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ABSTRACT

Stroke is the second leading cause of
death and the leading cause of disabili-
tyworldwide. Of all strokes, up to 80% to
85% areischemic, and of these, less than
10% occur in young individuals. Stro-
ke in young adults—most often defined
as stroke occurring under the age of 45
or 50—can be particularly devastating
duetolongexpected life-span ahead and
marked socio-economic consequences.
Current basic knowledge on ischemic st-
roke in this age group originates mostly
from rather small and imprecise patient
series. Regarding emergency treatment,
systematic data on use of intravenous
thrombolysis are absent.

For this Thesis project, we collected
detailed clinical and radiological data on
all consecutive patients aged 15 to 49
with first-ever ischemic stroke between
1994 and 2007 treated at the Helsinki
University Central Hospital. The aims
of the study were to define demographic
characteristics, risk factors, imaging fea-
tures, etiology, and long-term mortality
and its predictors in this patient popula-
tion. We additionally sought to investi-
gate, whether intravenous thrombolysis
is safe and beneficial for the treatment
of acute ischemic stroke in the young.

Of our 1008 patients, most were ma-
les (ratio 1.7:1), who clearly outnumbe-
red females after the age of 44, but fe-
males were preponderant among those
aged <30. Occurrence increased expo-
nentially. The most frequent risk fac-
tors were dyslipidemia (60%), smo-

king (44%), and hypertension (39%).
Risk factors accumulated in males and
along aging. Cardioembolism (20%) and
cervicocerebral artery dissection (15%)
were the most frequent etiologic subg-
roups, followed by small-vessel disease
(14%), and large-artery atherosclerosis
(8%). A total of 33% had undetermin-
ed etiology.

Left hemisphere strokes were more
common in general. Posterior circulati-
on infarcts were more common among
those aged <45. Multiple brain infarcts
were present in 23% of our patients, 13%
had silent infarcts, and 5% had leuko-
araiosis. Of those with silent brain in-
farcts, majority (54%) had only a sing-
le lesion, and most of the silent stro-
kes were located in basal ganglia (39%)
and subcortical regions (21%). In a lo-
gistic regression analysis, type 1 diabe-
tes mellitus in particular predicted the
presence of both silent brain infarcts
(odds ratio 5.78, 95% confidence inter-
val 2.37-14.10) and leukoaraiosis (9.75;
3.39-28.04).

We identified 48 young patients
with hemispheric ischemic stroke tre-
ated with intravenous tissue plasmi-
nogen activator, alteplase. For compa-
risons, we searched 96 untreated cont-
rol patients matched by age, gender, and
admission stroke severity, as well as 96
alteplase-treated older controls aged 50
to 79 matched by gender and stroke se-
verity. Alteplase-treated young patients
recovered more often completely (27%
versus 10%, P=0.010) or had only mild
residual symptoms (40% versus 22%,
P=0.025) compared to age-matched
controls. None of the alteplase-treated



young patients had symptomatic int-
racerebral hemorrhage or died within
3-month follow-up.

Overall long-term mortality was low
in our patient population. Cumulative
mortality risks were 2.7% (95% con-
fidence interval 1.5-3.9%) at 1 month,
4.7% (3.1-6.3%) at 1 year, and 10.7%
(9.9-11.5%) at 5 years. Among the 30-
day survivors who died during the 5-year
follow-up, more than half died due to
vascular causes. Malignancy, heart fai-
lure, heavy drinking, preceding infecti-
on, type 1 diabetes, increasing age, and
large-artery atherosclerosis causing the
index stroke independently predicted
5-year mortality when adjusted for age,
gender, relevant risk factors, stroke se-
verity, and etiologic subtype.

In sum, young adults with ischemic
stroke have distinct demographic pat-
terns and they frequently harbor tradi-
tional vascular risk factors. Etiology in
the young is extremely diverse, but in
as many as one-third the exact cause
remains unknown. Silent brain infarcts
and leukoaraiosis are not uncommon
brain imaging findings in these patie-
nts and should not be overlooked due
to their potential prognostic relevan-
ce. Outcomes in young adults with he-
mispheric ischemic stroke can safely be
improved with intravenous thromboly-
sis. Furthermore, despite their overall
low risk of death after ischemic stro-
ke, several easily recognizable factors—
of which most are modifiable—predict
higher mortality in the long term in
young adults.






1 INTRODUCTION

Stroke is the second leading cause of
death worldwide," and the third leading
cause of mortality in Europe and United
States after ischemic heart disease and
cancer.2 Of all strokes, up to 80% to 85%
are ischemic.? In developed countries,
incidence of ischemic stroke has varied
from 101 to 264 per 100 000 during the
last two decades, with trends declining
over time.3

Data regarding stroke in younger
patients first appeared in the literatu-
re in the 1940s and 1950s in the forms
of small patient series* and have grown
particularly during the last two decen-
nia mostly due to improved diagnostics
and patient evaluation. The proportion
of ischemic strokes in young adults is
approximately 6% of all ischemic stro-
kes in industrialized countries, depen-
ding mainly on the chosen upper age li-
mit.5 Earlier studies defined the upper
age cut-off for young stroke patients ge-
nerally as 40 to 45 years of age,*” but
more recent and ongoing studies have
applied 50 or even 55 as the upper age
limit (www.sifap.de)—possibly becau-
se of increased longevity in developed
countries.

Why is it important to have a sepa-
rate approach to younger stroke patie-
nts? Based on current knowledge, the
concept of stroke in young adults can be
divided into five basic principles:

1) Etiology of stroke is extremely di-
verse in the young and common
causes in the elderly, such as lar-
ge-artery atherosclerosis or atrial
fibrillation, are rare.

2) Similarly, risk factors differ consi-
derably in young adults compared
to those seen in older individuals.

3) Young stroke patients are at their
most productive age and usually
have under-aged children at their
custody—the stroke may thus cause
marked long-term socio-economic
consequences and has a high pub-
lic health impact due to associated
indirect costs.

4) Genetic causes may be underlying
stroke more frequently in the young
than do in the elderly patients, indi-
cating a need for genetic counseling,.

5) Efficient acute treatment and pre-
vention of stroke in a young adult
increases number of quality-weigh-
ted life years much more than in el-
derly patients.

Despite its importance, stroke in the
young has long been understudied and
current data originate mostly from rat-
her small patient series. Only a few lar-
ger patient series exist, which mainly in-
clude patients diagnosed in the 1990s or
earlier.8*3 To satisfy the need for more
precise up-to-date data on young ische-
mic stroke victims, we designed a com-
prehensive database, comprising suf-
ficient number of consecutive patients
with detailed clinical information inclu-
ding laboratory findings, risk factors,
imaging features, treatment aspects,
and outcomes.



Review of the literature

2 REVIEW OF THE
LITERATURE

2.1 INCIDENCE OF ISCHEMIC
STROKE IN YOUNG ADULTS

Incidence of ischemic stroke depends
mainly on ethnicity, geographic factors,
definition of the event, and case ascer-
tainment methods. Based on current
knowledge, incidence studies should
be prospective and population-based,
use multiple overlapping information
sources, and should use standard World
Health Organization definition of stro-
ke.*#Three population-based studies ha-
ve reported total stroke incidence rates
in Finnish population, in which the age-
adjusted rates showed declining trends
over time, having decreased from 359
to 100 per 100 000, but with a conside-
rable regional variation.? Currently, no
studies on incidence of ischemic stroke
in Finnish young adults exist.

Strokes in young adults (<45 years
of age) accounted for approximately 2%
of all first-ever strokes in a community-
based Italian study,’> 6% of all ischemic
strokes admitted to hospital in Germa-
ny,’ and 11% (age 16 to 45) of all conse-
cutive ischemic stroke patients in two
centers in Switzerland.*®

A remote Danish study, based on
a national patient register, reported a
steep increase in the incidence of cereb-

ral ischemic events in young adults as
a function of age.”” Several more recent
studies with variable methodology from
the last three decennia have analyzed
incidence of ischemic stroke in young
adults (Table 1).8'5'%-27 Numbers of iden-
tified cases have mostly been small and
most of these studies have applied upper
age limit of 44. However, recent studies
have extended the used upper age cut-
off up to 49.24%% In earliest studies, esti-
mates for ischemic stroke incidence in
young patients were as low as 3 to 5 per
100 000 person years,'®2° which pro-
bably reflects the problems in case as-
certainment. Forinstance, backin 1970s
and 1980s, only a minority of stroke pa-
tients was scanned with computed to-
mography (CT). In more recent studies,
overall incidence has ranged from 5.8
to 11.4 per 100.000 in western Europe-
an countries and in the USA.5'52% Inci-
dences in Sweden and Norway, of which
both have public healthcare, a high hos-
pital admission rate of stroke patients,
and extensive national registries, were
astonishingly similar.>324

Generally, men have overall higher
age-adjusted stroke incidence than wo-
men, except for those aged below 35
years.?® Male predominance in inciden-
ce among young adults was generally re-
ported (Table 1), but two studies from
the USA have reported also opposite
findings.?2* The well-recognized pre-
dominance of women in those aged be-
low about 30 or 35 years is reported also
in several incidence studies focused on
the young.'517:19:22
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Review of the literature

Notable ethnic differences in the in-
cidence exist: the Northern Manhattan
Study? and the Baltimore-Washington
Cooperative Stroke Study>? reported a
more than twice-fold incidence in young
African-Americans compared with whi-
tes. Similar ethnic disparities and high
incidence rates of stroke in young blacks
were reported from the Greater Cincin-
nati/Northern Kentucky region in the
USA,? United Kingdom,3° Libya,3' Mar-
tinique,?* and South Africa.3? Further-
more, hospital admission rates becau-
se of ischemic stroke were over 3 times
higher in blacks compared with white
or Hispanic patients among 16317 hos-
pitalized young adults in Florida, USA.34

2.2 RISK FACTORS FOR
ISCHEMIC STROKE IN
YOUNG ADULTS

Evidence on stroke risk factors has been
rapidly accumulating particularly du-
ring the last two decades. It is univer-
sally recognized that young adults have
a different risk factor profile compared
with that of the elderly. Nonmodifiable
risk factors for ischemic stroke are inc-
reasing age, male sex, racial and ethnic
factors, low birth weight, and family his-
tory of stroke or transient ischemic at-
tack (TTA).3 Based on large body of evi-
dence, well-documented and modifiable
risk factors for ischemic stroke are car-
diovascular disease (coronary heart di-
sease, heart failure, and peripheral ar-
terial disease), hypertension, cigarette
smoking, diabetes, asymptomatic caro-
tid stenosis, nonvalvular atrial fibrillati-

on, sickle cell disease, high total and low-
densitylipoprotein (LDL) cholesterol le-
vels, low high-densitylipoprotein (HDL)
level, dietary factors (high sodium intake
or low potassium intake), obesity, physi-
cal inactivity, and postmenopausal hor-
mone replacement therapy.353°

Numerous other risk factors have
been identified, but their significance is
less clear; hence the term, less well-do-
cumented risk factor. Most important
of these include metabolic syndrome,3”
heavy alcohol consumption,® drug abu-
se,?® acquired4°+* or congenital#4 hy-
percoagulability, oral contraceptive
use,* inflammatory processes,* prece-
ding infection,*® migraine with or wit-
hout aura,* high lipoprotein(a) levels,>°
and obstructive sleep apnea syndrome.5
Patent foramen ovale (PFO), a remnant
ofthefetal circulation, could also be con-
sidered a risk factor for stroke.5*

Only rather few case-control stu-
dies have assessed risk factors for ische-
mic stroke particularly in non-selected
young patient populations. Rohr and
colleagues analyzed traditional risk fac-
tors in a biracial young (age 18 to 44)
population and found that hypertensi-
on, current smoking, and diabetes were
important risk factors in their populati-
on—the formertwo especially important
in young blacks.”® An Australian study
compared risk factors in patients aged 15
to 55 with age- and sex-matched neigh-
borhood controls and found that diabe-
tes (odds ratio [OR] 11.6; 95% confiden-
ce interval [CI] 1.2-115.2), hypertension
(OR 6.8; 95% CI 3.3-13.9), heart disease
(OR 2.7; 95% CI 1.1-6.4), current smo-
king (OR 2.5; 95% CI 1.3-5.0), and long-



term heavy (=60 g per day) alcohol con-
sumption (OR 15.3; 95% CI 1.0-232.0)
were major risk factors for stroke in this
age group.53 A more recent Norwegian
study evaluating risk factors with a mai-
led questionnaire sent to surviving pa-
tients and control subjects likewise sho-
wed that hypertension was important
(OR 2.4; 95% CI 1.5-4.0), but also found
that previous myocardial infarct (OR
2.8; 95% CI 1.1-7.4) and ever smoking
(OR 3.8 for >15 cigarettes per day; 95%
CI 2.1-6.8) were risk factors for stroke
after multivariate analysis.>* A Finnish
study including 506 ischemic stroke pa-
tients aged 16 to 60 found that hyperten-
sion, cardiac disease, current smoking,
diabetes, and history of migraine among
men, and, current use of oral contracep-
tives and current smoking among wo-
men, were independent risk factors for
ischemic stroke.ss That study also found
that recent heavy drinking (>40 g within
24 h priorto stroke) in both sexes was an
independent risk factor (risk ratio [RR]
3.7; 95% CI 1.9-8.1 for men consuming
41-120g/24h; RR 7.6; 95% CI 2.0-29.1
for men consuming >120g/24h; and RR
5.7; 95% CI 1.8-18.5 for women consu-
ming >40g/24h),% whereas the study by
You and colleagues did not find such as-
sociation (=60 g within 24 h before stro-
ke).53 Another case-control study evalu-
ated ischemic stroke risk factors in wo-
men aged 15 to 49 and found very simi-
lar associations as did other case-cont-
rol studies: heart disease, heavy alcohol
consumption, treated diabetes, hyper-
tension, migraine, and use of combin-
ed oral contraceptives associated with
increased risk of stroke.2® In addition,

they found that previous venous throm-
boembolism (OR 6.2; 95% CI 2.0-19.3)
was associated with ischemic stroke risk
and stated that it could be a proxy in-
dicator for coagulation abnormalities.?

A recent South Indian study com-
pared 214 patients aged 15 to 45 with
first-ever ischemic stroke with age- and
sex-matched hospital (n=99) and com-
munity (n=96) controls.® This study
showed that smoking, higher systolic
blood pressure and fasting blood glu-
cose levels, and lower HDL levels (OR
0.2; 95% CI 0.1-0.3) were associated
with ischemic stroke in multivariate
analysis when compared with commu-
nity controls. Compared with hospital
controls, stroke patients more frequent-
ly were smokers and had low HDL cho-
lesterol levels. Furthermore, presence
of 3 or more components of metabolic
syndrome was strongly associated with
stroke compared with both communi-
ty (OR 4.8; 95% CI 1.9-11.8) and hospi-
tal controls (OR 2.1; 95% CI 1.1-4.1).5°
Another French study (n=94) assessed
risk factors in young adults and conclu-
ded thatlow HDL cholesterol levels, ma-
le sex (OR 3.15; 95% CI 1.2-8.1), smo-
king, hypertension, and oral contracep-
tives (OR 7.3; 95% CI 1.8-29.9) were in-
dependent risk factors for brain infarct
in young adults.’” Based on meta-ana-
lysis of prospective long-term follow-
up studies conducted in the last four
decades, lipoprotein(a) concentration
is associated, although modestly, with
ischemic stroke risk with a RR of 1.10
(95% CI 1.02-1.18) per 3.5-fold higher
usual lipoprotein(a) concentration.>* In
young adults, some studies have found
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association between lipoprotein(a) and
ischemic stroke risk,>*-%° whereas others
found no association®®57% or found st-
rong association only in men.®

A recent study from the Netherlands
(Urbanus et al) assessed the association
of myocardial infarction and ischemic
stroke with antiphospholipid antibodies
in young women aged 18 to 49.4 Patie-
nts were admitted to hospital between
1990 to 1995, and the investigators me-
asured risk factors by a questionnaire
sentto 175 patients with ischemic stroke,
203 patients with myocardial infarcti-
on, and 628 healthy controls. Blood was
taken between 1997 and 2001 and an-
tiphospholipid antibody tests (lupus an-
ticoagulant, anticardiolipin IgG, anti-f_-
glycoprotein I IgG, and anti-prothrom-
bin IgG) were performed at a central
laboratory. OR for ischemic stroke was
43.1(95% CI 12.2-152.0) in women with
lupus anticoagulant (found in 17% of pa-
tients with ischemic stroke and 0.7% of
in the control group). OR for ischemic
stroke was 2.3 (95% CI 1.4-3.7) in wo-
men with anti-B,-glycoprotein I anti-
bodies. They found no increased risk of
ischemic stroke attributable to anticar-
diolipin antibodies nor antiprothrom-
bin antibodies. In this study, the inves-
tigators also identified factor V G1691A,
prothrombin G20210A, and factor XIII
204Phe variants in the blood, but only
the latter seemed to affect risk of ische-
mic stroke in that patient population.

In the pathogenesis of ischemic stro-
ke in young adults more important than
single risk factors may, however, be inte-
ractions of several factors that may have
only modest impact alone, but their ef-

fect may amount to significant if being
present coincidentally. Based on case-
control studies, RR for ischemic stroke
in young women with migraine is about
3-fold, increasing markedly for migraine
with aura (RR 3.8t0 6.2),°3but theriskis
more than tripled by smoking (OR 10)%
and is four-fold if oral contraceptive use
is combined with migraine (OR 13.9 to
16.9).%4% In addition, a triple combina-
tion of migraine, oral contraceptives,
and smoking further strongly increases
the risk (OR 34 to 35).%4% Gene-envi-
ronmental risk factor interactions, such
as the suggested interactions between
smoking and inflammatory gene single
nucleotide polymorphism® or apolipo-
protein E polymorphism® may also play
important role in younger adults. Pezzini
and co-workers studied cumulative ef-
fect of the 20210A variant of prothrom-
bin gene, the 1691A variant of factor V
gene, the TT677 genotype of the met-
hylenetetrahydrofolate reductase ge-
ne, and the e4-carriership of the apo-
lipoprotein gene, and their interactions
with modifiable risk factors.*® Their re-
sults suggest a gene-dose effect of those
gene variants and a synergistic effect of
the studied polymorphisms and modi-
fiable risk factors, particularly smoking
and hypertension.®® Another study of the
same group showed similarly synergistic
effect of oral contraceptive use combin-
ed with the first three of those genetic
polymorphisms, ORs for stroke being as
high as 22.8 (95% CI 4.5-116.0) in oral
contraceptive users with at least one of
the studied polymorphisms.® Urbanus
and colleagues found also very high ORs
in patients with concurrent lupus antico-



agulant and environmental risk factors:
ORs for stroke were 201.0 (95% CI 22.1-
1828.0) in women who used oral cont-
raceptives and 87.0 (95% CI 14.5-523.0)
in those who smoked.#* Prothrombotic
mutations may play important role in
the pathogenesis of PFO-related ische-
mic events as well.” In addition to a me-
ticulous search for each young patient’s
all traditional modifiable risk factors, it
is reasonable—based on the existing da-
ta—to test for known prothrombotic ge-
netic variants and antiphospholipid an-
tibodies in young adults to stratify the
individual recurrent vascular event risk
and to allow for optimally targeted se-
condary prevention.

2.2.1 Frequencies of well-
documented risk factors

Table 2 shows the most important stu-
dies on young ischemic stroke patients,
that have presented frequencies of well-
defined risk factors.710:1216,2326553-55.71-80
These studies have applied variable up-
per age-limits, mostly 45 or 49 years of
age, but the Finnish study had an upper
age cut-off of 60,5 and the Australian
one of 55 years.5 Age limit should be ca-
refully taken into consideration to inter-
pret therisk factor information correctly
and when comparing the observations of
independent studies. Some studies in-
cluded a considerable proportion of pa-
tients with TIA7>7378 and few included
also those with previous stroke.%12167-77

Nearly all young stroke studies pre-
sented frequencies of the most traditio-
nal risk factors for ischemic stroke: dys-

lipidemia, smoking, hypertension, and
diabetes. Overall, smoking was the most
common risk factor, followed by hyper-
tension, and dyslipidemia. Definitions of
risk factors varied considerably between
the studies, complicating the compari-
sons. A recent South Indian study (not
presented in Table 2) including 214 pa-
tients reported vascular risk factor in-
formation in more detail: average sys-
tolic blood pressure was 127+17 mmHg,
diastolic blood pressure was 82+11
mmHg, serum total cholesterol level
was 5.38+1.89 mmol/L, HDL choleste-
rol level 0.94+0.30 mmol/L, triglyceri-
de level 1.61+0.94 mmol/L, and fasting
blood sugar level 5.26+2.53 mmol/L.5
In that study,*® 37% were smokers, 36%
had hypertension, 29% had hypercho-
lesterolemia, 14% had diabetes, these
percentages being within ranges of ot-
her studies. HDL and total cholesterol
levels were higher in the French young
stroke study, which also reported le-
vels of LDL cholesterol levels (3.66+1.1
mmol/L) and lipoprotein(a) (0.24+0.35
g/L), among others.>” Of their patients,
13% were hypertensive, 61% smokers,
and 3% diabetic.5” Strikingly, important
risk factors such as family history of st-
roke, obesity, and cardiovascular dise-
ases, were rather rarely documented in
young stroke studies. Only one young
stroke study reported data on physical
inactivity,5 similarly well-documented
risk factor for ischemic stroke.®* Studies
neither generally separated between the
types of diabetes.

Regarding dyslipidemia and ische-
mic stroke risk, evidence is not that clear
as in coronary heart disease.® This is-



Table 2. Proporions of well-documented vascular risk factors in previous siudies of ischemic stroke in young adulls from the last two decades.
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sue may be even more complex among
younger stroke patients, particularly
in those aged below 35 to 40 years of
age, because of their very low frequen-
cy of causes related to atherosclerosis
as discussed later. However, as discus-
sed above, there is evidence that low
HDL cholesterol, and possibly eleva-
ted lipoprotein(a) levels, are risk fac-
tors for stroke in young adults.5%57:61.62
In addition, the Cardiovascular Risk
in Young Finns Study recently found
that high low-density lipoprotein cho-
lesterol predicted 6-year intima media
thickness progression in young adults
aged 32+5 years.®? Based on existing,
although not compelling evidence, low
HDL and elevated liporotein(a) con-
centrations might be the key targets in
the lipid treatment in primary and se-
condary prevention of ischemic stroke
in young adults. Nevertheless, more in-
vestigation on this issue is warranted.
Ethnic disparities in the prevalen-
ce of vascular risk factors in young st-
roke patients have also been reported.
Rohr and colleagues found higher pre-
valence of smoking and hypertension
among black patients.’® Another study
including mainlyblack patients reported
likewise high frequency of hypertension
(55%) among their patients.® However,
Hoffmann and colleagues found signi-
ficantly more frequently hypertension,
smoking, and hyperlipidemia in their
white patients compared to blacks.

2.2.2 Frequencies of less well-
documented risk factors

Current oral contraceptive use (10% to
46% of women),”8:12:16.23:26.34.55,57,71-74:79.84.85
migraine with overall percenta-
ges ranging from 10% to 26%,”
9,12,16,23,34,54,55,71,73,79:84.85 qnd heavy drin-
king (5% to 59%)8:26:53557173.7577.79.8385
were the most frequently reported less
well-documented risk factors in young
stroke series. Two studies (upper age li-
mits 55 and 60) reported that 10% to
18% of their patients had drunk heavi-
ly (40-60 g of pure alcohol) within 24
h prior to stroke.?*55 Only the South-
African study presented prevalence of
lipoprotein(a), which was 17% in whites
and 8% in blacks, and homocysteinemia
(3% in whites, 0% in blacks).”s In the
same study, 20% of blacks were human
immunodeficiency virus (HIV) positive,
14% of the blacks had infection within
the last month prior to stroke, whereas
none of the whites were HIV positive
and only 3% of whites had recent infec-
tion.”> No other study reported data on
recent infection, but prevalence of HIV
(3%) wasindicated in another European
study.” Illicit drug use (12%), particular-
ly of cocaine, was common among young
American, especially African-American,
ischemic stroke patients.®38

None of the larger young stroke se-
ries reported frequency of obstructive
sleep apnea, perhaps because of its re-
lative novelty as a stroke risk factor,5* or
had systematically screened for coagula-
tion abnormalities. Kristensen and col-
leagues measured clotting factors in 102
patients atadmission and for 977 patients
at least 4 months after admission, and
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they found 7 low positive values of an-
ticardiolipin antibodies along with one
inherited protein S deficiency.>® Seve-
ral small studies have shown high pre-
valence of antiphospholipid antibodies
in young adults with ischemic stroke or
TIA of any etiology (18%)% or crypto-
genic stroke (44%).88 The prevalence of
any abnormal anticardiolipin antibody
isotype (IgG, IgM, or IgA) or positive lu-
pus anticoagulant was 42% in young wo-
men in a larger population-based study
(n=160) regardless of stroke subtype.®

Genetic thrombophiliae were not
systematically analyzed in consecuti-
ve young ischemic stroke series. Han-
key and colleagues analyzed prevalen-
ce of deficits in natural anticoagulants,
and factor V Leiden and prothrombin
20210A mutations in 219 patients with
first-ever ischemic stroke (mean age
66.1+12.4) and in 205 community cont-
rols.# Prevalence of any thrombophilia
was 14.7% (95% CI 9.9% to 19.5%) in
cases and 11.7% (95% CI 7.4% to 17.0%)
among controls. In cases, individual
prevalence was 0.9% for protein S de-
ficiency, 1.4% for protein C deficiency,
3.7% for prothrombin G20210A muta-
tion, 4.6% for factor V Leiden mutati-
on, and 5.2% for antithrombin III defi-
ciency. Prevalence of any of the tested
thrombophiliae was not significantly
higher between cases and controls.* In
their study including 511 ischemic stro-
ke patients aged 18 to 45 selected from
3 Italian centers, Pezzini and colleagues
presented the following prevalences for
common prothrombotic mutations: fac-
tor V G1691A mutation 3.1%, prothrom-
bin gene G2010A mutation 5.5%, and
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methylenetetrahydrofolate reductase
gene C677T mutation 46.8%.9°

PFO, present in 27% of the general
population,” was another risk factor
that rarely was systematically screened
in young stroke studies. Kristensen and
co-workers did exhaustive cardiac eva-
luation with transesophageal echocar-
diography (TEE) for 97 (91%) of their
patients and identified PFO in 33%.2
Prevalence of PFO is increased in pa-
tients of all ages with otherwise crypto-
genic stroke, being up to 45%.92%

2.2.3 Risk factor distribution between
genders and in different age groups

Several studies have presented data on
risk factors separately for men and wo-
men. Smoking was more frequent in
men in all of these studies,95+55727376.94
hypertension in four studies,?557276 and
diabetes in one study.>® Heavy drinking
was far more common in men in those
five studies providing these data (men
10-41% versus women 1-12%).89557376
In all studies that presented frequen-
cy of migraine separately for men and
women, women had higher prevalen-
ce, 12 to 34%, compared to men (3-
20%)'8&23,34’54,55:73

Dyslipidemia, hypertension, and
smoking were more common in studies
comparing younger and older young
adults, age cut-off values ranging from
31 to 36 years.”#739 One study inves-
tigated the differences in patients aged
<45 and those aged 46 to 60 and ob-
served significantly higher frequencies
of hypertension, diabetes, dyslipidemia,



ischemic heart disease, and peripheral
arterial disease among the older group.®°
In a large Italian study including 394
consecutive young ischemic stroke pa-
tients, migraine was more common in
those aged <35 (30%) than in older pa-
tients (23%); the migraine proportion
for women were 39% in the younger and
26% in the older group, but percenta-
ges for men were even.® Other studies
did not present reliable data on migrai-
ne prevalence in different age groups.
However, among very young adult pa-
tients—particularly women—migraine
might be more common than in general
population, as the estimated prevalence
is slightly over 20% in those women aged
201029, but about 25% in those aged 30
t049.% If migraine was more common in
those women aged <35, it would in fact
be explaining, along with true gender-
specific risk factors (oral contraceptive
use, pregnancy, and puerperium) the
women predominance widely observed
in that age group.

2.3 CAUSES OF ISCHEMIC
STROKE IN THE YOUNG

Stroke is a heterogeneous disease with
more than 200 identified causes.%
Based on alarge German hospital-based
data bank, the most important causes
of ischemic stroke in general are large-
artery atherosclerosis (21%), cardioem-
bolism (26%), and cerebral small-ves-
sel disease (21%).5 Less common cau-
ses of ischemic stroke include cervical
artery dissection, vasculitides, coagulo-
pathies, and hematological conditions.

Depending on the quality, extent, and
immediacy of the clinical workup, in a
considerable proportion of patients the
etiology remains unknown.”” Marked
differences appear between major eti-
ologic subtypes of ischemic stroke with
respect to risk factors, stroke severity,
complications, and outcome. It is thus
important to classify subtypes of ische-
mic stroke for the purposes of clinical tri-
als, for epidemiological studies, and for
genotyping patients for genetic studies.
Moreover, physicians should be able to
give accurate prognostic information for
patients and their relatives, and reliably
classify patients for therapeutic decisi-
on-making in everyday clinical practice.

2.3.1 Classification of ischemic
stroke subtypes

Table 3 shows the most commonly us-
ed etiologic classifications of ischemic
stroke: Stroke Data Bank classificati-
on,%® Lausanne Stroke Registry classifi-
cation,” and Trial of Org 10172 in Acu-
te Stroke Treatment (TOAST) classifi-
cation.' Since its introduction for the
purposes of an acute stroke treatment
trial in 1993, the TOAST classificati-
on has become the most widely used
in clinical trials and epidemiologic stu-
dies. Stroke subtypes in the TOAST ori-
ginally fell into 11 categories, which we-
re further collapsed into five groups: 1)
large-artery atherosclerosis, 2) cardio-
embolism, 3) small-vessel disease, 4)
other determined etiology, and 5) un-
determined etiology.**° Cardiac sources
of embolism were further classified as

11
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high or medium risk sources (Table 4).
The undetermined etiology group furt-
her divides into three subgroups: 1) two
ormore possible causes, 2) undetermin-
ed etiology despite extensive evaluation,
and 3) undetermined etiology with in-
complete evaluation. The extensiveness
ofthe evaluation was based on therater’s
judgment.

No classification system is metho-
dologically perfect. Weaknesses of the
TOAST and other popular classifica-
tions were discussed in a recent review
article.!** The most important shortco-
ming of the TOAST is that it may often
lead to over-sizing the undetermined
group. For example, patients with cer-
vical artery atheroma with <50% steno-
sis and without other potential causes,
and patients with two or more poten-
tial causes fall both into undetermined
group. Furthermore, TOAST was deve-
loped nearly two decennia ago, and since
then diagnostics and imaging of stroke
have developed tremendously. TOAST
has only moderate inter-rater reliabili-
ty.10#194 In addition, TOAST was not de-
signed to classify particularly young st-
roke patients. TOAST classification has,
however, strengths: it is simple and ra-
pid to assess, and well-validated in large
clinical trials.

Recently, Ay and colleagues pre-
sented a more sophisticated and upda-
ted version of the TOAST, Stop Stroke
Study TOAST (SSS-TOAST), which ta-
kes into account the probability of the
stroke subtype (ie evident, probable, or
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possible).1s The SSS-TOAST, designed
for first-ever strokes, incorporated the
recent evidence and advances in stroke
epidemiology and imaging, and aimed
at decreasing the proportion of patients
classified as undetermined. Even a web-
based, automated version of the classi-
fication was introduced, presenting ex-
cellentintra- and inter-examiner reliabi-
lity.*°® In the SSS-TOAST, cardiac sour-
ces fall into sources with high primary
risk and sources with low or uncertain
primary risk for ischemic stroke accor-
ding to existing evidence (Table 4). The
high- and low-risk sources were separa-
ted using a 2% annual or one-time pri-
mary stroke risk threshold.'*s Thus far,
SSS-TOAST is not yet validated in larger
patient populations, however.

Another interesting innovation for
stroke sub-typing, the A-S-C-O classifi-
cation, was recently introduced by Ama-
renco and co-workers.*” The concept of
this approach is to use information of the
complete patient phenotype and thus
better characterize every patient. In the
A-S-C-0, ‘A’ stands for atherosclerosis,
‘S’ for small-vessel disease, ‘C’ for cardiac
source, and ‘O’ for other cause. Each of
these four phenotypes is graded accor-
ding to probability. Diagnostic evidence
is further graded, which thus allows for
recognizing the completeness, quality,
and timing of the evaluation. The A-S-
C-O classification may have many ad-
vantages compared to the older classifi-
cations, but, as SSS-TOAST, it is not yet
validated in greater patient populations.
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Table 4. Sources of cardioembolism according to the original Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) criteria,'™ and to its modification, Stop Stroke Study TOAST criteria.'®

TOAST

SSS-TOAST

High-risk sources:

Mechanical prosthetic valve

Mitral stenosis with atrial fibrillation
Atrial fibrillation (other than lone atrial fibrillation)
Left afrial / atrial appendage thrombus
Sick sinus syndrome

Recent myocardial infarct (<4 weeks)
Left ventricular thrombus

Dilated cardiomyapathy

Akinetic left ventricular segment

Atrial myxoma

Infective endocarditis

Medium-risk sources:

Mitral valve prolapse

Milral annulus calcification

Mitral stenosis without atrial fibrillation
Left atrial turbulence (smoke)

Altrial septal aneurysm

Patent foramen ovale

Atrial flutter

Lone atrial fibrillation

Bioprosthetic cardiac valve
Nonbacterial thrombotic endocarditis
Congestive heart failure

Hypokinetic left ventricular segment
Myocardial infarct (>4 weeks, <8 months)

Sources with high primary risk for ischemic stroke:

Sources of embolism of thrombotic origin
* Left atrial thrombus
* Left ventricular thrombus
* Atrial fibrillation
" Paraxysmal atrial fibrillation
* Sick sinus syndrome
* Sustained atrial flutter
* Recent myocardial infarction {within 1 month)
* Rheumatoid mitral or acrtic valve disease
* Bioprosthetic and mechanical heart valves
" Chronic myocardial infarction together with low ej
fraction less than 28%
* Symplomatic congestive heart failure with ejection fraction
less than 30%
“ Dilated cardiomyopathy
" Nonbacterial thrombotic endocarditis
Sources with ism not predominantly of th bolii
* |nfective endocarditis
* Papillary fibroelastoma
* Left atrial myxoma

origin

Sources with low or uncertain primary risk for ischemic
stroke:
Cardiac sources of embolism

* Mitral annular calcification

“ Patent foramen ovale

Afrial septal aneurysm

Alrial septal aneurysm and patent foramen ovale

Left ventricular aneurysm without thrombus

Isolated left atrial smoke (no mitral stenosis or atrial fibrillation)
Aortic sources of embolism

* Complex atheroma in the ascending aorta or proximal arch

Wraige and colleagues have propo-
sed a classification for childhood stroke,
Paediatric Stroke Classification.*® This
classification falls into eight etiologic ca-
tegories as follows: (1) sickle cell dise-
ase; (2) cardioembolic; (3) moyamoya
syndrome; (4) cervical arterial dissec-
tion; (5) steno-occlusive cerebral arte-
riopathy; (6) other determined etiolo-
gy; (7) multiple probable/possible etio-
logies; and (8) undetermined etiology.
Recently, some attempts have been ma-

* Class A evidence (provided by a prospective longitudinal
study);” Class B evidence (supplied by retrospective review of
follow-up data). References are provided in the paper by Ay et
al. (2008).%%

de to develop a classification that would
be suitable for young stroke patients in
particular. Hoffmann and co-workers
proposed the following categorization
for young adults, which was expanded
from the original TOAST: large vessel
cerebrovascular disease, small vessel ce-
rebrovascular disease, cardiogenic, dis-
section, prothrombotic states, migraine
induced, cerebral venous thrombosis,
vasculitides, other vasculopathy, mis-
cellaneous, and unknown.?
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The classifications discussed above
originate from a need to classify stroke
etiology for several scientific and clini-
cal aims. Another approach to classify
strokes is anatomic, which was practi-
cal in the time era when CT was the best
available imaging modality and precise
evaluation of cardiac sources and extra-
and intracranial vessels was not availab-
le. The Oxfordshire Community Stroke
Project classification, also called the
Bamford classification according to the
first author, categorized types of brain
infarcts anatomically into lacunar, total
anterior circulation, partial anterior,
and posterior circulation infarcts (Tab-
le 5)."*° Anothervascular anatomy-based
method is to categorize strokes simply
as anterior or posterior territory stro-
kes. In clinical trials and other types of
scientific work, ischemic strokes can be
further classified based on brain ima-
ging findings, eg on presence of leuko-
araiosis or multiple lacunae on MRI.**!

2.3.2 Etiological spectrum

Proportions of etiologic subgroups in
studies that have applied the TOAST
classification have varied considerably
(Table 6).121316.2754567578, 8011113 The varia-
tion is probably a result of several fac-
tors, such as geographic and ethnic fea-
tures of the study population, age limits,
availability of modern imaging and la-
boratory technology in individual study
centers, extent of diagnostics, and pos-
sibly due to pure rater-related impact.
Furthermore, some studies have also in-
cluded patients with TIA, cerebral veno-
us thrombosis, and those with iatrogenic
strokes (eg attributable to angiography).
Emphasis here is on studies that have
used the TOAST criteria for classificati-
on, but those applying alternative clas-
sification methods are also referred to
allow for better overview on stroke eti-
ology and its spectrum in young adults.

In studies that have presented data
on gender distribution of stroke subty-

Table 5. Oxfordshire Community Stroke Project classification of ischemic strokes.'"*

Type of infarct Diagnosis

Cerebral infarct

If a CT scan performed within 28 days of symptom onset shows an area of low

attenuation, no relevant abnormality, or an area of irregular high attenuation within a
larger area of low attenuation (ie an area of hemorrhagic infarct); OR if a necropsy
axamination shows an area of cerebral infarct (pale or hemorrhagic) in a region
compatible with the clinical signs and sympoms.

Lacunar infarct (LACI)

One of the 4 classic clinical lacunar syndromes. Patients with facicbrachial or

brachiocrural deficits are included, but more restricted deficits are nol.

Total anterior circulation infarct (TACI)

Combination of new higher cerebral dysfunction (eg dysphasia,

dyscalculia, visuospatial disorders), homonymous visual field
defect, and ipsilateral motor and/or sensory deficit of at least 2
areas of the face, arm, and leg. If the conscious level is impaired
and formal testing of higher cerebral function or the visual fields is
not possible, a deficit is assumed.

Partial anterior circulation infarct (PACI)

Only 2 of the 3 components of the TACI syndrome, with higher dysfunction alone, or with

a motc

y deficit more

d than those classified as LACI (eg confined to 1

limb, or to the face and hand but not the whole arm).

Postarior circulation infarcts (POCI)

Any of the following: ipsilateral cranial nerve palsy with cantralateral motor andior

sensory deficit, bilateral motor and/or sensory deficit, disorder of conjugate eye

dvsfurcl

without ipsil | long-tract deficit (ie ataxic

hamipmsis]. or isolated hoemanymous visual field defect.
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Table 6. Ischemic stroke etiology in young adults in prior studies that have applied the Trial
of ORG 10172 in Acute Stroke Treatment (TOAST) criteria.'™

g 3

H I

> £ § = s

g 3 £ 3 E B

2 i o 2 E 2 g £

£ = 3 X § & H

2 g g > 3 2 5§

3 H 8 § s 53 %8B
Adams et al. (1995)" 1977-1993 lowa, USA 15-45 329 10% 18% 8% 30% 34%
Siqueira Neto et al. (1996)'"  1890-1994 Brazil 15-40 106 9% 28% 12% 35% 16%
Williams et al. (19‘9;’)"2 1991-1995 Indiana, USA 1845 118 16% 14% 3% 44% 23%
Hoffman (2000)" 1992-1998  South Africa 15-49 173" 5% 13% 16% 43% 18%
Hoffman (2000)" 1992-1998  South Africa 15-49 1007 5% 7% 3% 32% 44%
Kwon et al. (2000)™ 1994-1997 Korea 15-44 149 21% 18% 17% 27% 17%
Leys et al. (2002)' 1992-1996 France 15-45 287 8% 5% 2% 22% 62%"
Lee etal. (2002)7 1997-2001 Taiwan 18-45 264° 7% 18% 21% 22% 24%
Cerrato et al. (2004) 1994-2001 Italy 16-49 273" 16% 24% 17% 19% 24%
Naess el al. (2004)* 1988-1997 Norway 1549 232 15% B% 15% 15% 48%
Ghandehari et al. (2006)  2000-2005 Iran 1545 124 6% 54% 2% 8% 29%
Nedelichev et al. (2005)" 1997-2002  Switzerland 16-45 203 4% 24% 9% 30% 33%
Varona et al. (2007)" 1974-2002 Spain 15-45 272 20% 18% 5% 21% 36%
Lipska et al. (2007)°° 1995-2001 South India 15-45 214 13% 25% 8% 1% 44%
Telman et al, (2008)™ 2000-2008 Israel 18-45 87 6% 23% 15% 26% 30%

* Whites; the count included 11 patients with intracerebral hemorrhage; * Blacks; the count included 10 patients with
intracerebral hemorrhage; # Includes 23 patients with TIA; percentages come from the number of non-TIA patients;
% Includes 71 patients with TIA; @ In this study, patients with low-risk sources of cardicembolism, eg patent foramen

ovale, fell into undetermined group.

pes, men predominated in large-artery
atherosclerosis,>+76781 whereas women
more commonly seemed to have other
determined etiologies.”>%+1 In two stu-
dies, women clearly outnumbered men
among cardioembolic strokes.”7® Large-
artery atherosclerosis and small-vessel
disease were expectedly more frequent
in older patients, and other determin-
ed etiologies in younger patients, whe-
reas the proportion of cardioembo-
lism was more even between older and
younger age groups in studies that per-
formed age-specific comparisons, usu-
ally with an age cut-off of 30, 35, or
40.795476941113 One study compared dif-

ferences in etiology between those aged
<45 and those 46 to 60 years of age with
similar observations.®°

2.3.3 Large-artery atherosclerosis

Percentages of patients with large-arte-
ry atherosclerosis according to TOAST
classification ranged from 6% to 21%,
the highest proportion being in young
Koreans.” Two European studies that
used 49 as the upper age limit, reported
relatively large proportions of large-ar-
tery atherosclerosis (15% and 16%).5+7
However, a US-study,"? in which 13%
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of the patients were non-white, and a
Spanish study*3 reported similarly high
rates (16% to 20%) of large-artery athe-
rosclerosis in adults aged up to 45 yea-
rs. Studies that used other classifications
or modification of TOAST reported even
more variable percentages for large-ar-
tery atherosclerosis in different popu-
lations ranging from 3% to 33%.59237"
7384859414120 Tny contrast to recent ob-
servations—and well summarized in a
1989 paper—as many as 50% to 70%
of strokes in the young were thought to
be of atherosclerotic origin in more re-
mote past.” However, studies at those
days had inconsistent criteria for ische-
mic stroke of atherosclerotic origin and
usually did not yet recognize or report
small-vessel disease as a separate etio-
logic entity. Data on distribution of at-
herosclerosis between extra- and intrac-
ranial vessels in young adults are scarce,
albeit intracranial atherosclerosis may
be more common among young people
of Asian origin.”

2.3.4 Cardioembolism

Leys and co-workers reported a very
low rate of cardioembolism (5%), but
they classified those with PFO as un-
determined.”* In another study with
only a few with cardioembolic strokes
(8%), thelowrate resulted perhaps from
methodological shortcomings.54 In the
rest TOAST-studies conducted in in-
dustrialized countries, proportions of
cardioembolism ranged from 14% to
24% 131078801213 Ap exceptionally high
rate appeared in Iran (54%)% with many

18

having rheumatic valve disease, a con-
dition rare in developed countries. Stu-
dies that applied other alternative stro-
ke subtype classifications also reported
highly consistent proportions of cardio-
embolism with mostly modest variation
from 14% to 24%.7:971-84:8594.114,:116,17.119,120
In the large (n=428) multicenter Bal-
timore-Washington Cooperative Young
Stroke Study (1998), 15% had a probable
source of cardioembolism and 10% had
a possible source according to clinical
evidence at those days."® A few studies
reported that one third would harbor a
cardiac source of embolism,®235 which
in part may result from small samples
and selection biases, but also from ex-
haustive cardiac examinations including
TEE.»

On the whole, cardioembolic
mechanisms are among the most im-
portant causes of stroke in young adults
warranting a careful cardiac work-up
in all patients with no other probable
high priority diagnosis such as dissec-
tion. Diagnostics and management of
a high-risk source of cardioembolism
(Table 4) is usually rather straightfor-
ward. However, young stroke patients
have a relatively larger proportion of
low- or uncertain risk sources (Table 7)
compared to elderly patients. This ma-
kes situation more complex, as those
sources have inconsistent evidence re-
garding even their primary stroke risk,
they may be challenging to detect and
need invasive methods such as TEE, and
evidence-based treatment guidelines are
scarce. Studies may also underestimate
the proportion of cardioembolism due to
inflexibility of the classification systems



or overlapping of etiologies as patients
who actually had a cardioembolic stroke
may be classified as having other deter-
mined etiology. For example, systemic
lupus erythematosus (SLE),*** primary
antiphospholipid syndrome,2* systemic
vasculitides,'>3 and malignancies'+ have
been attributed to formation of a car-
diacembolus. Mitral valve prolapse, pre-
viously frequently reported as a source
for cardioembolism, have recently been
shown to have more benign nature and
probably should not be regarded as a
source for cardioembolism.

The causal role of PFO is another de-
batable issue and strokes presumed to
associate with PFO are commonly regar-
ded as “cryptogenic”. PFO is, however,
by far the most frequently reported cause
of cardiembolism in young adults. Pro-
posed mechanisms for PFO-associated
stroke are paradoxical venous embolism
through right-to-left shunt particularly
during a valsalva inducing activity, in si-
tu thrombosis within the atrial septum,
and vulnerability to arrhythmias such as
atrial fibrillation.2® Association between
PFO and stroke, particularly in young
adults, appears best from a meta-analy-
sis of case-control studies published in
year 2000, in which 35% to 50% of patie-
ntswith cryptogenicischemic stroke had
aPFO versus 4% 10 10% of age-matched
controls.5> Nevertheless, a more recent
meta-analysis of 15 studies reporting da-
ta on recurrent ischemic cerebrovascu-
lar events in patients with PFO showed
that the pooled RR for recurrent ische-
mic stroke or TIA in patients with ver-
sus without PFO was 1.1 (95% CI 0.8 to
1.5) and for ischemic stroke, the pooled

RR was 0.8 (95% CI 0.5 to 1.3).” The-
se data do not support an increased re-
lative risk in either of those groups. It is
suggested that factors increasing the risk
for venous thrombosis, prothrombotic
mutations,”2® presence of concurrent
atrial septal aneurysm (ASA),"*® or pre-
sence of other anatomical variations'3°
could further increase the stroke risk as-
sociated with PFO. Another problem in
diagnostics of PFO-related cerebral em-
bolism lies in its transient nature; veno-
us thrombosis is rarely detected.’s° Until
more evidence is gathered, PFO—despi-
te its complexity—should be considered
as a potential cause for ischemic stroke
in young adults in the absence of higher
priority etiology.

2.3.5 Small-vessel disease

Cerebral small-vessel disease is general-
ly related to older age and presence of
hypertension or diabetes.! Percentages
of small-vessel disease in young adults
ranged thus from 2% to 9% in most stu-
dies.1213:1627.567512.13 However, conside-
rably higher proportions were seen in
Korean (17%)7° and Taiwanese (21%)”
patients, South-African whites (16%),7>
Israeli patients (15%),%° and in two Eu-
ropean studies that used 49 as the upper
age limit (15% to 17%).5478 In previous
studies applying other than TOAST clas-
sification, higher rates of small-vessel di-
sease appeared also in US blacks (21%)83
and in Japanese (26%)"5 than in similar
studies including white or Hispanic po-
pulation (0% to 10%).78:2384851u6.17 Thyg,
small-vessel disease seems to be clearly
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Table 7. Reported specific sources of cardioembolism in studies that have presented numbers of both high-
risk and low- or uncertain risk sources in young ischemic stroke patients. Some of the sources may overlap
because of different definitions and nomenclature used in the studies.

Cardiac source References n % of total
Patent foramen ovale (PFO) RBIBBALALITIRIANNNT 188 20.8%
Rheumatic valve disease RN OLE 97 10.8%
Mitral valve prolapse (with or without regurgitation) MastiR AN 92 10.2%
Prosthetic valve AL 59 6.5%
Atrial septal aneurysm (ASA) SRTRIL IR 49 5.4%
Infectious endocarditis bt ot il 45 5.0%
PFO with ASA BANILI 39 4.3%
Mitral stenosis i 34 3.8%
Nonspecific mitral valve disease e 34 3.8%
Arial fibrillation AL ol k1] 3.4%
Recent or acute myocardial infarct PARIB IS 27 3.0%
Other or nonspecific cardiomyopathy ot 26 2.9%
Nonspecific valvular pathology TR 20 2.2%
Hypokinetic left ventricular segment DTS 14 1.6%
Chronic ischemic heart disease “ 12 1.3%
Dilative cardiomyopathy fost it 1 1.2%
Akinetic left ventricular segment LIS 1 1.2%
Left ventricular thrombus IR 10 1.1%
Myxoma 8132778 8 0.9%
Aorlic atheroma i 8 0.9%
Aortic valve disease TR ri 0.8%
Caongenital cardiac malformations b 7 0.8%
Remote myocardial infarct 854,118 7 0.8%
Aortic valve or mitral annular calcification " 6 0.7%
Atrial septal defect b 5 0.6%
Ventricular aneurysm WL 4 0.4%
Wolf-Parkinson-White syndrome ] 4 0.4%
Left atrial thrombus Aty 3 0.3%
Idiopathic archythmia e 3 0.3%
Fibrin strands * 3 0.3%
Endomyocardial fibrosis e 2 0.2%
Left atrial enlargement/left ventricular dysfunction e 2 0.2%
Alrioseptal operations n 2 0.2%
Maon-bacterial thrombotic endocarditis L 1 0.1%
Congestive heart failure " 1 0.1%
Sick sinus syndrome m 1 0.1%
Kearns-Sayre syndrome . 1 0.1%
Cardiac oxalosis i 1 0.1%
PFO with pulmonary arteriovenous fistula = 1 0.1%
Ventricular septal defect : 1 0.1%
Paroxysmal supraventricular tachycardia L 1 0.1%
Aseptic endocarditis L 1 0.1%

Total

k=3
=
w
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more common among young black po-
pulations and in Asians.

2.3.6 Other determined etiologies

The fourth TOAST subgroup, other de-
termined etiology, forms an important
etiologic subgroup with a wide range
of diagnoses and accounting for 18%
to 44% of all young patients in most of
the studies.!>316547578 8011113 | gwer rates
appeared in the Iranian® and South In-
dian studies.®® Table 8 summaries this
heterogeneous group of causes as they
appear in the young stroke series from
the last two decennia. It should be no-
ted that many studies are small and have
presented inaccurate data, eg on hema-
tological causes or underlying cause of
the vasculitis, or have included strokes
attributable to cerebral venous throm-
bosis or subarachnoid hemorrhage (the-
se were excluded from the count here).
Studies were also heterogeneous in
terms of setting (multicenter, hospital-
based, population-based) and extent of
diagnostic protocols. Causality in some
of the previously presented mechanisms
for ischemic stroke may also be ques-
tionable based on more current know-
ledge. In addition, numerous anecdotal
conditions among those over 200 cau-
ses'? that may be causing stroke in al-
so young adults appear only in forms of
case reports and may not be represented
in patient series presented here.

With an incidence rate of only about
2.6 t0 3.0 per 100 000 inhabitants in the
general population,'33 the most impor-
tant cause of stroke in young adults—

and naturally in the other determined
TOAST-group—is cervical artery dissec-
tion (CAD), accounting for 10% to 24%
of ischemic strokes in large and most-
ly recent patient series from numerous
geographicregions and populations with
various age limits.7-9:1216:23,76-78,85,112,117,119.134
However, in other studies proportions
of dissection were more modest (1%
to 7%)6:135456:71727584113-1518 and some
identified only one” or no patients with
dissection.*+'5 These mostly older stu-
dies likely suffered from methodological
limitations, such aslack of detailed vessel
imaging. One study including 37 patients
with cerebellar infarct reported that 27%
of them had vertebral artery dissection
(VAD),s° and in another study including
130 women aged 11 to 40 years, 12% had
dissection.’” Multiple dissections, re-
ported in 7% of all dissection patients
in a large single-center study,'3® were ra-
rely documented in the series of young
ischemic stroke victims.?37819 If reported
in detail, internal carotid artery dissec-
tions (ICAD) were more common than
VAD in most of the studies,897%77,78,85:118,119
which may partly originate from metho-
dological limitations regarding vascular
imaging, as one young stroke study with
extensive vascular imaging protocol, re-
ported similar frequencies for ICAD and
VAD.?3 Moreover, proportion of VAD pa-
tients with brain infarct (85%) was clear-
lylargerthan that of the similar ICAD pa-
tients (63%) among non-selected dissec-
tion patients.'®® Although based on most-
ly small studies, major or trivial trauma,
recent infection, and genetic factors (eg
monogenic Ehlers-Danlos syndrome)
have been suggested to predispose to dis-
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Table 8. Reported other determined etiologies in series of young ischemic stroke patients.

Etiology References n % of total
cel’\-‘merebl’al al‘lel')l' dlssecunn TRAZADM.ZA56. 71 TLTET8.05. 1111, 17118 500 35‘5%
Primary antiphospholipid syndrome L o ol e o 147 10.7%
Vasculilis TRAZ13,56,71. 73,75 T8 85 11111 117,118 11 3 8_2%
M|gl"aiﬂ9—f9|ated Slfﬂks T893, 96, 7375-77,84,111,113 105 7_7%
Olal ml‘lll‘acepﬁ\!e use 22 TITS AN 1B 119 ?2 5-3%
lllicit drug use BARIS, 1 1k 63 4.6%
Moyamoya 12,86 75T7 101107 47 3.4%
SLE with or without antiphospholipids TAIBS 56T TETIATL A HE 39 2.8%
Pregancy or postpartum slate 713295470, 75,7704 o7 2.0%
HIV associated cause 2375113 24 1.8%
Neurocysticercosis et 19 1.4%
PI'O‘tein 5 deﬂClEnC)f 13,23,54 56, 75,8554 110,113 1? 1_2%
Fibromuscular dysplasia TR AT 16 1.2%
Protein C deficiency BA3IBTSAS AN 13 08%
Essentiel thrombocytemia L130.11.85.04 10 12 0.9%
Head or cervical trauma eaisied 12 0.9%
Malignancy i 10 0.7%
Aleohol-related cause tare 10 0.7%
Mitochondrial disease TATET 9 0.7%
Eclampsia L1811, 118 9 0.7%
/e . ion/aneur ysm LFRERARIIRE] 8 0.8%
Antithrombin 1ll deficiency TLELTE 7 0.5%
Neurosyphilis 1I677113 7 o5
Sneddon's syndrome AT 13 7 0.5%
CADASIL el 6 0.4%
Inflammatory bowel disease 10.75,54, 193,107 B 0.4%
Polycytemia vera s 5 0.4%
Catheler angiography A 5 0.4%
Neck surgery THE 5 0.4%
Factor V Leiden mutation iy 4 0.3%
Neuro-Behgel's disease i 4 0.3%
Sickle cell disease EI, 4 0.3%
Radiation vasculopathy LE AT 3 0.2%
Di inated int ular coagulopathy " 3 0.2%
Dolicoectatic artery L 3 0.2%
Homocysteinemia b 2 0.1%
Hyperfibrinogenemia e 2 0.1%
Susac's syndrome " 2 0.1%
Aortic dissecting aneurysm n 2 0.1%
Nephrotic syndrome b 2 0.1%
Platelet hyperaggregation bt 1 0.1%
Hyperviscosity e 1 0.1%
Tissue plasminogen activator decrease iz 1 0.1%
Heparin induced thrombopenia i 1 0.1%
Circulating anticoagulant b 1 0.1%
Factor VIl increase " 1 0.1%
Sturge-Weber syndrome n 1 0.1%
Severe anemia " 1 0.1%
Ollier's dissase " 1 0.1%
Ergot intoxication T 1 0.1%
Schistosomiasis 1 1 0.1%
Intracranial operation 7 1 0.1%
Chemotherapy iy 1 0.1%
Plasmin system defect i 1 0.1%
Fabry's disease - 1 0.1%
Conn's syndrome i) 1 0.1%
Candida infection 13 1 0.1%
Postoperalive coarctation of aorta " 1 0.1%
Pseudoxanthoma elasticum " 1 0.1%
Thrombocytopenic purpura - 1 0.1%
Total 1371

SLE, sy ic lupus eryth sus; HIV, human immunodeficiency virus; CADASIL, cerebral autosomal dominant arteriopathy with subcortical

infarcts and leukoencephalopathy.
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section, the condition being thus mul-
tifactorial in nature.’s3'3® Because of its
high frequency, immediate noninvasive
vascular imaging, preferably with MR-
angiography or CT-angiography, is of pa-
ramount importance in each young pa-
tient with suspected ischemic stroke.3?

After dissection, the next most com-
mon rare causes of stroke encountered
in the literature were antiphospholi-
pid syndrome and vasculitides (Table
8). Antiphospholipid antibody syndro-
me—classically defined as presence of
anticardiolipin antibodies or lupus an-
ticoagulant, or both, in concurrence
with arterial, venous, or small-vessel
thrombosis in any tissue or organ—is
a well described hypercoagulable state
and etiology of stroke.'”? Young stroke
series rarely documented whether the
presence of antiphospholipids was la-
ter confirmed according to the consen-
sus guidelines4° and did not report the
presence of anti-b -GP-I antibodies. An-
tiphospholipid antibodies, initially actu-
ally described in patients with SLE, are
important contributors of stroke secon-
dary to SLE.* As referred above, also
SLE can cause ischemic stroke by several
other mechanisms, namely by causing
cardiac embolization'* and by accelera-
ting atherosclerosis.*#> However, vascu-
liticmechanism in SLE-related ischemic
stroke is probably overestimated in the
past and such a diagnosis should only
be based on biopsy.!4

In studies that reported details of
specific vasculitides, primary angiitis
of the central nervous system (PACNS)
was diagnosed in 7 patients.”>”® PACNS

isvery rare in general and its diagnostics
are challenging; the largest series to date
is by Salvarani and colleagues, with 101
patients collected over a 21-year time pe-
riod.*4 Of their patients (median age 47),
53% had infarcts on MRL.*#4 In young
stroke series, other specific systemic
or secondary vasculitides reported we-
re Takayasu’s arteritis (n=26),%5676:117.u8
Kawasaki’s disease (1),75 Zoster arteritis
(1), vasculitis associated with sarcoido-
sis (1), tuberculosis-related vasculitis
(5),7 familial leukocytoclastic vasculitis
(1),® and vasculitis attributable to bru-
cellosis (1), borreliosis (1), and pneu-
mococcus infection (1).”* Neurocysti-
cercosis may cause stroke by various
mechanisms,# vasculitis being the
prominent one.**47 Barinagarremen-
teria and colleagues reported vasculitis
associated with neurocysticercosis in 14
young ischemic stroke patients, all with
subarachnoid cysts.? Neurocysticerco-
sis, along with Chagas’ disease, may in
fact be one of the most important causes
for stroke in the young in certain ende-
mic areas.#® Vasculitic mechanism may
also underlie those causes that were re-
ported in the young stroke literature
as neurosyphilis'+ (also in conjuncti-
on with HIV infection®), inflammatory
bowel disease,° illicit drug use,’s* and
HIV.'52 HIV infection was an important
cause (6%) for stroke in the South-Af-
rican young stroke study,” while anot-
her South-African study identified that
91% of their HIV-infected stroke patie-
nts (n=64) were <46 years and HIV was
a major indirect or direct factor—pro-
bably by various mechanisms!2—cont-
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ributing to stroke in those patients.!s3

Moyamoya disease, originally consi-
dered to affect mainly people of Asian
origin but now been observed throug-
hout the world,’>* was more common
in Korean and Taiwanese young ische-
mic stroke patient populations.”®”” St-
rokes due to inherited coagulopathies
or monogenetic syndromes (such as
mitochondrial diseases, cerebral auto-
somal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopat-
hy [CADASILY], or Fabry’s disease) were
rather rarely documented in the litera-
ture (Table 8).

Migraine was fourth common cau-
se among the group of other determin-
ed etiology, which is a debatable issue.
According to the 2004 International
Headache Society (IHS) classification
of headache disorders, migrainous in-
farct (MI) has to fulfill the following
three criteria: 1) the present attack in
a patient with migraine with aura is
typical of previous attacks except that
one or more aura symptoms persist for
>60 minutes; 2) neuroimaging has to
demonstrate ischemic infarct in a rele-
vant area; and 3) stroke should not be
attributed to another disorder.'s> Only
few young stroke studies applied the-
se criteria for MI and reported very low
overall frequencies (about 1%).51® In
more remote studies with variable cri-
teria for MI, up to 21% of all strokes in
the young were thought to be caused
by migraine.” The exact pathophysiolo-
gical mechanisms of MI are unknown,
but several have been suggested, which
include ischemia induced by the cortical
spreading depression and vessel wall al-
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terations due to repeated arterial vaso-
constrictions.’®® Migraine probably is a
significant risk factor+—albeit overesti-
mated as a cause in the past—for ische-
mic stroke in the young and associated
with specific disorders such as CADA-
SIL and MELAS (mitochondrial myo-
pathy, encephalopathy, lactic acidosis,
and stroke-like episodes).’s” Neverthe-
less, by what mechanisms migraine in-
dependently can causeirreversible brain
ischemia, warrants further elucidation.

Pregnancy or puerperium, rather
frequently reported causes in young
ischemic stroke series, are other enti-
ties that may comprise several potential
mechanisms for ischemic stroke. These
include eclampsia, pre-eclampsia (re-
ported also separately'©118)  rever-
sible cerebral vasoconstriction syndro-
mes (RCVS),'s® and reversible posterior
leukoencephalopathy syndrome,'® with
possible overlapping between each ot-
her. RCVS may also underlie strokes that
were reported to be caused by ergot in-
toxication, chemotherapy, or related to
intracranial operation.777:113158

Illicit drug use was a rather common
cause for stroke as well and particular-
ly frequent cause in urban areas in the
USA (approximately 5%),348 where
recent illicit drug use occurred in 12%
of young adult stroke patients based on
data from the Baltimore-Washington
Cooperative Stroke Study.®® The stroke
mechanisms associated with illicit drug
use are various and may in part be asso-
ciated with vasoconstriction,s® but other
mechanisms—such as vasculitis, acute
severe hypertension induced ischemia,
embolism attributable to drug impuri-



ties, paradoxical fat embolism, cardio-
myopathy-induced or infectious embo-
lism including endocarditis, and hypo-
xia during a drug overdose—might play
role, as well.’>* Nevertheless, it is diffi-
cult to assess the causal role of an in-
dividual drug in the stroke etiology, as
drug addicts commonly use mixture of
drugs and do not give onset report of
their usage.’® Heye and Hankey have
recommended that abuse of recreatio-
nal drugs has to be considered in any
young patient with stroke, even if the
patient denies the use of drugs or in the
presence of other risk factors.'*
Iatrogenic strokes were usually
excluded from young stroke series (Tab-
le 8), but in clinical practice there may
appear strokes in young adults as well
attributable to neuroendovascular pro-
cedures, coronary angiography, or tre-
atment of intracranial aneurysms.'®21%
Finally, oral contraceptive use—a fre-
quently reported etiology of ischemic
stroke in past studies—is no longer re-
garded an independent cause for ische-
mic stroke as such, but rather is a risk
factor, which in combinations with other
factors (eg smoking, migraine, inherited
oracquired coagulopathies) might cont-
ribute to developing an arterial throm-
bosis.® Exact mechanisms of such inte-
ractions are currently unclear, however.

2.3.7 Undetermined etiology

In studies that applied TOAST criteria
and classified PFO as a source for car-
dioembolism, 16% to 48% of causes re-
mained unknown. These high percen-

tages of unknown etiology may reflect
the extent of and patient adherence to
diagnostic work-up, but also might be
due to other factors such as timing of
evaluation. However, young adults are
probably usually well investigated and
these may mostly be “pure” cryptogenic
strokes caused by currently unknown or
poorly understood genetic factors—or,
given the relatively high frequencies of
stroke risk factors in young adults, they
might result from gene-environmental
interactions.®

Strokes due to Fabry’s disease were
rarely documented in previous young st-
roke series.’® A 2005 German study—in-
cluding 721 adults aged 18 to 55 years
suffering from cryptogenic stroke—ob-
served that 4.9% of men and 2.4% of
women stroke patients had a biologi-
cally significant mutation within the a-
galactosidase-gene, causing Fabry’s di-
sease.'* Strokes related to Fabry’s dise-
ase were particularly common in the ver-
tebrobasilar territory.**+ Another recent
study suggested that stroke in Fabry’s
disease frequently can occur in the ab-
sence of other key signs of the disease. %
Fabry’s disease, initially described for
more than a century ago,'®® may thus be
one of the previously poorly recognized
genetic causes that have expanded the
undetermined etiology group in young
stroke studies.

Recently described other genetic risk
factors, such as promoter polymorphism
in the plasma glutathione peroxidase ge-
ne, may also play important role in the
mechanisms of ischemic stroke in the
young.# Itis currently an open question,
whether complex interactions of known
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risk factors,® or gene-environment risk
factor interactions®®7°—suggested to in-
crease the risk for stroke—can causally
explain arterial thrombosis per se and
by what mechanisms. Infections may be
underestimated as stroke risk factors,
but their effect on stroke risk seems to
be universal and they are known or sus-
pected to contribute to stroke by vario-
us mechanisms;* genetic susceptibility
and traditional factors may cooperate in
this process as well.¥

A practical problem in determining
stroke etiology arises from timing of
diagnostic procedures. This may be a
particularly important aspect in young
adults because symptoms may be ful-
ly reversible and risk factors transient
in nature (immobilization or preceding
infections, for example). Strokes ori-
ginating from vasospasm, such as mi-
grainous infarct'®® or RCVS,*® may be
underestimated and classified as unde-
termined because the vasospasm can be
fully resolved when the ischemic stroke
patient presents.'®” As diagnosis of mi-
grainous infarct is partly based on pa-
tient history, it may be difficult for the
patient to exactly recall the details of the
attack course. Cardioembolism may al-
so be transient, leaving no evidence in
brain imaging or cardiac echocardiog-
raphy, particularly if appropriate diag-
nostic procedures are performed days or
weeks after the event.’° Another major
problem concerning cardiac embolism
in the whole population is the diagnostic
challenge of paroxysmal (in about 30%
of patients with stroke®), and often as-
ymptomatic (up to 30%'*) atrial fibril-
lation.2° Although the prevalence cor-
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relates strongly with increasing age,7°
asymptomatic and transient atrial fibril-
lation may be underdiagnosed in youn-
ger adults as well.

2.4 CLINICAL PRESENTATION
AND IMAGING FEATURES

In young adults with ischemic stroke,
clinical neurological manifestation does
not generally differ from older patients.
However, one could assume that due to
different etiologic profile, stroke severi-
ty and distribution of ischemic lesions
might be different in young adults. St-
roke localization may also give clues of
the underlying etiology and help in dif-
ferential diagnosis—particularly in the
young with several mimicking condi-
tions such as multiple sclerosis. In this
age group, the optimal imaging moda-
lity is thus magnetic resonance imaging
(MRI) with magnetic resonance angiog-
raphy (MRA), albeit most imaging da-
ta in the previous young stroke studies
are CT-based.

2.4.1 Stroke severity

Only few studies have assessed initial st-
roke severity in the young. Two studies
assessed stroke severity with the Na-
tional Institutes of Health Stroke Scale
(NTHSS).”* In the French study, mean
NIHSS score was 7.7+5.7 (range 1-22),%7
whereas patients scored for a median of
5 (range 1-35) in the Swiss study.*® Both
studies showed higher scores in anteri-
or circulation infarcts. Stratified by the



Bamford criteria,"® median NIHSS sco-
res were 13 in TACI, 5 in PACI, 3 in LA-
CI, and 3.5 in POCIL.!* A Norwegian study
categorized stroke severity according to
Hindfelt and Nilsson (1977)7* into none,
mild, moderate, and severe, and found
that among patients admitted within 24
h after stroke onset, those with posterior
circulation infarcts had milder neurologi-
cal deficits than had those with anterior
circulation infarcts.?* Majority of those
admitted >24 h after onset had minor
symptoms.? In an Italian study using
dichotomized stroke severity classifica-
tion based on the modified Rankin Sca-
le (minor, mRS <3; major, mRS >3; see
chapter 2.6.1 for details on mRS), 40%
of patients had minor strokes, 52% had
major strokes, while 8% of their patie-
nts had TIA.%4 The South-African study”
assessed the degree of neurological defi-
cit with the Canadian Neurological Scale
(CNS)73 and mRS at time of initial exa-
mination. According to CNS, 89% of their
white patients had mild, 8.7% had mode-
rate, and only 2.3% had severe strokes,
but of blacks, significantly more patients
had severe strokes (8%).7> The same dis-
parity was seen on mRS scores: blacks
were more often dependent (61% versus
19% scoring 3 to 5 on mRS) while 56%
of white had no or only minor symptoms
at initial examination versus only 18%
in blacks. However, that study included
6.1% intracerebral hemorrhages in the
white group and 9.4% in the black group.

In the German Stroke Data Bank
including 5017 patients (mean age
65.9+14.1), stroke severity—measured
with NIHSS—was most severe in car-
dioembolic strokes (median NTHSS sco-

re 8), least pronounced in small-vessel
disease (3), and of medium severity in
other etiologies (5), while overall me-
dian score was 5.5 Another German st-
roke registry study reported stroke se-
verity of 10 800 patients with an index
that was based on number of neurolo-
gical deficits—paresis and/or weakness,
aphasia, dysarthria, and a disturbed le-
vel of consciousness—resulting in a sco-
re ranging from o to 4.7+ Of their pa-
tients, 59.4% had none or only one of
these deficits, 30.2% had two, 8.7% had
three, and 1.8% had all four deficits.7+
Dhamoon et al reported stroke severity
with NTHSS in patients recruited in the
population-based Northern Manhattan
Study: 54.6% scored o to 5 on NIHSS
(mild stroke), 35.1% had NIHSS score
of 6 to 13 (moderate), and 10.3% had se-
vere stroke (NIHSS score >14).75 Thus,
based on the previous data, baseline st-
roke severity may be milder in younger
compared with older stroke populations.

2.4.2 Stroke localization

In young stroke studies that reported
localization of stroke, in 52% to 87% of
patients the stroke affected anterior cir-
culation and 13% to 41% had posterior
territory ischemia.”9:23:2478.94.117:119,134.176 Tpy
four studies, 3% to 12% had multiple st-
rokes in both territories.”*37%176 One stu-
dy reported that there were no gender
difference regarding stroke distribution
between anterior and posterior circula-
tion.2+ Majority of infarcts were left-si-
ded (left, 58-65% versus right, 35-42%),
while only three studies reported bilate-
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ral strokes (5-8%).94117:134176.177 The late-
rality of strokes in the young is in con-
cordance with a German hospital-based
registry data, in which 56% had left he-
mispheric and 44% right hemispheric
events."”8

In young stroke studies that pre-
sented more detailed data on vascu-
lar territories, middle cerebral artery
(MCA) infarcts occurred in 52% to 86%,
anterior cerebral artery (ACA) infarctsin
0% to 5%, vertebrobasilar territory in-
farcts (including cerebellum but exclu-
ding posterior cerebral artery [PCA]) in
5% to 38%, and ischemia in PCA terri-
tory in 2% to 20%.7:2494117:134176177 The wi-
de variation in the frequencies of parti-
cularly posterior territory strokes may
mostly arise from varying use of MRI
and small patient cohorts. If categorized
according to the Bamford criteria,"* 15%
t019% had TACI, 36% to 41% had PACI,
23% to 29% had POCI, and 9% to 22%
had LACI.**75% Hoffmann also reported
corresponding rates for blacks: 43% for
TACI, 26% for PACI, 17% for POCI, and
4% for LACI, observing thus significant
difference in TACI, PACI, and POCI bet-
ween the two main South-African eth-
nic groups.”

Two studies reported topography
of cerebellar and brainstem infarcts in
young adults. In the study by Barinagar-
rementeria et al (n=37; mean age 30),
posterior inferior cerebellar atery (PI-
CA) was infarcted in 40%, superior ce-
rebellar artery (SCA) in 57%, whereas
21% had mixed infarcts and none had
infarcts of the anterior inferior cerebel-
lar artery (AICA).3° Malm and collea-
gues reported that in their 24 patients
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(23% of a consecutive series of 105 pa-
tients) who had infratentorial infarcts, 8
had infarcts in PICA, 5 in SCA, 1 in AI-
CA, 2 had pontine infarcts, 1 had mixed
AICA and pontine infarcts, 2 had lateral
medullary infarcts, 3 had mixed PICA
and SCA infarcts, while 2 had nonspe-
cific infarct location.””?

In older stroke populations, MCA
territory strokes accounted for 51%,
ACA infarcts for 5%, PCA infarcts for
7%, brainstem infarcts for 11%, deep
small-vessel infarcts in the hemisphe-
res or brainstem for 13%, while 9% had
multiple lesions in a study of 2213 pa-
tients undergoing inpatient rehabilitati-
on.'®° Another general stroke population
study with 545 consecutive patients re-
ported stroke anatomic subtypes accor-
ding to the Bamford criteria: TACI 23%,
PACI 32%, POCI 10%, and LACI 34%.5
Based on these data, young adults may
have more posterior territory infarcts
than do elderly patients and they have
less lacunar strokes defined by the Bam-
ford criteria.

2.4.3 Asymptomatic brain infarcts
and white-matter changes

Regarding other vascular brain ima-
ging findings in young stroke patients,
presence of silent brain infarcts (SBIs)—
ischemic lesions lacking corresponding
overt stroke-like symptoms—was not
systematically reported in young stroke
studies and was only incidentally men-
tioned.’®* The same holds true for leu-
koaraiosis, which is defined as bilateral
patchy or diffuse white-matter areas of



low attenuation on CT or hyperinten-
se T2 MRI-areas. In certain rare genet-
ic conditions causing ischemic stroke,
such as in CADASIL, both SBIs and leu-
koaraiosis may appear already in early
adulthood.®3 SBIs have been reported in
younger migraineurs as well.'%

SBIsare frequently seen in apparent-
ly healthy elderly populations and they
areindeed common in patients with car-
diovascularrisk factors, the mostimpor-
tant determinants being increasing age
and hypertension.’®s In a Japanese series
of older patients with first-ever ische-
mic stroke, 57% had SBIs.’®¢ Prevalen-
ce of SBIs in young adults can only be
crudely estimated from two studies in-
cluding healthy middle-aged subjects:
prevalence was 0% among those aged
20 to 39 years and 1.7% in those aged
40 to 49 years in a South-Korean stu-
dy,'®” whereas percentage of <8% was
indicated for those aged 30 to 49 years
in the Framingham Offspring Study.’®
Leukoaraiosis also is a frequent finding
among elderly general population'8o-1
and in stroke patients. In a communi-
ty-based Japanese study, prevalence of
leukoaraiosis was a few per cent in par-
ticipants at their 40s.1

Both SBIs and leukoaraiosis are cli-
nically significant in general and might
have prognostic value also in the young;
however, such data in the young are
currently lacking. In general older po-
pulation, both SBIs and leukoaraiosis
are associated with a high risk of recur-
rent stroke events and cognitive decli-
ne,"9>93 and leukoaraiosis even increas-
es the risk for incident falls.9* SBIs can
cause subtle cognitive and physical defi-

cits that commonly go unnoticed.'®> Af-
ter an acute ischemic stroke, SBIs may
not have impact on prognosis, % but leu-
koaraiosis is associated with increased
risk of death or dependency, recurrent
stroke, intracerebral hemorrhage under
anticoagulation, myocardial infarction,
and post-stroke dementia.’?® Both SBIs
and leukoaraiosis are strongly associ-
ated with small-vessel disease and they
share common risk factors and patho-
physiologic mechanisms.?”

2.5 SPECIFIC TREATMENT
ASPECTS OF ISCHEMIC
STROKE IN THE YOUNG

2.5.1 Emergency treatment

General multifaceted treatment guide-
lines in the acute setting of ischemic
stroke do not differ from older patie-
nts.'8 Based on several randomized tri-
als and large amount of observational
data, intravenous thrombolysis with tis-
sue plasminogen activator, alteplase, is
now regarded as the first-line treatment
for acute ischemic stroke for up to 4.5
hours from symptom onset.'*9-2°3 Rates
of symptomatic intracerebral hemorr-
hages (SICH) in those studies have ran-
ged from 1.7% to 8.6%, with various defi-
nitions and depending on the time point
of evaluation.#2°¢ As young adults ha-
ve been underrepresented in randomi-
zed trials and data sets, current data on
thrombolytic treatment in the young are
scarce, however.2°4 Efficacy and safety of
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thrombolysis may be difficult to predict
due to their different etiology and risk
factor profiles. It is universally recogni-
zed that younger individuals have better
outcomes for strokes of similar severity
than do older patients.?*¢ But whether
young patients could still benefit from
thrombolysis, is unclear. Available data
suggest that those aged <60 benefit mo-
re from thrombolysis than older patie-
nts.?? However, those <60 years cannot
be regarded as representing young stro-
ke patients if the mean age was 67 to 69
years in the National Institute of Neu-
rological Disorders and Stroke (NINDS)
thrombolysis trials.*

According to these NINDS trials'%
and one retrospective study,2* stro-
ke subtype, defined prior and after ex-
haustive diagnostic evaluation, does not
affect response to intravenous throm-
bolysis. Due to their diversity of cau-
ses, and the high frequency of arterial
dissection and cryptogenic stroke, the-
se data may not be generalized to apply
all young adults. The proportions of ot-
her determined etiology (TOAST 4) were
only 1% to 4% in these studies, and the
NINDS trials did not report any patient
with cryptogenic stroke, whereas in the
study by Hsia and co-workers this per-
centage was 18%.1992%5

Intravenous thrombolysis in dissec-
tion patients was not assessed in any
randomized trial. Data on thisissue arise
currently from non-randomized studies
involving 52 patients with internal caro-
tid artery dissection.>°® Another 7 patie-
nts received intra-arterial urokinase.2*”
Almost all patients were treated within
3 hours from symptom onset, one pa-
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tient developed hemiplegia and aphasia
40 min after the start of alteplase infusi-
on caused by recurrent cerebral infarct
and died 3 days later, and only one pa-
tient suffered from SICH.2°¢ Alternative
or adjuvant acute treatment approach—
albeit not evidence-based—for dissecti-
on patients is angioplasty and stenting,
that were reported in nearly one hun-
dred patients in the literature.2°® Sten-
ting was performed for indications such
as traumatic and nontraumatic dissec-
tion, acutely for tight stenosis, or later
development of dissecting aneurysm.>°¢
Technically, procedures were successful
with only five (5.2%) technical failures,
few perioperative complications, three
TIAs (3.1%), no strokes, and only one
death due to myocardial infarct during
the first 30 days of follow-up; after 30
days, there were no ipsilateral strokes
and only two re-stenoses occurred.2°®
Regarding other specific issues with
intravenous thrombolysis in certain
young patients, limited literature sug-
gest that in pregnant females alteplase
should not be withheld, but risks and
benefits should be carefully assessed.2®
Thesameholdstruein case of menstrua-
ting females.>* Because of broad spect-
rum of causes and differential diagno-
sis, misdiagnosis of stroke may be more
common among young adults particu-
larly in acute setting with limited avai-
lable data on brain imaging and ancillary
testing. Diagnoses mimicking stroke are,
however, rather infrequent in general in
alteplase-treated patients, and hemorr-
hagic complications were absent in one
study assessing this issue.?°
Considering basilar artery occlusion



(BAO), a recent multicenter study in-
cluding 592 patients (of which 114 we-
reaged <50) did not find clear difference
between intravenous and intra-arterial
thrombolysis at any time window.>" Yet,
that study did not present separately da-
ta for younger patients. While data from
randomized trials in BAO do not exist,
the authors encouraged clinicians to tre-
at BAO patients with mild-to-modera-
te symptoms with intravenous throm-
bolysis, in case of worsening symptoms
with intra-arterial thrombolysis, and
either with intravenous or intra-arte-
rial thrombolysis in patients who pre-
sent with severe deficits.?"* Other appro-
aches for BAO, such as thromboaspira-
tion, have also been reported in the li-
terature in young adults.>2

Younger patients may be more sus-
ceptible for developing severe brain
edema as a result of malignant MCA
infarction, with a very high mortality
rate (80%) associated with this condi-
tion?324 but no proven medical thera-
py.2 Based on the results of three re-
cent randomized controlled trials, there
now is an effective treatment option—
decompressive hemicraniectomy—for
such young patients.®

In addition to intra-arterial throm-
bolysis, several other endovascular ap-
proaches, along with novel thrombolytic
agents, have been developed and inves-
tigated for the acute treatment of ische-
mic stroke.?72'® These treatment appro-
aches could possibly be often conside-
red in younger stroke victims in research
settings or in clinical practice, despite li-
mited evidence, as alast resort of hope or
as an alternative to intravenous throm-

bolysisin case of definitive contraindica-
tions. Endovascular approaches include
mechanical thrombectomy, mechanical
disruption of the clot, and ultrasonic fib-
rinolysis.?” Other investigational appro-
aches, such as endovascular>? and tran-
scranial laser therapy®*° are under in-
vestigation. Increasing the thrombolysis
time window by visualizing ischemic co-
re and salvageable penumbra with CT-
perfusion or with diffusion- and perfusi-
on-weighted MRI techniques, may give
chance to increase the number of youn-
ger patients eligible for thrombolyis.*®
Several still experimental devices, neu-
roprotective agents, and hypothermic
treatment protocols have also been te-
sted,?® possibly giving an alternative—
or adjunctive, in addition to established
treatments—approaches for the acute st-
roke treatment in young adults as well,
in research settings or in future clinical
practice.

2.5.2 Secondary prevention

General evidence-based recommenda-
tions on the prevention of ischemic stro-
ke in patients who have survived ische-
mic stroke do not differ in young adults
from those applied in older stroke vic-
tims.2*! These include control of vascu-
lar risk factors, healthy lifestyle (smo-
king cessation, weight reduction, die-
tary changes, reduction or elimination
of alcohol use, and physical activity),
anticoagulation for stroke of high-risk
cardioembolic source, antiplatelets for
noncardioembolic stroke, and interven-
tional approaches for large-artery athe-
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rosclerosis.* However, due to awide va-
riety of causes, stroke treatment after the
acute phase, and subsequent seconda-
ry prevention, is more tailored in young
adults depending on the underlying etio-
logy. Certain issues—such as the optimal
secondary prevention medication after
CAD, presumably PFO- or inherited
coagulopathy-related stroke, or stroke
during pregnancy—that physicians most
commonly have to consider specifically
inyoung adults, are discussed here. The-
re are generally no evidence-based stra-
tegies for those circumstances.

Based on a consensus agreement,
immediate anticoagulation is recom-
mended in CAD patients with (pseudo)
occlusion of the dissected artery, high in-
tensity transient signals in transcranial
ultrasound despite antiplatelet therapy,
multipleischemiceventsin the same cir-
culation territory, or with free-floating
thrombus. In those with severe stroke
(NIHSS score >15), accompanying int-
racranial dissection, local compression
syndromes without ischemic events, or
concomitant diseases with increased
bleeding risk, antiplatelet medicati-
on seems to be preferable.’® Regar-
ding safety of anticoagulation in patie-
nts with intracranial dissection, oppo-
site argument have been suggested as a
Finnish study including both ICAD and
VAD patients observed that those with
nonaneurysmatic intracranial dissecti-
on without subarachnoid hemorrhage
have favorable outcome and anticoagu-
lation in them was safe.??? A recent stu-
dy analyzing a large cohort of ICAD pa-
tients (n=298) suggested that frequen-
cy of new cerebral and retinal ischemic
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events is low and probably independent
of the type of antithrombotic treatment
(aspirin versus anticoagulants).?2 Ho-
wever, results of that study should be
interpreted with caution, because of so-
me crucial differences in the aspirin and
anticoagulant groups, such as degree of
carotid stenosis and proportion of those
with only local or no symptoms.=23 Seve-
ral authorities have suggested and plan-
ned arandomized controlled trial for the
assessment of best medical treatment in
CAD patients,?** but none such has been
managed to conduct to date.?*® Current
American Stroke Association guidelines
suggest—based on expert opinion—con-
sideration of endovascular stenting or
surgical treatment (if not eligible for
stenting) in patients who have defini-
tive recurrent ischemic events despite
medical therapy.>*

Treatment options for patients with
PFO include antithrombotic agents, an-
ticoagulation, and surgical or transcat-
heter closure.®* In the only randomized
trial, Patent Foramen Ovale in Crypto-
genic Stroke Study, comparing aspirin
(325 mg) and warfarin (international
normalized ratio range 1.4 to 2.8), the-
re was no significant difference in rates
of recurrent stroke or death in either of
the groups during a follow-up of 2 yea-
rs (17.9% in the aspirin group versus
9.5% in the warfarin group) and rates
were similar to those without PFO and
otherwise cryptogenic stroke.2*s Safe-
ty and efficacy regarding surgical clos-
ure of PFO have been conflicting and
based on few rather small studies.?2¢-23°
In a review analyzing 10 nonrandomi-
zed transcatheter PFO closure studies,



the 1-year rate of recurrent cerebral em-
bolism was 0% to 4.9% and incidence of
major complications was 1.5% and mi-
nor complications 1.5%.23' In medical
treatment group, 1-year recurrence rate
was 3.8% to 12.0%. Due to severe limita-
tionsin those previous studies, definitive
conclusions cannot be drawn;' several
ongoing randomized trials will possibly
shed light on this issue. Current guide-
lines suggest that PFO closure can be an
option for patients with recurrent (cryp-
togenic) stroke despite optimal medical
therapy.?*' Recent meta-analysis further
addressed the risk of recurrent cereb-
ral ischemia in patients with medically
treated PFO.”” As described in section
2.3.4, the pooled RR for recurrent ische-
micstroke or TIA in patients with versus
without a PFO was 1.1, and for ischemic
stroke, the pooled RR was 0.8. The poo-
led absolute rate of recurrent ischemic
stroke or TIA in patients with PFO was
4.0 (95% CI 3.0 to 5.1) events per 100
person-years and the rate for recurrent
ischemic stroke was 1.6 (95% CI 1.1 to
2.1)."7 The authors concluded that be-
cause available data do not support an
increased relative risk of recurrent ische-
mic event in those with or without PFO,
closure of PFO in these patients cannot
be recommended until the results of the
ongoing trials are available.”” Based on
existing limited data and expert opini-
on, antiplatelet therapy for PFO patie-
ntsisrecommended, but warfarin would
be reasonable for high-risk patients who
have other indications for anticoagulati-
on such as hypercoagulable state.?*!
Although findings remain contro-

versial, associations may be weak, and
mechanisms of arterial thrombosis need
further studies (eg paradoxical venous
embolism), associations between inhe-
rited thrombophiliae (protein S, protein
C, or antithrombin III deficiency; factor
V Leiden or prothrombin G2010A mu-
tation) and ischemic stroke in younger
patients is suggested in numerous stu-
dies.?32 There are no straightforward gui-
delines for secondary stroke preventi-
on in patients with ischemic stroke and
such genetic prothrombotic state. Ame-
rican Heart Association recommends
evaluation for deep vein thrombosis in
patients with TIA or ischemic stroke,
and if such is detected, short- or long-
term anticoagulation is indicated. Patie-
nts should also be extensively evaluated
for alternative competing mechanisms
for stroke and in the absence of veno-
us thromboembolism, long-term anti-
coagulant or antithrombotic treatment
canbe given. Long-term anticoagulation
can be considered for those with recur-
rent thrombotic events.>*!

Numerous studies have shown high
recurrence rate of vascular events in
those young adults with antiphospho-
lipid antibodies.?332% The first rando-
mized study assessing efficacy of aspi-
rin versus warfarin in patients with an-
tiphospholipid antibodies did not find
difference in recurrence of a composite
end point of all-cause death, ischemic st-
roke, TIA, myocardial infarct, deep vein
thrombosis, pulmonary embolism, and
other systemic thrombotic events bet-
ween the treatment arms.23° The overall
event rate was 22.2% in antiphospholi-
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pid positive patients and 21.8% in an-
tiphospholipid negative ones, but the ra-
te was higher, although not statistically
significantly, in patients with both lupus
anticoagulant and anticardiolipin anti-
bodies (31.7%) than in those with both
negative (24.0%).23° Currently, for patie-
nts with otherwise cryptogenic stroke or
TIA and positive antiphospholipid an-
tibodies, antiplatelet therapy is recom-
mended. If such patients meet the cri-
teria for the antiphospholipid antibody
syndrome with venous and arterial oc-
clusive disease in multiple organs, mis-
carriages, and livedo reticularis, oral an-
ticoagulation is reasonable.?**

Guidelines for stroke prevention in
pregnant women come from nonran-
domized data, which are mainly deri-
ved from directions for the preventi-
on of deep venous thrombosis.??” For
pregnant women with ischemic stroke
and high-risk thromboembolic condi-
tions, such as known coagulopathy or
mechanical heart valve, adjusted dose
unfractionated (UFH) or low-molecu-
lar weight (LMWH) heparin throughout
pregnancy with monitoring of activated
partial thromboplastin time or factor Xa,
respectively, is suggested. Alternatively,
UFH or LMWH may be used until week
13, followed by warfarin until the mid-
dle of the third trimester, when UFH or
LMWH isrestarted until delivery. Those
pregnant women with lower-risk condi-
tions may be considered for treatment
with UFH or LMWH in the first trimes-
ter, followed by low-dose aspirin for the
remainder of the pregnancy.2*

Finally, among young adults, the-
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re are many with stroke of totally un-
determined etiology despite extensive
modern investigations. Some of them
may have several modifiable vascu-
lar risk factors, some none or only few
of them, and there are also those with
only less well-documented risk factors
identified. Everyday question among
clinicians is that do those patients with
no vascular risk factors need antiplate-
lets, lipid lowering medication, and per-
haps a low-dose angiotensin converting
enzyme blocker or angiotensin receptor
blocker to prevent recurrent stroke and
other vascular events. A Norwegian stu-
dy followed 232 young ischemic stroke
patients for a mean time of 6 years.?s®
Those who had none of the traditional
risk factors (in that study: hypertensi-
on, diabetes, myocardial infarction, an-
gina pectoris, intermittent claudication,
hypercholesterolemia, and smoking)
had only 2.1% vascular event (defined
as recurrent ischemic stroke or myo-
cardial infarct) recurrence rate at the
end of follow-up. The corresponding
rate for those with one risk factor was
6.2%, with two risk factors 19.0%, with
three risk factors 26.3%, with four risk
factors 30%, and with five risk factors
67%. They concluded that long-term se-
condary preventive medication may not
be indicated in young ischemic stroke
patients with no risk factor. However,
number of events in that study was rela-
tively low, recurrent stroke in 21 and re-
current myocardial infarction in 10 pa-
tients.>*® Furthermore, whether migrai-
ne—important risk factor in the young
and linked recently also to abroader ran-



ge of cardiovascular disease in addition
to cerebral ischemic lesions***—should
or could be modified as a risk factor, is
an open question.

2.6 FUNCTIONAL OUTCOME,
RECURRENCE, MORTALITY,
AND SOCIAL CONSEQUENCES
IN YOUNG ISCHEMIC STROKE
PATIENTS

Here, basics of measuring clinical out-
come after a stroke are shortly discus-
sed and studies from the last two de-
cennia, that have evaluated functional
outcome, recurrence, mortality, quality
of life, as well as social consequences in
young ischemic stroke patients, are pre-
sented. Particular emphasis is placed on
studies with larger number of patients
and with multivariate analyses of predic-
tive factors. In order to understand the
differences between younger and older
stroke patients regarding different out-
come measures and their predictors, si-
milar data from studies including gene-
ral stroke populations are discussed as
well. Again, it is important to remem-
ber that results from those prognostic
studies, in which younger patients are
heavily underrepresented, cannot be di-
rectly translated to apply young stroke
victims.

2.6.1 Measuring outcome and
disability in stroke patients

Several validated rating scales for me-
asuring outcome in stroke patients are
developed. Among them, Glasgow Out-
come Scale (GOS),>*° modified Rankin
Scale (mRS),>#243 and Barthel Index
(BI)24 are the most widely used in epi-
demiological studies on young stroke
patients. Here, GOS, mRS, and BI are
briefly presented in order to allow for
critical analysis of outcome informati-
on in previous studies.

Jennet and Bond presented the Glas-
gow Outcome Scale in 1975 in order to
describe disability after brain damage.24°
During the last two decades, GOS has
been increasingly replaced by more de-
veloped and more practical outcome ra-
ting scales, such as mRS. Common prac-
tice has been to use a modified version
of GOS that places the original scores in
reverse order:

1 Good recovery; resumption of nor-
mal activities even though there may
be minor neurological or psycholo-
gical deficits.

2 Moderate disability; disabled but
independent. Patient is independent
as far as daily life is concerned. The
disabilities found include varying de-
grees of dysphasia, hemiparesis, or
ataxia, as well as intellectual and me-
mory deficits and personality chan-
ges.

3 Severe disability; conscious but
disabled. Patient depends upon ot-
hers for daily support due to mental
or physical disability or both.
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4 Persistent vegetative state; patient
exhibits no obvious cortical function.
5 Death.

The original Rankin Scale**' expanded in
its modified version into five grades,>+
into which additional grade 6 is com-
monly added in clinical trials.243 Patient
outcomeinthe mRSis graded as follows:

0 No symptoms at all.

1 No significant disability: despite
some symptoms, able to carry out
all usual activities.

2 Slight disability: unable to carry
out all previous activities but able
to look after own affairs without as-
sistance.

3 Moderate disability: requiring so-
me help but able to walk without as-
sistance.

4 Moderately severe disability:
unable to walk without assistance
and unable to attend to own bodily
needs without assistance.

5 Severe disability: bedridden, in-
continent, and requiring constant
nursing care and attention.

6 Death.

There is vast evidence that mRS is valid
and reliable in assessing outcome after
stroke.?#s mRS has moderate inter-rater
reliability and strong test-re-test reliabi-
lity.245 Particular training programs2¢
and use of a structured interview?+:24
can be useful to improve mRS grading
and its reliability across multiple raters,
eg for the purposes of large clinical tri-
als. The most important shortcoming of
mRS is that patient co-morbidities and
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socioeconomic factors may affect the ra-
ting.2% mRS is best assessed face-to-fa-
ce, but can be reliably assessed based
on patient self-reporting as well.# Te-
lephone assessment of mRS may be
reasonable and effective in large clini-
cal trials and may even enhance quali-
ty of rating if centralized rating is used,
but this method is not yet validated in
larger studies.?*

BI, introduced in 1965, is a more
detailed scale used for measuring fun-
ctional outcome and describing perfor-
mance in basic activities of daily living.
BI includes ten variables: presence or
absence of fecal incontinence, presen-
ce or absence of urinary incontinence,
help needed with grooming, help nee-
ded with toilet use, help needed with
feeding, help needed with transfers (eg
from chair to bed), help needed with
walking, help needed with dressing, help
needed with climbing stairs, and help
needed with bathing. BI originally yiel-
ded a score of 0 to 20, in which a higher
score is attributed to higher degree of
independency.?# The original BI rating
was later modified, when o to 15 gra-
ding was introduced for every variable
(producing a maximum score of 100),%"
and is considered valid and reliable in
assessing disability in stroke patients.s?

2.6.2 Functional outcome and
predictors of poor outcome

Kappelle and colleagues measured func-
tional outcome in patients aged 15 to 45
years after a mean follow-up of 6.0 yea-
rs.7+ Of their 296 patients recruited bet-



ween 1977 and 1992, 10 were lost to fol-
low-up, 21 died as a result of their initial
stroke, while another 40 patients died
during the follow-up. Of the survivors,
76% achieved good recovery (a score of 1
on the GOS), 17% had moderate disabi-
lity, and 7% patients were severely disa-
bled or in a persistent vegetative state.
On the BI, 92% of the patients scored
95 to 100.

An Italian multicenter study that rec-
ruited 140 patients (aged 15 to 44) with
first-ever ischemic stroke and 190 patie-
nts with TIA in the 1980s, showed that
84% of all their patients who survived
(n=304) were functionally independent
(an mRS score of 0 to 2) after a mean
follow-up of 96 months." However, they
reported that 16% of the survivors we-
re still dependent (a BI score of <60) at
follow-up.

A Norwegian population-based stu-
dy with 232 patients aged 15 to 49 (from
1988 to 1997) showed that 80% of the
patients had an mRS score of 0 to 2 at
hospital discharge.?* They later evalua-
ted the functional outcome in 217 patie-
nts after a mean follow-up of 5.7 years
and found that 80% (calculated inclu-
ding also deceased patients) hadan mRS
score of <2.25 They did a multivariate
analysis, in which severe neurological
deficits on admission (OR 13.4; 95% CI
5.9-30.4) and diabetes (OR 7.1; 95% CI
2.4-21.4) were independently associated
with unfavorable outcome.

Leys and co-workers determined
long-term outcome in their study in-
cluding 287 young adults aged 15 to
45 years admitted to hospital between
1992 and 1996.*2 After a mean follow-up

of 3-years, 53% of all the patients had
complete recovery (an mRS score of 0),
25% had an mRS score of 1, 9% had an
mRS score of 2, whereas only 5% of the
patients were more severely disabled
or bedridden (mRS score, 3 to 5). Whi-
le 8% of their patients died, 94% of the
survivors were functionally independent
(mRS score, 0 to 2). Increasing age, al-
coholism, and diabetes were associated
with dependency or death (mRS score, 3
to 6) in bivariate comparison, but prog-
nostic factors were not further studied in
amultivariate model, apparently becau-
se of rather modest number of patients.

Between 1997 and 2002, Swiss col-
leagues collected prospectively 1809
consecutive patients with ischemic st-
roke, of which 11% were aged 16 to 45
years.*® At 3 months, 68% achieved mRS
score of 0 to 1, 29% had slight to severe
disability (mRS score, 2 to 5), while 3%
had died. In multivariate analysis, his-
tory of diabetes, high NTHSS score on
admission, and total anterior circulation
stroke independently predicted unfavo-
rable outcome (mRS score, 2 to 5). They
did not present odds ratios and confiden-
ceintervals for their multivariate results.

Varona and co-workers studied
long-term prognosis of 272 Spanish
patients aged 15 to 45 years, who we-
re recruited over a very long time pe-
riod, 1974 to 2001.7 They were able to
follow 240 (89%) of their patients for
a mean period of 11.7 years, as 9 died
as a result of the initial stroke and they
lost 23 patients to follow-up. mRS sco-
re was 0 in 27% and o to 2 in 85% of
the patients, whereas 15% were more
severely handicapped. Age over 35 (RR
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2.5), unfavorable clinical course (RR
3.4), and severe handicaps at dischar-
ge (RR 7.2) were associated with poor
long-term functional recovery in multi-
variate analysis, but again, the authors
did not present confidence intervals for
their calculations.

Several other prior studies with a
more modest number of patients ha-
ve evaluated the functional outcome
in young ischemic stroke patients after
various follow-up periods and with di-
verse assessment methods and age-li-
mits.772808485117.119.135.176 These studies re-
ported favorable functional outcomes in
a clear majority of their patients (62%
to 91%). However, Ferro and Crespo®
reported that only 48% of their young
TIA and ischemic stroke patients had fa-
vorable outcome after a mean follow-up
of 43.1 months. In another study from
the early 1990s, Bogousslavsky and Pier-
re’ presented a percentage of 54% ha-
ving favorable outcome in hospital. It
should be noted that definitions of fa-
vorable outcome differed between prior
studies and stroke treatment and pro-
bably outcomes as well have improved
over the last two decades.

Of interest, 57% of the patients well
representative of general population en-
tered into the German Stroke Data Bank
had favorable outcome at 3 months (de-
fined as mRS score of 0 to 2).5 In general
stroke populations, several factors such
asincreasing age, severe stroke, total an-
terior circulation infarct, posterior cir-
culation infarct, pre-stroke dependency,
not living alone, blood glucose level, C-
reactive protein level, high NTHSS score,
and recurrent stroke have been shown

38

to predict short- and long-term disabi-
1ity.100’254’255

2.6.3 Recurrence of stroke
and other vascular events

A recent meta-analysis of population-
based studies including 1709 ischemic
strokes showed following rates of early
stroke recurrence: 1.8% within 7 days,
4.2% within 30 days, and 6.6% within
3 months.?® In that analysis, the risk
of early recurrence was highest in pa-
tients with stroke attributable to large-
artery atherosclerosis,?® which was al-
so noted in an independent study.>” In
the latter study, 18.5% of patients with
stroke due to large-artery atherosclero-
sis had recurrent stroke within the first
30 days, while the respective rates for
cardioembolism was 5.3%, for stroke of
uncertain cause 3.3%, and for lacunar
infarct 1.4%.%57

Several population-based studies ha-
ve evaluated the long-term risk of recur-
rence after ischemic stroke. A German
study presented an overall recurrence
rate of 15% within 2 years from the index
stroke, 22% after cardioembolic stroke,
14% after stroke of undetermined etiolo-
gy, 11% after small-vessel occlusion, and
10% after stroke due to large-artery at-
herosclerosis.?® Stroke subtype did not,
however, predict long-term recurrence
up to 2 years in that study®® or up to 5
years in another study®” after adjusting
for confounding factors. In the study by
Petty and colleagues, 68% of recurrent
strokes within 5-year follow-up were of
the same subtype as the incident stro-



ke (recurrence for atherosclerotic stroke
was 40.2%, for cardioembolism 31.7%,
for lacunar 24.8%, and for stroke of un-
certain cause 33.2%)*7 After first-ever
ischemic stroke, patients aged 40 or ol-
der were followed for a median of 4.0
years in the population-based Northern
Manhattan Study.?® The age- and sex-
adjusted 5-year risk of stroke was 18.3%
and risk of myocardial infarct or fatal
cardiac event was 8.6%.25 Of the stroke
risk factors, diabetes, previous TIA, at-
rial fibrillation, hypertension, high alco-
hol consumption, and increasing age ha-
ve been identified as predictors of long-
term recurrent stroke.?s

For young ischemic stroke patients,
data on stroke recurrence—particularly
its predictors—are scarce. Average an-
nual rates of recurrent stroke (ische-
mic or hemorrhagic) were reported as
low, ranging from 0.5% to 3.4% in fol-
low-up studies from the last two deca-
des. 12167985176 The risk of recurrent st-
roke was highest during the first year
after the index event: 1.4% in the French
study,”* 2.8% in the Italian study," and
3.6% in the Norwegian study.” During
the subsequent years, risk of recurrent
stroke was considerably lower and ran-
ged from 0.4% to 1.7%,>7 and was
even lower during years 6 to 10 (0.1%)."
The Norwegian study showed a high cu-
mulative risk of recurrent strokes in the
very long-term: 8% at 5 years and 17%
at 10 years.?3 In most studies, occur-
ring in 1.6% to 11.1% of the patients du-
ring mean follow-up times ranging from
2.2 to 17.7 years, recurrent strokes were
non-fatal,1216:7274,84,85,94,117,135,176,253 A consi-

derably higher recurrence rate of non-

fatal strokes (21.3%) was reported in
the Spanish study,” which had a simi-
lar rate as the Norwegian study?s® with
also a verylong total observation period,
but which did not distinguish between
non-fatal and fatal strokes. However, fa-
tal recurrent strokes were uncommon as
several studies did not report any fatal
strokes,'#84859417 or only very few such
events (1.0% to 1.3%).1%7> Again, studies
with very long observation periods (up
to a mean of 17.7 years) reported higher
rates of fatal recurrent strokes (3.1% to
4.8%),7479135176 hut one study with a me-
an follow-up of 5.8 years reported only
2 (1.3%) fatal new strokes.

Only few nonselected young stroke
studies have reported rates of recur-
rent TIAs in the long-term with num-
bers of events varying only from 2 (3.4%)
to 8 (5.2%).167284135176 Subsequent car-
diac events were likewise rarely inves-
tigated; rates of cardiovascular events
were between 0% and 10% in five stu-
dies. 274417253 Tn patients studied by Ma-
rini and colleagues," average annual re-
currence rate of myocardial infarct was
as low as 0.3%, similar to the rate pre-
sented by Leys and co-workers (0.2%).2
As expected, studies with longer mean
follow-up times reported more cardiac
events (4.3% t0 10%).79°53 A recent mul-
ticenter Italian study by Pezzini and col-
leagues including 511 ischemic stroke
patients aged 18 to 45 selected from 3
centers with a mean follow-up time of
43.4 months (in those who did not ex-
perience recurrence) reported recurrent
ischemic strokes in 32 (6.3%), myocar-
dial infarcts in 10 (2.0%), and TIA in 31
(6.1%) of their patients.”
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Because of small patient populations
and low rate of recurrent events, mul-
tivariate analyses on predictive factors
forrecurrence were rarely undertaken in
young stroke studies. Marini and collea-
gues applied a composite outcome event
(nonfatal stroke, nonfatal myocardial in-
farct, or death from all causes) in their
follow-up study and identified that male
gender (HR 2.1;95% CI 1.0-4.4), age >35
(HR 4.3; 95% CI 1.5-12.5), stroke at ent-
ry (HR 2.3; 95% CI 1.0-5.0), and cardiac
diseases (HR 2.5; 95% CI 1.3-4.8) were
independent predictors of that endpoint
(42% in that analysis had TIA as the in-
dex event)." In the Spanish study, recur-
rence was higher in patients with large-
artery atherosclerosis (5.3%) compared
to those with undetermined etiology
(2.6%), and of the latter etiologic subg-
roup, those with multiple causes (4.3%)
had higher rate than patients with unk-
nown cause (2.2%).7 Predictors of re-
currence were age >35 (RR 1.7), pre-
sence of cardiovascular risk factors (RR
1.6)—diabetes (RR 2.5) in particular—
stroke in the carotid territory (RR 1.7),
and atherothrombotic cause of the index
stroke (RR 1.9).7 Other factors that were
related to higher risk of recurrent stro-
ke, but only in univariate analyses, were
stroke of determined etiology (compa-
red to those with no identified cause),?
large-artery atherosclerosis causing the
index stroke,” partial anterior circulati-
on stroke and hematological subtype,
diabetes,*3 and prior TIA.*

In addition, recurrence risk seems
to be related to risk factor burden in
young adults, as was observed by Na-
ess and colleagues.?3® Pezzini and co-
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workers suggested an approach to stra-
tification of recurrence risk based on
numbers of nongenetic and genetic risk
factors.® They found significantly inc-
reased risk of recurrent ischemic events
(total number of events 773) in patients
with increasing number of nongene-
tic risk factors (hypertension, diabetes,
smoking, hypercholesterolemia, migrai-
ne, and family history of ischemic stro-
ke) or with increasing number of genetic
prothromboticrisk factors (based on the
carrier status of the prothrombin gene
20210A allele, the factor V 1691A allele,
orthe TT677 methylenetetrahydrofolate
reductase genotype). Compared to pa-
tients with none of the nongenetic risk
factors, HR was 2.29 (95% CI 1.57-3.35)
for those with 1 nongenetic risk factor
and 5.25 (95% CI 2.45-11.2) for those
with 2 factors. Compared to those with
none of the genetic factors, hazard ratio
(HR) was 2.01 (95% CI 1.38-2.93) for
patients with 1 factor and 4.05 (95% CI
1.91-8.57) for those with 2 factors. Ob-
servations and hazard ratios for vascu-
lar event recurrence were similar when
nongenetic and genetic risk factors were
combined in a third multivariate model.

2.6.4 Post-stroke epilepsy

Post-stroke seizures were reported in
6.6% to 12.2% of patients in the long-
term. 27917176253 Post-stroke seizures we-
re clearly more common among patients
with carotid territory strokes in one stu-
dy."” In the study by Naess and collea-
gues, 4 (1.8%) patients had early-onset
seizures, 20 (8.8%) had late-onset seizu-



res, and frequency of post-stroke seizu-
res was 7% at 1 year, 11% at 5 years, and
11% at 10 years.?3 They found an univa-
riate association between time to post-
stroke seizures and severe index stroke
(34% of those with severe stroke at ad-
mission had seizures in the long-term)
or stroke in cerebral hemispheres.3

2.6.5 Mortality, causes of death,
and predictors of death

The 30-day case fatality rates in young
adults with ischemic stroke ranged from
2.3% to 3.4% in studies from the last
two decades.'®24727984 The first-year
mortality rates have varied from 4.5%
to 6.3%.%12792% During the subsequent
years, the average death rates were bet-
ween 0.8% and 1.8%.1:127479260 In the
work by Leys and colleagues, 3-year
mortality rate was 7.7%.2 Long-term
mortality after a mean follow-up of 12.3
years was 12% in a Spanish study,” but
as high as 19.4% in the Norwegian stu-
dy with a mean follow-up of 11.1 years.2¢°
Marini and co-workers further compa-
red the survival curves between ische-
mic stroke patients and healthy cont-
rols, and showed a clear difference in
risk of death in the long term." Several
other studies have presented figures on
long-term mortality after various mean
follow-up periods,’>8517:119:135 hut these
studies have suffered from small num-
bers of included patients and outcome
events, and high percentages of patie-
nts lost to follow-up. Based on the exis-
ting data, mortality in young adults af-
ter an ischemic stroke is generally low

compared to elderly patients with mor-
tality rates of 5% at one month,?* 15%
at 3 months,> 29% after 3 years,*** and
rising up to 53% at 5 years.254

Only a few studies have presented
sufficient data on causes of death du-
ring long-term follow-up in young
adults.”#792% Recurrent strokes caused
0% to 33% of deaths, 13% to 55% died
due to cardiac causes, and 23% to 33%
because of malignancies.”792% The va-
riability in the percentages of vascular
causes in these studies is perhaps at-
tributable to referral bias, small samp-
le sizes, or incomplete data on causes
of death.

Age >35 years was reported as an
independent predictive variable for in-
creased risk of death in one study (RR
2.0),7” whereas the Norwegian study,
which included patients aged up to
49, found—surprisingly—no associati-
on between age and mortality.?*° Male
gender also predicted mortality in mul-
tivariate analysis in the former study
(RR 1.9)7 and in univariate analysis in
the study by Marini and colleagues (HR
2.6;95% CI 1.1-6.1), which both had very
long follow-up times (on average, 8 to
12.3 years). This gender-association was
not observed in other studies. Other pre-
dictors of long-term mortality in young
adults after ischemic stroke were acti-
ve tumor disease (HR 21.8; 95% CI 5.7-
84.4),%%° excess consumption of alcohol
(HR 20.7; 95% CI 5.1-83.8),2° corona-
ry atherosclerosis (HR 8.9; 2.5-31.4), or
cardiac diseases (HR 3.7; 95% CI 1.6-
8.6),":2% previous stroke (HR 3.3; 95%
CI1.1-9.7),"" living alone (HR 3.9; 95% CI
1.3-12.2),2° and seizures (HR 3.5; 95%
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CI 1.1-11.4).2%° Diabetes predicted unfa-
vorable outcome or death at 3 monthsin
arecent study.® Type of diabetes (type 1
or 2) and cardiovascular diseases (heart
failure, coronary heart disease, history
of myocardial infarct, or peripheral ar-
terial disease) were not analyzed more
thoroughly in any of the prior studies.

Of the stroke subtypes, large-artery
atherosclerosis underlying the index st-
roke was associated with high mortali-
ty (RR 1.7; 95% CI 1.0-2.7) and patients
with stroke of unknown etiology had sig-
nificantly lower risk of death (RR 0.1;
95% CI 0-0.6) in the long term in the
study by Kappelle and co-workers.”

In general stroke populations, mor-
tality in patients with small-vessel di-
sease is significantly lower compared
with other subtypes of ischemic stroke,
whereas mortality associated with car-
dioembolism is the highest, but mortali-
ty is usually somewhat lower in patients
with large-artery atherosclerosis both in
short-and long-term.525+258262 However,
Petty and colleagues showed a higher
mortality rate in patients with lacunar
infarct compared with those with stroke
originating from large artery atheroscle-
rosis at 5 years from the index stroke.?s”
Patients with other determined or unde-
termined etiology have had survival cur-
veslying in between small-vessel disease
and other TOAST categories.>*” In addi-
tion to stroke subtype, severe stroke pre-
dicts death in both short- and long-term
in the general stroke populations.74254
Apart from increasing age, additional
predictors of death among older stro-
ke patients are cardiac diseases (heart
failure, coronary heart disease, and at-
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rial fibrillation), previous stroke or TIA,
diabetes, and some biochemical, hema-
tologic, and hemostatic factors. 74181254

2.6.6 Post-stroke depression
and quality of life

The study by Kappelle and co-workers
(1994) was the first large study that as-
sessed depression and quality of life af-
ter ischemic stroke in the young.” They
applied parts of Short-Form-36 health
status questionnaire (SF-36).2% Appro-
ximately 55% of their patients had pe-
riods of depression after stroke, 28%
reported depression at the time they
completed the SF-36-questionnaire, but
46% were classified as depressed accor-
ding to the results of the SF-36. Stroke
subtype had no correlation on quality-
of-life scores. Only 48% to 54% reported
that they had good quality oflife in terms
of physical and social functioning, and
physical problems.”

Another more recent analysis on 71
young patients reported that 48% of
the 65 who were followed (mean 31.7
months) had post-stroke depression.*”
Quantified with the Montgomery-As-
berg Depression Rating Scale,?** dep-
ression was associated in univariate
analysis with carotid territory strokes,
severe disability (BI), a bad general out-
come (GOS), and not returning to work.
However, multivariate analysis showed
that only NTHSS score independent-
ly predicted depression. They analyzed
quality of life with parts of the Sickness
Impact Profile*®s in 60 patients and
found that more than one-third comp-



lained of problems with their psycho-
social outcomes. In univariate analysis,
education level and profession, vascu-
larterritory, presence of aphasia, NTHSS
score, post-stroke seizures, depression,
return towork, GOS, mRS, and Bl scores
were associated with worse psychosocial
outcome and poor quality of life. Only
NIHSS score, depression, and return to
work were associated with quality of li-
fe when adjusted for confounders. Furt-
hermore, sexual function was depressed
in 23% of their patients independent of
gender, and it was associated with BI
score, global score of the Sickness Im-
pact Profile, and depression.'”

In their well-conducted study on 190
young patients and 215 healthy Nor-
wegian controls, Naess and colleagues
compared health-related quality of life
with the SF-362°%2%7 and found that dif-
ferences in health-related quality of life
were restricted mainly to the 3 subsca-
les: physical functioning, general health,
and social functioning.2*® All patients
with depression, those who had fatigue,
or were unemployed, had significantly
reduced scores on all SF-36 items. Fati-
gue and depression were independently
associated with low health-related qua-
lity of life in linear regression analysis.
Thus, they concluded that if depression,
fatigue, and physical disability are iden-
tified and treated early, it may potential-
ly improve health-related quality of life
in young stroke patients.2%®

2.6.7 Return to work

Among the most important factors cau-
singlong-term economicimpact after st-
roke in young adults is whether patients
are able to return to productive activi-
ties after their stroke. A recent review
recognized 70 methodologically highly
variable studies, in which return to work
was reported in people of working age
(<65 years), with proportions ranging
from 0% to 100%.2% In studies focused
on young ischemic stroke patients or re-
porting separately percentages for youn-
ger patients (<50 years of age), rates of
return to work ranged between 42%74
(after amean of 6 years) and 91%7* (after
amean of 5.8 years of follow-up). Several
studies with varying follow-up periods
(mean follow-up time, 2.7 to 17.7. yea-
rs) reported proportions falling in bet-
ween those extremes, 53% to 74%.12798
49417.176:253270 Tf calculated based on those
studies (excluding one study with signi-
ficant proportion of TIA-patients"), an
average rate of return to work in young
adults after ischemic stroke is 68%. Two
small studies presented return to work
data after an ischemic stroke in young
adults after a uniform 12-month follow-
up, percentages being 62% for ischemic
strokes overall®s and 57% for cerebellar
and brainstem infarcts.”” One study, in
which 65% had ischemic and 35% had
hemorrhagic stroke patients aged 16 to
44, reported that only 20% had returned
to work within a 3-month follow-up af-
ter hospital discharge.?”* Another study
including stroke patients (subtype was
not defined) with a median age of 48
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years reported a return-to-work rate of
62% at 1-year uniform post-rehabilita-
tion follow-up.?”

The most robust predictor of return
to work is stroke severity,?2 which was
also shown with multivariate analysis
particularly in young adults by Neau et
al'” and by Varona and colleagues.” In
young adults with cerebellar infarcts,
subtle cognitive deficits negatively af-
fected return to work.” Varona and
co-workers also showed that cardioem-
bolic stroke and post-stroke major car-
diovascular surgery associated with not
returning to work in multivariate ana-
lysis.” Length of hospital stay, early ad-
mission to rehabilitation, greater severi-
ty of hemiparesis, recurrence of stroke,
older age, lower education level, living
alone, depression, alcohol use, and cog-
nitive and behavioral impairments were
also related to return to work prognosis
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in several studies including working age
adults (mainly <65 years of age), whe-
reas normal sensation and absence of
apraxia positively correlated with voca-
tional outcome.?” A significant cultural
variation in returning to work after st-
roke have been noted as well, as indeed
high rates of return to work was reported
evenin those Japanese patients who suf-
fered from aphasia.?+

2.6.8 Other social consequences

Only a few noteworthy studies focu-
sing on young stroke victims have re-
ported other social consequences af-
ter stroke. Divorces were reported by
2% to 7%,27627t conflicts with children
by 22%,?* and economic concerns by
24%>7 of the patientsin these studies.



3 AIMS OF THE STUDY

To define demographic characteristics, risk factors, imaging features, and etiology
in young patients with first-ever ischemic stroke (I).

To investigate, whether intravenous thrombolysis is safe and beneficial for the tre-
atment of acute ischemic stroke in a young patient population (II).

To describe the frequency, number, size, and localization of silent brain infarcts
and leukoaraiosis—and to investigate the associated risk factors— in young ische-

mic stroke patients (III).

To describe mortality rates, causes of death, and predictors of long-term mortality
in young adults after first-ever ischemic stroke (IV).
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4 PATIENTS AND
METHODS

This study was carried out at the Depart-
ment of Neurology, Helsinki University
Central Hospital. The study was appro-
ved by the institutional review board and
by the Ethics Committee.

4.1 DATA COLLECTION FOR
THE HELSINKI YOUNG
STROKE REGISTRY (I-IV)

For the purposes of all sub-studies wit-
hin this Thesis project, we searched all
patients aged 15 to 49 in whom ischemic
stroke was suspected between January
1994 and May 2007 at the Department
of Neurology. Patients were found by a
computer search of the hospital data-
base according to the following criteria:
(1) patient living in the defined hospital
catchment area; (2) age 15 to 49 at stro-
ke onset; and (3) discharge diagnosis of
anischemic stroke. Only those with first-
ever ischemic stroke with overt clinical
symptoms were included. We exclu-
ded patients with TIA, cerebral venous
thrombosis, stroke attributable to direct
head trauma or strangulation, ischemic
lesion attributable to immediate comp-
lication originating from subarachnoid
hemorrhage, and any iatrogenic stroke
as a consequence of angiographic ima-
ging or major surgery (Original Publi-
cation I, supplemental data, E-Table 1).
Ischemic stroke was defined as an episo-
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de of focal neurologic deficits with acute
onset and lasting >24 hours, or lasting
<24 hours with imaging evidence of st-
roke corresponding with current symp-
toms. TIA was defined similarly but with
symptoms lasting <24 hours and wit-
hout corresponding imaging evidence
of ischemic lesion. Patients fulfilling the
inclusion criteria were entered into an
electronic data bank, the Helsinki Young
Stroke Registry (Figure 1).

In Finland, common practice is to
evaluate and treat all patients with sus-
pected stroke in hospital. Moreover, eva-
luation and treatment of all younger st-
roke patients are centered in tertiary re-
ferral hospitals such as ours. The hospi-
tal discharge register from the National
Research and Development Centre for
Welfare and Health (operating under
new organization, The National Institu-
te for Health and Welfare, as of 1 Janua-
ry 2009; www.stakes.fi/EN/index.htm)
allowed ascertainment that our hospital
register covers nearly all young stroke
patients in the catchment area. We ob-
tained demographic data for occurrence
calculations from the Statistics Finland
(www.stat.fi/index_en.html).

A team of study neurologists retros-
pectively reviewed all medical, labora-
tory, and imaging records. Data were
abstracted from the records according
to predefined criteria covering a range
of blood tests, and brain and vascular
imaging results (Original Publication I,
supplemental data, E-Table 2). For st-
roke risk factors, we applied consistent
criteria over the study period. Risk fac-
tors were classified according to existing
evidence as well-documented and less



well-documented.?> All brain and ves-
sel imaging studies were originally in-
terpreted by neuroradiologists and re-
assessed post hoc by study senior neu-
roradiologist when needed. A total of
929 (92%) patients underwent vascu-
lar imaging of intracranial or extracra-
nial vessels or both (extent of vascular
imaging in individual patients was not
registered separately), and 602 (60%)
patients underwent cardiac evaluation
by cardiologists. Dye dilution method,

specific and sensitive for the screening
of PFO,?75 is often combined with transt-
horacal echocardiographyin ourinstitu-
tion. TEE is then performed for confir-
mation if a cardiac right-to-left shunt is
detected. At acute phase, all patients we-
re under continuous ECG monitoring.
Specific coagulation testing was done on
selected patients and other, more spe-
cific diagnostic testing, was performed
when clinically judged necessary.

1154 patients from 1994 (o 2007
identified wilh a discharge
disosis of ischemio Stroke

186 palients exchaded due o
saveral resasans
{Original Publication 1,
suppbemental data, Tabde 1)

27T patignis with index-stroke affer
17 Seplember 2003 excluded

T31 patients with complate S-year
follow-up included in the mortality
shudy (V)

1008 patients éntared into the
Helsinki Young Stroke Registry ([}

2 pationts excluded due bo missing
MR dala

BE&A patients with complets MRI
imaging data included in the silant
rain infarctleukoarmiosis stedy (10}

o oy

711 patients included in the long-
term montality anatyses (1)

P "

58 patients dind during the S-yoar

Follerar-uap (IV)
———————————
Figure 1. Patient flow in sub-studies |, lll, and IV.

20 patients dled during the first
30 days
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Stroke subtypes were categorized ac-
cording to TOAST.*°° A pair of investi-
gators assigned stroke subtype for each
patient. In case of discrepancy, a seni-
or investigator reviewed the patient re-
cords and the final categorization was
based on a consensus agreement. Rare
etiologies with uncertain causality, such
as coagulation abnormalities, were con-
sidered as a cause of the stroke if diag-
nostic testing was exhaustive and other
possible causes were absent. PFO with
or without ASA was considered similar-
ly causative in the absence of other pos-
sible mechanisms. Cardiac sources were
further classified into high-risk sources
and sources of uncertain or low risk. We
defined migrainous infarct according to
the THS criteria.!s5

Gross arterial territory of the cur-
rent stroke was classified according to
imaging findings or clinical signs into
anterior, posterior, or both territories.
Laterality of current visualized ischemic
lesions was registered and localization
was categorized as follows: hemisphere
(including basal ganglia and thalamicre-
gions), cerebellum, and brain stem. We
defined silent infarcts as imaging evi-
dence of >1 infarcts without a history
of a corresponding stroke or TIA. Mul-
tiplicity of all visualized infarcts (inclu-
ding silent infarcts) and presence of leu-
koaraiosis were also registered.

For each patient, stroke severity was
measured with the NTHSS and Glasgow
Coma Scale (GCS). In case a NTHSS sco-
re was not available from the medical re-
cords, it was assessed based on the do-
cumented patient examination using a
previously published algorithm.?”® Ret-
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rospective assessment of initial stroke
severity with the NIHSS has been va-
lidated and shown to be reliable and
unbiased.?”7 Short-term functional out-
come was measured with mRS at three
months. Administration of intravenous
alteplase and use of intra-arterial treat-
ments at the acute phase were also re-
gistered for each patient.

4.2 CLINICAL AND RADIO-
LOGICAL FEATURES OF THE
STUDY POPULATION ()

In the first sub-study, we described age-
specific, and gender-specific occurrence
rates of all patients included in the Hel-
sinki Young Stroke Registry. Frequen-
cies of well-documented and less well-
documented risk factors were analyzed
in all patients and subgroups stratified
by gender and age (15-44 years and 45-
49 years). Similarly, we analyzed vascu-
lar territories, localization of visualized
ischemiclesions, and presence of multip-
le infarcts, silent infarcts, and leukoarai-
osis, as well as etiology. Causes of stroke
and occurrence rates were further analy-
zed in 5-year age groups. Specific sour-
ces of cardiembolism and causes that fell
into other determined etiology group ac-
cording to TOAST were identified.

4.3 THROMBOLYTIC
TREATMENT (I

For this sub-study, we reviewed the me-
dical records of all patients aged <50
years treated in our center with intra-



venous alteplase for acute hemispheric
ischemic stroke between 1994 and 2007.
This study thus included few patients li-
ving outside of the catchment area of the
hospital and not entered into the Helsin-
ki Young Stroke Registry. Patients with
vertebrobasilar occlusion were excluded
from this sub-study due to a different in-
stitutional treatment protocol allowing
treatment delays of up to 48 hours from
symptom onset.?”

To evaluate safety and benefit of
intravenous thrombolysis in young pa-
tients, alteplase-treated patients were
compared in a 1:2 fashion with age-, sex-
, and admission NIHSS-score -matched
historical control patients not treated
with alteplase found from the Helsinki
Young Stroke Registry. Alteplase-trea-
ted young patients were further com-
pared with sex-, and admission NTHSS
score matched older controls aged 50 to
79, who came from the hospital’s pros-
pective thrombolysis registry. The mat-
ching process was performed blinded
to outcome data in a stepwise manner,
selecting the first matching control for
each patient. Those young controls with
general per-protocol contraindications
for thrombolysis other than late arri-
val or unknown stroke onset time we-
re excluded.

A 3-month follow-up evaluation for
surviving patients with mRS was as-
sessed for cases, age-matched controls,
and older controls face to face or by te-
lephone interview (13%, 7%, and 15%,
respectively). Of the 48 cases included,
47 underwent brain CT, and one patie-
nt MRI and MRA with perfusion scan
at admission. After the initial brain ima-

ging, additional CT-angiography (CTA)
of intracranial vessels including perfu-
sion scan were done in 12 patients be-
fore thrombolysis. One patient under-
went additional MRI and MRA. Follow-
up imaging using either CT or MRI was
performed routinely after 22 to 36 hours
(day 1) from thrombolysis, or earlier if
the patient deteriorated. Older control
subjects underwent routine imaging
protocol including follow-up imaging
with either CT or MRI on day 1. Sin-
ce the gender-, age-, and NIHSS score-
matched control patients did not under-
go routinely follow-up imaging studies,
the rate of hemorrhagic events was on-
ly compared with that of older controls.

Allinitial and follow-up CT and MRI
studies of cases as well as initial and day
1imaging studies of alteplase-treated ol-
der controls were evaluated post hoc by
asenior neuroradiologist blinded to out-
come data. The following neuroradiolo-
gical data were recorded for cases: (1)
early ischemic changes on CT or MRI
at admission, (2) perfusion scan fin-
dings, (3) arterial occlusions on CTA or
MRA, and (4) all intracerebral hemorr-
hages (ICH) visualized after thrombo-
lysis. For older controls, we registered
ICHs on day 1. ICHs were classified ac-
cording to the criteria applied in the
European Cooperative Acute Stroke
Study (ECASS) trials as follows: HI1
(hemorrhagic infarct), small petechiae
along the margins of the infarct; HI2, a
more confluent petechiae within the in-
farct area but without space-occupying
effect; PH1 (parenchymal hemorrhage),
blood clot(s) not exceeding 30% of the
infarct area with some mild space-oc-
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cupying effect; PH2, blood clots excee-
ding 30% of the infarct area with signi-
ficant space occupying effect; PHr1 (re-
mote parenchymal hemorrhage), small
or medium sized blood clots located re-
mote from the actual infarct, a mild spa-
ceoccupying effect could be present; and
PHr2, large confluent dense blood clots
in an area remote from the actual in-
farct, significant space occupying effect
may be present. If the ICH was asso-
ciated with an overt clinical deteriorati-
on, NIHSS score was evaluated from the
patient records at that moment. SICH
was defined according to Safe Imple-
mentation of Thrombolysis in Stroke
Monitoring Study (SITS-MOST)2° as
local or remote parenchymal hemorr-
hage type 2 (PH2 or PHr2) on the 22 to
36 h post-treatment imaging combined
with a neurological deterioration of >4
points on NTHSS from baseline, or from
the lowest NIHSS value between baseli-
ne and 24 h, or leading to death.

4.4 SILENT BRAIN INFARCTS
AND LEUKOARAIOSIS (llI)

In this sub-study, we included those
patients in the Helsinki Young Stro-
ke Registry who had undergone initial
brain MRI with complete imaging da-
ta (n=669); two patients were excluded
due to lacking data. The included pa-
tients represented well the entire patie-
nt population in the registry (Original
Publication III, supplemental data, figu-
re e-1). The aim of this study was to com-
pare imaging characteristics, associated
risk factors, and relation with the overt
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index stroke in patients with MRI-de-
fined SBIs, leukoaraiosis, or both, with
those who were free of these findings.
We further sought to find out risk fac-
tors that may predispose to SBIs and
leukoaraiosis by multivariate regressi-
on analysis.

Blinded to clinical data, we rated,
with the aid of a senior neuroradiolo-
gist, SBIs and leukoaraiosis. SBI was
defined as focal hyperintensity on T2-
weighted images, 3 mm in size or lar-
ger, and without any history of corres-
ponding neurologic symptoms or signs.
To distinguish infarcts from leukoaraio-
sis, infarcts had to have corresponding
hypointensity on T1-weighted images.
Diameter of each SBI was measured in
millimeters using axial images. In ad-
dition, brain side and number of SBIs
were registered, and localization was
classified as follows: cortical, cerebel-
lum, brainstem (including pons), tha-
lamus, lacune subcortical, and lacune
basal ganglia.

Leukoaraiosis was defined as hype-
rintense lesions in periventricular or
subcortical regions, or in pons, on fluid
attenuated inversion recovery MRI se-
quences, and, in two patients, on T2-
weighted sequences. Leukoaraiosis was
defined according to a previously valida-
ted visual rating scale developed in our
hospital 28928 The reliability of rating
has been tested and found to be good
(intraobserver agreement, weighted
K=0.90-0.95; interobserver agreement,
weighted k=0.72-0.84).28%28 Perivent-
ricular hyperintensities around frontal
and occipital horns, along the bodies of
lateral ventricles, and in regions other



than periventricular white matter were
classified and scored based on shape and
size of the lesions. Presence of pontine
leukoaraiosis was additionally scored.
Scores of these four components were
added up for each patient, and the sum
score was categorized into mild (1-4),
moderate (5-8), and severe (9-12). Pre-
sence of leukoaraiosis was thus defined
as any score greater than zero.

4.5 LONG-TERM MORTALITY
AND ITS PREDICTORS (1V)

In the fourth sub-study, we sought to
analyze 5-year mortality rates, clinical
predictors of death, and causes of dea-
th in patients entered into the Helsin-
ki Young Stroke Registry in whom the
index stroke occurred during January
1994 to September 2003. Predictors of
long-term mortality were analyzed using
multivariate methods.

We followed these patients using
data (as of 17th September 2008) from
the mortality registry at Statistic Finland
(www.stat.fi/index_en.html), which
serves as the central statistical office of
the country. Each death, its certificate,
and the corresponding personal infor-
mation in the computerized population
register are crosschecked. Onset of stro-
ke symptoms was considered the star-
ting point for follow-up. If the exact date
of onset was unknown, the first day of
the month when the stroke was known
to occur was used as the date of onset.
By using Statistic Finland as the infor-
mation source, we lost no patient to fol-
low-up.

Deaths in the mortality register are
classified according to the Finnish Edi-
tion of the International Classification
of Diseases, Ninth Revision from 1994
t0 1996, and Tenth Revision since 1997.
In addition to primary cause of death,
the contributory causes on the death cer-
tificate were registered. Causes of dea-
ths were categorized into ischemic or
hemorrhagic strokes, cardioaortic cau-
ses, other vascular causes (eg pulmona-
ry embolism), malignancies, infections,
and miscellaneous causes. For this sub-
study, stroke severity was classified as
follows: mild (NIHSS score 0-6), mo-
derate (7-14), and severe (>15). Impai-
red consciousness was defined as a GCS
score below 15.

4.6 STATISTICAL
METHODS (I-1V)

In all studies, two-sided values of P<0.05
were considered statistically significant.
Average occurrence rates were calcula-
ted based on average population from
1994 to 2006 and exponential regressi-
on model served to measure the corre-
lation between occurrence and aging (I).
Pearson Chi-Square and Fisher’s Exact
tests were used to compare categorical
variables across groups (I-IV), Student’s
T-test to compare means (I-III), and
Mann-Whitney U to compare ordinal
variables (I-III). The binomial test for
proportions based on Z approximati-
on allowed comparison of laterality of
ischemic lesions (I). Backward stepwi-
se multivariate model was constructed
to identify independent risk factors pr-
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edisposing to presence of SBIs, leukoa-
raiosis, and concurrence of both (III).
In those analyses, we included age, sex,
and variables with a univariate P<0.10
as covariates (III). Kaplan-Meier ana-
lysis was used to estimate cumulative
mortality risks and their 95% CIs. Ac-
tual annual mortality risks were cal-
culated with the Life Tables function
of the statistical software (IV). Avera-
ge annual rate was calculated using the
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formula 1-[(1-I )], where I is for cu-
mulative mortality rate at n years (IV).
Cox proportional hazards model was us-
ed for univariate analyses of mortality
risk factors and for constructing mul-
tivariate model to analyze predictors of
death (IV). All statistical analyses used
SPSS 15.0 for Microsoft Windows (I-I1I)
or SPSS 17.0 for Macintosh (IV) (SPSS
Inc., Chicago, IL, USA).



5 RESULTS

5.1 CLINICAL AND RADIO-
LOGICAL FEATURES OF THE
STUDY POPULATION (1)

Of the 1008 patients included in the
Helsinki Young Stroke Registry, ma-
jority (n=628; 62.3%) were males
(male:female ratio 1.7:1). Mean age was
41.3+7.6 years in the study population,
42.1+7.2 in males, and 39.9+8.1 in fe-
males. Patients aged below 30 were mo-
re commonly females (females versus

males: 56%, n=59 versus 44%, n=47;
P<0.001), while males outnumbered
females in age group of 45 to 49 (ma-
les versus females: 69%, n=319 versus
31%, n=145; P<0.001). Overall in the
study population, females were signi-
ficantly younger. Occurrence increased
exponentially along aging and the oc-
currence curves for males and females
separated at the age of 44, which led to
division of the study population in two
age groups at that age for further com-
parisons. Average annual occurrencera-
tes were 10.8/100 000 (range 8.4-13.0)
overall, 13.3 (10.2-17.3) for males, and
7.8 (5.6-9.5) for females. We observed
no clear trend in the occurrence within
the study period (Figure 2).
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Figure 2. Number of patients per year and corresponding occurrence rates during 1994 to 2006.
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Well-documented vascular risk fac-
tors were common; dyslipidemia was
present in 59.5%, smoking in 44.2%,
and hypertension in 39.1% of the patie-
nts. Traditional risk factors were more
frequent among males and in those aged
over 44. Males were also more often hea-
vy drinkers, but migraine as a risk fac-
tor was more common in females. Illicit
drug use (uncommon overall in our stu-
dy population) and migraine were mo-
re frequent in the younger group. Oral
contraceptive use and gravidity or post-
partum period were the only risk factors
that were more frequent among those
aged <30. Only 5.1% of the patients had
no identified risk factor.

Other determined causes accounted
for 26.0%, cardioembolism 19.6%,
small-vessel disease 13.8%, and large-
artery atherosclerosis 7.5%. As expected,
patients with small-vessel disease and
large-artery atherosclerosis were older
compared with others and those etio-
logies began to appear after the age of
35. Despite exhaustive evaluation 22.4%
of our patients had no identified etio-
logy, 8.5% had undetermined etiology
butincomplete evaluation, and 2.1% had
two or more potential causes. CAD was
the most common solitary cause of st-
roke in the patient population (15.4%),
being even more frequent in the younger
group (18.6%). The next most common
causes in the other determined etiolo-
gy group (TOAST 4) after CAD (59%)
were factor V Leiden mutation (8%),
vasculitides (7%), and antiphospholi-
pid syndrome (6%). We identified only
4 patients with MI, but an additional 5
patients fulfilling the ITHS criteria's> fell
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into TOAST 5a category due to an alter-
native cause (PFO). Apart from factor V
Leiden mutation, other inherited coagu-
lopathies were extremely rare as a cau-
se of stroke and no patient with known
Fabry’s disease was identified. Dilative
cardiomyopathy (17% of cardioembo-
lism) was the most common high-risk
source for cardioembolism, followed by
atrial fibrillation (14%), and recent myo-
cardial infarction (3%). PFO (37%) was
by far the most frequent low-risk car-
dioembolic source, while PFO with ASA
accounted for 7% of cardioembolism.

Proportion of undetermined etio-
logy decreased along aging, while per-
centages for other determined etiology
and cardioembolism remained relative-
ly constant as a function of age in the
study population. We further analyzed
the time trends in determining the eti-
ology over the study years and found a
striking decrease in the proportion of pa-
tients with incomplete evaluation during
thelast decade, and increasing trends for
cardioembolism and other determined
etiology. (Original publication I, supple-
mental data, E-Figure).

Among the older group, anterior ter-
ritory strokes were more common, but
posterior territory strokes, particularly
those affecting cerebellum, seemed to
be significantly more frequent in tho-
se aged <45 compared to older group.
In 91% of the patients, brain imaging
showed one or more ischemic lesions
correlating with the current symptoms.
Hemisphericlesions were mostly left-si-
ded, as were those found in cerebellar
hemispheres. SBIs were found in 13%
of our patients and occurred mainly in



the older group, who also had more of-
ten leukoaraiosis (5%). We found mul-
tiple infarcts, including both SBIs and
current lesions, in as many as 23% of the
patients with no gender- or age-specific
differences.

5.2 THROMBOLYTIC
TREATMENT (I

In the present case-control study, the
comparison groups consisted of intra-
venous alteplase-treated young patients
aged 16t0 49 (n=48) and their age-, gen-
der-, and admission NIHSS score -mat-
ched control patients (n=96). Older, 50
to 79-year-old patients treated with int-
ravenous alteplase, formed a third cont-
rol group (n=96), into which patients
were matched for gender and NIHSS
score at admission. Age-matched cont-
rol groups were fairly well balanced; eti-
ology was similar and with regards to
risk factors, the control group only in-
cluded more patients who were heavy
drinkers. As we used historical control
patients, onset-to-door time delays ex-
pectedly were higher and proportion of
those with unknown exact onset time of
stroke was larger among age-matched
controls. Older controls did not differ
regarding time delays.

All of our young patients received full
dose of alteplase and did not experience
any overt adverse drug effects. In two pa-
tients, the decision whether to treat with
alteplase was based on CT-perfusion fin-
dings and in one patient, on MR-perfusi-

on findings. Mechanical thrombectomy
was performed in a 16-year-old boy after
thrombolysis showed no effect and anot-
her 46-year-old man with severe brain
swelling underwent hemicraniectomy 6
days after admission.

At 3-month follow-up, 27% of al-
teplase-treated young patients (cases)
had completely recovered (mRS 0) ver-
sus 10% among age-matched controls
(P=0.010). Favorable outcome (mRS
0-1) was achieved by 40% of cases and
22% of controls (P=0.025) and good
functional outcome (mRS 0-2) by 81%
of cases and 65% of controls (P=0.039).
We did not observe similar differences
between cases and older controls, but
none of the cases had died or were se-
verely disabled (mRS 4-5). Mortality in
age-matched controls was 2% and 7% in
alteplase-treated older controls. In ca-
ses, unfavorable outcome was more fre-
quent in males (79% of those had mRS
score of 2 to 5), in those with CAD, and
in patients with early ischemic changes
or hyperdense MCA on CT.

Atotal of 12 (25%) cases had any de-
tected ICH, which were mostly charac-
terized by hemorrhagic transformation
of the infarcted area (HI1 or HI2 by the
ECASS definition27). Parenchymal he-
morrhage (PH1) occurred in one (2%)
case patient, who was receiving LMWH
three days after thrombolysis. None of
the cases had SICH (Original Publicati-
on II, supplemental data, E-Table). Of
the older comparison group, 3% had
SICH. There were no significant diffe-
rences in the rates of any ICH within 96
hours or SICH between cases and older
controls.
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5.3 SILENT BRAIN INFARCTS
AND LEUKOARAIOSIS (llI)

Of the 669 patients included in this stu-
dy, 86 (13%) had one or more SBIs and
50 (7%) had leukoaraiosis in brain MRI.
Among these, 17 (3%) patients had both
findings. The rest 550 patients free of
SBIs and leukoaraiosis served as a cont-
rol group. SBIs began to appear at the
age of 26 and leukoaraiosis at the age of
35 in the study population. Only 73% of
those aged 45 to 49 had neither SBIs nor
leukoaraiosis.

Majority of patients with SBIs had
only single lesion (54%), whereas 20%
had two lesions and 27% had three or
more lesions. SBIs were located main-
ly in basal ganglia (39%) and subcorti-
cal regions (22%), albeit SBIs in cere-
bellum were also rather frequent (15%).
The average diameter of SBI was 9 mm,
ranging from 3 to 83 mm, the latter ap-
peared in a 46-year-old man with an SBI
in the right frontotemporal cortex.

Most patients with leukoaraiosis had
mild (42%) to moderate (54%) changes
according to our scoring based on the
visual rating scale. In those with leuko-
araiosis, SBIs were mainly small (avera-
ge size 10+7 mm) and located in basal
ganglia. Periventricular hyperintensities
around frontal and occipital horns most
often appeared in the forms of a small or
large cap, and those along the bodies of
lateral ventricles were mostly characte-
rized by thin lining. Hyperintensities in
regions other than periventricular white
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matter varied from small focal lesions to
extensive white matter change.

Expectedly, patients with SBIs or
leukoaraiosis were older compared with
controls free of these findings. In univa-
riate risk factor analysis, hypertension,
both types of diabetes, cardiovascular di-
sease, obesity, smoking, and dyslipide-
mia were more frequent in patients with
SBIs compared with controls. Hyperten-
sion, obesity, type 1 diabetes mellitus,
and cardiovascular disease were more
common in patients with leukoaraiosis
compared with controls. SBIs and leu-
koaraiosis were more frequently present
in patients whose underlying first-ever
stroke etiology was small-vessel disease
orlarge-artery atherosclerosis. SBIs and
leukoraiosis also appeared in patients
with several other determined etiolo-
gies, such as PACNS, CAD, hypertensi-
ve encephalopathy, SLE, and CADASIL.

In the multivariate models, increa-
sing age, obesity, and type 1 diabetes
were associated with the risk of both
SBIs and leukoaraiosis when adjusted
for relevant confounders. The associa-
tions were clearly strongest with type 1
diabetes (OR for SBIs 5.78; 95% CI 2.37-
14.10; OR for leukoaraiosis 9.75; 95%
CI 3.39-28.04; and OR for concurrent
SBIs and leukoaraiosis 14.25%; 95% CI
3.02-67.18). Females tended to have in-
creased risk forleukoaraiosis. Hyperten-
sion was associated only with concur-
rent SBIs and leukoaraiosis after mul-
tivariate analysis.



5.4 LONG-TERM MORTALITY
AND ITS PREDICTORS (1V)

Of the 731 consecutive patients inclu-
ded in this study, 78 had died during the
5-year follow-up. Median NIHSS score
was 3; 75.8% of the patients had mild
strokes (NIHSS score 0-6), 13.8% had
moderate strokes (7-14), and 10.4% had
severe strokes (>15). 76 (10.4%) patie-
nts had impaired consciousness. Case-
fatality rate was 2.7% (95% CI 1.5-3.9%),
one-year cumulative mortality risk was
4.7% (95% CI 3.1-6.3%), and 5-year risk
was 10.7% (95% CI 9.9-11.5%). Average
annual mortality was 2.2%. There was
no gender difference in mortality, but
those aged 45 to 49 had roughly two ti-
mes higher risk of death compared with
those aged <44. Regarding etiology of
the index stroke, patients with large-ar-
tery atherosclerosis or cardioembolism
had overall higher risks of death in the
long term compared with those with st-
roke due to small-vessel disease, other
determined cause, or undetermined eti-
ology. However, most deaths attributab-
le to cardioembolic index stroke occur-
red shortly after admission.

Among patients surviving the first
30 days but who deceased later (n=58),

recurrent ischemic strokes caused 16%
and hemorrhagic strokes 5% of the dea-
ths. Totally 36% of the patients died of
cardioaortic or other vascular causes,
12% of malignancies, 9% of infections,
and 22% of other miscellaneous causes.
All patients dying of malignancies were
aged =45, but otherwise we observed no
age-specific or gender-specific differen-
ces in the spectrum of causes of death.

In the Cox proportional hazards mo-
del, independent predictors of death
were increasing age (HR 1.07 per one-
year increment; 95% CI 1.01-1.12), acti-
ve malignancy (HR 15.75; 95% CI 6.03-
41.14), heart failure (HR 6.83; 95% CI
2.21-21.12), type 1 diabetes (HR 3.25;
95% CI 1.18-8.90), preceding infecti-
on (HR 2.32; 95% CI 1.24-4.36), heavy
drinking (HR 2.29; 95% CI 1.12-4.10),
and index stroke caused by large-artery
atherosclerosis (HR 4.17; 95% CI 1.35-
12.90). This multivariate analysis was
adjusted for age, gender, heart failure,
history of myocardial infarction, pe-
ripheral arterial disease, type 1 diabe-
tes mellitus, heavy drinking, preceding
infection, active malignancy, NTHSS and
GCS scores at admission, and stroke eti-
ology by TOAST.
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6 DISCUSSION

6.1 GENERAL DISCUSSION

To date, data on ischemic stroke in the
young have originated mostly from rela-
tively small patient series and have fre-
quently been rather imprecise. For this
Thesis project, we collected detailed da-
ta on over 1000 consecutive young pa-
tients suffering from first-ever ischemic
stroke and representing a well-defined
homogeneous population. Regarding
young adults, large number of patients
is necessary to reliably assess frequen-
cies of rare risk factors and depict the wi-
de spectrum of causes. Furthermore, as
young adults generally have better out-
come and few recurrences after stroke,
large patient population allows for mo-
re accurate analyses on rare endpoints
during follow-up. We tried to apply as
accurate and detailed predefined criteria
as possible for the inclusion of the pa-
tients, definition of risk factors, and de-
fining imaging findings and outcomes.
Our study design produces several
limitations—which in turn partly re-
sult from relative rarity of stroke in the
young and the single-center setting—
that should be considered when inter-
preting the results. First, despite our
patients were identified from the pros-
pective hospital discharge registry, most
of the data were obtained retrospecti-
vely from the patient records. This pre-
vented us from collecting data on some
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risk factors such as physical inactivity,
which was rarely documented. In additi-
on, due to the long inclusion period, risk
factor profiles might have changed. We
also may underestimate the prevalence
of some historical risk factors, such as
smoking or family history of stroke. Re-
lated to this fact, we also may have misc-
lassified a few SBIs due to incomplete
patient history information or because
some patients may not recall their stro-
ke symptoms, or interpret correctly all
their previous symptoms. Our registry
includes only patients below 50 and with
first-ever ischemic stroke, which should
reduce this possibility. Nevertheless, in
some cases, such as when defining the
most accurate etiologic category, retros-
pective data collection could be an ad-
vantage. Secondly, all patients did not
have complete cardiac examination or
had brain MRI, nor were screened for
clotting abnormalities. We likely unde-
restimate the prevalence of PFO and ot-
her atrial septal abnormalities as well as
combinations of prothrombotic states
and some other lower priority causes
in our patient population. Similarly, we
might have underestimated the presen-
ce of multiple infarcts and prevalence of
small SBIs not detected with CT. Third-
ly, we included patients over a very long
time period, in which imaging and labo-
ratory technology, stroke treatment, and
perhaps outcomes as well, have impro-
ved tremendously.

Young adults have extremely diver-
se etiology, which necessitates a detai-
led and structured approach with a wi-
de array of ancillary diagnostic testing.
MRI and MRA are the preferable ima-



ging method-of-choices also because of
vast range of differential diagnoses. For
optimal secondary prevention—and be-
cause there may be interactions of seve-
ral risk factors—a meticulous search for
each patient’s all potential risk factors is
important.

Regarding imaging findings, particu-
larly SBIs and leukoaraiosis should not
go unnoticed because they may be asso-
ciated with subtle cognitive deficits and
increased risk of recurrent stroke. 85192193
Prognostic factors with respect to SBIs
and leukoaraiosis, as well as multiple
infarcts, in young adults are less clear
and warrant further investigations, ho-
wever. Based on our findings, outcomes
in young adults can be safely improved
with intravenous thrombolysis. Further-
more, mortality after first-ever ischemic
stroke is low compared to older stroke
victims, but several subgroups of young
patients are at markedly increased risk
of death in the long-term.

6.2 OCCURRENCE AND
DEMOGRAPHIC FEATURES ()

Occurrence rates in our hospital-based
patient series were similar to those re-
ported in population-based studies from
Nordic countries and among Northern-
Manhattan whites (Table 1).2325 This li-
kelyreflects the fact that most patientsin
the studied age group (<50 years of age)
were treated in our hospital, which was
verified using the statistics from the Na-
tional Research and Development Cent-
re for Welfare. We may yet slightly unde-
restimate occurrence rates because we

did not search for non-hospitalized pa-
tients. Despite its hospital-based setting,
our study could be considered nearly a
population-based, however.

The exponential increase in occur-
rence was striking, yet expected, and
previously best depicted in a remote Da-
nish study.” Considering gender diffe-
rences in occurrence, males were over-
represented in the study population as
in the two earlier Northern European
studies.?**4 As in several prior inciden-
ce studies’>”'22 and in numerous patie-
nt series, females outnumbered males
in those aged below 30 in our patient
population. Interestingly, if other ends
of the age-scale are observed, boys also
predominate in pediatric strokes>*? but
females have much higher stroke inci-
dence among the very old due to their
longer life expectancy.®

6.3 RISK FACTORS (1)

We found unexpectedly high frequen-
cies of modifiable and well-defined risk
factors in our patients. Dyslipidemia
(59.5%) was the most common risk fac-
tor, which may partly be explained by
the fact that we applied relatively strict,
modern criteria for dyslipidemia con-
sistently over the study period. Lee and
colleagues reported similarly high (53%)
percentage in Taiwanese patients,”” but
other prior studies showed considerab-
ly lower percentages of dyslipidemia
ranging from 6% to 39%. Prevalence of
hypertension, current smoking, diabe-
tes, and atrial fibrillation in our patie-
nts were within the ranges reported in
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the literature (Table 2). Regarding par-
ticularly dyslipidemia and hypertension,
definitions have been highly variable in
the literature, which certainly complica-
tes comparisons. Prevalence of traditio-
nal risk factors in our patients was yet
among the highest reported in industria-
lized countries.”810:16.23:26547677:113 Consi-
dering the high frequency of risk factors
in our patients, their interactions are in-
deed likely; however, analyzing risk fac-
tor interactions were beyond the scope
of the Thesis study.

Most of the frequent well-docu-
mented vascular risk factors—dyslipi-
demia, smoking, hypertension, cardio-
vascular diseases, and type 2 diabetes
mellitus—clearly were more common
among males in our patient population.
Apart from smoking, these risk factors
accumulated along ageing as well. Prior
studies that performed gender-specific
comparisons, presented similar obser-
vations: smoking was more frequent
in males in several papers,39:5455727376.94
hypertension in few,?557276 and diabe-
tes in one study.’ In previous studies
that compared younger and older young
adults,”®7394 dyslipidemia, hypertensi-
on, and smoking were more common,
similar to our findings. These present
and previous multiple observations of
vascular risk factor accumulation in ma-
les and along aging are the most likely
explanations for the male predominan-
ce after age of 44 and separating trends
between males and females in occurren-
ce curves after that point. In addition to
well-defined risk factors, we found that
heavy drinking and obstructive sleep ap-
nea were more common among males,
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thelatter being also more frequent in the
older group. In agreement with our ob-
servations, heavy drinking was far more
common in males in five prior studies
presenting these data.®9557376 In terms
of primary prevention of ischemic stro-
ke especially in young males, the striking
accumulation of modifiable risk factors
at early middle-age should lead to more
effective preventive measures perhaps
already at age of 35 to 40.

Inaddition to accumulation of vascu-
lar risk factors among males, there may
also exist other explanations for lower
risk of ischemic stroke among fema-
les aged 45 to 49 compared to males.
High premenopausal estrogen concent-
rations have been linked to decreased
risk of ischemic stroke and cardiovas-
cular diseases, but based on recent stu-
dies on postmenopausal hormonal the-
rapy and stroke risk, the protective ef-
fects of estrogen are less clear.2®3 Female
predominance among very young indi-
viduals with ischemic stroke seems to
be universal and may be attributable to
gender-specific risk factors and possib-
ly their interaction with traditional risk
factors.%®% In our study, migraine pre-
valence7-9-1216:23,34.54,55,71,73,79:84.85 and its fe-
male predominance®92334545573 was in
accordance with that presented in pre-
vious studies. In agreement with fin-
dings by Rasura and colleagues,® our
younger patient group had higher pre-
valence of migraine compared to older
ones. The higher migraine frequency in
females and in younger patients sup-
ports the hypothesis of its importance
in the pathogenesis of ischemic stroke
in very young females.



6.4 ETIOLOGY (1)

Based on our findings, the spectrum of
etiology begins to gradually resemble
that seen in elderly stroke patients af-
ter age of 35 years. This shift occurs in
parallel with the increase of vascular
risk factors and is also likely reflected
to the steep increase in overall occurren-
ce. With regards to this etiologic evolu-
tion, “stroke in the young” could well be
defined as stroke occurring under age of
45 at least in research settings because
causes defined in elderly stroke patie-
nts are relatively rare below that age. As
longevity increases particularly in deve-
loped countries, causes defined in the
young may become more common in ol-
der patients and thus there may appeara
need to shift the limit upwards. Ongoing
young stroke studies already apply an
upper age cut-off of 55 (www.sifap.de).
By means of demographic features, age
of 30 could well be another point of divi-
sion in young stroke populations. Depic-
tive definitions, such as young-young
forthose aged <30, mid-young for those
aged 30 to 44, and old-young for those
aged >44 (probably up to 55), might be
useful as well.

CAD was the most common solita-
ry cause of stroke in our study accoun-
ting for 15% of all patients and 19% of
those aged under 45. This is in accor-
dance with most of the previous young
stroke studies, of which more recent
presented proportions of up to 24%.*
We found relatively large proportion
of patients with cardioembolism attri-
buted to dilative cardiomyopathy (17%
of cardioembolic strokes) compared

to that reported in previous literatu-
re.23727310u3 PRQ with or without ASA
was the most common cardiac source
in our patient population, akin to prior
findings.81316:2327.547778 12,113,117 Rheumatic
valve disease was absent in our series, a
frequently reported cause in young stro-
ke series.%13277277

Proportion of those with large-ar-
tery atherosclerosis in our patient po-
pulation was within the ranges (6% to
21%) reported in prior literature that us-
ed TOAST classification (Table 6). Ho-
wever, our proportion was considerab-
ly smaller than reported in two Euro-
pean studies>*”® with 49 as the upper
age cut-off, but also in studies with 45
as a cut-off.">"13 The reason for this dif-
ference between ours and prior studies
is not clear, albeit differences between
risk factor profiles due to different study
periods and ethnicity may be explaining.

Etiology remained undetermined in
a third of our patients, which is in ac-
cordance with prior literature (Table 6).
There were no prior studies reporting
extent of diagnostic work-up, nor trends
in defining the etiology. In our institu-
tion, the quality of diagnostic work-up
seemed to improve over time, as during
the last study years, proportion of pa-
tients with incomplete evaluation was
reaching to nil.

We analyzed age-specific data on eti-
ologic profile revealing that the propor-
tion of cardioembolic strokes remains
relatively constant, while the proporti-
on of undetermined etiology decreases
along aging. As expected, large-artery
atherosclerosis and small-vessel dise-
ase were more common in our older
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patients. These observations tally with
previous findings.”95476941113 In additi-
on, our data showed a decreasing pro-
portion of undetermined etiology along
aging. With respect to age-specific dif-
ferences, males outnumbered females
among those with large-artery athe-
rosclerosis being in concordance with
prior data.5+767811 However, we obser-
ved no gender difference in those with
cardioembolism or other determined

etiology, as was suggested by some stu-
dies.76:77:78,94,111

6.5 IMAGING FEATURES (I, llI)

In our registry, left hemispheric strokes
were significantly more frequent com-
pared with right hemispheric strokes.
This observation is in accordance with
observations from the large German st-
roke registry’”® and several young stro-
ke studies as well.9+117:134176177 The side
preference most likely reflects the poor
recognition of right hemispheric stro-
kes even among these young patients.
Most of the infarcts in the young in pre-
vious studies affected anterior circula-
tion (52-87%), whereas a minority had
posterior territory strokes (13-41%) or
multiple infarcts in both territories (3-
12%).7,9,23,24,78,94,117,119,134,176 T}lere appear
no detailed age-specific data on stroke
localization in young adults in the litera-
ture. However, our findings suggest that
posteriorterritory ischemia is more com-
mon in younger patients (46% in those
aged <45 versus 38% in those aged 45 to
49), and compared with that reported in
prior literature.”923:2478.94117.119134176 Thig
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observation may be attributable to fre-
quent use of MRI in our study, higher
frequency of VAD in younger patients, or
possibly due to poorly recognized gene-
tic factors that may cause vertebrobasi-
lar pathology, such as Fabry’s disease. !¢+
Cerebellarinfarcts explained most of the
higher frequency of posterior territory
strokes in the younger group. We found
no gender difference in stroke localizati-
on when analyzed in detail, as suggested
in one prior study.>

Nearly a one-fourth of our patients
had multiple visualized infarcts in brain
imaging, including both silent and cur-
rent lesions. Presence of multiple in-
farcts showed no gender- or age-speci-
fic differences. This heavy “lesion load”
in this patient population is somewhat
striking because of pronounced antici-
pated disability in these young patie-
nts. Earlier studies have reported rat-
her imprecise data on multiple infarcts
varying from 3% to 12% and depending
whether multiplicity meant bilateral or
multi-territorial (anterior and posterior)
strokes.”2378:17.134176 Definition of bilate-
ral infarct per se may affect these figu-
res in posterior territory depending on
whether the studies used end-artery for
definition of territory or not, as bilateral
occipital infarcts may be considered uni-
territorial in the vertebrobasilar circula-
tion. According to the end-artery defini-
tion, infarcts affecting multiple vessels
in posterior circulation were reported in
17% to 21%.3%7° In our study, each vi-
sualized infarct was counted separately
and acute multi-territorial infarcts had
tobe present simultaneously in both an-
terior and posterior territory.



In our patient population, SBIs be-
gan to appear in early adulthood, while
leukoaraiosis was seen after early mid-
life. More than one-fourth of those aged
45 to 49, and nearly one-fifth of those
aged 40 to 44 had SBIs, leukoaraiosis,
or both. As these observations were not
systematically reported in previous lite-
rature, comparisons regarding SBIs can
only be done with two studies that have
documented the prevalence of SBIs in
detail in the healthy middle-aged: preva-
lence among younger participants were
0% in those aged 20 to 39 and 1.7% in
those aged 40 to 49 in the South-Korean
study,®” and <8% among those aged 30
to49yearsin the Framingham Offspring
Study.’®® A community-based Japanese
study reported leukoaraiosis prevalence
of a few percent in participants at their
408.1"

Most SBIs in our patients were lo-
cated in subcortical deep white matter
and basal ganglia, reflecting thus the
probable underlying small-vessel pat-
hology. These findings tally with previo-
us studies, which have enrolled mostly
elderly persons.'67188284-288 Higher pro-
portion of silent cerebellar infarcts (15%)
appeared in our young patients compa-
red with that registered in the healthy el-
derly (1-8%):87:188:285,286288 or in patients
with acute ischemic stroke scanned with
CT (7%).2% Migraine was suggested as
an independent risk factor for particu-
larly cerebellar silent ischemic lesions in
the general population,2*° but such asso-
ciation was not observed in our young
stroke patients. Compared with our se-
ries, participants in that migraine-stu-
dy=%° were older and only four were un-

der 50, which probably reflects that in-
creasing age is the major predisposing
factor for SBIs in migraineurs as well.
Silent cardioembolism may in part ex-
plain the frequency of cerebellar SBIs.
The higher frequency of overt posteri-
or territory ischemia and cerebellar in-
farcts in our patients might also joint
with the prevalence of cerebellar SBIs,
possibly reflecting the same—yet un-
clear—pathophysiological mechanisms.

Leukoaraiosis is increasingly appa-
rent after age of 50,9912 age being
thus its major determinant. In older pa-
tients with TIA or stroke, leukoaraiosis
was present in 44%.'%° We used a leu-
koaraiosis rating scale which takes into
account the number, size, and shape of
leukoaraioticlesions,*?and according to
this simple scoring system—considering
all white matter areas and brainstem—
our young patients had mostly mild to
moderate leukoaraiotic changes. Males
had slightly more severe lesions, which
is opposite to the trend observed in the
general population,’° but might reflect
males’ higher frequency of vascular risk
factors. Our relatively small number of
patients with leukoaraiosis may not, ho-
wever, allow firm conclusions on this is-
sue.

To the best our knowledge, the st-
rong associations between type 1 diabe-
tes and early-onset SBIs or leukoarai-
osis found in our study have not been
previously reported. The well-establis-
hed associations between hypertension
and SBIs,® and leukoaraiosis,?* were
not that clear in our young patients, and
were only seen in those with coexistent
SBIs and leukoaraiosis, who also were
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older. Probable explanations for these
observations are, that in younger pa-
tients hypertension may not have had
“enough” time to cause advanced ves-
sel pathology, while juvenile-onset dia-
betes and chronic hyperglycemia may
have altered the endothelial function
leading to early atherosclerosis possib-
ly for years or decades prior to stroke.?%4
Obesity was related with the presence
of both SBIs and leukoaraiosis in our
study, which likely reflects the recent-
ly observed associations between me-
tabolic syndrome and its components,
and SBIs>% as well as leukoaraiosis.?°
Relation of smoking with pathogenesis
of leukoaraiosis or small-vessel disease
is controversial, 29729 smoking was asso-
ciated with SBIs in two prior studies.!®
In our young patients, smoking was as-
sociated with SBIs, but not with leuko-
araiosis, but as with hypertension, smo-
king was clearly associated with coexis-
tent SBIs and leukoaraiosis. Numbers of
patients particularly in the leukoaraio-
sis and combined SBI and leukoaraiosis
groups were relatively small in our stu-
dy, which should be taken into account
when interpreting the results of the mul-
tivariate analyses. Because our patients
all had ischemic stroke, it remains un-
clear whethertherisk factor associations
appear also in those without any history
of an overt stroke.

There is necessarily no correlation
with the underlying pathophysiology of
the overt stroke and SBIs or leukoarai-
osis. Small-vessel disease is, however,
the mostlikely stroke subtype associated
with the presence of both SBIs** and
leukoaraiosis.® In view of the overall
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high frequency of vascular risk factors
in our patients, those with non-small-
vessel disease -related stroke also may
well have risk factors predisposing to
small-vessel pathology. Moreover, SBIs
may well be related to conditions such
as CAD or PACNS regarding their pat-
hophysiological mechanisms and often
slowly, or gradually evolving pathoge-
nesis.'4+2% SBIs and white-matter chan-
ge are characteristic findings already in
younger CADASIL patients.®3

6.6 THROMBOLYTIC
TREATMENT (I

Findings of this sub-study (II) suggest
that young adults with acute ischemic
stroke can benefit from intravenous
thrombolysis compared with their cont-
rol patients, not treated with alteplase,
matched by age, gender, and initial st-
roke severity. More than a quarter of
those treated with alteplase recovered
completely, 40% were able to return to
work, 82% reached good functional out-
come, and none was bedridden or dead
at 3 month follow-up. There was no sig-
nificant difference in outcome between
young alteplase-treated patients and ol-
der controls; however, none of the young
patients died or had SICH.

Recently presented data (oral pre-
sentation at the European Stroke Cong-
ress in Nice, May 2008)3°° on 18 to 45
years-old SITS-MOST patients, treated
within a 3-hour time window, showed
that 54% scored o to 1 and 76% o to 2,
on 3-month mRS, with a mortality rate
of 5.5%. These figures are comparable



to ours, except for the mortality rate. In
this SITS-MOST analysis, those over 45
recovered clearly worse compared with
younger patients.3°° The higher upper
age cut-off (50) may in part explain the
fact that we did not find such differen-
ce between old and young alteplase-tre-
ated patients.

Inthe entire cohort of SITS-MOST=°
and in pooled randomized controlled tri-
als,?* the proportion of those with fa-
vorable outcome (mRS o to 1) was si-
milar to our young patient series, ap-
proximately 40%. However, a conside-
rably higher percentage of our patients
achieved full recovery (mRS 0) or good
functional outcome (mRS o0 to 2). The
proportion of those with a score of 1 on
mRS (13%) was smaller among our pa-
tients than in SITS-MOST (20%) and
pooled randomized trials (23%), but in
contrast, the percentage of patients sco-
ring 2 on mRS (42%) was clearly higher
in our series (16% in SITS-MOST and
7% in pooled randomized trials). The-
se differences are probably explained by
the fact that previous studies enrolled
a high amount of persons who already
had retired prior to stroke. In those of
working age, mRS 2 rather than mRS
1 is observed more frequently, probab-
ly because the residual symptoms dete-
riorate one’s working ability even if they
are mild, and otherwise would not affect
their daily living. In opinion of the Aut-
hor of this Thesis, favorable outcome in
young adults should be defined as a sco-
re of 0 to 1 on mRS, because then, the
patient would not only be functionally
independent, but would also be able to

work, drive a car, and to continue all pre-
vious social activities.

Our young patients had similar ra-
te of hemorrhagic infarcts (HI1 or HI2)
as did their older alteplase-treated cont-
rols. The difference of the rate of SICH
was neither significant, although by the
applied definition of the SITS-MOST,2°°
none of our cases had a SICH while the
rate was 3% among older controls. The
definitions of SICH have been variab-
le. According to the NINDS trials'®* and
Cochrane reviews,3** SICH was defined
as any hemorrhage plus any neurologi-
cal deterioration of >1 on NIHSS or that
leads to death within 7 days; by that de-
finition SICH occurred in 3 (6%) of our
case patients. In the ECASS and ECASS
IT trials,?23°2 SICH was defined as any
hemorrhage plus a neurological deterio-
ration >4 on the NIHSS from baseline,
or from the lowest NIHSS value between
baseline to 7 days, or leading to death.
ECASS 1T included an additional condi-
tion requiring that the bleeding was the
predominant cause for deterioration.>2
By the original ECASS definition, one
(2%) of our cases had SICH, but not by
the latest ECASS IIT definition as this
patient probably deteriorated probably
because of thrombus dislocation from
the dissected internal carotid artery.
Hemorrhagic infarcts (HI1 or HI2) we-
re frequent (23%) in our young patients,
and they were often associated with ear-
ly anticoagulation. Within 7 days from
thrombolysis, 19% had these findings,
akin to percentages in the ECASS II
trial.3°¢ Hemorrhagic infarcts are pro-
bably not that important clinically, as it
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was suggested that only parenchymal
hemorrhage type 2 independently im-
pairs prognosis.3°3 It remains unclear
how many of these early or later he-
morrhages were primarily due to direct
complication of the thrombolytic agent,
anticoagulants, or only natural evoluti-
on of the infarction. Regarding the diffe-
rent definitions, the overall rate of SICH
in our young patients was lower than
that seen in SITS-MOST=* and in poo-
led randomized controlled trials,>** and
slightly higher than that in the younger
subgroup of SITS-MOST.3°°

In the 50 patients with ICAD re-
ported to receive intravenous thrombo-
lysis in prior literature, median NIHSS
score was 16 at admission (NIHSS sco-
re was not provided for 11 patientss®4),
mean age was 48+10, and treatment ti-
me window ranged from 35 minutes to
7 hours.3043°¢ Of these 50 patients, 34%
scored o to 1, and 48% 0 to 2 on mRS
at 3 months, and mortality rate was 8%.
In ouryoung thrombolysis patients, 25%
had ICAD with less severe strokes and at
younger age than in the previous litera-
ture, but only one (8%) achieved favo-
rable outcome. Yet, 67% achieved mRS
oto 2, and none was severely disabled or
dead at follow-up. CAD was associated
with worse outcome in our series overall,
however. As the dissection patients were
mostly males, it likely explains the worse
outcome among males as well. The ob-
served trend towards better outcome in
our patients with undetermined etiology
may serve as another prognostic factor,
but the small number of patients does
not allow for firm conclusions. In cont-
rast to randomized trials having enrol-
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led mainly older patients, stroke subtype
seems to affect response to thromboly-
sis in young adults. In particular, whet-
herintravenous thrombolysisis truly the
best emergency treatment approach in
patients with CAD needs further eluci-
dation.

Regarding specific off-label situa-
tions in young adults, we had no preg-
nant or menstruating females in our se-
ries, and thus no experience of treating
such patient groups. Our youngest pa-
tients, aged 16 and 17, were treated off
the official label, but received alteplase
uneventfully. The efficacy and safety of
intravenous alteplase in a 3 to 4.5 h ti-
me window was demonstrated in the
ECASS I1II trial in 2008.2°2 Our data,
with a small patient number and patie-
ntsincluded before publication of the re-
sults of the ECASS I11, did not show any
trend towards worse outcome or higher
bleeding rate among those young adults
treated later than 3 hours from symp-
tom onset.

The use of historical control patie-
nts was justified in our study, because
conducting a randomized trial on the is-
sue would be unethical or impossible at
present. However, the main restrictions
of this study were its non-randomized
and retrospective design; the true effi-
cacy of alteplase in this setting is diffi-
cult to assess. The age-matched control
group was admitted to hospital clearly
later than the thrombolyzed patients,
which might have had some influence
on their outcomes per se. They also had
more often unknown time of stroke on-
set, which may have affected the deci-
sion-making whether to give alteplase



or not, particularly during the earliest
years of the study period. At those days,
experience on trombolytic treatment in
ischemic stroke was more limited and
perfusion techniques were not availab-
le. Because direct patient contact for
outcome assessment is not always pos-
sible, we have assessed mRS also over
the telephone. Telephone assessment is
not yet validated in larger studies, but is
suggested to be reliable.?° Nevertheless,
the proportions of those with face-to-fa-
ce or telephone measurement of mRS
were similar between the groups, and
the assessment was done by experien-
ced raters. These facts should reduce the
possibility of bias and misclassification.

6.7 MORTALITY (IV)

Our findings agree with previous litera-
ture that the overall risk of long-term
death after an acute ischemic stroke in
young adults is low.1:1216:24.7274.79.84,85,117
19135260 The 30-day case fatality rates
(2.3-3.4%)'0247984 and first-year morta-
lity rates (4.5-6.3%)"2792% were closely
similar in prior studies from the last two
decades compared to ours, despite the
variation in the chosen upper age-limit
between the studies or whether patie-
nts with earlier stroke were included or
not. The overall risk of death is clearly
highest during the first month and year
after ischemic stroke in the young but
reduces considerably thereafter to an
average level of 0.8% to 1.8%.11279:260
In our patients, more than a fifth of the
deaths in 30-day survivors were caused
byrecurrent stroke, nearly a third by car-

diac or aortic cause, and in total 58% by
a vascular cause within the first 5 years
from the index stroke. Only few prior
studies presented sufficient data on cau-
ses of death with high variability.7+79:260

In our study, the risk of death was
clearly higher in those >45 compared
with younger patients and increasing
age independently predicted death in
the multivariate analysis. Two prior
studies reported increased risk of dea-
th among patients aged >35,"*7 but a
Norwegian study did not find associati-
on between age and mortality.26° Within
our 5-year observation period, we did
not find association between male gen-
der and mortality, which was suggested
earlier in studies involving young stro-
ke patients with longer mean follow-up
times (8 to 12 years).!*7

Malignancy, heavy drinking, and ty-
pe 1 diabetes independently predicted
death in our study, in line with findings
from previous studies.’®2*° When ana-
lyzed separately, heart failure was the
cardiac factor attributable to increased
risk of long-term mortality, being in ac-
cordance with findings from older patie-
nt populations®* and suggested by one
young stroke study."

Despite emerging literature on this
topic,*® data on impact of infection
on long-term outcome or survival are
scarce. Greater stroke severity was as-
sociated with recent infection in a few
studies®*73* and in a recent study, neu-
rological stage was worse on day 4 after
stroke in patients with infection during
the week prior to stroke compared with
those without infection.3* Long-term
outcome or mortality were analyzed in
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none of the previous studies. After exclu-
sion of those dying within the first 30
days, any preceding documented infec-
tion within the month prior to stroke in-
dependently associated with long-term
death in our patients. Patients with pre-
ceding infection might harbor compro-
mised immunity that may be explaining
their increased risk of death in the long
term. However, due to the design of our
study, prognosticrelevance of preceding
infection should be further investigated
in prospective studies.

NIHSS score strongly predicts fun-
ctional outcome and death after stroke
at 3 months in general stroke popula-
tions531! and in young adults.*® In ol-
der patients, severe index stroke pre-
dicts also long-term mortality,?*but this
issue has not been previously analyzed
in young patients with generally better
likelihood of surviving. In our study, st-
roke severity measured with NTHSS or
GCS had no impact on long-term mor-
tality in 30-day survivors; severe stroke
thus affects survival in young adults me-
rely during the early phase after the stro-
ke. Regarding stroke severity per se, our
patients had lower median NIHSS score
(3) as was reported in the Swiss study
on young adults*® and in the large Ger-
man Stroke Data Bank (5).5 Compared
to the population-based Northern Man-
hattan study,” the proportion of those
with mild strokes were markedly larger
in our patient population (76% versus
55%), whereas the percentage for seve-
re stroke was even (10%). Based on our
observations, young adults seem to have
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milder strokes overall; the higher medi-
an NITHSS score in the Swiss study might
be related to referral bias.

One earlier young stroke study ob-
served that patients with large-artery
atherosclerosis had lower probabilities
of survival.” In our study, both patie-
ntswith large-artery atherosclerosis and
cardioembolism underlying the index
stroke were at clearly higher risk of dea-
th, but after adjustment for age, gender,
and clinical variables, only large-artery
atherosclerosis independently predicted
long-term mortality. In contrast, more
deaths attributable to cardioembolic in-
dex stroke occurred within the first 30
days and cardioembolism had no pre-
dictive value in the long term—which is
opposite to that seen in older stroke pa-
tients.257:258:262 Qverall higher prevalence
of atrial fibrillation and other high-risk
cardiac sources among the elderly ver-
sus relatively larger proportion of low-
risk cardiac causes in the young may ex-
plain these differences. Based on our da-
ta, mortality rates are low in the young
with stroke attributable to undetermin-
ed and other determined etiologies, as
well as in those with CAD.

Our mortality analyses suffered from
two specific limitations. First, we could
not perform reliable subgroup analyses
on deaths related to vascular causes due
to overall low mortality in our young pa-
tients. Second, we were not able to ana-
lyze the effect of secondary prevention
regarding risk of death due to lacking
data of medication used at the time stu-
dy was conducted.



6.8 FUTURE DIRECTIONS

Deciphering the secrets of “cryptogenic
stroke” should be one of the main targets
in future clinical stroke research. Stroke
In young FAbry Patients (SIFAP; www.
sifap.de) is an ongoing pan-European
multicenter study that aims to include
5000 patients aged 18 to 55 with TIA,
ischemic stroke, or hemorrhagic stro-
ke. In that study, brain MRI, collection
of blood samples and detailed clinical
data are mandatory for inclusion. Pre-
valence and features of Fabry’s disease
in this patient population are first in-
vestigated, but the study design later
allows for candidate gene approaches,
genome-wide association studies, and
gene-environment risk factor associati-
on analyses. Cervical Artery Dissection
and Ischemic Stroke Patients (CADISP;
www.cadisp.org)3?is another European
multicenter study that aims to identify
genetic variants associated with an in-
creased risk of CAD and gene-environ-
ment risk factor interactions. CADISP
collects data on three groups: 1) patie-
nts with CAD verified with strict radio-
logic criteria; 2) patients with non-CAD
ischemic stroke; and 3) healthy controls.
Recruitment for the CADISP has been
finalized and results from genetic ana-
lyses are anticipated during 2010. Both
SIFAP and CADISP will probably bring
tremendous amounts of novel data par-
ticularly on the etiologic aspects of stro-
ke in the young.

The causal relationship between PFO
and ischemic stroke is still controversial.
The same holds true with the best tre-
atment approach in patients with PFO-
related stroke. Several ongoing studies
will hopefully shed light on these issues
(http://www.strokecenter.org/trials/).
Large international registries would be
reasonable approaches to gather detai-
led data on many aspects of numero-
us rare causes of stroke, including both
ischemic and hemorrhagic subtypes, in
young adults. Currently, no valid classi-
fication of stroke subtypes exists parti-
cularly for young adults and designing
one that fits to the need of the young is
another future task. Similarly, establis-
hing prognostic models for predicting
endpoints such as stroke recurrence and
return to work need to be done.

Efforts to modify risk behavior
among the young are strongly needed.
Despite improvement of secondary pre-
vention after stroke during the last de-
cade, every effort should be made to
minimize the risk of recurrent vascular
events in young stroke victims with opti-
mal medication or invasive procedures,
of which more evidence is gathered on-
ly by arranging large multi-center stu-
dies. Finally, because of the highly spe-
cific features compared to general st-
roke populations, treatment guidelines
for young adult stroke—as there already
exist for pediatric stroke3'3— are desired.
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Summary and Conclusions

7 SUMMARY AND
CONCLUSIONS

Ischemic stroke is a relatively rare event
among young individuals but its inci-
dence begins to rapidly rise during early
midlife. Modifiable risk factors are com-
mon in young ischemic stroke patients
and they tend to accumulate in males
and along aging. A rigorous search for
all potential risk factors, including ge-
netic, is obviously crucial for adequate
secondary prevention. Primary preven-
tion strategies should perhaps be mainly
targeted to the age group of 35 to 40 in
order to prevent the striking increase of
stroke occurrence among those aged 5
or 10 years more.

The wide variety of causes of stroke
in the young necessitates a careful diag-
nostic approach and a range of ancil-
lary testing. Regarding emergency ca-
re, intravenous thrombolysis seems to
safely improve outcomes even in young
patients, with expected good recovery.
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Brain imaging findings differ in young
patients compared to that seen in elder-
ly, probably because of different etiolo-
gic spectrum. Silent brain infarcts and
white-matter change are not uncommon
in young stroke patients and should not
be overlooked because of their potential
prognostic relevance.

With respect to long-term outcome,
several easily recognizable factors asso-
ciate independently with increased risk
of long-term mortality. In young adults,
with a long expected lifespan ahead and
disastrous socio-economic impact of a
disease such as stroke, detecting these
factors are particularly important, be-
cause in most patients, they can be mo-
dified by life-style changes, strictly cont-
rolled medication, or invasive interven-
tions—when indicated.

Ongoing and future trials and stu-
dies will hopefully shed light on many
issues considering stroke in the young
including genetic risk factors, gene-en-
vironmental risk factor interactions, as
well as outcomes and how to best mo-
dify them in different stroke subtypes.
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