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ABSTRACT

Stroke is a major health problem in all developed countries. These stu
dies, performed in a stroke unit at a medical department, were designed 
to characterize essential clinical features of the different cerebro
vascular disorders on admission to hospital, to evaluate the efficacy 
of admitting unselected stroke patients to a stroke unit and, to evalu
ate hemodilution as a therapeutical regime in patients with cerebral 
infarction.
A prospective registry included 409 patients admitted to the stroke 
unit over a five-year period. Modern diagnostic equipment (CT scan and 
CSF analyses) and strict diagnostic criteria revealed a diagnostic dis
tribution of 11% hemorrhagic, 76% ischemic cerebrovascular lesions and 
13% TIAs. Mean age varied between 65.8 and 77.5 years in the various 
diagnostic groups with the highest in patients with embolic cerebral 
infarctions. Concomitant disorders affecting the cardiovascular system 
were highly prevalent and only 14% was free of such diseases prior to 
the stroke.
In a comparative prospective study, over 16 months, no differences were 
found between patients treated in the stroke unit (n = 110) and the 
general medical wards (n = 183) regarding prognostic indicators on ad
mission such as age, concomitant disorders and neurological symptoms. 
The stroke patients treated in the stroke unit had a statistically sig
nificant better prognosis regarding functional outcome and the need for 
long-term hospitalization was reduced up to one year after the stroke 
when compared to patients treated in general medical wards. All stroke 
patients seemed to benefit with the possible exception of patients in 
coma on admission. These results were achieved within the same or 
shorter length of initial hospital stay for patients in the stroke 
unit. Neither overall mortality, nor mortality in subgroups of prognos
tic importance was significantly affected by the stroke unit regime. 
Rapid hemodilution in the early phase of cerebral infarction by the 
combination of venesection and administration of dextran 40 was evalu
ated in a prospective controlled trial. After randomization 52 hemodi- 
luted and 50 control patients were comparable in prognostic variables. 
Signs of blood-brain-barrier breakdown and hemorrhagic admixture to the 
cerebrospinal fluid in the acute phase were less frequent in hemodilut
ed subjects. The hemodi luted patients showed a significantly higher de
gree of early improvement and fewer progressions. Neurological and 
functional disability in survivors and need for long-term hospitaliza
tion was significantly reduced at 3 months and at one year after the 
stroke compared to controls. Mortality was not affected.

Key words: Acute cerebrovascular disease, blood viscosity, cerebral in
farction, hemodilution therapy, stroke unit
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ABBREVIATIONS

ADL = Activities of daily living

BBB = Blood-brain-barrier

CBF = Cerebral blood flow

CSF = Cerebrospinal fluid

CT = Computed tomography of the skull

CVD = Cerebrovascular disease

GMW = General medical ward

ICD = International classification of diseases

RIND = Reversible ischemic neurological deficit

SAH = Subarachnoid hemorrhage

SU = Stroke unit

TIA = Transient ischemic attack
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ABSTRACT

Stroke is a major health problem in all developed countries. These stu
dies, performed in a stroke unit at a medical department, were designed 
to characterize essential clinical features of the different cerebro
vascular disorders on admission to hospital, to evaluate the efficacy 
of admitting unselected stroke patients to a stroke unit and, to evalu
ate hemodilution as a therapeutical regime in patients with cerebral 
infarction.
A prospective registry included 409 patients admitted to the stroke 
unit over a five-year period. Modern diagnostic equipment (CT scan and 
CSF analyses) and strict diagnostic criteria revealed a diagnostic dis
tribution of 11% hemorrhagic, 76% ischemic cerebrovascular lesions and 
13% TIAs. Mean age varied between 65.8 and 77.5 years in the various 
diagnostic groups with the highest in patients with embolic cerebral 
infarctions. Concomitant disorders affecting the cardiovascular system 
were highly prevalent and only 14% was free of such diseases prior to 
the stroke.
In a comparative prospective study, over 16 months, no differences were 
found between patients treated in the stroke unit (n = 110) and the 
general medical wards (n = 183) regarding prognostic indicators on ad
mission such as age, concomitant disorders and neurological symptoms. 
The stroke patients treated in the stroke unit had a statistically sig
nificant better prognosis regarding functional outcome and the need for 
long-term hospitalization was reduced up to one year after the stroke 
when compared to patients treated in general medical wards. All stroke 
patients seemed to benefit with the possible exception of patients in 
coma on admission. These results were achieved within the same or 
shorter length of initial hospital stay for patients in the stroke 
unit. Neither overall mortality, nor mortality in subgroups of prognos
tic importance was significantly affected by the stroke unit regime. 
Rapid hemodilution in the early phase of cerebral infarction by the 
combination of venesection and administration of dextran 40 was evalu
ated in a prospective controlled trial. After randomization 52 hemodi- 
luted and 50 control patients were comparable in prognostic variables. 
Signs of blood-brain-barrier breakdown and hemorrhagic admixture to the 
cerebrospinal fluid in the acute phase were less frequent in hemodilut
ed subjects. The hemodi luted patients showed a significantly higher de
gree of early improvement and fewer progressions. Neurological and 
functional disability in survivors and need for long-term hospitaliza
tion was significantly reduced at 3 months and at one year after the 
stroke compared to controls. Mortality was not affected.

Key words: Acute cerebrovascular disease, blood viscosity, cerebral in
farction, hemodilution therapy, stroke unit
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INTRODUCTION

Stroke is a major health problem in all developed countries, ranks high 
as a cause of death and are the main cause of severe permanant disabil
ity in the last decades of life. It strikes the victim sudden and unex
pectedly.

When our prospective studies were started in 1978 there was no conclu
sive evidence, elicted from properly designed controlled studies, show
ing that specialized care in stroke units during the acute phase of 
stroke when compared to conventional treatment, would benefit the 
stroke victim. Further, there was no general, effective and safe thera
peutical regime to offer the majority of stroke patients, those with a 
completed cerebral infarction.

These studies were designed to evaluate the efficacy of admitting un
selected stroke patients to a non-intensive stroke unit during the 
acute phase of stroke and to evaluate an acute therapeutic regime aimed 
to increase cerebral blood flow without unaccepted adverse effects in 
the majority of patients with acute ischemic stroke.

REVIEW OF THE LITERATURE 

Epi demiology
Stroke, or acute cerebrovascular disease (CVD), is defined as the sud
den onset of a focal neurological deficit of presumed vascular origin 
and without previous trauma to the head. If the neurological deficit is 
completely reversed within 24 hours, and the cause is presumed to be 
ischemic, the term transitory ischemic attack (TIA) is used (1, 2).

The annual stroke incidence rate per thousand population has been re
ported to be 2.9 in Söderhamn, Sweden (3), 2.35 in Kuopio, Finland (4) 
and 2.4 in Fredriksberg, Denmark (5) when all age classes except chil
dren are included. These figures are also valid in a world-wide per
spective (6-8), and even higher figures are reported from China (14).
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Each year approximately 25 000 persons in Sweden will suffer a stroke 
(3). Of these, approximately one third dies during the first three 
months after their stroke (3, 6, 9-11). Of those who survive, approxi
mately one third will recover completely or almost completely, one 
third are left with minor to moderate neurological and functional de
ficits and one third will be heavily disabled. These figures are de
duced from several population based epidemiological studies during the 
last decade, showing no major variations in the prognosis of acute CVD 
(3, 6, 10, 11).

Although a declining age-specific incidence of stroke and stroke mor
tality has been reported from some countries during the last years (12, 
13) and further development of preventive measures is to be expected, 
acute CVD will remain a highly significant clinical problem. The stroke 
incidence increases rapidly with age (3-8) and, since the proportion of 
old aged people will continue to increase, one cannot expect great re
ductions in morbidity figures (15).

General features in a stroke population
Figure 1 shows the temporal profile of clinical stroke. Though most 
TIAs only will last a couple of minutes (16), the other profiles offer 
greater problems. The frequency of deterioration in acute stroke varies 
between 23 and 46% in different studies (1, 17-19), mainly depending on 
lack of clarity in definition and the frequency and accuracy of repeat
ed clinical examinations during the early acute phase. In a recent 
Swedish study of 402 consecutive acute stroke patients, deterioration 
in motor function and/or speech abilaity after arrival at hospital was 
found in 42% of patients with ischemic lesions and in 61% of patients 
with intracerebral hemorrhage. Progression was fairly marked in 25% of 
the patients and half of the progressions occurred within the first 24 
hours after admission. No characteristics were found that identified a 
risk of deterioration (17).

A stroke is arbitrarily said to be completed if no progression is shown 
48 hours after symptom onset if the lesion is in the territory supplied 
by a carotid artery (1); a corresponding figure in the vertebro-basilar 
territory is postulated to be 72 hours (1). A progression of neuro-
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logical deficits after these two symptom-free intervals then must be 
considered as development of cerebral edema (20) or a recurrent stroke. 
Classifications on clinical grounds, i.e. neurological symptoms, is 
also arbitrary and the distinction between TIA, RIND (reversible ische
mic neurological deficits) and minor stroke is also a matter of accura
cy in the clinical assessment. Many patients, classified as having a 
TIA, are showing a picture of cerebral infarction on CT-scan (21).

COMPLETED STROKE

ROGRESSING STROKE

RIND

Fig. 1. Temporal profile of acute stroke.

The patients may be referred to hospital at any time point during the 
acute phase of stroke and, thus, in the individual patient, it is im
possible at the time of first clinical examination to tell what the 
neurological deficit will turn out to be in the next couple of hours or 
days. The delay from onset of symptoms until admission to hospital (if 
admitted) may show considerable variations. Median onset-admission de
lay was five hours in a consecutive series of stroke patients referred 
to our stroke unit over a period of five years (I).
Although there are miscellaneous causes to cerebrovascular pathology 
(infections, arteritis, immunopathies, vascular anomalies, migraine, 
SAH related vasospasm, metabolic alterations and tumor complications), 
clinical stroke is mainly a late manifestation of atherosclerotic vasc
ular disease. Therefore, also other atherosclerotic manifestations are 
common in a stroke population. Thus coexisting heart diseases, mainly 
of ischemic origin are highly prevalent in stroke patients (11, 22,
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23). This is of both pathogenetic importance for the stroke per se, 
i.e. as a source of embolization and hemodynamic alterations, and of 
prognostic importance for survival and residual morbidity (24). Dis
orders of importance for the development of atherosclerotic vascular 
disease are also common in stroke populations; thus hypertension is re
ported in 40-60% in unselected stroke populations (9, 22, 25, 26) and 
coexisting diabetes mellitus in 10-15% (9, 22, 23, 25). Short- as well 
as long-term prognostication is not possible with accuracy if not also 
these factors are considered in addition to the cerebral lesion as 
such.

Recent studies, on well investigated stroke populations, using modern 
diagnostic methods (CT-scan with or without concomitant CSF-analyses), 
report that approximately 85-90% of all patients, presenting with a 
sudden onset of focal neurological dysfunction which persists for more 
than 24 hours, have a cerebral infarction and only 10-15% have an in
tracerebral hemorrhage (27-29). Previous studies on stroke epidemiology 
did not include well-investi gated patients, which might have overestim
ated the frequency of intracerebral hemorrhage. The present general 
availability of effective antihypertensive treatments may also have 
contributed to a real decline in the incidence of intracerebral hemor
rhages (12, 30).

Hospital admittance
Referrals to hospital both in the acute and/or in the subacute-chronic 
phase of stroke are influenced by socioeconomic factors and show great 
geographic variability (6). In Sweden, hospital care is free of charge, 
all costs are covered by the national health insurance system and, 
thus, hospitalization rates for severely disabled patients are not sig
nificantly influenced by economic factors. In Söderhamn, Sweden, ap
proximately 90% of all acute CVD patients were admitted to hospital 
shortly after symptom onset (3). A slightly lower figure seems to be 
valid in the USA (70-80%) (9) whereas in the rest of the industralized 
world, reports from the UK show low acute hospitalization rates (31, 
32), even for severely disabled patients (32).
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Obviously, disabling stroke represents a catastrophe for the affected 
individuals and their families and a substantial cost for society as 
well (33, 34). However, since there is no generally accepted effective 
specific medical regime to offer the acute stroke patient (35-37), hos
pital routines for investigation, treatment and rehabilitation vary 
considerably even in the same country and within the same hospital (9, 
22, 27).

With the aim to optimalize basic care and rehabilitative efforts, to 
evaluate diagnostic procedures and therapeutic interventions and to 
promote education and research, comprehensive stroke programs have been 
suggested (2, 38) and outlined (39) mainly during the last two decades. 
Such programs can be implemented either by organizing a multi-di sci pii- 
nary team of stroke specialists providing services wherever the patient 
is placed or, by grouping stroke patients together in a stroke unit 
(39).

Stroke units
Stroke units may be classified according to the following principles:

Stroke intensive care units admitting stroke patients shortly after 
symptom onset and equipped with facilities for intensive care (e.g. 
equipment for assisted ventilation and continuous monitoring of cardiac 
function) (40-46).
Non-intensive stroke units without equipment for intensive care and 
admitting patients in the acute or subacute phase (22, 47-49).
Stroke rehabilitation units devoted entirely to rehabilitation of sur
vivors after the acute phase (50-53). These units often select the pa
tients admitted with regard to their need for rehabilitation and poten
tial to benefit therefrom.

During the 1970's, substantial attention was given to the value of 
stroke units in improving patient outcome. However, productivity of 
stroke units in terms of reducing mortality during the acute phase have 
not been observed, even in intensive care unit settings (41, 42, 44- 
46). Those evaluations are all non-randomized, retrospective compari
sons between care provided in specialized neurovascular intensive care
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units and regular ward care in the same hospital at different periods 
of time or at other hospitals. However, a reduction in post-stroke com
plications has been reported (43, 44) and in one study (45), which in
cluded no controls, almost no secondary complications at all were 
shown. In this study, however, the average duration of stay in the unit 
for stroke patients was only five days, leaving little opportunity for 
complications to develop. In two retrospective studies, a reduced acute 
stroke mortality was shown (40, 43), but in one of these studies (40) 
the comparability of patients has been questioned.

Early evaluation of stroke unit efficacy mainly dealt with mortality as 
an endpoint. Functional outcome in survivors, however, must also be 
considered of essential importance. Saving lives in otherwise severely 
disabled and old stroke victims may be a questionable goas as such 
(54). Several studies have stressed the importance of rehabilitation in 
determining final functional outcome (55-59). However, estimating the 
efficacy of rehabilitation offers some problems. Since the most severe
ly disabled hospitalized patients probably are those who get the larg
est amount of physiotherapy over a long period of time, there will be 
an inverse relationship between the amount of physiotherapy given over 
time and final functional outcome (60, 61).

Many studies indicate that an early start of rehabilitative efforts 
after a stroke is important for a successful outcome (62-68). It has 
been suggested that the early start of rehabilitation rather than the 
amount or duration of treatment may be of decisive importance for suc
cess, particularly for occupational therapy (69). Also early family in
volvement in the rehabilitation process seems to be of importance (59). 
Therefore, several non-intensive stroke units have adopted these prin
ciples and, when admitting stroke patients in the acute or subacute 
phase try to facilitate early rehabilitation with the aid of skilled 
staff and family.

A basic question is whether intensive rehabilitative and diagnostic 
efforts in the very early stage of stroke produces enough functional 
improvement to be worthwhile in view of the time and cost of such pro
cedures. Several studies have attempted to assess the effectiveness of
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early intense stroke rehabilitation, but differences in the evaluation 
processes have made it difficult to interpret the conclusions reached 
by different authors (70).

In Table I, results from some recent controlled studies, concerning the 
productivity of different non-intensi ve stroke unit settings or team 
care, are listed. In the Swedish study, which showed no significant 
difference in functional outcome or mortality (22), the stroke unit had 
no extra resources for rehabilitation. In the Scottish study, the pro
mising results regarding functional outcome at three months after the 
stroke (47) were not sustained at one year follow up. As suggested by 
the authors, this was possibly due to overprotection by family members 
during the rest of the year (71). In the American trial, which showed 
no difference in functional outcome, the patients were scattered 
throughout several departments in the hospital, without continuous 
supervision by the stroke team (72). In the English study, the patients 
were not admitted in the very acute phase, about 85% were admitted 
within three weeks after symptom onset (73).

All these studies used allocation procedures that somehow guaranteed a 
non-biased selection of patients to the various treatment regimes, but 
the results from these studies do not allow us to state that stroke 
units or specialized team care regimes affect the ultimate extent of 
neurological disability.

However, other factors that are hard to evaluate or control are import
ant results as such. The overwhelming number of reports on stroke units 
have stressed the importance of the unit as a basis for education, for 
research and as a factor considerably stimulating the interest in 
stroke patient care (22, 41-46).

Cerebral blood flow
Neuronal activity, cerebral metabolism and regional CBF are tightly 
coupled, and the local CBF is a useful quantitative indicator of the 
regional functional state and metabolism (74).



R
ef

 No o
f Allocation

 
O

ns
et

-a
dm

 Follow
- 

__
__

__
__

_O
ut

co
m

e_
__

__
__

__
A

ut
ho

r(s
) 

no
 patien

ts
 proced

ur
e 

in
te

rv
al

s up 
M

or
- ADL 

D
is

ch
ar

ge
d

ta
lit

y 
ho

m
e

14

CO CO CO CO
C c c 1 C

LOo
o
V CO CO CO

' Q- c: c= c

CO co CO CO COc c c c c

CO CO
>> >0
ro 03*o TP

i-
r-H O 03 CO 03
CVJ CO CU Cl)

>0 QJ >>c c <D
03 03 cu cu
CU CU cr c
E E O LO o

_c 1
CO CO sz

CO >> ■p
«3 CVJ 03 •r-

tp TP £c
r- 03 r^-

i CU i LO
o E 1 o 00

>,
4->
•r—
t— c c: c
•r— o o o
JO •r- •r— •r—
03 -P -P -P

r— 03 03 03
.f— N N N
03
> E E E
03 O o O

T3 TP TP
TP C £= C
<D 03 03 03

CD DC 1 DC Of

r-*» o LO
cr> O CO CVJ

CO i »—i CVJ

CVJ r-~ i—4 CVJ CO
cvj

r—
OP r— CU

03 03 cu r—
-P c 03
cu 4-> -P •r—

CU <u x: ■P
c o. CU

•r— >> >> =3
jQ 03 03 03 CO
S- 5 O c

03 03 1 r— cu
S- S- TP 03 >

d S- S- O cu
o 03 03 O ■P -p
> CT CP 3: a> (/)



15

The cerebral autoregulation, defined as the capacity of CBF to remain 
unchanged despite variations of the cerebral perfusion pressure, serves 
to maintain the vascular supply of oxygen and substrates to the brain 
grossly unchanged, and to control the capillary filtration by keeping 
the cerebral capillary pressure within normal limits. Poiseuille's 
formula implies that small variations in the vascular diameter are ade
quate to keep flow unchanged when the perfusion pressure varies. Thus, 
in normal circumstances, a relative normal blood flow can be maintained 
over a wide range of perfusion pressures by small variations in the 
vascular tone of precapillary cerebral arterioles.

The Hagen-Poiseuille equation

0 = k X P X rVY X L Q = blood flow
P = perfusion pressure 
r = vessel radius 
V = blood viscosity 
L = vessel length

Metabolic factors such as C02, lactate, pH, adenosine and bicarbonate 
are known regulators of regional CBF. Neurogenic and myogenic factors 
have also been proposed to be involved (75).

The range of autoregulation is shifted upwards in hypertensive individ
uals (76), in whom modest reductions in blood pressure may provoke sig
nificant falls in CBF. In man, the lower limit of autoregulation lies 
between a mean arterial pressure of 50-80 mm Hg and the upper limits 
around 150-180 mm Hg (77). It is unlikely that local changes in perfu
sion pressure in patients with normal autoregulation produces varia
tions in regional CBF. However, perfusion pressure becomes particularly 
important in brain regions with impaired autoregulation. Autoregulation 
is impaired or abolished in various conditions, including acute 
cerebrovascular lesions (78).

CBF in ischemic regions shows a mixed picture. After occlusion of a 
middle cerebral artery in experimental animal models, the CBF initially 
decreases and then eventually recovers to normal or even hyperemic
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values or persists in any state between these extremes (79). This mixed 
picture of rCBF is also confirmed in humans suffering acute cerebral 
infarction (78, 80, 81).

Pathophysiology of cerebral infarction
Focal cerebral ischemia or infarction are caused by a reduced local 
vascular supply of blood. This may be caused by a local thrombosis, 
heart-to-artery or artery-to-artery embolization, hemodynamic altera
tions such as rapid lowering of blood pressure and cardiac arrhythmias 
or, vasospasm related to migraine or surarachnoid hemorrhage. The ath
erosclerotic changes in the extra- and intracerebral artery supply,
i.e. degree and extent of stenoses and occlusions, the availability of 
collaterals and some hematological variables, such as heamtocrit and 
plasma viscosity, will also influence the amount of ischemia induced.

Whatever the cause of the reduced regional CBF, the local ischemia per 
se induces a cascade of events that, depending on the degree and dura
tion of ischemia, will result in brain infarction and brain cell death. 
This sequence of events, started by decreased ATP-production and dis
turbed cellular membrane ion fluxes, appears in a fairly constant man
ner and is listed below:

1. Synaptic transmission failure
2. Loss of autoregulation
3. Microcirculatory and rheological alterations
4. Development of cerebral edema
5. Intracellular events

These events and their combinations may further increase local cerebral 
ischemia and create a vicious cycle of increasing brain infarction.

Synaptic transmission failure. In subhuman primates, neurons maintain 
normal electrophysiological function as evidenced by normally evoked 
potentials with blood flow values above 20 ml/100 g/minute. Below this 
level evoked potential diminish, and at 15 ml/100 g/minute the evoked 
potential disappears completely (82). When flow falls below 12 ml/100 
g/minute evidence of membrane NA+-K+transport failure and impending
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cell death is seen, i.e. an increased extracellular potassium concen
tration (83). These critical levels of blood flow appear to be quite 
similar for different species. The flow necessary for neuronal survival 
may be higher in humans but reversible electroencephalographic changes 
also in man do not occur until CBF values fall below approximately 20 
ml/100 g/minute (84).

There appears to be two critical thresholds for CBF, one for cessation 
of synaptic transmission activity, which causes the neurological de
ficit, and one for cell death (Fig. 2). The range between these two 
thresholds, known as the zone of "penumbra", is used to describe those 
neurons that because of decreased perfusion are neurophysiologically 
silent but remain viable (85, 86). The length of time that neurons may 
remain in this penumbral state with blood flow values between 12 and 20 
ml/100 g/minute is unknown (86) and regional variability of suscepti
bility to ischemia may exist. However, the return of the normal func
tion has been observed with the return of normal flow.

40
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CÛ
o

30
Synaptic transmission failure

20 Loss of electrical activity

Membrane failure
"penumbra"

K+efflux
Na+Ca++water influx

Cell death

Fig. 2. Thresholds of cerebral ischemia.

Loss of autoregulation. The deranged autoregulation has two clinical 
consequences; it makes CBF dependent on adequate perfusion pressure and 
it initiates increased capillary filtration and makes brain edema pos
sible, especially if associated with a derangement of the blood brain 
barrier.
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Microcirculatory and rheological alterations. The mi crocirculatory 
changes that have been observed in experimental ischemic regions con
sist of slowing of the velocity of blood, darkening of venous blood, 
aggregation of the formed elements of the blood with hemoconcentration 
elevating blood viscosity (87-89) and activation of platelets and coag
ulation mechanisms (88, 90, 91). This is followed by vasoconstriction, 
development of platelet thrombi in veins, the appearance of red venous 
blood, collapse of vessels, perivenous hemorrhages and cerebral edema 
(87). It has been postulated that following an ischemic insult, endo
thelial blebs, astrocytic foot swelling and capillary collapse might 
prevent reperfusion, i.e. the no-reflow phenomenon (92, 93). This con
cept has however been questioned as a possible artifact (94).

Cerebral edema. According to the present opinion edema is a stereotypic 
reaction of the brain tissue to numerous lesions disturbing the energy 
supply. Edema develops in two stages (20). Firstly, the failure of 
energy-dependent active ionic transport leads to intracellular uptake 
of water and a cytotoxic edema arises (electrolyte edema). Secondly, 
after some hours to a few days, vasogenic edema follows due to micro- 
vascular damage with subsequent escape of protein-rich fluid from the 
bloodstream into the extracellular space. Edema increases intracranial 
pressure which will decrease effective perfusion pressure in the ische
mic region and possibly enlarge the ultimate extent of brain infarc
tion. If excessive brain-stem herniation with death will occur.

Intracellular events. Among the various metabolic events induced by 
cerebral ischemia some seem of more pathogenetic importance than others 
in experimental situations. These are, intracellular accumulation of 
calcium, accumulation of free fatty acids especially arachidonic acid, 
lactic acidosis and free radical induced reactions. For review see 
(95).

The failure of the energy-requiring membrane pump systems causes an in
crease in cytosolic concentrations of sodium and calcium ions. Accumu
lation of calcium ions in the cytosol is a possible early step in the 
sequence of events leading to cell death (95, 96). Other possible mech
anisms are phospholipase activation causing increased concentration of
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FFÄ, such as arachidonic acid, which by further oxidation produces 
short-living and highly reactive prostaglandin-like substances, such as 
thromboxanes and leucotrienes, and also free radicals, all potentially 
harmful to the neuron and surrounding tissue (95).

Under normal conditions the high energy requirements of the brain are 
covered by oxidation of glucose. In incomplete ischemia, as opposite to 
complete ischemia, glucose supply is maintained and anerobic glycolysis 
causes tissue lactacidosis which sometimes may become extreme (97). It 
has, therefore, been suggested that severe incomplete ischemia is even 
more detrimental to the brain than complete ischemia (98, 99) and that 
posti schemic biochemical changes during the reperfusion period add to 
the ultimate degree of neurological deficit (95, 97, 100). Another ex
planation that has been suggested is that of the membrane damage by 
lipid peroxidation induced by free radicals which are produced during 
hypoxia but not when oxygen is totally absent (100, 101).

Blood viscosity and stroke
Patients with both primary and secondary polycythemias are shown to be 
at increased risk for thrombo-embolic vascular accidents (102-108). The 
critical factor underlying this relationship seems to be the height of 
the hematocrit with the increased platelet count assuming secondary im
portance (102, 108). In the Framingham study, high hematocrit, even in 
the normal physiological range, was associated with a twofold increased 
risk of stroke (109). If this was due to the elevated hematocrit per 
se, or secondary to smoking habits or hypertension needs, however, fur
ther investigations, as suggested by the authors (109). Other dis
orders, such as sickle cell disease, elevate blood viscosity consider
ably, and those patients often suffer strokes in the early years of 
life (110, 111). There are also reports on TIAs and stroke associated 
with leukocytosis in acute leukemias (112, 113).

Under pathological conditions plasma protein concentrations may be con
siderably elevated and significantly influence whole blood viscosity. 
Stroke is a common complication in paraproteinemias such as Walden
ströms macrogl ubulinemia and myelomatosis (114-116). Also elevated fi
brinogen levels are reported to increase the risk of both myocardial
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infarction and stroke (117). On the other hand, patients with anemia, 
and normal patterns of plasmaproteins seem to be relatively protected 
from vascular complications (118).

In patients who suffer a stroke, the clinical outcome also appears to 
be influenced by viscosity factors. In a large Japanese autopsy series, 
it was found that the extent of cerebral infarction was directly pro
portional to the hematocrit (108). Also, the size of cerebral infarcts 
measured by CT scan in patients with angiographically proven carotid 
occlusion was found to be related to the height of the prevailing he
matocrit in an English study (119). This relationship has also been 
confirmed in animals (120).

Cerebral blood flow and blood viscosity
Basically, as Poiseuille stated in 1842 (121), there are three factors 
that determine the flow of Newtonian liquids in round tubes. These are 
the internal tube diameter, the perfusion pressure and the viscosity of 
the liquid. Although blood rheology is non-Newtonian and the flow is 
pulsati ve in non-rigid tube systems, this equation would appear to be 
valid for application also to the cerebral circulation.

The CBF is reported to be elevated in patients with anemia (122, 123) 
and low in patients with high viscosity due to polycythemia (124-126) 
and in persons with high "normal” hematocrit (127). Thomas and cowork
ers have shown an inverse relationship between CBF and Hct in the nor
mal range between 36 and 53% (127). When the hematocrit is reduced by 
hemodilution, CBF increases in animals (128), in normal man (129) and 
in patients with primary polycythemia (126) or high normal hematocrit 
values (127, 130).

Changes in CBF related to the hematocrit may, however, just be a physi
ological consequence, unrelated to viscosity, of the higher oxygen-car
rying capacity of blood with high concentration of red blood cells 
(131-133) and is not necessarily harmful. However, the CBF in anemic 
patients with paraproteinemia, who have a reduced amount of oxygen car
riers but elevated blood viscosity, have been shown to be significantly 
lower than the CBF in anemic patients without plasma protein abnormal!'-
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ties (134). The authors conclude that viscosity factors rather than 
oxygen-carrying capacity determines CBF (134). Also, in psychological 
tests, patients have been shown to score better when hematocrit is low
ered by venesectio (135). The possible explanation of this increased 
alertness when blood viscosity is reduced is that the elevation of the 
CBF is in excess of that predicted on the basis of the reduction in 
arterial oxygen content, and thus actually increases cerebral oxygena
tion. An increased oxygen transport to the brain, measured as the pro
duct of CBF and arterial oxygen content, has been shown in patients 
with elevated hematocrit values after venesection (136).

Blood flow and arterial oxygen content are the main determinants of 
tissue oxygenation. However, the delivery of oxygen to the brain is 
also influenced by the partial pressure gradient of oxygen across the 
capillary wall and the position of the oxygen dissociation curve. 
Elevated CBF has been reported in patients with polycythemia secondary 
to the presence of a hemoglobin variant characterized by high oxygen 
affinity, although these patients probably have a high blood viscosity 
(137). In contrast to the conclusion of Humphrey and coworkers (134), 
there are also other reports that indicate that oxygen delivery capaci
ty, rather than viscosity factors, is the dominant factor in the regu
lation of cerebral blood flow (138-140).

Determinants of blood viscosity
Blood is a non-Newtonian fluid in which the viscosity varies at differ
ent shear rates and there is no constant level of blood viscosity which 
could be valid for the entire circulation. Blood viscosity decreases as 
shear rates or flow velocities increase (141). The main determinants of 
whole blood viscosity are shown in Fig. 3.

Under normal conditions hematocrit is the main determinant of whole 
blood viscosity (142) and especially the magnitude of the "yield 
stress", the minimal force required to start flow once it has been 
stagnant, depends on the hematocrit level (143). As flow velocity 
falls, viscosity increases considerably, mainly because of the red cell 
aggregation that occurs at low rates of shear. At normal patterns of 
plasma proteins, fibrinogen is the main determinant of plasma viscos-
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i ty. Fibrinogen also influences the aggregation of erythrocytes and 
elevated levels of plasma fibrinogen will increase blood viscosity con
siderably at low flow states due to this enhanced red cell aggregation 
(144). Capillary hematocrit is reported to be approximately half of 
that in the sytemic circulation (145). However, since the diameter of 
the red cells exceeds that of the vessel at the capillary level viscos
ity rises sharply depending on the energy required to deform the red 
cell (146). Red cells are reported to be more rigid in various diseases 
and also under conditions of anoxia and low pH (147).

FIBRINOGEN SHEAR RATE

HEMATOCRIT
ERYTHROCYTE

FLUIDITY
ERYTHROCYTE
AGGREGATIONPLASMA VISCOSITY

Fig. 3. Important factors determining blood viscosity.

Under pathological conditions of low blood flow the viscosity factors 
apparently interact in a vicious cycle, which progressively increase 
viscosity and tend to slow blood flow even further. In ischemic situa
tions this concept may be of clinical significance.

Therapies directed towards reducing blood viscosity
Blood viscosity can be reduced and blood flow improved by manipulating 
any of the above mentioned viscosity factors. Fibrinogen has been low
ered acutely using Ankrod, a fibrinogen-cleaving enzyme obtained from a 
snake venom (157), in a small study without conclusive results regard
ing outcome. Red cell deformabi 1 ity has been enhanced by the admini
stration of pentoxifylline (158). In patients suffering ischemic 
stroke, hemodilution has been applied and investigated since the 1960's 
(148-156). In some studies, CBF has been investigated and found to be 
elevated during therapy (155, 159), but as regards clinical outcome, 
the results from controlled studies have mostly been disappointing
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(150-152). Positive results have been reported by Gottstein et al (154) 
in a large retrospect!*ve study without a randomized control group and 
by Gilroy et al in a randomized study with comparable controls (149).

In practice, hemodilution has been most widely used of all blood visco
sity lowering regimes. Hemodilution consists of phlebotomy and replace
ment of blood volume by low-molecular-weight dextran or other substi
tutes (isovolemic hemodilution) or infusion of plasma volume expanders 
without concomitant phlebotomy (hypervolemic hemodilution). These hemo- 
diluting regimes reduce viscosity by reduction of the packed red cell 
volume and enhance CBF (160). When dextran 40 is used as a plasma 
volume expander also the erythrocyte-desaggregating effect (161) and 
the platelet anti-aggregating effect (162, 163) may account for some 
beneficial results obtained with this solution. Hemodilution is limited 
by the reduction of the net oxygen transport capacity of the blood and 
the patients capacity to increase cardiac output and hemodynamic moni
toring may be of value (156). However, hematocrit can be reduced con
siderably before tissue oxygenation (i.e. blood flow multipiicated by 
hematocrit) subsides. Optimal hematocrits for delivery of oxygen to the 
tissues have been estimated experimentally to be 30-33% (164-166), 
which is also clinically supported in postoperative patients (167). 
However, in older patients the optimum hematocrit for oxygen delivery 
may be higher (168). In Table II, some controlled studies regarding 
hemodilution therapy with dextran are summarized. It emerges that the 
results are conflicting and that in only one study is the long-term 
clinical outcome evaluated.



Ta
bl

e II
. R

an
do

m
iz

ed
 co

nt
ro

lle
d s

tu
di

es
 of 

hy
pe

rv
ol

em
ic

 he
m

od
ilu

tio
n in

 acu
te

 isc
he

m
ic

 
st

ro
ke

.
24

>»
■p
•r— in
i— o
•r— .
JO o
05
CO V

<D •r— co CO CO CO
E o CL £Z C C c
o
<_>
+->
3
o

>>
+->
•r—
r—
05
-P

*
O CO CO CO CO CO
51 c c c £Z c

CO
CO CO to JC CO

£ >* >> >> -p >>
o 05 05 05 c 05

r— -o T3 T5 o T5f— E
o CL O r-H T—1 OO
u_ 3 »—I CM CM CD CO

CO
■p cr. cc O
c: O ID CM «vi C\J

4- CD
O •r—

-P
O 05 ID O co o

CL rc "Cj* PO LO CSJ

CD
C
o

O o o o CO
-P **■ ^1- 05
c sz
O) C c c c: -p
E CD 05 05 05 05 gj

+■> E S- o i- i- E
05 +-> -p +-> -P 05
CD o> X X X X X
i- CD CD CD CD CD CD

I— C O Q O Q O

4— oo «—1 O CSJ
CD o in in in
ct: c r—1 r-H iH 1—1

03
r—

05 05 +-> r—
CD 05

^—. -P -P
co CD CD CO -P

v---• 3: CD
S- >5 CO CD
o O .c CD
je s- T3 -P -P
•p r— 3 -P CO
3 •r- CL 05 05
< 03 OO y

CO
052
>0

CD
>

-P
<J
CD
Cl
to
CD
i-

CO
■p

^M
or

ta
lit

y in
 sev

er
e h

em
is

ph
er

e st
ro

ke
s (2

1 an
d 13

 pat
i e

n 
si

gn
ifi

ca
nt

ly
 red

uc
ed

.



25

AIMS OF THE STUDY

The aims of the present prospective study were:

1. To characterize essential clinical features of the different cere
brovascular disorders in well investigated, unselected, acute stroke 
patients.

2. To evaluate the impact of a non-intensi ve stroke unit regime on the 
short and long-term clinical outcome for unselected acute stroke pa
tients.

3. To define any particular subgroup(s) of stroke patients who benefit 
more than others from stroke unit care.

4. To evaluate the effect of early hemodilution therapy on the short 
and long-term clinical outcome in patients with acute cerebral in
farctions, and of the safety of such a treatment.

PATIENTS AND METHODS

Description of methods and procedures used in these studies are presen
ted in detail in each paper (I-V) and are summarized here. A more ex
tensive description will be given of the organization and function of 
the stroke unit.

Background population
Umeå University Hospital serves a population of about 116 000 inhabi
tants (49.6% males) in the city of Umeå and the surrounding rural area. 
The population of Umeå is somewhat younger than that of the entire 
county; 29.4% of the population are 50 years and above, the correspond
ing figure for Sweden being 33.8%.

All acute stroke patients in the district of Umeå, coming to hospital 
are admitted to the Department of Internal Medicine (250-325 patients 
annually). When the diagnosis subarachnoid hemorrhage is established, 
however, the majority of these patients are transferred to the Depart
ment of Neurosurgery. All other acute stroke patients are without ex
ception treated at the Department of Medicine, which has 144 beds in
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five wards. After a run-in period, a non-intensi ve stroke unit was 
established at one of these wards in January 1978, with an estimated 
capacity to treat approximately one third of all acute stroke patients 
in the district of Umeå.

Patients
A total of 592 patients were prospectively included in these studies 
from January 1978 until December 1982. Of these, 409 patients were 
treated at the stroke unit and 183 at one of the other four general 
medical wards. The patients are listed in Table III.

Table III. Patients included in Studies I-V

Study
No of 
patients

Allocated to
SU

Allocated to 
GMW

Study 
peri od

I 409 409 1978-1982
II, III 293 no 183 1979-1981
IV, V 102 102 1980-1982

Study I. All patients admitted to the stroke unit and fulfilling the 
inclusion criteria (see above) were included during a five-year period 
from January 1978 until December 1982. Altogether 428 patients were 
admitted during that period. Of these, a well-defined cerebrovascular 
diagnosis (ICD 8, No 431-435) was established in 409 patients.

Study II and III. All patients admitted to the Department of Internal 
Medicine and fulfilling the admission criteria of the stroke unit were 
included during a 16-month period (October 1979 to January 1981). A 
total of 293 patients were included, of whom 110 were treated in the 
stroke unit and 183 in the general medical wards.

Study IV and V. The patients were all treated at the stroke unit and 
recruited according to the following inclusion criteria: a) focal neu
rological deficits of presumed vascular origin with acute onset and 
persisting at the time of inclusion in the study, b) start of treatment 
possible within 48 hours of the onset of symptoms, c) no macroscopical- 
ly hemorrhagic admixture in the cerebrospinal fluid, d) hemoglobin
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levels between 120 and 180 g/1, e) no myocardial infarction during the 
last week, f) absence of unstable angina pectoris and overt signs of 
left ventricular failure, g) plasma creatinine < 300 umol/I, h) absence 
of concomitant severe disorders in the terminal stage, i) absence of 
coma not responding to pain stimuli and k) no ongoing treatment with 
anticoagulant agents.
From December 1979 until April 1982 a total of 102 patients were ran
domized to a treatment (52 patients) or to a control group (50 pa
tients).

THE STROKE UNIT

The stroke unit is a 6-bed, non-intensive care and research unit for 
patients with well-defined acute cerebrovascular disease. In charge of 
the unit is the Head of the Department of Medicine and the Stroke 
Group, a group of physicians meeting weekly, to discuss and decide 
about management of the unit. All patients admitted are subjected to a 
strictly structured program of investigation, nursing, medical treat
ment and rehabilitation.

Admission criteria
All patients from the district of Umeå, regardless of age, who without 
preceeding trauma to the head present with focal neurological dysfunc
tion with a duration not exceeding one week or patients with TIA during 
the last week are admitted. Patients with dizziness and/or disturbance 
of consciousness or orientation without concomitant focal neurological 
signs are not admitted. The sensitivy and specificity of such criteria 
has been found valid and appropriate for a standardized identification 
of stroke in the acute situation (169).

Admission procedure
Considerable precautions are taken to avoid a biased selection of pa
tients to the stroke unit. Regular repeated information about the ad
mission criteria is given to the personell admitting patients. At the 
emergency department, the physician on duty has to contact the stroke 
unit whenever a stroke patient filling the inclusion criteria is admit
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ted to the hospital. Provided a bed is available, the patient is admit
ted to the unit; otherwise he/she is admitted to a general medical 
ward. Once admitted, no patient is transferred between the stroke unit 
and the general medical wards. This mode of patient allocation has been 
shown to provide a patient sample representati ve of all those admitted 
for acute stroke in the Umeå hospital district (II).

Content of stroke care
The essential features of the stroke unit include (1) team work, (2) a 
program of staff education directed to improve knowledge and to promote 
a dedicated attitude to the care of stroke patients, (3) very early and 
determined activation, (4) active participation of family members in 
the rehabilitative efforts and (5) education of patient and family mem
bers.

Once a week there is a planning conference headed by the stroke unit 
physician where all members of the stroke team update all aspects of 
each patient in the unit and plan for the following weeks' care and 
rehabilitative activities. During hospital stay there is also one or 
more conference(s) where patient and family members participate and in
formation concerning the cerebrovascular diagnosis, present status of 
the patient and plans for the near future are given. Other activities 
involving family members are home visits by the patient and members of 
the stroke team during hospital stay to prepare discharge to the home. 
At discharge, a final conference with patient and family members is 
arranged at which all aspects of the acute stroke event are explained 
and discussed and the follow up is planned.

Prior to discharge from the stroke unit, social services, physicians or 
institutions involved in the future care of the patient are carefully 
informed about the patients' problems and program for further rehabil- 
itation.

The patients stay in the stroke unit until they are able to return home 
or are transferred to a long-stay hospital. All patients that are can
didates for transfer to a long-term care hospital are seen by a senior 
physician from the only long-term care hospital in the district. He
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uses identical criteria for selection to long-term hospital care for 
patients from the stroke unit and from general medical wards, the main 
determinants being severe neurological deficit, mental impairment and 
inability to provide adequate nursing care at home. For patients accep
ted there is a waiting list for admission to the long-term care hospi
tal. In accordance with a separate agreement, the waiting time for ad
mission to the long-term hospital is reduced for stroke unit patients.

The patients are followed up at three months and at one year after the 
initial stroke event at our out-patient stroke clinic, which is staffed 
by a physician, a physiotherapist and an occupational therapist. Place 
of stay is registered and patients, family members or hospital/nursing 
home staff are interviewed on some selected ADL items. In addition 
there is a clinical examination and neurological assessment by the 
physician.

The stroke team
Members of the stroke team are (1) a physician working part-time in the 
unit, (2) a nurse (full-time) who follows a modified primary nursing 
approach including contacts with family members and social institu
tions; only occasionally is a social worker consulted, (3) a physio
therapist (part-time) and (4) an occupational therapist (part-time).

The stroke unit physician performs all clinical investigations and is 
responsible for and supervises the medical care. The nurse has a cru
cial role in the unit; she participates in and coordinates all aspects 
of the patients' daily treatment including education of relatives and 
cooperation with social authorities. The objectives of the physiothera
pist and occupational therapist are mainly to assess patient perform
ance and act as instructors for other personell in the ward to ensure a 
continuous training of all patients.

Nurse's aids on the ward have particular training and experience in the 
care of stroke patients. There are weekly rounds in the unit where spe
cialists in rehabilitation and physical medicine participate. A speech 
therapist is occasionally consulted, but the training of aphasie pa
tients is, with few exceptions, performed by the stroke team and family 
members.
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Diagnostic procedures
Every patient in the stroke unit is subjected to a standardized scheme 
of investigations. Repeated clinical assessments are performed, the 
first by the emergency ward physician and then by the stroke unit phy
sician. These investigations are performed routinely at the time of 
admission, day 1, day 4 and at discharge. All data obtained from these 
investigations are registered in a 574-item protocol for computer use.

In particular, the stroke unit patients are carefully observed in order 
to detect signs of deterioration and secondary complications to the 
stroke. Repeated assessments of locomotor function, ADL capacity and 
perceptual function are performed by the physiotherapist and the occu
pational therapist.

Computed tomography of the brain (EMI Scan Mark One Head Scanner 1978- 
1982), is routinely performed as soon as possible on every patient not 
in need of general anesthesia for cooperation and is repeated, if pos
sible if the results are inconclusive.

Lumbar puncture is performed in the lateral recumbent position in all 
patients on admission and repeated on the fourth to fifth day after 
admission if there are no contraindications. The spinal fluid is ana
lyzed for cells, total protein content according to Lowry (170), visual 
xanthochromia after centrifugation, and subvisual xanthochromia by the 
spectrophotometric method described by Kjell in and Söderström (171). 
Provided red blood cell admixture from traumatic lumbar puncture is 
eliminated by very early centrifugation, a spectrophotometric peak oxy
hemoglobin absorbance at 415 nm above 0.0030 is accepted as a pattern 
of hemorrhage.

Routine blood tests on admission include hemoglobin, hematocrit, red 
and white blood cell counts, platelets, fibrinogen, sedimentation rate, 
protrombin-complex, fibrinogen degradation products, APTT (partial 
thromboplastin time), circulating concentrations of glucose, sodium, 
potassium, chloride, bicarbonate, albumin, calcium, phosphorus, creat
inine, aminotransferases (ASAT, ALAT), lactic dehydrogenase (LD), and 
creatine kinase (CK). On the following two days blood tests for amino-
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transferases are repeated. At the end of the hospitalization period 
blood tests for cholesterol and tri glyceri des are drawn.

Routine urine tests for albumin, glucose and red and white cells are 
performed on the first day after admission.

Every patient is subjected to repeated, routine 12-lead ECG investiga
tions during he first three days after admission. Chest x-rays are 
routinely performed in every patient once during stay in the stroke 
unit, including an estimation of the relative cardiac volume in pa
tients able to stand unaided.

If cerebral embolism of possible cardiac origin is suspected, echocar
diography and pulmonary-artery cineangiocardiography (172) are perform
ed.

Angiographic examinations of intracerebral and neck vessels are per
formed in younger subjects with minor neurological deficits and in 
patients with TIA if they are considered as candidates for carotid 
thrombendarterectomy.

Diagnostic criteria
Findings at CT-scan, spinal fluid spectrophotometry, clinical examina
tion and, when applicable, at autopsy are all considered when estab
lishing a final cerebrovascular diagnosis. Conclusive findings at CT- 
scan and at autopsy take predominance over CSF-spectrophotometry. Con
troversial diagnoses are discussed by the stroke group. Minimal diag
nostic criteria for the different cerebrovascular diagnoses are listed 
below:

TIA: focal neurological deficits of presumed ischemic origin and with a 
duration of less than 24 hours (ICD 8, No 435).

Cerebral infarction: neurological deficits persisting more than 24 
hours or until death without signs of bleeding by CT-scan and/or spinal 
fluid spectrophotometry.
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Embolie cerebral infarction: non-documented or sudden symptom onset and 
with a potential source of embolism (atrial fibrillation or flutter, 
recent myocardial infarction, left ventricular aneurysm, rheumatic and 
non-rheumatic valvular disorders) (ÏCD 8, No 434).

Non-embolic cerebral infarction: no potential source of embolism and/or 
a documented non-sudden symptom onset (ICD 8, No 433).

Intracerebral hemorrhage: hematoma on CT-scan and/or conclusive hemor
rhagic pattern at CSF-spectrophotometry (ICD 8, No 431).

Ill defined acute cerebrovascular disease: neurological deficits of 
presumed vascular origin when no diagnostic procedures have been per
formed or when the results are inconclusive (ICD 8, No 436).

Basic care and medical therapy
The stroke unit has no facilities for intensive care, i.e. no capacity 
for assisted ventilation and continuous cardiac monitoring. A corner
stone in the stroke unit regime is very early mobilization of every pa
tient and start of activation often within the first 24 hours, if the 
patients clinical status permits.

Electrolyte and fluid balance. In patients unable to self-feed, intra
venous infusions of electrolytes and carbohydrates are given to main
tain balance during the acute phase. The fluid is restricted in order 
to avoid overload and possible aggravation of cerebral edema.

Nutrition. Great attention is given to oral feeding. Complete parenter
al nutrition is started in patients unable to self-feed on the fourth 
day after admission. As soon as possible the intravenous route is 
changed to enteral tube feeding.

Bowel and bladder function. Bulk laxative or lactulose are routinely 
used in order to maintain regular bowel function and to avoid constipa
tion in bed-ridden patients. Urinary catheters are seldom used and 
mainly on the indication of urinary retention. Incontinent patients use 
napkins and are trained in their bladder function.
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Pressure sores and contractures. A scheme of repeated changes of posi
tion for bed-ridden patients is strictly followed with passive move
ments in paralysed extremities supervised by the physiotherapist.

Airways. Attention to mucous stagnation in lower airways. Removal of 
mucous by suction if necessary. Cleaning of mouth and upper respiratory 
tract.

Deep venous thrombosis. Repeated examinations for clinical signs of 
deep venous thrombosis in the lower limbs. If a thrombus is documented 
or suspected, treatment with heparin and oral anticoagulation is start
ed when there are no contraindications. In patients highly suspected or 
at risk for developing DVT, subcutaneous heparin is prophylactically 
given during hospital stay until full mobilization. Pulmonary embolism 
is vigourously treated with full dose heparin.

Infections. Sustained fever, pulmonary and urinary findings suggesting 
airway or urinary tract infections are promptly treated with appropri
ate antibiotics. Body temperature is followed twice daily during the 
first week in every patient, thereafter only in high risk patients.

Cardiac complications. Disturbances in cardiac rhythm and contract!*lity 
are followed and treated in order to sustain a hemodynamically optimal 
state of cerebral perfusion. Routine ECG is performed daily during he 
first three days and thereafter on specific ordination. Concomitant 
myocardial infarction and unstable angina pectoris are conventionally 
treated.

Hypertension. Blood pressure levels are measured every 6th hour during 
the first three days and once daily thereafter. Patients previously on 
antihypertensive treatment are maintained on their medication. Extreme
ly high blood pressures (no fixed limits) are treated by careful lower
ing of pressure to about 180/110 mm Hg. Moderately elevated blood pres
sure is regularly not treated unless the patient has an intracranial 
hemorrhage. After the acute phase, all patients found to be hyperten
sive are treated.
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Diabetes mell i tus » Careful monitoring of blood and urinary glucose, 
electrolyte and fluid balance during the acute phase. Mon-insulin de
pendent diabetics are temporarily given insulin.

Other concomitant disorders. The patients keep their regular drug 
regimes if appropriate.

Sei zu res. General or partial epileptic seizures are immediately treated 
with benzodiazepines intravenously or other appropriate drugs. If re
peated seizures during hospital stay occur, prophylactic antiepileptic 
therapy is instituted.

Increased intracranial pressure. Decreasing level of consciousness, de
velopment of pupillary anisokoria, rising blood pressure and reduction 
of pulse rate are signs indicating increased intracranial pressure 
caused by either massive cerebral edema formation or ongoing intra
cranial bleeding. These patients are treated with intermittent intra
venous infusions of hyperosmolar mannitol, thus minimizing the risk of 
rebound cerebral swelling by extravasation of mannitol into the cere
bral parenchyma.

TIA. Patients with repeated TIAs during the last week or more than one 
TIA during 48 hours receive heparin intravenously for five days follow
ed by oral anticoagulants. Patients with a single TIA receive acetyl 
salicylic acid 1-1.5 g daily. If the patient assents to and is suitable 
for carotid surgery, neck vessel angiography is performed.

Progressing stroke. Significant deterioration of focal neurological de
ficits after hospital admission is treated with heparin intravenously 
for five days if intracranial hemorrhage is excluded.

Cerebral infarction. In patients without deterioration, no specific 
treatment directed towards the cerebral lesion as such is instituted 
during the acute phase. During a two-year period a randomized trial of 
hemodilution was performed (IV, V). Patients with embolic infarctions 
of presumed cardiac origin usually start oral anticoagulant therapy 
approximately one week after symptom onset.
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Intracerebral hemorrhage. Neurosurgeons are always consulted for evalu
ating the possibility of acute surgery.

Subarachnoid hemorrhage. Usually, transfer to the Department of Neuro
surgery when the diagnosis is established. Some old patients, however, 
remain in the stroke unit and are treated with protracted bed rest 
during the acute phase.

Hemodilution therapy (IV, V)
The patients randomized to treatment underwent as soon as possible (day 
0) a 250 ml venesection during which approximately 150-200 ml of 10% 
dextran 40-saline (Rheomacrodex R) was infused, making the initial 
phase of the procedure isovolemic (173). Another 300-350 ml of the 
dextran solution was given over the next 2-4 hours, the rate being ad
justed according to the patient's cardiac status. On the following day, 
patients with hemoglobin levels above 120 g/1 were subjected to another 
250-400 ml venesection, the volume being dependent on the hemoglobin 
level. The equivalent voi urne of dextran 40 was given during the vene
section (150-350 ml) in order to keep the initial procedure isovolemic, 
followed by dextran to a total volume of 500 ml. In patients with hemo
globin below 120 g/1 no venesection was performed but 500 ml of dextran 
was infused over 2-4 hours. On day 2, 4 and 6 after randomization 
dextran 40 infusions were given without concomitant venesections (500, 
250 and 250 ml, respectively).

Evaluation of stroke unit care (II, III)
A protocol including neurological signs, functional capacity and pre
vious medical history in each patient was filled in at the emergency 
department whenever a stroke patient fulfilling the inclusion criteria 
of the stroke unit was admitted. At discharge, a corresponding record 
of the present status of the patient was completed. The patients were 
followed up at three months and at one year after admission. Place of 
stay and mortality were registered and patients, family members or hos
pital/ nursing home staff were interviewed by a nurse on certain selec
ted ADL items (ambulatory capacity, feeding, personal hygiene and dres
sing). The nurse was not affiliated with the stroke unit.
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Evaluation of hemodilution treatment (IV, V)
Neurological assessment was performed by the Frithz & Werner modifica
tion (174) of a scoring system developed by Mathew (175). The scoring 
was done before randomization, on day 3 and on day 9. These assessments 
were performed blindly by a physician who did not know to which group 
the patient had been enassigned.
Deaths, recurrent strokes and other major vascular events were regist
ered during the first year after the stroke. All surviving patients 
were seen in our out-patient stroke clinic at three months and at one 
year. These examinations were open, and included an assessment of the 
ADL, a physical examination and a registration of whether the patient 
was institutionalized or not. Hemoglobin and hematocrit values were 
registered daily during the first ten days and were also determined at 
three months after the stroke.
In a subsample of seven hemodiluted patients, whole blood viscosity was 
determined at different shear rates on day 0, 1, 2 and 7, using a 
Brookfield viscosimeter.

Statistical analyses
The chi-square test was used for testing the significance of differ
ences in proportions of patients (I, II, III, IV and V). To estimate 
mortality and need for hospital care, also the lift-table technique and 
log-rank tests according to Peto et al (176) were used (III). Multiple 
regression was calculated as described by Snedecor and Cochran (177) 
(III). Means were calculated with their 95% confidence intervals (I, 
IV). For comparisons of groups of data we used Student's t-test (for 
paired when applicable), chi-square test, Wilcoxon's rank sum test and 
log rank test (IV).
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RESULTS

The results of each study are briefly summarized here. Detailed in
formation is given in the separate papers (I-Y).

Clinical profiles of the different cerebrovascular disorders (I)
During five years (January 1978 to December 1982) 428 consecutive pa
tients representati ve of all cases admitted for acute stroke within a 
well-defined population were admitted to the stroke unit. In 409 of 
these unselected patients, mean age 71.9 years, a well-defined acute 
cerebrovascular diagnosis, according to our diagnostic criteria, was 
established (ICD 8, No 431-435) and clinical features on admission were 
investi gated.

In people 50-79 years of age the men:women risk for stroke was estab
lished to be 1.40:1, above the age of 80 a similar risk for the two 
sexes was observed. The cerebrovascular diagnoses were distributed as 
follows: Intracerebral hemorrhage 11%, TIA 13%, non-embolic cerebral 
infarction 51% and embolic cerebral infarction 25%. Of all 409 pa
tients, 54% had a prior medical history of hypertension, 21% atrial 
fibrillation or flutter, 35% congestive heart failure, 27% angina pec
toris, 13% myocardial infarction and 17% diabetes mellitus. Only 14% of 
the patients were free of previous concomitant disorders affecting the 
carciovascular system. Similar proportions of patients in all diagnos
tic categories had a previous medical history of hypertension (48-59%) 
and previous stroke (27-33%). TIA preceeded intracerebral hemorrhage in 
11%, embolic cerebral infarction in 15% and non-embolic cerebral in
farction in 20%. Diastolic blood pressure level and routine blood chem
istry on admission were not grossly different among the diagnostic 
groups.

As opposed to patients with cerebral infarctions, subjects with intra
cerebral hemorrhage had no male preponderance, and fewer had a history 
of cardiac disorders, diabetes and smoking, but they had higher systol
ic blood pressure levels and more severe symptoms on admission to hos
pital .
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Effects of a non-intensive stroke unit regime on functional disability 
and need for long-term hospitalization (II)
In a prospective controlled trial of 16 months (October 1979 to January 
1981) the clinical outcome for 110 acute stroke patients treated in the 
stroke unit was compared to 183 patients treated in the general medical 
wards. These 293 patients represented all acute CYD patients admitted 
to the Department of Medicine and filling the admission criteria of the 
stroke unit (see above) during that period of time. The patients were 
allocated to the stroke unit if a bed was available, otherwise to one 
of the general medical wards.

Patients admitted to the stroke unit did not differ from stroke pa
tients admitted to general medical wards in age (mean age 72 and 73 
years, respectively) or sex distribution. A history of cardiac dis
orders was somewhat more commonly observed among the stroke unit pa
tients (65 vs 52%), otherwise the prevalence of concomitant disorders 
were comparable in the two groups. Only 11% of SU patients and 20% of 
GMW patients had no previous history of disorders affecting the cardio
vascular system. Mean interval from the onset of symptoms to admission 
was 12 hours for both SU and GMW patients. The neurological symptoms 
presented in the emergency room did not differ in the two groups.

Mortality rates over the first year after the stroke were similar in 
the two groups. One year after the stroke, 39% of SU and 41% of GMW pa
tients were dead. At discharge walking ability was significantly better 
(p < 0.01) among the stroke unit patients and fewer were discharged to 
a long stay hospital (p < 0.05) when compared to patients treated in 
the general medical wards. At three months after the stroke, 15% of the 
survivors initially admitted to the stroke unit and 39% of those admit
ted to general medical wards remained hospitalized (p < 0.001). The 
corresponding figures at one year after the cerebrovascular accident 
were 12 and 28%, respectively (p < 0.05). One year after the stroke a 
greater proportion of surviving stroke patients was independent in 
walking (0.10 > p > 0.05), personal hygiene (p < 0.05) and dressing
(p < 0.001).
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Mean length of stay was similar for patients initially treated in the 
stroke unit and general medical wards who died (14 vs 15 days) or who 
were discharged to their homes (15 vs 18 days).

Is there any subgroup of stroke patients who benefit more than others 
from a stroke unit regime? (Ill)

In this extension of study II another statistical technique, log-rank 
testing, confirmed that the reduction in long-term hospitalization for 
surviving patients treated in the stroke unit was of high statistical 
significance (p = 0.0001). Further, in a multiple regression analysis 
three major determinants for long-term hospital care after discharge 
from the Department of Medicine were recognized. These were (i) pre
sence of hemiparesis on admission (p < 0.0001), (ii) high age of the 
patient (p = 0.004) and (iii) care in the general medical wards (as 
opposed to the stroke unit) (p = 0.007). Other variables analyzed in 
the multiple regression model were marital status, side of neurological 
deficit and presence/absence of concomitant cardiovascular disorders. 
These variables had no predictive value in determining the need for 
long-term hospitalization.

When the patients were subclassified with regard to age, neurological 
deficits on admission, marital status and coexisting disorders no im
portant differences between SU and GMW patients regarding mortality 
emerged in any subgroup. However, the proportion of patients discharged 
home was larger for all categories if the patients had been treated in 
the SU; log-rank analysis showed that the differences were statistical
ly significant in most subgroups.

At one year follow up the difference in hospitalization in favour of 
the SU regimen was marked in patients > 75 years old (7% vs 20% in GMW 
patients; p < 0.02), and in patients with hemiparesis on admission (9% 
vs 21%; p < 0.05). In patients < 75 years old and in patients without 
hemiparesis on admission, the effect of initial care in the SU vs the 
GMWs on the need for hospital care at one year after the stroke was not 
statistically significant.
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Effect of hemodilution therapy in acute brain infarction (IV)
The clinical effect of rapid hemodilution, by the combination of vene
section and administration of low molecular weight dextran in the early 
phase of ischemic stroke, was evaluated in a prospective controlled 
trial. From November 1979 until September 1982, 52 patients were ran
domized to hemodilution therapy and 50 to a control group. The two 
groups were comparable in all important prognostic variables such as 
age, concomitant disorders and neurological deficit on admission.

In the treated group mean hematocrit level fell from an initial 43% to 
37% over the first two days, corresponding figures in the control group 
were 43% and 42%, respectively. The reduction in hematocrit in the 
treated group was paralleled by a reduced whole-blood viscosity when 
tested in a subsample of seven hemodiluted patients. Blood pressure re
cordings over the first ten days and at three months' follow-up were 
very similar in the two groups. Cardiac and other circulatory events 
appeared less frequent during the treatment period in the hemodiluted 
when compared to the non-hemodiluted group.

Median neurological score on inclusion was 64 points in patients ran
domized to hemodilution therapy and 69.5 points in control patients; 
the difference was not statistically significant. The improvement in 
neurological score points over the first 10 days was significantly 
greater in the hemodiluted group (p < 0.002) and the improvement seemed 
to encompass all the neurological variables assessed in the score. In 
the treated group 44 patients (85%) improved in neurological score 
points compared to 32 patients (64%) in the control group (p < 0.025). 
A deteriorati on in neurological score (including deaths) occurred in 4 
hemodiluted (8%) and in 13 (26%) non-hemodi1uted during the first ten 
days (p < 0.02). Two control patients received heparin therapy because 
of rapidly progressing symptoms.

By three months after the stroke, the case fatality rate was similar in 
hemodiluted and control group: 13 (25%) and 14 (28%) patients, respec- 
tivly, were dead. Among survivors 5 (13%) of the hemodiluted and 14 of 
the control patients (39%) remained hospitalized at three months after
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the stroke (p < 0.05). Inability to walk was noted in 3 hemodiluted 
(8%) and in 13 control patients (36%) at three months follow up (p < 
0.005).

Two patients randomized to hemodilution therapy developed dextran in
duced anaphylactoid reactions shortly after start of the treatment. 
These patients were not hemodiluted but are included in the treatment 
group when evaluating the clinical outcome adhering to the intention- 
to-treat principle.

Effect of hemodiluti on therapy on long-term outcome after brain infarc- 
tion and evaluation of safety (V)
In this extension of study IV the long-term outcome and the potential 
risk of the combined venesection/dextran 40 therapy were evaluated in 
the 52 treated and 50 control patients.

One year after the stroke, 16 patients (31%) initially randomized to 
hemodilution therapy and 20 patients (40%) in the control group were 
dead. Survival curves revealed no significant difference in the mortal
ity rates. Of those patients who were severely disabled and hospitaliz
ed at three months after the stroke (5 hemodiluted and 14 non-hemodilu
ted), 6 patients died during the remainder of the year, 2 of them be
longed to the hemodiluted group and 4 to the control group.

Thirty-six hemodiluted and 30 non-hemodiluted patients survived the 
first year following stroke. Among these, 4 hemodiluted and 2 control 
patients suffered a recurrent stroke. At clinical examination one year 
after the stroke, disturbances of orientation, speech and motor func
tion were less frequent among hemodiluted patients and a statistically 
significant larger proportion of initially hemodiluted patients could 
walk independently, 92 vs 73% (p < 0.05). Total dependence in perform
ance of ADL was noted in 6% of hemodiluted and in 30% of non-hemodilut
ed patients (p < 0.05). The proportion of surviving patients still hos
pitalized at one year after the stroke was 8% and 27% in the hemodilut
ed and control group, respectively (p < 0.05).
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Prior to randomization, the CSF concentration of total protein and 
findings at CSF-spectrophotometry were closely similar in the two 
groups. However, when lumbar puncture was repeated at four days after 
the stroke, signs of blood-brain-barrier breakdown, measured as CSF- 
total protein content, and hemorrhagic admixture to the CSF at spectro
photometry were less pronounced and less frequent in hemodiluted sub
jects compared to controls.

Subset analysis revealed a tendency towards improved outcome for hemo
di luted patients in all clinically important subgroups, except in those 
patients with a prior medical history of congestive heart failure. Be
cause of small numbers of patients in each group, statistical signifi
cances were not to be expected.

DISCUSSION 

Paper I
Most epidemiological data on acute cerebrovascular disease are derived 
from old studies without the aid of modern diagnostic technology. The 
distribution of the different cerebrovascular diagnoses in these stu
dies must therefore be considered uncertain. Especially, recognition of 
intracerebral hemorrhages is poor without the use of CT scan (27, 178- 
180), and the diagnostic accuracy may be further strengthened if spinal 
fluid spectrophotometry is added (27, 179, 181). Since a correct diag
nosis is a prerequisite for adequate decisions about therapy and for 
evaluation of therapeutical effects, reliable epidemiological data upon 
the distributions of the different cerebrovascular diagnoses are 
needed.

In 428 consecutive, unselected patients, presenting with focal neuro
logical deficits, admitted to the single acute hospital in an epidemio
logical well-defined region of Northern Sweden, a definite acute cere
brovascular diagnosis was established in 409. The diagnoses were based 
on repeated clinical examinations, CT scan, spinal fluid spectrophoto
metry and, occasionally autopsy. When uniform diagnostic criteria were 
used (see Methods), the distribution of ischemic (89%) and hemorrhagic
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(11%) cerebrovascular lesions was in accordance with the results repor
ted by other investigators during recent years, showing a frequency of 
hemorrhages between 10-20% in most epidemiological studies (27-29).

When distinguishing embolic from non-embolic cerebral infarctions the 
definitions become operational, relying on reasonable diagnostic cri
teria such as sudden symptom onset and potential source of embolism. 
Since timing of onset of symptoms often (for instance during sleep) 
cannot be documented and a potential source of embolism also can exist 
in patients suffering other types of stroke the distinction of patho
genic mechanisms underlying cerebral infarctions will remain obscure 
and explains the variable figures in several recent studies. The diag
nostic accuracy could somehow be strengthened if early angiography is 
performed (28, 182) or if an intracardial thrombosis is detected (172), 
investigations that hardly, however, can be performed in every stroke 
subject.

The frequencies of coexisting disorders affecting the cardiovascular 
system in the 409 acute stroke patients were in good agreement with 
other recent reports (9, 11, 22-26) and only 14% had no previous medi
cal history of such diseases. Although a history of hypertension was 
equally frequent among patients with hemorrhagic and ischemic cerebral 
lesions, manifestations of atherosclerotic cardiac disease were less 
prominent in patients with intracerebral hemorrhages.

On admission to hospital, the patients with intracerebral hemorrhage 
showed the most severe neurological deficits followed by, in descending 
order of magnitude, patients with embolic infarctions, non-embolic in
farctions and TIA.

Papers II and III
Despite the importance of stroke as a major cause of death and perman
ent disability, hospitals treating acute stroke patients usually lack a 
firm policy of management in the acute phase (9, 22, 27). The historia! 
reasons explaining these facts are, firstly, prior lack of adequate 
diagnostic technology and, secondly, lack of proven effective thera
peutical regimes.
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During the late 1960*s intensive care stroke units were introduced in 
the USA with the aim to reduce mortality and residual disability in the 
acute stroke patient. Results regarding mortality were, however, disap
pointing (41, 42, 44-46) while som units reported a decreasing inci
dence of secondary complications (43, 44).

Reducing disability in surviving stroke patients was the main goal set 
up for non-intensive stroke units. Evaluations of the efficacy of such 
units, performed in agreement with modern scientific methods are, how
ever, sparse and the results divergent (70). It has been suggested that 
functional gains experienced by stroke patients are primarily attribut
able to spontaneous recovery (183). In the majority of stroke patients 
this potential for spontaneous recovery seems to extend for up to six 
months after the stroke with most of the recovery occurring within the 
first three months (184, 189). When setting up stroke units it there
fore seems appropriate to include a scheme of assessing its value. The 
admission criteria to our stroke unit (unselected acute CVD patients) 
and the principle to allocate every such patient to the unit provided a 
bed is available, involves two advantages. Firstly, it offers the pos
sibility for a continuous prospective evaluation of outcome variables 
in random samples of patients and, secondly, it allows for comparisons 
with patients allocated to treatment in general medical wards. Thus, 
comparable populations of acute CVD patients will be created together 
with the possibility to fully utilize the capacity of the stroke unit.

When comparing the clinical outcome in SU and GMW patients the conclu
sions rest on the comparability of the patients admitted to either of 
these wards. Our mode of random allocation created two populations of 
stroke patients that were comparable prognostically. The prognostic 
variables recorded - age, previous medical history, level of conscious
ness, extent of neurological deficits (185) and ability to walk on ad
mission (186) - gave no indications of a prediliction of milder cases 
to the stroke unit. Indeed, a history of heart disorders was more com
monly observed among stroke unit patients - this could somehow have 
affected mortality rates disadvantagously to the SU patients - if it 
was not the result of a more determined search for heart disorders in 
the SU.



45

There is a short-term prognostic hierarchy quo ad vitam concerning the 
different cerebrovascular diagnoses intracerebral hemorrhage, embolic 
infarction, non-embolic infarction and TIA, in that order. The diagnos
tic classifications were very accurate in the SU with only 5% ill-de
fined acute cerebrovascular disorders as opposed to 25% in the GMWs due 
to lack of diagnostic investigations. However, nothing indicates that 
the proportion of intracerebral hemorrhages with presumed unfavourable 
prognosis (185) within this group should exceed the expected 10-20 per
cent (27-29). Also, the extent of neurological deficits has a more de
cisive prognostic importance than the specific cerebrovascular diagno
ses (185, 186). Therefore, it seems highly unlikely that an unequal 
distribution of hemorrhagic intracerebral lesions in the two groups ex
plains the differences in outcome.

The overall mortality rates over the first year after the stroke were 
closely similar for SU and GMW patients. However, when evaluating long
term neurological and functional outcome, possible differences in mor
tality rates among prognostically important subpopulations are import
ant. An uneven distribution of deaths among severely disabled patients 
would bias the results concerning need for hospitalization in favour of 
this group. However, subset analyses revealed no unequal distribution 
of mortality over the first year following stroke.

Different statistical approaches were used: chi square test regarding 
proportion of patients hospitalized at three months and at one year 
after the stroke and life table analyses regarding the probability of 
being hospitalized after the stroke. Both methods showed statistically 
significant differences and this strongly support that the SU regime 
indeed is efficious in reducing the need for long-term institutional 
care. One could possibly argue that the larger proportion of SU pa
tients being able to be in their homes was mainly due to a possible in
fluence on attitudes in relatives during stay in the SU (187) and not 
related to a better functional capacity. There was, however, no signi
ficant differences between married and not-married (divorced, widowed, 
unmarried) patients regarding the relative reduction in further hos
pitalization. Although marital state probably is an insufficient para
meter in assessing the complete social network around patients in these
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high age groups, it offers some information. When evaluating the ADL- 
capacity one year after the stroke, SU patients were found to perform 
significantly better in most variables when compared to GMW patients 
(II). Thus, it seems that the reduced need for hospitalization for pa
tients initially treated at the SU was mainly due to a better ADL per
formance.

Baseline data on admission, such as neurological deficits and age, are 
more important than any therapeutic intervention in determining outcome 
(185). This generally accepted order of poor prognostic signs as to 
functional capacity and discharges to home was confirmed in a regres
sion analysis (III). Of the listed factors hemiparesis on admission and 
old age were the strongest determinants for further hospitalization. As 
third determinant, treatment in the GMWs as opposed to treatment in the 
SU emerged, confirming the results by a third statistical approach. 
When the SU and GMW patients were subgrouped with regard to age, con
comitant disorders and severity of neurological deficits on admission, 
a reduction in further hospitalization was noted for SU patients in all 
these subsets and the difference to the GMW patients was significant in 
most subgroups (III). Thus, it seems important that stroke units should 
be designed to admit all acute stroke patients without selection.

This study was performed in a university hospital setting with the dif
ferent wards all subspecialized in the field of internal medicine. It 
is possible that more attention is given to the stroke patients in 
other hospital settings and that our results are not reproducable there 
or, at least, that the magnitude of difference in favour of the SU 
regime reached in this study may not be achieved in other hospital set
tings.

There are three major controlled studies on the efficacy of non-inten- 
si ve SUs (22, 47 , 73). One from Sweden, using the same allocation pro
cedure as ours (bed availability, unselected patients) but the results 
did not favour the stroke unit regime. The mortality figure for pa
tients treated in this SU during initial hospital stay was 18% and need 
for further hospitalization was 38% (22). However, this SU had no extra 
resources for rehabilitation and the main goal was directed towards
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diagnostic and therapeutic studies (188). Also no later follow up was 
made on potential long-term benefits (22). In another randomized study, 
performed in an English rehabilitation hospital setting (73), approx
imately 85% of the patients were allocated within three weeks after 
symptom onset. The results regarding functional outcome were determined 
every month during the first year following stroke and no overall sig
nificant results in favour of the early rehabilitation regime were 
found. Finally, a randomized study from Scotland, including geriatric 
patients suffering from stroke, showed that early but limited amounts 
of mainly occupational therapy significantly affected the speed of re
covery (47) but not its ultimate extent (71). This is in agreement with 
the present study (III) showing that the speed of recovery obviously 
was affected in younger patients (< 75 years) and in those with less 
severe neurolgical deficits (not hemiparesis), but proportion of pa
tients hospitalized at one year after the stroke was little reduced. In 
the majority of stroke patients the full potential for spontaneous re
covery of neurological function seems to be reached at six months after 
the stroke (184, 189). This seems to be valid for patients in whom the 
spontaneous prognosis is fair or good (III). However, in older patients 
(> 75 years) and those with more severe disability (hemiparesis on ad
mission) more decisive evidences on the reduced need for hospital care 
late after the stroke were documented (III).

Explanations of the discrepancies between the present studies (II, III) 
and other recent studies is a matter of speculation. However, it is 
plausible that the extra resources and the orientation of staff towards 
early mobilization and start of activation, often within the first 24 
hours, affected outcome, since this is the difference from the other 
Swedish study (22). Our SU is located in a department of internal medi
cine, where the staff is skilled in care of advanced ill patients. The 
stroke patients often suffer severe secondary complications to the 
stroke, which if not lethal will prolong immobilization and delay the 
start of rehabilitation. It is possible that this special competence of 
the staff benefits the stroke patient by early detection and treatment 
of such complications. The English study (73), was performed in a re
habilitation hospital setting and they did not admit their patients
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very acutely and the Scottish study (47), was performed in a geriatric 
hospital setting.

In these studies (II, III) the amount and content of physiotherapy and 
occupational therapy given each patient by our therapists was not reg
istered. However, our SU has created an atmosphere directed towards 
very early activation and mobilization of all patients, a process in 
which all personell take part under supervision of the physiotherapist 
and occupational therapist. The average daily amount of time a stroke 
patient in a rehabilitation unit spends with a physiotherapist and 
occupational therapist is reported to be remarkably short (60). The 
process of rehabilitation can, therefore, not be reduced to only physi
cal therapy and occupational therapy performed by a physiotherapist and 
occupational therapist. There are many other components such as (a) 
knowledge and attitudes in staff, patient and family, (b) management of 
medical complications and (c) diagnosis, interacting in the process of 
rehabilitation of the acute stroke victim. It is reasonable to suggest 
that the interaction of these necessary components can be optimalized 
in a stroke unit and explain the beneficial results achieved in this 
study.

Papers IV and V
The different blood flow thresholds, one for altered neuronal function 
but sustained neuron viability and a second for development of infarc
tion (85, 86), implies that even a marginal increase in flow to the 
ischemic region may prolong survivability of ischemic cells and perhaps 
decrease the ultimate extent of brain infarction.

Under normal conditions it is unclear if viscosity factors influence 
CBF (190). At low flow states, however, vasoregulatory mechanisms are 
exhausted and blood flow is passively dependant on the perfusion pres
sure and viscosity factors. In animals, the ultimate extent of brain 
infarction has been reduced and CBF improved by hemodilution when com
pared to controls (191, 192). Reports on clinical improvement by hemo
dilution therapy in patients with ischemic stroke are, however, so far 
sparse (149, 153, 154).
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The combined venesection/dextran 40 therapy used in these studies gave 
a rapid and persistant reduction of hematocrit and blood viscosity end 
reduces the risk of hemodynamic fluctuations. Also, by the use of 
dextran 40 as a plasma volume expander the platelet activation induced 
by venesection (193) may be counteracted as well as other unfavourable 
thrombo-embol ic processes activated by the stroke per se (90, 91, 194).

Patients with spontaneously very low blood viscosity - such as anemic 
patients and the very rare patients with hemoglobinopathias who need a 
high Hct for sufficient tissue oxygenation (shifted dissociation curve) 
are not likely to benefit. Anemic patients were therefore not included 
in the study protocol but the affinity of hemoglobin to oxygen, was not 
tested. Patients in obvious unstable cardiac conditions were also ex
cluded from the study protocol. Severe heart failure diminishes the 
potential to increase the cardiac output. In such patients a reduced 
peripheral resistance, induced by hemodi1ution, will not compensate for 
the reduced myocardial performance. A reduction in hematocrit without 
concomitant rise in cardiac output will result in a decreased tissue 
oxygenation. A plasma volume expansion in decompensated patients will 
also increase central venous pressure and subsequently elevate intra
cranial pressure, thus reducing the effective cerebral perfusion pres
sure.

There was a close parallelism in mortality, even in subgroups of pro
gnostic importance, sustained up to one year after the stroke. However, 
among survivors, the hemodiluted subjects improved faster, showed fewer 
progressions in the acute phase, and were left with less functional im
pairment at three months and at one year after the stroke when conpared 
with control patients. Thus, it seems possible that early hemodiluti on 
therapy may reduce the ultimate extent of cerebral infarction.

The comparability of hemodiluted and control patients is a crucial 
factor in evaluating therapeutical effects in a relatively small study 
like this. In particular, when evaluating effects on stroke patients in 
whom the clinical outcome is unpredictable in the acute phase the re
sults must be interpreted with caution (195). Considering the prognos
tic variables recorded prior to randomization, such as age, degree of
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neurological deficits and prior medical history (185) nothing suggests 
that the patients randomized to hemodilution therapy should have a more 
favourable spontaneous prognosis. If anything, concomitant cardiac dis
ease appeared to be slightly more common and the initial neurological 
deficits somewhat more severe in patients allotted to hemodilution 
therapy. The mean concentration of CSF total-protein, indicating dis
turbed blood-brain-barrier, was equal in both groups prior to random
ization. Further, the CT scans revealed more visible lesions during the 
acute phase in the hemodiluted group which may imply a worse prognosis
(196) . It therefore seems highly unlikely that differences in clinical 
outcome between the two groups are the result of an unequal distribu
tion of prognostic variables in favour of the hemodilution group. Also, 
as deduced from the literature, between 20 and 40% of patients with 
cerebral infarction should show a deterioration in their neurological 
symptoms after arri vai at hospital (17-19). In the control group this 
rule was fulfilled (26% deteriorations). In the hemodiluted group only 
8% progressed.

Recently, measurements of CBF in 12 patients during hemodilution thera
py showed a significant increase in flow to the ischemic region in only 
3 patients and this increase was correlated to clinical improvement
(197) . Also, interim results from a large Scandinavian multicenter 
trial of hemodilution therapy in acute ischemic stroke do not show sig
nificant results in favour of the hemodilution regime (198). It is not 
immediately evident why our positive results from hemodilution therapy 
(IV, V) were not reproduced in this larger trial. However, because of 
the mixed CBF flow patterns in acute cerebral infarction (199), it is 
not reasonable to believe that all patients benefit from a hemodiluting 
regime. From a theoretical point of view, benefit from a hemodiluting 
regime is expected in ischemic conditions where the neurons are neuro- 
physiologically silent but still viable. Cerebral infarctions located 
in regions well supplied by collaterals are more likely to benefit than 
infarctions supplied by occluded end arteries. Beneficial effects may 
also be expected in those patients who, while on hemodilution therapy, 
occasionally suffer a recurrent or progressing ischemic stroke. In the 
acute situation there is unfortunately no reliable method available to 
predict which patient would benefit and who would not. Therefore, it
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seems more appropriate to answer the question if there are any risks 
with hemodilution in acute ischemic stroke. If some subgroups of pa
tients would deteriorate by hemodilution, this would be an unacceptable 
price for the benefit of some other patients. In addition to patients 
in very unstable cardiac condition and anemic patients not included in 
this study (IV, V) the hemodiluting regime applied seemed to improve 
outcome or, at least not worsen outcome in all important subgroups of 
stroke patients when compared to controls. Although statistical signi
ficances were not to be expected because of the small number of pa
tients in the subgroups overt risks seem unlikely.

The apparent risk with immediate anticoagulant therapy, thrombolytic 
therapy or surgical revascularization in ischemic stroke, is to convert 
an ischemic lesion to a hemorrhage. It cannot be ruled out that also 
hemodilution therapy implies such risks. However, in the hemodiluted 
group, hemorrhagic admixture to the CSF was less frequent and less pro
minent when compared to controls as judged by the CSF spectrophotometry 
(171). It thus seems unlikely that hemodilution therapy increases the 
risk of converting infarctions to hemorrhages.

Hypervolemic hemodilution has experimentally been shown to increase 
intracranial paressure (191, 192). Possible explanations are that a 
general increase in CBF also increases the intracranial blood volume 
with subsequent elevation of intracranial pressure, or that improved 
blood flow through ischemically damaged vessels would possibly increase 
cerebral edema. Further, if cardiac decompensation exists, the increas
ed venous return cannot be managed and backward stasis with increased 
intracranial venous pressure will occur. In this study (IV, V), the 
hemodilution procedure was approximately isovolemic during the initial 
phase. The amount of blood drawn was substituted by an equivalent 
amount of dextran 40 (173) followed by further infusion of 250-300 ml 
of dextran. The second phase thus was slightly hypervolemic. Intra
cranial pressure was not monitored in this study. However, signs of 
blood-brain-barrier breakdown, as judged from the elevation in CSF 
total-protein content at second lumbar puncture, were more frequent in 
the control group when compared to the hemodiluted. This suggests that 
the possible improvement in CBF induced by hemodilution did not in
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crease the extravasation of plasma protein through a damaged BBB or, 
that the BBB damage became less extensive in hemodiluted subjects.

The results of these studies (IV, V) suggest that modest hypervolemic 
hemodilution, performed by skilled personell in a stroke unit, is a 
clinically safe and effective therapeutical regime in the acute phase 
of ischemic stroke. In cerebral infarction, therapy can be directed 
either at minimizing the ischemia itself or to increase the brains 
tolerance to ischemia. The complex, multifaceted pathophysiology of 
acute cerebral infarction, makes it highly probable that a combination 
of therapies, rather than a single agent, will result in a maximal re
covery (200). The results of these studies (IV, V) also suggest that 
early hemodilution should be one of the possible therapeutic components 
in such future regimes.

GENERAL SUMMARY AND CONCLUSIONS

These studies, performed in a stroke unit at a medical department, were 
designed to characterize essential clinical features of the different 
cerebrovascular disorders on admission to hospital, to evaluate the 
efficacy of admitting unselected stroke patients to a stroke unit, and 
to evaluate hemodilution as a therapeutical regime in patients with 
cerebral infarction.

I A prospective registry included 409 patients admitted to the stroke 
unit over a five-year period. Modern diagnostic equipment (CT scan and 
CSF analyses) and strict diagnostic criteria revealed a diagnostic dis
tribution of 11% hemorrhagic, 76% ischemic cerebrovascular lesions and 
13% TIAs. Mean age varied between 65.8 and 77.5 years in the various 
diagnostic groups with the highest in patients with embolic cerebral 
infarctions. Patients with intracerebral hemorrhage presented with the 
most severe symptoms on admission followed by patients with embolic 
infarction, non-embolic infarction and TIA. Concomitant disorders af
fecting the cardiovascular system were highly prevalent and only 14% 
of the patients were free of such diseases prior to the stroke. Diag
nostic distribution, concomitant disorders, age and symptoms on admis-
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sion in patients treated in the stroke unit was in accordance with 
other recent reports on unselected stroke populations.

II A comparative prospective study over 16 months included all pa
tients filling the admission criteria to the stroke unit who were ad
mitted to the hospital. No difference was found between patients treat
ed in the stroke unit (n = 110) and the general medical wards (n = 183) 
regarding prognostic indicators on admission such as age, concomitant 
disorders and neurological symptoms. The stroke patients treated in the 
stroke unit had a statistically significantly better prognosis regard
ing functional outcome and the need for long-term hospitalization was 
significantly reduced up to one year after the stroke when compared to 
patients treated in the general medical wards. All stroke patients 
seemed to benefit with the possible exception of patients in coma on 
admission. These results were achieved within the same or shorter 
length of initial hospital stay for patients in the stroke unit. Nei
ther overall mortality, nor mortality in subgroups of prognostic impor
tance was significantly affected by the stroke unit regime. It is con
cluded that a non-intensive stroke unit regime does not affect mortal
ity but reduces short- as well as long- term functional disability and 
reduces the number of days needed to be spent in hospital. This refers 
to all subgroups of stroke patients and, in particular, old and hemi- 
paretic patients.

III Rapid hemodilution in the early phase of cerebral infarction by 
the combination of venesection and administration of dextran 40 was 
evaluated in a prospective controlled trial. After randomization 52 
hemodiluted and 50 control patients were comparable in prognostic vari
ables. Signs of blood-brain-barrier breakdown and hemorrhagic admixture 
to the cerebrospinal fluid in the acute phase were less frequent in 
hemodiluted subjects. The hemodiluted patients showed a significantly 
hi ger degree of early improvement and fewer progressions. Neurological 
and functional disability in survivors and need for long-term hospital
ization were significantly reduced at three months and at one year 
after the stroke compared to controls. Mortality was not affected. 
Hemodilution therapy by the combination vensesctio/dextran 40 adminis
tered in a stroke unit appears clinically safe and improves short-term
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as well as long-term outcome in the majority of acute ischemic stroke 
patients.

FINAL CONCLUSIONS

A stroke unit admitting acute CVD patients provided a bed is available 
will create random samples of representive stroke patients well fitted 
for the purpose of epidemiologic, prognostic and comparable studies of 
efficacy in stroke care. The multifaceted regime followed in the unit, 
performed by skilled staff and directed towards early activation of 
every patient, improves short-term as well as long-term outcome in sur
viving stroke patients and reduces the need for long-term hospitaliza
tion. Mortality, however, is not affected neither as a whole nor in 
subgroups. When applied in the stroke unit, early hemodilution therapy 
with combined venesectio/dextran 40 is clinically safe and improves the 
clinical course in patients with acute cerebral infarctions.
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