mortality.
follow-up, another study found a 23.0% mortality rate. After adjusting for baseline
characteristics, recurrent stroke was statistically the most important risk factor for
mortality with a hazard ratio of 16.7 (95% CI, 2.33 to 119.6). Observedmortality was
sevenfold higher than the expected mortality and especially high among patients
who had experienced a recurrent stroke (standardized mortality ratio, 14.4; 95%
CI, 10.1 to 18.7).83 The main reason for increased long-term mortality in young
patients with stroke is death due to cardiovascular causes82; therefore, it is not
surprising that accumulation of many vascular risk factors and an etiology of large
artery atherosclerosis are among the factors increasing long-term mortality.82,84

The absolute risk of stroke recurrence in young adults is nearly 3% during the
first year after the index event and decreases to 1% to 2% during the following
years.85 However, the risk of recurrence remains high for years after the index
event with a cumulative risk for stroke around 10% at 5 years85 and 15% at
10 years.68 The risk of a cardiac event leading to hospitalization 15 years after
ischemic stroke was nearly comparable to that of the risk of recurrent stroke, at
about 20%.86 Typical older-onset causes of stroke (large artery atherosclerosis,
high-risk sources of cardioembolism, and small vessel disease) convey the highest
risk of recurrent cardiovascular events.86 Also for recurrent cardiovascular events,
there seems to be an additive effect of multiple vascular risk factors.84

In long-term follow-up, 5.5% of patients developed poststroke epilepsy within
3 years and 11.5% within 10 years.87 In one study with a median follow-up
of 8.5 years after stroke, 5.9% of survivors had central poststroke pain.88 This
pain was often associated with severe stroke symptoms or hemorrhagic
transformation of the ischemic lesion.

A Dutch study followed young patients with ischemic stroke and transient
ischemic attack and age-matched controls for 11 years and observed that up to
50% of patients experienced a decline in their cognitive skills even if the motor
symptoms were mild.89 Common cognitive challenges were related to processing
speed, working memory, and attention. Another study on the same patient
cohort reported poststroke fatigue in 41% compared with 18% in controls.90 A
Norwegian study with almost 12 years of follow-up found memory impairment
in 41% (controls, 5%), depression in 29% (controls, 13%), anxiety in 19%
(controls, 9%), and sleeping disorders in 36% (controls, 19%).70

A substantial proportion of young patients with ischemic stroke are not able
to return to work, and this proportion increases over time. A Finnish study
followed patients who performed paid work before their stroke by linking
clinical data in a national registry covering data on all paid work. Of the
769 patients, 37.6% were not working at 1 year, 42.0% at 2 years, and 46.9% at
5 years from ischemic stroke. When adjusted for age, sex, socioeconomic status,
and admission stroke severity, factors associated with not returning to work at
1 year were related to large ischemic lesions and impairing neurologic deficits
detected by using the National Institutes of Health Stroke Scale at hospital
discharge. Also, low income and cognitive deficits in patients with otherwise
good motor recovery are associated with not returning to work.91,92

Limited data exist on the effect of early-onset ischemic stroke on sexual
function and future pregnancies. In one questionnaire-based study, almost 30%
of stroke survivors reported impaired sexual activity 1 year after stroke.93 Higher
frequencies of pregnancy loss and pregnancy complications have been observed
in women after ischemic stroke compared with stroke-free mothers and the
general population.94,95
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KEY POINTS

● Three positive trials
compared transcatheter
closure of patent foramen
ovale with medical
treatment. A meta-analysis
of these and two earlier
completed trials concluded
that patent foramen ovale
closure reduces the risk of
recurrent ischemic stroke
with an odds ratio of 0.43
(95% CI, 0.21 to 0.90) and a
number needed to treat of
46. However, a significant
increase in new-onset atrial
fibrillation was associated
with transcatheter closure
with an odds ratio of 5.15
(95% CI, 2.18 to 2.15),
although atrial fibrillation
episodes in most patients
may have been transient.

● In carotid artery
dissection, a randomized
trial found no difference
between antiplatelets and
anticoagulants in prevention
of recurrent stroke.

● The risk of recurrence
remains high for years after
the index ischemic event,
with cumulative risk for
stroke around 10% at 5 years
and 15% at 10 years.

●One study followedyoung
patients with ischemic
stroke and transient
ischemic attack and
age-matched controls for
11 years and observed that
up to 50%of the patients had
a decline in their cognitive
skills even if the motor
symptoms were mild.

● A substantial proportion
of young patients with
ischemic stroke are not
able to return to work, and
this proportion increases
over time.
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CONCLUSION
Recent studies have demonstrated an increasing incidence of ischemic stroke in
young adults worldwide, and this has occurred in parallel with increasingly
prevalent risk factors, most of which were based on lifestyle choices. Although
the risk factor profile in young adults now resembles that seen in older patients,
they still have a considerably wider range of risk factors, including age-specific
factors, such as pregnancy/puerperium and combined oral contraceptive use.
Behavioral risk factors such as low physical activity, excess alcohol consumption,
and cigarette smoking explain a greater fraction of ischemic strokes in young
adults compared with older adults. In addition, compared to older patients with
stroke, young adults with stroke are more frequently diagnosed with rare
monogenic causes underlying their strokes.

The risk of mortality and stroke recurrence remains elevated for years
after the event, especially in those with typical “older-onset causes” explaining their
strokes. The survivors are also exposed to many other adverse outcomes such as
epilepsy, pain, cognitive problems, depression, inability to return to work, and
pregnancy-related problems. Some recent advances have emerged in diagnosis and
secondary prevention, including molecular characterization of monogenic causes
and transcatheter PFO closure in selected patients. Systematic identification of risk
factors and causes, as well as motivating patients for long-term prevention and
lifestyle changes, is of utmost importance in improving prognosis of early-onset
ischemic stroke. More research is needed to find novel risk factors and causes
explaining the large proportion of cryptogenic strokes and better understand the
factors influencing long-term prognosis to improve management.
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