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1 Title
The Norwegian Stroke in the Young Studies-Risk fact  ors, staging of arteries,
invisible problems and consequences after ischemic stroke at a young age

2 Background

Cardiovascular diseases are among the 10 leadaggalkes of disease burden in the world and are
the main causes of disability and death in the evasworld [1, 2]. Stroke is the second leading
cause of death in the world, and despite of decrgasortality, increasing incidence rates, also for
young patients, are concerning [3-5]. After cerelmarction, costs for hospitalization and
treatment are high [6]. Young stroke was once dmrsid a disease with fairly good outcomes. It is
not. The Hordaland study of patients <50 yearsesuf§) their index-stroke between 1988-97,
showed after 12 years a 10-fold increased mortediy compared with controls, long-term
survivors had a 5-fold increased vascular morbiditg and an 8-fold increased rate of memory
problems compared with controls [7]. High ratesmmirtality and arterial morbidity [8] demand
better and standardised diagnostics. Knowledge thase previous clinical research and similar
results from other European studies led to thegtesi The Norwegian Stroke in the Young Study
(NOR-SYS I) [9], performed from 2010 to 2015. Seak a young age encompasses vastly
different social and economic challenges than stinlelderly stroke patients does. For young
stroke survivors, stroke hits in a vulnerable peiab life when education, building a career,
establishing a family or caring for offspring, aachieving a sustainable economic security are
factors most decisive for the future. Close to 98f%oung stroke survivors regain functional
independence. In many of these patients with segdynfall remission of their stroke the stroke-
related brain damage nevertheless leads to deraoggition and communication, psychic
instability and fatigue. These “hidden” disturbambave a substantial negative impact on the
patient’s quality of life. They may become appamhen the patient starts working again, “hits the
wall” and does not manage to stay in job. An ecaoand social decline with loss of social
networks is an imminent danger after stroke atungaage. For the society, Young stroke generates
therefore exceptionally high health care and sa@tonemic costs [10].

Diagnosis and treatment is challenging in youngk&twith a high percentage of unknown
cause. Despite a high-tech work-up, 30-50% of ptdgibave a stroke of unknown cause. Long-term
follow-up is often inadequate concerning secong@eyention, risk factor control and
cognitive/communicative rehabilitation. A stringefidgnostic protocol is required to define
aetiology. Further, it is of utmost importancedddr personalised prophylactic treatment of
modifiable risk factors in order to prevent recutrstroke, even subclinical ones, and thus prevent
cognitive decline, loss of job and of social pasitiKnowledge from NOR-SYS | with close clinical
follow-ups after one week, three months, one yedrsince 2015 the 5 year follow-up, led to design
of NOR-SYS Il that started inclusion in March 20h@ergen.

2.1 Benefit for patients and family members

2.1.1 The Norwegian Stroke in the Young Study (NOR-SYS) |

Apart from generally increased knowledge, suchrgmoved diagnostics with magnetic resonance
imaging and duplex-sonography, introduced durirgléite 90-ies, patients in the NOR-SYS studies
benefit from detailed, standardised diagnostiaghefarteries and individually tailored medical
treatment according to the results and the ristofgarofile. Oral, written and visual (ultrasound
pictures) information should make it easier (onéhefaims of the PhD-project to prove this) to
accept and continue treatment in order to reackréa¢ment goals, such as smoking cessation,
increased physical activity, consciousness conegmutrition and alcohol and normal blood
pressure. NOR-SYS included from 2010 to 2015 386ithed young and middle-aged ischemic
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stroke patients at age 15-60 years with parentfigra and adult offspring [9]. Patients were
followed after 1 week, 3 months, 1 year, and sR@¥5 the 5-year follow-up phase has started for
patients, partners and offspring. NOR-SYS has shinaneven young patients have many risk
factors, a high degree of subclinical arterial dgse and early vascular aging [11, 12] and many
“invisible problems” that lead to “fatigue” and depsion, very probably possible to influence by
the NOR-SYS Il study.

2.1.2 The Norwegian Stroke in the Young Study (NOR-SYS) I

NOR-SYS Il is a third step research effort, ackreniging the complexity of acute brain disease in
young persons. The NOR-SYS Il continues the diagmosrk-up from NOR-SYS I. But in

addition standardised testing of balance, commtioitacognition, vision and hearing are
performed to help those patients later when thegadier these problems by starting working again.
Apart from continuation of the well-establishedworking with the dep. of Cardiology, we also
collaborate now with the departments of Ophthalmgldar-Nose-Throat, with physiotherapists,
occupational therapists, speech therapists fodatdised testing and offering a second-line
rehabilitation for any included patient in NOR-SY$hat has a potential to return to work. Doctors
and patients have to learn more about these ingipitoblems that inhibit patients to return to work
or force them to reduce working. Not every problsith be possible to quit by more and focused
training, but the confusion then patient’s depmsand loss of social functions may get lower by
training to deal with the persisting, invisible plems.

3 Aims

Primary aims

1. To assess risk factors for cardiovascular diseaddaperform staging of the arteries by
standardized neurovascular, peripheral and caudiiEmsound examinations.

2. To implement a stringent follow-up of all risk facs in close co-operation with the patient in
order to achieve predefined treatment targets

3. To assess the presence of cognitive and commureadysfunctions (speech, vision, hearing),
psychic instability and fatigue, through first-liseandardized evaluations, and to establish a
focused second-line rehabilitation for these “hiddgeficits in order to reduce the rates of
anxiety and depression and to contribute to higback to work” rates for those who had a job
before the stroke and with good prognosis to cbute to working tasks.

Secondary aims
4. NOR-SYS bio-bank building for future translatiomesearch on lipid -, inflammatory - and
genetic mediators of arterial vessel disease.

4 Methods

Inclusion criteria: The NOR-SYS studies are prospective with documeatete ischemic stroke at
age 15 to 60 years (NOR-SYS |, inclusion period®2@15) and 15 to 49 years (NOR-SYS II,
started inclusion in March 2016). Patients musakpéorwegian fluently and have a permanent
address in the catchment area of the hospital.

Exclusion criteria: Post-traumatic stroke; stroke caused by sinusugettoombosis, sepsis or
endocarditis; serious co-morbidity (advanced camnueitiple sclerosis); mental retardation and/or
otherwise limited co-operation (severe psychialisease).

The methods in NOR-SYS Il reflect standard opeggpirocedures (SOP) that should be applied for
every young stroke patient after achieved knowlddya earlier research.
Please see Figure 1 and Figure 2 as SOP and owermiethods for the studies.
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4.1 Design, choice of standard operating procedures

Methods in NOR-SYS Il are not new, but the compleg of standardised diagnostics is new. If
several centres participate, the study is pragnaaicallows use of different equipment and test
methods (as used at the different centres). Trgndgtic methods have then to be described in brief
in the study registry of NOR-SYS II. This is a pmaagic solution in order to keep costs as low as
possible. All time and efforts are spent on stadidad diagnostics of patients.

Figure 1: The Norwegian Stroke in the Young Study I.
Inclusion of three generations completed from 2@12015

Fathers Mother s Fathers Mother s
Questionnaire + Medical information Questionnaire + Medical information
(RF, ischemic events: brain, heart, peripheral) (RF, ischemic events: brain, heart, peripheral)
No follow-up No follow-up

Patients 15 - <60 years [ e Partner s
Questionnaire (RF, ischemic events) Questionnaire (RF, ischemic events)
CT/ MR + angiography : TCD and precranial duplex
TCD and precranial duplex ECG
ECG, TTE and TOE :

Duplex aorta Duplex aorta
Epicardial and Abdominal fat : Epicardial and Abdominal fat
Duplex femoral arteries : Duplex femoral arteries
Peripheral ultrasound Peripheral ultrasound
Blood samples for freeze : Blood samples for freeze

Heart-CT if famoral plaques :
24-h BP and arterial stiffness

Offspring 218 years

Questionnaire (RF, ischemic events)
TCD and precranial duplex
ECG
Duplex aorta
Epicardial and Abdominal fat
Duplex femoral arteries
Peripheral ultrasound
Blood samples for freeze

RF = risk factors; CT = computed tomography; MR agmetic resonance imaging;
TCD = transcranial duplex sonography; ECG = el@ardiogram; TTE = transthoracal echocardiograpl®&TF
transoesophageal echocardiography, 24-h BP= 24 lidemd pressure measurement.
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Figure 2: Norwegian Stroke in the Young Study 1.
Start of inclusion in March 2016

Patients 15 - <49 years

Questionnaire (RF, ischemic events)

CT / MR + angiography

TCD and precranial duplex
ECG, TTE / TOE
Duplex femoral arteries
Bloodsamples for freeze
24-h BP and arterial stiffness

NEW: contrast ultrasound of plaques

Standardised testing of
Balance
Cognition
Communication

Vision

Hearing

Follow-ups after 1 week, 3 months

1vyear

RF = risk factors; CT = computed tomography; MR agmetic resonance imaging;
TCD = transcranial duplex sonography; ECG = el@ardiogram; TTE = transthoracal echocardiograpl®&TF
transoesophageal echocardiography, 24-h BP= 24 libamd pressure measurement.

Functional outcome and biometrics Neurological deficits are documented with Natioimakitutes
of Health Stroke Scale (NIHSS), function with maelif Rankin Scale (mRS) and social
dependency with Barthel Index (BI), at predefiniaaet points. Anthropometric variables as height,
weight, waist- and hip circumference are measured.

Cerebral CT and MRI

Cerebral CT (or preferably MRI) is performed at askion for evaluation of early ischemic lesions
[13]. MRl is done within 36 hours for volume meamuments of the infracted areas.

Cerebral CT-angiography (CTA) and MR-angiography (MRA)

Cerebral CTA (or preferably MRA) is performed atrasision for evaluation of arterial occlusions
[13]. Cerebral MRA is done within 36 hours for asm®aent of recanalization. Artery stenosis is
graded as minoxb0 %), moderate (51-70 %), severe (>70 %) or omohud 00 %).

Transcranial colour-coded sonography

TCCS is performed according to SOP in the departmieNeurology. An artery stenosis is
assessed and graded based on maximum flow veiaiseng the continuity principle [14].

Carotid artery ultrasonography

Measurements are performed in accordance with @R-ISYS ultrasound protocol, including
assessment of vessel wall alterations, stenosispthgnamics and ultrasound contrast for instability
testing (Annette Fromm, NOR-PLAQ. Other protocalsnethods may be used in other centres.
Femoral artery ultrasonography

Femoral IMT measurments are performed in 10 mm artkry segments representing the distal
common femoral artery and the proximal superfifzahoral artery. Other methods may be used in
other centres.
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Cardiac imaging and investigation
Transthoracic echocardiography (TTE) and/or trasgpleageal echocardiography (TEE) are
applied in most patients according to SOP at tipe. @ cardiology.

Coronary Computed Tomography Angiography and CT of the thoracic aorta

CT is done for patients with embolic cerebral infaon where no embolic source is discovered by
routine neuro/cardiovascular examinations. Calcsgoring of the coronary arteries is performed,
and alterations of lumen and wall of coronary @teand thoracic aorta are evaluated after
intravenous contrast administration.

Arterial stiffness measured by aplanation tonometry

Carotid-femoral pulse wave velocity is assessddviahg a standardized program with inborn
guality control assessment. From the carotid pwkpee, central (aortic) blood pressure is
estimated.

Ambulatory blood pressure monitoring

Twenty-four hour ambulatory blood pressure monitgiis performed within 3 months after
discharge.

Blood tests

NOR-SYS Il routine blood samples include parametexsering traditional risk factors, coagulation
and pro-thrombotic tests and are measured at aimigaed day 1.

Biomarkers and genetic analyses

Further blood samples are stored in approved gebierxbanks (REK: 2010/1025 f NOR-SYS |
and 2015/2338, NOR-SYS II) for future analysisJuiing pro-inflammatory, anti-inflammatory
and genetic markers for neurovascular diseasegyemutype analyses for different causes of acute
ischemic stroke. Methods will be defined as appaderfor specific analysis and hypothesis.
Clinical classification of theinfarction

Results of clinical, neuro-radiological, neuro-sgraphic and cardiologic data are used for
classification of causes of ischemic stroke acecaydd the TOAST criteria [15, 16] and ASCOD
criteria [17].

Balance, cognition and communication

Standardized testing of balance, cognition and comacation (swallowing) should be performed
during the first hospital stay. In case of pathatabfindings, tests should be repeated after 3
months and 1 year. Different centres are allowezbtdginue with their standard procedures.
Vision, hearing and neur opsychological function

Standardized testing of vision (dept. of ophthalmg) and hearing (ENT-department) should be
performed within the first 3 months after ischestioke. Testing of neuropsychological function
should be done approximately at 6 months, andatet than one year after the stroke.

Follow-up

One week after discharge, patients are contacted by telephy a trained stroke study nurse
asking whether the given information about thealseand risk factors was understandable, to what
extent the patient expects to manage changes afiaiie risk factors, if he/ she feels comfortable
with the medication, and if any changes have beatienconcerning the medication.

Three months after the stroke, patients return for an outpatinical consultation with focus on
new cerebral or other arterial events, cognitivection, anxiety, depression, sleep problems, work
and leisure activities, and,applicable, change of lifestyle. If testing of wisj hearing, cognition,
communication and physical function revealed pathickl findings, tests are repeated. Blood
pressure, pulse, height, weight, waist-hip ratid BEG are registered.

One year after the stroke, patients return for a secongatignt clinical consultation with the same
assessment protocol as used at 3 months.
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Statistical power

The NOR-SYS studies are observation studies oyeafs of inclusion. Frequency and degree of
artery disease are in focus of both NOR-SYS progr&requency and degree of “invisible
problems” among seemingly well-functioning persarsin the focus of NOR-SYS II.

4.2 Organisation and collaboration

Annette Fromm and UWA, both internationally ceetfifor the NOR-SYS ultrasound protocol, are
at present the including study doctors for NOR-3SlY Eollaboration at own department will
continue with Annette Fromm, leader of the NOR-PL#tQdy concerning plaque instability
detection by emboli-monitoring and contrast enhdnd&asound. Further, during hospital stay
after acute ischemic stroke, patients in NOR-SY&dlexamined by standardized diagnostics,
including ultrasound of the heart, testing of bakgrcognition and speech in close collaboration
with the Dep. of Cardiology, Haukeland Universitgspital (Prof. Eva Gerdts; Sahrai Saeed MD,
PhD; Prof. Terje H. Larsen; Karel Kuiper MD, PhBihd leading clinical expertise on the field of
Physiotherapy (Elisabeth Kvile), Speech therapyr{Myklebust) and Occupational therapy (Silje
Ngdtvedt). Within 3 months after discharge, 24-rhadood pressure and arterial stiffness are
measured at the outpatient clinic of Cardiologgjon at the Dep. of Ophthalmology (PhD
Alexander Stanley Thrane), and hearing at the DERNT diseases (Jeanette Hess-Erga, MD,
senior consultant). Each department is responfiblgtoring of own data, and decides about how
to use them. If several centres join NOR-SYS Bty collaboration group will be established to
plan and decide about publications. Other collaiimmgartners are listed at the electronic first

page.

4.3 Budget

Main expenses will appear by securing contributi@usninistration and telephone contacts with
patients) and plotting of data by study nursesowiticbuting centres. Competence of a neuro-
radiologist is mandatory for standardised evalumatibcerebral tissue due to new and old cerebral
infarction, other cerebral tissue pathology, suckha extent of cerebral micro-bleedings, and
evaluation of the cerebral arteries, done by CTR-Mr conventional angiographies.

4.4 Plan for progression and publishing

Both NOR-SYS studies are actively ongoing studieBargen. Other sites are interested to
contribute, but this is dependent on contributiopstudy nurses to make the studies run. Ten to
20% financing of study nurses, depending of the sizhe study site, is calculated with 60.000 to
120000 NKr / year, and is specified in the eleatralty given budget.

The following work will be done in a 3-year periotifunding from 2017-2019:
Three main papers after conclusion of the inclupiobase of NOR-SYS | about results of “How
sick are the arteries” (Staging of the arteries):
1. Staging of the arteries results among patientgpanithers — related to risk factors: Annette Fromm
2. Staging of the arteries results among patientgantthers - related to cerebral, coronary, aorta and
peripheral arterial events among parents (hereditiylke Waje-Andreassen, UWA
3. Staging of the arteries results among offspringlated to staging of the arteries among patierds an
partners, their parents: UWA

After publishing of these 3 articles with “core-anfhation” about the degree of arterial disease,
UWA will search for national and international latories concerning start of analysis of bio-bank
material, contributing to increased knowledge afeges and biomarkers.

The phd-candidate will answer questions concerimaiglence, frequencies about new risk factors,
such as use of snuff and severe obesity, and pregardiovascular events before the index stroke.
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Further, she will analyse mortality and new cardssular clinical events, such as recurrent stroke,
coronary and peripheral artery disease during hbetgime follow-up of one year. Finally,
functional outcome, medication and change of hasevaluated after discharge and during the
first short-time follow-up of NOR-SYS | patientspArt from publications, she will contribute to
active work of patient inclusion into NOR-SYS Iprdributing to progression of this recently
started study.

Further, the phd-candidate will publish results argeriences from NOR-SYS Il on posters at
national and international conferences, as donéqusly (see last part of the publication list of
UWA). Research results of general public interafithve presented in public settings, public media
and for patient organisations.

4.5 Plan for implementation

All new knowledge we gained by continuous clinicdearch from the 90-ies is implemented and
focused on in the NOR-SYS studies. The NOR-SY Sistudill create by the 3-generation set-up
valuable information for future translational resda The 3-generation set-up has not been dropped
in NOR-SYS Il program, but family information abatardiovascular events is just compressed to
the patient’s or the family’s “homework” during pital stay. NOR-SYS | face-to face interviews
with patients were done, not giving the chanceoiatact other family members by mobile phone. In
the NOR-SYS Il program, patients still have facdaoe interviews but can now discuss
cardiovascular events among family members to edeest “family history information”.

The completely new implementation of a second-letebilitation for patients in Bergen that are
not able to come back to the previous working sibua starts now by the LHL-clinics, Bergen.
Reduced function of young brains costs societyiom$i and causes a lot of individual suffering.
The final plan is to implement the work now doneNi9R-SYS Il into future routine clinical work.
Patients and their families gain much more supihan ever before. Doctors and scientists gain
much more knowledge on heredity and developmeattefial disease than ever before, a perfect
win-win situation for patients and science.

5 Support by patients to improve research

Patients who impressed the leader, UWA of the NQTS-8study by their tough struggling and
dealing with “invisible problems” support the neactis of NOR-SYS Il. Their letter is attached to
the CV and publication list of UWA. From the staftNOR-SYS | since 2010, we have had close
contact to patients and families. The idea to idelpartners and offspring came from earlier
experience, especially partners that nearly padigkiéh acute anxiety for own health, especially in
case of dissection or unknown cause of stroke. ifimsediate threat appeared especially when
being the main caring person for young childrenr@gsearch data, only working experience).
Planning NOR-SYS |, we did not expect much par&itigm of offspring at age 18 to 25 years old,
but were overwhelmed of big participation numbdrghese youngest adults. In addition we had to
reject questions and telephone calls from parsitiBngs, cousins and younger offspring < 18
years about the wish of active participation wiltnasound and other cardiovascular preventive
examinations.

6 Ethics

Both NOR-SYS research programs are approved bRéggonal Ethics Committee, REK 2010/74
and 2015/1769, and have approved general resei@dtabks, REK: 2010/1025 and 2015/2338).
They have the ClinicalTrials.gov identifiers NCT@F353 (I) and NCT02762396 (11).

All participants or legal representatives gave giné written consent before inclusion, and
included patients or their legal representatives [fatients < 18 years and for patients not able to
speak or to sign as consequence of the stroke)tbasmeak Norwegian fluently.

The NOR-SYS studies are strictly academic researaeprams with preliminary internal financing
in Bergen at present of a 20% stroke study nursegdister results.
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