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SAMMANFATTNING

Enligt siffror frén Riks-Stroke (nationellt kvalitetsregister for strokesjukvérd),
insjuknar ca 30 000 personer i stroke varje ar i Sverige. Stroke kan indelas i
huvudsakligen tre subtyper; 1) hjdrninfarkt (cerebral infarkt), som oftast orsakas av att
ett eller flera blodkarl i hjarnan tapps till av en blodpropp, 2) hjarnblddning
(intracerebralt hematom), som orsakas av att ett blodkérl i hjérnan brister och leder till
blodning i hjarnvavnaden och 3) hjarnhinneblddning (subarachnoidalblédning), déar
blodningen sker under spindelvdvshinnan (arachnoidea). Antalet som insjuknar i
stroke varje ar, liksom andelen hjarnblddning, skiljer sig & mellan olika ldnder och
mellan olika etniska grupper.

Hjarnblodning utgor endast ca 10 % av alla stroke, men karakteriseras av dalig
prognos. Utdver operation i utvalda fall, saknas det i nuldget effektiva
behandlingsalternativ. Endast fyra tidigare storre studier fran Europa har rapporterat
om prognos, och dodligheten efter en ménad varierade mellan 31 och 51 %. Kunskap
om prognos och prognostiska faktorer har betydelse for framst den enskilde patienten
och dennes nérstdende, men dven for planering av vardinsatser. Det finns, i jamforelse
med for t ex hjarninfarkt, forhallandevis fa studier som belyser vilka faktorer som ar
forknippade med 6kad risk for hjarnblodning. Forhojt blodtryck ar en vélkénd
riskfaktor, medan det &r oklart om andra paverkbara faktorer som exempelvis diabetes
och rokning ger 6kad risk for hjarnblodning.

I denna avhandling studeras dels vilka faktorer som har samband med 6kad risk for
insjuknande i hjdrnblodning, dels hur prognosen ser ut efter insjuknande, och vilka
faktorer som har betydelse for kort- och ldngtidsdverlevnad samt aterinsjuknande.

Det finns data som tyder pa att hjarnblodning &r en heterogen grupp, med skillnader i
exempelvis genetiska faktorer beroende pa blodningslokalisation. Lobér blodning
drabbar loberna i storhjérnan och begreppet icke-lobér innefattar blodning i lillhjérnan
samt mer djupliggande strukturer (hjarnstam, thalamus och basala ganglierna). Denna
uppdelning har anvénts dé vi velat belysa betydelsen av hjarnblodningens lokalisation
1 olika avseende.

I delarbete 1 fann vi att risken att insjukna i stroke varierade med fodelseland. I
undersdkningen ingick alla registerade invanare i Malmo 1990 i dldrarna 40-89 é&r

(118 134 personer). Under tio ars uppfoljning, drabbades 6082 av stroke, varav 615
var hjarnblddningar. Jimfort med personer fodda i Sverige, hade immigranter fran fore
detta Jugoslavien och Ungern, hogre risk att insjukna i stroke (samtliga subtyper), efter
att hansyn tagits for alder, kon, civilstand och socioekonomiska faktorer. Risken att
insjukna i hjarnblodning var hdgre hos personer fodda i Kina/Vietnam och fore detta
Sovjetunionen. Den 6kade risken for hjarnblddning hos immigranter fran
Kina/Vietnam dverenstimmer med den, i jamforelse med vést, hogre frekvensen av
hjarnblodning 1 Asien, vilket delvis anses bero pa hog frekvens av hogt blodtryck. Fran
tidigare studier i Malmo vet vi att risken for insjuknande i stroke &r hogre i stadsdelar
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med 1ag socioekonomisk status. Den 6kade risken for hjarnblodning varierar saledes
med fodelseland och tycks kvarsta efter emigration. Det &r oklart till vilken grad
riskfaktorer for kérlsjukdom (som hypertoni, rokning, diabetes), genetiska faktorer
respektive socioekonomiska faktorer bidrar till detta.

Aven om hogt blodtryck ir en vilkind riskfaktor for insjuknande i stroke, ar
sambandet mellan graden av blodtryck och risken for respektive stroke subtyp inte lika
klarlagt. I delarbete 2 ingick deltagare fran Malmo Kost Cancer studie (27 702
personer). Under uppfoljningstiden (medel 7.5 ar) drabbades 701 personer av stroke,
varav 88 var hjarnblodning. Vi fann att i absoluta tal var risken att insjukna i
hjarninfarkt hogre &n for hjairnblddning i alla blodtrycksgrupper, vilket &r viktigt ur
folkhilsoperspektiv. Den relativa risken att insjukna i férhallande till stigande
blodtryck, var emellertid hogst for hjarnblodning, och framst for icke-lobar
hjérnblodning. For denna grupp, var den relativa risken att insjukna 26 ganger storre
vid blodtrycksvarden pa 180/110 mmHg, och dérdver, jamfort med blodtryck pa
140/90 mmHg. Motsvarande riskokning for hjérninfarkt var 3. Hjdrnblodning ér, 1
forhallandevis till hjarninfarkt, ovanligt vid normalt blodtryck vilket kan forklara den
med stigande blodtryck branta 6kningen for hjarnblédning.

I delarbete 3 fann vi att, utdver forhojt blodtryck, var diabetes oberoende riskfaktor for
icke-lobér hjarnblodning, medan rokning var foknippat med 6kad risk for lobar
hjérnblodning. Diabetes forekom hos ca 10 % av personerna som drabbades av icke-
lobér hjérnblodning, i jamforelse med 2 % vid lobdr blddning. Rokning medforde
fordubblad risk att drabbas av lobar hjarnblodning. Det &r tidigare ként att depression
ar riskfaktor for stroke, men sambandet mellan depression och hjarnblodning var inte
klarlagt. Vi fann att psykiatrisk morbiditet medforde 6kad risk att drabbas av icke-
lobér hjarnblodning. I studien ingick deltagare frdn Malmo Forebyggande Medicin
studie. Under uppfoljningsperioden (medel 14 ar), insjuknade 147 personer i
hjérnblodning.

I sista delarbetet utviarderades prognosen hos 474 patienter (Malmdbor) som drabbats
av hjarnblodning mellan 1993-2000. Vi fann att kvinnor hade béttre kort- och
langtidsoverlevnad dr mén. Skillnaden var mest uttalad hos dldre personer (> 75 ér). |
denna aldersgrupp avled 26 % av kvinnorna inom en manad efter insjuknande, jamfort
med 41 % av ménnen. Efter tre ar hade ungefér hélften av patienterna avlidit. Utdver
manligt kon, var blodningslokalisation (central och hjarnstam), forekomst av blod i
ventriklar, stor blodningsvolym och l4g medvetandegrad vid ankomst till sjukhus
forenat med okad risk att avlida.12 % av patienterna drabbades av en ny stroke inom
tre &r. Alder &ver 65 &r var forenat med dkad risk for ny stroke.

Sammanfattningsvis visar dessa studier frin Malmo att risken att insjukna i
hjarnblodning varierar med fodelseland. Betydelsen av forhojt blodtryck, avseende
relativa risken att insjukna i stroke, ar storst for hjarnblodning, och fraimst med icke-
lobar blddningslokalisation. Diabetes har samband med insjuknande i icke-lobar
hjérnblodning medan rokning medfor dkad risk for lobdr hjarnblodning. Kvinnor har
bittre dverlevnad dn mén efter hjarnblédning.
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ABBREVIATIONS

BMI
BP
CAA
CI
CT
DBP
HR
HT
ICH
MDC
MPP
MRI
NT
OAT
OR
PICH
RLS 85
RR
SBP
STROMA
SVD
tPA

Body mass index

Blood pressure

Cerebral amyloid angiopathy
Confidence interval
Computed tomography
Diastolic blood pressure
Hazard risk

Hypertensive

Intracerebral haemorrhage
Malmo Diet and Cancer
Malmo Preventive Project
Magnetic resonance imaging
Normotensive

Oral anticoagulation treatment
Odds risk

Primary intracerebral haemorrhage
Reaction level scale 85
Relative risk

Systolic blood pressure
Malmé Stroke Registry
Small vessel disease

Tissue plasminogen activator
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INTRODUCTION

Stroke — general aspects

Every year, approximately 30 000 people suffer a stroke in Sweden '. Within one year
from stroke onset, 1/3 of the patients die, >* and of the survivors about 10 % will have
a second stroke . Globally, there are wide regional differences in stroke incidence °.
Bearing in mind the large variation between the abilities of different countries to make
accurate diagnosis of, and record, strokes, ® a recent review showed a 100 % increase
of the overall stroke incidence in low-to middle income countries, compared with a

42 % decrement in high-income countries during the last forty years. ’

According to the definition established by the World Health Organisation, stroke is
rapidly developed clinical signs of focal or global deficits of cerebral function, lasting
more than 24 hours, or until death, with no apparent non-vascular cause *In practice,
stroke is a heterogeneous disorder consisting of three types which differ in risk
profiles, management and prognosis.”"’

The three types are 1) cerebral infarction (or called ischemic stroke), mostly caused by
an occlusion of a cerebral vessel, 2) intracerebral haemorrhage (ICH), caused by a
ruptured cerebral vessel and bleeding into the cerebral parenchyma, and 3)
subarachnoidal haemorrhage, a bleeding into the subarachnoidal space. ICH and
subarachnoidal haemorrhage are together sometimes mentioned as haemorrhagic
stroke, however these subtypes differ in vasculopathy, '* incidence, '* ' risk factors '°
and prognosis, ' and they are usually differentiated in epidemiological studies.

In western communities, cerebral infarction accounts for approximately 75 % of all
stroke events '** and is associated with overall better survival than the other types.'!
Cerebral infarction is also the most studied subtype in terms of risk factors, prognosis,
and management,'"** which has contributed to land breaking treatment

possibilities.”> *® Of the clinically verified stroke cases, 5-10 % do not undergo the
diagnostic procedures for sub-classification. Subarachnoidal haemorrhage accounts for
=~ 5 % and ICH for the remaining 10 %.'

Epidemiology [Gr. epidemios prevalent], is the science concerned with the study of the
factors determining and influencing the frequency and distribution of a disease, injury
and other health-related events and their causes in a defined human population.”” This
thesis has focus on risk factors and prognosis of ICH in the city of Malmd, Sweden,
even though the other stroke subtypes are discussed and handled in some aspects.
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Intracerebral haemorrhage

Definition and types

Spontaneous ICH is a bleeding into the brain parenchyma without trauma or surgery.
If the vessel rupture in ICH occurs close to the cortical surface, or deep in the
hemisphere, an associated bleeding into the subarachnoidal space and brain
ventriculars may arise. Spontaneous ICH may be divided into primary respectively
secondary haemorrhages, depending on the underlying cause of the bleeding.
However, the terminology varies considerably, and the usage of ‘spontaneous ICH’
equivalent to ‘primary ICH’ is not uncommon.

Primary intracerebral haemorrhage (PICH) accounts for ~80% of all ICH. In general,
PICH is considered when the bleeding occurs without provocation of trauma or a
number of anatomical, haemodynamic, pharmacological and hemostatic factors related
to secondary intracerebral haemorrhage. Nevertheless, there are wide variations in to
what extent the investigators exclude cases with these provoking factors in
epidemiological studies. Warfarin treatment is often included as a possible risk factor
or predictor of outcome after PICH, and the case-exclusion procedures is mostly
restricted to haemorrhages related to vascular malformations, aneurysm, tumor, tPA
treatment, and cerebral infarction. These latter criteria were applied in defining PICH
in this thesis.

PICH vascular pathology

Two main vascular pathologies have been identified in association to PICH; cerebral
amyloid angiopathy and small vessel disease. In sporadic cerebral amyloid angiopathy
(CAA) there is an infiltration by B-amyloid protein in the vessel wall of small and
medium-sized predominantly cortical and leptomeningal blood vessels, which induce
vessel wall fragility and risk of rupture.”® *’ In consecutive autopsies the prevalence of
CAA was 23-49% and increased with age.”>"' An association to intracerebral
haemorrhage was first described in the 1960s.*> Bleeding from the cortical and
leptomeningeal vessels give rise to so called lobar haemorrhage localised in the
cerebral cortex or subcortical white matter substance.” CAA as verified by autopsy
has later been observed in 11-49 % of cases with intracerebral haemorrhage.*® **** In
ICH cases with hypertension, CAA-lesions were never found in the basal ganglia
region, rarely in the cerebellum and most frequent in the occipital and frontoparietal
cerebral lobes. **

A correlation has been found between apolipoprotein E polymorphism €4 **
respectively €2 3% and ICH related to CAA (€3 is the ‘normal’ genotype). These studies
were performed on North American populations, and in an European study, no such
association was found. *” Definite diagnosis of cerebral amyloid angiopathy require
neuropathologic examination, however clinical diagnosis of possible respectively
probable CAA-related ICH according to the Boston Criteria **** has high accuracy.*
Small vessel disease (SVD) comprise a numerous of different Vasculopathies.40’ 4
SVD-related haemorrhages arise in particular from the perforating arterioles, terminal
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vessels, which supply the basal ganglia, thalamus, brainstem and the cerebellum.
Vessel rupture in these brain locations gives rise to non-lobar haemorrhages.
Rupture mostly occurs at distal vessel bifurcation sites 2, Lipohyalinosis, or ‘complex
small vessel disease’ ** was first described in associaton to lacunar infarction,** and
later in relation to ICH.* Lipohyalinosis is characterised by loss of the normal vessel
wall architecture (segmental wall thickening and thinning), collagenous sclerosis and
mural foam cell infiltration,* and in its acute form, so called fibrinoid necrosis.** -3
Most of the pathological studies included exclusively ICH-cases with hypertension.**
424347 1) a later conducted autopsy study, which included both normo- and
hypertensive cases of SVD in association to various cerebral conditions, including
ICH,” lipohyalinosis or fibrinoid necrosis were rarely observed. Instead, the small-
vessel morphology, which was identical in normo- and hypertensive cases,
corresponded to the so called hyaline arteriolosclerosis, or ‘simple small vessel
disease.* In arteriolosclerosis, the smooth muscle cells first hypertrophies, and then
are replaced by fibroblasts and deposits of collagens, resulting in a homogenous vessel
wall thickening, and lumen narrowing.”® Arteriolosclerosis appears in various degrees
with increasing age.’' It was suggested that the nature of cerebral SVD have changed
since the original description ** as a consequence of diminished proportion of SVD
related to hypertension.”’

The vascular pathology in lobar respectively nonlobar PICH may still not be as distinct
as described above. In CAA-related bleedings, 84 % were lobar and 16 % nonlobar
bleeding location.™ The major histological difference between cases with CAA-related
lobar haemorrhage, and cases who had CAA without haemorrhage, was the co-
presence of SVD in cases with haemorrhage.*” Additionally, CAA- affected vessels
was suggested to indirectly induce nonlobar PICH, by impairment of the auto-
regulation.’* However, in one study, the vessel wall of cortical branches had normal
histological appearance in cases with hypertension and non-lobar ICH attributed to
lipohyalinosis.42

In summary, both CAA and SVD were observed in lobar PICH, whereas mainly SVD
seems related to nonlobar PICH. However, pathological studies on PICH are rare, and
none included unselected cases.

Incidence and risk factors

Demographic aspects

The age-standardised annual incidence of PICH per100 000 person-years has been
estimated to 28-33 in Europe,'* ** versus for example 47 in Japan.>* The incidence of
PICH is higher among men than women, and increases with age.” Population-based
western studies show both stable **°7 and decreasing *** ICH incidence in the last
decades. However, worldwide, in low-to middle-income countries, the current age-
adjusted incidence rate of ICH and the frequency of ICH as stroke subtype, have been
reported to be almost twice those reported in high-income countries.™®
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Ethnicity appears to influence on the incidence of ICH regardless of the country of
residence. The incidence of ICH is twice among African Americans in USA **% and
Asians in New Zealand ®', as that among Whites in the respective populations. The
distribution of stroke subtypes also differs between patients with different ethnic
origin. Out of all stroke, approximately 20 % are ICH in populations with Asian,
Black % and Hispanic * %7 ethnicity, compared with 10 % in White populations.'®
?2 Non-lobar PICH is also more common in Black * "' and Hispanic ’' patients than in
White patients. However, it should be borne in mind that comparison of ICH incidence
and stroke subtype ratios between populations in different countries is complicated by
differences in methodological and diagnostic procedures ’. Only a few studies have
included multiple comparative ethnic subgroups within the same local study
population.®" %

61-64

Blood pressure

Elevated blood pressure is a well established risk factor for the incidence of both PICH
and cerebral infarction,” ’* and there is a linear relationship between the increment of
blood pressure value and the relative risk of stroke.” In a Korean study, the
relationship with increasing blood pressure was found to be stronger for PICH than for
ischemic stroke,”* however it is not known whether this is also true in Western
populations. The term ‘hypertensive haemorrhages’ has been used to describe PICH
with nonlobar location,” and mainly derives from the fact that autopsy studies at the
time were mostly carried out on cases with hypertension and a high rate of the
haemorrhages were nonlobar. Although the importance of hypertension in lobar
bleeding has been demonstrated ”°, results on the relation between hypertension and
PICH subtypes in case-control studies are inconsistent .

Metabolic risk factors

In those aged 35-74, individuals with diabetes have been found to have five (men) to
eight (women) times higher risk of stroke than non-diabetics.”” The association to
cerebral infarction is well known 7> 7**" whereas the relationship between diabetes and
PICH is less clear. Diabetes has been found to be a risk factor for PICH in young
patients ¥ and in men,”” However, in a recent meta-analysis of 8 case-control studies 53
diabetes was not a risk factor for PICH and it has been suggested that diabetes is
inversely related to PICH.*

Elevated total cholesterol levels are positively related to an increased risk of cerebral
Infarction, **™ in particular atherosclerosis- and small vessel disease,®’ but the results
are inconsistent.'' The relationship between cholesterol and the risk of PICH seems to
be inverse 7> *®" or u-shaped.*” Other reported no association °>** or only in elderly
men.”* Low cholesterol values seem more common in cases with nonlobar
haemorrhages, compared with cases with lobar haemorrhages *°. Some biological
explanations of why lower cholesterol levels could induce PICH are weakening of the
endothelial wall due to smooth muscle cell necrosis,"’ reduction of platelet

aggregability % and increase in the osmotic fragility of the erythrocyte cell
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membrane.”®?” An indirect relation, for example when low cholesterol levels are
primary related to other disorders, as chronic liver disease, has also been suggested.”
Elevated non-fasting triglycerides levels **° and body mass index (BMI),'”"'* have
been found to be associated with an increased risk of cerebral infarction, whereas the
relationship to haemorrhagic stroke appear to be inconsistent for both

triglycerides *>* % and BMI.'%1%

Smoking

Some have found no association between smoking and PICH '**'?

while others have
found positive relations,”” '%*''% in contrast to cerebral infarction, in particular the
subtype related to large vessel atherosclerosis.' It is not known if smoking has

different impact on lobar respectively nonlobar PICH.

Alcohol

5 55,72, 111 55,112

An increasing risk of PICH with ‘moderate to ‘heavy’ alcohol-intake, as
compared with non-drinkers, have been reported, taking into accounts differences in
cut off points of alcohol consumption between the studies. However, one study
showed no association '** and another only to lobar PICH."”” Some potential
mechanisms by which alcohol could provoke PICH are a) enhancement of
hypertension b) direct vasoconstriction and increased intracellular calcium-levels,
inducing endothelial damage and c) haematological effects as thrombocytopenia and
decreased platelet aggregation.'"

Depressive disorder

Depression is commonly diagnosed affer stroke,'™* but it is difficult to establish
whether the depression also pre-dated the stroke. Cerebrovascular lesions (without
clinical signs of stroke) on brain images are related to the development of depressive
symptoms over time.'"” On the other hand, individuals with depressive symptoms have
an increased risk of suffering a cerebral infarction later on.''®'"” Both behavioural and
vascular risk factors > 2! as well as vascular impairment ' may explain this
increased stroke risk. In one study, the association was restricted to fatal stroke,
suggesting that psychological distress could be associated with more severe strokes, or
that the patients recovery potential might have been impaired by psychological
problems and/or comorbidities (i e cardiac or other severe illnesses).''” It is not known
whether there is any relation between psychological distress and PICH.

Socioeconomic circumstances

Groups with low socioeconomic status, as measured by levels of education and/or
occupation, income, profession, migration rate or dependency of social welfare
support,'>'%° have an increased risk of stroke overall, as well as ICH.'*” A higher
prevalence of vascular risk factors (for example hypertension, diabetes and smoking)
in groups with low socioeconomic status, partly explains this relationship.124’ 126

17



However adjustment for vascular, lifestyle or psychosocial risk factors did not change
the relationship between stroke and socioeconomic status.'*

2

Hypothetically, relating to potential differences in vascular pathology, the above
mentioned risk factors might have different impact on the incidence of lobar
respectively nonlobar PICH. To the best of our knowledge, no prospective study with
pre-event established risk factors, has reported on risk factors of PICH subtypes.

Prognosis

Recent studies have reported considerable variation in outcome after ICH, with one-
month case fatality rates between 13 and 51 %,'® % >* 12132 the Jowest rates being
found in Japan.”* ** After one year 47-61 % of the patients had died '*>* 125130133 134,
after three year 52 % ' and after 10 year 76 %.> Only two of these studies concerned
the survival of patients treated in a single hospital,'® "' the others included patients
from multiple centres.”* >* 2% 13 32133 Considering the number of patients included in
the respective study and the length of the study period, this means that each centre
handled few PICH-cases, which may have had a negative impact on outcome.'*

Risk factors for mortality

Age and sex

Increasing age is a well established predictor of high mortality following PICH .
The mean age at the time of stroke is higher in women than men,"*” Whether the age-
corrected mortality rates are different for men and women with PICH is unclear. It has
been reported that older men had higher one-month age-adjusted mortality after stroke
overall, as compared to women,"** *? but the results are not consisten. '* '***! Few
studies reported on mortality rates after PICH in men and women separa‘cely.lzg'13 0, 142
Male sex was found to be an independent risk factor for long-term mortality in patients
who survived the first month after PICH.'” A different study showed a higher
mortality rate in women, but after adjustment for other risk factors, female sex was not
a predictive factor for death.'

Haemorrhagic characteristics

Already twenty years ago, it was shown that one month mortality rates depended
highly on the brain damage caused by the haemorrhage, i.e. on the haemorrhage
volume and extension of the haemorrhage to the cerebral ventricles.'*'*
Intraventricular haemorrhage is most common in haemorrhage in the thalamus,
nucleus caudatus and cerebellum.”* Haemorrhage volume and intraventricular
haemorrhage, together with age and the clinical condition of the patient on admission,
as measured by level of consciousness, are the main items in prognostic grading
scales.'* 1 However, few studies with unselected PICH cases have verified the
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impact on mortality, after adjustment for all these factors, as well as other potential
predictors, for example haemorrhage site,” '** '*" and the results are inconsistent. In
20-40% of the ICH events, the haemorrhage volume expands during the first hours
after onset '**'*° and this volume growth is independently related to the baseline
volume " ! and higher mortality."*' The relationship between haemorrhage volume
and outcome varies by haemorrhage location, with less difference in lethal versus non-
lethal volume in cerebellar and brainstem haemorrhages, as compared to lobar
respectively central haemorrhages.” '’ Brainstem haemorrhage has the highest one-
month case fatality rate, 53-80%,* '** 1% while the corresponding rate in lobar
haemorrhage is 11-46%.>* '*% 1

Oral anticoagulation treatment

At the University Hospital in Malmd, the three most common indications for OAT are
atrial fibrillation, venous thromboembolism and mechanical valve prosthesis. Patients
with oral anticoagulation treatment (OAT) have approximately 10 times higher risk of
intracerebral haemorrhage as compared with the general population.'>> One-month
fatality in OAT-related haemorrhages in unselected groups has been reported to be
44-550 130 131 152,153 Although those receiving OAT showed significantly higher one-
month fatality than those without treatment, OAT was not independently related to
short-term mortality after adjustment for haematoma volume."** The results of studies
on whether OAT is associated with larger baseline haemorrhage volume are
inconsistent,"”* '*> but haematoma expansion in the acute phase seems to be more
pronounced in patients on OAT, independent of baseline volume.">* '* The studies
described included patients with previous stroke, and the impact of OAT on mortality
in unselected first-ever PICH is unknown.

Management and outcome

There are several modifiable factors associated with increased mortality in patients
with PICH. High blood pressure predispose for enlargement of the bleeding ** '’
which might explain why elevated blood pressure on admission is a predictor of short
term mortality, independently of the presence of hypertension prior PICH event '**. In
45 330 patients admitted to emergency departments, 75 % had systolic blood pressure
(SBP) > 140 mmHg."* It was reported that enlargement occurrs in 9 % of the patients
with blood pressure target of SBP < 150 mmHg, versus 30 % in patients with SBP <
160 mmHg,">’ and pharmacological treatment of high blood pressure (SBP 150-220
mmHg) in the acute phase with blood pressure target of SBP 140 mmHg seems to be
related to decreased haemorrhage growth.'®

High blood glucose on admission seems to be associated with more severe
bleeding."”® ' However, if it is related to early death, independently of diabetes, is not
clear.'” ' In approximately 50 % of the cases with haemorrhagic stroke some
abnormality on ECG is observed in the first 24 hours. Sinus tachycardia, ST-
depression and inverted T-waves predicted increased three month mortality,
independent of age, stroke severity and pre-stroke handicap.'® These specific changes
are believed to be related to the stroke per se, as opposed to for example atrial
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fibrillation which is a sign of a manifest cardiac disease. It is, however, not known if
pharmacological treatment of the tachycardia would improve outcome.

According to the recommendations of the American Heart Association/American
Stroke Council from 2007, patients with cerebellar haemorrhage > 3 cm with
neurological deterioration or who have brain stem compression and/or hydrocephalus
from ventricular obstruction, should have surgical removal of the haemorrhage. In
addition, patient with lobar haemorrhage within 1 cm of the brain surface, might be
considered for surgical evacuation by standard craniotomy (as opposed to other
surgical techniques).'® However, the surgical frequency varies largely between
centres. For example, in some hospitals in Japan ** the surgical frequency was 36 % as
compared with 10 % in the USA.'*®

Care in acute stroke unit improves short-term survival after stroke,'** including
PICH.'®>'®_ Although there probably are large differences in local praxis, assessment
in intensive-care units is not uncommon. It has been estimated that approximately 30
% of patients with supratentorial haemorrhage and almost all patients with brainstem
or cerebellar haemorrhage, require intubation in the acute phase.'®’ In severely ill
patients, do-not-resuscitate orders (DNR) may be appropriate. A DNR indicates that
no resuscitation should be attempted in case of cardiopulmonary arrest. It was shown,
however, that DNR not only have implications in case of cardiopulmonary arrest.
Hospitals with high rate of early DNR in patients with ICH, also had lower rates of
aggressive management and treatment of the disease, and these hospitals also had
higher in-hospital mortality after ICH.'®®

Recurrence rate

In a review of hospital- and community based studies, the recurrence rates from pooled
data were 4 and 6 % per patient-year, respectively. Approximately half of the recurrent
events were haemorrhagic.'” In the same review, recurrence was more frequent
among cases with lobar PICH as first event. In lobar ICH, apolipoprotein E
polymorphism €4 and €2 are predictors for recurrent haemorrhage.'” Two main
patterns have been described, with respect to the relationship of the first and the
recurrent haemorrhage; ganglionic-ganglionic and lobar-lobar, where the first pattern
is more common in Asia '”"'”* and the second in Europe.'”*""* In persons with former
stroke (within five years) a blood pressure reduction of an average of 9,0/4,9 mmHg
(systolic/diastolic BP) with antihypertensive treatment reduced the stroke recurrence
risk by approximately 30 %. The risk reduction was highest for those with previous
ICH as stroke subtype.'”® Although the value of antihypertensive treatment after
stroke is well-established, the knowledge of specific secondary prevention strategies
after PICH is limited.

20



AIMS

1. To investigate the incidence of stroke subtypes in relation to country of birth
(paper 1)

2. To explore the relationship between blood pressure and the incidence of
cerebral infarction, PICH and PICH with lobar and nonlobar location (paper II)

3. To investigate the impact of vascular and environmental factors on the risk of
PICH and PICH with lobar and nonlobar location (paper III)

4. To investigate the survival and stroke recurrence after PICH in relation to
demographic, clinical and haemorrhagic characteristics (paper [V)
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SUBJECTS AND METHODS

General introduction- an overview of the methods employed in each study

Paper I Prospective cohort study
Malmé 1990 cohort

screening incidence of stroke
1990 until dec 31, 2000
Paper 11 Prospective cohort study

Malmé Diet and Cancer cohort

incidence of

screening cerebral infarction and PICH
1991-1996 until dec 31, 2001
Paper 111 Nested case-control study

Malmé Preventive Project cohort
screening incidence of PICH

1974-1992 until dec 31, 1999

Each PICH case was compared with 7 matched (age, sex and screening-year) controls from the same

cohort.

Paper IV Prospective cohort study of PICH patients

Malmé Stroke Register PICH cohort

PICH event incidence of death and recurrent stroke
1993-2000 within 3 years
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Study populations

Paper I

Malmé 1990

This population-based cohort consists of all Malmé residents between 40 and 89 years
of age, according to the Population Census Data from 1990,'”" in total 118 134
individuals (52 877 men and 65 257 women). The register included information on
country of birth, marital status, type of housing (rented and owned), and annual
income, based on information from a mailed questionnaire (response rate 97.5%) and
data from other population registers. Only immigrants from countries with total
follow-up times of = >2500 person years were included in the analysis. Participants
with missing information on birth country (n=51, 0.04 %) were excluded. In total 113
662 persons were included in this study, of whom 98 961 were born in Sweden and

14 701 in other countries.

Paper 11

The Malmo Diet and Cancer study

The Malmé Diet and Cancer study (MDC) is a prospective population-based study,
with the main objective of evaluating diet-related risk factors for cancer.'”® However,
the investigation also included a number of items related to cardio- and
cerebrovascular diseases. All men born between 1923-1945 and all women born
between 1923 and 1950, residing in Malmé in 1991(n=74 138), were invited by letter
or through newspaper advertisement to participate in the study. Reading and writing
skills in the Swedish language were criteria for eligibility. 1 975 persons were
excluded due to language problems or mental incapacity, and 3 258 persons died or
moved out before completing the baseline examination. In all, 28 449 persons

participated, out of an eligible population of 68 905 persons (participation rate 40.6 %)
179

Baseline examinations were undertaken between 1991 and 1996. The participants were
first invited to a screening centre at Malmo University Hospital, where they were
asked to fill in a written paper-questionnaire covering socioeconomic, demographic
and lifestyle factors as well as information on previous and current diseases and
medication, and diseases among relatives, in total 141 questions. Research nurses
conducted various measurements including blood pressure, height and weight, and
collected assorted blood samples. On a second visit occasion, individual interviews
regarding detailed diet history were performed by trained dietary interviewers.

In our study, those reporting a previous stroke at screening (n=324), and those for
which information on blood pressure (n=44), BMI (n=46), smoking (n=324) and/or
alcohol consumption (n=323) was lacking were excluded from the present study,
resulting in a cohort of 27 702 subjects.
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Paper I1I

Malmé Preventive Project

The Malmé Preventive Project (MPP) was organised and carried out by the
Department of Medicine at the Malmo University Hospital, with the aim of identifying
individuals at high risk of cardio- and cerebrovascular diseases in a population-based
cohort."* Complete birth cohorts (1921, 1926-1942, 1944, 1946, 1948-1949 for men
and 1926, 1928, 1930, 1932-1936, 1938, 1941-42, 1949 for women) of registered
residents of the city of Malmo were invited by letter to a health examination. The
participation rate was 71%, and in total 22 444 men and 10 902 women participated.
Their age ranged from 27 to 61, and the mean age was 47 years. The screening
program, performed at Malmé university hospital between 1974 and 1992 (1974-1983
for men and 1976-1992 for women), comprised a physical examination, a panel of
laboratory tests and a computerised self-administered questionnaire. Subjects in whom
diseases or risk factors were detected at screening (~30%) were referred to the
appropriate clinic for medical care and further evaluation and/or intervention.

Subjects reporting myocardial infarction or stroke before the baseline examination
were excluded from the present study (n=341).

Paper IV
Malmé Stroke Register PICH cohort

This patient cohort includes all cases of PICH (n=474), as described below, registered
in the Malmo Stroke Register (STROMA) between January 1, 1993 and December 31,
2000.

Case retrieval

Paper I-1V
Malmé Stroke Register - STROMA

The STROMA register contains information on cases of stroke since,1989 '*' both first
and recurrent stroke events according to the same case ascertainment procedure.
Recurrent stroke cases are registered in a separate recurrence register if first ever
stroke occurred before 1989. Only stroke cases in Malmé residents are included in
STROMA. Case identification is carried out by a specialised research nurse, and
consists of a continuous broad search among patients admitted to the emergency and
admission department, the neurological wards and ambulatory department, as well as
other relevant hospital wards, for neurological symptoms and diagnosis that could
indicate stroke. Patients initially hospitalised for other initially reasons, are also
included in the case identification procedure. All possible stroke cases were validated
by reviewing the patients’ records under the supervision of a senior stroke physician.
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Malmo University Hospital is the only hospital serving the population of Malmo.
Primary care and nursing homes work in collaboration with the University Hospital,
and patients with symptoms of stroke at those healthcare facilities are routinely
referred to the hospital for further examination and are thus included in the case
identification process. The WHO’s definition of stroke is used.® In the database, stroke
subtypes are coded according to ICD 9 (434, 430, 431 and 436)."*

Other sources of case retrieval

The National Patient register 183 was used to find cases among the participants in the
MPP and MDC’ cohorts who moved out from the city of Malmo during the follow-up
period (paper II and III). The Swedish Causes of Death register184 was used to
provide information of death and causeof death (paper I-IV). In this case search
procedure, International Classification of diseases (ICD) revision 9 and 10182 was
used, ie 434.0-9 / 163.0-9 for cerebral infarction, 431.0-9 /161.0-9 for intracerebral
haemorrhage, 430.0-9 / 160.0-9 for subarachnoidal haemorrhage and 436.0-9 / 164.0-9
for unspecified stroke, according to the established endpoints in the respective studies.
In paper II-1V, cases with ICD codes indicating ICH or undefined stroke underwent
the same diagnosis validation procedures as for STROMA. In paper III (MPP), cases
with ICH and undefined stroke before 1989 were retrieved from the national registers
and the recurrence register in STROMA.

Ascertainment of PICH diagnosis, classification and
haemorrhage characteristics

Intracerebral haemorrhage was diagnosed when CT, MRI, or autopsy showed
intraparenchymal blood in the brain. Angiography was carried out in selected cases
with haemorrhagic stroke, i.e., when haemorrhage location, age or clinical status was
suggestive of a vascular malformation. In all verified cases of intracerebral
haemorrhage, the CT images were reviewed with the assistance of a neuroradiologist
(Dr.Toivo Matilainen), with regard to haemorrhage volume, the presence of
intraventricular haemorrhage, and the location of the haemorrhage. Cases were
excluded if the haemorrhage was considered to be secondary (e.g. caused by
arteriovenous malformation/aneurysm, thrombolysis of acute myocardial infarction,
haemorrhagic infarction or tumor).

Haemorrhage location was classified into four regions; lobar (predominantly cortical
or subcortical white matter), central (predominantly basal ganglia, internal capsule,
periventricular white matter), cerebellum and brainstem. In the studies described in
paper II and 111, central, brainstem and cerebellar locations were categorised as one
PICH subtype (nonlobar), whereas in the study presented in paper 1V, they were
analysed seperately. The volume of the haemorrhage was calculated using the formula
AxBxC/2."™ Intraventricular haemorrhage was assessed as present or absent.
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Assessment and definition of risk factors

Paper I (Malmé 1990)

Country of birth

The participants in the Malmo 90 cohort provided information on their country of birth
in a self-administered questionnaire. This information was lacking for 51 participants
(0.04%) in the Malmo 90 cohort. Only immigrants from countries with total follow-up
times of =>2500 person years were included in the analysis.

Marital and Socioeconomic status

The total income in 1990 of each individual, was divided into six categories: 0-49 000,
50 000-99 000, 100 000-149 000, 150 000-199 0000, 200 000-249 000 and > 250 000
Swedish crowns (SEK) per year (1 USD = 6 in 1SEK in 1990). Information on
housing, tenant or house-owner, was included in the assessment of socioeconomic
status. Marital status was assessed as married or unmarried.

Paper I1 (MCD)

Blood pressure

Blood pressure was measured twice, with a mercury sphygmomanometer, in the right
arm after a 10 minutes rest and the average value was used. The blood pressure values
were grouped according to the guidelines of the European Society of Hypertension and
European Society of Cardiology from 2003,'% i.e. <140/<90 mmHg (normal blood
pressure), systolic blood pressure (SBP) 140-159 and/or diastolic blood pressure
(DBP) 90-99 mmHg, SBP 160-179 and/or DBP 100-109 mmHg and SBP > 180
and/or DBP >110 mmHg as hypertension grades I-111, respectively.

Metabolic factors

Diabetes was defined as having anti-diabetic medication (both insulin and non-insulin)
or self-reported diabetes according to questionnaire. Hyperlipidemia was defined as
use of lipid-lowering drug treatment. Weight was measured to the nearest kilogram
using balance-beam scale with subjects wearing light clothing and no shoes. Height
was measured with a fix stadiometer calibrated in centimetres. Body mass index
(BMI) was calculated as weight/ height’, and assessed in kg/m®,

Smoking and drinking habits

Smoking was defined as current smoking, daily or regularly. High alcohol
consumption was defined as > 40 g/ day for men and > 30 g/ day for women,'*’
according to the consumption reported in the menu book.
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Paper 111 (MPP)
Blood pressure

Blood pressure was measured as described above for the MDC.
Hypertension was defined as having blood pressure > 160/95 mmHg and/or treatment
for hypertension.

Metabolic factors

Blood samples for analysis of blood glucose, serum total cholesterol and triglycerides
were taken after an overnight fast, and analyzed as non-frozen samples at the
department of clinical chemistry at Malmé University Hospital.

Diabetes was defined as fasting whole blood glucose > 6.7 mmol/l, according to the
World Health Organization definition from 1980," or self-reported diabetes
according to the questionnaire. Weight and height was measured in the same manner
as in the MCDS (see above).

Life-style related factors

Smoking was defined as current smoker, according to the questionnaire. Alcohol abuse
was defined as having a history of problematic alcohol behaviour according to the
questionnaire, or by means of the results according to the modified shortened version
of the Michigan Alcoholism Screening Test.'® This test included nine questions
(included in the MPP questionnaire), and subjects with more two or more affirmative
answers were considered to be high-consumers of alcohol.

Subjects who reported that they were mostly engaged in sedentary activities in their
spare time, for example with watching TV, reading or going to cinema, were
categorised as physically inactive. Information about cohabiting status, defined as
living without partner or not, was retrieved from The National Swedish Censuses
investigations in 1975,1980,1985 and 1990."”" Information from the year closest to the
year of the participant’s screening year was used.

Psychiatric morbidity

History of psychiatric morbidity was based on the responses to the question ‘Have you
ever received treatment or care for nervous or psychiatric problems, ?’, Yes or No.

Paper IV (Malmo6 Sroke Register PICH cohort)

Vascular risk factors

Data on vascular risk factors at the time of PICH were retrieved from the patient
records. Data were collected on the following risk factors; ischemic heart disease (i.e.
history of angina pectoris and/or cardiac infarction), treatment for hypertension,
current or former smoking, and diabetes mellitus (previously known or newly
diagnosed). Hypertension, smoking and diabetes were defined according to the
corresponding items registered in the Swedish Stroke Register.'”
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Data on vascular risk factors was missing as follow; treatment for hypertension n=79,
smoking n=191, ischemic heart disease n=77 and diabetes n=83. These were coded in
a separate category, in order not to loose them in the multivariate models.

Oral anticoagulation treatment

Information on oral anticoagulation treatment (OAT), i.e. warfarin treatment, at the
time of PICH, was collected from the patient records and from the patient register at
the Anticoagulation Clinic at Malmo University Hospital.

Level of consciousness

The level of consciousness on admission to the hospital was assessed according to the
Reaction Level Scale (RLS 85).""! This is an eight graded scale. Data were collected
from the patients’ records and the RLS scores were categorised into three groups; 1
(alert), 2-3 (drowsy) and 4-8 (unconscious). Information was not available in 5 cases.

Statistical methods

The expected number of stroke cases in the immigrants groups was calculated by
standardisation for age (5-year groups) and sex using the indirect method. Cox
proportional hazards model was used to compare incidence rates with adjustments for
age, sex, marital status and socioeconomic indicators (Paper I).

In paper 11, the incidence (per 1000 person-years, py) was standardised for sex and age
(5-year groups) using direct standardisation, and was weighted for the age-distribution
of the MDC cohort. Confidence intervals were calculated assuming a Poisson
distribution. Cox’s regression model was used to calculate the relative risks, with
adjustment for age, sex and other risk factors for stroke (BMI, diabetes, lipid lowering
drug, smoking, high alcohol consumption). Oneway analysis of variance (ANOVA)
with the Bonferroni post hoc test was used to compare continuous variables between
the diagnostic groups. Logistic regression was used for categorical variables.

In paper I1I, the Students T-test, the Mann-Whitney u-test and the Pearson chi-square
test were used to compare the distribution of risk factors in PICH cases and controls. A
backward stepwise conditional logistic regression (p removal: 0.10) was used to adjust
the relations between risk factors and PICH for potential confounders.

In paper 1V, logistic regression, with sex as the dependent variable, was used to
compare baseline characteristics in men and women. Logistic regression model, with
fatal outcome as dependent variable, was used to explore risk factors for 28-day case
fatality. The various risk factors were first entered individually. Age, gender and risk
factors with p<0.2 were considered to be potential confounders, and were entered in
the multivariate model. Cox’s proportional hazards model was used to study risk
factors for 3-year mortality and stroke recurrence rates. The proportional hazards
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assumption was confirmed by plotting the hazards rates for the various risk factors as a
function of time.

Ethical approvals

The studies have been approved by the local ethic committee (LU 78-02 and LU 238-
03).
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RESULTS

Incidence of stroke subtypes in relation to country of birth

This study (paper 1) was performed with participants from the Malmo 90 cohort. All
Malmo citizens born in Sweden, aged 40-89 years, were compared to immigrants,
aged 40-89 years, from countries with total follow-up times of = >2500 person years.
In total, 113 662 persons were included in the analysis.

In total, 6082 cases of stroke were identified during the follow-up period, and 615 of
these were classified as ICH. The relative risk of stroke (all types), after adjustment for
age, sex, marital status and socioeconomic indicators, was higher for immigrants from
Hungary and former Yugoslavia, while immigrants from Denmark, Norway, Germany,
Chile, Czechoslovakia and Poland had approximately the same stroke risk as those
born in Sweden (Paper I, table 2). A higher risk of PICH was observed in immigrants
from China/Vietnam (Relative risk (RR), 4.2; 95% confidence interval (CI) 1.7-10.4)
and former Soviet Union (RR 2.7, 95% CI 1.01-7.3).

Conclusion

The incidence of stroke and stroke and different types of stroke in Malmo, varies
between immigrants from different birth countries. There are no reliable data on stroke
subtype frequencies in former Soviet, but the higher incidence of ICH among
immigrants from East Asia is in agreement with the previously reported higher
frequencies of this type of stroke in this region. However, the extent to which genetics
and environmental risk factors affect overall stroke incidence, remains to be explored.

Incidence of stroke subtypes in relation to blood pressure

In total 27 702 out of 28 449 participants from the Malmo Diet and Cancer Study were
included in this study (paper II). 38.7 % were men, and mean age at screening was

58 + 8 years. During the follow-up period 701 of the subjects suffered a stroke (613
cerebrla infarction and 88 PICH).

The incidence of all stroke subtypes increased progressively with the degree of
hypertension, as can be seen in figure 1. The crude and standardised incidence was
highest for cerebral infarction in all blood pressure groups. The relative risk of
suffering a PICH with hypertension grade 3 (BP > 180/>110 mmHg) was 14.4 (95%
Cl, 6.4-32) as compared with BP <140/<90 mmHg. The corresponding relative risk of
suffering a cerebral infarction was 3.4 (CI 2.6-4.5). The relative risk was highest for
nonlobar PICH (figure 1). The proportion of PICH of all stroke cases, increased from
7% in the normotensive group to 19.5% in the group with hypertension grade 3.
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Figure 1. The standardised (age, sex) incidence respectively the adjusted relative risk of stroke
subtype, in relation to blood pressure

In this study, beside elevated blood pressure, age, male sex, BMI, smoking, diabetes
and alcohol consumption were independently associated with cererbal infarction. Age
and male sex were alssocciated with PICH. Male sex and diabetes were related to
nonlobar PICH, whereas age was associated with lobar PICH. The relative risk of
lobar PICH for smokers was 1.97 (95% CI 0.99-3.9).

In a sub-analysis of this material (not in paper), we excluded two PICH cases with oral
anticoagulation treatment at the time of stroke event. The results remained unchanged
apart from for male sex which was no longer statistically significant.
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Conclusion

The incidence of PICH and cerebral infarction increased progressively with increased
blood pressure. Although hypertension was associated with substantially higher
incidence rates and absolute numbers of cerebral infarction, which is most important in
public health perspective, the relationship with PICH, especially with nonlobar
location, was strongest in terms of relaive risks.

Risk factors for PICH and PICH with lobar and nonlobar
location

This study (paper I1I) was conducted with data from the Malmo Preventive Project.
Risk factors in all cases of PICH during the follow-up period, in total 147 cases, were
compared to 1 029 stroke-free controls (7 controls matched for age, sex and screening-
year for each PICH case). 82 % were men and mean age at screening was 62 + 7 years.

Risk factors for PICH

Compared with their respectively controls, PICH patients had higher blood pressure,
higher triglyceride levels and BMIs and were shorter in stature. They also had a
history of diabetes, psychiatric and/or alcohol problems significantly more often, and
more of them were living alone (table 2, paper III). The results from the final step in
the backward conditional logistic regression analysis are given in Table 1.

OR, last step

Systolic blood pressure (per 10 mmHg) 1.2 (1.2-1.5)
Diabetes (yes vs. no) 2.4 (1.1-5.5)
Log trigycerides 1.5 (1.04-2.1)
BMI

Height, cm 0.97(0.95-0.998)
Alcohol abuse (yes vs. no)

Psychiatric morbidity (yes vs. no) 1.6 (1.002-2.7)
Living alone (yes vs. no) 1.5 (0.99-2.2)

Table 1. Multivariate adjusted odds ratios (95% CI) for risk factors associated with PICH

Risk factors for lobar and nonlobar PICH

Hypertension, diabetes, high levels of triglycerides and BMI and history of psychiatric
morbidity were more common in patients with non-lobar PICH than in the matched
controls. Hypertension and high levels of triglycerides were more common in lobar
PICH patients than in controls.

Systolic blood pressure (OR per 10 mm Hg 1.5, CI 1.3-1.7), diabetes (OR 3.5, CI 1.5-
8.6) and psychiatric morbidity (OR 3.0, CI 1.6-5.6) were independently associated
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with nonlobar PICH, whereas systolic blood pressure (OR per 100 mmHg 1.3, CI 1.1-
1.5) and smoking (OR 2.0, CI 1.1-3.9) were associated with lobar PICH.

When lobar and nonlobar cases were directly compared, no statistically significant
differences were found in risk factors

Conclusion

Beside high blood pressure also diabetes, high triglyceride levels, and psychiatric
morbidity were associated with PICH. In addition to high blood pressure, diabetes and
psychiatric morbidity were associated with nonlobar PICH, whereas smoking was
associated with lobar PICH.

Survival and Stroke Recurrence rates in patients with PICH

Prognosis and prognostic factors were established in all cases of PICH registered in
STROMA between 1993 and 2000.

The mean age was 73 years, 29 % of the patients were > 80 years, and 46 % were
female. Beside older age in women, there were no differences in the baseline
characteristics between men and women. The 28-day CFR for all PICH patients was
26 %, and the 3-year mortality rate was 49 %. In patients less than 75 years old, 20 %
of the women and 23 % of the men died within 28 days (p=0.38). The corresponding
figures for patients aged 75 years or older, were 26 % and 41% respectively (p=0.02).

Male sex was found to be an independent risk factor for both 28-day and 3-year
mortality rates. Other independent predictors of death were age > 65 years, central and
brainstem haemorrhage site, intraventricular haemorrhage, increased volume of
bleeding and decreased level of consciousness.

Twelve percent of the patients had a recurrent stroke event and the stroke recurrence
rate was 5.1 % per person-year. Recurrent cerebral infarction and ICH occurred at
approximately the same rate. Only age > 65 years was related to recurrent stroke.

Conclusion

Women had better survival rates than men after PICH. The difference is largely
explained by higher 28-day mortality in male patients older than 75 years (figure 2).
However, the underlying reasons have yet to be explored
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Figure 2. Survival after PICH in men (m)
and women (w) above and below 75 years. *
p=0.2, women vs men < 75 years.
**p<0.003, women vs men > 75 years.



METHOLOGICAL CONSIDERATIONS

A proposal of criteria for an ‘ideal epidemiologic stroke study’ was first made in 1987
192 and has then been revised, lately in 2004 ¥ (table 2).

Domains

Standard
definitions

Standard
methods

Standard data
presentation

Core Criteria

World Health Organisation definition
of stroke

At least 80% CT/MRI verification of
the diagnosis of ischemic stroke,
intracerebral hemorrhage, and
subarachnoidal hemorrhage

First-ever-in-lifetime stroke

Complete, population-based case
ascertainment, based on multiple
overlapping sources of information
(hospitals, outpatient clinics, general
practitioners, death certificates)

Prospective study design

Large, well-defined, and stable
population, allowing at least 100 000
person-years of observation

Follow-up of patients’ vital status for
at least 1 month

Reliable method for estimating
denominator (census data <5 years
old)

Complete calendar years of data; <5
years data averaged together

Men and women presented separately
Mid-decade age bands (eg 55 to 64
years) used in publications, including

oldest age group (> 85 years)

95% confidence interval around dates

Supplimentary Criteria

Classification of ischemic stroke into
subtypes (eg, large artery disease,
cardioembolic, small artery disease, other)

Recurrent stroke

Ascertainment of patients with TIA,
recurrent strokes and those referred for
brain, carotid, or cerebrla vascular imaging

“Hot pursuit” of cases

Direct assessment of under-ascertainment
by regular checking of general
practiotioners’ databases and hospital
admissions for acute vascular problems and
cerebrovascular imaging studies and/or
interventions

Unpublished 5-years age bands available
for comparison with other studies

Table 2. Gold standard for a stroke incidence study, according to Feigin et Carter, 2004.
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Study design

In paper I-111, the information of risk factors was collected before the stroke event or
death. Due to the prospective design, assessment of risk factors was not influenced by
stroke event. However, we do not know whether some risk factors have changed on
the individual level during the long follow-up period, in particular in the MPP cohort
(paper III), but also in the MDC (paper II). As participants with detected vascular risk
factor at baseline examination were referred for further evaluation and treatment, it is
plausible that these individuals have a reduced risk for stroke during the follow-up
time. However, we lack information on the proportion of participants in the cohorts
that received treatment after referral. If anything, it should be expected that the
relationship in our studies would be even stronger in a population which have not
received interventions.

In addition, a change of exposure over time would have diluted the observed
associations. Instead, in paper II, the differences between the blood pressure groups
increased continuously over the entire follow-up period (Fig 3).
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In Géteborg, Sweden, the frequency of hypertension, smoking and
hypercholesterolemia was found to decrease in men and women between 1987 and
2006, whereas diabetes and BMI increased in men.'”> We can thus not exclude the
possibility that participants included in the cohort studies later were healthier with
regard to vascular diseases than those who were recruited early in the study. To avoid
that variations in the characteristics of populations over time influence the results, a
nested case-control design was used in the third study (Paper I1I, MPP cohort). The
PICH cases were matched with controls of the same age, sex and screening year.
However, this prevented the effects of age and sex on the incidence of PICH from
being studied. In the MDC the screening period was five years, and a prospective
cohort design was used in paper II. Paper IV describes a prospective observational
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study. Information on haemorrhagic characteristics, clinical data and vascular risk
factors were assessed without knowledge of the patients’ outcome.

Representativity of the study population

The attendance rate in the MPP study was 71%, but only 41% in the MDC. Similar
decline in attendance rates during the last decades is observed by others.'** 1
Generally, non-participants (i e invited to participate, but for various reasons did not)
in health screening programs have less favourable health and/or socioeconomic
situation.'”* ' This is reflected in the MPP '’ and in the MDC '”® cohorts by a
higher total mortality in non-participants as compared to participants. With respect to
the general population, there might be an under-estimation of the associations we
found in paper II and III. However, non-invited birth cohorts of men who were
compared to those invited in the MPP, did not differ with respect to overall and
cardiovascular mortality.'"’

Quality of stroke ascertainment

Cases with stroke diagnosis were achieved from three different sources; STROMA
(paper I-1V), The Swedish hospital discharge register and The Swedish cause of death
register (paper II-11I).

In STROMA, the CT frequency increased from 64.3 % to 98.3 % between 1989 and
2001, with the largest increase between 1991 and 1992. This threshold is the reason for
the chosen time period in paper IV (1993-2000). The reduced proportion of
unspecified stroke corresponded closely to an increased proportion of cerebral
infarctions. This suggests that most unspecified stroke were due to cerebral infarction.
Overall, few cases of ICH seems to be hidden in the category unspecified stroke,
irrespectively of the source of case ascertainment, as indicated in table 3.

ICH UND PICH
Source (ICD 431/161.0-9) (ICD 436/164.0-9)
STROMA 78 (73%) 12 (0) 73
Cause of Death Register** 11(11) 7(1) 12
National Patient Register** 8(3) 54 (0) 3
Total 97 73 88

Table 3. Number of identified ICH and stroke UND in different sources of case
ascertainment procedure in paper II. () indicate the number of verified PICH. * = 5 cases
were secondary ICH. ** = cases outside Malmo.

The screening process applied to the STROMA database includes a daily broad search
among patients admitted to the hospital. The hospitalisation rate of stroke patients in
Malmé between 1993 and 1998 was 95 %.>* The additional 5 % either died at the
emergency ward (0.3 %) or were treated as outpatients (4.7 %). The case
ascertainment, however, does not include screening in the primary care databases. In
other stroke registers 1.6 % ' respectively 3.7 % % of identified stroke patients were
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found by such supplementary searching. These patients were not examined at the
hospital, and in Lund, Sweden, > 86 % were living in nursing homes. Up until 1995 a
systematic active search for stroke cases in nursing homes was included in the case-
identification process in STROMA. It was found that all cases of suspected stroke had
been referred for CT examination and hence included through the case-identification
process at the hospital. Anyhow, some non-hospitalised patients might have been
missed, and we can not exclude that there were changes in referral praxis between
1996 and 2001. Stroke severity is higher in ICH as compared to cerebral infarction,””
and it is likely that a majority of the non-hospitalised stroke cases suffered a cerebral
infarction.

It can not be ruled out that some patients died as a result of stroke before reaching the
hospital.Others reported a pre-hospital PICH mortality of 6% "*° respectively 7%.'*
However, a review of all autopsy records of out-of-hospital deaths in Malmg, in 1989
and 1990, revealed only 7 missed cases in STROMA (0.6% of all stroke events) during
these two years.”” Cases with identified cerebral infarction in paper I and II were for
practical reasons (large number and clinical diagnosis) not scrutinised in the case
ascertainment procedure as cases with suspected ICH and undefined stroke. We can
not rule out that some cases with ICH were miscoded as cerebral infarction.

Haemorrhage characteristics

We used the ABC/2-formula in estimation of the bleeding volume. The formula
ABC/3 was recently recommended, in cases of irregularly and separately shaped
bleedings, which is often the case in OAT-induced bleedings.204 However, calculating
the volume as ABC/2 formula tends to overestimate the volume,”®* so this probably
does not explain why the volumes calculated in this work were in the lower range
compared with other studies, in particular in OAT-induced bleedings.'****

It has been estimated that in approximately a quarter of the cases, the haemorrhage
volume expands during the first hours.'** ** The smaller bleeding volumes reported in
our study may partly be due to early hospital-admission and thus early CT
examinations in our centre. However, we lack information on time from stroke onset
to the time of CT-scanning, as well as a second CT examination (to evaluate
haemorrhage growth), and no further conclusions can be made.

Risk factors

The associations between the vascular risk factors (as blood pressure, smoking, lipids)
and incidence of stroke and cardiovascular disease have been verified in many
previous studies from MPP and MDC 272"

In the MDC (paper II), we lacked values of blood glucose and lipids. However, the
percentage of diabetes in PICH and the association with nonlobar PICH, is in line with
the results from the MPP cohort (paper III), where diabetes diagnosis was assessed by
blood glucose level as well as self reported diabetes.

The percentage of smokers was lower in the MDC as compared to the MPP. There are
several possible explanations for this difference. First, there was a decline of smoking
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in the general population during this time period.'*® Then, smoking '** could be more
common among non-responders, and the rate of non-responders was higher in MDC
compared with MPP. Nevertheless, smoking was an independent risk factor for lobar
PICH in the MDC, and in the MPP smokers had a relative risk for lobar PICH of 1.97
(95 % CI: 0.99-3.9). A limitation with prospective cohort studies is that the risk factor
arsenal is restricted to what was of most interest and reasonable achievable at the time
of the initial study design. As a consequence in our studies, we lack information of for
example cholesterol fractions, hemostatic parameters, antitrombotic medication and
genetic factors.

Missing value

In Malmé 1990 cohort (paper I), 0.04 % participants lacked information of birth
country and in the MDC (paper II), 1.5 % out of 28 449 participants had missing
information of one or more risk factors. These participants were not included in the
studies, and we can not rule out that exclusion of these participants might have
influenced the results. In the MPP (paper I1I), only a computer based questionnaire
was used. The participants could choose between a ‘yes’ or ‘no’ answer. For technical
limitations at the time, a ‘non-answer’ was coded as ‘no’, so we cannot differentiate
between these two answers, or estimate the actual rates of missing values, which is a
limitation. In the prognosis study (paper 1V), information on vascular risk factors was
obtained from medical records and the frequency of missing data on vascular risk
factors was considerable (hypertension n=79 (16.7 %), smoking n=191 (40.3 %),
ischemic heart disease n=77 (16.2 %) and diabetes n=83 (17.5 %). Information on the
level of consciousness at admission and intraventricular haemorrhage was missing in 5
and 9 cases respectively. In order not to loose power in the multivariate analysis,
missing values were coded as a separate category.
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GENERAL DISCUSSION

The main purposes of this thesis were to evaluate risk factors and prognosis of PICH.
In epidemiological studies, a risk factor indicates that the persons which are exposed to
the risk factor have higher risk to develop the disease as compare to the unexposed, an
information that might have implications in preventive work for example.

It has been claimed that ’attempts to infer the underlying disease by analysis of
clinical risk factors...is at best an approximation of what would be learned by
microscopy’,211 however, it must be borne in mind that the incidence of PICH is low,
and the post-mortem examinations may not always be carried out for various reasons,
including ethical concerns. Therefore, the amount of information available from such
studies is limited. The results of epidemiological studies do not prove what causes a
particular disease in terms of cellular pathology, but the information obtained may
help us to understand the development of the disease, i.e. the aetiology.

Accurate prognoses are important for several reasons. Apart from providing the patient
and relatives with information on the expected outcome, prognoses can be used in the
design of research projects and the assessment of care facilities. Only twelve
community-based studies on prognosis following PICH had been carried out up until
2000, and the number of participants included did not exceed 1227 The increasing
interest in this rare stroke subtype during the past decade is mirrored by the increasing
number of community-based publications on prognosis.'® >* '**'3% In order to obtain
reliable information on the risk factors and prognosis concerning less common
diseases, large cohorts are required. In addition, reliable case ascertainment and
diagnosis are crucial. Few individual study centres can fulfil these requirements, and
the majority of previous studies on prognosis are multicentre studies.” %%

In prospective large-cohort studies, stroke diagnosis is often obtained from hospital
and/or national discharge registers.”” " *** In this work, information was obtained
from a local stroke register, employing a broad case-retrieval procedure, in addition to
national registers, which improve the case finding possibilities.”"* The next step is to
verify the stroke diagnosis. For practical reasons it is seldom possible to verify each
potential stroke case in large epidemiological studies, especially as the diagnosis of
cerebral infarction is mainly based on clinical information. PICH diagnosis, on the
other hand, is based on characteristics seen in CT and/or MRI examinations. In this
work the same emphasis was placed on diagnosis verification regardless of the source
of information on cases.

Relation between country of birth and intracerebral haemorrhage
Previous studies have shown differences in the incidence of stroke between individuals
of different ethnic origin living in the same country,” "% although such studies are

not common. The assignment of ethnicity may vary, and self-reported ethnicity has
been suggested to be the optimal method.*'* By using ethnicity as a marker, the
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heterogeneity of the cohort will be increased by second- and third-generation
immigrants who have adopted the lifestyle of their new country and are exposed to its
environment. On the other hand, self-reporting of country of birth, as used in the
present work, may lead to erroneous classification of ethnicity. For example, second-
generation immigrants would give their country of birth as Sweden, although they
belong to a different ethnic group. In spite of the small numbers in the groups of
people born in another country, we observed a higher risk of ICH in immigrants from
China/Vietnam and the former Soviet Union than in participants born in Sweden. This
is in accordance with the high rates of ICH reported in Asia,”* ®*7*2'>2!% and the
higher rzallge of ICH among Chinese immigrants compared with Whites in New York
(USA).

According to the results of the MONICA project (Monitoring of Trends and
Determinants in Cardiovascular Disease, by the World Health Organization), the
overall stroke rate in Moscow and Novosibirsk, Russia, was high.*'® According to
another study published by the WHO, the highest stroke mortality rates were observed
in Eastern Europe and the countries of the former Soviet Union.”"’ There are no
reliable incidence data on different stroke subtypes in the Soviet Union ’, but a high
rate of ICH has been reported in Georgia.”*

The elevated stroke burden in East Asia and the former Soviet Union could be
explained by high rates of hypertension **' and diabetes.”** High alcohol consumption
in the former Soviet Union *** probably also influences the risk of stroke. Even 20
years after migration from China to the USA, hypertension was still the most
important risk factor for stroke among Chinese stroke patients *** and more prevalent
as compared with stroke patients with other ethnicities.”'” The overall stroke mortality
rate was found not to differ between Chinese immigrants and Whites, and was
significantly lower than the mortality rate among Chinese in China during the same
period,225 indicating that genetic factors had less influence than environmental factors.

Previous studies on the population in Malmo have shown higher incidences of stroke
in areas with low socioeconomic conditions and a large proportion of immigrants.'**
Low income and living alone influence health care costs in Malmg, in contrast to
country of birth.”** However, the extent to which the continued high risk of ICH
among immigrants from East Asia and the former Soviet Union seen in the present
work can be attributed to genetic factors, rather than lifestyle, vascular risk factors or
lower use of health care services has yet to be explored.

Blood pressure and stroke

In prospective studies, risks are often expressed in terms of relative risks for the sake
of convenience. However, in order to assess the clinical and public health implications,
relative risks must be translated into the number of incidences during a specified
period of time. Few studies have compared the incidence of stroke subtypes, in terms
of absolute and relative risks, in relation to hypertension. In this work it was found that
elevated blood pressure is associated with a higher risk of PICH in terms of relative
risk. However, in terms of the number of cases, i.e. the standardised incidence during a
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defined period of time, elevated blood pressure is associated with a greater number of
cases of cerebral infarction. The standardised incidence of cerebral infarction,
classified according to age and sex, increased with higher blood pressure (hypertension
grade 3), from 1.7 to 6.8 per 1000, while the corresponding incidences of PICH
increased from 0.2 to 2.1 per 1000. These figures reflect the numbers of patients
expected to suffer a stroke, and thus the importance of hypertension on stroke
incidence from a public health perspective.

As reported in a previous publication by our group, uncontrolled hypertension, despite
pharmacological treatment, is highly prevalent.””® We lack information on treatment
compliance, but an Australian case—control study showed a nearly five-fold elevated
risk of PICH when medication for hypertension was not taken.”’ Others have
estimated that the treatment of patients with hypertension could prevent 17 to 28% of
haemorrhagic strokes (including subarachnoidal haemorrhages).”* They did not report
blood pressure levels, but in our cohort the mean blood pressure levels were higher
than recommended '* in all treated groups. This further indicates the importance of
blood pressure control in preventing PICH.

Relative risks depend entirely on the risk of the reference group. PICH, as compared to
cerebral infarction, is unusual in normotensive individuals, which could explain why
the gradient of the RR associated with blood pressure is steeper for PICH than for
cerebral infarction. However, it also underlines the strong relationship between
elevated blood pressure and PICH, while other risk factors (e.g. smoking, diabetes,
alcohol and BMI) are also important for the incidence of cerebral infarction.

Risk factors for lobar and nonlobar PICH

The first prospective large-cohort studies on risk factors for stroke did not differentiate
between ischaemic and haemorrhagic stroke.*” *** Knowledge of the differences in
stroke aetiology and the introduction of CT imaging in the diagnostic procedure have
later contributed to separate analysis of these two subtypes.72’ 883,108 1) the present
work it was found that subdivision according to the site of haemorrhage in PICH
enhanced the possibility of identifying predictive factors for PICH. For instance,
diabetes was independently related to non-lobar PICH and smoking to lobar PICH.

A higher prevalence of diabetes in patients with non-lobar PICH as compared to those
with lobar PICH was reported in a case-control study,lo7 and is in line with the present
results. Diabetes is strongly associated with increased severity of extracranial
atherosclerosis assessed by means of carotid intima-media thickness,” autopsy-
verified coronary artery disease °' and angiography-verified peripheral artery
disease.”> Although diabetes is correlated to both small- and large-vessel-related
cerebral infarctions,™” the association with specific intracranial vasculopathy is less
clear #**. In fatal stroke, diabetes is independently related to the prevalence of
intracranial atherosclerotic plaque.”’

Smoking is also related to a range of atherosclerotic manifestations,> **° but
biological evidence of an association with specific cerebral vascular pathologies is less
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clear.'”* Autopsy of the circle of Willisi and its major branches, performed on
samples in a prospective study (the Honolulu Heart Study), showed an association
with smoking and atherosclerosis in the larger, but not the smaller branches.”” A
positive relation has been observed between smoking and ICH with increasing age in
men. >

Smoking is linked to the formation of aneurysms.”” We can not exclude that some
cases with vascular malformations were missed in the lobar PICH groups.*****' The
diagnostic procedure to identify vascular malformations as the cause of the
haemorrhage involves catheter angiography, an investigation with relatively high risks,
and is only performed in certain cases.'® No data are available on the use of
angiography in patients with intracerebral haemorrhage at our hospital. The decision to
perform angiography is often made in collaboration with colleagues from the
neurosurgery and neuroradiology departments. Although speculative, smoking-
induced microaneurysms might explain the relation to lobar PICH.***

239

The results obtained in this work suggest that elevated blood pressure is related to both
non-lobar and lobar PICH, but in particular to non-lobar. It has been postulated that an
acute increase in blood pressure or cerebral blood flow may cause rupture of
perforating arteries by inducing fibrinoid necrosis (the acute form of arteriolosclerosis)
in vessels with or without former vasculopathology.*” *** Physiologically, the
arterioles serve as resistance vessels, responsible for the autoregulation of the cerebral
blood flow. The capacity of these vessels to dilate and contract as the result of various
stimuli is crucial for their autoregulatory function.** 2** It has been suggested that
impaired autoregulation due to arteriolosclerosis makes the most distal and smaller
arterioles more sensitive to the influence of elevated blood pressure, with secondary
smooth muscle damage and possible rupture as a consequence.* However, CAA, also
leads to impaired vessel elasticy and the variation in pulse pressure was proposed to
explain the distribution of CAA and arteriolosclerosis. The pulse pressure within the
cerebral vessel tree is higher in the deep parts of the brain, i.e. close to the feeding
vessels of the brain, which makes the non-lobar aretrioles more susceptible to
increased blood pressure, as compared with the lobar located arterioles. On the other
hand, the high pulse-pressure may protect the non-lobar vessels from amyloid
deposition.*®

Symptoms of depression are related to increased risk of cerebral infarction.’ R (FT
interesting to note that, although we used a rather unspecific definition of psychiatric
morbidity, participants who ‘had received treatment or care for nervous or psychiatric
problems at some time’ had a clearly increased risk of suffering PICH, in particular
non-lobar PICH, an average of fourteen years later. One explanation of this could be a
less healthy lifestyle and poor compliance with treatment (for example not taking
antihypertensive medication) among those with psychiatric disorders.'****” The strong
association to non-lobar PICH remains to be evaluated. The questionnaire did not
differentiate between psychiatric diagnoses and lacked information on the time of
mental illness. Patients with depression have decreased cerebrovascular reactivity,
independently of classical vascular risk factors.'> Decreased cerebrovascular
reactivity is a sign of impaired elasticity of the arteriolar vessels, and is observed in
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arteriolosclerosis-related diseases such as lacunar infarction.”*® Interestingly, APOE
€2, which is associated with lobar PICH, is not related to depressive disorders.**

Prognosis

It was established that of the patients admitted to Malmo University Hospital between
1993 and 2000 with first-ever PICH, approximately a quarter died within one month,
and half within three years. These low fatality rates, compared with other studies,
could reflect low PICH severity (small bleeding volume) as well as more efficient
patterns of care, but may also be explained by a combination of differences in study
sample and study design. For example, we included only patients with first-ever PICH,
which means lower comorbidity in terms of previous brain lesions. Other differences
include admission rates of various centres and ethnicity, which could influence PICH
and stroke mortality.'*>>>

The better survival in women could largely be explained by better survival in female
patients aged over 75 years. This is in accordance with previous studies on stroke
patients,”g’ 1 but to our knowledge this has not been demonstrated specifically for
PICH. In the general population, men are at higher risk of cardiovascular disease,”
and a similar relationship has been reported in stroke patients ** *°. This is reflected
by the lower age of men at the time of their first PICH event. In the present work, no
significant differences were found between men and women in cardiovascular
comorbidity, except for smoking, which was more frequent among men, but a high
percentage of data was missing. Differences in mortality could also be explained by
differences in management. In Sweden, women with ischaemic stroke due to atrial
fibrillation received anticoagulant treatment less often than men.'*! However, a recent
study in Denmark showed no sex-related differences in acute hospital care among
stroke patients, including early admission to the stroke unit, early CT, and treatment
with antiplatelet or anticoagulant therapy.*

In clinical practice, early prognosis is often desired by both care-givers and relatives of
the patient. Although scores can be calculated based on information from the acute
phase, including haemorrhagic characteristics and level of consciousness,'*> '
prognosis is a complicated task. In fact, in a single-centre study, it was found that the
physicians tended to be pessimistic in early prognosis after ICH, with self-fulfilling
prophesy of poor outcome as a consequence.254 The level of consciousness often has
considerable influence on the decision to give early “do not resuscitate” orders.”*
However, few studies have presented survival rates in unselected PICH patients who
were unconscious on admission to the hospital.”* '*° In the current work, 25% of the
unconscious patients survived four weeks and 6 patients out of 19 could return to their
own homes or to rehabilitation ward, although with major neurological deficits. Future
studies on outcome should perhaps consider predictive factors in the sub-acute state as
baseline as well.



FURTHER RESEARCH

In the present thesis the value of separate analysis of PICH subtypes was highlighted.
As a consequence of the development of new diagnostic tools, the possibilities of
detecting secondary causes of ICH, and hence the potential to study well-defined
subtypes of primary intracerebral haemorrhage, have been improved since the
performance of the present studies.

Large haemorrhage volume is the single most important predictor of bad outcome.
Ongoing expansion may be detected by radiological evaluation. Little is known,
however, about which factors are associated with haemorrhage volume and volume
expansion. Basically, the factors that were found to be associated with increased risk
of PICH in our studies might as well be associated with haemorrhage volume by their
effects on endothelial level.

Atherosclerosis is an inflammatory process in the vessel wall. A number of
inflammatory markers have been found to be associated with increased risk of cerebral
infarction. Although small vessel disease, an atherosclerosis related process, seems to
underly nonlobar PICH, previous studies did not find a relation between inflammatory
markers and PICH. Studies on this topic, with specific analysis on PICH subtypes
might be of value.

In addition, manifestations that might be related to PICH, as for example cerebral
microbleeds, are detected by newer MRI methods. Histopathological analysis and
population-based data on apolipoprotein E genotype support that the distribution of
microbleeds might be related to specific underlying vasculopathologies. The predictive
value of cerebral microbleeds in people with and without former stroke, as well as the
correlations to classical and new vascular risk factors are subjects for further
evaluation. These results could have implications for our understanding of the
underlying mechanisms and thus for stroke prevention.
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CONCLUSIONS

In the city of Malmo, southern Sweden, the incidence of stroke and stroke subtypes
varies between immigrants from different countries. An increased incidence of ICH
among immigrants from China/Vietnam and the former Soviet Union, as compared to
the incidence among citizens born in Sweden, was observed. This reflects the higher
rate of stroke in these countries as well as the higher rate of ICH in Asia. The extent to
which this results are caused by genetic, vascular, environmental and/or
socioeconomic factors remains to be evaluated.

The incidence of primary ICH (PICH) and cerebral infarction increased with
increasing blood pressure. Although hypertension was associated with substantially
higher incidence rates and absolute numbers of cerebral infarction, which is most
important in the public health perspective, the relationship of PICH to hypertension,
especially with non-lobar location, was strongest in terms of relative risk.

Increasing age and male sex were associated with PICH. Besides high blood pressure,
diabetes, high triglyceride levels and psychiatric morbidity were modifiable risk
factors for PICH.

Diabetes and psychiatric morbidity were independent risk factors for non-lobar PICH,
whereas smoking and high age were associated with lobar PICH.

Approximately a quarter of the patients admitted for first-ever PICH died within one
month, and half died within three years. Besides haemorrhage volume, intraventricular
haemorrhage, higher age and brainstem or central haemorrhage site were also
associated with early fatality.

Women exhibited better survival than men after PICH. The difference is largely
explained by higher 28-day mortality in male patients aged over 75 years. However,
the underlying reasons are yet to be explored

Twelve percent of the patients had a recurrent stroke event and the stroke recurrence

rate was 5.1 % per person-year. Recurrent cerebral infarction and ICH occurred at
approximately the same rate. Only age > 65 years was related to recurrent stroke.
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