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IT’S NOT JUST A CONDITION OF THE ELDERLY, DESPITE POPULAR

OPINION AMONG THE PUBLIC. HERE’S A LOOK AT THE RISK

FACTORS YOU, AND YOUR PATIENTS, SHOULD BE VIGILANT FOR.
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B
efore reading this article, take a
moment to visualize a stroke
patient. Odds are, you had a
mental image of an older per-
son, the sort that comprise 90

percent of stroke cases. Few people would envi-
sion a stroke patient under 45, which is unfortunate
because although they may only make up a small per-
centage of this population that still translates to thousands
of cases per year. 

What’s more, since this age group is so rarely associated with
stroke, these individuals may not get much-needed preventive
treatment even if they have significant risk factors. Even after an
acute cardiovascular episode, younger stroke or TIA patients
may not receive the necessary follow-up therapy despite the fact
that up to 30 percent of these cases will have a subsequent stroke
within the next five years, 18 percent of which will be fatal. 

To effectively prevent stroke in younger patients, this pop-
ulation needs to be more aware of the conditions that could
lead to a stroke. The list of potential causes is much larger for
this age group, some of which could be lifelong problems that
will continue as the individual ages. We also have to make our
patients aware of the risk factors they have, because they most
likely think of a stroke as something that happens to older peo-
ple. 

IN A SIMILAR VEIN
The vascular causes of stroke in the young and middle-aged are
different than what we see in older patients. There are many
possible causes but infarction itself doesn’t seem to occur from
any predominant one; it is basically the pertinent history
obtained while examining the patient that will reveal the par-
ticular etiology. 

The vascular causes can be divided into different
subtypes; for instance, between large-artery and

small-artery strokes or between inflammatory
and non-inflammatory etiologies. The large-
vessel diseases include such possibilities as pre-

mature atherosclerosis, carotid and vertebral
artery dissection, fibromuscular dysplasia and

homocystinuria.
Atherosclerosis, a significant cause of stroke in elderly

patients, is not as common for those between the ages of 15-30
and is only present in less than 10 percent of these patients.
When it does appear, it increases the risk of stroke by 30 to 35
percent in those between the ages of 30 to 45. Patients with a
history of early-onset diabetes, hypertension or hyperlipidemia
(due to familial tendency or due to other systemic disease) have
an increased tendency to develop this condition prematurely.

Vasculitis is another vascular-related cause of stroke in the
younger population that is important to not overlook. The
treatment entails starting the patient on immunosuppressive
medications. Strokes due to this condition are caused by
inflammation and necrosis in the walls of blood vessels that
lead to vascular stenosis, resulting in focal or multifocal cere-
bral ischemia. 

The pathogenesis is essentially the deposition of immune
complexes and the infiltration of polymorphonuclear and
mononuclear cells in the vessel wall. The most common etiolo-
gies are Wegener’s granulomatosis, polyarteritis nodosa, SLE,
rheumatoid arthritis, infectious arteritis, Takayasu arteritis and
Bechet’s disease. Corticosteroids are the mainstay treatment
for most of these conditions; surgery is recommended for
Takayasu arteritis.

Internal carotid artery dissection may be a rare condition,
with an estimated 2.6 cases per 100,000 people, but it
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accounts for approximately 20 percent of strokes in younger
patients. The incident can be traumatic or spontaneous; in the
Canadian Stroke Consortium, 59 percent of the strokes were
trauma-related dissection. During the one-year follow-up, 15
percent of the patients had recurrent TIA, stroke or death,
most within weeks of the event. The causes of traumatic dissec-
tion include whiplash injury, chiropractic neck manipulation,
sporting accidents, or even abrupt change in posture of the
neck during seizure. Spontaneous dissection is more common
in patients with connective tissue diseases such as fibromuscu-
lar dysplasia, Marfan syndrome, moya-moya disease, alpha 1
antitrypsin deficiency and Ehlers-Danlos syndrome. 

Another relatively common cause is cardio-embolism,
which accounts for another 20 to 30 percent of cases in this
population; strokes related to this condition often have an
increased risk of bleeding and seizures. This is largely due to a
lack of balance of procoagulant and anticoagulant activities in
the body to keep the blood flowing in a fluid state. Since blood
consists of formed elements as well as protein, any disequilib-
rium in this hemostasis will shift the balance and increase the
risk of either thrombosis (procoagulant activity) or hemorrhage
(anticoagulant activity). Common etiologies include cardiac
arrhythmia and valvular heart diseases, including rheumatic
heart disease and bacterial endocarditis.

BLOOD WORK
Sickle cell anemia is another important and preventable cause of
stroke, especially in the younger African-American population
and adults with a history of this disease during childhood. Pa-
tients with this condition are more prone to develop infarction.
They usually develop silent infarcts, which can be seen on imag-
ing studies. This presents a potential for both small- and large-
vessel ischemia due to rigid red cell membrane, raised blood vis-
cosity, thrombocytosis, and arterial stenosis due to fibrous inti-
mal proliferation. A hemoglobin electrophoresis test can give
you a better assessment of any problems with a sickle cell
patient’s blood.

Primary hypercoagulable states account for just one percent
of all ischemic strokes but 4-7 percent of ischemic strokes in
the younger population. All the primary hypercoagulable states
are predisposed to venous thrombosis, although arterial throm-
bosis rarely occurs. The most common procoagulant defect is
mutation factor V gene, which results in an exaggerated func-
tion of factor V, which becomes resistant to the proteolytic
activity of activated protein C.

Another cause of a prothrombotic state is G20210A muta-
tion in the prothrombin gene, which increases the level of pro-
thrombin and consequently increases thrombosis. Activated
Protein C normally inhibits procoagulant activity of Factor Va
and VIIIa and plasminogen activator in the presence of protein

S, but any decrease in the level of protein C or S will increase
the risk of thrombosis. Similarly, a decrease in the level of activ-
ity of Antithrombin III, which is also produced by the liver and
binds with factors IIa and Xa, inhibits their activity and conse-
quently inhibits clot formation and can also produce cerebral
infarction.

All these usually cause venous sinus thrombosis, but arteri-
al thrombosis occurs as well, and can be acquired in liver dis-
ease, nephrotic syndrome, disseminated intravascular coagula-
tion disorder or vitamin K deficiency. 

Secondary hypercoagulable states can also predispose
younger patients to stroke. Pregnancy, for instance, is a pro-
thrombotic state. It induces a state of relative hypercoaguabili-
ty secondary to decreased levels of protein S and aggressive
resistance to protein C activity as well as increase in procoagu-
lant activity of factors I, VII, VIII and X. Pregnancy-related
ischemic stroke usually occurs during the third trimester and
puerperium. There is also definite association between cerebral
sinus venous thrombosis with pregnancy and puerperium. In
addition to thrombosis, there are other risk factors associated
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TABLE 1. SOURCES OF EMBOLISM
IN YOUNGER STROKE PATIENTS

CARDIAC CAUSES:

• Structural defects (septal aneurysm, atrial septal
defect, 
ventricular septal defects, cardiomyopathy, PFO,
thrombus, tumors, myxoma)

• Valvular causes (rheumatic endocarditis, infective
endocarditis, mechanical and prosthetic heart valves,
Libmann-Sack endocarditis, mitral valve prolapse)

• Arrhythmia
• Paradoxical embolism (pulmonary AV malformation,

DVT, fat embolism)

NON-CARDIAC CAUSES: 

• Artery-to-Artery embolism
• Antiphospholipid antibody syndrome
• DIC/Sepsis
• Burns

SYSTEMIC CAUSES:

• Nephrotic syndrome
• Inflammatory bowel disease
• Malignancies 
• Pregnancy

       



with pregnancy such as eclampsia,
which itself is associated with
ischemic stroke as well as intrac-
erebral hemorrhage.

Other causes of infarction in
pregnancy are paradoxical em-
bolism secondary to amniotic
fluid embolism, hypotension sec-
ondary to extensive bleeding dur-
ing delivery, arterial dissection,
postpartum cerebral angiopathy
and postpartum cardiomyopa-
thy (which predispose the
patient to cerebral in-
farction). In the
National Hospital
D i s c h a r g e
Survey data
of deliv-
e r i e s
during
the period
1979-1991 in
United States,
there were 8,918
cases of stroke and 5,723
intracranial venous throm-
bosis during pregnancy and
peripartum period, giving risk fac-
tors of 17.7/100,000 for stroke and
11.4/100,000 for venous sinus
thrombosis. As in other cases, the
presence of diabetes, hypertension
and previous history of stroke can
increase the risk of thromboem-
bolism in subsequent pregnancy.

It was recently reported at the
30th International Stroke Confer-
ence by Cheryl Bushnell that the risk
of stroke among more than eight mil-
lion women during the pre-, peri-
and post-partum period was 34 per
100,000, with elevation of risk with
increasing age. Risk of stroke was also
noted to be higher in African-
American than Caucasian females.

Kittner et al. reported relative risk
of 0.7 of cerebral infarction during
pregnancy and 8.7 during the post-
partum period. Regarding tPA for

acute treatment in pregnant
patients, there are no recom-
mended guidelines. It’s worth
noting that heparin does not
cross the placenta. Also, low
molecular weight heparin is a
good choice, but keep in mind
the risk of bleeding as well as
thrombocytopenia.

The presence of antiphos-
pholipid antibodies and lupus
anticoagulants may also signal
problems, as these are directed
against phospholipids such as
B2 glycoprotein, phospho-
tidylinositol, phosphotidylser-
ine and phosphotidylglycerol.
These can appear in patients
of all ages and are more com-
mon in women. The proposed
mechanism of APA syndrome
and lupus was considered vas-
culitis, but the current opin-
ion is a thrombotic tendency
within small arterioles with
evidence of persistent activa-
tion of procoagulant factors. 

The primary antiphospho-
lipid antibody syndrome is
Sneddon’s syndrome when no
other underlying disease is
present. Secondary antiphos-
pholipid antibody syndrome is
associated with other condi-
tions including lupus, rheu-
matoid arthritis, giant cell
arteritis, Sjögren’s, hepatitis C
and lymphoma. Antiphos-
pholipid antibody syndrome is
characterized by thrombosis,
recurrent fetal loss, lupus anti-
coagulant, ischemic strokes or
DVTs. 

Patients with nephrotic
syndrome have an increased
risk of thrombo-embolic com-
plication secondary to in-
creased loss of anticoagulant in
the urine, such as antithrom-
bin III, which shift the balance
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WHAT TO GET IN A
PATIENT’S HISTORY

Here are some of the most important facts to
get about a younger patient to determine his
or her risk for stroke:

• Risk factors for atherosclerosis

• Any head and neck trauma

• Personal and familial history of thrombosis
and embolism

• Drug abuse

• Family history of connective tissue disease

• Migraine

• Pregnancy/miscarriages to determine the
presence of antiphospholipid.

• The presence or absence of a skin rash that
could imply vasculitis. 

    



towards procoagulant activity. Similarly, renal artery stenosis
increases the risk of hypertension. Patients with renal cystic dis-
ease also have high levels of erythropoetin, which causes sec-
ondary polycythemia, which in turn raises the risk of ischemia.

Most recently, a study in Stroke 2005;36:1123-1127 report-
ed there could be an association between increased levels of
protein Z, a vitamin K-dependent clotting factor, and stroke
risk compared to those who have not had a stroke. More con-
firmatory studies are needed to determine if such a link exists. 

RISKY BEHAVIOR
Finding out more about the patient’s lifestyle can also help you
spot potential problems and hopefully correct them before they
lead to cardiovascular disease. Patients are often hesitant to
reveal their recreational drug use to their physicians if it in-
volves anything more serious than tobacco, but in this area it is
very important to at least warn them about the dangers that
accompany illicit drug use, particularly if other factors have
already raised their risk of stroke. 

Smoking is of course the single most alterable risk factor for
many health conditions, and cigarettes can raise the risk of
stroke anywhere from two to four times, and second-hand
smoke can increase the risk by 1.8 for those in the area.
Habitual smoking alters the coagulation system, increasing the
fibrinogen level and platelet activation, and decreasing HDL as
well as furthering atherosclerosis progression. Advising patients
to kick the habit can improve their health in many other ways
as well.

Women taking birth control pills particularly need to stop
lighting up. Oral contraceptives increase the risk of stroke by
increasing pro-coagulant factors, especially in women over 35
who smoke. The 1999 International Federation of Fertility
Societies Conference showed women between 20-24 had
ischemic stroke rate of 1.0/100,000 when not using OC,
which was raised to 2.5/100,000 if they were using it. Those
ratios were doubled for women in the 40-45 age range.

Illicit substances can have more harmful results. Abusing
drugs such as heroin, amphetamines, cocaine and over the
counter sympathomimetics (ephedrine, pseudo-phedrine,
phenylpropanolamine) increases the relative risk of stroke by
six-fold across all age groups and 11-fold in those under age 35.
Some of the proposed pathophysiological mechanisms for this
rise in stroke risk include vasoconstriction and cardiac arrhyth-
mia that are common associated symptoms. Cocaine in partic-
ular has been implicated for raising stroke risk due to hyperten-
sion, vasospasm, platelet activation, cardiomyopathy and
embolism secondary to the contaminant matter (talc, corn
starch, etc.). Amphetamine use is linked to cerebral vasculitis
more often than cocaine and can also cause endocarditis and
mycotic aneurysm.

OTHER ASSOCIATED DISORDERS
The above conditions may have a direct correlation on stroke
risk, but this is not an exhaustive list. There are still many other
factors that the neurologist needs to ask about to accurately
determine the patient’s vascular health. Some fall into other
areas of neurology; others may be related to a different special-
ty altogether. 

Migraine. Stroke in young women is associated with
migraine, both with and without aura. The risk is markedly
increased by heavy smoking, oral contraceptive use and preg-
nancy-induced hypertension. The posterior artery territory is
most commonly involved and arises from prolonged arteriolar
constriction. Platelet activation also play a role. In 1988, the
International Headache Society defined the diagnostic criteria
for migrainous cerebral infarction as:

• The patient has previously fulfilled criteria for migraine
with aura.

• The attack is similar and typical to the previous attacks.
• The neurological deficits are not completely reversible

within seven days or an MRI shows evidence of ischemia.
• Other causes of stroke are ruled out.
Genetics. A history of early stroke in parents and first-

degree relatives is associated with a higher risk of stroke in the
offspring. Genetics influence stroke risk through racial as well
as genetic-to-environmental interactions, specifically in disor-
ders like early onset diabetes mellitus, hypertension and hyper-
lipidemia. Similarly, gene mutations such as one finds with
CADASIL localized on chromosome 19 (same chromosome
anomaly with hemiplegic migraine) present with early infarc-
tion in the thirties and then progressively develops neurologi-
cal deterioration, progressing to vascular dementia. 

There are also some less common disorders that one should
take into account. One entity in this category is myopathy with
encephalopathy lactic acidosis, a mitochondrial disease with
stroke-like symptoms. Other diseases related to abnormalities in
structural abnormalities that could cause abnormal connective
tissue leading to early strokes are Ehlers-Danlos syndrome IV
(autosomal dominant), Marfan syndrome and osteogenesis
imperfecta.

Homocysteinuria. This metabolic disorder and autosomal
recessive disease is associated with a defect in ability to convert
homocysteine to cystathionine and methionine. It is character-
ized by high homocysteine levels in blood, CSF and urine. It
increases the tendency for early atherosclerosis. It can also pres-
ent a stroke risk by possibly damaging the vascular matrix,
increasing oxidative injury to arterial walls, and subsequently
enhancing proliferation of the vascular smooth muscles.

An infarction could result from thrombosis or embolism
from artery to artery. A deficiency of folic acid, pyridoxine and
vitamin B12 exacerbate the underlying metabolic deficit as a
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cofactor of homocysteine metabolism. The recommended
treatment is to give the patient supplements that will replace
lost pyridoxine, vitamin B12 and folate. 

Diabetes. Multiple studies have shown that patients with
diabetes have a two- to sixfold increased risk of stroke, with
those presenting with a fasting blood glucose level between
110-125mg/dl on the low end of the scale. The mortality is
three times higher for a diabetic having his or her first ischemic
stroke. Therefore, prevention combined with blood glucose
management is particularly important for this population.

HIV. Some studies have suggested that patients 19-44 years
of age who have been diagnosed with HIV between 1990-1994
matched with case-controlled seronegative HIV status. It was
found out that, after the risk factors were adjusted, cerebral
infarction is more common in HIV-infected patients than
those who test negative. The frequency of cerebral infarction is
associated with meningitis as well as protein S deficiency in this
patient population.

A PROBLEM FOR THE AGES
For the most part, treating a younger patient and advising the

individual on stroke risk factors is not too much different than
the approach with an older patient, after the physician consid-
ers the different diagnostic possibilities. Naturally, there should
still be a focus on eliminating risk factors and doing what is
possible to reduce the odds of an episode, especially a recurrent
stroke, weighed against the adverse effects. In the younger pop-
ulation, lifestyle modifications and other preventive measures
are all the more critical, as the impact of such efforts is likely to
to be more profound than in older patients.

Perhaps the greatest challenge would be to clear up the
patient’s misconception that stroke is something that only hap-
pens to the elderly. The first step is identifying those younger
patients with significant risk factors for stroke. The next chal-
lenge is to help them appreciate the reality of the situation so
they will remain compliant with our recommendations and, if
necessary, make a few changes to their lifestyle. PN
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