3

The Clinical Approach to Stroke in
Young Adults

Christopher A. Stack' e John W. Cole?

!Stroke Program, University of Maryland Baltimore Washington Medical Center, MD, USA;
*Department of Neurology, University of Maryland School of Medicine and Baltimore
Veterans Affairs Medical Center, MD, USA.

Author for correspondence: John W. Cole, 110 S. Paca St., 3rd Floor, Baltimore, MD
21201, USA. Email: jeole@som.umaryland.edu

Doi: https://doi.org/10.36255/exonpublications.stroke.adultstroke.2021

Abstract: Stroke in younger adults is less common than in older adults, with
approximately 10-15% of all strokes occurring in adults aged 18 to 50 years of
age. The pathogenesis of stroke in younger adults requires additional consider-
ations for several less common risk factors and etiologies. As with any stroke
patient, a thorough workup including evaluations of the brain, the blood vessels
of the head and neck, the heart, and basic bloodwork must be performed. On the
basis of these results, as well as case-specific clinical findings, family history, and
other considerations, additional testing for genetic or hypercoagulable causes and
specialized vascular and echocardiography can be performed. Overall, it is critical
to identify the likely pathogeneses to prevent stroke recurrence. Regardless of
pathogenesis, young stroke survivors with high rates of traditional risk factors
must have these risk factors aggressively managed for long-term risk reduction. In
this chapter, we focus on ischemic stroke in the young emphasizing a clinical
evaluation framework, describing key considerations regarding etiology, treat-
ment, and prevention that providers should contemplate in course of individual-
ized patient care.
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INTRODUCTION

Stroke remains a leading cause of mortality and morbidity, not only in the United
States, but also worldwide (1-2). Stroke affects all ages from neonates to elderly
patients alike. As one ages, stroke mechanisms, pathophysiology, etiologies,
recovery, and prognosis change. A recent trend in the literature shows that young
adult stroke patients, defined as patients aged 18 to 50 years old, are being hospi-
talized for strokes at an increasing rate (1, 3-9). During this same time interval,
overall hospitalization rates for older patients has decreased (1, 3, 4, 7-9).

The importance of this observation has major impacts on individuals, families,
society, healthcare costs/utilization and overall macroeconomics. Ischemic strokes
exhibit high overall incidence, which affects its high mortality ranking nationally
and worldwide. Strokes more often disable people than lead to death. The high
disability drives these major familial, societal, and economic impacts. Young
stroke patients are in their prime productive years in terms of work, child/family
building, earnings, and societal contributions. Suddenly and unexpectedly suc-
cumbing to a highly disabling condition has long lasting and ubiquitous implica-
tions. Statistically, adults aged 18 to 50 years of age account for approximately
10-15% of all strokes (1, 3-9).

When clinically evaluating stroke patients there are 4 major questions to
approach their care regardless of age.

*  Question-1: Is this truly a stroke?
*  Question-2: Is there anything that we can/should do now to treat the stroke?
e Question-3: What caused the stroke?

*  Question-4: How do we best prevent future strokes from occurring?

This is the general clinical framework describing how to approach all stroke
patients. In this chapter, we focus on ischemic stroke in the young using this gen-
eral clinical framework as an outline, describing key considerations regarding eti-
ology, treatment and prevention that providers should contemplate in course of
individualized patient care.

QUESTION 1: ISTHIS TRULY A STROKE OR A MIMIC?

The overall public awareness and knowledge about stroke signs and symptoms is
slowly improving. National and local education focused on public education
using mnemonics such as FAST (face, arm, speech, time) and BE FAST (balance,
eyes, face, arm, speech time) are improving public stroke awareness. Such educa-
tional outreach efforts improve general public knowledge about strokes and work
to compel patients to seek medical attention emergently when experiencing stroke
symptoms.

Strokes occur suddenly. Hippocrates, the father of medicine, first recognized
stroke over 2,400 years ago. At this time stroke was called apoplexy, which
means “struck down by violence” in Greek. This phraseology was utilized
because a person developed sudden paralysis and change in well-being. Strokes
cause focal neurologic dysfunction resulting in a multitude of findings
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including, but not limited to, aphasia, visual field deficits, hemiparesis,
hemi-body numbness and dysarthria. Stroke is a clinical diagnosis. The most
important clinical differentiation is between hemorrhagic and ischemic stroke.
Computed tomography (CT) of the brain is the only reliable rapidly
implementable method to differentiate the two. Magnetic resonance imaging
(MRD) is not required for clinical diagnosis of ischemic stroke. With that said,
there is a higher preponderance of stroke mimics in young stroke patients.
Common stroke mimics include brain tumors (e.g., gliomas, meningiomas, and
adenomas), toxic or metabolic disorders (i.e., hypoglycemia, hypercalcemia,
hyponatremia, uremia, hepatic encephalopathy, hyperthyroidism, thyroid
storm), infectious disorders (e.g., meningoencephalitis), psychological disor-
ders and migraines, seizures, and demyelization disorders. Although such
etiologies physiologically differ from brain strokes, similarity of symptoms make
the diagnosis difficult. Utilization of magnetic resonance imaging (MRI) of the
brain is very helpful in differentiating true ischemic stroke from mimics.
However, in the hyperacute phase of ischemic stroke diagnosis, treatment time
is not a luxury, and timely medical decisions are imperative. Therefore, some-
times patients with stroke mimics will get hyperacute stroke therapy, including
IV-tPA. We will discuss hyperacute treatment options below.

QUESTION 2: IS THERE ANYTHING THAT WE CAN/SHOULD
DO NOW TO TREAT THE ACUTE STROKE?

Ischemic stroke treatment options are evolving rapidly. Our time windows and
methods for intervention have exploded over the last few decades. As recently as
the early 1990s, no hyperacute therapy for ischemic strokes existed. In the 1990s,
intravenous (alteplase) tissue plasminogen activator (tPA) demonstrated reduced
3-month disability if administered within 3 hours of last known well (10). This
window expanded in the mid-2000s to within 4.5 hours of last known well fol-
lowing results of the ECASS-III trial (11). In the mid-2010s, six landmark clinical
trials showed the benefit of endovascular mechanical thrombectomy (EVMT) in
patients with large vessel occlusion (LVO) presenting within 6 hours of last known
well (12-17). More recently, the DAWN and DEFUSE-III trials expanded the
EVMT treatment window up to 24 hours from last known well (18, 19). Now,
increasing evidence shows imaging modalities like MRI/P and CTP may help
guide utilization of thrombolytics up to 24 hours from last known well (20-23).

Despite the higher incidence of stroke mimics in young patients as discussed
above, one should not let that dissuade clinicians from implementing hyperacute
acute stroke therapy strategies if such patients are within guidelines for use. For
thrombolytics, intracerebral hemorrhage risk in patients who are having a stroke
mimic are very low, 0.4% (24). Unless one is absolutely certain that the patient is
having a stroke mimic, the recommendations are to ‘err’ to proceed with throm-
bolytic therapy. Despite a non-contrast CT brain being the only obligatory imag-
ing test in the acute ischemic stroke diagnosis, advanced stroke diagnostic imaging
modalities such CT angiogram (CTA), CT perfusion (CTP), MRI, MRA can be
used to help guide precision stroke care.
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Other acute stroke care considerations

Young patients who demonstrate large hemispheric ischemic strokes are at high
risk of developing malignant cerebral edema. Data indicates decompressive hemi-
craniectomy (DHC) for middle cerebral artery (MCA) infarcts within 48 hours of
stroke onset reduces poor outcome and case fatality in young stroke patients (25).
Some data show glyburide may be a future treatment option for malignant cere-
bral edema (26). The CHARM study is an ongoing phase III clinical trial exploring
the efficacy of glyburide in these patients (27). Posterior fossa ischemic strokes
require close monitoring because of the risk of malignant cerebellar edema lead-
ing to rapid clinical deterioration. Unchecked malignant cerebellar edema may
lead to life-threatening acute obstructive hydrocephalus as well as brainstem dam-
age. In such situations, treatment is an emergent surgical posterior fossa decom-
pression procedure.

QUESTION 3: WHAT CAUSED THE STROKE?

Broadly speaking, all ischemic strokes are due to problem(s) originating with the
heart, the blood vessels or the blood. Patients clinically diagnosed with an isch-
emic stroke require a thorough evaluation for the cause of their stroke. This can-
not be emphasized enough; clinicians must ask why is this patient having a stroke?
The etiology dictates the prognosis, recurrence risk and optimal secondary stroke
prevention strategy. The framework used is a ‘heart-to-head’ or (head-to-heart)
approach. This includes detailed history, physical exam, and various diagnostic
tests.

Head/Brain

The clinical presentation and exam give clues as to the etiology by virtue of the
clinical localization (i.e., part(s) of brain impacted by stroke). Cortical signs such
as aphasia, gaze deviation, neglect, extinction, constructional dyspraxia, astereog-
nosis, agraphesthesia and visual field cut(s) suggest an embolic source. Conversely,
lacunar syndromes such as pure motor hemiparesis, pure sensory hemi-body
numbness, and clumsy hand-dysarthria syndrome suggest small vessel disease
etiology.

An MRI of brain is not a requirement for the diagnosis of stroke; however, MRI
provides important diagnostic information especially in young stroke patients.
MRI brain can help differentiate a stroke from a stroke mimic such as multiple
sclerosis.

The pattern of stroke seen on MRI certainly helps with the etiologic consider-
ations. Cortical based infarcts on MRI in multiple vascular territories or bilateral
hemispheric involvement suggest a proximal vasculature embolic source such as
a cardioembolic stroke. Other patterns can be highly suggestive of rare stroke
causes such as Cerebral Autosomal Dominant Subcortical Infarcts and
Leukoencephaly (CADASIL). In CADASIL, MRI shows damage to the anterior
temporal poles and extreme capsule. These MRI patterns and etiologic clues focus
clinicians’ diagnostic efforts regarding patient workups and testing. For example,
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TABLE 1 Treatment interventions among select
young-onset stroke patients

Condition Therapeutic Considerations

Sickle Cell disease - Exchange transfusion (172, 173) age 2-16.

** Indications:
1. Transcranial doppler MCA velocity >200cm/s
2. Ages 2-16 (not well established outside this age range)
3. Primary stroke prevention

Fabry Disease - Recombinant alpha galactosidase
** Efficacy in stroke reduction is unclear (174).

Moya-Moya Disease and In refractory cases various revascularization procedures can be considered
Syndrome Adults:
1. External carotid artery to middle cerebral artery (ECA-MCA)
anastomoses
2. Superficial temporal artery to middle cerebral artery bypass
(STA-MCA)

Children (vessels too small for direct anastomosis)
1. Encephalomyosynangiosis (EMS)
2. Encephaloduroarteriosynagniosis (EDAS)
3. Encephaloduroarteriomyosynagiosis (EDAMS)

Primary and secondary Steroids
CNS vasculitis Intravenous immunoglobulin
Plasma exchange therapy
Long Term: Steroid-sparring immunosuppressants

patients with multifocal cortical strokes should undergo thorough structural
(transthoracic echocardiogram [TTE] and transesophageal echocardiogram [TEE])
and electrical cardiac analysis for cardioembolic causes. A bubble-study evalua-
tion for a patent foramen ovale (PFO) should be performed, and if a PFO is identi-
fied, paradoxical emboli sources such as a deep vein thrombosis (DVT) should be
considered.

Vertex to arch evaluation

A skull vertex to aortic arch evaluation refers to an examination of the cerebral
vasculature from the skull vertex down through the neck to include the aortic
arch. This evaluation is critical to help determine an etiology for an ischemic
stroke. An appropriate evaluation assesses the entire arterial vasculature of the
upper-chest, neck and head. Arteriopathies cause strokes via “downstream”
thromboembolic damage (i.e., carotid atheroembolism) or in-situ occlusive
events. Arteriopathies are especially prevalent and important etiologic consider-
ations in young stroke patients.

The initial vertex to arch evaluation should be non-invasive. CTA or MRA (ide-
ally with gadolinium) of the head and neck adequately evaluate the cerebrovascu-
lar tree. These modalities increase the diagnostic information gathered compared
to the more limited carotid ultrasonography, although both grayscale and Doppler
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US can be used for evaluation of extracranial segments of the carotid artery, with
the complex of these two methods being referred to as duplex ultrasound (DUS).
These techniques allow for assessment of vessel morphology and assessment of
vascular wall atherosclerotic changes and can differentiate between calcified and
noncalcified plaque. Such findings are used for subsequent assessment of risk
stratification, although in younger patients severe atherosclerosis is less com-
monly seen.

In young patients, clinicians must be particularly mindful of the venous vascu-
lature. Brain CT venogram (CTV) and MR venogram (MRV) do not need to be part
of the standard vertex to arch evaluation, however, in certain clinical situations
further exploration with CTV or MRV is warranted (described below).

We will now discuss some of the stroke etiologies that can be determined or
highly suggested based upon the results of the vertex to arch evaluation.

Large artery atherosclerosis

Large artery atherosclerosis (LAA) is more common in older adults and less com-
mon in young stroke patients accounting for less than 10% of young-onset
cases (28). Despite the lower incidence, it is particularly important to discover
because LAA has a high mortality risk. The mortality risk in young stroke patients
portends a 60% mortality over 17 years (29). LAA includes both intracranial and
extracranial disease. Intracranial disease includes symptomatic atherosclerotic
stenosis of intracranial internal carotid arteries, the circle of Willis, and vessels
originating off the circle of Willis including the bilateral MCA, ACA and PCA
arteries. Extracranial disease can affect any vessel between skull base to the heart,
including the extracranial portions of the internal-, common-carotid and vertebral
arteries, including their origins on the brachiocephalic trunk, innominate and
subclavian arteries and the proximal aorta.

Given the wide age range between 18-50 years, young stroke patients can be
quite heterogeneous. For instance, a 45-year-old smoker has a very different risk
profile than a 20-year-old athlete. In fact, LAA increases after age 35 in correlation
with an increase in more traditional vascular risk factors (30-32). Well-established
precursors for atherosclerotic disease include smoking, hypertension, diabetes,
and hyperlipidemia (9, 33, 34). Therefore, it is important to screen and mitigate
these risk factors in the LAA patient population in order to lower recurrent stroke
risk and reduce future risk of cardiovascular death.

Cervicocerebral arterial dissection

Cervicocerebral arterial dissection accounts for 10-25% of ischemic strokes in the
young (33-36). Dissection typically affects extracranial vessels, with the vertebral
arteries having the greatest incidence (4, 31, 32, 37-39). Dissections are associ-
ated with different forms of trauma, both minor and severe. These include trau-
mas such as coughing, vomiting, retching, sudden high velocity acceleration and/
or deceleration head movements (e.g., chiropractic manipulation, sexual inter-
course, motor vehicle collision, contact sports). Notably, most dissections are
actually spontaneous without clear provocation (40). Predisposing factors are
controversial, but studies demonstrate migraine, recent infection, hypertension,
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smoking, pregnancy, oral conceptive use, hyperhomocysteminemia, and the
autumn season as predisposing factors (41-49). Conversely, some data suggest
hypercholesterolemia and obesity are protective (50-52).

The preferred initial screening modality to evaluate for dissection is CTA of
head and neck. If the index of suspicion remains high despite negative initial
imaging, one can consider using MRA T1-fat saturation imaging technique. The
best timing for this study is 3—7 days after the stroke/dissection event demonstrat-
ing a crescentic hyperintensity in the vessel wall. At this time the dissections’ ves-
sel wall hematoma becomes bright on T1 with the development of intracellular
methemoglobin (53).

Fibromuscular dysplasia (FMD)

FMD affects cervicocerebral arteries and renal arteries. Young women with refrac-
tory hypertension and strokes are the most commonly affected demographic,
but it is important to note that FMD does not exclusively affect young women
(54-56). Conventional cerebral angiography as well as the coronal and sagittal
views on CTA/MRA show a ‘string of beads’ or a ‘stack of coins’ pattern that are
considered pathognomonic for FMD. These imaging findings and clinical factors
lead to the diagnosis of FMD.

Moya-Moya

Moya-Moya accounts for 6-15% of vasculopathies not due to LAA (28). The
name, Moya-Moya, means “puff of smoke” which is the appearance seen on the
angiogram. Conventional cerebral angiography is the diagnostic test of choice.
This appearance is a result of bilateral intracranial carotid artery severe stenosis or
occlusion with associated dilatation of the lenticulostriate arteries. However, clues
on MRI brain show tortuous flow voids (in affected lenticulostriates, thalamoper-
forators, dural arteries) and multiple susceptibility weighted imaging (SWI)
microbleeds.

Moya-Moya disease is a genetic disease while Moya-moya syndrome is second-
ary to other causes. Conditions associated with Moya-Moya syndrome include
sickle cell disease, neurofibromatosis type 1, tuberous sclerosis, cranial radiation,
antiphospholipid antibody syndrome, Marfan syndrome, Ehler-Danlos syndrome,
polycythemia vera and Down syndrome (57-64).

Reversible cerebral vasoconstriction syndrome

Reversible cerebral vasoconstriction syndrome (RCVS) often presents with recur-
rent thunderclap headaches. Patients will often have exposure to vasoactive sub-
stances (e.g., cocaine and serotonergic medications). This can be a cause of stroke
like symptoms without stroke, but can also lead to strokes. Angiography demon-
strates vasoconstriction that resolves in subsequent imaging. The condition is
more commonly diagnosed in women between the ages of 20 to 50, and may be
associated with the hormonal changes that happen in the body immediately after
giving birth (postpartum) or changing birth control pills. A history of migraine is
also common among patients with RCVS.
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Inflammatory vasculopathies

Inflammatory vasculopathies are conditions for which the walls of blood vessel
become inflamed. This leads to ischemic strokes via in situ thrombosis or vaso-
constriction. In young stroke patients, inflammatory vasculopathies are most
often infectious. These infections include syphilis, tuberculosis, human immuno-
deficiency virus (HIV) and varicella zoster virus (VZV), as well as bacterial and
fungal infections. Infectious vasculitis is a form of secondary central nervous sys-
tem (CNS) vasculitis. Other examples of secondary CNS vasculitis are systemic
inflammatory condition such as lupus, Behcet’s syndrome, granulomatosis with
polyangiitis, microscopic polyangiitis, rheumatoid arthritis and sarcoidosis.
Primary CNS vasculitis (PACNS) occurs when the vasculitis affects the brain and/
or spinal cord vasculature without any evidence of an underlying systemic inflam-
matory disorder.

Susac syndrome is a unique condition that falls under the umbrella of inflam-
matory vasculopathies. More specifically, it is a rare autoimmune-mediated endo-
theliopathy, characterized by impaired brain function (encephalopathy), branch
retinal artery occlusion and inner ear disease (hearing loss). Patients on MRI have
classic “snowball lesions” affecting the corpus callosum (65).

Cerebral vasculitis is a challenging condition to diagnose. It is largely a clinical
diagnosis, but there are clinical findings that support the diagnosis. Infarcts are
often multifocal, but imaging findings on MRI are variable. Non-invasive angiog-
raphy should be used as the initial screening modality, but small vessel vasculitic
changes may not been seen on CTA and MRA. When the index of suspicion is
high enough, one should perform conventional cerebral angiography to obtain
better resolution of the small and large arteries.

The invention of vessel wall imaging occurred in recent years and can be
employed in the setting of suspected vasculitis. Although, the clinical utility of this
new technology is not yet fully established. Interpretation of this new technology
requires some caution. However, this methodology brings the medical community
closer to understanding vasculitic-related strokes. Black-blood MRI/A, also known
as spatial pre-saturation MRI, is the preeminent example of cerebral vessel wall
imaging. It noninvasively visualizes the vessel wall for thickening and enhance-
ment patterns that occur in vasculitis as opposed to intracranial atherosclerosis
(ICAS). Black-blood MRI/A suppresses (rendering it “black”) the signal from flow-
ing blood rather than enhancing it as in conventional bright-blood MRA tech-
niques. In other words, black-blood MRA converts the lumen into a low signal and
displays the vessel walls with increased image clarity. Therefore, black-blood MRA
is able to determine the presence and extent of stenosis, in addition to accurately
identifying wall inflammation associated with vasculitis from stenotic atheroscle-
rotic lesions.

Lumbar puncture (LP) is another recommended diagnostic testing in the eval-
uation of CNS vasculitis. The main purpose of the LP is to evaluate for an infec-
tious vasculitis. The CSF profile for non-infectious vasculitis is non-specific. CSF
studies suggested include cell count, cell differential, protein, glucose, gram stain
and culture, fungal stain and culture, HSV PCR, VZV PCR, cytomegalovirus
(CMV) PCR, Venereal Disease Research Laboratory (VDRL), flow cytometry, cytol-
ogy and tuberculosis PCR. In rare instances, one can consider performing a lepto-
meningeal biopsy to evaluate for evidence of CNS vasculitis. This is usually
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reserved for cases where a diagnosis is not established and there is a precipitous
clinical decompensation.

Cerebral venous sinus thrombosis

Cerebral venous sinus thrombosis (CVST) is a relatively rare cause of stroke
accounting for approximately 0.5-1% of strokes (66, 67). If patients have
infarcts or hemorrhages that do not fit classic arterial vascular territory patterns,
one should image the venous anatomy to evaluate for CVST. Younger women are
a higher risk group for CVST. The ISCVT clinical trial demonstrated a median
age of diagnosis of 37 years old with 74% of patients being female (68). Another
study showed women aged 31-50 years old carry a CVST incidence of 2.78 per
100,000 person-years (69, 70). Other factors that contribute to high CVST
include women of childbearing age, estrogen containing oral contraceptive use
and current smoking. CVST often has delayed diagnosis. Clinicians fail to rec-
ognize CVST because of its variable presentation. CVST patients most often
present with headache (90%) and seizure (40%) (68). The ISCVT trial demon-
strated 7 days until diagnosis and 4 days from symptom-onset until admission
(68,71, 72).

The major mechanisms of neurologic dysfunction associated with CVST are
increased intracranial pressure (ICP) and infarction, although seizures can also
occur. Poor venous outflow leads increased cerebral venous resistance and
decreased CSF drainage, which results in increased ICP (73). Symptoms of
increased ICP include headache, diplopia (i.e., abducens palsy) and papilledema.
Venous infarction is the other mechanism of injury, with stroke mechanisms
including ischemia, hemorrhage or hypoperfusion.

Cardiac sources of stroke

Cardioembolic strokes represent one of the highest of identified stroke etiologies
in young adult patients, accounting for ~20% of causes (74, 75). In contrast to
older patients, atrial fibrillation and other dysrhythmias are rare (76). All patients
should undergo standard 12-lead EKG and inpatient telemetry monitoring
regardless of age. Clinicians should consider implantable loop recorders in
young patients with embolic stroke of undetermined source (ESUS) when the
clinical concern for atrial fibrillation is high. Implantable loop recorders yielded
25.5 detection rate in ESUS patients, but the utility is much higher in older
patients (74).

Structural cardiac lesions are more concerning in young patients. These
include left atrial thrombus, left ventricular thrombus, infectious endocarditis,
non-infectious (marantic) endocarditis, cardiac tumors (i.e., myxomas), valvular
disease, cardiomyopathy and PFO. As mentioned, transthoracic echocardiogram
(TTE) with bubble is a high yield test for PFO. Furthermore, transesophageal
echocardiogram (TEE) is an important diagnostic test in young patients with
embolic appearing strokes if the TTE is unrevealing. In older patients, TEE is
rarely a beneficial test. In young patients, TEE alters management 16.7% of the
time (77). Additional etiologies discovered by TEE include endocarditis, aortic
arch atheroma, intracardiac thrombus, pulmonary arteriovenous malformation,
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intracardiac tumors and valvular masses. PFO is the most common “intervenable”
etiology discovered on TEE.

PFO and stroke has been a topic of controversy over the past several decades.
In recent years, large clinical trials demonstrated a benefit of closing PFOs in
select younger stroke patients. PFOs occur in 25% of non-stroke patients, but
50% in young stroke patients (28, 30). Despite this increased incidence, early
clinical trials did not demonstrate benefit of PFO closure (78-80). However, three
more recent trials, CLOSE, REDUCE, RESPECT-part 2 demonstrated decreased
stroke events following PFO closure (81-83). Given how selective the inclusion
criteria were in these studies, PFO closure is recommended in only select patients.
The recommended inclusion criteria are: (i) embolic stroke of undetermined
source (ESUS); (ii) TEE that ruled out endocarditis or alternative etiology; and (iii)
TEE demonstrates atrial septal aneurysm [septum primum excursion >10mm]
and/or large intracardiac shunt [>=30 microbubbles in left atrium within 3 cardiac
cycles using agitated saline]. Patients satisfying these criteria should be aware of
the risk of peri-procedural and post-procedural atrial fibrillation of 4.6-6.6%. If
the patient agrees with PFO closure, clinicians should refer the patient to an expe-
rienced interventional cardiologist with experience in PFO closure. These patients
should remain on long-term antiplatelet therapy for secondary stroke prevention
even after PFO closure.

Young patients in the Baltimore-Washington Young Stroke Study showed that
the most common cardiac causes in young stroke patients was bacterial endocardi-
tis (84). When a young stroke patient has an embolic appearing stroke, clinicians
should strongly consider ordering erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), blood cultures and TEE, in addition to the standard TTE. Abdominal
CT can evaluate for the presence of kidney or splenic embolic infarcts. A diagnosis
of non-infectious endocarditis (murantic) requires thorough history, exam, and
diagnostic evaluation for underlying rheumatologic conditions.

Cardiomyopathies indicate a 10-100-fold increased stroke risk in young adults
(85-88). TTE with bubble, TEE, and cardiac MRI can be used to identify and
evaluate for cardiomyopathies.

Evaluating for traditional vascular risk factors

Traditional vascular risk factors include hypertension, hyperlipidemia, diabetes,
and smoking. Regardless of age, the presence of these factors is associated with
higher risks of recurrent stroke (89). In young patients, the most prevalent factors
are hyperlipidemia (60%), smoking (44%), and hypertension (39%) (31, 32). All
stroke patients require routine measurements of blood pressure, as well as hemo-
globin Alc and a lipid profile (especially LDL cholesterol), both of which are
standard laboratory tests (68). Healthcare teams must aggressively counsel
patients to quit smoking, including their families to prevent future secondary
exposure.

Recreational drugs and alcohol

All young stroke patients should undergo urine toxicology testing on admission.
Recreational drugs account for up to 12% of young strokes (90). Additionally, one
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should take a careful history with regard to alcohol use because overuse of alcohol
is an independent risk factor in young stroke patients (91). The potential mecha-
nisms include cardiac arrhythmias, traumatic injuries leading to dissection of cer-
vicocerebral vessels and effects on clotting/coagulation (92).

One should ask about the drugs of abuse, the method and frequency of use. As
discussed above, infectious endocarditis is a one of the most common causes of
stroke in young. The risk is much higher in intravenous drug abuse (IVDA).
Heroin is commonly an injected drug and thus associated with infectious endo-
carditis. Smoking heroin, called “chasing the dragon,” can induce a toxic leukoen-
cephalopathy, which can mimic stroke like symptoms (93).

Cocaine increases the risk of stroke 6-fold within 24 hours of use. Inhalation
of crack-cocaine portends the highest risk (94). Frequent cocaine use, defined as
cocaine use more than once/week, demonstrated 2-fold higher risk of ischemic
stroke (94).

Although marijuana is becoming increasingly legal in the United States of
America, one still needs to screen for its use whether recreationally or medicinally.
Many studies have evaluated the association between stroke and marijuana use
yielding mixed results. More recent studies demonstrate higher ischemic stroke
rates in young adult marijuana users (95). Potentially daily uses portend the great-
est risk. Clinicians should specifically ask about synthetic marijuana especially in
patients who undergo routine drug testing (military personnel, athletes, parolees).
Amphetamines and designer drugs are additional considerations.

Special considerations for stroke in young women

Migraine is associated with increased stroke risk. Migraine is not a definitive cause
of stroke, but there are multiple positive association studies. The risk relationship
is specifically with migraine with aura. In women, migraine with aura doubles
stroke risk (96). In fact, this stroke risk further increases with smoking and oral
contraceptive use (OCP) (97-99). A meta-analysis of patients aged 30-50 showed
an adjusted odds ratio of 2.3 for migraine with aura (100). No association exists
between stroke and migraine without aura. Notably, these data were adjusted for
several confounders including hypertension, smoking, estrogen containing oral
contraceptives, cardiac disease and history of stroke. A dangerous tetrad, portend-
ing 30-fold increased stroke risk, is young women who are migraineurs with aura,
smokers and use oral contraceptives (101). In such patients, clinicians must
encourage patients to quit smoking and consider alternative contraceptive
methods.

Combined oral contraceptives (estrogen and progesterone containing OCPs)
demonstrated a 1.7 to 6 time relative risk of stroke compared to women not on
OCPs (102). This risk increased with higher doses of estrogen and it was demon-
strated to show a 2-fold increase for women who were taking estrogen dosages
>= 50mcg (102).

Young women have specific hormonal factors that create a prothrombotic
state. Support of this theory includes the observation that the incidence of cere-
bral venous sinus thrombosis (CVST) among elderly and children is sex-indepen-
dent (103, 104). Additionally, CVST is associated with ovarian hyperstimulation
syndrome (105). CVST in OCP users show 5.6 to 15.9-fold increased stroke risk
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in studies (106, 107). OCP use demonstrated a synergistic effect with hereditary
thrombophilias as demonstrated by odds ratio of 149.3 (108, 109).

Pregnancy is a rare, but observed, risk factor for stroke. A recent study sug-
gests it occurs in less than 20 per 100,000 pregnancies (110). This risk is highest
in the 3™ trimester and through the first 12 weeks post-partum (111). This post-
partum time-period correlates with an increased hypercoagulable state. The
pathophysiologic mechanisms are many, but clinicians should be aware of eclamp-
sia, cardiomyopathy in pregnancy (and peripartum), amniotic fluid embolism,
CVST and RCVS (112, 113).

Hypercoagulable states

Intuitively, one would think that hypercoagulable states would be a major con-
tributor to early-onset stroke. However, the science and data, do not demonstrate
a strong link between hypercoagulable states and arterial ischemic stroke. Results
vary in many studies regarding the incidence of various genetic thrombophilias.
In general, one should not routinely screen young stroke patients for inherited
thrombophilias. These include the factor V Leiden mutation, prothrombin gene
mutation, protein C deficiency, protein S deficiency, and antithrombin deficiency.
These thrombophilias show a clear association with venous thrombosis, but not
arterial ischemic stroke (114). Data suggest that strokes in young patients with
established inherited thrombophilias in the presence of traditional vascular risk
factors exhibit a “gene-dose effect” that may increase risk when combined with
smoking, hypertension and OCP use (115, 116). However, sending off a genetic
panel typically does not alter management and thus is not recommended.

One exception to the above discussion is antiphospholipid antibody syndrome
(APS). There have been mixed results, but a link between APS and arterial isch-
emic stroke has been more consistently demonstrated than other thrombophilia.
APS incidence has been shown to be ~5 cases/100,000 persons per year and asso-
ciated with recurrent stroke in young adults (28, 117). However, a recent large
meta-analysis data evaluating APS and its association with recurrent ischemic
strokes did not yield a positive result (118). The major detraction from this study
was the inconsistent definition of APS. Therefore, APS syndrome in young stroke
patients should be considered part of routine screening. Patients with confirmed
APS require therapeutic anticoagulation with warfarin for secondary stroke pre-
vention. Studies of direct oral anticoagulants (DOACs) in APS are lacking.

Notably, there are rare instances to send an extended diagnostic panel assess-
ing for genetic thrombophilias in young stroke patients. One instance is a stroke
that results from a paradoxical embolus via a PFO, or where there is a history of
prior unprovoked venous thromboembolic events, or an unprovoked deep venous
thrombosis is identified. Identifying such a thrombophilia is important because it
will potentially alter the secondary prevention strategy from antithrombotic ther-
apy to anticoagulation therapy, particularly if the PFO is not closed. In such set-
tings, both cardiology and hematology consultations are warranted.

Clinicians should test for genetic thrombophilias in CVST. More data exists
showing a link between genetic thrombophilias and venous infarcts with 22% of
patientsin the ISCVT trial having a genetic hypercoagulable state (119). Specifically
recommended tests include evaluations for G20210A prothrombin mutation,
Factor V Leiden, APS labs (cardiolipin antibodies, beta-2-glycoprotein and lupus



Stroke in Young Adults

anticoagulant), protein C deficiency, protein S deficiency and antithrombin III
deficiency, as listed in decreasing order of strength of association (68, 109,
120-124).

Malignancy

Cancer exhibits an increased risk for stroke in young patients (125). Theorized
mechanisms include an inherent hypercoagulable state, toxic effects of chemo-
therapy (i.e., cardiomyopathy), cerebrovascular effects of radiation, direct effects
of solid tumors, and intravascular effects of lymphoma. One study showed 7% of
young stroke patients had an underlying cancer, with 4.1% diagnosed during
their index stroke event or thereafter (126). This association not only includes
patients with active cancer, but also stroke survivors who have an estimated 2-fold
risk of stroke, with primary CNS tumors, head/neck tumors and leukemias por-
tending the highest risk (126).

Patients with CVST showed 7.4% incidence of cancer, especially primary CNS
tumors, metastatic solid tumors and hematologic malignancies (68, 119).
Suggested mechanisms are inherent hypercoagulability, venous sinus tumor inva-
sion or compression, a pro-inflammatory state, chemotherapy, and hormone ther-
apy (i.e., tamoxifen) (127-130).

INFECTIONS

In previous sections we discussed infectious stroke mechanisms including infec-
tious vasculopathy and endocarditis, respectively. In this section, we discuss
chronic and recent infections as a stroke risk factor as opposed to the direct mech-
anism of the stroke. The most common systemic infection associated with acute
ischemic stroke are respiratory infections (131). It is good clinical practice to ask
a detailed history regarding recent infections. Infections within four weeks of
index stroke occurred in 10.7% of young stroke patients (132). Special popula-
tions to consider an infectious contribution include prisoners, immunosuppressed
individuals, and foreign travelers. Tuberculosis, HIV, neurocystericercosis, Chagas
disease and syphilis are associated with stroke in young (131-134).

Chronic infections also increase stroke risk. One theory is that chronic inflam-
mation causes a pro-thrombotic state. One such example is chronic periodontiis
(131-133). It is important to counsel stroke patients about proper oral hygiene
and routine dental care.

At the time of writing this chapter, we are amidst the global coronavirus 19
(COVID-19) pandemic. The data and science are constantly evolving regarding
stroke and COVID-19 infection. As the data increases, there appears to be a link
between COVID-19 and stroke. Recent studies shed light on the characteristics of
COVID-associated stroke. In the early phases of the disease in New York City,
younger patients had large vessel occlusions in association with COVID-19 infec-
tion (135). In larger studies, there remains a predisposition to large vessel occlu-
sions (136, 137). Therefore, it is not surprising that COVID-19-associated strokes
have higher National Institute of Health Stroke Scale (NIHSS) scores signifying
more severe strokes (138, 139). COVID-19 strokes occur more often in the
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hospital (140). Imaging shows multifocal strokes and silent cerebral infarcts (141).
COVID-19 patients demonstrate worse overall outcomes. Even more concerning,
at the peak of the pandemic, patients with minor strokes avoided hospitals and
medical attention (142). Proposed pathophysiology and stroke mechanisms for
COVID-19-associated strokes include hyperinflammation, hypercoagulable state,
cardiac injury, endothelial injury, and direct CNS invasion. The medical commu-
nity is still gathering data and these studies are subject to sampling bias. One
should interpret the early data with some caution and diligently track the associa-
tion between COVID-19 and stroke going forward.

CVST is also associated with infections. Infections were present in 8.2% of
patients in the ISCVT trial (68). Locations that were particularly high risk included
ear, sinus, mouth, face, and neck with cavernous sinus thrombosis being due to
face/nasal sinus infections. Lemierre’s syndrome is thrombosis of the internal jug-
ular vein due to oropharyngeal infection. In rare cases, inflammation associated
with Lemierres syndrome can envelop the nearby internal carotid artery (ICA)
leading to a focal vasculitis that can go on to cause ipsilateral cerebral embolic
infarcts.

Monogenetic stroke disorders

Monogenetic stroke disorders are rare Mendelian disorders that arise from a single
gene defect and are estimated to account for less than 1% of young strokes (143).
There are data to suggest this may be an underestimate due to lack of recognition
to screen for monogenetic causes. Some studies estimate the incidence in young
stroke patients could be up to 7% (144, 145). To be clear, these are not “stroke
genes;” rather, they are genetic conditions in which stroke is a presenting feature.
Some of the conditions exhibit stroke as a rare manifestation and other as more
prominent feature. Appropriately diagnosing these genetic stroke disorders can
have implications on prognosis, treatment, and family planning. It also alerts cli-
nicians to the likelihood of other organ systems being involved or than can become
involved. For example, Fabry disease that presents as stroke should signal the
clinician to educate the patient about the high likelihood of renal failure in the
future.

In young patients with unexplained strokes, the patterns on MRI, family his-
tory, associated alternative organ dysfunction can signal clinicians to delve further
and consider these rarer causes of stroke. Notably, having traditional vascular risk
factors should not preclude one from considering monogenetic causes of strokes.
There are certainly features on the head-to-heart diagnostic workup that can
strongly suggest a diagnosis. For example, CADASIL pathognomically shows
white matter hyperintensities in the bilateral extreme capsules and anterior tem-
poral poles. The latter of which is termed the O’Sullivan sign (146). As mentioned
previously, vascular imaging that shows a “stack of coins” appearance in the carot-
ids on CTA/MRA/conventional angiography strongly suggests FMD as the stroke
etiology.

When providers have a clinical suspicion for a monogenetic cause of a stroke,
a very detailed family history including a family pedigree should be performed.
Family history of stroke at an early age is one of the strongest indicators of an
underlying monogenetic stroke disorder. Beyond stroke, deficits in other organ
systems should be explicitly queried in at least all first-degree relatives, but
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extended family pedigrees should be evaluated if that data is available. This will
provide insight on possible transmission pattern (e.g., dominant, recessive,
maternal). Documenting the age-of-onset of any strokes, various disease pro-
cesses, and age at death should be included. If a concerning pattern emerges, a
formal genetics consultation should be requested.

There are many stroke-associated monogenetic disorders (147-149) and an
in-depth discussion of each of these is beyond the scope of this chapter.

HOW DO WE BEST PREVENT FUTURE STROKES
FROM OCCURRING?

By definition, the optimal secondary stroke prevention strategy aims to reduce
stroke recurrence. This is especially important considering the 9.4% 5-year recur-
rence risk in young patients (150). The risk factors associated with this recurrence
risk include traditional vascular risk factors, a large artery atherosclerotic disease
primary etiology, diabetes, prior TIAs, and heart failure (39). This recurrence rate
highlights the importance of education beginning during the hospitalization of
the index event. Medical, lifestyle, and in certain circumstances, surgical/proce-
dural interventions are indicated. Every patient is a unique case. Each case requires
an individualized plan considering their specific needs. Although, many tenets of
stroke secondary prevention are ubiquitous among stroke patients.

The stroke etiology strongly dictates whether a stroke patient needs antithrom-
botic or anticoagulant therapy. In most circumstances, patients will be on anti-
thrombotic therapy. In recent years, the utilization and data supporting the use of
dual antiplatelet therapy (DAPT) has changed the practice patterns of most vascu-
lar neurologists and stroke care providers. There are three main indications for
DAPT: (i) high risk TIA; (ii) minor ischemic stroke (NTHSS <4); and (iii) strokes
resulting from symptomatic intracranial atherosclerosis. The first two indications
generally requiring only 21 days of dual antiplatelet therapy to lower the recurrent
stroke risk (151, 152). The treatment regimen includes aspirin 81mg daily plus
clopidogrel 300mg or 600mg loading doses followed by clopidogrel 75mg daily
for 20 subsequent days. After 21 days, the patients continue monotherapy (single
antiplatelet) at the discretion of the care provider (either aspirin or clopidogrel
monotherapy). In patients with symptomatic intracranial atherosclerosis the dura-
tion of DAPT is extended to 90 days given the higher risk profile and results from
the SAMMPRIS clinical trial (153).

Anticoagulation is the treatment of choice in specific stroke etiologies. The
highest level of evidence supports anticoagulants warfarin, apixaban, rivaroxaban,
dabigatran to treat cardioembolic strokes related to atrial fibrillation (154-157).
In addition to atrial fibrillation strokes, another strong indication includes strokes
related to CVST. Patients with confirmed CVST require immediate treatment with
either unfractionated or low molecular weight heparin followed by warfarin for
3-6 months (71). Strong data is lacking for the use of DOACs in the setting of
CVST. However, DOACs are an acceptable alternative to warfarin especially when
patients have a strong aversion to warfarin therapy. Some patients may require
extended or indefinite anticoagulation therapy when they have prior thrombotic
events, rheumatologic, or genetic thrombophilias.
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Other instances to consider anticoagulation are in patients with embolic
appearing strokes with heart failure, specifically with IVEF <40%. This is a con-
troversial topic, but some vascular neurologists utilize this approach based on
interpretation of the available data (158). Clinicians should employ anticoagula-
tion therapy in APS related strokes.

Recent data exists demonstrating harm in patients receiving empiric antico-
agulation who have embolic strokes of undetermined source (ESUS) (159, 160).
There exists no strong data to dictate what to do when young patients have recur-
rent embolic strokes. When young patients have recurrent embolic stroke events
despite optimal medical therapy (i.e., antithrombotic therapy, etc.) and lifestyle
management has been optimized (e.g., discontinuance of smoking, healthy diet,
regular exercise), one may consider empiric anticoagulation therapy, but this is
purely opinion, and no data supports this practice.

Healthcare providers and teams must educate patients and their family/
caregiver(s) during the initial stroke diagnosis and throughout longitudinal follow
up. If clinical pharmacists are available, their specialized skills and expertise will
further help with patient education in terms of the medication management and
adherence counseling. Diet modifications and a nutritional plan are paramount.
Nutritionists, when available, may aid with this.

Stroke patients who have atherosclerotic disease require statin therapy.
Furthermore, statins lowered recurrent vascular events in young patients with
cryptogenic strokes (161). In atherosclerotic disease, the benefit of high inten-
sity statins (e.g., atorvastatin 80mg, rosuvastatin 40mg) clearly reduces recur-
rent stroke risk (152, 162). The recent Treat Stroke to Target (TST) clinical trial,
demonstrated a benefit in targeting an LDL goal <70mg/dl (163). Clinicians
should prescribe atorvastatin 80mg daily or rosuvastatin 40mg daily. At 1 to
3 months post stroke repeat a lipid panel. If LDL not at goal, add ezetimibe. If
patients are refractory to standard treatments, one can consider adding a PSCK-9
Inhibitor (164).

Hypertension is another treatable traditional vascular risk factor that is a prime
target for secondary stroke prevention. The American Heart Association recom-
mends long-term blood pressure goals less than 140/90mmHg in non-diabetic
patients and less than 130/90mmHg in diabetic patients (165, 166).

Diabetes is another important vascular risk factor to consider. In comparison to
older patients, diabetes is less prevalent in young stroke patients. However, the
young patients who do have diabetes demonstrate a 2 to 6-fold increased stroke
risk (28). Diabetes education and an optimized diet and pharmacologic interven-
tion plan is vital. The goal is HghA1C less than 7% as recommended by the
AHA (76). Additionally, AHA recommends diabetic diets with a low glycemic index.

Sedentary lifestyle is a risk factor for multiple cardiovascular conditions (167).
Guidelines recommend stroke patients perform at least 30 minutes of moderate
exercise at least 3 days a week (28). DASH and Mediterranean diets show cardio-
vascular benefits (168, 169).

Smoking cessation is extremely important in all stroke patients including
young stroke patients (170, 171). This includes vaping, e-cigarettes and other
similar “tobacco replacement” products. Additionally, counseling to stop excessive
alcohol consumption, as well as to stop all recreational drug use is warranted.

Carotid endarterectomy (CEA) and/or carotid artery stenting (CAS) are recom-
mended in stroke patients who have suffered a stroke or TIA referable to




Stroke in Young Adults m

symptomatic severe ipsilateral extracranial carotid artery stenosis. Severe carotid
stenosis is defined as 70-99% stenosed. The risk/benefit favors intervention when
perioperative morbidity and mortality is 6% or less (28). Depending on the age,
gender, and medical comorbidities intervention, intervention can be considered
for moderate stenosis (50-69%) (76). Table 1 outlines some special consider-
ations for treatment intervention among select young-onset stroke patients
(172-174).

CONCLUSION

Stroke in young adults remains a growing problem in the United States and world-
wide. Young adults are a heterogeneous group of patients whose stroke etiology
profile is much different than older stroke patients. Such individuals require a
careful clinical evaluation to better understand the stroke mechanism and thus
optimize the secondary stroke prevention plan. A technique of evaluation from
the ‘heart to head’ provides a framework for the clinical approach to these unique
patients.
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