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ABSTRACT T 

Backgroundd and purpose 
Inn a cohort of 760 consecutive stroke patients (23 hospitals in the 
Netherlands),, we studied prognosis in relation to stroke type and focused 
onn (a) short-term and long-term mortality, and (b) long-term functional 
health. . 

Methods s 
Basedd on clinical and CT data, we distinguished infratentorial strokes from 
supratentoriall  strokes (lacunar infarctions, (sub)cortical infarctions and 
intracerebrall  hemorrhages). 

Results s 
Cumulativee mortality for all stroke patients was 34% at 6 months, 51% at 
33 years, and 62% at 5 years. Short-term mortality could be explained by 
strokee type, whereas long-term mortality could not. Of all survivors, 55%» 
wass in poor functional health at 6 months, 49% at 3 years and 42% at 5 
years.. Long-term functional health outcomes were associated with stroke 
type. . 

Conclusion n 
Wee conclude that the impact of stroke type on mortality is limited to the 
firstt 6 months whereas the type of stroke influences the long-term 
functionall  health. 
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6.11 Introductio n 

Thee prognosis of stroke patients is generally expressed in terms of 
mortality.. The studies show a high mortality during the first weeks after 
thee onset of stroke and an increased risk of death until at least 5 years 
thereafter.11 Factors associated with a higher mortality are older age, 
severee stroke and concomitant cardiovascular diseases.18 Mortality also 
differss between the various pathophysiological stroke types. Patients with 
ann intracerebral hemorrhage are more likely to die within the first weeks 
thann those with a cerebral infarction, whereas patients with a lacunar 
infarctionn are less likely to die than patients with (sub)cortical 
infarctions.137'88 Yet, only a few large studies specifically focus on the 
relationshipp between stroke type and long-term survival. 

Strokee not only reduces the lif e expectancy, but has also a major 
impactt on the patients' functional health. The majority of the prognostic 
studiess on functional outcomes focus on basic daily activities and were 
oftenn performed in rehabilitation centers.9 12 Consequently, the results of 
thesee studies are not representative for the total stroke population.1314 

Moreover,, data on the relationship between stroke type and long-term 
functionall  health outcomes are rare. 

Thee objective of this study was to analyze the impact of stroke type on 
(a)) the mortality within the first 6 months, and between 6 months and 5 
years,, and (b) functional health status 5 years after stroke. 

6.22 Patients and methods 

HospitalHospital data 
Thee study group comprised 760 patients consecutively admitted for stroke 
(withinn 1 week after onset) to 23 Dutch hospitals, which were randomly 
selectedd from an urban (n=17) and a rural (n=6) region after stratification 
forr hospital size. Patients were considered to have had a stroke if there was 
aa focal neurological deficit of sudden onset that lasted at least 24 hours 
withh no known alternative to a vascular cause. Included were first and 
recurrentt strokes. Excluded were patients with a transient ischaemic 
attackk (symptoms < 24 hours) or a subarachnoid hemorrhage. 
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Afterr hospital discharge, trained research assistants evaluated the 
patients'' medical and nursing records for stroke type, stroke severity, age, 
sex,, previous strokes, and cardiovascular and non-cardiovascular co-
morbidd diseases. 

Strokee type was determined by Computed Tomography (CT) (available 
forr 681 patients; 90%) and by clinical features.1516 We used the evaluations 
off  local radiologists to interpret the CT scans. Furthermore, all CT data 
weree checked by a neurologist (M.L.). We distinguished infratentorial 
strokess from supratentorial strokes. The latter were subdivided into 
lacunarr infarctions, (sub)cortical infarctions and intracerebral 
hemorrhages.. Stroke severity upon admission was defined by the Glasgow 
Comaa Scale.17 A patient was considered to have suffered a severe stroke if 
thee score on the Eyes or Motor component was less than maximal. Because 
off  possible aphasia, we did not use the Verbal component of the 
instrument.. Cardiovascular co-morbid diseases were present if one or more 
off  the following diseases were noted on the patients' charts: cardiac disease 
(atriall  fibrillation, heart failure or myocardial infarction); hypertension 
(definedd as 2 recordings of diastolic blood pressure > 100 mmHg within the 
firstt 24 hours after hospital admission or previously diagnosed); peripheral 
vascularr disease and diabetes mellitus. Non-cardiovascular co-morbidity 
wass defined as: musculoskeletal diseases, chronic obstructive pulmonary 
diseasee and mental decline. Hospital data was collected between June 1991 
andd August 1992. The study was approved by the medical ethical 
committeess of the participating hospitals. All patients or their proxies gave 
informedd consent. 

Follow-upFollow-up data 
Al ll  patients were contacted for a structured face-to-face interview 6 
months,, 3 years, and 5 years after stroke. In all, seven patients were lost to 
follow-up.. In case of death, the date was retrieved via a family member, the 
GPP or a Registry Office. Of all 502 six months survivors, 17 declined to 
participatee in the follow-up interview. At three years, 9% of the surviving 
patientss declined to participate (34/372), and at 5 years 11% declined 
(32/289).. Data about the functional health of the survivors were collected 
withh the Rankin Scale, ranging from 0 (no symptoms) to 5 (totally 
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dependent).188 19 Patients with a Rankin score of 3, 4 or 5 (not able to live a 
fullyy independent life) were considered to have a poor functional health. 

StatisticalStatistical analyses 
Survivall  curves for all patients and for the different stroke types were 
estimatedd by the Kaplan-Meier method. Survival was compared with an 
age-matchedd cohort from the Dutch population, using the Dutch death 
probabilitiess over the period 1990 to 1994 (data: Statistics Netherlands, 
Thee Hague).20 We analyzed the association between stroke type and time to 
deathh with the Cox proportional-hazards model; patients without CT data 
weree excluded. Because of the shapes of the survival curves, the impact of 
strokee type on mortality was analyzed separately for two periods. Short-
termm mortality (up to 6 months) was analyzed in the first model and long-
termm mortality (6 months to 5 years) in the second. First, an unadjusted 
analysiss (only stroke type) was performed, then we added age, sex, 
previouss strokes and (cardiovascular and non-cardiovascular) co-morbidity 
too the Cox model. Finally, in the full model we included stroke severity. In 
alll  models, ties were handled according to the Efron's method.21 Relative 
riskss (RR) were calculated with their 95% confidence intervals (CI). 
Similarly,, the association between stroke type and long-term poor 
functionall  health in the 5-years survivors was analyzed with logistic 
regression.. First, we performed an unadjusted analysis (only stroke type), 
thenn a logistic model adjusting for age, sex, previous strokes and co-
morbidities,, and finally the full model which included stroke severity. 
Effectt sizes were expressed in odds ratios (OR) with their 95% confidence 
intervalss (CI). After adjusting for stroke types, we also assessed the 
impactt of the other prognostic factors (age, sex, previous stroke, co-
morbidities,, stroke severity) on long-term mortality (6 months-5 years) and 
long-termm functional health (5-years survivors). For these analyses, we also 
usedd Cox proportional-hazards and logistic regression. 

6.33 Results 

Thee mean (SD) age of the 760 patients was 73.0 years. (11.8), and 48% was 
femalee (Table 1). 
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Tablee 1. Characteristics of 760 hospitalized stroke patients according 
too type of stroke 
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**  presence or history of: cardiac disease (atrial fibrillation, heart failure or myocardial infarction), 
hypertension,, peripheral vascular disease, or diabetes mellitus; t presence or history of: 
musculoskeletall  disease, chronic obstructive pulmonary disease, or mental decline; % defined as a 
lesss than maximal score on the Eyes or Motor component of the Glasgow Coma Scale 

CTT data were not available of 79 patients, foremost because of death 
shortlyy after admission. Eighty-nine of the 681 patients suffered an 
infratentoriall  stroke and 592 a supratentorial stroke (lacunar infarction 
107,, (sub)cortical infarction 373, intracerebral hemorrhage 112). 

StrokeStroke type and mortality 
Thee cumulative mortality was 34% (258/760) at 6 months, 51% (388/760) at 
33 years, and 62% (471/760) at 5 years. The mortality during the first six 
monthss was 11 times higher than that of the general Dutch population of 
thee same age and sex. After the first 6 months and up to 5 years, the 
mortalityy was about twice as high (Figure 1). 
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Figuree 1 Five-year survival after stroke (n = 760, 366 women and 394 
men),, and five-year survival for an age-matched cohort from 
thee Dutch population. 
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Mortalityy markedly differed for the various stroke types (Figure 2). 

Figuree 2 Five-year survival after stroke in relation to stroke type: 
lacunarr infarction, infratentorial stroke, (sub)cortical 
infarctionn and intracerebral hemorrhage. 
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Thee differences in mortality according to stroke type were most 
prominentt during the first 6 months after stroke (Figure 2). During this 
period,, 8% of the patients with a lacunar infarction died (reference group), 
28%% of the patients with an infratentorial infarction (unadjusted RR = 4.1; 
95%% CI 1.9-8.7), 33% of the patients with a (sub)cortical infarction 
(unadjustedd RR = 4.6; 95% CI 2.3-9.0), and 46% of the patients with an 
intracerebrall  hemorrhage (unadjusted RR = 7.8; 95% CI 3.8-15.9) (Table 2). 
Afterr adjusting for age, sex, previous strokes and co-morbidity, the 
mortalityy differences between stroke types hardly changed. When we 
addedd the stroke severity to the model, the differences in short-term 
mortalityy between various stroke types became smaller (Table 2). 

Tablee 2. Association between stroke type and short-term mortality 
(onsett to 6 months) for 681 patients with CT data; and 
betweenn stroke type and long-term mortality (6 months to 5 
years)) for 465 patients with CT data who survived the first 6 
months* * 
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Adjustedd for 

Age,, sex, previous Age, sex, previous 

strokes,, strokes, co-morbidity, 

andd co-morbidity and stroke severity 

Short- ter mm mortal i t y 

Typee of stroke 

Lacunarr infarction 

Infratentoriall  stroke 

(sub)Corticall  infarction 

Hemorrhage e 

Long-ter mm mortal i t y 

Typee of stroke 
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Infratentoriall  stroke 

(sub)Corticall  infarction 

Hemorrhage e 

1.00 (reference) 

4.11 (1.9- 8.7) 

4.6(2.3-9.0) ) 

7.8(3.8-15.9) ) 

1.00 (reference) 

1.0(0.6-1.7) ) 

1.6(1.1-2.3) ) 

1.5(0.9-2.5) ) 

1.00 (reference) 

4.0(1.9-8.7) ) 

4.0(2.0-- 7.8) 

7.0(3.4-14.2) ) 

1.00 (reference) 

0.9(0.5-1.5) ) 

1.2(0.8-1.9) ) 

1.2(0.7-2.0) ) 

1.00 (reference) 

3.11 (1.4-6.6) 

2.7(1.4-5.5) ) 

3.33 (1.6-7.0) 

1.00 (reference) 

0.9(0.5-1.5) ) 

1.2(0.8-1.8) ) 

1.11 (0.6-1.8) 

**  Relative Risk (RR) and 95% Confidence Interval (CI) 
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Thee 6 months survivors showed only a moderate association between 
strokee type and mortality up to 5 years in the unadjusted analyses. 
Patientss with (sub)cortical infarctions (RR = 1.6; 95% CI 1.1-2.3) were more 
likelyy to die than those with lacunar infarctions (reference group). After 
adjustingg for the other prognostic factors (age, sex, previous stroke, co-
morbidity,, and stroke severity), we found no significant independent 
impactt of stroke types on the long-term mortality (Table 2). 

StrokeStroke type and long-term functional health 
Sixx months after stroke 55% (277/502) of the survivors had a poor 
functionall  health. After 3 and 5 years respectively 49% (184/372) and 42% 
(122/289)) of the survivors reported poor functional health. Of the patients 
whoo survived up to five years, those with (sub)cortical infarctions 
(unadjustedd OR = 3.2; 95% CI 1.7- 6.3) and intracerebral hemorrhages 
(unadjustedd OR = 2.4 95% CI 1.0-5.8) had a higher risk of long-term poor 
functionall  health than patients with lacunar infarctions (Table 3). These 
oddss ratios remained unchanged after adjusting for age, sex, previous 
strokee and co-morbidities. After adding stroke severity (full model), the OR 
off  patients with hemorrhages decreased to a statistically non-significant 
ORR of 2.1 (95% CI 0.7- 6.3) (Table 3). 

Tablee 3. Association between stroke type and long-term (5 years) poor 
functionall  health for  235 patients with CT data who survived 
upp to 5 years* 

Typee of stroke 

Lacunarr infarction 

Infratentoriall  stroke 

(sub)) Cortical infarction 

Hemorrhage e 

Unadjusted d 

1.00 (reference) 

0.8(0.3-1.9) ) 

3.22 (1.7-6.3) 

2.4(1.0-5.8) ) 

Adjustedd for 

Age,, sex, previous 

strokes,, and 

co-morbidity y 

1.00 (reference) 

0.66 (0.2-1.6) 

3.77 (1.8-7.8) 

2.9(1.0-8.1) ) 

Age,, sex, previous 

strokes,, co-morbidity, 

andd stroke severity 

1.00 (reference) 

0.5(0.2-1.4) ) 

3.4(1.6-7.4) ) 

2.11 (0.7-6.3) 

**  Odds ratio (OR) and 95% confidence Interval (CI) 
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ImpactImpact of other prognostic factors on mortality and functional health 
Thee impact of the other prognostic factors on the long-term mortality and 
functionall  health of the patients, after adjusting for stroke types, is 
summarizedd in Table 4. 

Femalee stroke patients were less likely to die than men (adjusted RR 
== 0.8; 95% CI 0.6-1.0), but more female survivors were in a poor functional 
healthh (adjusted OR = 1.8; 95% CI 1.0-3.5). Older age, previous stroke and 
co-morbiditiess had about the same impact on mortality and poor functional 
health.. Stroke severity was the main prognostic factor for a poor functional 
outcomee (adjusted OR = 7.0; 95% CI 1.7-28.8). 

Tablee 4. For stroke type adjusted predictors of long-term mortality (6 
monthss survivors) and long-term poor functional health (5-
yearss survivors). 

Mortalityy Poor functional health 

RRR (95% CI*) OR (95% CI|) 

n=4655 n=235 

Agee per 10 year increment 2.1 (1.7-2.4) 2.1 (1.6-2.9) 

Femaless 0.8(0.6-1.0) 1.8(1.0-3.5) 

Previouss strokes 1.4(1.0-2.0) 2.3(0.9-6.4) 

Cardiovascularr co-morbidity 1.1(0.8-1.5) 1.2(0.6-2.4) 

Non-cardiovascularr co-morbidity 1.5(1.1-1.9) 2.0(1.0-3.9) 

Strokee severity 1.6(1.1-2.5) 7.0(1.7-28.8) 

**  Relative Risk and 95% Confidence Interval (Cox proportional-hazards model) 
tt Odds Ratio and 95% Confidence Interval (logistic regression model) 

6.44 Discussion 

Withh our Dutch multicentre study of 760 hospitalized patients, we could 
confirmm the overall poor prognosis after stroke. After 5 years, 62% of the 
cohortt had died, whereas 42%o of the survivors was in a poor functional 
health. . 

StrokeStroke type and mortality 
AA marked contrast in mortality was observed between patients with 
differentt stroke types in the first 6 months. Patients with lacunar 
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infarctionn had the lowest risk to die, 92% of them were still alive at 6 
months.. We found the highest mortality in patients with hemorrhage; 
aboutt 55% was alive at 6 months. About 70% of patients with infratentorial 
infarctionn and (sub)cortical infarction was alive at 6 months. Our 6 months 
mortalityy for patients with a lacunar infarction was comparable to that 
foundd by Bamford and collegues,16 but was somewhat higher than 
describedd by the research group of Salgado (mortality after 1 year: 5%).22 

Salgado,, however, also included patients treated on an outpatient basis. 
Thesee patients are likely to be healthier. Our high mortality for patients 
withh an intracerebral hemorrhage compare well with those reported by 
others.2-23-24 4 

Ourr results indicate that differences in short-term mortality were 
primarilyy explained by the combination of stroke type and stroke severity. 
However,, in the patients who survived the first 6 months, we could not 
demonstratee an independent impact of stroke type on the mortality up to 5 
years.. Older age, male gender, previous stroke, the presence of pre-existent 
conditionss and the severity of stroke largely explained the long-term 
survival. . 

StrokeStroke type and poor functional health 
AA different picture emerged from the analysis of functional health. We 
foundd an independent association between stroke type and poor functional 
healthh status at 5 years. Especially, patients with (sub)cortical infarction 
and,, to a lesser extent, patients with hemorrhages were more likely to be 
inn a poor functional health than those with lacunar infarction. Cognitive 
disturbancess in stroke types which involve the cortical regions, appear to 
bee the most likely explanation for this finding. Although the mortality 
afterr intracerebral hemorrhage is high, the health of the survivors is not 
worsee than for patients who survive a large (sub)cortical infarction. In an 
earlierr study, we demonstrated this for the functional outcomes up to 6 
months25,, in the present study we observed this effect up to 5 years. 

Furthermore,, a poor functional health was significantly associated 
withh older age, non-cardiovascular co-morbidity, and stroke severity. The 
impactt of these factors on the functional health of the patients was more or 
lesss similar to the impact on the mortality. An interesting finding was the 
differencee between male and female stroke patients. In our cohort, women 
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hadd a lower mortality than men. However, women were more likely to be in 
aa poor functional health. This might suggest that more men with an 
initiall yy poor functional health status died, leading to a group of male 
patientss in a relatively good health. Another explanation may be related to 
ourr definition of functional health in terms of the ability to live 
independently.. This means that household activities play a dominant role. 
Inn this older cohort, women may encounter these problems more often. 

MethodologicalMethodological considerations 
Thee first issue to be considered is selection bias. Are our results 
representativee for the whole population of stroke patients? About 20-35% 
off  all stroke patients in the Netherlands is not admitted to a hospital20 27, 
thesee either concern patients with a very poor prognosis or with a rapidly 
reversiblee stroke. However, the mortality we found was remarkably similar 
too other community-based studies. Moreover, compared to the general 
population,, the excess mortality risk1"3-7-8 we found in our stroke population 
wass also in agreement with other studies.162829 These findings suggest a 
limitedd selection bias in our study. 

Inn our analyses on stroke type and long-term functional health we 
studiedd all patients who survived the first 6-months, including those who 
weree already functionally impaired. Repeated analysis with only the 
healthyy 6 months survivors (n = 121; data available upon request) 
demonstratedd that the association between the type of stroke and the long-
termm functional health was even more pronounced. Although the results 
weree not statistically significant (small number of patients studied), they 
supportt our conclusion that the type of stroke influences the long-term 
healthh outcomes. 

Wee achieved a high rate of CT scanning, 90% of our stroke patients. 
Thee most common reason for the absence of a CT scan in our study was 
thatt patients died shortly after hospital admission. It is likely that the 
majorityy of these patients had a large infarction or a hemorrhage. This 
meanss that the prognosis for patients with a large infarction or 
hemorrhagee is probably even worse than demonstrated in our stroke type 
analysis. . 

Variouss authors used different ways to classify stroke subtypes. Some 
basedd their classification on the presumed causal mechanisms of 
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stroke.378" 300 As mentioned by Bamford and colleagues, a d isadvantage of 

thiss approach is that i t needs a detailed investigation that is not always 

feasible.. Fur thermore, even after a detailed investigation, the causal 

mechanismm remains obscure in as many as 40% of the infarcts.15 Therefore, 

wee largely defined our stroke subtyping according to the Oxfordshire 

Communityy Stroke Project criteria.15 

I nn conclusion, we found that the impact of stroke type on mortal i ty is 

l imitedd to the first 6 months after stroke, whereas the type of stroke 

influencess the long-term functional heal th of the pat ients. 
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