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Abstract
This article represents the update of ‘European Stroke
Initiative Recommendations for Stroke Management’,
first published in this Journal in 2000. The recommenda-
tions are endorsed by the 3 European societies which are
represented in the European Stroke Initiative: the Euro-
pean Stroke Council, the European Neurological Society
and the European Federation of Neurological Societies.

Copyright © 2003 S. Karger AG, Basel

Introduction

‘European Stroke Initiative Recommendations for
Stroke Management’ was first published in this Journal in
2000. The first publication was well received and was fol-
lowed by a lengthier supplement to Cerebrovascular Dis-
eases. After 3 years, the European Stroke Initiative
(EUSI) Executive Committee felt that there were enough
new data to justify a complete revision of the recommen-
dations. The EUSI Executive Committee also decided
that the consensus for the recommendations should have
a broader base and therefore invited several European
stroke neurologists from different countries to join the
writing group. The members of both, Writing Group and
Executive Committee, met for 3 days in December 2002
in Heidelberg, Germany, and prepared the new recom-
mendations. The recommendations from the EUSI pub-
lished in 2000 [European Stroke Initiative, 2000] have

now been completely revised and updated. In accordance
with the European Neurological Society, the European
Federation of Neurological Society and the European
Stroke Council, which also represents the European
Stroke Conference, they provide an overview of estab-
lished or widely used therapeutic strategies as well as an
evaluation of evolving, but not yet proven strategies.
These are discussed in detail as well as classified accord-
ing to their scientific levels of evidence. On the basis of
such evidence, specific recommendations are made. Ex-
perts’ opinions on several issues on stroke prevention and
treatment can be assessed at the EUSI website free of
charge at http://www.eusi-stroke.com. These lectures
represent an extension of many issues discussed in these
recommendations but have not passed the consensus pro-
cess of the EUSI documents and therefore only reflect the
opinion of the lecturing experts.

The levels of evidence in this article are defined by the
same criteria as in the previous recommendations. They
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Table 1. Definitions of levels of evidence for these recommenda-
tions ([European Stroke Initiative, 2000], modified after Adams et al.
[1994])

Level I Highest level of evidence
Sources a Primary endpoint of RCT with adequate

sample size
b Meta-analysis of qualitatively outstanding RCTs

Level II Intermediate level of evidence
Sources a Small randomised trials

b Predefined secondary endpoints of large RCTs

Level III Lower level of evidence
Sources a Prospective case series with concurrent or

historical control
b Post hoc analyses of large RCTs

Level IV Undetermined level of evidence
Sources a Small uncontrolled case series

b General agreement despite lack of evidence

correspond to those published by the European Federa-
tion of Neurological Society [Hughes et al., 2001] and are
listed in table 1.

Organisation of Stroke Care: Education,
Referral, Stroke Units and Rehabilitation

Acute stroke is one of the leading factors of morbidity
and mortality worldwide. After cardiovascular disease,
stroke ranks as either second or third most common cause
of death in industrialised countries. In Europe, the crude
death rate ranges from 63.5/100,000 (males, Switzerland,
1992) to 273.4/100,000 (females, Russia, 1991). Such
large differences in mortality between east and west in
Europe have been noted [Stegmayr et al., 2000] and
attributed to differences in risk factor expression with
higher levels of hypertension and other risks in eastern
countries as compared with the west, thus resulting in
more severe strokes in Eastern Europe [Brainin et al.,
2000]. Also within Western Europe, notable regional vari-
ations have been found [Wolfe et al., 2000]. Stroke as the
most important cause of morbidity and long-term disabil-
ity in Europe imposes an enormous economic burden.
The average cost from first stroke to death has been calcu-
lated for several European countries [Kaste et al., 1998]
and has for example in Sweden been shown to approxi-
mate 79,000 EUR [Asplund et al., 1993].

Over the past decades, acute stroke has increasingly
been recognised as a medical emergency. Acute, post-
acute, and rehabilitation care of stroke patients in special-

ised wards as well as revascularising therapies have been
proven to be effective in acute ischaemic stroke. The
establishment of a network consisting of acute stroke
units, seamless continuation to post-acute care and reha-
bilitation, as well as further care in the community has
become standard treatment in many European countries.
Systems of care have emerged that include nation-wide
concepts of stroke care units focussing on the acute care as
in Austria or Germany [Weimar et al., 2002a; Brainin and
Steiner 2003], and systems of stroke units focussing on
comprehensive care including rehabilitation as in the UK
or Scandinavia [Jorgensen et al., 1995; Kalra, 1995;
Indredavik et al., 1997].

Several publications of European guidelines and con-
sensus papers have been published over the past years:
these include reports from the Pan European Consensus
Meeting on Stroke Management [Aboderin et al., 1996],
the European Ad Hoc Consensus Group [The European
Ad Hoc Consensus Group, 1996, 1997], the Task Force on
Acute Neurological Stroke Care of the European Federa-
tion of Neurological Societies [Brainin et al., 1997, 2000;
Thomassen et al., in press], and the EUSI [European
Stroke Initiative, 2000]. Among North American guide-
lines and treatment recommendations issued by the Amer-
ican Academy of Neurology are those for acute treatment
[Adams et al., 1994, 2003], carotid surgery [Biller et al.,
1998], management of transient ischaemic attacks (TIAs)
[Feinberg et al., 1994] and primary prevention of stroke
[Goldstein et al., 2001]. Earlier recommendations have
been issued by the WHO [WHO Task Force on Stroke and
Other Cerebrovascular Disorders, 1989].

Education

Many patients and relatives do not recognise the symp-
toms of stroke and do not realise that seeking treatment is
urgent. Reasons for this shortcoming include a poor
awareness of stroke by the victim or family, reluctance to
seek immediate medical help, incorrect diagnosis by the
paramedical service and perceiving stroke not as an emer-
gency by medical personnel and the family physician
[Becker et al., 2001; Yoon and Byles, 2002; Evenson et al.,
2000]. These facts emphasise the need for continuous
education. The aims of public education initiatives are to
enable and encourage the general population to recognise
immediately the symptoms of stroke, to realise that
urgent medical attention is needed, and to use the emer-
gency transportation services and immediately go to an
adequately equipped hospital. Primary contact with gen-
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eral practitioners may cause delays and prevent an early
start of adequate therapy [Evenson et al., 2000]. Educa-
tional efforts should be directed to patients at risk for
stroke, their families, caregivers or co-workers and to
large employers [Wein et al., 2000]. Teaching the public
about symptoms and signs of stroke is one of the highest
priorities of public medical education.

Inaccurate initial diagnosis by professional groups
represents a major problem. Ambulance dispatchers may
have a false-positive assessment rate of up to 50%, and
even in trained paramedics, this rate is about 25% [Ko-
thari et al., 1997]. However, this result can be improved
by adequate training [Kothari et al., 1997].

Physicians also need to be trained in the recognition of
symptoms and signs of acute stroke and the necessity of
immediate transportation to an adequately equipped
unit. The medical personnel should be trained in recognis-
ing the acute presentations of ischaemic stroke and should
be able to cope with the early complications after stroke.
Training should include the ability to conduct a medical
examination that focuses on the level of consciousness,
presence of focal weakness, presence of seizure activity
and recognition of aphasia and other major cognitive dis-
turbances. The concept of ‘time is brain’ should be under-
stood by all involved in the ‘stroke chain of survival’. No
waste of time should be allowed when the patient has
arrived to hospital and written standards for in-hospital
delays should be available in hospitals receiving patients
with acute stroke. Although such pathways have not been
shown to be effective by themselves [Kwan and Sander-
cock, 2003], they can be considered effective in prevent-
ing in-hospital delays.

Referral

Stroke is a medical and occasionally also a surgical
emergency. Successful care of the acute stroke victim
begins with the recognition both by the public and the
health professional that stroke is an emergency, like acute
myocardial infarction (MI) and trauma. The majority of
stroke patients do not receive adequate therapy because
they do not reach the hospital soon enough [Barber et al.,
2001]. Successful care of the acute stroke victim as an
emergency depends on a 4-step chain: (1) rapid recogni-
tion of and reaction to stroke warning signs, (2) imme-
diate use of emergency medical system (EMS) services,
(3) priority transport with notification of the receiving
hospital and (4) rapid and accurate diagnosis and treat-
ment at the hospital.

Failure to recognise stroke symptoms and consulting a
primary physician delay the interval between stroke onset
and hospital arrival [Ferro et al., 1994; Wester et al., 1999;
Derex et al., 2002; Harraf et al., 2002].

Once stroke symptoms are suspected, patients or their
proxies should call the EMS. Ambulance transportation
decreases the delay of arrival at the hospital after stroke
onset (level III). Helicopter transport is playing an in-
creasing role in the transfer of patients with stroke be-
tween hospitals and should be activated earlier [Thomas
et al., 2002]. The EMS should have an electronic vali-
dated algorithm of questions to diagnose stroke during the
phone interview with the patient/proxy [Porteous et al.,
1999; Camerlingo et al., 2001]. Patients with onset of
stroke symptoms within less than 3 h should be given
priority in evaluation/transportation by the EMS. The
EMS ambulance dispatchers should be able to recognise
stroke symptoms and signs [Kothari et al., 1997] and
identify and provide appropriate help for patients who
need emergent care because of impaired consciousness,
seizures, vomiting, haemodynamic instability or other
early complication or co-morbidity of stroke.

If a general practitioner or other doctor receives a call
or consults a patient with suspected stroke, he/she should
recommend/arrange emergent transportation, preferably
through the EMS, to the nearest emergency room of a hos-
pital providing organised acute stroke care or a stroke unit
if available. The EMS ambulance dispatchers should
inform the stroke unit personnel that they are going to
refer a stroke patient and describe the clinical status.

The initial evaluation of stroke patients can be made
by emergency room doctors. In fact, emergency room doc-
tors can correctly make the diagnosis of stroke in about
90% of cases [Ferro et al., 1998].

Patients with subarachnoid haemorrhage should be
referred urgently to a hospital where neurosurgical treat-
ment, neuroradiological interventions and intensive care
are available.

Recommendations
1 Stroke patients should be treated in stroke units (level I). There-

fore, suspected stroke victims should be transported without
delay to the nearest medical centre with an available stroke unit,
or to a hospital providing organised acute stroke care if a stroke
unit is not available.

2 Once stroke symptoms are suspected, patients or their proxies
should call the EMS or a similar system (level III).

3 Patients with subarachnoid haemorrhage should be referred ur-
gently to a centre with facilities for neurosurgical treatment, neu-
roradiological interventions and neurointensive care (level I).
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Stroke Units

Stroke care should take place in a stroke unit. A meta-
analysis by the Stroke Unit Trialists’ Collaboration
[Stroke Unit Trialists’ Collaboration, 2002] showed a
18% relative reduction in mortality, a reduction in death
or dependence and a reduction in death or need of institu-
tional care when treated in a stroke unit in comparison
with a general medical ward (level I). The absolute
changes indicated a 3% reduction in all cause mortality
[numbers needed to treat (NNT) 33], a 3% reduction in
the need for nursing home care, and a 6% increase in the
number of independent survivors (NNT 16). All types of
patients with stroke benefit from treatment and rehabili-
tation in stroke units: males and females, young and elder-
ly stroke patients and patients with mild, moderate and
severe strokes.

A stroke unit consists of a hospital unit or part of a
hospital unit that exclusively or nearly exclusively takes
care of stroke patients. A survey across Europe showed
that various forms of stroke unit care exist [Brainin et al.,
2000]. Most of such stroke units provide a co-ordinated
multidisciplinary approach to treatment and care. The
core disciplines of such a multidisciplinary team are:
medical treatment, nursing, physiotherapy, occupational
therapy, speech and language therapy and social work.
The multidisciplinary team should have a specialist inter-
est in stroke management and work in a coordinated way
(through regular meetings to plan patient care). Pro-
grammes of regular staff education and training should be
provided.

The typical components of care in the stroke unit trials
[Langhorne et al., 2002] were as follows: (a) assessment –
medical assessment and diagnosis including computer-
ised tomography (CT) scanning, early assessment of nurs-
ing and therapy needs; (b) early management policies –
early mobilisation, prevention of complications, treat-
ment of hypoxia, hyperglycaemia, pyrexia and dehydra-
tion, and (c) ongoing rehabilitation policies (coordinated
multidisciplinary team care, early assessments of needs
after discharge).

Stroke units are described in several categories: (1) the
acute stroke unit admitting patients acutely and continu-
ing treatment several days but usually less than 1 week;
(2) the comprehensive stroke unit admitting patients
acutely and continuing treatment and rehabilitation for
several weeks if necessary; (3) the rehabilitation stroke
unit admitting patients after a delay of 1 or 2 weeks and
continuing treatment and rehabilitation for several weeks
or months if necessary, and (4) a mobile stroke team is a

mobile team offering stroke care and treatment to stroke
patients at a variety of wards. Such teams are usually
established in hospitals where stroke units are not avail-
able.

Of these, only the comprehensive stroke unit and the
rehabilitation stroke unit have proven effectiveness in
terms of reduced mortality and handicap [Stroke Unit
Trialists’ Collaboration, 2002].

The size of a stroke unit should be adequate to provide
specialist multidisciplinary stroke unit care for the whole
duration of hospital admission. In practice, this is often
achieved with a single comprehensive unit (in smaller
hospitals) or a combination of acute unit and rehabilita-
tion units (in larger hospitals). Further evidence is needed
to recommend type and size of the most effective stroke
units in more detail (table 2).

Recommendations
1 Stroke patients should be treated in stroke units (level I).
2 Stroke units should provide co-ordinated multidisciplinary care

provided by medical, nursing and therapy staff who specialise in
stroke care (level I).

Emergency Management
The time window for treatment of patients with acute

stroke is narrow. Acute emergency management of stroke
therefore requires parallel processes at different levels of
patient management. For example, acute assessment of
neurological and vital functions parallels treatment of
acutely life-threatening conditions. The selection of spe-
cial treatment strategies may already be ongoing before
the final decision on the subtype of acute stroke has been
made. Time is the most important factor, especially the
minutes and first hours after stroke onset.

The acute stroke patient, even the one with milder
symptoms, must be recognised as an urgently ill medical
patient [Brott et al., 1994; Brott and Reed, 1989; Adams
et al., 1994]. The patient has to be transported to an emer-
gency unit, and the examining physician must assess the
stroke patient with the priority for a life-threatening and
disabling illness. Only a minority of the stroke patients
present with an immediate life-threatening condition, but
many have severe abnormalities in basic physiologic func-
tions. Symptoms and signs which may predict later com-
plications such a space-occupying infarction or bleeding,
recurrent stroke, and medical conditions such as hyper-
tensive crisis, co-existing MI, aspiration pneumonia and
renal failure must be recognised early. Also, early assess-
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Table 2. Requirements for stroke management

Minimum requirements for centres managing acute stroke patients
1 Availability of 24-hour CT scanning
2 Established stroke treatment guidelines and operational

procedures 
3 Close co-operation of neurologists, internists and rehabilitation

experts 
4 Specially trained nursing personnel 
5 Early multidisciplinary rehabilitation including speech therapy,

occupational therapy and physical therapy
6 Established network of rehabilitation facilities to provide a

continuous process of care
7 Neurosonological investigations within 24 h (extracranial

vessels, colour-coded duplex sonography)
8 ECG
9 Laboratory examinations (including coagulation parameters)

10 Monitoring of blood pressure, ECG, oxygen saturation, blood
glucose, body temperature

Additional facilities recommended
1 MRI/MRA
2 Diffusion and perfusion MR
3 CTA
4 ECG (transoesophageal)
5 Cerebral angiography 
6 Transcranial Doppler sonography 
7 Specialised neuroradiological, neurosurgical and vascular

surgical consultation

Table 3. Emergent diagnostic tests in acute stroke

1 CT
2 ECG and chest X-ray
3 Clinical chemistry

Complete blood count and platelet count, prothrombin time,
INR, PTT
Serum electrolytes, blood glucose
CRP, sedimentation rate
Arterial blood gas analysis, if hypoxia is suspected
Hepatic and renal chemical analyses

4 Pulse oxymetry
5 Lumbar puncture (only if CT is negative, CT and subarachnoidal

haemorrhage is clinically suspected)
6 Duplex and transcranial ultrasound 
7 EEG1

8 MRI1 and MRA1/CTA1

9 Diffusion MR1 and perfusion MR1

10 ECG (transthoracic and transoesophageal)*

PTT = Partial thrombin time; CRP = C-reactive protein.
1 In selected cases.

ment of stroke subtypes based on the physical and neuro-
logical evaluation as well as on skilled interpretation of
the results of CT and magnetic resonance imaging (MRI)
scanning is essential for the prediction of a high risk of
early recurrence.

The initial examination includes observation of
breathing and pulmonary function, concomitant heart
disease, assessment of blood pressure and heart rate, and
determination of arterial oxygen saturation using infrared
pulse oxymetry if available. Simultaneously, blood sam-
ples for clinical chemistry, coagulation and haematology
studies are drawn, and a venous line is inserted. Standard
electrolyte solutions are given until clinical chemistry
results are available. After the emergency assessment,
which in part will be done by emergency nurses or other
emergency room personnel, the neurologist should per-
form a targeted neurological examination. The examina-
tion is supplemented, if possible, by a careful medical his-
tory focussing on risk factors for ateriosclerosis and car-
diac disease. Especially in young patients, a history of
drug abuse, oral contraceptive use, infection, trauma or
migraine may give important clues (table 3).

Diagnostic Imaging
Cranial CT is widely available and not only reliably

distinguishes between haemorrhage and ischaemic stroke
or subarachnoid haemorrhage, but can also rule out many
other brain diseases. Signs of early ischaemia can some-
times be detected as early as 2 h after stroke onset, but this
may be difficult even for the trained examiner, in particu-
lar in very early studies. Early infarct signs include sulcus
effacement, swelling of the basal ganglia and the hyperin-
tense middle cerebral artery (MCA) sign. Early signs of
extensive infarction with intracranial midline shifts indi-
cate a very serious event and a high risk both for second-
ary haemorrhage and large malignant oedema formation
and may justify repeated imaging after a short interval.

Parenchymal haemorrhage can be identified almost im-
mediately either in deep structures in patients with hyper-
tension or in atypical areas in patients without hyperten-
sion or under adequate treatment, usually due to cerebral
amyloid angiopathy. Infratentorial haemorrhage or cere-
bellar infarcts can be identified similar to supratentorial
lesions, but smaller haemorrhages/ischaemic infarcts, in
particular in the brain stem, may easily be missed. In addi-
tion, CT may detect subarachnoid blood in the majority of
cases with subarachnoid haemorrhage. Sometimes haem-
orrhages may even be interpreted as primary, but indeed
are secondary to ischaemic events. Involvement of clearly
defined vascular territories are indicative of such condi-
tions, which are easier to identify in MRI studies. Brain
haemorrhages tend to grow in the first 6–12 h after stroke
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in about 40–50% of all patients even without clinical dete-
rioration, which makes a second early CT study neces-
sary. CT angiography (CTA) is a reliable tool to obtain
information on extracranial and intracranial arterial pa-
tency, and its use in clinical practice often adds value to
the diagnostic work-up [Schellinger et al., 2003].

MRI is more sensitive and is increasingly used in referral
hospitals with stroke unit expertise as a standard proce-
dure. Recent objections because of a suspected lower sensi-
tivity to identify brain haemorrhages have been overcome
by modern MRI techniques such as T2-weighted imaging,
which indeed are even more sensitive than CT scanning for
the display of intracerebral haemorrhage. Diffusion-
weighted MR is very sensitive for early detection of the
damaged brain tissue and combined with perfusion-
weighted MR may help identify patients who benefit from
early thrombolysis. In fact, current concepts suggest that
patients with a significant perfusion-diffusion mismatch
may benefit from restoration of the ischaemic penumbra
surrounding an already necrotic core of infarction, whereas
those with overlapping areas of diffusion and perfusion
deficits have a less favourable benefit/risk ratio. These MR
techniques are not yet available on a large scale, but do seem
promising tools for future routine applications. MR angiog-
raphy (MRA) can be used to identify occlusions of major
intracranial arteries but should carefully be interpreted if
studies from extracranial cerebral arteries are missing. In
this case, ultrasound can be useful to identify severe haemo-
dynamical relevant carotid obstructions, which are likely to
produce significant perfusion deficits in small embolic or
lacunar strokes and may thus mimic falsely a remarkable
perfusion-diffusion mismatch. MRA also has a role in eval-
uating the venous system and aneurysms down to a 3-mm
diameter.

Ultrasound studies are routinely performed in stroke
centres. The major goal is to identify large obstructive
lesions in the extracranial as well as in the intracranial
basal arteries. In addition, transcranial Doppler may be
useful to monitor spontaneous or drug-induced thrombo-
lysis in the majority of patients. In about one quarter of
the patients, it is not possible or very difficult to get ade-
quate signals through the temporal bone window without
application of contrast agents. The detection of rare
causes of ischaemic stroke, such as dissections, intimal
hyperplasia and other less frequent aetiologies is facili-
tated by the systematic use of ultrasound studies. Trans-
oesophageal and transthoracic echocardiography (ECG)
is frequently indicated in suspected cardio-embolic stroke
but usually not performed on an emergency basis. It
seems useful to have these studies available within the

first 24 h after onset of stroke to choose the best available
secondary prevention, in particular in the presence of car-
diac sources of embolism. They can also sometimes be
identified by means of MCA monitoring if high intensity
transient signals are observed.

Recommendations
1 A head CT is the most important diagnostic tool in patients with

suspected stroke to differentiate between ischaemia and haemor-
rhage.

2 Vascular imaging (ultrasound, CTA and MRA) in the acute con-
dition gives additional information about the vessel patency in
the brain and neck vessels and should supplement all imaging
procedures already in the acute phase.

3 MRI/MRA can replace CT if performed appropriately and in par-
ticular T2-weighted imaging is necessary to identify even small
haemorrhages.

4 Diffusion and perfusion MR may be of additional help for assess-
ing the risk/benefit ratio for early revascularization therapy.

5 Early evaluation of physiological parameters, blood chemistry
and haematology, and cardiac function (ECG, pulse oxymetry,
chest X-ray) is recommended in the management of acute stroke
patients (level IV).

Quality Management and Control of Process Quality
It is mandatory to establish a documentation system

for all strokes in a way that allows evaluation of major
characteristics of the patients treated in stroke units.
Items chosen must also allow case mix analyses across
units, regions or even countries. These should include
major predictors of outcome such as age, NIH scale values
at onset and diabetes. Several systems of documentations
have been developed and recommended for use. It is
important to help young colleagues understand that such
documentation has to be performed concurrently by ei-
ther the treating physicians or the stroke nurses them-
selves and should not be left to additional staff that other-
wise do not participate in the work of the stroke unit. It is
essential to have follow-up data at least 3 months follow-
ing the stroke onset in order to enable benchmarking.
These data should at least include mortality and Rankin
scale. In addition, process quality should also be moni-
tored and evaluated on a regular basis. Some recommen-
dations are listed in table 4.

Rehabilitation

Forty per cent of stroke patients need active rehabilita-
tion services. Rehabilitation of a stroke victim is started
as soon as he/she is clinically stable. The intensity of the
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actual rehabilitation programme depends on the status of
the patient and the degree of the disability. In patients
incapable of active training, passive methods may be used
to prevent contractions and joint pain and to prevent dis-
tress for the patient when active movement is possible. Pas-
sive rehabilitation measures also minimise the risk of bed-
sores and pneumonia. All joints on the paralysed side are
moved through the full range of motion several times a day
(3–4 times at least). Co-operative patients are encouraged
to take an active part in the rehabilitation programme. Pro-
longed immobilisation and hemiplegia carry the risk of
deep venous thrombosis and pulmonary embolism.

Treatment in dedicated stroke rehabilitation wards is
based on multidisciplinary teamwork consisting of a phy-
sician, physiotherapist, speech therapist, occupational
therapist, neuropsychologist, social worker and a nurse
[Stroke Unit Trialists’ Collaboration, 2002]. In such a
unit, there is a motivating and encouraging attitude that
maintains the patient’s desire to improve. Important is a
milieu of an ‘enriched environment’, where patients feel
comfortable, and which supports the patient’s efforts and
encourages him/her to practise even beyond working
hours [Johansson, 2000]. Elderly stroke patients may
equally benefit from the well-organised management of
stroke [Kaste et al., 1995; Jørgensen et al., 2000].

As soon as the patient is stable, he/she should be careful-
ly assessed for the degree of disability. The extent and dis-
tribution of motor weakness and the accompanying senso-
ry and proprioceptive deficits should be noted in detail.
The assessment should include evaluation of intellectual
impairment, especially specific cognitive deficits such as
aphasia, apraxia, agnosia, disorders of memory and atten-
tion, and the broad range of emotional distress and motiva-
tional disturbances. When the patient is transferred to a
rehabilitation hospital, it is of the utmost importance that
all members of the stroke team transfer documentation of
the patient’s progress to the stroke team of the rehabilita-
tion hospital [Kaste et al., 1995]. After institutional reha-
bilitation, the rehabilitation programme can be taken over
by an out-patient rehabilitation clinic. This ensures the
smooth transfer of the patient to the next rehabilitation
step back to normal. The length of the rehabilitation period
in the acute stage depends upon the severity of the stroke
and locally available stroke rehabilitation services. Under
usual circumstances, rehabilitation following the acute
phase of ischaemic stroke should not last longer than 6–12
weeks and rarely more than 24 weeks.

Recent reports of rehabilitation methods that are
based on developing muscle strength and increasing the
width of movements with plentiful repetition and en-

Table 4. Recommendations for the quality control of time frames for
treatment of acute stroke

Time frame prolonged Recommendation

Time from stroke onset to
calling emergency service

Increase public information and
support stroke awareness
campaigns

Time from stroke onset to
hospital door

Training of paramedics necessary

Time from hospital door to CT Screening and revision of
intra-hospital organisation

hanced resistance training of the affected limb are called
‘forced use’. Novel restorative programmes that focus on
the functional improvement of the upper extremity [Dun-
can, 1997; Taub et al., 1993; Miltner et al., 1999] or on the
recovery of gait [Hesse et al., 2001; Werner et al., 2002]
have provided promising tools for the treatment of stroke
patients with residual disability.

The fastest recovery of neurological deficit occurs dur-
ing the first 3 months after the onset of symptoms. Active
rehabilitation, however, should be administered as long as
objective improvement in the neurological function is
observed.

In addition to national organisations involved in pro-
viding information to stroke survivors, the role of locally
based self-help groups is important in supporting stroke
patients and their caregivers. Well-integrated social and
medical care with case management programmes may be
one way to reduce admission to institutions and prevent
functional decline in the elderly [Bernabei et al., 1998].
Supporting the patient in his/her social environment is
important. Keeping up social contacts is perhaps some-
thing that offers the best opportunity to influence the
patient’s quality of life. Every chronic stroke patient with
a marked disability should have regular contact with a
family physician, who can encourage the patient, notice
possible impairment of clinical state, and take care of sec-
ondary prevention.

With focused rehabilitation programmes, stroke pa-
tients can become ambulatory and largely independent.
Of major importance is that the majority of survivors are
able to live at home and do not require nursing home care
[Kramer et al., 1997]. That such results can be achieved
with systematic stroke management – and not by chance –
is verified by identical results from University Hospitals
of Umeå, Sweden [Strand et al., 1985], Copenhagen, Den-
mark, Kuopio, Finland [Sivenius et al., 1985] and Trond-
heim, Norway [Indredavik et al., 1991].
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Recommendations
1 Every patient should have access to evaluation for rehabilita-

tion.
2 In patients with a clear indication for rehabilitation, treatment

should be initiated early after stroke (level I). Disabled patients
should have access to structured care including institutional
care.

3 Rehabilitation should be provided by a multidisciplinary team in
a stroke unit (level I).

4 Intensity and duration of rehabilitation should be optimal for
each patient; new methods of rehabilitation should be used (e.g.
repetitive training and forced use), ideally supplementary to
established methods (II).

5 Patients with chronic symptomatic stroke should be supported in
their social environment. This includes access to a family physi-
cian, evaluation of out-patient rehabilitation services, secondary
prevention and support in psychosocial functioning (level II).

Table 5. RRR, ARR and NNT to avoid 1 stroke per year in patients
who undergo surgery for ICA stenosis (modified from Hankey and
Warlow [1999])

Disease RRR
%

ARR/year
%

NNT to avoid
1 stroke/year

Asymptomatic (60–99%) 53 1.2 85
Symptomatic (70–99%) 65 3.8 27
Symptomatic (50–69%) 29 1.3 75
Symptomatic (!50%) no benefit no benefit no benefit

Prevention

Primary Prevention

Primary prevention aims to reduce the risk of stroke in
asymptomatic people. Recommendations concerning pa-
tients with TIAs are considered here as secondary pre-
vention. Relative risk reduction (RRR), absolute risk
reduction (ARR) and NNT to avoid 1 major vascular
event per year are provided for each therapy in tables 5, 6,
and 7.

Arterial Hypertension (High Blood Pressure)
Elevated blood pressure is strongly and directly related

to vascular and overall mortality without any evidence of
a threshold [Lewington et al., 2002]. Lowering high blood
pressure substantially reduces this risk, depending on the
magnitude by which blood pressure is lowered [Neal et al.,
2000; Staessen et al., 2001]. Most studies comparing dif-
ferent drugs have not suggested that any class is superior
[Neal et al., 2000; Staessen et al., 2001], except losartan
(50–100 mg) vs. atenolol [Dahlof et al., 2002] and chlor-
thalidone vs. amlodipine and lisinopril [ALLHAT Inves-
tigators, 2002].

Diabetes mellitus 
Since there are other good reasons to treat diabetes

appropriately, it seems prudent to do so in those at risk for
stroke. Blood pressure should be lowered more aggressive-
ly in diabetics to achieve levels below 135/80 mm Hg
[Turner et al., 1999].

The American Diabetes Association recommends us-
ing aspirin in primary prevention for anyone with dia-
betes older than 30 years with no known contra-indica-
tions [American Diabetes Association, 2000].

Hyperlipidaemia
Three primary or combined primary/secondary pre-

vention trials were unable to show a significant reduction
in stroke rate under pravastatin [ALLHAT Investigators,
2002; West of Scotland Coronary Prevention Study
Group, 1998; Shepherd et al., 2002], despite a tendency
(minus 11%) in men [WOSCOP Study Group, 1998]. In
the larger Heart Protection Study [2002], the reduction
in the event rate under simvastatin was significant even
in those with low-density lipoprotein cholesterol be-
low 3.0 mmol/l (116 mg/dl) or total cholesterol below
5.0 mmol/l (193 mg/dl). The annual excess of myopathies
was 1 per 10,000 patients treated [Heart Protection
Study, 2002].

Cigarette Smoking
Cohort studies have shown cigarette smoking to be an

independent risk factor for ischaemic stroke [Wolf et al.,
1988] in men [Abbott et al., 1986] and women [Colditz et
al., 1988]. A meta-analysis of 22 studies indicates that
smoking doubles the risk of ischaemic stroke [Shinton et
al., 1989]. Subjects who stop smoking reduce this risk by
50% [Colditz et al., 1988].

Alcohol Consumption
Heavy alcohol drinking (more than 60 g/day) increases

the risk of stroke, while light or moderate alcohol con-
sumption may be protective against all strokes and isch-
aemic strokes. Consumption of up to 12 g of alcohol per
day was associated with an RRR of all strokes (RR: 0.83)
and of ischaemic stroke (RR: 0.80). Moderate consump-
tion (12–24 g/day) was associated with a reduced risk of
ischaemic stroke (RR: 0.72) [Reynolds et al., 2003].
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Table 6. RRR, ARR and NNT to avoid
1 major vascular event per year in patients
with antithrombotic therapy (modified
from Hankey and Warlow [1999])

Disease Treatment RRR
%

ARR/year
%

NNT to avoid
1 major vascular
event/year

Non-cardio-embolic ASA/placebo 13 1.0 100
ischaemic stroke or TIA ASA + DIP/aspirin 15 0.9 111

ASA + DIP/placebo 19 1.2 53
clopidogrel/ASA 13 0.6 166

AF (primary prevention) warfarin/placebo 62 2.7 37
ASA/placebo 22 1.5 67

AF (secondary prevention) warfarin/placebo 67 8 13
ASA/placebo 21 2.5 40

ASA = Aspirin; DIP = dipyridamol.

Table 7. RRR, ARR and NNT to avoid 1 major vascular event per year in patients with risk factors modification
(modified from Hankey and Warlow [1999])

Clinical condition Treatment RRR
%

ARR
%

NNT to avoid
1 stroke/year

General population with increased blood pressure antihypertensive 42 0.2 94
Post-stroke/TIA with increased blood pressure antihypertensive 31 2.2 45
Post-stroke/TIA with normal blood pressure antihypertensive 28 4 42
Post-stroke/TIA statins 24 1.7 59

smoking cessation 33 2.3 43

Lifestyle Modification
In men, vigorous exercise was associated with a de-

creased risk of stroke [Lee et al., 1999]. The data suggested
that this association was mediated through beneficial
effects on body weight, blood pressure, serum cholesterol
and glucose tolerance, and that, apart from these effects,
physical activity had no influence on stroke incidence.
Substantial evidence supports the use of diets high in non-
hydrogenated unsaturated fats, whole grains, fruit and
vegetables, fish once a month and adequate n–3 fatty
acids to reduce the risk of ischaemic heart disease and
probably stroke [Hu and Willett, 2002; He et al., 2002].

Postmenopausal Oestrogen Replacement Therapy
Stroke rates rise rapidly in women once they become

menopausal. However, in an analysis based on a 16-year
follow-up of 59,337 postmenopausal women participating
in the Nurses’ Health Study, there was only a weak asso-
ciation between stroke and oestrogen replacement [Grod-
stein et al., 2001]. According to the HERS II trial, hor-
mone replacement in healthy women is associated with an
increased risk of ischaemic stroke [Grady et al., 2002].

Recommendations
1 Blood pressure measurement is an essential component of regular

health care visits. Blood pressure should be lowered to normal
levels (!140/!90 mm Hg, or !135/80 mm Hg in diabetics) by
means of lifestyle modification. Most hypertensive patients will
also need pharmacological treatment to achieve normal blood
pressure (level I).

2 Although strict control of glucose levels in diabetes mellitus has
not been proven to be associated with a decreased risk of stroke, it
should be encouraged because of benefits in terms of other diabet-
ic complications (level III).

3 Cholesterol-lowering therapy (simvastatin) is recommended for
high-risk patients (level I).

4 Cigarette smoking should be discouraged (level II).
5 Heavy use of alcohol should be discouraged, light or moderate

alcohol consumption may be protective against stroke (level I).
6 Regular physical activity is recommended (level II).
7 A low salt, low saturated fat, high fruit and vegetable diet rich in

fibre is recommended (level II).
8 Subjects with an elevated body mass index should take a weight-

reducing diet (level II).
9 Hormone replacement therapy (oestrogen/progesterol) should

not be used for primary prevention of stroke (level I).
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Antithrombotic Therapy
A meta-analysis [Hart et al., 2000] of the 5 trials [Peto

et al., 1988; Steering Committee of the Physicians Health
Study Research Group, 1989; EDTRS Investigators,
1992; Hansson et al., 1998; Meade, 1998] comparing aspi-
rin with no aspirin in 52,251 subrin with no aspirin in
52,251 subjects after a mean follow-up of 4.6 years found
no effect on stroke rate. A further trial found that aspirin
(100 mg per day) was associated with a non-significant
reduction in stroke of 33% [de Gaetano, 2001]. No data
are available on the use of other antiplatelet agents in pri-
mary prevention. There is no proof that aspirin is benefi-
cial in patients with asymptomatic internal artery steno-
sis, but these patients being at increased risk for MI, there
is a consensus to use aspirin.

Warfarin reduces the rate of ischaemic stroke by 70%
in patients with atrial fibrillation (AF), with an optimal
international normalised ratio (INR) level between 2.0
and 3.0 [The European Atrial Fibrillation Study Group,
1995]. In this group, aspirin (300 mg per day) reduces
stroke by 21% and is significantly less efficacious than
warfarin [Hart et al., 1998]. As the annual rate of stroke
among people with AF is very wide, risk stratification
should be used to determine whether patients should be
given oral anticoagulation, aspirin or nothing [Fuster et
al., 2001]. Oral anticoagulation has a higher chance to be
effective in patients with AF who have one or more risk
factors, such as a previous ischaemic stroke, TIA or a pre-
vious systemic embolism, age over 75 years, high blood
pressure or poor left ventricular function [Fuster et al.,
2001]. In patients over 75 years, warfarin used with high
INR values (range 3.0–4.5) increase the risk of haemor-
rhage [The Stroke Prevention in Reversible Ischemia
Trial Study Group, 1997]. Patients with AF who have
prosthetic heart valves should receive long-term antico-
agulation with a target INR based on the prosthesis type,
but not less than INR 2–3 [Fuster et al., 2001].

Recommendations
1 Although aspirin does not reduce the risk of stroke in healthy sub-

jects, it does reduce the risk of MI and can be recommended in
subjects with one or more vascular risk factors (level I).

2 Clopidogrel, ticlopidine, trifusal and dipyridamole have not been
studied in asymptomatic subjects and therefore cannot be recom-
mended for primary stroke prevention (level IV).

3 Asymptomatic patients with a greater than 50% internal carotid
artery (ICA) stenosis should receive aspirin in order to reduce the
risk of MI (level IV).

4 Long-term oral anticoagulation therapy (target INR 2.5; range
2.0–3.0) should be considered for all AF patients at high risk of
embolism: age 175 years, or age 160 years plus risk factors such

as high blood pressure, left ventricular dysfunction, and diabetes
mellitus (level I).

5 Long-term aspirin (325 mg per day) or warfarin are recom-
mended for patients with non-valvular AF at moderate risk of
embolism: age 60–75 years without additional risk factors
level I).

6 Warfarin is recommended for AF patients aged 60–75 with dia-
betes or coronary heart disease (level I).

7 Although not yet established by randomised studies, in patients
over 75 years, warfarin may be used with a lower INR (target INR
of 2.0; range 1.6–2.5) to decrease the risk of haemorrhage (level
III).

8 Patients with AF unable to receive oral anticoagulants should be
offered aspirin (level I).

9 Long-term aspirin (325 mg per day) or no therapy are recom-
mended for patients with non-valvular AF at low risk of embo-
lism: age !60 years without additional risk factors (level I).

10 Patients with AF who have prosthetic heart valves should receive
long-term anticoagulation with a target INR based on the pros-
thesis type, but not less than INR 2–3 (level II).

Carotid Surgery and Endovascular Treatment for
Asymptomatic Carotid Stenosis
The Asymptomatic Carotid Atherosclerosis Study re-

ported that patients with an asymptomatic carotid steno-
sis greater than 60% had a 5-year RRR of 53% of ipsilater-
al stroke if carotid surgery was performed [Executive
Committee for the Asymptomatic Carotid Atherosclero-
sis Study, 1995]. However, the ARR was small (5.9% in 5
years), as was the rate of ipsilateral stroke in the medically
treated group (11.0% in 5 years, or 2.3% annually). More-
over, these results were achieved with a perioperative rate
of complications (stroke or death) of only 2.3%. A meta-
analysis of 5 trials of carotid surgery for asymptomatic
carotid stenosis concluded that, although surgery reduces
the incidence of ipsilateral stroke, the absolute benefit of
carotid surgery is small, as the rate of stroke in medically
treated patients is low [Benavente et al., 1998]. Medical
management alone is the best alternative for many
asymptomatic subjects.

Specific Issues. (1) Patients with an occlusion of the
ICA contralateral to the operated carotid artery do not
benefit from endarterectomy [Baker et al., 2000; Straus et
al., 2002]. (2) The ipsilateral stroke risk increases with the
degree of the stenosis [The European Carotid Surgery
Trialists Collaborative Group, 1995; Inzitari et al., 2000].
(3) A subgroup analysis of the Asymptomatic Carotid
Atherosclerosis Study indicates that women have signifi-
cantly lower benefit from surgery than men. (4) There are
no prospective trials investigating the benefit of antiplate-
let drugs in patients with asymptomatic carotid stenosis
[Chambers et al., 2002].
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Carotid Artery Angioplasty and Stenting for
Asymptomatic Stenosis
There are no data from randomised trials about the

benefit and risk of carotid angioplasty compared with
endarterectomy in asymptomatic patients [Roubin et al.,
2001].

Recommendations
1 Carotid surgery may be indicated for some asymptomatic pa-

tients with a 60–99% stenosis of the ICA. The carotid endarterec-
tomy (CEA)-related risk of stroke or death must be less than 3%,
and patients with a life expectancy of at least 5 years (or under the
age of 80) may benefit from surgery (level II).

2 Carotid angioplasty, with or without stenting, is not routinely rec-
ommended for patients with asymptomatic carotid stenosis. It
may be considered in the context of randomised clinical trials.

Secondary Prevention

Antiplatelet Therapy
A meta-analysis of 287 trials [Antiplatelet Trialists Col-

laboration, 2002] showed a 25% relative reduction of seri-
ous vascular events (non-fatal myocardial infarction, non-
fatal stroke or vascular death) under antiplatelet therapy in
patients with previous ischaemic stroke or TIA: when 1,000
patients are treated for 2 years, 36 events are prevented
among those with previous stroke or TIA, and this benefit
substantially outweighs the absolute risks of major extra-
cranial bleeding [Antiplatelet Trialists Cooperation, 2002].
Another meta-analysis has attributed a more modest 13%
RRR under antiplatelet therapy [Algra et al., 2000].

Aspirin. Studies directly comparing the effects of dif-
ferent doses of aspirin failed to show differences in stroke
recurrences [Algra and van Gijn, 1996; The Dutch TIA
Study Group, 1991; Farrell et al., 1991]. The risk/benefit
ratio of adding another antithrombotic drug to aspirin has
not been fully studied.

Clopidogrel. Clopidogrel is slightly more effective than
aspirin in preventing vascular events [CAPRIE Steering
Committee, 1996]. It is the agent of choice in patients
with contra-indications, or adverse effects, to aspirin and
may be more effective in higher risk patients (i.e. with a
previous stroke, peripheral artery disease, symptomatic
coronary disease and diabetes) and after coronary surgery
[Bhatt et al., 2000].

Dipyridamole Plus Aspirin. The ESPS II Study [Diener
et al., 1996], a randomised, double-blind, placebo-con-
trolled trial, showed that the combination of aspirin
(50 mg) plus dipyridamole (400 mg) doubles the effect of

aspirin alone and of dipyridamole alone: the RRR versus
placebo were 37, 18 and 16%, respectively.

Specific Issues. (1) The incidence of major bleeding
complications is independent of the dose of aspirin.
(2) The incidence of gastro-intestinal disturbances with
aspirin is dose dependent. Lower doses are safer. (3) The
treatment of patients who have a recurrent vascular event
on antithrombotic therapy remains unsettled. Such pa-
tients should be re-evaluated for pathophysiology and risk
factors. Patients without cardiac sources of embolism who
suffered a recurrent event while under aspirin do not bene-
fit from warfarin.

Recommendations
1 Appropriate antiplatelet therapy should be given to prevent

stroke recurrence and further vascular events (level I). There are
three treatment options that may all be considered as first choice
depending on patient characteristics.

2 Aspirin 50–325 mg should be given to reduce stroke recurrence
(level I).

3 Where available, the combination of aspirin (50 mg) and long
release dipyridamole (200 mg twice daily) can be given as first
choice to reduce the risk of stroke recurrence (level I).

4 Clopidogrel is slightly more effective than aspirin in the pre-
vention of further vascular events (level I).

5 It may also be prescribed as first choice or when aspirin and dipy-
ridamole are not tolerated (level IV), and in high-risk patients
(level III).

6 Patients with TIA or ischaemic stroke and unstable angina or
non-Q-wave MI should be treated with a combination of clopido-
grel 75 mg and aspirin 75 mg (level III).

7 Patients starting treatment with thienopyridine derivatives
should receive clopidogrel instead of ticlopidine because it has
fewer side-effects (level III).

8 In patients who cannot be treated by aspirin or thienopyridine
derivatives, long release dipyridamole alone (200 mg twice daily)
may be used as an alternative (level II).

Anticoagulation
Oral anticoagulation (INR 2.0–3.0) reduces the risk of

recurrent stroke in patients with non-valvular AF and
recent ischaemic stroke [The European Atrial Fibrillation
Study Group, 1995; Fuster et al., 2001].

Although evidence from randomised trials is lacking,
long-term anticoagulation is routinely used for patients
with mechanical prosthetic valves, with a target INR
between 3.0 and 4.0 [Cannegieter et al., 1995]. There is no
argument supporting oral anticoagulation in non-cardiac
ischaemic strokes [Mohr et al., 2001], and an excessive
mortality and major bleeding in excessively anticoagulated
patients (target INR 3.0–4.5) was even found in the Stroke
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Prevention in Reversible Ischemia Trial [The Stroke Pre-
vention in Reversible Ischemia Trial Study Group,
1997].

Specific Issues. (1) Some retrospective studies suggest
that anticoagulation may be beneficial in specific circum-
stances: aortic atheroma [Dressler et al., 1998], fusiform
aneurysms of the basilar artery [Echiverri et al., 1989] or
arterial dissection. There are no consistent data relating to
anticoagulation after cervical artery dissection. (2) Oral
anticoagulation should probably be avoided in elderly
patients with leucoaraiosis [The Stroke Prevention in
Reversible Ischemia Trial Study Group, 1997]. (3) It is
unclear if patients with patent foramen ovale benefit from
oral anticoagulation. Patients without proven deep vein
thrombosis (DVT) or associated atrial septal aneurysm
should probably be given aspirin. The roles of anticoagu-
lation and closure of the patent foramen ovale remain to
be elucidated [Mas et al., 2001].

Recommendations
1 Oral anticoagulation (INR 2.0–3.0) is indicated after ischaemic

stroke associated with AF (level I). Oral anticoagulation is not
advisable in patients with comorbid conditions such as falls, epi-
lepsy, severe dementia, or gastro-intestinal bleedings.

2 Patients with prosthetic heart valves should receive long-term
anticoagulation therapy with a target INR between 2.5 and 3.5 or
higher (level II).

3 Patients with proven cardio-embolic stroke should be anticoagu-
lated, if the risk of recurrence is high, with a target INR between
2.0 and 3.0 (level III).

4 Anticoagulation should not be used after non-cardio-embolic
ischaemic stroke, except in some specific situations, such as aor-
tic atheromas, fusiform aneurysms of the basilar artery or cervical
artery dissection (level IV).

Antihypertensive Treatment
A meta-analysis from 9 randomised controlled trials

on antihypertensive drugs, in which a small number of
stroke survivors had been included, led to an estimated
RRR for stroke of 29% (95% CI: 5–47) [The INDIANA
Project Collaborators, 1997]. Indapamide (2.5 mg daily),
a diuretic, reduces the risk of recurrent stroke by 29% (ab-
solute reduction 2.9%) after 3 years, in patients with high
blood pressure and recent stroke or TIA [PATS Collabo-
rating Group, 1995]. The HOPE Study showed an effec-
tive prevention of secondary ischaemic events by an ACE
inhibitor (ramipril) in high-risk patients including those
who had already had a stroke [Yusuf et al., 2000], despite
a modest reduction in blood pressure. The PROGRESS
trial showed that patients who had had a stroke or TIA
within 5 years and received perindopril (4 mg daily) plus

indapamide (2–2.5 mg daily) had a significant 43% reduc-
tion in the risk of recurrent stroke [PROGRESS Collabo-
rative Group, 2001]. This benefit was achieved regardless
of blood pressure and type of stroke [PROGRESS Col-
laborative Group, 2001].

Specific Issues. (1) Although there is no convincing evi-
dence, patients at risk of haemodynamic stroke as a conse-
quence of occlusive or severe stenotic disease of the carot-
id or vertebrobasilar arteries, or who have cardiac failure,
should not have their blood pressure lowered excessively.
(2) ACE inhibitors may be considered in patients with
haemodynamic brain compromise because they shift the
autoregulation curve of the cerebral blood flow towards
normal values.

Recommendations
1 After stroke or TIA, blood pressure should be lowered, irrespec-

tive of its level, with a diuretic and/or an ACE inhibitor, subject
to toleration of the treatment (level I).

2 The effectiveness of other classes of blood pressure-lowering
drugs has not yet been established by controlled trials.

Cholesterol-Lowering Therapy
A significant reduction in stroke risk is seen across all

treatment groups [Di Mascio et al., 2000]. Most of this
effect was driven by trials involving patients with a prior
vascular event using a statin, or where a reduction in total
cholesterol levels of more than 10% was achieved. In sec-
ondary prevention, 57 patients would need to be treated
with statins to prevent 1 stroke per year [Straus et al.,
2002]. The MRC/BHF Heart Protection Study had a sub-
group of 1,820 patients with previous stroke or TIA and
no previous coronary event: simvastatin (40 mg daily)
reduced the risk of recurrent vascular events by 24%
[Heart Protection Study Collaborative Group, 2002]. The
PROSPER trial showed that a similar reduction in the
risk of coronary events was observed under pravastatin in
older individuals, without significant effect on stroke or
cognition after 3 years of follow-up [Sheperd et al., 2002].
Gemfibrozil, a fibrate, can also reduce the risk of stroke
[Rubins et al., 1999].

Recommendation
1 Patients with a history of ischaemic stroke or TIA should be con-

sidered for statin (simvastatin) therapy (level I).
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Hormone Replacement Therapy 
In the Women’s Oestrogen for Stroke Trial, a placebo-

controlled randomised trial of oestrogen replacement
therapy for the secondary prevention of ischaemic stroke,
the risk of fatal stroke was higher (not significant) with
oestrogens, and non-fatal strokes were associated with
worse functional outcomes [Viscoli et al., 2001].

Recommendation
1 There is no indication to use hormone replacement therapy for

secondary stroke prevention in postmenopausal women (level II).

Smoking
Smoking cessation leads to an early reduction in risk of

both coronary events and stroke at any age [Kawachi et
al., 1993; Wannamethee et al., 1995; Colditz et al.,
1988].

Recommendation
1 All smokers should stop smoking, especially patients who have

had stroke (level IV).

Carotid Endarterectomy 
The North American Symptomatic Carotid Endarter-

ectomy Trial (NASCET) [North American Symptomatic
Carotid Endarterectomy Trial Collaborators, 1991] and
the European Carotid Surgery Trialists Collaborative
Group [European Carotid Surgery Trialists Collaborative
Group, 1995] reported that surgery was efficacious for
symptomatic patients with ipsilateral carotid stenosis
greater than 70%. Although these trials used different
methods of measurement, it is possible to predict the per-
centage of stenosis from one method to another, and there
is little difference in their ability to predict ipsilateral
stroke [Rothwell et al., 2003]. The NASCET analysis of
surgery for symptomatic patients with less than 70% ste-
nosis revealed an ARR of 6.5% and an RRR of 29% for
patients with 50–69% stenosis allocated for surgery [Bar-
nett et al., 1998]; the overall significance of carotid sur-
gery in preventing ipsilateral stroke was marginal (p =
0.045) and the CIs overlapped in the survival curves.

Specific Issues. (1) Elderly patients (175 years) without
organ failure or serious cardiac dysfunction benefit from
CEA. (2) Women with symptomatic stenosis 170%
should undergo CEA. Women with moderate stenosis
should be treated medically. (3) Patients with few risk fac-
tors who present with amaurosis fugax only are better off

with medical treatment. Patients with severe stenosis and
high risk profile should be considered for CEA. (4)
Patients with mild to moderate intracranial stenosis and
severe extracranial stenosis are ideal candidates for CEA.
(5) The benefit from CEA is lower for patients with lacu-
nar stroke. (6) Patients with leucoaraiosis should be made
aware of the increased operative risk. (7) Occlusion of the
contralateral ICA is not a contra-indication to CEA but
carries a higher perioperative risk. (8) Continuation of
aspirin is required until surgery, but heparin may be used
in very severe stenosis. (9) The benefit from endarterecto-
my is marginal in patients with carotid near-occlusion.
(10) All grading of stenoses should be according to NAS-
CET criteria.

Recommendations
1 Conventional angiography, or one or ideally more of the follow-

ing investigations – ultrasonography, MRA, or CTA – may be
used to identify and quantify carotid artery stenosis.

2 CEA is indicated for patients with stenosis of 70–99% without a
severe neurological deficit with recent (!180 days) ischaemic
events. This is valid only for centres with a perioperative compli-
cation rate (all strokes and death) of less than 6% (level I).

3 CEA may be indicated for certain patients with stenosis of 50–
69% without a severe neurological deficit. This is valid only for
centres with a perioperative complication rate (all strokes and
death) of less than 6%. The subgroup of patients most likely to
benefit from surgery is males with recent hemispheric symptoms
(level III).

4 CEA is not recommended for patients with stenosis of less than
50% (level I).

5 CEA should not be performed in centres not exhibiting low com-
plication rates similar to those seen in NASCET or the European
Carotid Surgery Trialists Collaborative Group (level I).

6 Patients should remain on antithrombotic therapy before, during
and after surgery (level II).

7 Patients should be followed up by the referring physician as well
as the surgeon (level IV).

Extracranial-Intracranial Anastomosis
Anastomosis between the superficial temporal and

middle cerebral arteries is not beneficial in preventing
stroke in patients with MCA or ICA stenosis or occlusion
[The EC/IC Bypass Study Group, 1985].

Carotid Angioplasty and Stenting
Angioplasty was compared with surgery in the Carotid

and Vertebral Artery Transluminal Angioplasty Study, a
randomised clinical trial [CAVATAS Investigators,
2001]: the 30-day death and stroke rate of carotid surgery
was 9.9% and that of angioplasty 10.0%. We are currently
waiting for the results of ongoing trials. The use of carotid
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angioplasty and stenting should be limited to well-
designed, well-conducted, randomised studies.

Recommendations
1 Carotid percutaneous transluminal angioplasty may be per-

formed for patients with contra-indications to CEA or with steno-
sis at surgically inaccessible sites (level IV).

2 Carotid percutaneous transluminal angioplasty and stenting may
be indicated for patients with re-stenosis after initial CEA or ste-
nosis following radiation (level IV).

3 Patients should receive a combination of clopidogrel and aspirin
immediately before, during and at least 1 month after stenting
(level IV).

Acute Stroke Management
There are 5 mainstays in the treatment of acute

stroke.
(1) Treatment of general conditions that need to be sta-

bilised.
(2) Specific therapy directed against particular aspects

of stroke pathogenesis, either recanalisation of a vessel
occlusion or prevention of mechanisms leading to neuro-
nal death in the ischaemic brain (neuroprotection).

(3) Prophylaxis and treatment of complications which
may be either neurological (such as secondary haemor-
rhage, space-occupying oedema or seizures) or medical
(such as aspiration, infections, decubital ulcers, deep ve-
nous thrombosis or pulmonary embolism).

(4) Early secondary prevention, which is aimed at
reducing the incidence of early stroke recurrence.

(5) Early rehabilitation.

Monitoring of Vital Neurological Functions in the
Stroke Unit or in a Normal Ward
In all stroke patients, the neurological status and vital

functions (blood pressure, pulse rate and temperature)
should be continuously or regularly monitored. The neu-
rological status is best monitored using validated neuro-
logical scales, such as the NIH Stroke Scale [Lyden et al.,
1994], the Scandinavian Stroke Scale [Lindstrom et al.,
1991] and the Glasgow Coma Scale [Teasdale and Jennet,
1976].

In selected cases with past medical history of cardiac
disease and/or arrhythmias and in case of unstable blood
pressure, on-line ECG monitoring is desirable. The elec-
trodes for cardiac monitoring can also be used for respira-
tory monitoring, which is useful to detect respiration
abnormalities during sleep [Iranzo et al., 2002; Turking-
ton et al., 2002]. When instrumental monitoring is not

feasible, repeat ECG, clinical checks of respiratory func-
tion and blood pressure measurements with automatic
inflatable sphygmomanometry should be performed.
Pulse oxymetry is useful for continuous monitoring in
stroke units. It provides relevant information on the
patient’s respiratory status. A central venous catheter and
occasionally central venous pressure monitoring is
needed in severe stroke patients treated in specialised
wards. Via a central venous catheter, indirect information
on intravascular volume, cardiac function, and com-
pliance within the venous system can be achieved.

General Stroke Treatment
The term ‘general treatment’ refers to treatment strate-

gies aimed at stabilising the critically ill patient, in order
to control systemic problems that may negatively in-
fluence stroke outcome and to provide an optimum physi-
ological basis upon which specific therapeutic strategies
may be applied. There is consensus that the management
of general medical problems is the basis for stroke treat-
ment [WHO Task Force, 1989; Brott and Reed, 1989;
Adams et al., 1994; Hacke et al., 1995; European Ad Hoc
Consensus Group, 1996]. General management of stroke
patients includes respiratory and cardiac care, fluid and
metabolic management, blood pressure control and per-
haps treatment of elevated intracranial pressure (ICP). In
addition, treatment of seizures and prophylactic measures
concerning DVT, pulmonary embolism, dysphagia, aspi-
ration pneumonia, other infections and decubital ulcer
are part of the general treatment of the patients.

Most authors agree that adequate support of vital func-
tions constitutes basic therapy. On the other hand, one
has to keep in mind that even the proposed management
of hypertension, hyperglycaemia or fever in stroke pa-
tients has never been tested prospectively.

Pulmonary Function and Airway Protection
Normal respiratory function and adequate blood oxy-

genation are required for stroke management, being im-
portant for the preservation of metabolic function in the
ischaemic penumbra. However, there is no convincing
prospective clinical evidence that oxygen supply at low
flow rates is useful in human brain infarction [Ronning
and Guldvog, 1999].

Respiratory function has to be monitored in order to
detect and treat hypoxia. This may be consequent to
extensive brainstem or hemispheric infarction, large
brain haemorrhage, sustained seizure activity, or to com-
plications such as severe pneumonia particularly in pa-
tients at risk of aspiration, heart failure, pulmonary embo-
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lism or exacerbation of chronic obstructive pulmonary
disease. Ventilation may be particularly compromised
during sleep [Iranzo et al., 2002]. Blood oxygenation is
improved by the administration of 2–4 litres of O2 per
minute via a nasal tube, when indicated. In the event of a
severely compromised respiratory pattern, severe hyp-
oxaemia or hyper-carbia, and in the unconscious patient
(Glasgow Coma Scale ̂ 8) at high risk for aspiration, ear-
ly intubation may be necessary. Prognosis of stroke pa-
tients undergoing intubation is not invariably bad [Grotta
et al., 1995; Berrouschot et al., 2000] with some series
reporting a 1-year survival rate of about one third of the
patients [Steiner et al., 1997]. Of course, before intubation
is performed, the general prognosis, co-existing life-
threatening medical conditions and the presumed will of
the patient and his/her family have to be taken into
account.

Cardiac Care
Cardiac arrhythmias secondary to stroke, particularly

AF [Broderick et al., 1992; Vingerhoets et al., 1993], are
not unusual, while heart failure, acute MI or sudden death
[Bamford et al., 1990; Broderick et al., 1992] may compli-
cate the clinical course. Significant ECG alterations in the
ST segments and the T waves and QT prolongation mim-
icking myocardial ischaemia may appear in the acute
phase [Norris, 1983], and cardiac enzymes may be ele-
vated after stroke [James et al., 2000]. Most of the events
related to pre-existing coronary artery disease [Khechi-
nashvili, 2002], but there may also be coincidental MI,
with cerebral ischaemia [Furlan, 1987]. However, irre-
spective of previous cardiac disease, a correlation has
been stressed between infarcts involving the insular cor-
tex and cardiac complications [Oppenheimer et al.,
1996].

Every stroke patient should have an initial ECG, while
indications on continuous ECG monitoring are reported
above.

Optimizing cardiac output with maintenance of a high
normal blood pressure and a normal heart rate is the
essential basis of stroke management. The central venous
pressure should be maintained at approximately 8–10 cm
H2O, and its monitoring, although not frequently used in
a normal ward, will give early warning of a volume defi-
ciency or volume overload, which both have negative
effects on cerebral perfusion. The intravascular volume
must be kept stable. Among the inotropic agents, dobu-
tamine has the advantage of increasing cardiac output
without substantially affecting either heart rate or blood
pressure. Dopamine may be particularly useful in patients

with arterial hypotension or renal insufficiency. Increases
in cardiac output may increase cerebral perfusion in
areas, which have lost their autoregulative capacity after
acute ischaemia. Restoration of normal cardiac rhythm
using drugs, cardioversion, or pacemaker support should
be performed in co-operation with internists or cardiolo-
gists, if necessary.

Blood Pressure Management
Blood pressure monitoring and treatment is a critical

issue, since many patients with acute stroke have elevated
blood pressure [Leonardi-Bee et al., 2002]. Some data
would favour treatment [Hatashita et al., 1986; Davalos
et al., 1990; Bowes et al., 1996; Fagan et al., 1998; Cha-
morro et al., 1998; Ahmed and Wahlgren, 2001; Leonar-
di-Bee et al., 2002], but evidence opposing treatment is
also available [Jorgensen et al., 1994; Ahmed et al., 2000;
Leonardi-Bee et al., 2002]. Cerebral blood flow autoregu-
lation may be defective in an area of evolving infarction
[Meyer et al., 1973]. Eames et al. [2002] showed that flow
in the ischaemic penumbra is passively dependent on the
mean arterial pressure. Hence, abrupt drops in blood
pressure must be avoided if an adequate cerebral perfu-
sion pressure is to be maintained. Moreover, blood pres-
sure increase may be consequent to treatable conditions
[Carlberg et al., 1991], and usually blood pressure sponta-
neously decreases during the first days after stroke onset
[Britton et al., 1986; Jansen et al., 1987; Oppenheimer
and Hachinski, 1992; Broderick et al., 1993; Harper et al.,
1994].

A target systolic blood pressure of 180 mm Hg and dia-
stolic blood pressure of 100–105 mm Hg is recommended
in patients with prior hypertension. In other cases, lower
blood pressure values are desirable (160–180/90–100 mm
Hg). Obviously, extremely high blood pressure levels are
not acceptable. Systolic values over 220 mm Hg or dia-
stolic values over 120 mm Hg (in some centres, especially
in North America, thresholds of 240 mm Hg systolic and
130 mm Hg diastolic values are accepted) constitute an
indication for early but cautious drug treatment, avoiding
a drastic or abrupt reduction in blood pressure (ta-
bles 8, 9). There are only few other indications for imme-
diate antihypertensive therapy. Treatment may be appro-
priate in the setting of concomitant acute myocardial isch-
aemia (although extreme lowering of blood pressure is
deleterious for MI patients as well), cardiac insufficiency,
acute renal failure or aortic arch dissection. In patients
undergoing thrombolysis or heparin administration, sys-
tolic blood pressure above 180 mm Hg should be avoided.
In case the CT scan has shown a non-ischaemic cause of
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Table 8. Characteristics of selected antihypertensive drugs that may be used in acute stroke (modified from Kaplan [1990] and Ringleb et al.
[1998])

Oral drugs Dose Onset
min

Duration
h

Adverse effects

Angiotensin-converting enzyme inhibitor
Captopril 6–12.5 mg s.c. 15–30 4–6 decrease in cerebral blood flow orthostatic hypotension

Parenteral drugs
Central sympaticolytic

Clonidine 0.2 mg initial then 0.1 mg/h
up to 0.8 mg

5–15 6–8 profound hypotension; caution if combined with
diuretics

Vasodilators
Nitroprusside 0.25–10 Ìg/kg min–1 1–5 nausea, vomiting, muscle twiching, sweating,

thiocyanate intoxication
Nitroglycerin 5–100 Ìg/kg min–1 2–5 tachycardia, headaches, vomiting
Dihydralazin 6.5–20 mg i.v. bolus

1.5–7.5 mg/h 
1–2 1–2 tachycardia, headaches

ß-Blocker
Propranolol 1–10 mg i.v. 1–2 3–6 ß-blocker side-effects (e.g. bronchospasm, decreased

cardiac output, bradycardia)

·/ß-Blocker
Labetalol 20–80 mg i.v. bolus

2 mg/min i.v. infusion
5–10 3–5 vomiting, postural hypotension, nausea, dizziness

·-Blocker
Urapidil 10–50 mg i.v. bolus

9–30 mg/h
2–5 3 no serious side-effects

Central sympatholytic
Clonidine 0.075 mg s.c. 5–10 3–5 initial blood pressure increase, sedation

The use of oral nifedipin is strongly discouraged.

stroke, such as subarachnoid haemorrhage, intracerebral
haemorrhage or subdural haematoma, antihypertensive
treatment may also be started.

The use of sublingual nifedipine should be avoided
because of the risk of abrupt reduction of blood pressure
[Grossman et al., 1996], possible ischaemic steal [Ahmed
et al., 2000; Adams et al., 1994; Graham et al., 1982; Pow-
er, 1993; Jorgensen et al., 1994] and overshoot hyperten-
sion. Oral captopril (6.25–12.5 mg) may be used instead,
but has a short duration of action and can have an abrupt
effect. In North America, intravenous labetalol (10 mg) is
frequently recommended. Intravenous urapidil is increas-
ingly used in this situation. Finally, sodium nitroprusside
is sometimes recommended despite possible major side-
effects, such as reflex tachycardia and coronary artery
ischaemia.

A low or normal-low blood pressure at stroke onset is
unusual [Leonardi-Bee et al., 2002] and may be conse-

quent to a large infarct, to cardiac failure or ischaemia, or
sepsis. Blood pressure can be raised by adequate patient
re-hydration with crystalloid (saline) or, occasionally, col-
loid solutions. Low cardiac output may need inotropic
support.

Glucose Metabolism
An increase in serum glucose levels at hospital admis-

sion may be frequently found, due to previous known or
unknown diabetes [Toni et al., 1992; Gray et al., 1987],
even in non-diabetic patients [van Kooten et al., 1993].

High glucose levels are harmful in stroke [Pulsinelli et
al., 1983; Davalos et al., 1990; Toni et al., 1994; Weir et
al., 1997; Capes et al., 2001]. This is true not only for dia-
betic patients, whose metabolic derangement may be dra-
matically worsened in the acute stroke phase, but also for
non-diabetic subjects [Weir et al., 1997; Capes et al.,
2001]. Hence, temporary insulin treatment may become
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Table 9. Suggested antihypertensive treatment in acute ischaemic stroke (modified from Brott et al. [1994] and
Ringleb et al. [1998]; availability of substances may vary between countries)

1 Systolic BP 180–220 mm Hg and/or diastolic
BP 105–140 mm Hg

do not treat

2 Systolic BP 6220 mm Hg and/or diastolic
BP 120–140 mm Hg, on repeated measures

captopril 6.25–12.5 mg p.o./i.m.
labetalol 5–20 mg i.v.1
urapidil 10–50 mg i.v., followed by 4–8 mg/h i.v.2
clonidine 0.15–0.3 mg i.v. or s.c.
dihydralazine 5 mg i.v. plus metoprolol 10 mg

3 Diastolic BP 6140 mm Hg nitroglycerin 5 mg i.v., followed by 1–4 mg/h i.v.
sodium nitroprusside 1–2 mg

BP = Blood pressure.
1 Avoid labetalol in patients with asthma, cardiac failure, severe conduction abnormalities and bradycardia.
2 In patients with unstable conditions and rapidly fluctuating BP, alternating urapidil/labetalol and arterenol may
be used.

necessary. A blood glucose of 10 mmol/l or higher justifies
immediate insulin titration. Unless the blood glucose is
known, no glucose solution should be given to a stroke
patient.

On the other hand, hypoglycaemia can rarely mimic an
acute ischaemic infarction [Huff, 2002] and should be
treated by intravenous dextrose bolus or infusion of 10–
20% glucose, preferably via a central venous line.

Body Temperature
Experimentally, hyperthermia increases infarct size

[Fukuda et al., 1999]. Fever is frequent over the initial 48
h of stroke onset [Corbett and Thornhill, 2000] and nega-
tively influences clinical outcome [Reith et al., 1996; Cas-
tillo et al., 1999; Hajat et al., 2000]. On the other hand, it
has to be remembered that infection is a risk factor for
stroke [Syrjanen et al., 1988; Grau et al., 1999], and that
many patients develop an infection after stroke [Grau et
al., 1999; Georgilis et al., 1999]. Hence, search of a possi-
ble infection is recommended in order to start tailored
treatment, though empirical antibiotic, antimycotic or
antiviral treatment is not recommended in immunocom-
petent patients.

Small, randomised studies with high-dose antipyretics
provide contradictory data on the usefulness of this ap-
proach [Dippel et al., 2001; Kasner et al., 2002], but treat-
ing an elevated temperature in stroke patients is advis-
able. Although there are no prospective data, one may
consider to treat fever as early as the temperature reaches
37.5°C.

Fluid and Electrolyte Management
Stroke patients should have a balanced fluid and elec-

trolyte status to avoid plasma volume contraction, which
may influence brain perfusion and kidney function. Some
degree of dehydration on admission is frequent and may
be related to bad outcome [Bhalla et al., 2000]. Virtually
all acute stroke patients need intravenous fluid therapy,
with a more or less positive balance according to the level
of dehydration. However, uncontrolled volume replace-
ment may lead to cardiac failure and pulmonary oede-
ma.

A slightly negative fluid balance is recommended in
the presence of brain oedema. Hypotonic solutions (NaCl
0.45% or glucose 5%) are contra-indicated due to the risk
of brain oedema increase.

Serious electrolyte abnormalities are uncommon in
patients with ischaemic stroke [Diringer, 1992]. How-
ever, electrolytes should be monitored daily and substi-
tuted accordingly. A peripheral venous access is usually
sufficient for initial fluid management and blood sam-
pling, while a central venous catheter is required in case of
infusion of larger volumes of fluids or hyperosmolal solu-
tions.

Recommendations (All Level IV)
1 Continuous cardiac monitoring is recommended in the first 48 h

of stroke onset particularly in patients with: (a) previous known
cardiac disease, (b) history of arrhythmias, (c) unstable blood
pressure, (d) clinical signs/symptoms of heart failure, (e) abnor-
mal baseline ECG and (f) infarct involving the insular cortex.

2 Oxygenation monitoring with pulse oxymetry is recommended.
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3 O2 administration is recommended in case of hypoxaemia (blood
gas analysis or O2sat !92% at pulse oxymetry).

4 Intubation is recommended in case of potentially reversible respi-
ratory insufficiency.

5 Routine blood pressure lowering is not recommended, except for
extremely elevated values (1200–220 mm Hg systolic blood pres-
sure or 120 mm Hg diastolic blood pressure for ischaemic stroke,
1180/105 for haemorrhagic stroke) confirmed by repeated mea-
surements.

6 Immediate antihypertensive therapy for more moderate hyper-
tension is recommended in case of stroke and heart failure, aortic
dissection, acute myocardial infarction, acute renal failure,
thrombolysis or intravenous heparin, but should be applied cau-
tiously.

7 Recommended target blood pressure in patients (a) with prior
hypertension: 180/100–105 mm Hg, (b) without prior hyperten-
sion: 160–180/90–100 mm Hg and (c) under thrombolysis avoid
systolic blood pressure above 180 mm Hg.

8 Recommended drugs for blood pressure treatment: (a) intrave-
nous labetalol or urapidil and (b) intravenous sodium nitroprus-
side, nitroglycerin or oral captopril.

9 Avoid nifedipine and any drastic blood pressure decrease.
10 Avoid and treat hypotension particularly in unstable patients by

administering adequate amounts of fluids (see further on) and,
when required, volume expanders and/or catecholamines (epi-
nephrine 0.1–2 mg/h plus dobutamine 5–50 mg/h).

11 Monitoring of serum glucose levels is recommended, particularly
in known diabetic patients.

12 Glucose solutions are not recommended due to the detrimental
effects of hyperglycaemia.

13 Treatment of serum glucose levels 110 mmol/l with insulin titra-
tion is recommended.

14 Immediate correction of hypoglycaemia is recommended by
intravenous dextrose bolus or infusion of 10–20% glucose.

15 Treatment of body temperature 637.5°C is recommended.
16 In case of fever, the search of a possible infection (site and aetiolo-

gy) is recommended, in order to start tailored antibiotic treat-
ment.

17 Antibiotic, antimycotic or antiviral prophylaxis is not recom-
mended in immunocompetent patients.

18 Monitoring and correction of electrolyte and fluid disturbances
are recommended.

19 Hypotonic solutions (NaCl 0.45% or glucose 5%) are contra-indi-
cated due to the risk of brain oedema increase consequent to
reduction of plasma osmolality.

Specific Treatment

Thrombolytic Therapy

Intravenous Recombinant Tissue Plasminogen
Activator
Thrombolytic therapy with recombinant tissue plas-

minogen activator (rtPA; 0.9 mg/kg body weight) given
within 3 h after stroke onset to patients with acute isch-

aemic stroke significantly improves outcome [The Na-
tional Institute of Neurological Disorders and Stroke rt-
PA Stroke Study Group, NINDS, 1995], with an NNT of
7. Two European trials, ECASS and ECASS II, tested a
6-hour time window and did not show statistically signifi-
cant superiority of rtPA for the primary endpoints [Hacke
et al., 1995; Hacke et al., 1998].

Eight trials have tested rt-PA in 2,889 patients. Over-
all, there was a significant reduction in the number of
patients with a poor functional outcome (combined death
or dependency) at the end of follow-up (OR 0.83, 95% CI
0.73–0.94). The subgroup of patients treated within 3 h
showed a greater reduction in poor functional outcome
with thrombolysis (OR 0.58, 95% CI 0.46–0.74) with no
adverse effect on death [Hacke et al., 1999; Wardlaw and
Warlow, 1999; Wardlaw, 2001].

A pooled analysis of individual data of the 6 rtPA trials
confirms that thrombolysis works at least until 4.5 h and
potentially up to 6 h after stroke onset [The ATLANTIS,
ECASS, and NINDS rt-PA Study Group Investigators,
2003]. Caution is advised before giving intravenous rtPA
to persons with severe stroke (NIH Stroke Scale 125), or if
the CT demonstrates extended early changes of a major
infarction, such as sulcal effacement, mass effect and
oedema.

Thrombolytic therapy should only be given if the diag-
nosis is established by a physician who has expertise in the
diagnosis of stroke, and a CT of the brain is assessed by
physicians who have expertise in reading this imaging
study. Because the use of thrombolytic drugs carries the
real risk of major bleeding, the risks and potential benefits
of rtPA should be discussed whenever possible with the
patient and family before treatment is initiated.

Intravenous administration of rtPA more than 3 h
after stroke should only be given in an institutional proto-
col as experimental therapy or within a multicentre clini-
cal trial. Continuous auditing of routine use of thrombo-
lytic therapy is advisable. Safety monitoring of treatment
(SITS-MOST) is a condition for approval of rtPA in the
European Union.

Other Thrombolytic Approaches
Intravenous streptokinase has been shown to be associ-

ated with an unacceptable risk of haemorrhage and haem-
orrhage-associated death [The Multicenter Acute Stroke
Trial – Europe Study Group, 1996; Donnan et al., 1995].

Intra-arterial thrombolytic therapy of occlusions of the
proximal part of the MCA, using pro-urokinase, has been
shown to be significantly associated with better outcome in
a randomised trial. This treatment is safe and efficacious in
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a 6-hour time window, but it requires super-selective angi-
ography and is only available in selected centres [Furlan et
al., 1999]. Intra-arterial treatment of acute basilar occlu-
sion with urokinase or rtPA is frequently used in selected
centres, but has not been subjected to a randomised trial
[Brandt et al., 1996].

Defibrinogenating Enzymes
Ancrod is a defibrinogenating enzyme which was

shown to improve outcome after acute ischaemic stroke if
given within 3 h after stroke onset and over 5 days [Sher-
man, 1999]. Recently, a European trial testing ancrod
treatment in a 6-hour time window has been terminated
prematurely and did not confirm the US findings.

Recommendations
1 Intravenous rtPA (0.9 mg/kg, maximum 90 mg), with 10% of the

dose given as a bolus followed by an infusion lasting 60 min, is the
recommended treatment within 3 h of onset of ischaemic stroke
(level I).

2 The benefit from the use of intravenous rtPA for acute ischaemic
stroke beyond 3 h after onset of the symptoms is smaller, but
present up to 4.5 h (level I).

3 Intravenous rtPA is not recommended when the time of onset of
stroke cannot be ascertained reliably; this includes persons whose
strokes are recognised upon awakening (level IV).

4 Intravenous administration of streptokinase is dangerous and not
indicated for the management of persons with ischaemic stroke
(level I).

5 Data on the efficacy and safety of any other intravenously admin-
istered thrombolytic drugs are not available to provide a recom-
mendation.

6 Intra-arterial treatment of acute MCA occlusion in a 6-hour time
window using pro-urokinase results in a significantly improved
outcome (level II).

7 Acute basilar occlusion may be treated with intra-arterial therapy
in selected centres in an institutional protocol as experimental
therapy or within a multicentre clinical trial (level IV).

8 Ancrod cannot presently be recommended for use in acute isch-
aemic stroke outside the setting of clinical trials.

Aspirin
The results of 2 very large randomised, non-blinded

intervention studies indicate that aspirin given within 48
h after stroke (International Stroke Trial, Chinese Acute
Stroke Trial) reduces mortality and rate of recurrent
stroke minimally, but statistically significantly [Interna-
tional Stroke Trial Collaborative Group, 1997; Chinese
Acute Stroke Trial, 1997], with an NNT of 111.

Table 10. Possible remaining indications for heparin treatment after
stroke

1 Stroke due to cardiac emboli with high risk of re-embolisation
(artificial valves, AF, MI with mural thrombi, left atrial
thrombosis)

2 Coagulopathies such as protein C and S deficiency, APC
resistance

3 Symptomatic dissection of extracranial arteries
4 Symptomatic extracranial and intracranial stenoses

a Symptomatic ICS prior to operation
b Crescendo TIAs or stroke in progression

5 Sinus-venous thrombosis

APC = Activated protein C.

Early Anticoagulation
Early anticoagulation with unfractionated heparin

(UFH) has been used frequently in treatment after acute
ischaemic stroke. Unfortunately, none of the early anti-
coagulation trials that have been performed in the past
years selected full anticoagulant doses of UFH as the ther-
apeutic option. Subcutaneous UFH at low or moderate
doses [International Stroke Trial Collaborative Group,
1997], nadroparin [Kay et al., 1995; Hommel et al., 1998],
certoparin [Diener et al., 2001], tinzaparin [Bath et al.,
2001], dalteparin [Berge et al., 2000] and intravenous
danaparoid [The TOAST Publication Committee, 1998]
failed to show an overall benefit of treatment. While there
was some kind of improvement in outcome or reduction
in stroke recurrence rates, this was almost always counter-
balanced by an increased number of haemorrhagic com-
plications. In addition, most investigators believe that
heparin is not a standard therapy for all stroke subtypes.
Full-dose heparin may be used when there are selected
indications such as cardiac sources with high risk of re-
embolism, arterial dissection or high-grade arterial steno-
sis prior to surgery (table 10). Some investigators found
greater functional recovery the sooner heparin was ad-
ministered, suggesting that in addition to its role to pre-
vent early stroke recurrence, the agent also has therapeu-
tic properties [Chamorro, 2001], including down-regula-
tion of inflammatory markers [Chamorro et al., 2002].
Contra-indications for the treatment with heparin include
large infarcts (e.g. more than 50% of MCA territory),
uncontrollable arterial hypertension and advanced micro-
vascular changes in the brain.

Haemodilution
Several large clinical trials of isovolaemic haemodilu-

tion failed to demonstrate a decline in mortality or dis-
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ability with treatment [Strand, 1992; Italian Acute Stroke
Study Group, 1988; Scandinavian Stroke Study Group,
1987; The Hemodilution in Stroke Study Group, 1989].
Hypervolaemic haemodilution has been examined in
small randomised trials with conflicting results.

Neuroprotection
No neuroprotective trial has shown improved outcome

after stroke on its predefined primary endpoint. Current-
ly, there is no recommendation to treat patients with neu-
roprotective drugs after ischaemic stroke.

Recommendations
1 Aspirin (100–300 mg per day) may be given within 48 h after

ischaemic stroke (level I).
2 If thrombolytic therapy is planned, no aspirin should be given.
3 Aspirin is not allowed for 24 h after thrombolytic therapy.
4 There is no recommendation for general use of heparin, low-

molecular weight heparin or heparinoids after ischaemic stroke
(level I).

5 Full-dose heparin may be used when there are selected indica-
tions such as cardiac sources with high risk of re-embolism, arteri-
al dissection, or high-grade arterial stenosis prior to surgery (level
IV).

6 Haemodilution therapy is not presently recommended for the
management of patient with acute ischaemic stroke (level I).

7 Currently, there is no recommendation to treat stroke patients
with neuroprotective substances (level I).

Prevention and Treatment of Complications

Acute stroke predisposes to medical complications
[Davenport et al., 1996; Langhorne et al., 2000], such as
pneumonia, urinary tract infections, malnutrition or vol-
ume depletion. Patients may also suffer from deep venous
thrombosis and pulmonary embolism. Early supportive
care and monitoring of physiological parameters may pre-
vent such complications. This is best done in a dedicated
stroke unit with experienced staff and early mobilisation.
Immobility may lead to infections, contractions and decu-
bital ulcers.

Aspiration and Pneumonia
Bacterial pneumonia is one of the most important

complications in stroke patients [Davenport et al., 1996;
Langhorne et al., 2000; Weimar et al., 2002b], the majori-
ty being caused by aspiration [Horner et al., 1988]. Since
aspiration may be detectable by videofluoroscopy in as
many as 50% of patients during the initial days after
stroke onset, oral feeding should be withheld until the

patient has demonstrated both intact swallowing with
small amounts of water and intact coughing to command.
Aspiration is frequently found, both in patients with
reduced consciousness and in those with swallowing dis-
turbances. Nasogastric tube feeding is adequate for short-
term enteral feeding, but a percutaneous enteral gastrosto-
my (PEG) should be inserted once it is clear that pro-
tracted enteral feeding will be required. As a rule of
thumb, a PEG is indicated when abnormal swallowing is
predicted for periods longer than 1 month.

Nasogastric tube or PEG feeding through avoidance of
swallowing may be helpful in prevention of aspiration
pneumonia. They do not completely reduce the risk, how-
ever, since reflux of liquid feed can itself promote aspira-
tion. Other reasons for pneumonia include hypostasis,
diminished cough and immobilisation. Frequent changes
of the patient’s position in bed and pulmonary physical
therapy may prevent this type of pneumonia.

Urinary Tract Infection
Urinary tract infection is incidental in as many as 40%

of patients dying from stroke [Silver et al., 1984]. Urinary
retention is frequent in the early phase after stroke and
will require insertion of a urine catheter or supra-pubic
catheter. Otherwise, incontinent patients should be man-
aged with a condom catheter or ‘pad and pants’. The
majority of hospital-acquired urinary tract infections are
associated with the use of indwelling catheters [Gerber-
ding, 2002]. In non-stroke patients, supra-pubic catheters
are considered to carry lower risk of infection [Vandoni et
al., 1994], whereas intermittent catheterisation has not
been shown to have a reduced risk. Once urinary infection
is diagnosed, appropriate antibiotics should be chosen. To
avoid bacterial resistance developing, prophylactic antibi-
otics are best avoided.

Pulmonary Embolism and DVT
Pulmonary embolism is the cause of death in up to

25% of patients dying following ischaemic cerebral infarc-
tion. Nevertheless, the incidence of symptomatic pulmo-
nary embolism and DVT is now !5% presumably reflect-
ing modern clinical practice and admission to a stroke
unit. The risk of DVT and pulmonary embolism can be
reduced by early hydration and early mobilisation. Al-
though graded compression stockings are effective in pre-
venting venous thromboembolism, in surgical patients,
their efficacy after stroke is unproven. Whilst subcuta-
neous heparin or low-molecular-weight heparin reduce
venous thromboembolism, their effect is counterbalanced
by an increase in haemorrhagic complications. Prophy-
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laxis with subcutaneous low-dose heparin (5,000 i.u. twice
daily) or low-molecular-weight heparins is reasonable in
patients at particularly high risk of DVT or pulmonary
embolism.

Decubital Ulcer
Frequent turning of immobilised patients is useful for

prevention of decubital ulcers. The skin of the incontinent
patient must be kept dry. For patients at particularly high
risk, an air-filled or fluid-filled mattress system should be
used. If decubital ulcers do not respond to conservative
therapy, antibiotic therapy may be justified for several
days, preceding definitive surgical debridement.

Seizures
Partial (focal) or secondary generalised epileptic at-

tacks may occur in the acute phase of ischaemic stroke.
Post-stroke epilepsy may develop in 3–4% of cases [Olsen,
2001].

Standard intravenous and oral anti-epileptic drugs are
in general used. There is no evidence that prophylactic
anticonvulsive treatment is beneficial.

Agitation
Agitation and confusion are rarely caused by the

stroke, but are more frequently a symptom of other com-
plications such as fever, volume depletion or infection.
Adequate treatment of the underlying cause must precede
any type of sedation or antipsychotic treatment.

Recommendations
1 Low-dose subcutaneous heparin or low-molecular-weight hepa-

rins should only be considered for patients at high risk of DVT or
pulmonary embolism (level II).

2 The incidence of venous thromboembolism may be reduced
through early re-hydration and mobilisation and graded compres-
sion stockings (level IV).

3 Infections after stroke should be treated with appropriate antibi-
otics.

4 Aspiration pneumonia may not be prevented by nasogastric feed-
ing (level IV).

5 Early mobilisation is helpful to prevent numerous complications
after stroke including aspiration pneumonia, DVT and decubital
ulcers (level IV).

6 Administration of anticonvulsants to prevent recurrent seizures
is strongly recommended (level III).

7 Prophylactic administration of anticonvulsants to patients with
recent stroke who have not had seizures is not recommended
level IV).

Brain Oedema and Elevated ICP

Ischaemic brain oedema occurs during the first 24–
48 h after stroke onset and is the main reason for early
[Toni et al., 1995; Davalos et al., 1999] and late [Davalos
et al., 1999] clinical deterioration. The most worrisome
situation is that of younger patients with complete MCA
infarction, in whom brain oedema and elevated ICP may
lead to herniation within 2–4 days after onset of symp-
toms and to death in about 80% of cases with standard
treatment [Rieke et al., 1995; Hacke et al., 1996; Steiner
et al., 2001].

Medical Therapy
Basic management of elevated ICP following stroke

includes head positioning at an elevation of up to 30°,
avoidance of noxious stimuli, pain relief, appropriate oxy-
genation and normalising body temperature. If ICP moni-
toring is available, cerebral perfusion pressure should be
kept 170 mm Hg [Unterberg et al., 1997]. Although
strong evidence is lacking [Righetti et al., 2002; Bereczki
et al., 2001], osmotherapy with 10% glycerol usually given
intravenously (4 250 ml of 10% glycerol over 30–
60 min) or intravenous mannitol 25–50 g every 3–6 h is
the first medical treatment to be used if clinical and/or
radiological signs of space-occupying oedema occur. Hy-
pertonic saline solutions given intravenously (5! 100 ml
saline 3%) [Shackford et al., 1992; Schwarz et al., 1998;
Schwarz et al., 2002] are probably similarly effective,
though data at present available are not definitive [Qure-
shi et al., 1998; Prough et al., 1998]. Hypotonic and glu-
cose-containing solutions should be avoided as replace-
ment fluids. Dexamethasone and corticosteroids are not
useful for brain oedema treatment after stroke [Qizilbash
et al., 2002]. Short-acting barbiturates such as thiopental
given as a bolus can quickly and significantly reduce ICP,
but the effect is short lived and may be exploited only to
treat an acute crisis, e.g. prior to operation. Barbiturate
treatment requires ICP and EEG monitoring and careful
monitoring of haemodynamic parameters, as a significant
blood pressure drop may occur. ICP monitoring is also
required when Tris (hydroxy-methyl) aminomethane
buffer solution is used after osmotherapy and barbiturate
failure [Steiner et al., 2001].

Volume loading by vasopressor induced hypertension
may be attempted in case of severely compromised cere-
bral perfusion pressure, but haemodynamic monitoring
and intensive care facilities are required [Kaste and
Roine, in press].
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Hypothermia
Hypothermia was shown to be neuroprotective after

cardiac arrest [Bernard et al., 2002, The Hypothermia
after Cardiac Arrest Study Group, 2002]. Mild hypother-
mia (i.e. brain temperature between 32 and 33°C) re-
duces the case fatality rate of patients with severe MCA
infarcts, but causes a number of severe side-effects which
may be encountered during therapy over several days
[Schwab et al., 1998; Schwab et al., 2002]. The number of
studied patients is still too small to draw any decisive con-
clusions; however, this method is feasible and will be
tested prospectively in randomised trials. One problem is
recurrent ICP crisis, which was almost exclusively found
during re-warming [Steiner et al., 2001]. Moreover, in a
comparative trial, hypothermia had more severe side-
effects than decompressive surgery for malignant MCA
infarction [Georgiadis et al., 2002].

Decompressive Surgery
Malignant MCA Infarction. The rationale of decom-

pressive surgery is to allow expansion of the oedematous
tissue to reduce ICP, to increase perfusion pressure, and
to preserve cerebral blood flow by preventing further
compression of the collateral vessels. In prospective case
series, surgical, decompressive therapy in hemispheric
space-occupying infarction lowered mortality from 80
down to 30% without increasing the rate of severely dis-
abled survivors [Schwab 1995; Rieke et al., 1995; Mori et
al., 2001]. Early decompressive surgery within the first
24 h after stroke onset can reduce mortality even more
markedly [Schwab et al., 1998]. Prospective, multicentre

study protocols have recently been developed and are
underway.

Cerebellar Infarction. Ventriculo-stomy to reveal hy-
dro-cephalus and decompressive surgery is considered the
treatment of choice of a space-occupying cerebellar infarc-
tion, although the scientific basis for this is not more solid
than for hemispheric infarction. Comatose patients with
space-occupying cerebellar infarctions have a mortality of
about 80% if treated conservatively. This high mortality
can be lowered down to less than 30% if decompressive
surgery is performed [Heros, 1992; Rieke et al., 1993].
Like in space-occupying supratentorial infarction, the
operation should be performed before signs of herniation
are present. The prognosis among survivors is very good,
even if they were comatose when the operation was per-
formed. It should be noted, however, that these are the
results of open, small or medium-sized case series, one of
them being prospective [Rieke et al., 1993], the remainder
being mostly retrospective. Data from a controlled, ran-
domised trial are lacking.

Recommendations
1 Osmotherapy is recommended for patients whose condition is

deteriorating secondary to increased ICP, including those with
herniation syndromes (level IV).

2 Ventriculostomy or surgical decompression and evacuation of
large cerebellar infarctions that compress the brain stem is justi-
fied (level III).

3 Surgical decompression and evacuation of a large hemispheric
infarction can be a life-saving measure and survivors may have
a residual neurological deficit that allows an independent life
(level III).
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