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SUMMARY

The eight papers included in this doctoral thesis were made dur-
ing my position as a clinical research assistant at the Department
of Neurology, Bispebjerg Hospital. All papers are based on the
Copenhagen Stroke Study, which comprises a cohort of 1197
patients with acute stroke admitted to a single stroke unit and
recruited from a well-defined area in Copenhagen, Denmark.
This thesis focuses on the survival after stroke in relation to sev-
eral baseline clinical characteristics and risk factors for cardiovas-
cular disease. The thesis comes in three sections with regard to
whether factors or clinical characteristics are permanent, poten-
tially modifiable, or possible to change. The relative importance
of the factors and clinical characteristics are discussed in relation
to short-, intermediate-, and long-term survival after stroke. The
results from the Copenhagen Stroke Study are compared to the
results from other community-based or population-based studies.
The two most prominent factors that determine both short- and
long-term survival after stroke are age and stroke severity at
onset. Advancing age and increasing severity are perceptively
negatively correlated to survival. In some cases emerging thera-
pies such as thrombolytic therapy and hypothermia may alleviate
the burden of stroke severity, but this is not the case for the
majority of stroke patients. The necessity to measure stroke
severity with a validated stroke scale when comparing stroke
patients in randomized clinical trials or population-based surveys
is emphasized. For factors such as sex, and most cardiovascular
risk factors further studies are necessary to clarify the relation to
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survival because studies disagree. Conclusions from studies of the
relation between survival and alcohol intake are still debatable,
mostly because of diverging definitions of the intensity of expo-
sure. Smoking is uniformly associated with a poorer survival after
stroke. Stroke unit treatment improves both short- and long-term
survival regardless of stroke type, severity, age, and cardiovascu-
lar risk factor profile.

INTRODUCTION

Stroke continues to be a major public concern in Denmark, with
more than 10 000 incident strokes occurring each year (1;2). In
Denmark, as well as in other Western European countries, stroke
remains the third leading cause of death after heart disease and
cancer. Furthermore, stroke is the single most prominent brain
disease contributing to years of life lost when the burden of neu-
rological, neurosurgical, and psychiatric diseases are considered
together (3). It is to be anticipated that the projected increase in
the elderly population, with improvements in life expectancy, will
further increase stroke prevalence and it overall burden for the
populations of industrialized countries. On the other hand, there
have been countervailing developments in the identification and
treatment of risk factors for stroke and in the treatment of acute
stroke (4-10). Studying individual risk factors and stroke charac-
teristics can provide new insights about their varying influences
on short term (within 30 days), intermediate (from 30 days to 1
year) and long term survival after stroke. The Copenhagen Stroke
Study is one of the few prospective and community based studies
providing a lengthy follow-up of a large cohort of unselected
stroke patients.

In this review, survival after stroke is discussed in relation to
factors that can be considered irreversible, potentially modifiable,
or modifiable. Factors that are irreversible include age, sex, stroke
type, stroke characteristics (aphasia, anosognosia, neglect,
apraxia, and dementia), and marital status. Despite the develop-
ment in the past decade of thrombolytic therapy for acute
ischemic stroke, stroke severity remains impossible to alleviate in
the vast majority of patients. The modifiable factors do not exclu-
sively include crude and well-established cardiovascular risk fac-
tors such as atrial fibrillation, diabetes, arterial hypertension,
ischemic heart disease, and intermittent claudication, but also
life-style related factors. The latter include smoking and alcohol
consumption. Recent advances in stroke treatment have added
antiplatelets and lipid-lowering agents to the battery of modifi-
able factors that might improve stroke recovery and survival.

IRREVERSIBLE FACTORS

Age:

The overall mortality after stroke rises steeply with age (11-28).
The risk for the oldest patients (>or= 85years) of dying within 30
days after stroke is reported to be from 25% to over 50% (13-
17;19;24;26;28), while the risk of dying one year after stroke is
reported to range from 50% to more than 90% (11;12;14;17;25-
27;29). However, the adverse effect of advancing age on survival
after stroke may not only relate to the effect of age per se. Ad-
vancing age is also associated with changes in other prognostic
variables such as more severe strokes (14;18;19;30), higher fre-
quency of atrial fibrillation (14;20;30;31), and more prevalent pre-
stroke disability (14;30). On the other hand older age is less often
associated with hypertension (14;30), diabetes (14;30), and smok-

ing (14;30). Several studies have reported the influence of age on
stroke survival adjusted for differences in other prognostic vari-
ables (12;14;15;18;19;24;26;28;29;32-39) [table 1], but not all
adjusted for onset stroke severity (26;29;33;38), instead surro-
gate measurements for stroke severity such as level of conscious-
ness, severity of hemiparesis etc. were used
(11;12;15;19;28;34;37), or studies employed a scale not validated
or suitable for measuring neurological deficits in stroke patients
(11;32;36;39). Only three studies dedicated to study age used
validated stroke scales such as the NIHSS (35) or the SSS score
(14;18). In the Copenhagen Stroke Study one early report found
that age had no independent impact on survival within 3 months
after onset (18). However in another study with a lengthy follow-
up we found that very old age (>or= 85 years) as opposed to
younger age was a strong predictor of short and long-term mor-
tality after stroke (HR 2.0; 95% Cl, 1.6 to 2.5) independent of
other prognostic variables (14). In another study we found that
advancing age was associated with increased long-term mortality
(HR, 1.69 per 10-year increase; 95% Cl, 1.43 to 2.00) for 390
stroke patients (both ICH and BI) admitted within 6 hours of
stroke onset (40), independent of differences in risk factor profile.
In the same study, age appeared to become increasingly signifi-
cant for mortality when patients that died within three months
after stroke were excluded (HR, 1.85 per 10-year increase; 95% Cl,
1.51 to 2.26) (40). This suggests that the influence of age on post
stroke survival might be changing over time, because in the early
stages after onset other acute factors reduce the influence of age
on survival.

Sex:

Numerous studies have explored the influence of male or female
sex on survival after stroke (11;12;16;17;25;26;29;33;35-39;41-
54) [table 2]. Most studies report that sex has no influence on
survival (11;12;16;25;26;29;33;35;37-39;41-44;49-54), which is a
surprising finding because of the considerably longer life expec-
tancy for women (55). Three studies found survival significantly
better for men than for women (42;45;48), and four studies re-
ported survival for women to be better (17;36;46;47). The dis-
agreement when comparing studies is partly explained by the
differences in study design, sample size and follow-up. Recently,
one study with a very large sample size and a five-year follow-up
reported that survival for men and women varies with time after
stroke (46). In that study the adjusted mortality was lower for
women than for men during the first month after stroke onset,
while the opposite relation was found during the second month,
and after the third month survival was again in favor of women.
But there are also gender specific variations in severity of stroke,
risk factor profile, and demographic characteristics that also must
be taken into account when creating reliable comparisons of
survival between men and women. Stroke severity was measured
in only a minority of studies analyzing the influence of sex on post
stroke survival (12;25;35;37;39;43;46;47;54), but only four studies
used validated stroke severity scales when adjusting for other
relevant confounders (35;46;47;54). A Swedish study found iden-
tical rates for one-year adjusted survival (35), while two Danish
studies found better long-term survival for women (46;47). In the
Copenhagen Stroke Study, survival for men and women was
studied 10 years after stroke in 999 patients (47). Women had
more severe strokes, were older, had more often pre-existing
disability, and ICH prior to stroke onset. However, women were
less likely to be smokers or daily alcohol consumers. This study
showed a cut-off point in survival 9 months after stroke onset
where sex became a significant independent predictor of survival.
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Within 9 months after stroke onset, adjusted survival was equal in
men and women, while survival thereafter became increasingly
significant in favor of women over time.

Type of Stroke:

Patients with ICH are generally considered to carry a greater
mortality risk than patients with Bl (29;43;56-67) [table 3]. Most
studies have measured 28 to 30 day case-fatality and reported
unadjusted fatality rates for Bl between 10.9% and 26.0% as
compared to fatality rates for ICH between 28.9% 61.0% (43;56-
66). Two studies reported 3-months case-fatality rates of 18.4%
to 20.1% versus 45.2% to 50.0% for Bl and ICH respectively
(59;60). Three studies reported 1-year case-fatality rates for Bl
between 26% and 31.6% and for ICH between 39% and 62%
(43;59;67). These variations in case fatality rates were due to
differences in study designs and the number of patients included,
and reflect that studies were conducted in different periods of
time. Only one Japanese study with a lengthy follow-up of ten
years reported long-term mortality after stroke and found ICH to
be an independent predictor of long-term mortality after stroke.
That study considered subarachnoid hemorrhages and ICH to-
gether, did not take stroke severity into account, and included
only 333 patients with stroke (29). Comparison between hemor-
rhagic and ischemic stroke in population-based studies is ham-
pered by the unequal distribution of the two types of stroke,
because Bl is 10 times more frequent than ICH (43;56-
64;66;68;69), which makes it necessary to study large stroke
populations to facilitate statistical evaluation. Furthermore, since
stroke is generally more severe in ICH than in BI, severity at stroke
onset must be measured and accounted for (68). In the Copenha-
gen Stroke Study the relative frequency of ICH increased with
stroke severity from 3.6% in patients with mild strokes to 26.4%
in those with very severe strokes (68).This study concluded that
survival in ICH is poorer because of the more severe strokes in ICH
compared to stroke severity among patients with Bl. However,
survival was restricted to the in-hospital period, and thus did not
provide a lengthy follow-up (68). In a case-control study of 120
ICH patients compared with 120 patients with Bl matched for age
and Glasgow-coma scale there was no difference in survival after
one year (70). In the Copenhagen Stroke Study we found that
stroke type had no independent predictive influence on mortality
several years after stroke onset in a Cox proportional hazard
analysis adjusted for variations in age, risk factor profile, and
stroke severity (14). In the majority of studies (29;43;56-63;66;69)
stroke severity was not measured and therefore was not taken
into account, which perhaps is the most important reason for the
different findings when comparing studies.

The two types of stroke; intracerebral hemorrhage and ischemic
stroke, share some of the risk factors for stroke, and the associa-
tion of atrial fibrillation, ischemic heart disease, and diabetes with
Bl seem well established in studies comparing ICH and BI. But the
implication of risk factors such as hypertension, smoking, and
alcohol consumption in relation to stroke type remain controver-
sial (68;71-75).

Further larger studies with a longer follow-up are required to
study differences and similarities between patients with ICH and
Bl in respect to risk factors, stroke severity, and other determi-
nants of survival.
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Figure 1

Kaplan-Meier survival plot for patients with @—@® versus without
—— previous stroke (n = 869; p < 0.0001).

Previous Stroke:

A history of at least one previous stroke may suggest a higher risk
for another cerebrovascular event and is therefore considered a
risk factor for stroke (76). According to the Northern Manhattan
Stroke Study the risk for a subsequent stroke is 6% within 30 days
after onset, 12% within the first year, and 25% within five years
following a stroke (77). In community-based studies somewhere
between 20% and 30% of patients with acute stroke have had a
previous stroke (15;34;36;49;54;78;79). The significance of an
earlier stroke for the prognosis after a subsequent stroke is not
very well known, because studies reporting on survival after
stroke in relation to previous stroke as a risk factor are still limited
(12;15;25;34;36;43;54,;78;79) [table 4]. Two large scale studies
reported that a history of previous stroke was a predictor of in-
hospital mortality (15) and mortality six months after stroke (36)
independent of other risk factors, age, and stroke severity. Similar
results have been reported for long-term survival after stroke in
relation to previous stroke as a risk factor (78;79). In the Copen-
hagen Stroke Study we found that for ischemic stroke patients
with a history of at least one previous stroke, long term survival
was considerably poorer than for patients with a first-ever stroke
[figure 1] (78). Other studies disagree that previous stroke influ-
ences short- or long-term mortality (12;25;34;43;54). However, it
is notable that most of the latter studies included patients from
earlier periods, where modern secondary preventive measures
such as antihypertensive therapy and antiplatelets were perhaps
not fully implemented (12;43), or included a limited number of
patients (25;34). Our finding that a former stroke predicts five-
year mortality among ischemic stroke patients independent of
age, stroke severity, and risk factor profile underlines the impor-
tance of secondary preventive strategies to be established after
stroke. The prevention of a subsequent stroke is most probably of
vital long-term significance for patients with acute ischemic
stroke.

Living Alone:

Living status (living alone or with a spouse) is often affected by
alterations in people’s health condition. Nonetheless, living status
at stroke onset can be considered an irreversible factor for epi-
demiological reasons.
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There is a large variation in the frequencies reported by studies
for living alone ranging between 23% to 57%
(14;20;35;41;43;49;80-83) and those living alone are in general
more likely to be women (41;49;82). The probability of living
alone before stroke onset increases with age, from between
22.2% and 35.8% for those younger than 65 years, to between
40.0% and 60.4% for those older than 80 years (18;20;81). Among
the oldest old (> or = 85 years) in the Copenhagen Stroke Study,
83.5% were living alone (14).

Although many population-based studies have documented living
status at stroke onset, only very few have included living status in
investigations of stroke survival (12;14;18;20;35;41;43;49;80-85)
[table 5]. A minority of these studies do not evaluate stroke sur-
vival in relation to living status (20;49;81;82;84). Furthermore,
comparisons across studies are very difficult, because of dispari-
ties in study design and demographic dissimilarities.

Two studies reported the crude survival after stroke in relation to
living status and found no significant influence of living alone
versus cohabitation (80;83). Seven studies analyzed the predictive
influence of living status at stroke onset for survival after stroke,
independent of other prognostic variables
(12;14;18;35;41;43;85). Five of those studies reported that living
status had no significant independent influence on survival
(14;18;35;41;85). While one study found that living alone versus
being married increased the relative risk of dying within one year
after stroke by 2.2 for ischemic stroke patients (43), another
study found that being married carried a worse prognosis for
survival (12). It is noteworthy that in the Copenhagen Stroke
Study living alone versus cohabitation has previously been re-
ported to raise the risk of delayed admission (> 6 hours from
onset to admission) to hospital almost two-fold (OR, 1.75; 95% ClI,
1.30 to 2.30) (86). However, that did not seem to have any inde-
pendent significance for in-hospital mortality (14).

Stroke Characteristics:

Stroke characteristics (anosognosia, hemineglect, apraxia, and
aphasia) signify a group of neuropsychological symptoms that
very often accompany the cerebrovascular syndromes. The rela-
tion to recovery and rehabilitation is most often reported, while
the implications for survival are less well known, but these distur-
bances may nonetheless have significant influence on life expec-
tancy after stroke.

There is no strict consensus about the definition of anosognosia,
but in this review the term refers to anosognosia for hemiplegia
(i.e. the lack of awareness or the underestimation of a specific
neurological deficit). This syndrome was first reported by Babinski
in 1914, who was the first to assign a name to this symptom (87).
The prevalence of anosognosia for hemiplegia is reported within a
wide range between studies and reflects the variation in study
design, setting, and time from stroke onset to assessment (88-
93). The prevalence is highest (17% to 33%) among patients
tested within a few days of stroke onset (88;89;93), and de-
creases over time to between 10% and 23% during the rehabilita-
tion phase (90-92). The significance of anosognosia for survival
has been investigated in two recent studies (89;93) [table 6A].
Appelros et al. found anosognosia for hemiplegia to be significant
for 1-year mortality in 272 stroke patients from a community
based population, however anosognosia for hemiplegia was not
an independent predictor after adjustment for age and stroke
severity (93). In the much larger community-based Copenhagen
Stroke Study that investigated 566 patients acutely after onset,
anosognosia increased the likelihood for death during hospital by

a factor of 4.4 after adjustment for onset stroke severity, age, and
risk factor profile (89).

There is no firm designation of the term “hemineglect”, but
hemineglect is usually understood as the absence of the ability to
react to stimuli on the one side of the body that is opposite the
brain lesion (94). The incidences reported in early studies of acute
stroke ranges from 8% (95) to as high as 82% (88), but has more
recently been reported to be between 23% and 43% (93;96-98).
The frequency increases with stroke severity (93;97;98), age
(97;98), and has a preponderance for right hemispheric strokes
(88;93;97;98), although a substantial portion of stroke patients
with left hemispheric lesions also seems to have hemineglect as
well (88;99). In the Copenhagen Stroke Study short term mortality
for patients with neglect versus without was significantly higher
(17% versus 6 %) (97). Kalra et al. reported that 6% of 47 patients
with hemineglect died during rehabilitation (96), while Appelros
et al. reported 1-year survival to be 32% for patients with hemi-
neglect among 272 patients (93). The independent influence of
hemineglect after stroke has only been investigated in two stud-
ies and neither of these reported any adjusted influence for
hemineglect on survival (93;97) [table 6B].

Apraxia is an impairment affecting the purposeful execution of
learned and meaningful skills that cannot be explained by primary
motor or sensory impairments, or by deficits in motivation, mem-
ory or comprehension. Nonetheless there is still no universally
accepted taxonomy of apraxia, nor is there a standardized battery
for apraxia assessment. Accordingly, the incidence of apraxia
after stroke has been reported in between 4% and 55% of pa-
tients (100-104). In most cases of apraxia the lesion is located in
the left hemisphere (100;102). However, the majority of studies
were conducted including only few selected stroke patients (101-
103). Two modern studies that included more than 200 patients
reported very different frequencies for the prevalence of apraxia
after stroke (100;104). One study included 492 patients beyond
the acute stage of stroke, from rehabilitation facilities and nursing
homes, and found the frequencies for apraxia to be 28% and 37%
respectively. A second study from the community based Copen-
hagen Stroke Study cohort comprised 618 patients assessed very
acutely after stroke onset. In this study apraxia was present in 9%
of unselected, acute stroke patients. This is significantly lower
than is reported in previous studies, and is perhaps best explained
by the differences in patient selection, the timing of the testing of
apraxia, and the ways of testing apraxia when studies are com-
pared. The implications of apraxia for survival has not been inves-
tigated, but it does not influence functional outcome (100).
Aphasia is the loss or impairment of language caused by damage
to the brain. It is one of the most devastating impairments after
stroke, because the significance of language function for personal
identity is crucial (105), recovery is slow, and because it is still
present in 61% of aphasic patients one year after symptom onset
(106). Aphasia is present in 24% to 38% of acute stroke patients
(41;106-109). The frequency of aphasia increases with stroke
severity (109), and with age (28;41;109). Furthermore, the sever-
ity of aphasia increases with severity of the neurological impair-
ment resulting from stroke (109). In the majority of cases with
aphasia after stroke, the lesion is located in the left cerebral
hemisphere (103;109;110), but as many as 10% of patients with
aphasia has a lesion in the right hemisphere (109). Although, 6
months mortality rates increase from 10% among patients with
mild aphasia to 47% among patients with severe aphasia (109),
the independent significance of aphasia for mortality after stroke
disappears after adjustment for age, severity of stroke, and co-
morbidity (41;111) [table 6C].
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POTENTIALLY MODIFIABLE FACTORS

Stroke Severity:

An important issue is the contribution of stroke severity to sur-
vival. Stroke severity, i.e. the amount of neurological deficits,
together with age, are perhaps the most consistent and powerful
predictors of stroke survival (112;113). Furthermore, stroke se-
verity measured on admission correlates very well with the
amount of tissue damage within the brain after stroke. However,
despite the numerous studies reporting on stroke survival in
relation to stroke severity (12;14;15;19;35-
37;39;40;43;53;54;77,79;83;114-119) [table 7], only a very limited
number of studies have used validated commonly utilized stroke
scales to measure severity on admission (14;35;40;54;114-116).
Some studies used the Glasgow Coma Scale to measure stroke
severity (36;39;117) others have employed scales suitable for
measuring activities of daily living (37;53), neither is validated for
the assessment of neurological impairment. Several other studies
have exercised estimations of stroke severity based on level of
consciousness, amount of leg or arm paresis, and thus created
stages of neurological impairment
(12;15;19;34;43;77;79;83;118;119). Many studies have investi-
gated the influence on survival within 1 month (short term sur-
vival) after stroke onset (14;15;19;34;77;83;115;116;118;119),
survival between one month and one year (intermediate term
survival) (35;36;39;43;54;77;83;114;115;117-119), and long term
survival (> 1 year) after stroke (12;14;36;37;40;53;77;79;83).
Despite the fact that all these studies are difficult to compare in
terms of the relative impact of severity on survival, all studies
collectively reported that severity at the onset of stroke is a
strong predictor of survival. The more severe strokes the higher
the overall risk of dying after stroke. In the Copenhagen Stroke
Study a 10 point decrease of SSS score on admission predicted a
more than two-fold (OR, 2.3; 95% Cl, 2.0 to 2.6) increase risk for
death during hospital stay after adjustment for variations in other
prognostic markers (14).

Several methods to alleviate the load of stroke severity have been
proposed. These include intravenous thrombolysis for acute
ischemic stroke (10), anticoagulation with low molecular weight
heparinoids in the acute state of ischemic stroke (120;121), neu-
roprotective agents (122-124), and hypothermia (125-127).
Today, thrombolytic therapy is the only available medical therapy
for acute ischemic stroke that can decrease the severity of stroke
and has proven to be efficient (10;128). Despite the fact that
thrombolytic therapy has been able to improve functional out-
come, the survival rate for patients treated with thrombolysis has
not improved, but the treatment is nevertheless recommended
for use within three hours from stroke onset in the United States
(129). In Europe, final marketing authorization for the throm-
bolytic agent Actilyse was achieved in 2007 under similar condi-
tions as in the United States, ultimately based on the results of
the SITS-MOST surveillance study (130). However, the use of
thrombolytic therapy in acute stroke is hampered by two aspects.
First, thrombolysis is associated with symptomatic ICH in ap-
proximately 5-6% of the treated patients in the United States
(131), while a somewhat lower risk is reported from the European
SITS-MOST trial (130). Second, from a population-based point of
view thrombolysis remains a treatment only for a minority of
stroke patients. In a simulation model based on population-based
Copenhagen Stroke Study cohort (132) we estimated that 5.3% of
the patients would be eligible for thrombolysis after applying the
NINDS-rtPA trial criteria (10), and that even fewer (0.4%) would

ultimately benefit from this treatment. Although this low propor-
tion of eligible patients may appear rather speculative, similar
figures (6.1%) have been found in a large German population of
ischemic stroke patients (54), and in another Danish post hoc
analysis of thrombolysis in a community-based cohort (133).
Heparin and later low molecular weight heparinoids (LMWH)
were used for many years in the treatment of acute ischemic
stroke. Nevertheless, no major randomized clinical trials were
published before the International Stroke Trial in 1997, which
showed no favorable outcome for patients treated with heparin
(134). Later LMWHs were tested in at least two major randomized
controlled clinical trials, but failed for futility (120;121). While
most ischemic strokes are anticipated to result from blood clot
formation within cerebral arteries the proposed mechanism
behind the action of LMWHSs has been a reduction of the ischemic
area supplied by the affected arteries. In addition, LMWHs were
also thought to reduce the risk for recurrent thromboembolism
after initial stroke, deep vein thrombosis, and subsequent pulmo-
nary emboli. However, LMWHs may also increase the risk of
devastating intracranial hemorrhage and other major extracranial
life threatening bleeding events. In the most important studies
there was no proof of the ability of heparin or LMWHs to de-
crease the severity of stroke among ischemic stroke patients, and
hence reduce the overall mortality and/or improve outcome
(135). Conversely, the risk of significant bleeding events increased
with escalating doses, and the treatment regimen with heparin
and heparinoids as a treatment for acute ischemic stroke has
been abandoned (129).

Neuroprotective efforts developed as a result of the gradual
revelation of the mechanisms underlying the ischemic cascade, as
first summarized by Pulsinelli in 1992 (136): Ischemia leads to
presynaptic depolarization in the penumbra. This is followed by
the release of large amounts of excitotoxic neurotransmitters
such as glutamic acid that in turn causes calcium ions to rise
steeply within the postsynaptic cells and facilitate production of
free radicals. These mechanisms proceed in a cascade-like man-
ner, gradually widening the ischemic zone and subsequently
augment neuronal death and inflammation. Several randomized
clinical trials have each focused on only one part of this complex
system, such as the action of glutamic acid (122), the trapping of
free radicals (137), and the destructive action of leukocytes within
the penumbra (124). However, all previous trials have failed to
pass phase Il or phase lll clinical trials because of lack of efficacy.
In animal stroke models, neuronal damage is significantly reduced
by hypothermia and for this reason hypothermia has been af-
firmed “the golden standard” of neuroprotection (138-140). In
humans hypothermia is established routine during cardiovascular
surgical procedures that include cardiac arrest, in order to
achieve neuroprotection (141). In stroke patients, low admission
body temperature leads to a lower short (142;143) as well as
long-term mortality after stroke (40). Moreover, low admission
body temperature is an independent predictor of a favorable
functional and neurological outcome after discharge (143;144). In
the Copenhagen Stroke Study, we therefore conducted a case-
control study of applied modest (approximately 35.5 degrees)
hypothermia, in which 17 patients underwent cooling therapy for
6 hours with a surface cooling technique (127). The aims of the
study were to evaluate the feasibility and safety of this novel
approach in treatment of acute stroke. The hypothermia group
(cases) was compared with a control group from the community
based Copenhagen Stroke Study cohort, matched for admission
stroke severity, age, admission body temperature, and sex, be-
cause these factors were anticipated to be the primary determi-
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Figure 2

Consecutive measurements of body temperature (tympanic) during and after hypothermic therapy (n=17). Vertical bars indicate stan-

dard deviations and arrow indicates duration of hypothermic therapy.

nants of outcome. Figure 2 shows the body temperature during
the cooling procedure and the subsequent hours. Patients were
followed for 6 months and we concluded that modest hypother-
mia is feasible and safe. The next step, a randomized controlled
trial within the settings outlined in this study, is still pending.
Other studies have used somewhat different approaches to ap-
plied hypothermia in acute stroke patients. Schwab et al. showed
that moderate hypothermia (approximately 33 degrees) was safe
and feasible in 25 patients suffering from malignant middle cere-
bral artery infarction (126). However, in that study patients were
cooled for significantly longer time and required an intensive care
unit. In the COOL AID study 40 patients with acute ischemic
stroke were randomized to hypothermia versus control, and
cooling was performed in patients by an endovascular cooling
device (125). Target body temperature (33 degrees) was achieved
more rapidly (< 1 hour) than in the former ones. The treatment
was well tolerated and the frequencies of side effects were not
different. However, no net benefit of treatment was seen with
regard to outcome score on NIHSS or lesion growth measured by
diffusion weighed images on MRI before and after treatment.
MODIFIABLE FACTORS

Poststroke Infection and Leukocytosis:

Infection after stroke is preventable and treatable, and acute
systemic infection may possibly have important implications for
stroke outcome and, as a result my have great significance for
clinical practice. A number of studies have focused on the fre-
quency of infections, but direct comparisons between these

studies are difficult when factors such as study design, setting,
selection bias, reporting of post stroke intervals, and definitions
of infections are taken into account (145-157). Hence, there is a
wide variation in the reported frequencies of infections for the
most predominant subtypes; urinary tract infections occur be-
tween 1.7% and 30.5% (145-148;150;151;153-162), and pneumo-
nias between 5.6% and 21.6% (145-158;160-163). The highest
frequencies of infections were seen among stroke patients in
intensive care units (149;163) and among patients from rehabili-
tation facilities with a lengthy monitoring period (153;155). In the
Copenhagen Stroke Study we investigated early infection, within
3 days of admission, among 1,156 patients with acute stroke
(151). The most predominant infections were urinary tract infec-
tions in 9.9% followed by pneumonias that affected 6.6% of the
patients. Urinary tract infection was the most predominant infec-
tion in females and occurred almost three times more frequently
in women than in men. Men and women had pneumonia with
approximately the same frequencies. Both findings are quite
similar to that found in another study (156). The factors that
predispose to infections after stroke onset are advancing age
(147;151;158;160;161), and more severe stroke
(147;148;151;152;161;163), consequently clinicians should be
aware that these patients are more prone to infections. Females
are most frequently affected by infections, especially urinary tract
infections (147;151;152;160;161). The adverse effect of infections
on survival after stroke has been less well investigated
(149;151;152;156;158;160;161) [table 8]. Most studies found that
pneumonia was associated with a higher mortality rate
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(149;152;161), while another study found that patients with
infections irrespective of the type had a higher risk of in-hospital
mortality (OR, 2.5; 95% Cl, 1.3 to 4.9) relative to patients without
(158). In the Copenhagen Stroke Study we found that patients
with early infection were less likely to survive hospitalization,
however this disadvantage for patients with infections disap-
peared after adjustment for admission stroke severity, age, gen-
der, and differences in risk factor profile (151). Instead, early
infections appeared to prolong hospital stay, a finding that has
been confirmed in a later study (156).

The interaction between post stroke infection and the stroke
lesion itself appears to be complex. The acute phase response
seen in the process of inflammation (i.e. mobilization of leuko-
cytes, CRP etc.) has been reported to be activated during athero-
genesis (164), increased in the week preceding a stroke (165), and

directly involved in the pathophysiology of the stroke lesion (166).

However, apart from infection, the leukocyte count is also af-
fected by other factors such as age, smoking, and diabetes (167).
In the Copenhagen Stroke Study leukocytosis (leukocyte count >
9x109 U per liter) was present in 45.3% of 812 patients admitted
within 24 hours after stroke onset (168). Leukocytosis was associ-
ated with younger age, diabetes, smoking, and fever, but notably
not infection within 3 days of hospitalization. There was a strong
inverse correlation between leukocyte count and onset stroke
severity as measured by the SSS score [figure 3], and a strong
positive correlation with infarct size on CT scans in patients with
ischemic stroke lesions. However, leukocytosis was not a predic-
tor of in-hospital mortality after adjustment for stroke severity,
body temperature, infection, and variations in risk factor profile.
Instead, we concluded that leukocyte count is first and foremost
an indicator of stroke severity. Christensen and Boysen reported
increased white blood cell counts (WBC) within the first 24 hours
after stroke onset from those with the most severe strokes, from
a group of 719 patients. An unadjusted correlation between WBC
and stroke severity on admission, but there was no independent
relation between WBC and mortality 1 year after stroke (115).
Another study found that leukocyte count was positively corre-
lated with lesion size on CT-scans in 241patients with acute
ischemic stroke, and that leukocyte count was related to stroke
outcome. However in that study, stroke severity was not meas-
ured on admission (169). A Polish study of 400 ischemic stroke
patients admitted to hospital within 12 hours afteronset found
that WBC predicted higher risk of dying during hospital admission
independent of variations in risk factor profile. However, despite
the fact that stroke severity was measured on admission, the
authors did not adjust for severity of stroke (170).

Mean WBC count (10*9/1)

L

Mild Moderate

Severe Very Severe

Initial Stroke Severity

Figure 3

The figure shows mean leukocyte count as a function of Initial
Stroke Severity (ISS). Patients were stratified into four subgroups
of initial stroke severity according to the initial score on The
Scandinavian Stroke Scale (SSS, maximum 58). Mild: 58-44, Mod-
erate: 43-29, Severe: 28-15, Very Severe: 14-0.

Stroke Unit versus General Medical Ward:

Stroke units (SU) are usually defined as wards providing complex
organizational intervention comprising multidisciplinary staffing
and a complex package of care to stroke patients in hospital
(171). However, this definition covers a whole range of designs:
Acute SUs with intensive monitoring and early discharge (admis-
sion < 7 days), rehabilitation SUs that receive stroke patients after
the acute phase (usually 7 days after stroke), and SUs that are
more or less a composite of the two designs.

The Copenhagen Stroke Study comprised a cohort of stroke pa-
tients admitted acutely to a dedicated SU, where all acute treat-
ment, work-up, and rehabilitation took place. Patients were from
a well defined catchment area and no selection was performed
with regard to age, comorbidity, premorbid function, or social
status. Patients were not discharged before all members of the
rehabilitation team (nursing staff, physiotherapists, occupational
therapists, speech therapists, and doctors) considered that the
patients had achieved maximum recovery (172). We compared
short-, intermediate-, and long term mortality between this co-
hort and a similar group from a neighboring community treated in
a general medical ward (GMW) (85). Treatment in SU improved
survival in comparison with treatment in GMW. One month case
fatality was 17% versus 23%, one- year case fatality 32% versus
39%, and five-year case-fatality was 64% versus 71% for SU and
GMW respectively. These findings were consistent after adjust-
ment for variations in risk factor profile. Moreover, we found that
treatment in a SU reduced the relative risk for death five years
after stroke by 40% in comparison to treatment in a GMW (85).
Similar comparisons of survival between SU and GMW have been
performed in several other studies (5;173-179) [table 9]. Indre-
davik et al. reported a randomized trial of allocation to SU versus
GMW and found even lower mortality rates six weeks after stroke
than in our study (5), but mortality rates five years after stroke
were similar to our results, and still in favor of patients treated in
SU (180). Indredavik et al. reported a long-term benefit of treat-
ment in SU as long as ten years after stroke onset (181). These
results have been confirmed in other studies (174;176-178), but
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not all (173;175;179). In the study by Kaste et al. there were no
differences in one-year case-fatality rates for patients in SU com-
pared to GMW (175), and in a Swedish study the authors re-
ported a temporary trend in survival in favor of patients from SU,
who had concomitant heart disease, although this advantage
disappeared three months after onset (173). These findings could
suggest that perhaps only a special group of stroke patients will
benefit from treatment and rehabilitation in SU. In a community-
based study, which included patients from the Copenhagen
Stroke Study, we sought to investigate whether the effect of a SU
on survival were limited to a certain minority of stroke patients
(182). In this study we found that patients treated in a SU had a
better survival during hospital stay irrespective of their sex, old
age (age > or = 75 years), or they had severe strokes after adjust-
ment for variations in risk factor profile. Furthermore, there was a
trend towards a favored survival among patients treated in a SU
when we analyzed survival 5 year after stroke onset, but this did
not reach statistical significance. Instead the favored survival for
severe strokes had disappeared at five years, while patients with
mild to moderate strokes now seemed to have a favored survival
from rehabilitation in a SU. The reason for that shift in respect to
stroke severity might be the higher long-term mortality among
patients with the most severe strokes, which limited the statisti-
cal power of the study. Nevertheless, we concluded that in terms
of survival, all patients seem to benefit from SU treatment irre-
spective of severity of stroke and sex. Elderly patients, in particu-
lar, seem to improve survival more than the younger when
treated in a SU. Despite these rather encouraging findings, elderly
Danish patients with stroke still today appear to have poorer
access to treatment in SUs than younger patients (20).

Cholesterol:

In this paper cholesterol refers to total serum cholesterol and not
to subfractions of cholesterol, which is beyond the scope of this
paper. The role of cholesterol as a risk factor for stroke is still
under debate (183-185), while the status as a risk factor for coro-
nary heart disease CHD is well-established (186;187). Two large
meta analyses of several clinical trials found no significant varia-
tion for stroke risk between patients with different total serum
cholesterol levels (188;189). But the effect of cholesterol on the
risk of ischemic stroke might have been diluted, because both
analyses included cerebral infarction, intracerebral hemorrhages,
and subarachnoid hemorrhages. Hence, it has been suggested
that increased cholesterol levels indicate a higher risk only for
ischemic strokes (190;191), and lower cholesterol designates a
higher risk for cerebral hemorrhages (190). The relation between
cholesterol level and survival after stroke is also unsettled. The
majority of studies have reported higher serum cholesterol to be
associated with lower short- term mortality after stroke (192-194)
[table 10], and therefore proposed that cholesterol exerts a neu-
roprotective effect after stroke (194). However, none of these
studies measured stroke severity and therefore did not take the
relation between severity of stroke and total serum cholesterol
into account. In the prospective Copenhagen Stroke Study, we
retrospectively related total serum cholesterol to stroke severity
at onset in a 10-year follow up study of 652 patients with acute
ischemic stroke (195). We found a positive curvilinear fitted rela-
tion between SSS score on admission and total serum cholesterol
[figure 4]. Hence, the more severe the stroke the lower the total
serum cholesterol, adjusted for the influence of age and risk
factor profile. Furthermore, we found the probability of long-term
mortality (10 year) after stroke to be inversely related to total
serum cholesterol, adjusted for the influence by other predictors

of mortality. According to that study each increment in total
serum cholesterol resulted in a decreased independent probabil-
ity (HR, 0.89; 95% Cl, 0.82 to 0.97) of survival. These findings
suggest that high cholesterol levels are related to mild strokes
and that is the reason for the better survival.
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Figure 4

Fitted relation between SSS score and total serum cholesterol
levels (solid line). The dotted lines indicate standard errors of the
fit.

Atrial Fibrillation:

Non-valvular atrial fibrillation (AF) is a common heart disease in
the general population. The prevalence increases with age from
less than 1% in people younger than 60 years to 9% among those
older than 80 years (196). Hence, AF is primarily a problem in the
elderly population and the prevalence is projected to increase
along with other cardiovascular risk factors with the ageing popu-
lation (197). In a North American population-based study of the
temporal trends of AF, the relative increase in incidence rates
rose more than 10% between 1980 and 2000 (197). The presence
of AF is associated with a four to seven times increased risk of
ischemic stroke (198;199). The increased propensity for patients
with AF for thromboembolism and subsequent ischemic stroke is
caused by the concomitant action of left ventricular dysfunction
(200), and abnormal stasis in the left atrial appendage (201).

The prevalence of AF in stroke patients is reportedly between
12% and 38%, depending on the selection of the patients included
(15;17;21;31;33;35;39;43;48;49;52;114;202-205). In most studies
AF appears to be more prevalent among women with stroke
(15;48;52;205), but some find there is an equal distribution of AF
in men and women (17;39;49). The prevalence of AF in stroke
rises steeply with age (28;31;205), and is present in 37.4% of very
old stroke patients (> or = 85 years old) compared to the 14.6%
seen in younger patients (14). AF is often associated with non-
lacunar strokes (31;203), more severe strokes (31;205), and larger
lesions on CT (205), which support the hypothesis that ischemic
stroke caused by AF is usually of embolic origin. There is a close
association between ischemic stroke and AF, thus AF is only pre-
sent in 2% to 6% of patients with ICH (31;204;205).

The unadjusted death rates during hospital admission are re-
ported to be higher for patients with AF ranging from 19% to 33%
for patients with AF versus 12% to 17% for those without
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(31;205). In the Copenhagen Stroke Study, it was found that
before adjusting for stroke severity, age, and risk factor profile AF
was associated with a 1.7 fold raised relative risk of death during
hospital stay (205). However, this raised relative risk disappeared
after adjustment for admission stroke severity (14;205). This
relation has been disputed by four later studies (15;31;116;204)
[table 11], which reported AF to be a significant independent
predictor of in-hospital mortality, but three of the studies did not
use validated measurements for stroke severity (15;31;204), and
the fourth did not adjust for stroke severity at all (116). When
survival up to one year is considered most studies agree that AF is
consistently associated with a poorer survival (21;31;35;43;114)
[table 11]. In the study by Lamassa et al. (31) they found AF to be
strongly associated with 3-months mortality raising the risk of
death by a factor 1.6 relative to patients without AF. A similar
relationship between AF and survival has been reported by other
studies (21;35;43;114), but not by all (39;203). A Swedish study
followed 2,290 patients and found AF to be a significant inde-
pendent predictor of 3-year mortality raising the relative risk by a
factor of 1.4 (37). In the community based Copenhagen Stroke
Study, which included unselected stroke patients with both
ischemic and hemorrhagic strokes, we followed 1,197 patients for
84 months and found AF to predict a higher probability of death
(HR, 1.3; 95% Cl, 1.0 to 1.6) after making adjustments for varia-
tions in risk factor profile, especially age and stroke severity (14).
The Copenhagen stroke study also found 5-year mortality rates
for ischemic stroke patients to be 79.4% in AF patients versus
54.6% in those without (78) [figure 5]. Furthermore, AF was an
even stronger independent predictor of a higher probability for
long term mortality among patients with ischemic strokes than
among all stroke patients (HR, 1.4; 95% Cl, 1.1 to 1.7). The strong
and long-term effect of AF on mortality has also been found by
other authors (33;203). Hence, AF tends to be a long lasting risk
factor for stroke and continues to add to mortality even a long
time after stroke onset.
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Figure 5

Kaplan-Meier survival plot for patients with @——@ versus with-
out atrial fibrillation (n = 890; p < 0.0001).

The risk for patients with AF for thromboembolic complications
such as ischemic stroke, lead to the assumption that anticoagu-
lant therapy with vitamin K antagonists could provide protection

against the adverse effect of AF. Six randomized, controlled clini-
cal trials have compared warfarin with either placebo or controls
for the prevention of stroke in patients with AF (206-211). How-
ever, only one trial included a secondary prevention study group
(i.e. a group with previous stroke) (211). But in that study, which
comprised 225 patients who received anticoagulation with war-
farin, patients had TIAs or minor ischemic strokes. Thus, the study
is difficult to translate to a clinical setting, because it was signifi-
cantly hampered by the pre selection of stroke patients. It failed
to demonstrate a reduction in all cause mortality for oral antico-
agulants (8%) versus placebo (9%), NS. More frequently, meta-
analyses have demonstrated that for patients with AF treatment
with dose adjusted anticoagulant therapy reduces all cause mor-
tality by 30% compared with placebo, and there is a 60% relative
risk reduction for thromboembolic events including ischemic
stroke (212;213). ICH is the most feared complication to oral
anticoagulation therapy, but is by many clinicians a clearly overes-
timated risk (214). The annual rate of ICH in clinical trials was less
than 1%, whereas the frequency of the entire number of signifi-
cant bleedings was somewhat higher (between 1% and 2%), and
increases with increasing target values of INR (207-211). In the
clinical setting, frequencies of major bleedings with anticoagulant
therapy are higher, because patients are less rigorously selected.
In patients older than 80 years, who are often excluded from
clinical trials of AF, the frequencies of major bleeding events
seem to be somewhat higher (3% to 4%), yet uncontrolled antico-
agulation is a more important predictor of complications than old
age as such (215). Apart from old age, factors for bleeding while
on oral anticoagulant therapy, have been identified as recent
hemorrhage, excess alcohol intake, concomitant use of acetyl
salicylic acid and non-steroidal anti-inflammatory drugs, and
poorly controlled HA (216-218). Overall, the net benefit of a
reduction of the stroke risks with oral anticoagulation for AF
exceeds the hazards of major bleeding events (212).

The underuse of oral anticoagulation in AF patients with stroke
has been investigated in a large nationwide Danish cohort of
stroke patients (219). In this large scale study of 1909 patients
with AF, stroke, and no contraindications to oral anticoagulation
therapy, only 60.2% received warfarin. Factors that were found
significant for keeping away from warfarin were older age, more
severe strokes, and having intermittent claudication. Whereas
there was a linear relationship between increasing stroke severity
and a lower propensity to receive warfarin treatment, there was a
striking relationship with age: At the age of 40 years the preva-
lence of warfarin was 80%, at the age of 70 years still 70% of the
patients received warfarin, while after the age of 80 years there
was a rapid decline to only 40% among patients aged 90 years.
This is a striking finding, because these patients were perceived as
being suitable for oral anticoagulant therapy.

Ischemic Heart Disease:

Ischemic heart disease (IHD) increases the risk for ischemic stroke
two-fold in comparison with stroke free control subjects
(220;221), and cardiovascular risk factors increases 10-year mor-
tality risk three to eight times (222). However, the prevention of
IHD is often also used in the primary as well as the secondary
prevention of ischemic stroke. Furthermore, the interaction be-
tween IHD, AF, HA, and intermittent claudication makes the inde-
pendent relation for each of these contributors to survival com-
plex to study.

There is a large variation in the frequencies of IHD among patients
with acute stroke. The prevalence of IHD from population based
studies varies between 10% and 48%
(17;33;35;48;76;78;116;204;223). The prevalence of IHD is lowest
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among patients with ICH as compared to that seen in patients
with Bl (204), and lower among female stroke patients than in
males (17;48). The relation between IHD and age is less well
established, but a large Danish study reported that IHD, measured
as prior myocardial infarction, was present in 7.2% of stroke
patients aged < or = 65 years, 12.3% of patients aged 66 years to
80 years, and 11.4% of patients older than 80 years. The signifi-
cance of IHD for survival after stroke has been investigated in a
number of studies (33;35;76;78;116;204) [table 12] and most
studies reported that IHD increased short- (116;204) as well as
long-term (33;76) mortality after adjustment for other prognostic
factors, especially age and stroke severity. Two studies, however,
found that IHD was insignificant for mortality one and five years
after stroke onset, after adjustment for variations in risk factor
profile, age, and especially onset stroke severity (35;78). In the
Copenhagen Stroke Study we found that 32.2% of the patients
with IHD on admission for ischemic stroke were alive five years
after onset, in comparison with 45.7% among patients without
IHD (78). However, when we adjusted for differences in cardio-
vascular risk factor profile, age, and stroke severity at the time of
onset, we found that IHD had no independent influence on sur-
vival. Similar results (i.e. the absent influence of IHD) were
reached for 1-year, 5-year, and 10-year survival when both Bl and
ICH were evaluated together (14;47).

Arterial Hypertension:

Arterial hypertension (AH) is a well established risk factor for
stroke and increases the risk for both Bl and ICH (220;224). How-
ever, when prevalence of AH and the relation to survival is dis-
cussed, comparison between studies is significantly hampered for
the following reasons: First, the definitions of hypertensive artery
disease have changed over time. In the early nineteen-nineties
AH was defined as systolic blood pressure exceeding 160 mmHG
or diastolic blood pressure above 95 mmHG on repetitive meas-
urements (225). This definition changed in the late nineteen-
nineties, however, and AH has since then been considered pre-
sent if systolic blood pressure goes above 140 mmHG or a dia-
stolic blood pressure exceeds 90 mmHG (226). The time depend-
ent definitions of AH may also have had an influence on the
prevalence of AH, because in the Lausanne Stroke Registry and
the Hisayama Study, which followed separate cohorts with differ-
ent definitions of AH, the prevalence of hypertension increased
with the more recent definition of AH (227;228). Second, there
are considerable variations in selection criteria between the
studies, because some are population based (13), some commu-
nity based (47), while others include patients when the acute
state of stroke is over (229).

The prevalence of AH in patients with stroke diverges remarkably
between studies (13;17;35;41;48;69;72;78;204;227-230). Most
studies used the old definitions of AH
(13;17;37,41,48;66;78;204;224;229), two studies used the new
definitions of AH (69;231), and two used both definitions for
different periods of inclusions (116;228). In community based
studies the prevalence of AH has been reported to be between
30% (17) and 69% (204). AH is usually more prevalent in women
than in men (13;17;41;48), but some studies found AH to be as
frequent in women as in men (47;227). AH seems to be equally
prevalent across age groups (20), but less prevalent among the
very old stroke patients, which probably reflects a selection of
patients free of hypertension reaching advanced age (14). Pa-
tients with ICH have been found to be more prone to have pre-
existing AH (204), whereas other studies found that patients with
AH were as likely to have BI (68;72). In ischemic stroke AH favors

the presence of small vessel occlusion over other ischemic stroke
subtypes (231), but no study has reported on the relation be-
tween AH and severity of the stroke, measured by a validated
stroke scale.

Survival after stroke for patients with AH has only been examined
in a few population or community-based studies
(35;37;41;66;78;116;204;229) [table 13]. In the Framingham
cohort, which comprised stroke patients from 1982 the authors
found AH to reduce the probability of 5-year survival from 0.85 to
0.51 (66). However, later studies have not been able to confirm
this impact of AH on survival after stroke. Most studies find that
AH has no significant influence on survival (35;78;116;229), while
one study found that AH had significant influence on survival in
ICH, but not in BI (204). In the Copenhagen Stroke Study we inves-
tigated the prevalence of AH and the significance for long term
survival (78). The prevalence of AH according to the older defini-
tions of AH used in that study (225) was 34% of 899 unselected
ischemic stroke patients. Five-year case fatality rates were equal
for patients with AH (59.1%) in comparison to patients without
(56.9%). After adjustment for significant differences with regard
to other risk factors and stroke severity, AH did not bring any
independent influence on long-term survival after ischemic
stroke. Similar results has been seen when both Bl and ICH were
included in the analyses for 1-year, 5-year, and 10-year survival
(14;47). Interestingly, two more recent studies of unselected
patients found that treatment for AH was an independent predic-
tor of short (41) and long term (3-year) survival (37), decreasing
the probability of death by 20% relative to no treatment.

There are still great uncertainties about the acute phase of stroke
and antihypertensive treatment. Higher blood pressure meas-
urements are often found in the acute state of stroke (232), but
whether or not it is feasible to lower blood pressure very early
after onset remains disputable. Aggressive treatment with blood
pressure lowering drugs may lead to neurological worsening
through a reduction in perfusion pressure to hypoperfused areas
of the brain (233). In the majority of patients blood pressure
declines spontaneously within the first few days after onset (234).
However there are several questions that remain unanswered.
Should antihypertensives prescribed prior to stroke be discontin-
ued during the acute phase? Which types of antihypertensives
are most appropriate after stroke? When should new antihyper-
tensive therapy be allowed to begin? Future randomized clinical
trials will further clarify these issues.

Diabetes:

Patients with diabetes mellitus (DM), especially DM type II, have
an increased susceptibility to generalized atherosclerosis and
often a clustering of other cardiovascular risk factors, such as
hypertension, obesity, and increased levels of serum lipids (235).
In Europe the prevalence of DM type | in the general population is
projected to have reached a steady state, while a further dra-
matic increase in the prevalence of type Il is expected in the years
to come (236). The majority of published data linking diabetes
and cerebrovascular disease relate to patients with Type Il diabe-
tes. In developed countries the reported prevalence in the gen-
eral population ranges between 1% and 15%, and Scandinavia is
among the high risk areas (237). Patients with DM have an in-
creased risk of ischemic stroke with at least a two to four-fold
raised relative risk compared to DM free people (238). An esti-
mated 16% of stroke deaths in men and estimated 33% in women
are contributed by DM (239;240).

The prevalence of DM in patients with stroke is considerably
higher, between 13% and 31.5%
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(15;17;21;35;78;79;114;116;161;228-230;241). There was a clear
tendency for the prevalence of DM to increase over time in popu-
lation-based studies, from the late nineteen-seventies to the late
nineteen-nineties (228;241). DM was more prevalent among
patients with ischemic strokes (17% to 31%) as compared to ICH
(10% to 12%) (79;229). In ischemic stroke patients DM is more
often associated with small vessel disease (15) and lacunar infarc-
tions (242). Female stroke patients had DM more often than male
stroke patients in one study (15), whereas the opposite was
found in another (17), and two further studies reported no sex
specific differences (41;47). There does not appear to be differ-
ences in the prevalence of DM across age groups for stroke pa-
tients (20), on the other hand DM is significantly less prevalent
among stroke patients older than 80 years old (14;30).. It is rec-
ommended to employ tight blood glucose control in both patients
with and without DM in the early phase after stroke onset
(14;129). Hyperglycemia appears to have a detrimental effect in
the acute setting by expanding the stroke lesion (243), augment
anaerobic metabolism in the penumbra (244), and cause subse-
quent clinical deterioration (232;243). However, the evidence for
the significance of DM for survival after stroke remains disput-
able. Some studies report that stroke patients with DM are as
likely to survive up to one year after stroke when compared to
DM free stroke patients (21;35;41;114;116) [table 14]. A large
German study found that DM only reduces the probability of
survival until discharge among male stroke patients (15). All stud-
ies on long-term survival after stroke report that DM increases
the risk for dying after stroke independent of risk factor profile,
age, and stroke severity at onset (37;78;79;229) [table 14]. The
discrepancy between the studies of the reported influence of DM
on survival probably reflects differences in designs and patients
included. Hence, one study included patients with BI, ICH, and
SAH (37), while others included Bl and ICH patients (35;79;114),
and the minority of studies included patients with Bl only (78). In
the Copenhagen Stroke Study we investigated several cardiovas-
cular risk factors including DM in 899 unselected patients with
acute ischemic stroke (78). In that study we found patients with
DM to have a poorer 5-year survival than those without; 67.2%
versus 55.9% respectively [figure 6]. In addition, diabetes was
associated with a poorer survival (OR, 1.3; 95% Cl, 1.0 to 1.6)
when other cardiovascular risk factors, stroke severity, and age
were accounted for. In another study that included both Bl and
ICH we found that DM was also an independent predictor of
death at 1-year (OR, 2.09; 95% Cl, 1.46 to 2.98), 5-year (OR, 1.44;
95% Cl, 1.15 to 1.80), and 10-year (OR, 1.43; 95% Cl, 1.18 to 1.73)
after stroke when the aforementioned adjustments were per-
formed (47). This indicates that DM most probably is a long last-
ing risk factor for death after stroke irrespective of stroke type.
Studies are warranted to investigate whether stroke patients with
DM could perhaps benefit from a regimen with long-term tar-
geted, intensified, multifactorial intervention for secondary pre-
vention after stroke. This has shown efficacy in preventing cardio-
vascular events in stroke free patients with type Il diabetes
mellitus (245).
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Figure 6

Kaplan-Meier survival plot for patients with @—@versus without
——— diabetes (n = 880; p = 0.003).

Intermittent Claudication:

Intermittent claudication (IC) is a symptom of peripheral arterial
disease (PAD). PAD is part of a global vascular problem of diffuse
atherosclerosis (246). The classification of PAD comes in three
steps: 1) Asymptomatic PAD, which is suspected if lower extrem-
ity pulses are missing, and is verified if the ankle-brachial index <
0.9. 2) Intermittent claudication which is defined as discomfort in
the calf muscles with exertion and that the symptom subse-
quently resolves after a few minutes rest. 3) Acute and chronic
limb ischemia in the lower extremities at rest (247). In the follow-
ing section the term IC refers to symptomatic PAD (i.e. step 2 and
3), because ankle-brachial index is usually not performed in the
routine clinical stroke setting or in clinical trials of stroke.

The prevalence of PAD among people aged 60 years or more is
12% and rises steeply with age to approximately 29% for the
oldest old (248). The prevalence of IC (symptomatic PAD) is
somewhat lower, between 2% to 5% among people aged 60 or
older (246). One study has reported from a geriatric clinic that if
ischemic stroke is present, IC is also present in 28% of the popula-
tion (249). IC is also two to three times more prevalent among
patients with stroke when compared with stroke free controls
(74). Nonetheless, few studies have reported on the prevalence
of IC in stroke patients, but the prevalence seems to be between
8% and 20% (11;43;48;74;78;116). A recent nation-wide Danish
study, however, found an even lower prevalence of 4.4% among
almost 30,000 stroke patients (20). According to two studies the
prevalence appears to be age dependent, with frequencies in-
creasing with age in patients younger than 80 years old and a
subsequent tendency to decline thereafter (14;20). IC is twice as
common in men (8.9%) as compared to women (5.4%) with stroke
(48). These prevalences for men and women with stroke are
almost twice that seen in the general population (246). Intermit-
tent claudication may add to the short as well as the long-term
risk for death after stroke. IC is a strong and independent predic-
tor of in-hospital and 28-day case fatality for ischemic stroke
patients raising the risk more than two-fold (116;250) [table 15].
However, the influence by IC on mortality beyond the first month
after stroke remains disputable. Four studies found that IC had no
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independent predictive impact (35;78;79;203), while two papers
from the same study group found that IC was a predictor of in-
creased case fatality one year (43) and five years (11) after stroke
independent of variations in age and risk factor profile. In the
latter two studies severity of stroke was not accounted for by a
validated stroke scale. Instead, estimations of stroke severity
were measured by level of consciousness (mild, moderate, and
severe). In the Copenhagen Stroke Study we analyzed the relation
between long-term survival and IC together with other cardiovas-
cular risk factors in 899 patients with ischemic strokes, of which
14.3% had IC (78). Five years after stroke onset a similar propor-
tion of patients with IC (59.8%) as without IC (56.2%) had died.
After adjustment for variances of other risk factors, age, and
stroke severity measured by a validated stroke scale, IC did not
predict long-term mortality after ischemic stroke. This relation
has been confirmed by another Swedish study, which employed
the NIHSS for measuring stroke severity at onset (35). Thus, IC is
more prevalent among patients with stroke than in the general
population, and probably indicates a higher risk for mortality
among stroke patients. More studies dedicated to investigating
PAD in stroke patients are needed. The secondary prevention in
patients with PAD (i.e. smoking cessation, antiplatelets, lipid
lowering medication, and antihypertensive medication) is quite
similar to secondary prevention after ischemic stroke (246).

Smoking:

Smoking causes 4 to 5 million premature deaths worldwide each
year and the leading causes of death from smoking are cardiovas-
cular diseases in approximately 1.7 million people (251). Smoking
is beyond any doubt a well-known independent risk factor for
stroke (252;253) and contributes to a higher likelihood of stroke
related deaths (254). The estimated risk for stroke among smok-
ers is raised between 2- and 5-fold in comparison to non-smokers
after adjustment for other risk factors (74;220;221;255;256). The
prevalence of smoking among patients with stroke is estimated to
be from 20% to almost 50% (35;78;115;116;228;230;231). The
highest prevalence for smoking among stroke patients was seen
in early studies from the nineteen-eighties with a clear trend
towards a decline of smoking during the following decades
(228;257). This parallels the decline of smoking prevalence in
population-based studies (227;241). Smoking prevalence among
stroke patients decreases with age (20;258) and was only 18%
among stroke patients aged 85 years or more in the Copenhagen
Stroke Study compared to a frequency of 50% among the younger
patients (14). This relation most probably reflects that stroke
patients who smoke are less likely to reach advanced ages. Fe-
male stroke patients were less likely to smoke than males in the
Copenhagen Stroke Study (47), which is consistent with what is
seen in other stroke populations (48;227;258;259).

The impact of smoking on survival after stroke appears to be
complex. Most studies agree that smoking among patients with
stroke does not have an independent predictive impact on mor-
tality following stroke (11;35;43;116;203;258) [table 16], but this
is not universally accepted (37;78). Patients with ischemic stroke
who are smokers seem to be more likely to have lacunar strokes
and large artery disease rather than cardioembolic strokes
(203;230;231). Thus, stroke severity together with other possible
prognostic variables, including age, must be taken into account
when calculating the adjusted influence of smoking on survival
after stroke. Furthermore, recent or current smoking among
patients with ischemic stroke in one study found less AF and
diabetes (258). This finding may well indicate that the effect of
smoking among stroke patients may be counterbalanced by other

prognostic factors. In the Copenhagen Stroke Study we analyzed
the combined influence of smoking and other cardiovascular risk
factors, and their independent impact on survival after ischemic
stroke (78). Interestingly, at a first glance the crude all-cause five-
year mortality rate for smokers was lower than for non-smokers,
at 54.3% versus 59.2% [figure 7]. However, when stroke severity,
age, and variations in cardiovascular risk factor profile were ad-
justed for, smoking was independently associated with a poorer
long-term survival than that seen among non-smokers (OR, 1.2;
95% Cl, 1.0 to 1.4). The results from this study emphasize the
benefit of smoking cessation for life expectancy after stroke. In
the Framingham study, ex-smokers had significantly lower stroke
risk two years after cessation, and five years after cessation the
risk was similar to patients who had never smoked (260). Hence,
smoking cessation not only reduces stroke risk, but might also be
a powerful tool to improve survival after stroke.
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Figure 7

Kaplan-Meier survival plot for smokers @—e@versus non-smokers
—,(n=793; p=0.01).

Alcohol Consumption:

Alcohol abuse can lead to a number of medical complications,
including stroke. However, the relation between the stroke risk
and the number of alcoholic beverages is not straight forward. A
meta-analysis based on 35 observational studies established a J-
shaped relationship between the amounts of drinks per day (1
drink equals 12 g of alcohol) and the risk of ischemic stroke (261).
Thus, a decreased relative risk was found among people with an
intake of one or two drinks per day (light to moderate consumers)
when compared to abstainers, while the relative risk of ischemic
stroke increased for subjects with a daily alcohol consumption
exceeding five drinks per day. In contrast, the relation between
alcohol consumption and the relative risk for hemorrhagic stroke
increases linearly with the number of drinks per day without any
benefit relative to abstainers (261). A number of plausible expla-
nations have been suggested to contribute to this disparity be-
tween alcohol consumption and the risk for Bl and ICH respec-
tively. Moderate alcohol consumption increases high-density
lipoprotein cholesterol levels, inhibits platelet aggregation, and
fibrinolytic activity (262). Furthermore, alcohol induced hyperten-
sion and impaired coagulation are probably the underlying
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mechanisms behind the increased propensity for hemorrhagic
strokes among heavy drinkers (263;264).

As for alcohol consumption and survival after stroke the number
of studies is very scant (39;76;78;114;257;265). Furthermore, the
existing evidence is hampered by diverging definitions of the term
“alcohol consumption”. Some studies define alcohol consumption
as the intake of alcohol on a regular basis (76;78). Others set up a
certain limit of alcohol intake (39;265), while the remainder of
studies used the term “alcohol abuse” without any definitions of
the term “abuse”. Finally, only a few studies took into account
stroke severity at onset measured by a validated scale suitable for
determining stroke severity, before calculating survival as a func-
tion of alcohol consumption (78;114).

Most studies, however, found that alcohol consumption had no
significance for survival during hospital stay (257) or within 1 year
after stroke (39;114), while one large study found that a daily
intake of alcohol increased case-fatality 3 months after stroke
onset, independent of differences in risk factor profile (265). Two
studies with a lengthy follow-up found that regular alcohol con-
sumption did not per se influence survival (76;78). Further studies
with more rigorous definitions of alcohol consumption are neces-
sary to explore if there is a dose-response relationship between
alcohol consumption and survival after stroke.

Oral Antiplatelet Agents:

Aspirin (ASA) as an antiplatelet agent for preventing ischemic
stroke and myocardial infarction was introduced in 1978 (266).
Dipyridamole was added in 1987 (267), and clopidogrel in 1996
(268). ASA produces a small but real reduction of about 10 deaths
or recurrent strokes per 1000 treated patients during the first few
weeks after onset of treatment following an ischemic stroke
(134). ASA alone reduces the risk for death and recurrent stroke
by 13% in comparison to placebo, and adding extended release
dipyridamole reduces the risk by 24% (7). Notably, the latter
treatment has no statistical significant effect on the death rate
alone (7;269), which could be explained by the relatively higher
risk of bleeding vents especially among patients treated with ASA
(7). However, the absolute benefits substantially outweigh the
absolute risks of fatal bleedings (270). Clopidogrel alone reduces
the annual risk of ischemic stroke, myocardial infarction, or vascu-
lar death by 8.7% relative to ASA in monotherapy (268). However,
the cohort studied comprised a composite of patients with a
variety of atherosclerotic vascular diseases that qualified them for
the study, and not just patients with ischemic stroke. In the sub-
group of patients with ischemic stroke as the qualifying event for
entry into the study, no superior effect was found for clopidogrel
over ASA in preventing a subsequent stroke, myocardial infarc-
tion, or vascular death (268). The combined treatment of ASA
plus clopidogrel seems to be associated with increased risk of
both minor and major bleeding episodes compared to treatment
with clopidogrel alone in unselected patients with a variety of
atherosclerotic vascular diseases including ischemic stroke
(271;272). The results from the PRoFESS trial of ASA plus ex-
tended-release-dipyridamol versus clopidogrel in monotherapy
for secondary prevention after stroke have recently been pub-
lished (273). In that study neither the secondary outcome, a
composite of vascular events (stroke, AMI, or death from vascular
causes), or the tertiary outcome (death from any cause) showed
any benefit for any of the treatment regimens. Taken as a whole,
none of the antiplatelet regimens used today produces a reduc-
tion in overall mortality after stroke, which has lead to the as-
sumption that a ceiling effect might exist, beyond which adverse
effects offset any beneficial efficacy (274).

CONCLUSION

Survival after stroke appears to depend on several factors. Some
are risk factors for stroke while others are clinical characteristics
that can be identified immediately upon admission to hospital.
Some factors are impossible to change, while others are reversi-
ble, or possible to modify in order to alleviate the burden of
stroke and subsequently improve survival. Knowledge of factors
that are significant for the survival after stroke is mandatory
when planning acute stroke care and rehabilitation. Furthermore,
this knowledge provides pivotal information when informing
patients and relatives about the prognosis after stroke. The pre-
sent findings from the Copenhagen Stroke Study provide new
insight into determinants of survival in the short- as well as the
long-term.

The two most prominent factors that determine survival are age
and stroke severity. Age is perceptibly negatively correlated to
survival, even after adjustment for the increased burden of risk
factors and other disease that comes with age. Advancing age is
an independent predictor of both short- and long-term survival
after stroke. Survival after stroke is negatively correlated to
stroke severity. In the Copenhagen Stroke Study, which is the only
population-based study with a lengthy follow-up that has meas-
ured onset stroke severity by a validated stroke scale, we found
that stroke severity determines post stroke survival even several
years after onset. This emphasizes the need to measure stroke
severity with scales suitable for the assessment of stroke patients
when conducting clinical stroke trials and monitoring clinical
treatment regimens. Recent advances in the treatment of stroke
patients have been aimed towards decreasing the severity of
stroke by the introduction of thrombolytic therapy for acute
ischemic stroke for early clot lysis. Future strategies to alleviate
severity in stroke patients might include treatment with hypo-
thermia and other neuroprotective measures.

Reports on the significance for survival of being a female or male
stroke patient have diverging conclusions. Most studies find that
sex has no influence on mortality, while a few studies find that
either women or men have a better survival. Recently, a large
Danish study suggested that survival for women is better in the
short-term and long-term perspective, while intermediate sur-
vival is equal for men and women. Whether or not sex-related
biological differences are the true explanation for this new finding
remains to be elucidated.

The role of several risk factors in predicting survival remains
disputed. Studies disagree when factors such as a history of pre-
vious stroke, ischemic heart disease, arterial hypertension, and
intermittent claudication are considered. Conclusions from stud-
ies of survival in relation to life style related factors such as smok-
ing and alcohol consumption are weak because of diverging defi-
nitions of the intensity of exposure to these factors. Furthermore,
a risk factor such as smoking is more frequently present in
younger stroke patients, and since younger patients are expected
to live longer than older patients this leads to a higher crude
survival rate for smokers. However, by adjusting for other factors
such as age, smoking is associated with a poorer survival. Diabe-
tes is in most studies not associated with a poorer short-term
survival. On the other hand, stroke patients with diabetes have a
higher probability of death years after stroke onset irrespective of
treatment. The significance of this finding is yet to be explored,
but future improvements in the treatment of diabetes could be a
valuable therapeutic tool for improving long-term stroke survival.
The relation between total serum cholesterol and survival after
stroke appears multifaceted. High total serum cholesterol is asso-
ciated with milder strokes, which probably explains why choles-
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terol level is also associated with increased survival after ischemic
stroke. On the other hand, low serum cholesterol levels seems to
be associated with intracerebral hemorrhage, which is often
associated with higher mortality rates. Treatment with lipid low-
ering agents such as statins for secondary prevention after stroke
decreases the risk for recurrent cardiovascular events, but does
not improve crude mortality rates after stroke.

Treatment in a stroke unit versus in a general medical ward is a
well established measure to improve short- as well as long-term
survival. Although early reports suggested no effect of stroke unit
treatment on survival, later studies have proven that survival for
patients randomly assigned to stroke units versus general medical
wards is better even several years after stroke. Furthermore,
stroke unit treatment improves survival for all patients regardless
of age, stroke severity, and risk factor profile. Little is known
about how stroke units improve survival, but the combined effort
by dedicated staff and therapists may help to prevent the occur-
rence of medical complications such as infections and fever that
may affect mortality. The further implementation of stroke unit
treatment is a powerful tool to improve survival after stroke.
Patients with intracerebral hemorrhage are most often consid-
ered to have a worse prognosis than ischemic stroke patients. On
the other hand, strokes among patients with intracerebral hemor-
rhages are in general more severe than ischemic strokes. Thus,
the increased crude mortality found in most studies could, at
least in part, be explained by these variations. In the Copenhagen
Stroke Study the two types of stroke, intracerebral hemorrhage
and ischemic stroke, had similar survival rates in the short-term
as well as in the long-term after adjustment for a number of other
prognostic variables including stroke severity.

REFERENCES

1. Jgrgensen HS, Plesner AM, Hubbe P, Larsen K. Marked
increase of stroke incidence in men between 1972 and
1990 in Frederiksberg, Denmark. Stroke 1992;
23(12):1701-1704.

2. Olsen TS, Rasmussen BH, Kammersgaard LP, Weber UJ.
Incidence and case-fatality of first-ever stroke in Co-
penhagen, Denmark (Astract). Cerebrovasc Dis 2006;
21(Suppl. 4):24.

3. Olesen J, Leonardi M. The burden of brain diseases in
Europe. Eur J Neurol 2003; 10(5):471-477.

4. Jgrgensen HS, Nakayama H, Raaschou HO, Larsen K,
Hubbe P, Olsen TS. The effect of a stroke unit: reduc-
tions in mortality, discharge rate to nursing home,
length of hospital stay, and cost. A community-based
study. Stroke 1995; 26(7):1178-1182.

5. Indredavik B, Bakke F, Solberg R, Rokseth R, Haaheim LL,
Holme I. Benefit of a stroke unit: a randomized con-
trolled trial. Stroke 1991; 22(8):1026-1031.

6. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G,
Pollicino C et al. Efficacy and safety of cholesterol-
lowering treatment: prospective meta-analysis of data
from 90,056 participants in 14 randomised trials of stat-
ins. Lancet 2005; 366(9493):1267-1278.

7. Diener HC, Cunha L, Forbes C, Sivenius J, Smets P,
Lowenthal A. European Stroke Prevention Study. 2.
Dipyridamole and acetylsalicylic acid in the secondary
prevention of stroke. J Neurol Sci 1996; 143(1-2):1-13.

8. Halliday A, Mansfield A, Marro J, Peto C, Peto R, PotterJ
et al. Prevention of disabling and fatal strokes by suc-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

cessful carotid endarterectomy in patients without re-
cent neurological symptoms: randomised controlled
trial. Lancet 2004; 363(9420):1491-1502.

Randomised trial of a perindopril-based blood-pressure-
lowering regimen among 6,105 individuals with previ-
ous stroke or transient ischaemic attack. Lancet 2001;
358(9287):1033-1041.

Tissue plasminogen activator for acute ischemic stroke.
The National Institute of Neurological Disorders and
Stroke rt-PA Stroke Study Group. N Engl ) Med 1995;
333(24):1581-1587.

Hankey GJ, Jamrozik K, Broadhurst RJ, Forbes S, Burvill
PW, Anderson CS et al. Five-year survival after first-ever
stroke and related prognostic factors in the Perth Com-
munity Stroke Study. Stroke 2000; 31(9):2080-2086.
Bonita R, Ford MA, Stewart AW. Predicting survival after
stroke: a three-year follow-up. Stroke 1988; 19(6):669-
673.

Bonita R, Anderson CS, Broad JB, Jamrozik KD, Stewart-
Wynne EG, Anderson NE. Stroke incidence and case fa-
tality in Australasia. A comparison of the Auckland and
Perth population-based stroke registers. Stroke 1994;
25(3):552-557.

Kammersgaard LP, Jgrgensen HS, Reith J, Nakayama H,
Pedersen PM, Olsen TS. Short- and long-term prognosis
for very old stroke patients. The Copenhagen Stroke
Study. Age Ageing 2004; 33(2):149-154.

Heuschmann PU, Kolominsky-Rabas PL, Misselwitz B,
Hermanek P, Leffmann C, Janzen RW et al. Predictors of
in-hospital mortality and attributable risks of death af-
ter ischemic stroke: the German Stroke Registers Study
Group. Arch Intern Med 2004; 164(16):1761-1768.
Truelsen T, Gronbaek M, Schnohr P, Boysen G. Stroke
case fatality in Denmark from 1977 to 1992: the Copen-
hagen City Heart Study. Neuroepidemiology 2002;
21(1):22-27.

Holroyd-Leduc JM, Kapral MK, Austin PC, Tu JV. Sex dif-
ferences and similarities in the management and out-
come of stroke patients. Stroke 2000; 31(8):1833-1837.
Nakayama H, Jgrgensen HS, Raaschou HO, Olsen TS. The
influence of age on stroke outcome. The Copenhagen
Stroke Study. Stroke 1994; 25(4):808-813.

Arboix A, Garcia-Eroles L, Massons J, Oliveres M, Targa
C. Acute stroke in very old people: clinical features and
predictors of in-hospital mortality. J Am Geriatr Soc
2000; 48(1):36-41.

Palnum KD, Petersen P, Sorensen HT, Ingeman A, Mainz
J, Bartels P et al. Older patients with acute stroke in
Denmark: quality of care and short-term mortality. A
nationwide follow-up study. Age Ageing 2008; 37(1):90-
95.

Kimura K, Minematsu K, Kazui S, Yamaguchi T. Mortality
and cause of death after hospital discharge in 10,981
patients with ischemic stroke and transient ischemic at-
tack. Cerebrovasc Dis 2005; 19(3):171-178.

Morikawa Y, Nakagawa H, Naruse Y, Nishijo M, Miura K,
Tabata M et al. Trends in stroke incidence and acute
case fatality in a Japanese rural area : the Oyabe study.
Stroke 2000; 31(7):1583-1587.

Pessah-Rasmussen H, Engstrom G, Jerntorp I, Janzon L.
Increasing stroke incidence and decreasing case fatality,
1989-1998: a study from the stroke register in Malmo,
Sweden. Stroke 2003; 34(4):913-918.

DANISH MEDICAL BULLETIN 14



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Sharma JC, Fletcher S, Vassallo M. Strokes in the elderly
- higher acute and 3-month mortality - an explanation.
Cerebrovasc Dis 1999; 9(1):2-9.

Devroey D, Van C, V, Buntinx F. Registration of stroke
through the Belgian sentinel network and factors influ-
encing stroke mortality. Cerebrovasc Dis 2003;
16(3):272-279.

Terent A. Trends in stroke incidence and 10-year sur-
vival in Soderhamn, Sweden, 1975-2001. Stroke 2003;
34(6):1353-1358.

Dennis MS, Burn JP, Sandercock PA, Bamford JM, Wade
DT, Warlow CP. Long-term survival after first-ever
stroke: the Oxfordshire Community Stroke Project.
Stroke 1993; 24(6):796-800.

Asplund K, Carlberg B, Sundstrom G. Stroke in the Eld-
erly. Cerebrovasc Dis 1992; 2(3):152-157.

Kiyohara Y, Kubo M, Kato |, Tanizaki Y, Tanaka K, Okubo
K et al. Ten-year prognosis of stroke and risk factors for
death in a Japanese community: the Hisayama study.
Stroke 2003; 34(10):2343-2347.

Di Carlo A, Lamassa M, Pracucci G, Basile AM, Trefoloni
G, Vanni P et al. Stroke in the very old : clinical presen-
tation and determinants of 3-month functional out-
come: A European perspective. European BIOMED
Study of Stroke Care Group. Stroke 1999; 30(11):2313-
2319.

Lamassa M, Di Carlo A, Pracucci G, Basile AM, Trefoloni
G, Vanni P et al. Characteristics, outcome, and care of
stroke associated with atrial fibrillation in Europe: data
from a multicenter multinational hospital-based registry
(The European Community Stroke Project). Stroke 2001;
32(2):392-398.

Petty GW, Brown RD, Jr., Whisnant JP, Sicks JD, O'Fallon
WM, Wiebers DO. Ischemic stroke subtypes : a popula-
tion-based study of functional outcome, survival, and
recurrence. Stroke 2000; 31(5):1062-1068.

Petty GW, Brown RD, Jr., Whisnant JP, Sicks JD, O'Fallon
WM, Wiebers DO. Survival and recurrence after first
cerebral infarction: a population-based study in Roches-
ter, Minnesota, 1975 through 1989. Neurology 1998;
50(1):208-216.

Zuliani G, Cherubini A, Ranzini M, Ruggiero C, Atti AR,
Fellin R. Risk factors for short-term mortality in older
subjects with acute ischemic stroke. Gerontology 2006;
52(4):231-236.

Appelros P, Nydevik |, Viitanen M. Poor outcome after
first-ever stroke: predictors for death, dependency, and
recurrent stroke within the first year. Stroke 2003;
34(1):122-126.

van Straten A, Reitsma JB, Limburg M, van den Bos GA,
de Haan RJ. Impact of stroke type on survival and func-
tional health. Cerebrovasc Dis 2001; 12(1):27-33.
Elneihoum AM, Goransson M, Falke P, Janzon L. Three-
year survival and recurrence after stroke in Malmo,
Sweden: an analysis of stroke registry data. Stroke 1998;
29(10):2114-2117.

Hart CL, Hole DJ, Smith GD. Risk factors and 20-year
stroke mortality in men and women in the Ren-
frew/Paisley study in Scotland. Stroke 1999;
30(10):1999-2007.

Vemmos KN, Bots ML, Tsibouris PK, Zis VP, Takis CE,
Grobbee DE et al. Prognosis of stroke in the south of
Greece: 1 year mortality, functional outcome and its de-

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

terminants: the Arcadia Stroke Registry. J Neurol Neuro-
surg Psychiatry 2000; 69(5):595-600.

Kammersgaard LP, Jgrgensen HS, Rungby JA, Reith J,
Nakayama H, Weber UJ et al. Admission body tempera-
ture predicts long-term mortality after acute stroke: the
Copenhagen Stroke Study. Stroke 2002; 33(7):1759-
1762.

Di Carlo A, Lamassa M, Baldereschi M, Pracucci G, Basile
AM, Wolfe CD et al. Sex differences in the clinical pres-
entation, resource use, and 3-month outcome of acute
stroke in Europe: data from a multicenter multinational
hospital-based registry. Stroke 2003; 34(5):1114-1119.
Brgnnum-Hansen H, Davidsen M, Thorvaldsen P. Long-
term survival and causes of death after stroke. Stroke
2001; 32(9):2131-2136.

Anderson CS, Jamrozik KD, Broadhurst RJ, Stewart-
Wynne EG. Predicting survival for 1 year among differ-
ent subtypes of stroke. Results from the Perth Commu-
nity Stroke Study. Stroke 1994; 25(10):1935-1944.
Hollander M, Koudstaal PJ, Bots ML, Grobbee DE, Hof-
man A, Breteler MM. Incidence, risk, and case fatality of
first ever stroke in the elderly population. The Rotter-
dam Study. J Neurol Neurosurg Psychiatry 2003;
74(3):317-321.

Gresham GE, Kelly-Hayes M, Wolf PA, Beiser AS, Kase
CS, D'Agostino RB. Survival and functional status 20 or
more years after first stroke: the Framingham Study.
Stroke 1998; 29(4):793-797.

Olsen TS, Dehlendorff C, Andersen KK. Sex-related time-
dependent variations in post-stroke survival--evidence
of a female stroke survival advantage. Neuroepidemiol-
ogy 2007; 29(3-4):218-225.

Andersen MN, Andersen KK, Kammersgaard LP, Olsen
TS. Sex differences in stroke survival: 10-year follow-up
of the Copenhagen stroke study cohort. J Stroke Cere-
brovasc Dis 2005; 14(5):215-220.

Arboix A, Oliveres M, Garcia-Eroles L, Maragall C, Mas-
sons J, Targa C. Acute cerebrovascular disease in
women. Eur Neurol 2001; 45(4):199-205.

Glader EL, Stegmayr B, Norrving B, Terent A, Hulter-
Asberg K, Wester PO et al. Sex differences in manage-
ment and outcome after stroke: a Swedish national per-
spective. Stroke 2003; 34(8):1970-1975.
Immonen-Raiha P, Mahonen M, Tuomilehto J, Salomaa
V, Kaarsalo E, Narva EV et al. Trends in case-fatality of
stroke in Finland during 1983 to 1992. Stroke 1997;
28(12):2493-2499.

Mayo NE, Neville D, Kirkland S, Ostbye T, Mustard CA,
Reeder B et al. Hospitalization and case-fatality rates for
stroke in Canada from 1982 through 1991. The Cana-
dian Collaborative Study Group of Stroke Hospitaliza-
tions. Stroke 1996; 27(7):1215-1220.

Roquer J, Campello A, Gomis M. Sex Differences in First-
Ever Acute Stroke. Stroke 2003; 34(7):1581-1585.
Vernino S, Brown RD, Jr., Sejvar JJ, Sicks JD, Petty GW,
O'Fallon WM. Cause-specific mortality after first cere-
bral infarction: a population-based study. Stroke 2003;
34(8):1828-1832.

Weimar C, Ziegler A, Konig IR, Diener HC. Predicting
functional outcome and survival after acute ischemic
stroke. J Neurol 2002; 249(7):888-895.

United Nations. Demographic Yearbook, 2000. New
York, NY: United Nations Publications, 2000.

DANISH MEDICAL BULLETIN 15



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lauria G, Gentile M, Fassetta G, Casetta I, Agnoli F, An-
dreotta G et al. Incidence and prognosis of stroke in the
Belluno province, Italy. First-year results of a commu-
nity-based study. Stroke 1995; 26(10):1787-1793.
Bamford J, Dennis M, Sandercock P, Burn J, Warlow C.
The frequency, causes and timing of death within 30
days of a first stroke: the Oxfordshire Community Stroke
Project. J Neurol Neurosurg Psychiatry 1990;
53(10):824-829.

Ellekjaer H, Holmen J, Indredavik B, Terent A. Epidemi-
ology of stroke in Innherred, Norway, 1994 to 1996. In-
cidence and 30-day case-fatality rate. Stroke 1997;
28(11):2180-2184.

Kolominsky-Rabas PL, Sarti C, Heuschmann PU, Graf C,
Siemonsen S, Neundoerfer B et al. A prospective com-
munity-based study of stroke in Germany--the Erlangen
Stroke Project (ESPro): incidence and case fatality at 1,
3, and 12 months. Stroke 1998; 29(12):2501-2506.

Di Carlo A, Inzitari D, Galati F, Baldereschi M, Giunta V,
Grillo G et al. A prospective community-based study of
stroke in Southern Italy: the Vibo Valentia incidence of
stroke study (VISS). Methodology, incidence and case
fatality at 28 days, 3 and 12 months. Cerebrovasc Dis
2003; 16(4):410-417.

Smadja D, Cabre P, May F, Fanon JL, Rene-Corail P, Rio-
creux C et al. ERMANCIA: Epidemiology of Stroke in
Martinique, French West Indies: Part I: methodology,
incidence, and 30-day case fatality rate. Stroke 2001;
32(12):2741-2747.

Tsiskaridze A, Djibuti M, van Melle G, Lomidze G, Apri-
donidze S, Gauarashvili | et al. Stroke incidence and 30-
day case-fatality in a suburb of Tbilisi: results of the first
prospective population-based study in Georgia. Stroke
2004; 35(11):2523-2528.

Corbin DO, Poddar V, Hennis A, Gaskin A, Rambarat C,
Wilks R et al. Incidence and case fatality rates of first-
ever stroke in a black Caribbean population: the Barba-
dos Register of Strokes. Stroke 2004; 35(6):1254-1258.
Vibo R, Korv J, Haldre S, Roose M. First-year results of
the third stroke registry in Tartu, Estonia. Cerebrovasc
Dis 2004; 18(3):227-231.

Lavados PM, Sacks C, Prina L, Escobar A, Tossi C, Araya F
et al. Incidence, 30-day case-fatality rate, and prognosis
of stroke in Iquique, Chile: a 2-year community-based
prospective study (PISCIS project). Lancet 2005;
365(9478):2206-2215.

Sacco RL, Wolf PA, Kannel WB, McNamara PM. Survival
and recurrence following stroke. The Framingham
study. Stroke 1982; 13(3):290-295.

Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. A
prospective study of acute cerebrovascular disease in
the community: the Oxfordshire Community Stroke Pro-
ject--1981-86. 2. Incidence, case fatality rates and over-
all outcome at one year of cerebral infarction, primary
intracerebral and subarachnoid haemorrhage. J Neurol
Neurosurg Psychiatry 1990; 53(1):16-22.

Jgrgensen HS, Nakayama H, Raaschou HO, Olsen TS. In-
tracerebral hemorrhage versus infarction: stroke sever-
ity, risk factors, and prognosis. Ann Neurol 1995;
38(1):45-50.

Vibo R, Korv J, Roose M. One-year outcome after first-
ever stroke according to stroke subtype, severity, risk
factors and pre-stroke treatment. A population-based

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

study from Tartu, Estonia. Eur J Neurol 2007; 14(4):435-
439.

Franke CL, van Swieten JC, Algra A, van Gijn J. Prognostic
factors in patients with intracerebral haematoma. J
Neurol Neurosurg Psychiatry 1992; 55(8):653-657.
Ferro JM. Update on intracerebral haemorrhage. J Neu-
rol 2006; 253(8):985-999.

Hajat C, Dundas R, Stewart JA, Lawrence E, Rudd AG,
Howard R et al. Cerebrovascular risk factors and stroke
subtypes: differences between ethnic groups. Stroke
2001; 32(1):37-42.

Hanggi D, Steiger HJ. Spontaneous intracerebral haem-
orrhage in adults: a literature overview. Acta Neurochir
(Wien ) 2008; 150(4):371-379.

Jamrozik K, Broadhurst RJ, Anderson CS, Stewart-Wynne
EG. The role of lifestyle factors in the etiology of stroke.
A population-based case-control study in Perth, West-
ern Australia. Stroke 1994; 25(1):51-59.

Qureshi Al, Tuhrim S, Broderick JP, Batjer HH, Hondo H,
Hanley DF. Spontaneous intracerebral hemorrhage. N
EnglJ Med 2001; 344(19):1450-1460.

Jamrozik K, Broadhurst RJ, Forbes S, Hankey GJ, Ander-
son CS. Predictors of death and vascular events in the
elderly : the Perth Community Stroke Study. Stroke
2000; 31(4):863-868.

Sacco RL, Shi T, Zamanillo MC, Kargman DE. Predictors
of mortality and recurrence after hospitalized cerebral
infarction in an urban community: the Northern Man-
hattan Stroke Study. Neurology 1994; 44(4):626-634.
Kammersgaard LP, Olsen TS. Cardiovascular risk factors
and 5-year mortality in the Copenhagen Stroke Study.
Cerebrovasc Dis 2006; 21(3):187-193.

Eriksson SE, Olsson JE. Survival and recurrent strokes in
patients with different subtypes of stroke: a fourteen-
year follow-up study. Cerebrovasc Dis 2001; 12(3):171-
180.

Evans A, Harraf F, Donaldson N, Kalra L. Randomized
controlled study of stroke unit care versus stroke team
care in different stroke subtypes. Stroke 2002;
33(2):449-455.

Luk JK, Cheung RT, Ho SL, Li L. Does age predict outcome
in stroke rehabilitation? A study of 878 Chinese sub-
jects. Cerebrovasc Dis 2006; 21(4):229-234.

Kapral MK, Fang J, Hill MD, Silver F, Richards J, Jaigobin
C et al. Sex differences in stroke care and outcomes: re-
sults from the Registry of the Canadian Stroke Network.
Stroke 2005; 36(4):809-814.

Loor HI, Groenier KH, Limburg M, Schuling J, Meyboom-
de Jong B. Risks and causes of death in a community-
based stroke population: 1 month and 3 years after
stroke. Neuroepidemiology 1999; 18(2):75-84.
Jgrgensen HS, Nakayama H, Raaschou HO, Vive-Larsen J,
Stoier M, Olsen TS. Outcome and time course of recov-
ery in stroke. Part I: Outcome. The Copenhagen Stroke
Study. Arch Phys Med Rehabil 1995; 76(5):399-405.
Jgrgensen HS, Kammersgaard LP, Nakayama H, Raa-
schou HO, Larsen K, Hubbe P et al. Treatment and reha-
bilitation on a stroke unit improves 5-year survival. A
community-based study. Stroke 1999; 30(5):930-933.
Jgrgensen HS, Nakayama H, Reith J, Raaschou HO, Olsen
TS. Factors delaying hospital admission in acute stroke:
the Copenhagen Stroke Study. Neurology 1996;
47(2):383-387.

DANISH MEDICAL BULLETIN 16



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Babinski j. Contribution & I'étude de trobles mantaux
dans I'hémiplegie organique cérébrale. Revue Neurol
1914; 27:845-847.

Stone SP, Halligan PW, Greenwood RJ. The incidence of
neglect phenomena and related disorders in patients
with an acute right or left hemisphere stroke. Age Age-
ing 1993; 22(1):46-52.

Pedersen PM, Jgrgensen HS, Nakayama H, Raaschou
HO, Olsen TS. Frequency, Determinants, and Conse-
quences of Anosognosia in Acute Stroke. Neurorehabil
Neural Repair 1996; 10(4):243-250.

Marcel AJ, Tegner R, Nimmo-Smith |. Anosognosia for
plegia: specificity, extension, partiality and disunity of
bodily unawareness. Cortex 2004; 40(1):19-40.

Baier B, Karnath HO. Incidence and diagnosis of anosog-
nosia for hemiparesis revisited. J Neurol Neurosurg Psy-
chiatry 2005; 76(3):358-361.

Appelros P, Karlsson GM, Seiger A, Nydevik |. Neglect
and anosognosia after first-ever stroke: incidence and
relationship to disability. J Rehabil Med 2002; 34(5):215-
220.

Appelros P, Karlsson GM, Hennerdal S. Anosognosia ver-
sus unilateral neglect. Coexistence and their relations to
age, stroke severity, lesion site and cognition. Eur J Neu-
rol 2007; 14(1):54-59.

Bowen A, Lincoln NB. Cognitive rehabilitation for spatial
neglect following stroke. Cochrane Database Syst Rev
2007;(2):CD003586.

Sunderland A, Wade DT, Langton HR. The natural history
of visual neglect after stroke. Indications from two
methods of assessment. Int Disabil Stud 1987; 9(2):55-
59.

Kalra L, Perez I, Gupta S, Wittink M. The influence of vis-
ual neglect on stroke rehabilitation. Stroke 1997;
28(7):1386-1391.

Pedersen PM, Jgrgensen HS, Nakayama H, Raaschou
HO, Olsen TS. Hemineglect in acute stroke--incidence
and prognostic implications. The Copenhagen Stroke
Study. Am J Phys Med Rehabil 1997; 76(2):122-127.
Ringman JM, Saver JL, Woolson RF, Clarke WR, Adams
HP. Frequency, risk factors, anatomy, and course of uni-
lateral neglect in an acute stroke cohort. Neurology
2004; 63(3):468-474.

Buxbaum LJ, Ferraro MK, Veramonti T, Farne A, Whyte J,
Ladavas E et al. Hemispatial neglect: Subtypes, neuro-
anatomy, and disability. Neurology 2004; 62(5):749-756.
Pedersen PM, Jgrgensen HS, Kammersgaard LP, Na-
kayama H, Raaschou HO, Olsen TS. Manual and oral
apraxia in acute stroke, frequency and influence on
functional outcome: The Copenhagen Stroke Study. Am
J Phys Med Rehabil 2001; 80(9):685-692.

Kertesz A, Ferro JM. Lesion size and location in ideomo-
tor apraxia. Brain 1984; 107 ( Pt 3):921-933.

Basso A, Luzzatti C, Spinnler H. Is ideomotor apraxia the
outcome of damage to well-defined regions of the left
hemisphere? Neuropsychological study of CAT correla-
tion. J Neurol Neurosurg Psychiatry 1980; 43(2):118-
126.

De Renzi E, Motti F, Nichelli P. Imitating gestures. A
quantitative approach to ideomotor apraxia. Arch Neu-
rol 1980; 37(1):6-10.

Donkervoort M, Dekker J, van den EE, Stehmann-Saris
JC, Deelman BG. Prevalence of apraxia among patients

with a first left hemisphere stroke in rehabilitation cen-
tres and nursing homes. Clin Rehabil 2000; 14(2):130-
136.

105. Albert ML. Treatment of aphasia. Arch Neurol 1998;

106.

107.

108.

109.

110.

55(11):1417-1419.

Pedersen PM, Vinter K, Olsen TS. Aphasia after stroke:
type, severity and prognosis. The Copenhagen aphasia
study. Cerebrovasc Dis 2004; 17(1):35-43.

Kauhanen ML, Korpelainen JT, Hiltunen P, Maatta R,
Mononen H, Brusin E et al. Aphasia, depression, and
non-verbal cognitive impairment in ischaemic stroke.
Cerebrovasc Dis 2000; 10(6):455-461.

Wade DT, Hewer RL, David RM, Enderby PM. Aphasia af-
ter stroke: natural history and associated deficits. J Neu-
rol Neurosurg Psychiatry 1986; 49(1):11-16.

Pedersen PM, Jgrgensen HS, Nakayama H, Raaschou
HO, Olsen TS. Aphasia in acute stroke: incidence, de-
terminants, and recovery. Ann Neurol 1995; 38(4):659-
666.

Zwinkels A, Geusgens C, van de SP, van Heugten C. As-
sessment of apraxia: inter-rater reliability of a new
apraxia test, association between apraxia and other
cognitive deficits and prevalence of apraxia in a rehabili-
tation setting. Clin Rehabil 2004; 18(7):819-827.

111. Appelros P, Karlsson GM, Seiger A, Nydevik I. Prognosis

112.

for patients with neglect and anosognosia with special
reference to cognitive impairment. J Rehabil Med 2003;
35(6):254-258.

Weimar C, Konig IR, Kraywinkel K, Ziegler A, Diener HC.
Age and National Institutes of Health Stroke Scale Score
within 6 hours after onset are accurate predictors of
outcome after cerebral ischemia: development and ex-
ternal validation of prognostic models. Stroke 2004;
35(1):158-162.

113. Adams HP, Jr., Davis PH, Leira EC, Chang KC, Bendixen

BH, Clarke WR et al. Baseline NIH Stroke Scale score
strongly predicts outcome after stroke: A report of the
Trial of Org 10172 in Acute Stroke Treatment (TOAST).
Neurology 1999; 53(1):126-131.

114. Acciarresi M, Caso V, Venti M, Milia P, Silvestrelli G,

115.

116.

117.

118.

Nardi K et al. First-ever stroke and outcome in patients
admitted to Perugia Stroke Unit: predictors for death,
dependency, and recurrence of stroke within the first
three months. Clin Exp Hypertens 2006; 28(3-4):287-
294.

Christensen H, Boysen G. C-reactive protein and white
blood cell count increases in the first 24 hours after
acute stroke. Cerebrovasc Dis 2004; 18(3):214-219.
Roquer J, Ois A, Rodriguez CA, Gomis M, Munteis E,
Jimenez CJ et al. Clustering of vascular risk factors and
in-hospital death after acute ischemic stroke. J Neurol
2007; 254(12):1636-1641.

Sarker SJ, Heuschmann PU, Burger |, Wolfe CD, Rudd
AG, Smeeton NC et al. Predictors of survival after
haemorrhagic stroke in a multi-ethnic population: the
South London Stroke Register (SLSR). J Neurol Neuro-
surg Psychiatry 2008; 79(3):260-265.

Westling B, Norrving B, Thorngren M. Survival following
stroke. A prospective population-based study of 438
hospitalized cases with prediction according to subtype,
severity and age. Acta Neurol Scand 1990; 81(5):457-
463.

DANISH MEDICAL BULLETIN 17



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Bamford J, Sandercock P, Dennis M, Burn J, Warlow C.
Classification and natural history of clinically identifiable
subtypes of cerebral infarction. Lancet 1991;
337(8756):1521-1526.

Low molecular weight heparinoid, ORG 10172
(danaparoid), and outcome after acute ischemic stroke:
a randomized controlled trial. The Publications Commit-
tee for the Trial of ORG 10172 in Acute Stroke Treat-
ment (TOAST) Investigators. JAMA 1998; 279(16):1265-
1272.

Bath PM, Lindenstrom E, Boysen G, De Deyn P, Friis P,
Leys D et al. Tinzaparin in acute ischaemic stroke
(TAIST): a randomised aspirin-controlled trial. Lancet
2001; 358(9283):702-710.

Diener HC, Cortens M, Ford G, Grotta J, Hacke W, Kaste
M et al. Lubeluzole in acute ischemic stroke treatment:
A double-blind study with an 8-hour inclusion window
comparing a 10-mg daily dose of lubeluzole with pla-
cebo. Stroke 2000; 31(11):2543-2551.

Haley EC, Jr., Thompson JL, Levin B, Davis S, Lees KR,
Pittman JG et al. Gavestinel does not improve outcome
after acute intracerebral hemorrhage: an analysis from
the GAIN International and GAIN Americas studies.
Stroke 2005; 36(5):1006-1010.

Krams M, Lees KR, Hacke W, Grieve AP, Orgogozo JM,
Ford GA. Acute Stroke Therapy by Inhibition of Neutro-
phils (ASTIN): an adaptive dose-response study of UK-
279,276 in acute ischemic stroke. Stroke 2003;
34(11):2543-2548.

De Georgia MA, Krieger DW, Abou-Chebl A, Devlin TG,
Jauss M, Davis SM et al. Cooling for Acute Ischemic
Brain Damage (COOL AID): a feasibility trial of endovas-
cular cooling. Neurology 2004; 63(2):312-317.

Schwab S, Schwarz S, Spranger M, Keller E, Bertram M,
Hacke W. Moderate hypothermia in the treatment of
patients with severe middle cerebral artery infarction.
Stroke 1998; 29(12):2461-2466.

Kammersgaard LP, Rasmussen BH, Jgrgensen HS, Reith
J, Weber U, Olsen TS. Feasibility and safety of inducing
modest hypothermia in awake patients with acute
stroke through surface cooling: A case-control study:
the Copenhagen Stroke Study. Stroke 2000; 31(9):2251-
2256.

Furlan A, Higashida R, Wechsler L, Gent M, Rowley H,
Kase C et al. Intra-arterial prourokinase for acute
ischemic stroke. The PROACT Il study: a randomized
controlled trial. Prolyse in Acute Cerebral Thromboem-
bolism. JAMA 1999; 282(21):2003-2011.

Adams HP, Jr., del Zoppo G, Alberts MJ, Bhatt DL, Brass
L, Furlan A et al. Guidelines for the early management
of adults with ischemic stroke: a guideline from the
American Heart Association/American Stroke Associa-
tion Stroke Council, Clinical Cardiology Council, Cardio-
vascular Radiology and Intervention Council, and the
Atherosclerotic Peripheral Vascular Disease and Quality
of Care Outcomes in Research Interdisciplinary Working
Groups: the American Academy of Neurology affirms
the value of this guideline as an educational tool for
neurologists. Stroke 2007; 38(5):1655-1711.

Wahlgren N, Ahmed N, Davalos A, Ford GA, Grond M,
Hacke W et al. Thrombolysis with alteplase for acute is-
chaemic stroke in the Safe Implementation of Throm-

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

bolysis in Stroke-Monitoring Study (SITS-MOST): an ob-
servational study. Lancet 2007; 369(9558):275-282.
Graham GD. Tissue plasminogen activator for acute
ischemic stroke in clinical practice: a meta-analysis of
safety data. Stroke 2003; 34(12):2847-2850.

Jgrgensen HS, Nakayama H, Kammersgaard LP, Raa-
schou HO, Olsen TS. Predicted impact of intravenous
thrombolysis on prognosis of general population of
stroke patients: simulation model. BMJ 1999;
319(7205):288-289.

Kammersgaard LP, Rasmussen BH, Germer U, Olsen TS.
Thrombolysis in apoplexy. How big is the target group
and how many benefit? Ugeskr Laeger 2002;
164(33):3855-3858.

The International Stroke Trial (IST): a randomised trial of
aspirin, subcutaneous heparin, both, or neither among
19435 patients with acute ischaemic stroke. Interna-
tional Stroke Trial Collaborative Group. Lancet 1997;
349(9065):1569-1581.

Gubitz G, Sandercock P, Counsell C. Anticoagulants for
acute ischaemic stroke. Cochrane Database Syst Rev
2004;(3):CD000024.

Pulsinelli W. Pathophysiology of acute ischaemic stroke.
Lancet 1992; 339(8792):533-536.

Diener HC, Lees KR, Lyden P, Grotta J, Davalos A, Davis
SM et al. NXY-059 for the Treatment of Acute Stroke.
Pooled Analysis of the SAINT | and Il Trials. Stroke 2008;
39(6):1751-1758.

Maher J, Hachinski V. Hypothermia as a potential treat-
ment for cerebral ischemia. Cerebrovasc Brain Metab
Rev 1993; 5(4):277-300.

Busto R, Dietrich WD, Globus MY, Ginsberg MD.
Postischemic moderate hypothermia inhibits CA1 hip-
pocampal ischemic neuronal injury. Neurosci Lett 1989;
101(3):299-304.

Busto R, Dietrich WD, Globus MY, Valdes I, Scheinberg P,
Ginsberg MD. Small differences in intraischemic brain
temperature critically determine the extent of ischemic
neuronal injury. J Cereb Blood Flow Metab 1987;
7(6):729-738.

Yoda M, Boethig D, Fritzsche D, Horstkotte D, Koerfer R,
Minami K. Operative outcome of simultaneous carotid
and valvular surgery. Ann Thorac Surg 2004; 78(2):549-
555.

Jgrgensen HS, Reith J, Pedersen PM, Nakayama H, Olsen
TS. Body temperature and outcome in stroke patients.
Lancet 1996; 348(9021):193.

Reith J, Jgrgensen HS, Pedersen PM, Nakayama H, Raa-
schou HO, Jeppesen LL et al. Body temperature in acute
stroke: relation to stroke severity, infarct size, mortality,
and outcome. Lancet 1996; 347(8999):422-425.
Jgrgensen HS, Reith J, Nakayama H, Kammersgaard LP,
Houth JG, Raaschou HO et al. Potentially reversible fac-
tors during the very acute phase of stroke and their im-
pact on the prognosis: is there a large therapeutic po-
tential to be explored? Cerebrovasc Dis 2001; 11(3):207-
211.

Davenport RJ, Dennis MS, Wellwood |, Warlow CP.
Complications after acute stroke. Stroke 1996;
27(3):415-420.

Fassbender K, Dempfle CE, Mielke O, Rossol S, Schnei-
der S, Dollman M et al. Proinflammatory cytokines: indi-

DANISH MEDICAL BULLETIN 18



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

cators of infection in high-risk patients. J Lab Clin Med
1997; 130(5):535-539.

Georgilis K, Plomaritoglou A, Dafni U, Bassiakos Y,
Vemmos K. Aetiology of fever in patients with acute
stroke. J Intern Med 1999; 246(2):203-209.

Grau AJ, Buggle F, Schnitzler P, Spiel M, Lichy C, Hacke
W. Fever and infection early after ischemic stroke. J
Neurol Sci 1999; 171(2):115-120.

Hilker R, Poetter C, Findeisen N, Sobesky J, Jacobs A,
Neveling M et al. Nosocomial pneumonia after acute
stroke: implications for neurological intensive care
medicine. Stroke 2003; 34(4):975-981.

Johnston KC, Li JY, Lyden PD, Hanson SK, Feasby TE,
Adams RJ et al. Medical and neurological complications
of ischemic stroke: experience from the RANTTAS trial.
RANTTAS Investigators. Stroke 1998; 29(2):447-453.
Kammersgaard LP, Jgrgensen HS, Reith J, Nakayama H,
Houth JG, Weber UJ et al. Early infection and prognosis
after acute stroke: the Copenhagen Stroke Study. J
Stroke Cerebrovasc Dis 2001; 10(5):217-221.

Katzan IL, Cebul RD, Husak SH, Dawson NV, Baker DW.
The effect of pneumonia on mortality among patients
hospitalized for acute stroke. Neurology 2003;
60(4):620-625.

Langhorne P, Stott DJ, Robertson L, MacDonald J, Jones
L, McAlpine C et al. Medical complications after stroke:
a multicenter study. Stroke 2000; 31(6):1223-1229.
Pittock SJ, Meldrum D, Hardiman O, Thornton J, Bren-
nan P, Moroney JT. The Oxfordshire Community Stroke
Project classification: correlation with imaging, associ-
ated complications, and prediction of outcome in acute
ischemic stroke. J Stroke Cerebrovasc Dis 2003; 12(1):1-
7.

Roth EJ, Lovell L, Harvey RL, Heinemann AW, Semik P,
Diaz S. Incidence of and risk factors for medical compli-
cations during stroke rehabilitation. Stroke 2001;
32(2):523-529.

Tirschwell DL, Kukull WA, Longstreth WT, Jr. Medical
complications of ischemic stroke and length of hospital
stay: Experience in seattle, Washington. J Stroke Cere-
brovasc Dis 1999; 8(5):336-343.

Weimar C, Roth MP, Zillessen G, Glahn J, Wimmer ML,
Busse O et al. Complications following acute ischemic
stroke. Eur Neurol 2002; 48(3):133-140.

Kwan J, Hand P. Infection after acute stroke is associ-
ated with poor short-term outcome. Acta Neurol Scand
2007; 115(5):331-338.

Ersoz M, Ulusoy H, Oktar MA, Akyuz M. Urinary tract in-
fection and bacteriurua in stroke patients: frequencies,
pathogen microorganisms, and risk factors. Am J Phys
Med Rehabil 2007; 86(9):734-741.

Ovbiagele B, Hills NK, Saver JL, Johnston SC. Frequency
and determinants of pneumonia and urinary tract infec-
tion during stroke hospitalization. J Stroke Cerebrovasc
Dis 2006; 15(5):209-213.

Aslanyan S, Weir CJ, Diener HC, Kaste M, Lees KR.
Pneumonia and urinary tract infection after acute is-
chaemic stroke: a tertiary analysis of the GAIN Interna-
tional trial. Eur J Neurol 2004; 11(1):49-53.

Vargas M, Horcajada JP, Obach V, Revilla M, Cervera A,
Torres F et al. Clinical consequences of infection in pa-
tients with acute stroke: is it prime time for further an-
tibiotic trials? Stroke 2006; 37(2):461-465.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

Walter U, Knoblich R, Steinhagen V, Donat M, Benecke
R, Kloth A. Predictors of pneumonia in acute stroke pa-
tients admitted to a neurological intensive care unit. J
Neurol 2007; 254(10):1323-1329.

Sen S, Hinderliter A, Sen PK, Simmons J, LeGrys VA, Beck
J et al. Association of leukocyte count with progression
of aortic atheroma in stroke/transient ischemic attack
patients. Stroke 2007; 38(11):2900-2905.

Grau AJ, Boddy AW, Dukovic DA, Buggle F, Lichy C,
Brandt T et al. Leukocyte count as an independent pre-
dictor of recurrent ischemic events. Stroke 2004;
35(5):1147-1152.

Fisher TC, Meiselmann HJ. Polymorphonuclear leuko-
cytes in ischemic vascular disease. Thromb Res 1994; 74
Suppl 1:521-34.:521-S34.

Grau AJ, Buggle F, Becher H, Werle E, Hacke W. The as-
sociation of leukocyte count, fibrinogen and C-reactive
protein with vascular risk factors and ischemic vascular
diseases. Thromb Res 1996; 82(3):245-255.
Kammersgaard LP, Jgrgensen HS, Nakayama H, Reith J,
Raaschou HO, Olsen TS. Leukocytosis in acute stroke:
Relation to initial stroke severity, infarct size, and out-
come: The copenhagen stroke study. J Stroke Cere-
brovasc Dis 1999; 8(4):259-263.

Balestrino M, Partinico D, Finocchi C, Gandolfo C. White
blood cell count and erythrocyte sedimentation rate
correlate with outcome in patients with acute ischemic
stroke. J Stroke Cerebrovasc Dis 1998; 7(2):139-144.
Kazmierski R, Guzik P, Ambrosius W, Ciesielska A, Mos-
kal J, Kozubski W. Predictive value of white blood cell
count on admission for in-hospital mortality in acute
stroke patients. Clin Neurol Neurosurg 2004; 107(1):38-
43.

Organised inpatient (stroke unit) care for stroke. Coch-
rane Database Syst Rev 2007;(4):CD000197.

Jgrgensen HS, Nakayama H, Raaschou HO, Gam J, Olsen
TS. Silent infarction in acute stroke patients. Prevalence,
localization, risk factors, and clinical significance: the
Copenhagen Stroke Study. Stroke 1994; 25(1):97-104.
Fagerberg B, Claesson L, Gosman-Hedstrom G, Blom-
strand C. Effect of acute stroke unit care integrated with
care continuum versus conventional treatment: A ran-
domized 1-year study of elderly patients: the Goteborg
70+ Stroke Study. Stroke 2000; 31(11):2578-2584.

Kalra L, Dale P, Crome P. Improving stroke rehabilita-
tion. A controlled study. Stroke 1993; 24(10):1462-1467.
Kaste M, Palomaki H, Sarna S. Where and how should
elderly stroke patients be treated? A randomized trial.
Stroke 1995; 26(2):249-253.

Lincoln NB, Husbands S, Trescoli C, Drummond AE,
Gladman JR, Berman P. Five year follow up of a random-
ised controlled trial of a stroke rehabilitation unit. BMJ
2000; 320(7234):549.

Rgnning OM, Guldvog B. Stroke units versus general
medical wards, |: twelve- and eighteen-month survival:
a randomized, controlled trial. Stroke 1998; 29(1):58-62.
Stevens RS, Ambler NR, Warren MD. A randomized con-
trolled trial of a stroke rehabilitation ward. Age Ageing
1984; 13(2):65-75.

Strand T, Asplund K, Eriksson S, Hagg E, Lithner F, Wes-
ter PO. A non-intensive stroke unit reduces functional
disability and the need for long-term hospitalization.
Stroke 1985; 16(1):29-34.

DANISH MEDICAL BULLETIN 19



180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Indredavik B, Slordahl SA, Bakke F, Rokseth R, Haheim
LL. Stroke unit treatment. Long-term effects. Stroke
1997; 28(10):1861-1866.

Indredavik B, Bakke F, Slordahl SA, Rokseth R, Haheim
LL. Stroke unit treatment. 10-year follow-up. Stroke
1999; 30(8):1524-1527.

Jgrgensen HS, Kammersgaard LP, Houth J, Nakayama H,
Raaschou HO, Larsen K et al. Who benefits from treat-
ment and rehabilitation in a stroke Unit? A community-
based study. Stroke 2000; 31(2):434-439.

Amarenco P. Hypercholesterolemia, lipid-lowering
agents, and the risk for brain infarction. Neurology
2001; 57(5 Suppl 2):S35-544.

Demchuk AM, Hess DC, Brass LM, Yatsu FM. Is choles-
terol a risk factor for stroke?: Yes. Arch Neurol 1999;
56(12):1518-1520.

Landau WM. Is cholesterol a risk factor for stroke?: No.
Arch Neurol 1999; 56(12):1521-1524.

Nam BH, Kannel WB, D'Agostino RB. Search for an op-
timal atherogenic lipid risk profile: from the Framing-
ham Study. Am J Cardiol 2006; 97(3):372-375.

Castelli WP, Anderson K, Wilson PW, Levy D. Lipids and
risk of coronary heart disease. The Framingham Study.
Ann Epidemiol 1992; 2(1-2):23-28.

Blood pressure, cholesterol, and stroke in eastern Asia.
Eastern Stroke and Coronary Heart Disease Collabora-
tive Research Group. Lancet 1998; 352(9143):1801-
1807.

Cholesterol, diastolic blood pressure, and stroke: 13,000
strokes in 450,000 people in 45 prospective cohorts.
Prospective studies collaboration. Lancet 1995;
346(8991-8992):1647-1653.

Tirschwell DL, Smith NL, Heckbert SR, Lemaitre RN,
Longstreth WT, Jr., Psaty BM. Association of cholesterol
with stroke risk varies in stroke subtypes and patient
subgroups. Neurology 2004; 63(10):1868-1875.

Benfante R, Yano K, Hwang LJ, Curb JD, Kagan A, Ross W.

Elevated serum cholesterol is a risk factor for both coro-
nary heart disease and thromboembolic stroke in Ha-
waiian Japanese men. Implications of shared risk. Stroke
1994; 25(4):814-820.

Zuliani G, Cherubini A, Atti AR, Ble A, Vavalle C, Di To-
daro F et al. Low cholesterol levels are associated with
short-term mortality in older patients with ischemic
stroke. J Gerontol A Biol Sci Med Sci 2004; 59(3):293-
297.

Vauthey C, de Freitas GR, van Melle G, Devuyst G, Bo-
gousslavsky J. Better outcome after stroke with higher
serum cholesterol levels. Neurology 2000; 54(10):1944-
1949.

Dyker AG, Weir CJ, Lees KR. Influence of cholesterol on
survival after stroke: retrospective study. BMJ 1997;
314(7094):1584-1588.

Olsen TS, Christensen RH, Kammersgaard LP, Andersen
KK. Higher total serum cholesterol levels are associated
with less severe strokes and lower all-cause mortality:
ten-year follow-up of ischemic strokes in the Copenha-
gen Stroke Study. Stroke 2007; 38(10):2646-2651.

Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby
JV et al. Prevalence of diagnosed atrial fibrillation in
adults: national implications for rhythm management
and stroke prevention: the AnTicoagulation and Risk

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Factors in Atrial Fibrillation (ATRIA) Study. JAMA 2001;
285(18):2370-2375.

Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Ab-
hayaratna WP et al. Secular trends in incidence of atrial
fibrillation in Olmsted County, Minnesota, 1980 to 2000,
and implications on the projections for future preva-
lence. Circulation 2006; 114(2):119-125.

Petersen P. Thromboembolic complications in atrial fib-
rillation. Stroke 1990; 21(1):4-13.

Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an
independent risk factor for stroke: the Framingham
Study. Stroke 1991; 22(8):983-988.

Choudhury A, Lip GY. Atrial fibrillation and the hyperco-
agulable state: from basic science to clinical practice.
Pathophysiol Haemost Thromb 2003; 33(5-6):282-289.
Goldman ME, Pearce LA, Hart RG, Zabalgoitia M, As-
inger RW, Safford R et al. Pathophysiologic correlates of
thromboembolism in nonvalvular atrial fibrillation: I.
Reduced flow velocity in the left atrial appendage (The
Stroke Prevention in Atrial Fibrillation [SPAF-III] study). J
Am Soc Echocardiogr 1999; 12(12):1080-1087.
Czlonkowska A, Niewada M, Saleh El-Baroni |, Mendel T,
Ryglewicz D, Sandercock P et al. High early case fatality
after ischaemic stroke in Poland: exploration of possible
explanations in the International Stroke Trial. J Neurol
Sci 2002; 202(1-2):53-57.

Sacco S, Marini C, Totaro R, Russo T, Cerone D, Carolei
A. A population-based study of the incidence and prog-
nosis of lacunar stroke. Neurology 2006; 66(9):1335-
1338.

Wong KS. Risk factors for early death in acute ischemic
stroke and intracerebral hemorrhage: A prospective
hospital-based study in Asia. Asian Acute Stroke Advi-
sory Panel. Stroke 1999; 30(11):2326-2330.

Jgrgensen HS, Nakayama H, Reith J, Raaschou HO, Olsen
TS. Acute stroke with atrial fibrillation. The Copenhagen
Stroke Study. Stroke 1996; 27(10):1765-1769.

Petersen P, Boysen G, Godtfredsen J, Andersen ED, An-
dersen B. Placebo-controlled, randomised trial of war-
farin and aspirin for prevention of thromboembolic
complications in chronic atrial fibrillation. The Copenha-
gen AFASAK study. Lancet 1989; 1(8631):175-179.
Stroke Prevention in Atrial Fibrillation Study. Final re-
sults. Circulation 1991; 84(2):527-539.

The effect of low-dose warfarin on the risk of stroke in
patients with nonrheumatic atrial fibrillation. The Bos-
ton Area Anticoagulation Trial for Atrial Fibrillation In-
vestigators. N Engl J Med 1990; 323(22):1505-1511.
Connolly SJ, Laupacis A, Gent M, Roberts RS, Cairns JA,
Joyner C. Canadian Atrial Fibrillation Anticoagulation
(CAFA) Study. J Am Coll Cardiol 1991; 18(2):349-355.
Ezekowitz MD, Bridgers SL, James KE, Carliner NH,
Colling CL, Gornick CC et al. Warfarin in the prevention
of stroke associated with nonrheumatic atrial fibrilla-
tion. Veterans Affairs Stroke Prevention in Nonrheu-
matic Atrial Fibrillation Investigators. N Engl J Med
1992; 327(20):1406-1412.

Secondary prevention in non-rheumatic atrial fibrillation
after transient ischaemic attack or minor stroke. EAFT
(European Atrial Fibrillation Trial) Study Group. Lancet
1993; %20;342(8882):1255-1262.

Hart RG, Pearce LA, Aguilar MI. Meta-analysis: anti-
thrombotic therapy to prevent stroke in patients who

DANISH MEDICAL BULLETIN 20



213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

have nonvalvular atrial fibrillation. Ann Intern Med
2007; %19;146(12):857-867.

Lip GY, Edwards SJ. Stroke prevention with aspirin, war-
farin and ximelagatran in patients with non-valvular
atrial fibrillation: a systematic review and meta-analysis.
Thromb Res 2006; 118(3):321-333.

Deplanque D, Leys D, Parnetti L, Schmidt R, Ferro J, De
Reuck J et al. Stroke prevention and atrial fibrillation:
reasons leading to an inappropriate management. Main
results of the SAFE Il study. BrJ Clin Pharmacol 2004;
57(6):798-806.

Fihn SD, Callahan CM, Martin DC, McDonell MB,
Henikoff JG, White RH. The risk for and severity of
bleeding complications in elderly patients treated with
warfarin. The National Consortium of Anticoagulation
Clinics. Ann Intern Med 1996; 124(11):970-979.
Shireman TI, Mahnken JD, Howard PA, Kresowik TF, Hou
Q, Ellerbeck EF. Development of a contemporary bleed-
ing risk model for elderly warfarin recipients. Chest
2006; 130(5):1390-1396.

Fihn SD, McDonell M, Martin D, Henikoff J, Vermes D,
Kent D et al. Risk factors for complications of chronic
anticoagulation. A multicenter study. Warfarin Opti-
mized Outpatient Follow-up Study Group. Ann Intern
Med 1993; 118(7):511-520.

White RH, Beyth RJ, Zhou H, Romano PS. Major bleeding
after hospitalization for deep-venous thrombosis. Am J
Med 1999; 107(5):414-424.

Andersen KK, Olsen TS. Reduced poststroke mortality in
patients with stroke and atrial fibrillation treated with
anticoagulants: results from a Danish quality-control
registry of 22,179 patients with ischemic stroke. Stroke
2007; 38(2):259-263.

Whisnant JP, Wiebers DO, O'Fallon WM, Sicks ID, Frye
RL. A population-based model of risk factors for
ischemic stroke: Rochester, Minnesota. Neurology
1996; 47(6):1420-1428.

Boysen G, Nyboe J, Appleyard M, Sorensen PS, Boas J,
Somnier F et al. Stroke incidence and risk factors for
stroke in Copenhagen, Denmark. Stroke 1988;
19(11):1345-1353.

Terent A. Cerebrovascular mortality 10 years after
stroke: a population-based study. Stroke 2004;
35(7):e343-e345.

Vibo R, Korv J, Roose M. The Third Stroke Registry in
Tartu, Estonia: decline of stroke incidence and 28-day
case-fatality rate since 1991. Stroke 2005; 36(12):2544-
2548.

Zia E, Hedblad B, Pessah-Rasmussen H, Berglund G, Jan-
zon L, Engstrom G. Blood pressure in relation to the in-
cidence of cerebral infarction and intracerebral hemor-
rhage. Hypertensive hemorrhage: debated
nomenclature is still relevant. Stroke 2007; 38(10):2681-
2685.

1993 guidelines for the management of mild hyperten-
sion: memorandum from a World Health Organiza-
tion/International Society of Hypertension meeting.
Guidelines Sub-Committee. J Hypertens 1993;
11(9):905-918.

1999 World Health Organization-International Society of
Hypertension Guidelines for the Management of Hyper-
tension. Guidelines Subcommittee. J Hypertens 1999;
17(2):151-183.

227.

228.

229.

230.

231.

232.

Kubo M, Kiyohara Y, Kato I, Tanizaki Y, Arima H, Tanaka
K et al. Trends in the incidence, mortality, and survival
rate of cardiovascular disease in a Japanese community:
the Hisayama study. Stroke 2003; 34(10):2349-2354.
Carrera E, Maeder-Ingvar M, Rossetti AO, Devuyst G,
Bogousslavsky J. Trends in risk factors, patterns and
causes in hospitalized strokes over 25 years: The
Lausanne Stroke Registry. Cerebrovasc Dis 2007;
24(1):97-103.

Lai SM, Alter M, Friday G, Sobel E. Prognosis for survival
after an initial stroke. Stroke 1995; 26(11):2011-2015.
Grau AJ, Weimar C, Buggle F, Heinrich A, Goertler M,
Neumaier S et al. Risk factors, outcome, and treatment
in subtypes of ischemic stroke: the German stroke data
bank. Stroke 2001; 32(11):2559-2566.

Silvestrelli G, Paciaroni M, Caso V, Milia P, Palmerini F,
Venti M et al. Risk factors and stroke subtypes: results
of five consecutive years of the Perugia Stroke Registry.
Clin Exp Hypertens 2006; 28(3-4):279-286.

Jgrgensen HS, Nakayama H, Raaschou HO, Olsen TS. Ef-
fect of blood pressure and diabetes on stroke in pro-
gression. Lancet 1994; 344(8916):156-159.

233.Johnston KC, Mayer SA. Blood pressure reduction in

234.

235.

236.

ischemic stroke: a two-edged sword? Neurology 2003;
61(8):1030-1031.

Phillips SJ. Pathophysiology and management of hyper-
tension in acute ischemic stroke. Hypertension 1994;
23(1):131-136.

Grundy SM. Metabolic syndrome pandemic. Arterioscler
Thromb Vasc Biol 2008; 28(4):629-636.

Passa P. Diabetes trends in Europe. Diabetes Metab Res
Rev 2002; 18 Suppl 3:53-8.:53-58.

237.Adeghate E, Schattner P, Dunn E. An update on the eti-

238.

239.

240.

ology and epidemiology of diabetes mellitus. Ann N'Y
Acad Sci 2006; 1084:1-29.:1-29.

Booth GL, Kapral MK, Fung K, Tu JV. Recent trends in
cardiovascular complications among men and women
with and without diabetes. Diabetes Care 2006;
29(1):32-37.

Haheim LL, Holme I, Hjermann I, Leren P. Nonfasting se-
rum glucose and the risk of fatal stroke in diabetic and
nondiabetic subjects. 18-year follow-up of the Oslo
Study. Stroke 1995; 26(5):774-777.

Tuomilehto J, Rastenyte D, Jousilahti P, Sarti C, Vartiai-
nen E. Diabetes mellitus as a risk factor for death from
stroke. Prospective study of the middle-aged Finnish
population. Stroke 1996; 27(2):210-215.

241. Anderson CS, Carter KN, Hackett ML, Feigin V, Barber

242.

243.

244,

PA, Broad JB et al. Trends in stroke incidence in Auck-
land, New Zealand, during 1981 to 2003. Stroke 2005;
36(10):2087-2093.

Di Carlo A, Lamassa M, Baldereschi M, Pracucci G, Con-
soli D, Wolfe CD et al. Risk factors and outcome of sub-
types of ischemic stroke. Data from a multicenter multi-
national hospital-based registry. The European
Community Stroke Project. J Neurol Sci 2006; 244(1-
2):143-150.

Baird TA, Parsons MW, Phanh T, Butcher KS, Desmond
PM, Tress BM et al. Persistent poststroke hyperglycemia
is independently associated with infarct expansion and
worse clinical outcome. Stroke 2003; 34(9):2208-2214.
Lindsberg PJ, Roine RO. Hyperglycemia in acute stroke.
Stroke 2004; 35(2):363-364.

DANISH MEDICAL BULLETIN 21



245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH,
Pedersen O. Multifactorial intervention and cardiovas-
cular disease in patients with type 2 diabetes. N EnglJ
Med 2003; 348(5):383-393.

Shammas NW. Epidemiology, classification, and modifi-
able risk factors of peripheral arterial disease. Vasc
Health Risk Manag 2007; 3(2):229-234.

Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA,
Halperin JL et al. ACC/AHA 2005 Practice Guidelines for
the management of patients with peripheral arterial
disease (lower extremity, renal, mesenteric, and ab-
dominal aortic): a collaborative report from the Ameri-
can Association for Vascular Surgery/Society for Vascu-
lar Surgery, Society for Cardiovascular Angiography and
Interventions, Society for Vascular Medicine and Biol-
ogy, Society of Interventional Radiology, and the
ACC/AHA Task Force on Practice Guidelines (Writing
Committee to Develop Guidelines for the Management
of Patients With Peripheral Arterial Disease): endorsed
by the American Association of Cardiovascular and Pul-
monary Rehabilitation; National Heart, Lung, and Blood
Institute; Society for Vascular Nursing; TransAtlantic In-
ter-Society Consensus; and Vascular Disease Founda-
tion. Circulation 2006; 113(11):e463-e654.

Hiatt WR. Medical treatment of peripheral arterial dis-
ease and claudication. N Engl ) Med 2001;
344(21):1608-1621.

Ness J, Aronow WS. Prevalence of coexistence of coro-
nary artery disease, ischemic stroke, and peripheral ar-
terial disease in older persons, mean age 80 years, in an
academic hospital-based geriatrics practice. J Am Geri-
atr Soc 1999; 47(10):1255-1256.

Chitravas N, Dewey HM, Nicol MB, Harding DL, Pearce
DC, Thrift AG. Is prestroke use of angiotensin-converting
enzyme inhibitors associated with better outcome?
Neurology 2007; 68(20):1687-1693.

Ezzati M, Lopez AD. Estimates of global mortality attrib-
utable to smoking in 2000. Lancet 2003; 362(9387):847-
852.

Donnan GA, McNeil JJ, Adena MA, Doyle AE, O'Malley
HM, Neill GC. Smoking as a risk factor for cerebral is-
chaemia. Lancet 1989; 2(8664):643-647.

Shinton R, Beevers G. Meta-analysis of relation between
cigarette smoking and stroke. BMJ 1989;
298(6676):789-794.

Haheim LL, Holme |, Hjermann I, Leren P. Smoking habits
and risk of fatal stroke: 18 years follow up of the Oslo
Study. J Epidemiol Community Health 1996; 50(6):621-
624.

Tuomilehto J, Bonita R, Stewart A, Nissinen A, Salonen
JT. Hypertension, cigarette smoking, and the decline in
stroke incidence in eastern Finland. Stroke 1991;
22(1):7-11.

D'Agostino RB, Wolf PA, Belanger AJ, Kannel WB. Stroke
risk profile: adjustment for antihypertensive medica-
tion. The Framingham Study. Stroke 1994; 25(1):40-43.
Arboix A, Cendros V, Besa M, Garcia-Eroles L, Oliveres
M, Targa C et al. Trends in Risk Factors, Stroke Subtypes
and Outcome. Nineteen-Year Data from the Sagrat Cor
Hospital of Barcelona Stroke Registry. Cerebrovasc Dis
2008; 26(5):509-516.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

Ovbiagele B, Weir CJ, Saver JL, Muir KW, Lees KR. Effect
of smoking status on outcome after acute ischemic
stroke. Cerebrovasc Dis 2006; 21(4):260-265.

Njolstad I, Arnesen E, Lund-Larsen PG. Body height, car-
diovascular risk factors, and risk of stroke in middle-
aged men and women. A 14-year follow-up of the
Finnmark Study. Circulation 1996; 94(11):2877-2882.
Wolf PA, D'Agostino RB, Kannel WB, Bonita R, Belanger
AJ. Cigarette smoking as a risk factor for stroke. The
Framingham Study. JAMA 1988; 259(7):1025-1029.
Reynolds K, Lewis B, Nolen JD, Kinney GL, Sathya B, He J.
Alcohol consumption and risk of stroke: a meta-analysis.
JAMA 2003; 289(5):579-588.

Bau PF, Bau CH, Rosito GA, Manfroi WC, Fuchs FD. Alco-
hol consumption, cardiovascular health, and endothelial
function markers. Alcohol 2007; 41(7):479-488.
Gorelick PB, Kelly MA. Alcohol as a risk factor for stroke.
Heart Dis Stroke 1992; 1(5):255-258.

Gill JS, Shipley MJ, Tsementzis SA, Hornby RS, Gill SK,
Hitchcock ER et al. Alcohol consumption--a risk factor
for hemorrhagic and non-hemorrhagic stroke. Am J Med
1991; 90(4):489-497.

Basile AM, Di Carlo A, Lamassa M, Baldereschi M, Car-
lucci G, Consoli D et al. Selective risk factors profiles and
outcomes among patients with stroke and history of
prior myocardial infarction. The European Community
Stroke Project. J Neurol Sci 2008; 264(1-2):87-92.

A randomized trial of aspirin and sulfinpyrazone in
threatened stroke. The Canadian Cooperative Study
Group. N Engl J Med 1978; 299(2):53-59.

The European Stroke Prevention Study (ESPS). Principal
end-points. The ESPS Group. Lancet 1987;
2(8572):1351-1354.

A randomised, blinded, trial of clopidogrel versus aspirin
in patients at risk of ischaemic events (CAPRIE). CAPRIE
Steering Committee. Lancet 1996; 348(9038):1329-
1339.

Halkes PH, van Gijn J, Kappelle LJ, Koudstaal PJ, Algra A.
Aspirin plus dipyridamole versus aspirin alone after
cerebral ischaemia of arterial origin (ESPRIT): random-
ised controlled trial. Lancet 2006; 367(9523):1665-1673.
Collaborative meta-analysis of randomised trials of anti-
platelet therapy for prevention of death, myocardial in-
farction, and stroke in high risk patients. BMJ 2002;
324(7329):71-86.

Diener HC, Bogousslavsky J, Brass LM, Cimminiello C,
Csiba L, Kaste M et al. Aspirin and clopidogrel compared
with clopidogrel alone after recent ischaemic stroke or
transient ischaemic attack in high-risk patients
(MATCH): randomised, double-blind, placebo-controlled
trial. Lancet 2004; 364(9431):331-337.

Bhatt DL, Fox KA, Hacke W, Berger PB, Black HR, Boden
WE et al. Clopidogrel and aspirin versus aspirin alone for
the prevention of atherothrombotic events. N Engl J
Med 2006; 354(16):1706-1717.

Sacco RL, Diener HC, Yusuf S, Cotton D, Ounpuu S,
Lawton WA et al. Aspirin and extended-release
dipyridamole versus clopidogrel for recurrent stroke. N
EnglJ Med 2008; 359(12):1238-1251.

Diener HC. Secondary stroke prevention with antiplate-
let drugs: have we reached the ceiling? Int J Stroke
2006; 1(1):4-8.

DANISH MEDICAL BULLETIN 22



