Radboud Repository

Radboud University Nijmegen {§

1
g

PDF hosted at the Radboud Repository of the Radboud University
Nijmegen

The following full text is a publisher's version.

For additional information about this publication click this link.
http://hdl.handle.net/2066/125600

Please be advised that this information was generated on 2017-12-06 and may be subject to
change.


http://hdl.handle.net/2066/125600

Long-term prognosis after
stroke in young adults

Loes C.A. Rutten-Jacobs

DONDERS
series







Long-term prognosis after stroke
in young adults

Loes C.A. Rutten-Jacobs



The studies presented in this thesis were carried out at the Department of Neurology of the
Donders Institute for Brain, Cognition and Behaviour, Center for Neuroscience, Radboud
university medical center, Nijmegen, the Netherlands, with financial support from the Dutch
Epilepsy Fund (grant 2010-18) (Dr. F-E de Leeuw) and by a Vidi innovational grant from the
Netherlands Organization for Scientific Research (grant 016.126.351) (Dr. F-E de Leeuw).

The publication of this thesis was financially supported by the Department of Neurology of
the Donders Institute for Brain, Cognition and Behavior, Center for Neuroscience, Radboud
university medical center.

Financial support by the Dutch Heart Foundation for the publication of this thesis is gratefully

acknowledged

Cover design and lay-out: E.F.M. Jacobs
Thesis layout: L.C.A. Rutten-Jacobs

Printed by: Ipskamp Drukkers, www.ipskampdrukkers.nl

ISBN 978-94-91027-90-1

© Loes Rutten-Jacobs, 2014
No part of this thesis may be reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopy, recording or otherwise without permission of the author.



Long-term prognosis after stroke
in young adults

Proefschrift

ter verkrijging van de graad van doctor
aan de Radboud Universiteit Nijmegen
op gezag van de rector magpnificus prof. mr. S.C.J.J. Kortmann,
volgens besluit van het college van decanen
in het openbaar te verdedigen op maandag 14 april 2014
om 14.30 uur precies

door

Loes Carola Antonia Rutten-Jacobs
geboren op 22 oktober 1982
te Heerlen



Promotor
Prof. dr. M.A.A.P. Willemsen
Copromotoren
Dr. H.F. de Leeuw
Dr. E.J. van Dijk
Manuscriptcommissie
Prof. dr. A.H.E.M. Maas (voorzitter)
Dr. N.P. Riksen
Prof. dr. L.J. Kappelle, Universitair Medisch Centrum Utrecht









Contents

Part I: Introduction
Chapter 1: General introduction, aims and outline
Chapter 2: The FUTURE study: a prospective cohort study. Study rationale and protocol.

Part Il: Risk factors associated with stroke in young adults
Chapter 3: Prevalence of Fabry Disease in young adults with TIA or stroke
Chapter 4: High incidence of diabetes after stroke in young adults and risk of recurrent

vascular events

Part lll: Long-term prognosis after stroke in young adults
Chapter 5: Long-term mortality after stroke among adults aged 18 through 50 years
Chapter 6: Sex-specific temporal changes in cause of death and years of life lost
after TIA or ischemic stroke in young adults
Chapter 7: Long-term risk of recurrent vascular events after young stroke
Chapter 8: Clinical characteristics and outcome of intracerebral hemorrhage

in young adults

Part IV: Long-term perspective on stroke in young adults

Chapter 9: Ischemic stroke in young adults: risk factors and long-term consequences

Part V: Summary and General Discussion
Chapter 10: Summary
Chapter 11: General discussion and future perspectives

Chapter 12: Summary in Dutch| Nederlandse samenvatting

Appendices
List of abbreviations
References
Acknowledgements | Dankwoord
Curriculum vitae
List of publications
Dissertations of the Radboud Stroke Center Nijmegen

Donders Graduate School for Cognitive Neuroscience Series

11
19

38
40

53

67
69
87

101
121

137
139

161
163
169
179

187
189
191
205
209
211
215
217






Part |

Introduction







Chapter 1

General introduction, aims and outline




Chapter 1

Stroke in young adults

Stroke is one of the leading causes of death with an annual 6 million fatal events
worldwide.! In the Netherlands, 200,000 men and women have a history of stroke,
36,000 are newly diagnosed with stroke each year and 10,000 die from stroke
annually.? Stroke accounts for more than 4% of direct health-care expenditure
in developed countries and is one of the ten most expensive diseases in the
Netherlands.># Stroke is clinically defined by an acute neurological deficit (for
example one sided weakness, aphasia, hemianopia) that can best be explained by
an occlusion or rupture of the cerebral blood vessels.

Figure 1 shows that, although stroke mainly affects elderly people, still approximately
10% occurs in patients younger than 50 years. Before the age of 35 years stroke is
more frequent in women, but among those young stroke patients after the age of 35
years, men outnumber women.> ¢

Figure 1 Cumulative age-specific contribution to total stroke incidence in the
Netherlands
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Figure 1 Cumulative age-specific contribution to total stroke incidence in the Netherlands. (Source: Nationaal
Kompas Volksgezondheid. Bilthoven: RIVM)
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General introduction

There is no uniform definition of young stroke. Stroke is an umbrella term for both
short (TIA) and longer lasting periods of cerebral ischemia, but also intracerebral
hemorrhage (ICH), however most studies hardly include any outcome data on
these, other than ischemic stroke. Furthermore, age limits vary; lower age limit in
studies on young stroke is generally 15 or 18 years old, whereas the upper age limit
varies between 40 and 55 years. For the studies described in this thesis, we defined
young stroke as a TIA, ischemic stroke or intracerebral hemorrhage in adults aged
18 through 50.

Although the overall incidence of stroke is declining, the incidence of stroke in adults
younger than 55 years is increasing (Figure 2).”

This increase is suggested to be mainly attributable to a growing prevalence of
"traditional” vascular risk factors, including smoking, diabetes, hypertension,
hypercholesterolemia, and obesity in young adults over time.” This challenges the
traditional view that young stroke is often caused by “rare” causes.?

Figure 2 Age-specific incidence rate by calendar-year for first-ever stroke
in the White population of the Greater Cincinatti/Northern Kentucky
region in the United States
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Chapter 1

Risk factors for stroke in young adults

Diseases and risk factors that have traditionally been considered to be important
in the etiology of stroke in young adults include non-atherosclerotic arteriopathy’s
(mainly dissections), cardiac causes, migraine, coagulation disorders, pregnancy and
puerperium, use of oral contraceptives, substance abuse and some monogenetic
disorders.® However, for most of these risk factors, evidence of a causal relationship
with young stroke is only weak, since it is mainly based on case-reports and case-
series. Moreover, evidence, and more important, awareness is increasing that
traditional vascular risk factors are rather common in young adults with stroke and
thus may explain a considerable proportion of young stroke.® 7 %14

The identification of a high risk young stroke subpopulation may offer opportunities
for long-term secondary prevention strategy. However, risk factors that emerge after
a young stroke often may go undetected in many patients as current protocols and
guidelines only recommend screening of young stroke patients in the acute phase
and only few months thereafter.

Long-term prognosis after stroke in young adults

Despite the considerable proportion of young adults among stroke patients, only
very limited data exist on long-term prognosis after stroke in adults aged 18-50
years.'> 1520 Young stroke patients face many uncertainties about their future, and
it is exactly this long-term prognosis that is particularly important in adults in these
ages, given that they have a long life expectancy during a demanding period of life in
which they start to form families, have an active social life and make decisive career
moves. Prognosis of young stroke in terms of mortality is generally considered to
be benign, given that short-term mortality and is lower compared to older stroke
patients. However, it is to be questioned whether this is a relevant comparison as
these older patients obviously have a much higher a priori mortality rate, simply
because of their age.

Stroke at young age has a major and long-lasting impact on a patient’s quality of
life, but this impact is not solely determined by the index stroke, but also by future
(cerebro)vascular events and early death after the initial stroke. There are only very
limited data on risk of recurrent vascular events or mortality beyond 5 years after
the initial stroke in the young and these studies show much of variation which might
be due to only modest number of patients involved.!3 161719
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General introduction

Studies that investigated risk factors or that identified subgroups of patients
associated with long-term mortality or risk of recurrent vascular events in a time-
dependent way are even more sparse.!® 192

Aim of the thesis and study design

The aim of this thesis was to investigate the long-term prognosis after stroke in
young adults aged 18-50 years. The studies presented in this thesis are based on
the Follow-Up of Transient ischemic attack and stroke patients and Unelucidated
Risk factor Evaluation (FUTURE)-study, a prospective cohort study designed to
investigate etiologies and long-term consequences of a young stroke. The FUTURE
study comprises all patients aged 18-50 years with a TIA, ischemic stroke, or ICH,
admitted to the Radboud University Medical Centre Nijmegen from January 1, 1980
until November 1, 2010.

Exclusion criteria were traumatic hemorrhagic stroke, hemorrhage in known cerebral
metastasis or primary brain tumor, cerebral venous sinus thrombosis, subarachnoid
hemorrhage or ICH attributable to known ruptured aneurysm, and retinal infarction.
Patients alive were invited for an extensive follow-up assessment between November
1, 2009 and January 1, 2012.

Outline of the thesis

In part | of this thesis, chapter 2 describes the rationale and design of the FUTURE
study.

Part Il of this thesis reports on risk factors that are associated with young stroke and
recurrent vascular events. First the prevalence of Fabry Disease is reported (Chapter
3), followed by a critical discussion of previous studies and a recommendation for
future studies that investigate the prevalence of Fabry Disease in young stroke
patients. Chapter 4 reports on the long-term incidence of diabetes after young
stroke and the association of diabetes and impaired fasting glucose with recurrent
vascular events.

Part lll of the thesis reports on the long-term prognosis after stroke. In Chapter 5 the
long-term risk of death is investigated and compared with the general population
with similar age and sex characteristics. Subsequently we investigated the causes
that underlie this long-term risk of death (Chapter 6). In chapter 7 the long-term risk
of recurrent vascular events is reported.
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Chapter 1

Chapter 8 describes the clinical characteristics of intracerebral hemorrhage in young
adults. Furthermore, the clinical determinants of short- and long-term prognosis are
reported.

In part IV of this thesis, chapter 9 provides a long-term perspective on stroke in
young adults. This chapter provides a critical overview on the etiology of young
ischemic stroke and addresses its long-term prognosis, including cardiovascular risk,
functional outcome and psychosocial consequences.

In part V of this thesis, the main results from the studies presented in the preceding
chapters are summarized (Chapter 10) and discussed (Chapter 11). In addition,
possible clinical implications and suggestions for future research are put forward.
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Chapter 2

The FUTURE study:
a prospective cohort study.
Study rationale and protocol.
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Abstract

Background and objectives

Young stroke can have devastating consequences with respect to quality of life, the
ability to work, plan or run a family, and participate in social life. Better insight into
risk factors and the long-term prognosis is extremely important, especially in young
stroke patients with a life expectancy of decades. To date, detailed information on
risk factors and the long-term prognosis in young stroke patients, and more specific
risk of mortality or recurrent vascular events, remains scarce.

Methods/Design

The FUTURE study is a prospective cohort study on risk factors and prognosis of
young ischemic and hemorrhagic stroke among 1008 patients, aged 18-50 years,
included in our study database between 1-1-1980 and 1-11-2010. Follow-up visits
at our research centre take place from the end of 2009 until the end of 2011.
Control subjects will be recruited among the patients’ spouses, relatives or social
environment. Information on mortality and incident vascular events will be retrieved
via structured questionnaires. In addition, participants are invited to the research
centre to undergo an extensive sub study including MRI.

Discussion

The FUTURE study has the potential to make an important contribution to increase
the knowledge on risk factors and long-term prognosis in young stroke patients.
Our study differs from previous studies by having a maximal follow-up of more than
30 years, including not only TIA and ischemic stroke but also hemorrhagic stroke,
the addition of healthy controls and prospectively collect data during an extensive
follow-up visit. Completion of the FUTURE study may provide better information for
treating physicians and patients with respect to the prognosis of young stroke.



The FUTURE study: Study rationale and protocol.

Introduction

Up to 12% of all strokes occur in patients between 18-50 years (“young” stroke),
13 affecting about 5000 patients each year in the Netherlands and about 2 million
young people each year worldwide. In a substantial proportion of roughly one third
the etiology remains unelucidated. In terms of prognosis a “young” stroke has a
dramatic influence on independency and quality of life as it occurs in the period
of life that people start to form families, make decisive career moves, and have an
active social life. Uncertainty about long term prognosis affects choices and planning
affiliated with these life events.

Whereas risk factors and prognosis in patients who develop a stroke at higher ages
(usually over 70 years) are among the best studied topics in clinical medicine, this
does not hold true for young stroke. At higher ages, almost all risk factors have
atherosclerosis in their final common pathway. However, this cannot simply be
extrapolated to young stroke as the underlying cause of stroke is usually different
from that in elderly and may therefore also have a different prognosis both with
respect to functional stroke outcome as to risks of recurrent stroke or other major
vascular events. Even more, the identification of risk factors for young stroke so far
has often been based on the occurrence of presumed risk factors in consecutive
series of young stroke patients, without methodological sound comparison with
controls.

The “long-term” perspective in an on average over 70 years “old” stroke patient
differs from that of a 30 years “young” stroke patient, and particularly studies with
a long-term follow-up of more than 10 years are lacking in the young stroke field.
Studies thus far, usually with a mean follow-up duration of less than 7 years, report
highly variable post-stroke mortality and risk of incident vascular disease.'® 3 2%
24 These large differences across studies are well explained because young stroke
is a heterogeneous disease and most studies were small, had different selection
criteria, did not investigate patients in person but relied on telephone interviews
and outcome assessments and follow-up planning was not uniform and often
suboptimal. Although stroke includes both ischemic and hemorrhagic stroke, almost
all studies have excluded the investigation of etiology and prognosis of young
hemorrhagic stroke.

Except for recurrent vascular disease and persistent motor and language
impairments, post-“young” stroke quality of life will most likely also be determined
by cognitive dysfunction, depressive symptoms, fatigue, and specific post-stroke
complications such as epilepsy, because those determine the ability to (return to)
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Chapter 2

work and to have a normal family and social life. Data on those aspects in the very
long-term follow-up of young stroke patients are even more scarce.

Although the absolute number of young stroke is lower than stroke among the
elderly, the total number of years that young stroke patients as a whole will live
with the consequences of the stroke exceeds that of older stroke survivors due to
far longer survival.

This justifies a properly designed and executed study on risk factors and prognosis
of young stroke, compared with controls. We therefore set up the FUTURE study
(Follow-Up of Transient ischemic attack and stroke patients and Unelucidated Risk
factor Evaluation study), the largest single-centre prospective cohort study on risk
factors and prognosis of young TIA, ischemic stroke and hemorrhagic stroke patients
(n=1008) and controls.

Methods/Design

The FUTURE study is a prospective cohort study that aims to investigate the causes
and consequences of a young stroke. The Medical Review Ethics Committee region
Arnhem-Nijmegen approved the study.

Patients

The department of neurology has a long-standing interest in the etiology and
prognosis of young stroke and therefore maintains a prospective registry of all
consecutive young stroke patients with a standardized collection of baseline and
clinical characteristics (see baseline) since the 1970’ies.?® For the current FUTURE-
study, all consecutive TIA, ischemic stroke patients with presumed arterial origin
or those with an intracerebral hemorrhage that sought medical attention for these
disorders at the department of neurology of the Radboud University Nijmegen
Medical Centre between 1-1-1980 and 1-11-2010 will be eligible for participation
in the study.

Inclusion criteria.

e TIA, ischemic stroke of presumed arterial origin or intracerebral hemorrhage
¢ Date of onset between 1-1-1980 and 1-11-2010

e Age 18-50 at onset
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The FUTURE study: Study rationale and protocol.

Exclusion criteria

e Traumatic hemorrhagic stroke

e Intracerebral hemorrhage in known cerebral metastasis or primary brain tumor
¢ Ischemic/hemorrhagic stroke due to cerebral venous sinus thrombosis

¢ Intracerebral hemorrhage due to ruptured cerebral aneurysm

e Any subarachnoid hemorrhage

e Retinal infarct

TIA was defined as a rapidly evolving focal neurological deficit with no other than
a vascular cause lasting less than 24 hours. Stroke was defined similarly, but with
symptoms lasting more than 24 hours. On the basis of radiological findings, stroke
was further subdivided into hemorrhagic and ischemic stroke.

As the diagnostic process may have changed during more than 30-year period
all initial diagnoses were reviewed by a panel of two experts from a pool of four
(FEdL, EvD, RA, LID) and in cases of disagreement a consensus meeting was held to
adjudicate the event.

Controls. Control subjects will be recruited among the patients’ spouses, relatives or
social environment. They have to be at least 18 years old without a history of any TIA
or stroke before the age of 50 at the moment of inclusion.

Baseline.

At baseline (during the occurrence of the qualifying event for the study) a minimal
dataset has been collected that consists of demographics, stroke subtype, risk
factors and additional investigations (table 1). The completeness of the baseline
dataset varies among patients due to changes in standard diagnostic procedures
over the last thirty years.

Current common rating scales for the severity and cause of stroke did not exist at
the time when a substantial proportion of our patients experienced their qualifying
event. Therefore a rating of both the severity (NIHSS) and cause (TOAST) was done
for all cases retrospectively by a validated approach.?

Follow-up

Information on the vital status will be available either from hospital data or through
coupling of patient records with data from the municipality registry. All patients alive
will be approached for the follow-up assessment according to a two-step approach.
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First, all patients will be contacted by letter to inform them about the study;
subsequently they will be contacted by phone. In case the patient has moved, the
municipality register of the last known residence will be contacted to trace the
patient. In cases of an invalid phone number, a second letter will be sent asking
the patient to contact our centre to provide a correct phone number. Subsequently,
when a patient does not respond to the second letter, the last known general
practitioner will be contacted to provide us with updated contact details. The patient
will be considered lost to follow-up when known alive, but when untraceable via the
procedure described above.

Subsequently, patients will be given the opportunity to participate in an extensive
sub study. If they agree to do so, they will be invited to visit our research
centre for additional investigations including a structured interview, cognitive
assessment, physical and neurological examination, an extensive MRI protocol,
an electrocardiogram and an ultrasonography of the carotid arteries (Table 1). In
addition, blood samples (serum/plasma/DNA) will be taken for future analysis.
When patients are not able to visit our research centre the same investigations
will be performed at their homes, except for the ultrasonography of the carotid
arteries, electrocardiogram and MRI scan. Controls will undergo the same protocol
as patients.

The follow-up has started at the end of 2009 and is planned to finish at the end of
2011. All these participants signed an informed consent.

Outcome events

The primary outcome of the study will be all-cause mortality and the composite
endpoint of death from all vascular causes; non-fatal stroke, non-fatal (silent)
myocardial infarction, cardiovascular procedures (coronary artery bypass grafting,
percutaneous transluminal coronary angioplasty, carotid endarterectomy and other
arterial revascularization procedures), whichever occurred first. We will perform
separate analysis for the occurrence of fatal or non-fatal stroke. Causes of death will
be categorized into ischemic stroke, intracerebral hemorrhage, cardiac causes, other
vascular causes or non-vascular causes. If we cannot obtain information about the
cause of death, the event will be classified as unspecified.

Secondary outcomes are seizures (classified according to the ILAE ¥’) and dementia
(according to DSM-IV). Whenever an outcome event is suspected with the aid of a
standardized, structured questionnaire, information retrieved will be verified and
adjudicated by physicians from the appropriate specialty. In case a patient has died,
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this information will be retrieved from their general practitioner or a relative. If
there is no information available, the event will be classified as a possible event.
Assessment of variables during follow-up

Demographics and life style

Standardized questionnaires on demographics, education (classified using seven
categories; one being less than primary school and seven reflecting an academic
degree),?® marital status, living conditions, and life style habits (alcohol consumption,
smoking, exercise) will be administered. Alcohol consumption will be defined as
units per day and the age at which alcohol consumption had started (and ended if
stopped) will be noted. Cigarette smoking behavior will be defined as never, former
and current. Subsequently, former and current smoking behavior will be quantified
as the number of pack-years, calculated as the number of packs of cigarettes smoked
per day multiplied by the number of years a participant had smoked. Exercise
will be expressed in the metabolic equivalent value (MET) according to accepted
standards.?

Medical history

Structured, standardized questionnaires will be used to assess participants history of
hypertension, diabetes mellitus, atrial fibrillation, TIA, stroke, myocardial infarction,
coronary artery bypass grafting, percutaneous transluminal coronary angioplasty,
carotid endarterectomy and other arterial revascularization procedures, 3°3
migraine with or without aura,** pregnancy and malignancy. Whenever a primary or
secondary outcome event is suspected with the aid of this standardized, structured
guestionnaire, information retrieved will be verified and adjudicated by physicians
from the appropriate specialty (see outcome events). The presence of a family
history of myocardial infarction, cerebrovascular disease and diabetes mellitus in
next of kin will be recorded.

Epilepsy

Each patient will be evaluated for a history of epilepsy by means of a standardized,
structured questionnaire. Whenever epilepsy is suspected, information will be
retrieved from the treating physician and verified and adjudicated by a neurologist
(FEdL). Epilepsy will be classified according to the ILAE criteria.?” Post-stroke epilepsy
will be subdivided into early (£ 7 days post-stroke) and late (> 7 days) post-stroke

epilepsy.
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Current medication

Current medication use and the age at which medication use started will be noted
and classified according to the Anatomical Therapeutic Chemical (ATC) classification
system. (World Health Organization, WHO Collaborating Centre for drug statistics
and methodology, http://www.whocc.no/atcddd/)

Neuropsychological assessment

We will administer an extensive neuropsychological test battery that encompasses
items from other large-scale epidemiological studies covering the main cognitive
domains. 3 3¢ Global cognitive function will be assessed using the Mini Mental
State Examination (MMSE).*” Verbal episodic memory function will be assessed by
the three-trial version of the Rey Auditory Verbal Learning Test (RAVLT) that also
includes a delayed free-recall and recognition trial, a test used to evaluate the
ability to acquire and retain new verbal information. Visuospatial episodic memory
will be administered by the Rey Complex Figure Test (RCFT), that consists of three
trials: a copy trial, an immediate recall trial after 3 minutes and a delayed-recall
trial after 30 minutes.* To evaluate speed of information processing and executive
function, two tests will be used; the abbreviated Stroop Color Word Test (three
subtasks, the interference trial measuring response inhibition)* and the Symbol-
Digit Substitution Task, which is a modified version of the Symbol Digit Modalities
Test.*! A verbal fluency task in which as many animals as possible have to be named
within 60 seconds will be used to test semantic memory and executive functioning
(response generation). To assess working memory, the Paper and Pencil Memory
Scanning Task (four subtasks)*? will be used. To evaluate attention, the verbal series
attention test (VSAT) will be used. *® To register subjective cognitive failures we will
administer the modified Cognitive Failures Questionnaire (CFQ).* The assessments
will be carried out under standard circumstances in quiet rooms.

A standardized structured questionnaire used in previous large-scale epidemiological
studies will be used to assess the history of depressive symptoms; normal reactions
to stressful events or normal grief will carefully be excluded.* In case of a depressive
episode, age of onset, the medical advice and medication use will be registered. We
defined ‘depression’ as those depressive episodes that have required attention of
a general practitioner, psychologist, or psychiatrist. This definition includes minor
depression, as well as more severe depression syndromes such as major depression
and bipolar depression.*

In addition participants will be screened for current depressive symptoms by means
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of the Mini International Neuropsychiatric Interview (MINI), part A, which is a short
diagnostic structured interview based on the DSM IV.%®¢ Additionally, presence of
actual depressive symptoms will be assessed by two self report questionnaires, the
Centre of Epidemiologic Studies Depression Scale (CES-D)* and the Hospital Anxiety
and Depression Scale (HADS).*®

Physical and Neurological Examination

Height and weight will be measured without shoes in light clothing. The body mass
index (BMI) will be calculated as weight divided by height (in meters) squared. The
maximal waist circumference will be measured without shirt, in standing position,
between the lowest rib and the iliac crest, at the end of normal expiration.* Blood
pressure and pulse rate will be measured in triplicate in supine position after 5
minutes rest. Subsequently one measurement is performed after 1 minute in upright
position.3?

The strength of the biceps, hand grip, iliopsoas, quadriceps and foot extensor
muscles on both sides will be scored according to the medical research council scale
(MRC).

The sensory system will be assessed by a quantitative measurement by vibration
tuning fork (Rydel-Seiffer®) on both first toes and both medial malleolus, also
registering ankle edema and the ankle jerk reflex.

Gait and balance

We will use a widely used modified version of the original Tinetti test with 17 items:
9 for body balance (score 0-16) and 8 for gait (score 0-12), with a maximum score of
28.%° It grades balance while sitting, standing with eyes open and closed, nudging and
turning, gait initiation, stride length and width and symmetry. Functional mobility
will be classified by using the widely-used TUG-test which is a timed test during
which the participant is asked to rise from a standard armchair, walk 3 m, turn, walk
back and sit down again.*! Each participant will perform the test three times.

Functional performance

As a measure of disability the Barthel Index and modified Ranking Scale will be
used. The activities of daily living will be assessed by the instrumental activities of
daily living questionnaire.>
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Additional Self-report questionnaires

Several primary sleep disorders are addressed using a number of screening
questions. The presence of possible sleep disordered breathing is based on a history
of snoring, witnessed sleep-related apneas and non-restorative sleep. Non-REM and
REM parasomnias are addressed based on a history of sleepwalking, dream-enacting
behavior. Excessive daytime sleepiness will be assessed based on the presence of
continuous feelings of sleepiness, sleep attacks or a combination of both. Finally, the
presence of sleep-onset and/or sleep-maintenance insomnia is recorded.

For the assessment of fatigue we will use the Checklist on Individual Strength
(CIS20R).>* The overall health status (quality of life) will be assessed with the Short
Form 36 (SF-36).>> ¢, the EQ-5D°” and the Stroke Impact Scale 3.8

Adverse life events will be assessed with the 12-item List of Threatening Events
(LTE), 6 months before the index event and subsequently the period after the index
event. *°

Patients will be asked for their employment status in the month before their index
event, within the first year after their index event and at time of the follow-up visit.
Each period includes a description of occupation, working hours a week, adjustments
in tasks, use of supporting devices and reasons for not working.

Ancillary Investigations

MRI protocol. MRI scanning will be performed on a 1.5-Tesla Magnetom scanner
(Siemens, Erlangen, Germany). The scanning protocol includes whole brain 3D
T1 magnetization-prepared rapid gradient-echo (MPRAGE) sequence (TR/TE/
Tl 2730/2.95/1000ms; flip angle 7°; voxel size 1.0x1.0x1.0mm); FLAIR pulse
sequences (TR/TE/TI 12220/85/2200 ms; voxel size 1.0x1.2x3.0mm; slice gap 0.6
mm); transversal T2-weighted turbo spin echo sequence (TR/TE 7440/96ms; voxel
size 0.9x0.9x3.0 mm; slice gap 0.6 mm); Multi-slab 3D time of flight angiography
sequence (TR/TE 24/7ms; voxel size 0.8x0.5x1.0mm) will be made of the carotid
arteries and the circle of Willis. Gradient echo susceptibility weighted imaging
sequence (TR/TE 49/40ms; voxel size 0.8x0.7x1.0mm); DTI (TR/TE 9100/98ms; voxel
size 2.2x2.2x2.2mm; 7 unweighted scans, 61 diffusion weighted scans, with non
co-linear orientation of the diffusion-weighting gradient, and b value 1000s/mm?)
and resting state imaging using a gradient echo EPI (TR/TE 1870/35ms; voxel size
3.5x3.5x3.0 mm; slice gap 0.5mm). During resting state, participants will be told not
to concentrate on any particular subject, but just to relax with their eyes closed. The
complete scanning protocol takes approximately 60 minutes.
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ECG. An electrocardiogram (ECG) will be performed and evaluated by a standardized
assessment by an experienced cardiologist, registering frequency, cardiac rhythm,
cardiac ectopias, cardiac axis, conduction time over the PQ, QRS and QTC intervals,
conduction disturbances, left ventricle hypertrophy, pathologic Qs, infarction,
repolarisation disturbances and acute ischemia. A final diagnosis is defined as
normal, abnormal without clinical significance, abnormal with clinical consequences
or pathologic ECG with immediate consultation of a cardiologist when necessary.

Carotid ultrasound. A carotid ultrasound assessment will be performed at which the
intima media thickness (IMT) will be measured in the distal (near the bulbus) left and
right common carotid artery. All measurements will be performed using a phased
array real-time scanner (Philips i-u22, The Netherlands) with a 17-5 MHz broadband
linear transducer. The IMT will be automatically measured by QlLab® qualification
software (V. 4.2.1.) according to previously described procedures.®® All ultrasound
measurements will be performed by three experienced and specific trained clinical
neurophysiology technicians.

Vena puncture. Fasting blood samples will be taken. Immediate analysis will include
glucose, creatinine, lipid profile and complete blood count. Additional serum,
plasma and DNA will be stored (-80°C) for future biochemical and genetic analyses.

Statistical analysis

Cumulative risk of primary and secondary outcomes will be estimated with Kaplan-
Meier analysis. In the analysis of vascular events, patients who had died from
other than the defined fatal endpoints will be censored at the time of death. Cox
proportional hazard models will be used to calculate the risk of suffering from any
of the primary or secondary outcomes in the follow-up period, with adjustments
for the necessary covariates. The relative risk (hazards ratios) will be calculated with
their corresponding 95% confidence intervals.

Cross-sectional analysis (for example in the comparison between patients and
controls of data acquired during the follow-up) of continuous variables will be done
with Student’s t test or analysis of variance or in case of skewed distributions which
cannot be normalized corresponding nonparametric tests will be used. Chi-squared
test will be used for cross-sectional analysis of categorical variables.
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The FUTURE study: Study rationale and protocol.

Results

1008 patients who had sought medical attention at our University Medical Center
between January 1, 1980 and November 1, 2010 fulfilled inclusion and exclusion
criteria for our study. Characteristics of our baseline population (at the time of their
qualifying event) are reported in table 2.

Table 2 Baseline population characteristics

Total Time of index event

population  1980.1989  1990-1999 2000-2010
n 1008 223 250 535
Male, n (%) 471 (46.7) 109 (48.9) 129 (51.6) 233 (43.6)
Age at index event, 40.2 (8.0) 39.2 (8.3) 39.7 (8.7) 40.8 (7.4)
mean (SD)
Index event
TIA, n (%) 276 (27.4) 53 (23.8) 40 (16.0) 183 (34.2)
Infarction, n (%) 632 (62.7) 144 (64.6) 190 (76.0) 298 (55.7)
Hemorrhage, n (%) 100 (9.9) 26 (11.7) 20 (8.0) 54 (10.1)

Discussion

Detailed information on risk factors and the long-term prognosis in young stroke
patients, and more specific the risk of mortality and recurrent vascular events,
remains scarce. These data are often derived from selected patients (often with
the exclusion of TIA and hemorrhagic stroke patients) in small sized studies with
short follow-up without in person assessment of risk factors and outcomes. We
therefore performed the FUTURE study, designed to investigate risk factors and to
prospectively assess prognosis in a large cohort of young stroke patients.

Strong elements of our study are the inclusion of both TIA and hemorrhagic and
ischemic stroke patients, the very long follow-up (up to 30 years), its sample size of
over 1000 potential participants and the availability of baseline data of all consecutive
patients in a single university medical centre. In addition, the extensive investigation
during a follow-up visit, including advanced neuroimaging has the potential of major
contributions to the field. Our study differs from many other young stroke studies
due to the inclusion of controls that enable us to compare the frequency of some
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presumed, but also unknown, risk factors between patients and controls. Detailed
risk factor analysis can be done, not only for commonly documented risk factors but
also for those that are rarely documented in medical records, like physical inactivity
and sleep disturbances. Moreover, the inclusion of healthy controls provides the
opportunity to distinguish consequences of a young stroke from other factors like
aging effects.

We feel that completion of our study may contribute to a better understanding of the
etiology of young stroke and may provide better information for treating physicians
and patients with respect to the prognosis of young stroke.
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Abstract

Background and objectives

Data on the prevalence of Fabry disease (FD) in young stroke patients are
controversial. The true prevalence may be obscured by including genetic variants
of unknown significance (GVUS). Our objective was to investigate the prevalence of
FD, including GVUS in young stroke patients and to examine the long-term risk of
vascular events in these patients.

Methods

We determined the prevalence of FD in 442 patients with a transient ischemic attack
(TIA), ischemic stroke, or intracerebral hemorrhage (ICH), aged 18-50 years admitted
to our hospital between 1980 and 2010. All patients underwent assessment of
o-Galactosidase A (a-GAL) activity in leukocytes and sequencing of the GLA gene.
Long-term outcome (mean follow up 10.1 years (SD 8.3)) was any recurrent vascular
event (stroke, myocardial infarction or cardiac or peripheral arterial revascularization
procedures).

Results

No patient had a known GLA mutation causing FD. We detected two GVUS; p.D313Y
(n=4) and a complex intronic haplotype (IVSO-10C>T [rs2071225], 1VS4-16A>G
[rs2071397], IVS6-22C>T [rs2071228]) (n=31). 5 patients with the haplotype, but
no patient with p.D313Y had a recurrent vascular event. No patient with a recurrent
event had a medical history or values of biochemical markers that were suggestive
of FD. Long-term risk of any recurrent vascular did not differ between patients with
and without GVUS.

Conclusions

Our study suggests that the prevalence of FD in young stroke patients is very low.
Moreover, the GVUS detected in our study are not likely to be FD causing variants,
as long-term risk of vascular events was not increased.
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Introduction

Stroke mainly affects elderly people, yet approximately 10% of strokes occur in
patients younger than 50 years.® In a substantial proportion of roughly one third
of young stroke patients, the etiology remains unknown. Previous studies have
suggested that younger cases may have a stronger genetic predisposition to stroke
than older cases.® %2

Variants and mutations in the a-galactosidase A gene (GLA), suggested to cause
Fabry Disease (FD), an X-linked lysosomal disorder, have been reported in up to 0-4%
of young cryptogenic stroke patients.®*’° Reduced activity of the a-galactosidase
A (a-GAL) enzyme results in accumulation of globotriaosylceramide (Gb3) within
lysosomes in many cell types and tissues, including vascular endothelial, smooth-
muscle, cardiac, renal and nerve cells. During the course of the disease several organs
may be more or less severely affected, leading to a variable clinical presentation
including stroke.”

The discrepancy with respect to the prevalence of FD in young stroke patients
between the previous studies might have been caused by different inclusion criteria
and definition of FD, but another possible explanation could be the inclusion of
variants of not proven clinical significance,’? since not all studies have specified the
mutations detected.

Apart from 600 FD-causing GLA mutations that cause classical FD in which
a-GAL activity in affected males is usually undetectable or <5% of controls, some
genetic variants of unknown clinical significance (GVUS) result in reduced o-GAL
activity (in the range of 5-35% of controls), which may be associated with milder
phenotypes.”® Accordingly, it has been suggested that some GVUS found in young
stroke patients, may cause a stroke-only variant of FD.”® Thus, although these GVUS
do not cause classical FD, they might contribute to the risk of vascular disease. 7
Long-term prospective monitoring of these patients with GVUS is one way to clarify
the “unknown significance” and may be helpful in making a correct diagnosis.”? If
these functional variants indeed are causally related to the development of vascular
disease, we hypothesize that young stroke patients that carry these GVUS are at
increased risk of vascular events at a relatively younger age during long-term follow-
up than those without these GVUS. However such long term follow-up studies have
not been performed.
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The aim of the present study was to investigate the prevalence of FD in a cohort of
young TIA, ischemic stroke and intracerebral hemorrhage (ICH) patients, irrespective
of stroke subtype or sex. Furthermore, risk of recurrent vascular events during a
mean follow-up of more than 10 years was assessed in patients with and without
GVUS.

Methods

Patients and study design

This study is a part of the “Follow-Up of Transient ischemic attack and stroke patients
and Unelucidated Risk factor Evaluation”-study (FUTURE study), a prospective
cohort study that investigates causes and consequences of a young stroke. Details of
the study have been described elsewhere.”> The Medical Review Ethics Committee
region Arnhem-Nijmegen approved the study. Participants provided written
informed consent.

In short, the FUTURE study comprises all consecutive patients with a TIA, ischemic
stroke or ICH, aged 18 — 50 years, admitted to the Radboud University Medical
Centre Nijmegen from January 1, 1980 until November 1, 2010. Exclusion criteria
were traumatic hemorrhagic stroke, ICH in known cerebral metastasis or primary
brain tumor, cerebral venous sinus thrombosis, any subarachnoid hemorrhage or
ICH due to known ruptured aneurysm and retinal infarction.

TIA was defined as a rapidly evolving focal neurological deficit, without positive
phenomena such as twitches, jerks or myoclonus, with vascular cause only, and
persisting for a period less than 24 hours. Stroke was defined as focal neurological
deficit persisting for more than 24 hours.”® 7’ Stroke was subdivided into ICH and
ischemic stroke on the basis of radiological findings.

Assessment of both the etiology (modified TOAST classification’®) and severity
(National Institutes of Health Stroke Scale (NIHSS)”®) was performed retrospectively
in all cases on the basis of medical records, because these scales did not exist
when a substantial number of our patients experienced their index event. The
NIHSS was scored using a validated approach as previously described.?®2° A history
of cardiovascular risk factors was defined as the presence of these risk factors,
either in the patients’ medical history or when identified during admission.® In the
framework of our young stroke protocol, patients underwent imaging of intracranial
and vertebral arteries, when appropriate, cardiac echography was also performed.
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Follow-up

Information on the vital status was retrieved from hospital data or the Dutch
Municipal Personal Records database. Patients alive were invited for a follow-up
assessment between November 1, 2009 and January 1, 2012. Venous blood samples
were taken from all patients for genetic and biochemical analysis.

The occurrence of any vascular event was defined as the composite event of fatal or
non-fatal stroke (ischemic or hemorrhagic), fatal or non-fatal myocardial infarction,
or cardiovascular procedures (coronary artery bypass grafting, percutaneous
transluminal coronary angioplasty, carotid endarterectomy, or other peripheral
arterial revascularization procedures), whichever occurred first.

Patients were evaluated for recurrent vascular events using a two staged approach.
First, all patients alive were asked during a structured interview whether they had
visited a because of a recurrent TIA or stroke, or because of any of the following
(but not exclusively) symptoms that might raise the suspicion of the occurrence of
a stroke: one-sided weakness in face, arm or leg, sensory loss, aphasia, diplopia,
transient monocular blindness, hemianopsia, neglect, ataxia, dysarthria, dizziness,
acute apraxia (trouble with dressing, brushing teeth, geographical disorientation etc).
Furthermore patients were asked whether they ever had visited a physician because
of a myocardial infarction, or whether they ever underwent coronary artery bypass
grafting, percutaneous transluminal coronary angioplasty or any other peripheral
arterial revascularization procedures. In case a patient had died, this information
was retrieved from the general practitioner by the same structured questionnaires.
Secondly, when patients (or their general practitioner) confirmed that they had
a TIA or stroke after their index event, medical records were retrieved from their
treating physicians and subsequently verified and adjudicated by physicians from
the appropriate specialty (FEdL, EvD, MvdV). If information concerning a recurrent
vascular event was not sufficient, it was considered as a possible event and not used
in the analyses.

Genetic and biochemical analysis

All genetic and biochemical tests were performed blinded to clinical data. All patients
were screened for FD mutations by direct di-deoxy-sequencing of the entire GLA
exonic structures as well as the intron-exon boundaries to detect mutations in the
GLA gene. DNA was extracted from peripheral blood (QlAamp DNA Blood Mini Kit
(Qiagen, Hilden, Germany) and 50ng of the DNA samples was subsequently used for
PCR amplification of the GLA exons 1-7.
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Levels of globotriaosylsphingosine (Lyso-Gb3) in blood were determined for patients
in which a GLA variant was identified.

Gradient HPLC method was used on a reversed phase column (ACE 3 C8, 50 x 2.1
mm) for the determination of Lyso-Gb3. Lyso-ceramide trihexoside was used as
reference items (Matreya LLC, USA; purity >98%) and lyso-lactosylceramid was used
as internal standard. Genetic analys