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AbsTrACT
Stroke remains one of the most important causes of 
death and disability worldwide. Effective prevention 
could reduce the burden of stroke dramatically. The 
management of stroke has undergone a revolution over 
the last few decades, particularly with the development 
of techniques for revascularisation of patients with 
ischaemic stroke. Advanced imaging able to identify 
potentially salvageable brain is further increasing the 
potential for effective acute treatment. However, the 
majority of stroke patients won’t benefit from these 
treatments and will need effective specialist stroke care 
and ongoing rehabilitation to overcome impairments 
and adapt to living with a disability. There are still many 
unanswered questions about the most effective way of 
delivering rehabilitation. Likewise, research into how to 
manage primary intracerebral haemorrhage has yet to 
transform care.

InTroduCTIon
Up until the 1990s stroke was widely believed to 
be a largely untreatable condition with no major 
advances in management having been found since 
William Osler wrote at the beginning of the 20th 
century that ‘it is the duty of the physician to explain 
to the patient or to his friends, that the condition is 
past relief, that medicines and electricity will do no 
good and there is no possible hope of cure’.1

The last 30 years have seen a dramatic change 
in that view. Not only is it recognised that stroke 
is largely preventable but for many patients who 
suffer a stroke, there are treatments that can 
transform them from having a life of long-term 
disability to one of independence. Nevertheless, 
there are unfortunately still many patients left, after 
the acute phase of the illness, with impairments 
requiring skilled rehabilitation and there is a dearth 
of high-quality evidence to show how they should 
be managed. This article highlights the important 
advances that have been made and where more 
research is needed.

The burden of stroke
It is estimated that there are 4.5 million deaths from 
stroke a year worldwide and over 9 million survi-
vors.2 The estimated global lifetime risk of stroke 
for the population aged over 25 is about 25% for 
both men and women, with the risk of ischaemic 
stroke being about 18% and about 8% for haem-
orrhage. However, there are big regional variations 
with the risk being about 39% in East Asia and only 
12% in east sub-Saharan Africa.3 Even though in 
high-income countries incidence and case fatality 
have fallen dramatically over the last 20 years, 
because of an ageing population it is estimated 

that over the next 20 years in Europe and there-
fore, likely to be mirrored in other high-income 
countries, there will be 45% more deaths caused 
by stroke, an extra 1 million stroke survivors and 
32% more disability-adjusted life years lost.4 Costs 
to society resulting from stroke are huge. In the 
UK alone, it is estimated that stroke costs about 
£7 billion per year.5 Stroke is an expensive disease 
because over half of the survivors will have a signif-
icant disability resulting in long-term health and 
social care costs, loss of earnings and costs to the 
family. So, for everyone, the risk of stroke is high 
and the impact on society substantial highlighting 
the importance of effective prevention, good acute 
care and rehabilitation.

Prevention of stroke
Stroke is not a single disease but rather an all-en-
compassing term for focal vascular disease in the 
brain. It is, therefore, vital that the diagnostic 
process does not stop at stroke but rather identifies 
the type of stroke and therefore, its likely aetiology. 
The Trial of Org 10 172 in Acute Stroke Treatment 
(TOAST) classification is the most widely used 
system for defining the likely underlying cause.6 7 
TOAST classifies stroke as being due to:

 ► thrombosis or embolism due to atherosclerosis 
of a large artery (15.3% of cases in European 
populations),

 ► embolism of cardiac origin (30.2% of cases in 
European populations),

 ► occlusion of a small blood vessel (25.8% of 
cases in European populations),

 ► other determined cause (2.1% of cases in Euro-
pean populations) and

 ► undetermined cause (two possible causes, no 
cause identified or incomplete investigation) 
(39.3% of cases in European populations).

The most effective means available for reducing the 
burden of stroke involve modification and treatment 
of vascular risk factors.8 Hypertension is the most 
prevalent vascular risk factor for stroke at about 
30% in the UK and the USA in people aged over 
16 years.9 The risk of death from stroke increases 
progressively and linearly with systolic blood pres-
sure levels as low as 115 mm Hg and diastolic 75 
mm Hg upwards.10 For every 20 mm Hg systolic 
or 10 mm Hg diastolic increase in blood pressure, 
there is a doubling of mortality from stroke.

Atrial fibrillation (AF) increases the relative risk 
of stroke 2.6–4.5-fold. In patients with AF, treated 
with adjusted-dose warfarin or a direct oral anti-
coagulant (DOAC), the relative risk reduction of 
stroke is 68% (95% CI, 50 to 79) and the absolute 
annual risk is reduced from 4.5% to 1.4%.11

Diabetes increases the relative risk of stroke from 
1.8 to 6.0.12 The UK Prospective Diabetes Study has 
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box 1 recommendations for reducing the risk of stroke

 ► Antiplatelet agents should be used for patients with cerebral 
infarction. Use aspirin 300 mg daily for 2 weeks and then 
substitute for long-term clopidogrel 75 mg thereafter. If there 
are concerns about affordability or clopidogrel resistance or 
intolerance, it is reasonable to continue with aspirin 75 mg 
long-term.

 ► Blood pressure management. Probably the lower the blood 
pressure the better so most patients will benefit from 
antihypertensive treatment.

 ► For patients in atrial fibrillation, anticoagulation should be 
started 2 weeks after the cerebral infarct. If the stroke is 
small and the patient is being discharged from hospital then 
earlier commencement is appropriate. Aspirin or clopidogrel is 
not an alternative to anticoagulation. Warfarin and the direct 
oral anticoagulants (DOACs) are equally effective but most 
patients prefer the convenience of taking DOACs.

 ► Lipids. The decision to initiate treatment should be 
determined by a person’s absolute cardiovascular risk rather 
than their cholesterol level. Use a ‘high-intensity’ statin, such 
as atorvastatin 80 mg daily, with a lower starting dose for 
people at high risk of adverse events or drug interactions.57

 ► Smoking. Give advice and support for cessation.
 ► Provide advice on diet and exercise.

box 2 For every 100 patients treated

 ► Up to 15% suitable for intravenous thrombolysis. Number 
needed to treat (NNT) for one good outcome (modified 
Rankin score of less than 2)=7—two patients benefit.

 ► Up to 10% suitable for thrombectomy. NNT of between 2 and 
7—two to five patients benefit.

 ► About 30% will spontaneously recover with good basic 
medical care—30 patients benefit.

 ► About 10% will die in the first week even with high-quality 
care—10 patients death inevitable.

 ► More than 50 patients will be left with a disability and need 
ongoing treatment on a stroke unit.

shown that rigorous glycaemic control through lifestyle change 
and pharmacological treatment can reduce the microvascular 
events of nephropathy, retinopathy and peripheral neuropathy 
associated with diabetes, but, the effects on reducing macrovas-
cular diseases, such as stroke and myocardial infarction, are less 
clear.

Lowering blood lipid levels, especially low-density lipoprotein 
(LDL) using statins, has been shown to reduce the relative risk of 
stroke anywhere between 10% and 50% in several randomised 
controlled trials.13 In primary and secondary prevention studies, 
lowering LDL cholesterol by 1 mmol/L reduces the relative risk 
of major vascular events by 21%, total mortality by 9% and 
stroke (of any type) by 15% irrespective of baseline cholesterol 
and gender.14

Smoking is an independent stroke risk factor, increasing the 
risk of stroke by about 50%.15 The risk increases proportion-
ally with the number of cigarettes smoked per day and passive 
smoking also increases the risk of ischaemic stroke.

Antiplatelet medication is not indicated for patients who have 
had no previous vascular events. For secondary prevention, after 
both TIA and stroke, the evidence supports the use of aspirin 
alone, clopidogrel alone or combined aspirin and dipyridamo-
le-modified release.16 There have been no trials supporting the 
use of cilostazol or any of the newer antiplatelet drugs commonly 
used for ischaemic heart disease and there are few indications for 
combining aspirin and clopidogrel (box 1).

Acute stroke interventions
The recent evidence about the benefits of thrombectomy have 
dominated the agenda for stroke over the last few years. It is, 
however, important to put into context the impact of acute treat-
ments so as not to forget that the most important intervention 
remains the careful delivery of high-quality basic multidisci-
plinary care (box 2).

sPeCIAlIsT mulTIdIsCIPlInAry sTroke CAre—sTroke 
unITs And eArly suPPorTed dIsChArge
In the past 25 years, the medical care of patients with stroke 
has changed enormously in high-income countries. The central 
change has been the development of organised systems of stroke 
care, characterised by a move away from general medicine 
towards specialised multidisciplinary models of care based on the 
stroke unit model. Randomised controlled trials have shown that 
being admitted to a stroke unit improves survival and reduces 
long-term dependency. In the most recently updated Cochrane 
review of organised stroke care summarising the results of 28 
trials, the odds of death or dependency at 1 year were reduced by 
19% and 21%, respectively.17 Stroke units have been evaluated 
in many different countries and settings, and found to be effec-
tive in all types of stroke patient and in both high-income and 
middle/low-income countries.18 The trials have been conducted 
over 20th century years are very similar to those from the 21st 
century. The benefits are, therefore, not solely to do with the 
delivery of reperfusion treatments, which have only been avail-
able for the last 20 years. The key elements of stroke unit care 
are described in a paper by Langhorne and Pollock.19

The principles of specialist organised stroke care have been 
extended to provide early supported discharge services, where 
multidisciplinary care and therapy are provided in the patient’s 
own home at a similar intensity to inpatient rehabilitation. 
Meta-analysis shows improved long-term recovery and shorter 
length of hospital stay.20

ACuTe rePerFusIon
For patients with ischaemic stroke, early treatment to restore 
blood flow to the affected area of the brain can limit the extent 
of damage and increase the patient's chance of making a recovery. 
Reperfusion can be achieved either through the administration 
of a thrombolytic drug or through intra-arterial clot retrieval. 
The first landmark trial to demonstrate the effectiveness of 
thrombolysis was the NINDS trial in 1995,21 which found that 
the drug alteplase significantly reduced the rate of disability if 
given within 3 hours of stroke onset. Thrombolysis has since 
been evaluated in a number of trials and has been shown to 
improve recovery up to 4.5 hours after the onset of symptoms in 
selected patients22 (figure 1).χ

Few countries have achieved rates of thrombolysis greater 
than 15% of stroke admissions with the main limiting factors 
being delayed arrival at the hospital and stroke occurring during 
sleep without a known time of onset. This proportion will only 
increase substantially if there is a combination of both greater 
public awareness of the symptoms of stroke and the urgency of 
seeking medical attention and better organisation of prehospital 
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Figure 1 Summary of meta-analysis of trials of intravenous thrombolysis after stroke. Outcome being alive and independent (mRS 0-2) at the end of 
follow-up after treatment up to 6 hours after the onset of symptoms. mRS, modified Rankin score.

and emergency room care. Public awareness campaigns, such as 
the FAST campaign, run on an annual basis in the UK can be 
effective, although the effect seems to be short-lived.23

Barriers to immediate treatment need to be removed. Treat-
ment should take precedence over sorting out payment. Where 
a patient cannot give verbal consent to treatment then the physi-
cian should be able to make the decision on their behalf.

The WAKE-UP trial published in 2018 did show that patients 
who had developed a stroke during sleep but with evidence that 
there was salvageable brain did benefit from treatment with 
alteplase. Patients had to have restricted diffusion on MRI but 
no corresponding abnormality on flair imaging, suggesting that 
the onset of symptoms was within the previous 4.5 hours. The 
trial excluded patients suitable for intra-arterial clot retrieval and 
does suggest that, maybe, the belief that stroke occurring during 
sleep does not cause the patient to wake may be erroneous.24

Intra-arterial clot retrieval is now clearly established as an 
option for a small proportion of patients. The defining trial, MR 
CLEAN, conducted in Holland and published in 2015 showed 
for the first time, after multiple negative studies, that throm-
bectomy using modern retrieval devices within 6 hours of the 
onset of symptoms was highly effective.25 This was quickly 
followed by a series of other trials all showing similar results 
summarised in the Hermes meta-analysis.26 The number needed 
to treat (NNT) is 2.6 to reduce the disability level by at least 
one point on the modified Rankin score at 90 days. As with the 
intravenous thrombolysis trials, there was no effect on the risk of 
death. Further studies have shown that using advanced imaging 
techniques identifying whether there is a significant ischaemic 
penumbra can extend the benefit of thrombectomy to patients 
up to 24 hours after the onset of symptoms.27 28

It is estimated that approximately 10% of patients with isch-
aemic stroke might benefit from thrombectomy. They must 
have evidence of occlusion of the internal carotid or M1 or 
M2 segments of the middle cerebral artery, present within 6 
hours, unless imaging suggests salvageable brain beyond this 
time and have been previously independent. There is little 

randomised controlled trial evidence of benefit for patients 
with anterior cerebral artery occlusion or posterior circula-
tion, although many clinicians treat these patients despite the 
lack of evidence. Countries vary in their capacity to deliver 
this treatment with the major limiting factor being the lack 
of skilled interventional neuroradiologists able to provide full 
geographical coverage 24 hours a day. In the UK, in 2018, 
only about 1% of stroke admissions received thrombectomy.29 
Development of these services must be a major priority for all 
health services.

Large areas of infarction may cause significant cytotoxic 
oedema resulting in what is termed ‘malignant middle cerebral 
artery syndrome’. Oedema secondary to infarction does not 
respond to steroids or trials of mannitol and other drugs aiming 
to reduce oedema are ineffective.30 Under these circumstances, 
surgical decompression using hemicraniectomy may be the only 
way of improving outcome.31 32

Prevention and management of complications
Most patients dying of acute stroke do not die directly from brain 
injury, but complications, such as aspiration pneumonia and 
pulmonary embolism. Being managed in a stroke unit, nursed 
by experts in the disease, able to prevent and if necessary rapidly 
recognise developing complications, probably explains much of 
their benefit. It has been shown using data from the England 
National Stroke Audit that nurse staffing levels are associated 
with risk of death. Having less than three nurses on duty at any 
time for every 10 beds significantly increases 30-day mortality 
after acute stroke33 (figure 2).

Likewise, the processes of care, such as time to consultant 
assessment, time to screening for dysphagia and particularly, 
provision of early hydration and aspirin to patients with isch-
aemic stroke, have a major impact on mortality,34 35 (figures 3 and 
4). A trial in Australia implementing evidence-based treatment 
protocols for fever, hyperglycaemia and swallowing dysfunction 
showed dramatic improvements in outcomes.36
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Figure 2 Nurse staffing levels: Adjusted Hazard Ratio of 30-day Mortality of Patients Admitted on Weekends, by Ratio of Registered Nurses Per Ten 
Beds on the Weekend

Figure 3 Impact of care processes on odds of death at 30 days after stroke

One of the major causes of morbidity and mortality after 
stroke is venous thromboembolism (VTE).37 One study using 
direct thrombus imaging after stroke has shown that about 
50% of hemiplegic legs develop venous thrombosis, although 
not all above knee deep venous thrombosis (DVT).38 Trials 
using low-dose anticoagulation, while reducing the risk of DVT, 
increases the risk of haemorrhagic transformation of infarction39 
and is, of course, contraindicated in primary intracerebral haem-
orrhage. The CLOTS 1 and 2 trials40 41 testing the use of short-
length and full-length antiembolism stockings showed they were 

ineffective at preventing VTE. However, CLOTS 342 showed 
that using intermittent compression devices for the first 30 days 
after a stroke or until the patient was discharged or regained 
mobility did significantly reduce both VTE and death (figure 5).

Acute management of intracerebral haemorrhage
Primary intracerebral haemorrhage accounts for about 10% of 
stroke. Compared with ischaemic stroke relatively little prog-
ress has been made in improving outcomes. Rebleeding is the 
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Figure 4 Time to dysphagia screen and risk of stroke-associated pneumonia

Figure 5 Risk of death after stroke treated with Intermittent Pneumatic Compression versus control

most common reason for deterioration and death.43 Recent 
research has shown that rapid, careful blood pressure control 
and reversal of anticoagulation are important. The INTERACT2 
trial showed that reducing blood pressure to 140 mm Hg systolic 
reduced disability with an NNT of 13 but had no impact on 
mortality.44 The ATACH-2 trial tested whether lowering blood 
pressure to 120 mm Hg was beneficial but failed to show any 
benefit compared with the control group, which achieved a 
median systolic blood pressure of 140 mm Hg, which was the 
level achieved in the intervention group of INTERACT2. The 
message is that blood pressure should be reduced to 140 mm 
Hg but not lower, possibly because lowering further reduces 

cerebral blood flow to the penumbra surrounding the haemor-
rhagic area of brain.45

With better detection and management of patients with AF, 
there are increasing numbers of patients being admitted with 
intracerebral haemorrhage secondary to anticoagulation treat-
ment. Rapid reversal of anticoagulants using prothrombin 
complex concentrate and vitamin K for patients on warfarin, 
idarucizumab for dabigatran and andexxa for apixaban and 
rivaroxaban is essential.46 Having a care bundle to address all 
these issues including when to refer to neurosurgery improves 
mortality.47 Surgery after haemorrhage is only indicated where 
a patient has a deteriorating level of consciousness, significantly 
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Current research questions

1. How do we implement what we know about reducing the 
risk of stroke more effectively in the population?

2. How do we ensure that patients get to a centre able to 
deliver high quality of care as soon as possible after the onset 
of symptoms?

3. What can be done to prevent rebleeding after a primary 
intracerebral haemorrhage?

4. How does one maximise neurological recovery after stroke?
5. What is the ideal intensity of therapy and what techniques 

are most successful for different types of impairment?

key references
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of stroke in patients with ischemic stroke or transient 
ischemic attack: a statement for healthcare professionals 
from the American Heart Association/American Stroke 
Association Council on Stroke: co-sponsored by the Council 
on Cardiovascular Radiology and Intervention: the American 
Academy of Neurology affirms the value of this guideline. 
Stroke 2006;37(2):577–617.
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self-assessment questions

1. Risk factors for ischaemic stroke include
a. Hypertension
b. Atrial fibrillation
c. Low total cholesterol
d. Air pollution
e. Female gender

2. The following drugs have been shown to be effective at 
reducing the risk of recurrent stroke
a. Aspirin
b. Clopidogrel
c. Dipyridamole
d. Ezetimibe
e. Statins

3. Evidence supports the use of intra-arterial clot retrieval 
(thrombectomy) for
a. Occlusion of the M3 segment of the middle cerebral artery
b. Vertebral artery occlusion
c. Patients taking anticoagulants
d. Patients with significant prior disability (Rankin 3 and 

above) but who have presented with significant additional 
impairment secondary to a large vessel occlusion

e. Patients within 6 hours of onset of symptoms and 
occlusion of the proximal middle cerebral artery

4. For every 100 patients with ischaemic stroke
a. Approximately 10 will be suitable for thrombectomy
b. Approximately 30 will be suitable for intravenous 

thrombolysis
c. Approximately 50 will benefit from stroke unit care
d. Approximately 20 will have a prior history of hypertension
e. Approximately 20 will have atrial fibrillation as the cause

5. Patients with primary intracerebral haemorrhage
a. Will usually need surgery to remove the blood
b. Should have their blood pressure lowered to a maximum 

of 120 mm Hg systolic as soon as possible after 
presentation

c. Will usually have an underlying structural abnormality, 
such as an arteriovenous malformation

d. Lobar haemorrhages in older patients are often due to 
amyloid angiopathy

e. Basal ganglia haemorrhages are most commonly 
associated with hypertension

raised intracranial pressure or hydrocephalus. Trials of routine 
surgery for haemorrhage compared with the best medical treat-
ment have shown no benefit.48 49

organisation of acute stroke care
There is some evidence to suggest that larger stroke services 
work more effective than small ones34 and certainly where the 
workforce is limited, it makes sense to centralise acute stroke 
care into a smaller number of larger units. This has been 
achieved in London, UK, which transformed services such that 
32 acutely admitting units were reduced to just 10 delivering the 
first 72 hours of care for all patients in the city before transfer-
ring on those that needed ongoing bed-based stroke unit care to 
1 of a further 16 units. At the same time, as London underwent 
redesign of stroke care, changes were also made in Manchester; 
however, only centralising patients possibly suitable for intrave-
nous thrombolysis. Comparing the two models with each other 
and against the background of changes over time in England as a 
whole showed that there were significant reductions in mortality 
(estimated 96 lives saved per annum), length of stay and overall 

costs by centralising care but only in the London model and not 
where the only change was targeted at thrombolysis.50–52

rehabilitation
Helping people to recover, regain function and return to doing 
the activities and work they were doing before their stroke is 
essential to reduce the severity of stroke. The problems needing 
support and rehabilitation are not just the obvious ones of 
impaired mobility, speech and activities of daily living but 
depression, anxiety, visual and perceptual deficits, cognitive 
impairments, fatigue and many others53 .

Compared with other areas of stroke care, however, there 
have been few large clinical trials and a relatively weak evidence 
base. These are summarised in the National Clinical Guidelines 
for Stroke, fifth edition.54 Drugs given to enhance recovery have 
so far proved disappointing with the study testing fluoxetine in 
the FOCUS trial55 showing no benefit over the control group. 
The best evidence that rehabilitation works comes from the 
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stroke unit trials where most of the trials were trials of coordi-
nated longer-term rehabilitation and not the hyperacute model 
of stroke units and the early supported discharge trials.17 20 
There is evidence that very early mobilisation with high-intensity 
therapy after stroke may lead to poorer outcomes than physio-
therapy protocols that use more frequent but less-intense spells 
of activity.56

summAry
Progress in improving stroke care and outcomes has been rapid 
over the last 20 years but there remain many aspects where treat-
ment is still ineffective. Investing in prevention should be at the 
forefront of efforts to reduce the burden and severity of stroke. 
Acute revascularisation through intravenous thrombolysis and 
thrombectomy needs to be made available to all who need it but 
not at the expense of the delivery of high-quality specialist acute 
and rehabilitation care for those who are not suitable or do not 
respond to revascularisation. Recovery can continue for many 
months and years after the acute event and the final message is 
not to give up too early and to remember that even in severely 
impaired people, there is nearly always some form of rehabilita-
tion that can improve longer-term quality of life.
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