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There is some evidence that the case fatality
Abstract
In a prospective, community-based rate (CFR) in the first few weeks after a stroke
study of 675 consecutive patients with a has declined in recent years.' It is not clear
first-ever stroke, of whom over 90% had whether this reduction has been caused by
computed tomography (CT) and/or changes in management but it has been noted
necropsy examinations, 129 deaths that the decline was most evident between five
occurred within 30 days of the onset of and 21 days post stroke.2 This suggests that it
symptoms, a case fatality rate (CFR) of is deaths from the complications of
19%. The 30 day CFR for patients with immobility rather than those due to the direct
cerebral infarction was 10% (57 of 545), neurological damage that have been reduced.
for primary intracerebral haemorrhage Detailed information concerning the timing
52% (34 of 66), for subarachnoid and cause of death in unbiased groups of
haemorrhage 45% (15 of 33) and for patients where the pathological type of stroke
those of uncertain pathological type 74% is known accurately is scarce. New therapies
(23 of 31). The CFR for patients who had such as fibrinolysis may have a significant
been functionally dependent pre-stroke effect on survival and therefore death should
was 33% compared with 17% for those obviously be included as a major endpoint in
who had been independent pre-stroke. future stroke treatment trials. We have
The age-adjusted relative risk of death already reported the value of accurate
for patients who had been functionally epidemiological data in planning a trial of
dependent pre-stroke was not significan- secondary stroke prevention3 and now wish to
tly greater (1-8, 95% confidence interval report data which might be used to plan trials
0 to 4 3). There was a significant trend of treatment to prevent death after an acute
for CFR to increase with age (Chi square stroke. We have analysed the frequency,
for trend = 4 0, p < 0 05). This relation- causes and timing of early death in patients
ship was found in those patients who had who were registered with a large, prospective,
been functionally independent pre- community-based study of first-ever stroke.4
stroke (Chi square for trend = 7 9, p < Over 90% of patients had a CT scan or
0 005) but not in those who had been necropsy and this allowed accurate correladependent pre-stroke (Chi square for tions to be made with the pathological type of
trend = 0.5, NS). The pattern of increas- stroke.
ing CFR with increasing age amongst
those who had been independent prestroke was seen particularly in patients Methods
with cerebral infarction (Chi square for The detailed methodology of the Oxfordshire
trend = 8-6, p < 0-005). The age-adjusted Community Stroke Project (OCSP) has been
relative risk of death for patients with reported previously.45 Briefly, all first-ever in a
cerebral infarction who had been func- lifetime strokes presenting to medical attention
tionally dependent pre-stroke was 2-2 during a four year period in a population of
(95% confidence interval 1-2 to 4-1). Fifty approximately 105 000 people were registered
three percent of all deaths within 30 days with the study. Patients were assessed as soon
of stroke were due to the direct as possible after the event by a study neurologneurological sequelae of the stroke. ist, whether or not they were admitted to
Patients with primary intracerebral or hospital. At the time of this initial assessment
subarachnoid haemorrhages were sig- an estimate of the degree of pre-stroke hannificantly more likely to die in this way dicap was made from all available information.
than those with cerebral infarction A modified version of the Rankin scale was
(relative risk 4-1; 95% confidence used.67 For the purposes of this study the scale
interval 3-4-4 9) and 56% of such deaths was collapsed into those who were functionally
occurred within 72 hours of onset. In independent before their stroke (Grades 0, 1, 2)
patients with cerebral infarction, 51% of and those who were dependent to some degree
deaths were due to complications of on other people (Grades 3, 4, 5). We attempted
immobility (for example, pneumonia, to obtain CT scan and/or necropsy examinapulmonary embolism) and these were tions on all patients to determine the pathomore likely to occur after the first week. logical type of stroke accurately. The details of
These findings have implications for these investigations have been reported
clinical practice and the planning of previously.5
clinical trials.
All surviving patients were followed up in
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flattening of the survival curve5 and c) it
coincided with the first follow up visit by the
OCSP research nurses.
Statistical analysis included age-adjusted
relative risks,8 odds ratios,9 and Chi square for
positive trend.'0
Results
During the four year study period 675 cases of
first-ever stroke were registered with the OCSP
of which 545 (81%) were due to cerebral
infarction (CI), 66 (10%) to primary
intracerebral haemorrhage (PICH), 33 (5%) to
subarachnoid haemorrhage (SAH) and 31 (5 %)
were of uncertain pathological type (UNC).5
Before the stroke, 572 (85%) patients had been
functionally independent whilst 103 (15%) had
been unable to live independently because of
some non-stroke problem such as arthritis,
dementia etc. No patients were lost to follow
up. There were 129 (19%) deaths within 30
days of the stroke of whom 56 (43%) had a
necropsy examination.

Age and pre-stroke handicap
The age-specific 30 day case fatality rate (CFR)
according to pathological type of stroke is
shown in table 1. When all stroke types were
combined the CFR increased with increasing
4-0, p < 0-05). The
age (Chi square for trend
CFR was higher amongst those patients who
had been dependent pre-stroke (34 of 10333 %) than those who had been independent (95
of 572-17%); the age-adjusted relative risk was
1-8 (95% confidence interval 0 to 4-3). The rise
in CFR with increasing age was statistically
significant in those who had been independent
pre-stroke (Chi square for trend = 7 9, p <
0 005) but not in those who had been dependent (Chi square for trend 0 5).
If the analysis is restricted to those patients
who had a cerebral infarct, the relative risk of
death was 2-2 times greater for those who had
been functionally dependent pre-stroke (95%
=

=

Table 1 Age specific- case fatality rates for the different pathological types of stroke by level of pre-stroke handicap

Age

Dep
<65

Deaths
Patients

CFR

65-74

Deaths
Patients

75-84

Deaths
Patients

CFR
CFR

> 85

Deaths
Patients

CFR
ALL

Primary
Intracerebral
Haemorrhage

Cerebral
Infarction

Deaths
Patients

CFR

n= 4

Ind

Tot

Dep

Ind

Tot

Dep

5
111

9
122

8
19

8
19

7%

0
0
0
2
2

42%

42%

8%

100%

38%

44%

0
0
0
0
0
0
0
0
0
0
0
0

n=11
36%
n= 3
n= 12
23%

11
155

n= 7

14
158

n=31

22%

n= 4
n=27

15%
n= 18

n=81

22%

4%
7%

9%

9
40

22%
39
464

8%

14
167
21
189

11%

13
67

19%
57

545

positive trend

20

8-6**

1
2

50%

0.05

<
< 0-005.

**p

13
22

14
24

59%

58%
4
5

2

50%

100%

4
6

30
60

34
66

50%

52%

67%

2-4

2-1

CFR = case fatality rate.
Ind = functionally independent pre-stroke (Rankin grades 0, 1, 2)
Dep = functionally dependent pre-stroke (Rankin grades 3, 4, 5)

*p

8
18

3
3

1

10%

Chi square for

6
16

2.6*

Uncertain
Pathological
Type

Subarachnoid
Haemorrhage

80%

1-2

0
0
0

Ind

Tot

Dep

100%
3
5

40%

0
0
0
4

60%

60%

33%

8
9

83%

4,
100%

4
5

80%

89%

38%

38%

40%
83%
0
1
0

Tot

5
12
42%
5
14

8
21

5
6

Ind
0
0
0
3
5

8
21

2
5

Dep

Total

2
5

5
6

0
1

1
1

100%

7
11

4

5

1
1

11
16

64%

80%

69%

15
33

15
33

12
16

11
15

23
31

45%

45%

75%

73%

74%

09

09

.3-8

1 1

0

01

12
37

32%

12
40

30%
34
103

33%
0-5

Ind

Tot

21
151
14%
22
181

26
163

12%
36
191

19%

16
49

33%
95
572

17%
7-9**

16%

27
195

14%

48
228

21%

28
89

31%
129
675

19%
40*
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their place of residence by our research nurses.
If a patient died, the hospital and general
practitioner records were scrutinised and, if
possible, the details were discussed with the
doctor who had attended the patient at the time
of death. This information, together with the
details of any necropsy examination, was discussed at a regular meeting of the members of
the project team and the cause of death was
assigned to one of the following categories:
1 Death due to the direct neurological
sequelae of the first stroke-if there was
necropsy evidence of trans-tentorial herniation
or if the clinical course immediately before
death was typical of rostro-caudal brainstem
compression; if there had been direct disruption of brainstem function by infra-tentorial
strokes or if such strokes had produced acute
obstructive hydrocephalus.
2 Death due to the direct neurological
sequelae (as above) of a recurrent stroke (NB
the first stroke must have occurred in the study
period).
3 Death definitely due to cardiac disease-if
the clinical diagnosis based on history and
examination included conditions such as acute
myocardial infarction, cardiac dysrhythmias or
cardiac failure and was supported by ECG,
cardiac enzymes, chest radiography or
necropsy findings.
4 Death probably due to cardiac disease-as
above but based on the findings of the clinical
history and examination alone. This included
cases of sudden unexpected death.
5 Death due to the complications of
immobility, for example bronchopneumonia,
pulmonary embolus and sepsis.
6 Death unrelated to the stroke, for example,
cancer, suicides, accidents.
This report deals with those deaths which
occurred within 30 days of the onset of the firstever stroke (day 1 represents the day of the
stroke). This period was chosen because a) itallowed comparison with other large community-based studies b) it corresponded with the
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Age group

Neuro

Immob

Cardiac

Other

Total

< 65
65-74
75-84
> 85

(n=163)
(n= 195)
(n=228)
(n=89)

16(62%)
16 (59%)
25(52%)
12 (43%)

6(23%)
9 (33%)
16(33%)
14 (50%)

1(4%)
2 (7%)
5(10%)
1 (4%)

3(12%)
0 (0)
2(4%)
1 (4%)

26
27
48
28

Total

(n=675)

69 (53%)

45 (35%)

9 (7%)

6 (5%)

129

Cause of death:

Neuro = due to direct neurological sequelae
Immob = due to complications of immobility

confidence interval 1-2 to 4 1). The trend of
increasing CFR with age was only present in
those who were independent pre-stroke (table
1).

PICH or SAH. Only 16 of 545 (3%) patients
with CI actually died from the direct
neurological sequelae. Furthermore, five of
these 16 had been functionally dependent
before the stroke. One might have expected the
Timing and cause of death
excess CFR amongst those patients with CI
Eighty of the 129 deaths (62%) occurred either who had been dependent pre-stroke to have
on the day of the stroke (referred to as day 1) or
been caused by an increased proportion of
in the first seven complete days after stroke, deaths due to the complications of immobility
and 27 (21%) in the subsequent seven days. but the age-adjusted relative risk was 0 97;
There were 22 (17%) deaths between 16 and 30 (95% confidence interval 0 to 13-7).
days post stroke. Death was ascribed to: the
The time to death for those dying from the
direct neurological sequelae of the stroke in 69 direct neurological sequelae of their first stroke
cases (53%, 95% confidence interval 45% to
is shown in fig 1. The only "neurological"
62%) of which four were recurrent strokes; to deaths more than seven days after the first
the complications of stroke related disability in stroke followed a recurrent stroke-on days 13
45 cases (35 %, 27% to 43 %); to cardiac disease (SAH), 15 (PICH), 17 (CI), and 24 (SAH).
in nine cases (7%), and to other causes in six Significantly more deaths from haemorrhagic
cases (5%).
strokes occurred within the first 12 hours (16 of
The age-specific causes of death are shown in 49 [33%]) of which four were SAH and 12
table 2. With increasing age there was a PICH, compared with one of 57 [2%] cases of
decreasing proportion of neurological deaths CI (Odds ratio 27; 95 % confidence interval 6 to
and an increasing proportion of deaths due to 134). Of the 12 patients dying from PICH, four
immobility. However, neither trend was statis- were found dead in bed, three died within four
tically significant, possibly because of the small hours of the first symptom and the other five
numbers in each group (Chi square for trend- within 12 hours. Of the eight who were alive
neurological deaths = 2-2, p = 0-138; deaths when first found, two were dead on arrival at
due to immobility = 3-69, p = 0 054).
hospital, one was cared for at home throughout
The cause of death according to pathological and the other five were all in hospital within one
type of stroke and level of pre-stroke handicap hour of the first symptom. None had neurosuris shown in table 3. Patients who had a PICH gical procedures performed. Of the four
were significantly more likely to die from the patients dying from their first SAH, one was
direct neurological sequelae (25 of 34, 74%) found dead and the others died four, six and
than those with CI (16 of 57, 28%) (age- eight hours after the onset of symptoms. It is
adjusted relative risk = 4-1; 95% confidence important to note than six of the 15 (40%)
interval 3-4 to 4-9) and 87% of deaths in patients who died from the neurological
patients who had a SAH were due to sequelae of their first cerebral infarct had
neurological causes. Indeed, all deaths due to lesions in the brainstem, their deaths occurring
direct neurological damage in patients less than on day two (three cases), day three (one case)
65 years of age were in patients with either and day four (two cases). Only three patients
Table 3 Cause of death by pathological type of stroke and pre-stroke handicap
Primary
Intracerebral
Haemorrhage

Cerebral
Infarction
Cause of death

Ind

Uncertain
Pathological
Type

Subarachnoid
Haemorrhage

Total

Dep

Tot

Ind

Dep

Tot

Ind

Dep

Tot

Ind

Dep

Tot

Ind

Dep

5

1
25%

25
74%

13
87%

0
0

13
87%

8
73%

7
58%

15
65%

56
59%

13
38%

69
53%

3
75%
0
0
0
0

7
21%
0
0
2
6%

1
7%
1
7%
0
0

0
0
0
0
0
0

1
7%
1
7%
0
0

3
27%
0
0
0
0

5
42%
0
0
0
0

8
35%
0
0
0
0

27
28%
8
8%
4
4%

18
53%
1
3%
2
6%

45
35%
9
7%
6
6%

11

12

23

95

34

Tot

Neurological

Sequelae

n=

%=
Complications

of immobility
Cardiacdisease
Other causes

n=

16
28%

24

28%

19

10
56%

29

51%

4
13%

8
14%
4

0
0
2

% = 49%
n=
7
%= 18%
n=

%=
ALL CAUSES

11

28%

n=

2

5%
39

1

6%
2

11%
18

7%

57

80%

7%
30

Ind = functionally independent pre-stroke (Rankin grades 0, 1, 2)
Dep = functionally dependent pre-stroke (Rankin grades 3, 4, 5)

4

34

15

0

15

129
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Table 2 Age specific causes of death
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CI = cerebral infarction
PICH = primary
intracerebral haemorrhage
SAH = subarachnoid
haemorrhage

i~~

PICH
ul

1 SAH

z

who died were taking aspirin (two CI, one
PICH) and only one who had a cerebral infarct
was on

anticoagulants.

The time to death for those dying from
cardiac disease or the complications of
immobility is shown in fig 2. All but one of the
nine cardiac deaths occurred in patients with
CI and four (44%) had had a recent myocardial
infarction before their stroke.

Discussion
Ascertaining the cause of death
If treatments to reduce death after stroke are to
be appropriately targeted on specific pathological processes and then tested adequately,
it is vital to know the frequency, mechanisms
and timing of deaths in untreated patients.
Although many studies have described the
proportion of patients who survive after a
stroke, little attention has been paid to the
specific causes of death, particularly in community-based series. This may well be a reflection of the methodological difficulties which are
encountered.
The recognised inaccuracies of death certificates" 1213 mean that, on their own, they are
unsuitable for any detailed study. The
necropsy also has limitations as the ultimate
arbiter of the cause of death, even if a significant proportion of cases can be studied
which is unusual.'4 In the United Kingdom,
many patients who die rapidly have a necropsy
examination primarily to satisfy the coroner
that there are no suspicious circumstances
relating to the death. In such cases the brain is
often cut fresh and not retained for examination
by a neuropathologist. Stroke may be given as
the primary cause of death yet the mechanism
by which it led to death may not be mentioned.
Also, the pathological changes of infarction
(either cerebral or cardiac) take hours or even
days to appear macroscopically.'5 Thus the
identification of, for example, brainstem infarcts causing death by direct disruption of

Figure 2 Timing of
deaths due to the
complications of
immobility or cardiac
disease.

* Immobility

| Cardiac
-o
z

Days from onset of stroke

respiratory and cardiovascular "centres", is
extemely difficult in the acute phase. Similarly,
the extent of infarction visible macroscopically
may be considerably less than the total area of
affected tissue. A further problem is to identify
the cause of death when several different pathological processes are present. Indeed, some
authors have simply listed all pathological
findings without attempting to identify the
most likely cause of death.'6
In this community-based study we reviewed
all the available information, both clinical and
pathological, to try and determine which
process had been the most important in determining the fatal outcome in every patient.
Nevertheless, since a proportion of the patients
were elderly and managed at home, and
therefore even quite simple investigations were
either clinically inappropriate or impractical,
we have had to use fairly broad categories. One
advantage of hospital-based studies, particularly those that are performed prospectively, is that they may have available the
details of serial physical examinations and the
results of various investigations performed
near the time of death, even though the group
of patients will be a potentially biased sample.
Therefore, the cause of death may be determined more accurately than for patients who
die in the community. Bias may occur in
hospital series because patients with more
severe deficits (often due to PICH) are more
likely to be admitted to hospital.'7 Also, a
significant proportion, particularly those with
PICH or SAH, will die before admission is
possible. Since attitudes towards hospital
admission are likely to vary unpredictably from
area to area and with time, particularly if new
treatments become available, it is important
that planning decisions are made taking all
patients with stroke into account. Although
community based studies of stroke can avoid
this selection bias, no prospective study has
previously attempted to determine the likely
mechanisms of death within 30 days of the
stroke.

Effect of age and pre-stroke handicap
The trend for the CFR to rise with increasing
age was noted by Parrish et al'8 in 1966 and has
since been reported in a number of communitybased series."'22 Our data suggest that this may
only apply to patients who had been functionally independent pre-stroke. Very few patients
who had a PICH or SAH had been functionally
dependent pre-stroke and therefore this trend
is seen most clearly when only cases of cerebral
infarction are considered. We have also shown
that in patients aged less than 75 years, over
half the early deaths occur in patients with
either PICH or SAH. Therefore, if treatments
aimed at preventing death soon after a cerebral
infarct are to be tested, elderly patients who are
more likely to have "endpoints" should not be
excluded from clinical trials. A potential
problem with such a strategy is, as several
authors7 2223 have noted, that the proportion of
patients who are admitted to hospital declines
with increasing,age, thus reducing the number
of cases likely to enter a trial. Such patterns
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Figure I Timing of
deaths due to the direct
neurological sequelae of a
first stroke according to
pathological type.
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Cause and timing of deaths
a) Strokes due to primary intracerebral or
subarachnoid haemorrhage
Necropsy series have demonstrated that
intracranial haemorrhages which rupture into
the ventricular system frequently result in
rapid death, presumably due to the acute rise in
intracranial pressure and secondary brainstem
haemorrages."5 This pattern has been confirmed in community-based studies; for example
Furlan et al'6 reported that in Rochester, Minnesota, about 75% of the deaths from PICH
occurred within 72 hours of the onset. The
lower proportion (56%) in our series, although
not significantly different, may be due to the
detection of smaller haemorrhages with CT
scanning. In a more detailed report from
Rochester,27 35% of deaths in patients with
PICH and 610% in patients with SAH occurred
within 24 hours of the onset compared with
only 2% of deaths in patients with CI (none of
which were due to trans-tentorial herniation).
In our series the respective figures were 35%
for PICH but only 27% for SAH, the latter
proportion being significantly lower (p <
0-01). This may reflect the more rapid and
frequent detection and, presumably, treatment
of early complications of SAH such as hydrocephalus with CT scanning. Recent data from
Rochester28 shows that the CFR from SAH has
declined there during the last decade. Phillips
et alf noted that 30% of the patients who died
from a PICH were taking anticoagulants. The
number of patients in our study who were
taking either anticoagulants or aspirin was very
small but no trend towards a higher CFR in this
group was noted.
The most detailed hospital-based study
published to date was that by Silver et al'9
though this excluded cases requiring urgent
neurosurgical intervention (cases of SAH and
cerebellar haematoma) and any who died
before reaching hospital. In this series 80% of
the "neurological" deaths in patients with
PICH had occurred within 72 hours of onset.
However, they suggested that a second peak of
deaths occurring at the end of the first week
might be due to the development of oedema

around the haematoma. The pathological
evidence suggests that the oedema around a
haematoma only increases for the first three
days,"5 but our results are similar to those of
Silver et al,'9 there being a small rise in the
number of deaths on the fifth day. There was no
clinical evidence from our study that these
slightly later deaths might be due to further
haemorrhage although those patients who were
at home were not under close clinical supervision. Our findings confirm those of other
studies where the majority of deaths in patients
with PICH or SAH have been due to the direct
neurological sequelae of the haemorrhage.'429
Nearly 70% of such deaths occurred within 72
hours of onset and most of these patients were
comatose from soon after the ictus. There is no
evidence that surgical intervention in this
group is of benefit, presumably because significant structural damage to vital centres is
caused at the onset.30 Therefore, the number of
patients with PICH who are not comatose at
presentation but who subsequently die from
the neurologial sequelae, and thus who might
have been considered for surgical intervention,
was very small.

Ischaemic strokes
Although patients with cerebral infarcts have a
much lower CFR than patients with PICH or
SAH, they are more frequent and account for
almost half of all deaths within 30 days of a first
stroke. Moreover, the timing and causes of
these deaths are quite different to those in
patients with PICH or SAH. In our study,
28 % of early deaths after a first cerebral infarct
were due to the direct neurological sequelae
and only 16% were due to trans-tentorial
herniation. Experimental, necropsy and
radiological evidence suggests that the oedema
around a cerebral infarct reaches its maximum
between third and fifth days after stroke.'5
However, in the study of Shaw et al" six of the
17 patients died within two days and only two
between days three and five. There was a
similar finding in the necropsy study of Bounds
et al32 where 62% of the deaths due to transtentorial herniation had occurred within three
days of onset. Once again our findings are in
keeping with those of Silver et al'9 who
attributed 80% of deaths in the first week after
supratentorial infarction to trans-tentorial
herniation with no such deaths on the first day
and a peak between the second and sixth days.
In our series the only death within 24 hours of
onset of a cerebral infarct was a patient who was
found dead in bed at home. Regrettably, only a
coroner's necropsy was performed and the
brain was not sent to a neuropathologist.
Cerebral infarction was recorded as the cause of
death although no comment was made about
trans-tentorial herniation or midline shift. No
other cause of death was found and therefore,
with some reservation, we placed it in the
category of neurological death. We would agree
with Silver et al9 that the discrepancy between
the clinical and necropsy studies probably
results from an unusual case mix in the latter;
for example whilst 50% of deaths had occurred
within three days of onset in the study of
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might alter if a truly effective treatment were
available for acute stroke.
Our results confirm that pre-stroke handicap
is an adverse prognostic factor for early
survival which, amongst patients with cerebral
infarction, seems to be independent of age. One
might have expected that the excess mortality
of those who were handicapped would be due to
the complications of immobility but, once age
had been taken into account, we were unable to
show this although the small numbers meant
that the confidence interval was very wide. In
the hospital-based necropsy series of Viitanen,
Winblad and Asplund'4 which studied deaths
up to three months after a stroke, there was a
tendency for those over 75 years of age (who are
likely to be more disabled than younger
patients) to die from bonchopneumonia rather
than from the direct neurological sequelae of
the stroke, but this did not reach conventional
levels of significance.
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Bounds et al32 only 12% had occurred by this
time in the study of Silver et al.29
Deaths due to the complications of
immobility become frequent after the first
week. In the necropsy study of Brown and
Glassenberg"6 all of the patients surviving more
than one week had evidence of potentially fatal
diseases outside the nervous system. We have
considered pneumonia, pulmonary embolism
and sepsis together because of the difficulties of
distinguishing the first two in patients not
medical
under
constant
supervision.
Pneumonia has been reported to be almost
twice as common a cause of death as pulmonary
embolism29 32 although others have reported the
opposite.24 Silver et al29 described the same
temporal pattern of non-neurological deaths in
a similar composite group to that in our study.
It has been suggested that a possible value of
stroke intensive care units is that the mortality
from these complications may be reduced33
although it is less clear whether this is at the
expense of increased numbers of survivors with
persistent major disability. We were unable to
comment on the functional status of patients
immediately before death but Silver et al29
noted that in over 70% of such cases the
patients were severely disabled. If acute treatments aimed at limiting the extent of cerebral
infarction become available and are tested in
clinical trials, then it would be important to
include an assessment of the cause of any deaths
in the protocol. However, specific treatments to
prevent complications may be of benefit to
those with mild or minimal disability.34
The results of this study emphasise the
different frequency, timing and causes of death
between patients with primary intracerebral or
subarachnoid haemorrhage and those with
cerebral infarction. In the former, the majority
of deaths are due to the acute compromise of
critical neurological functions whereas in the
latter death is more likely to occur because of
the complications of immobility. When clinical
trials of treatments for acute stroke are being
planned, these characteristics should be taken
into account.
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