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List of abbreviations

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS),
or has been used only once, or is a non-standard abbreviation used only in figures/tables/appendices, in which case
the abbreviation is defined in the figure legend or at the end of the table.

AMI acute myocardial infarction

ASK Australian Streptokinase trial

CCT controlled clinical trial

CCTR Cochrane Controlled Trials
Register 

CI confidence interval

CT computed tomography

df degrees of freedom

ECASS European Co-operative 
Acute Stroke Study

FAST Field Assessment of Stroke
Treatment

FDA Food and Drug Administration

GP general practitioner

IST International Stroke Trial

ITT intention to treat

LAPSS Los Angeles Prehospital 
Stroke Screen

LOS length of stay

LSR Lothian Stroke Register 

MAST-E Multi-centre Acute Stroke 
Trial – Europe

MAST-I Multi-centre Acute Stroke 
Trial – Italy

MR magnetic resonance

MRS Modified Rankin Scale

MRI magnetic resonance imaging

NINDS National Institutes of
Neurological Disorders 
and Stroke 

NS not significant

OR odds ratio

PICH primary intracerebral
haemorrhage

PROACT Prolyse in Acute Cerebral
Thromboembolism

QALY quality-adjusted life-year

RCT randomised controlled trial

SAH subarachnoid haemorrhage

rt-PA recombinant tissue
plasminogen activator

SK streptokinase

TIA transient ischaemic attack
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Background
There is strong evidence that, for patients with
acute stroke, admission to a stroke unit providing
organised stroke care and rehabilitation saves lives
and reduces disability. Medical treatments such 
as thrombolysis or neuroprotective agents, given
within the first few hours of onset of ischaemic
stroke, offer the prospect of at least moderate
additional benefit. Most of the evidence of 
benefit of thrombolysis came from trials per-
formed in healthcare systems that are rather
different to the NHS. This review therefore 
aims to assess whether, when used in the NHS,
these new agents are likely to be effective and 
cost-effective. 

Objectives 

The objectives of the current report are:

• to assess the effectiveness of thrombolytic drugs 
• to assess the effectiveness of neuroprotective

drugs
• to map current pathways of acute stroke 

care, identify barriers to implementation of
emergency drug treatments for acute stroke 
in the NHS, and to suggest solutions to
overcome these barriers

• to model the health economic impact of
thrombolytic therapy.

Methods

Data sources and study selection
Multiple bibliographic sources were searched 
to identify: all unconfounded randomised trials
comparing either a thrombolytic or a neuro-
protective agent with placebo (or open control) 
in patients with acute stroke; and all published
reports of studies identifying barriers to effective
acute stroke care. A panel developed an 
economic model of acute stroke care from 
the Lothian Stroke Register, and by consensus
discussion between the research team members
supplemented by data on outcome after 
stroke derived from relevant publications 
where necessary. 

Data extraction
For the review of thrombolysis, the data included
in the analyses were checked where possible 
with the original trialists. For the review of 
neuroprotection completed systematic reviews 
were sought. For the review of barriers to acute
care and interventions to overcome them, two 
reviewers independently selected studies meeting
the inclusion criteria and extracted the data;
differences were resolved by discussion.

Data synthesis
Standard Cochrane quantitative systematic 
review methods were used (Cochrane Revman 
4.1 software); a fixed-effect model was used and 
results were expressed as odds ratios (ORs). 
For the economic analyses, a Markov model was
created to estimate the number of life-years and
quality-adjusted life-years (QALYs) gained with
thrombolytic therapy. Sensitivity analyses were 
used to test the robustness of the estimates.

Results

Efficacy of thrombolysis
Seventeen trials (5216 patients) of urokinase,
streptokinase, recombinant tissue plasminogen
activator (rt-PA) or recombinant pro-urokinase
were included. About 50% of the data came 
from trials testing intravenous rt-PA, mostly given
within 6 hours of stroke onset. Thrombolytic
therapy significantly increased the odds of fatal
intracranial haemorrhage (OR = 4.15; 95%
confidence interval (CI), 2.96 to 5.84). Thrombo-
lytic therapy also increased the odds of death at
the end of follow-up (OR = 1.31; 95% CI, 1.13 to
1.52). However, despite the increase in deaths,
(because it markedly reduced the degree of
disability in survivors), thrombolytic therapy within
6 hours significantly reduced the proportion of
patients who were dead or dependent at the end 
of follow-up (OR = 0.83; 95% CI, 0.73 to 0.94).
There was heterogeneity between the trials that
could have been due to: the thrombolytic drug
used, variation in the concomitant use of aspirin
and heparin, severity of the stroke, and time to
treatment. The most widely tested agent, rt-PA,
may be associated with slightly less hazard and
more benefit than other agents. 
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Efficacy of neuroprotective drugs
No agent has yet been proven to be sufficiently
effective in man to be granted a product licence.
Useful economic analyses were therefore 
not possible. 

Barriers to acute stroke treatments
The key barriers identified were:

• the patient’s or family’s inability to recognise
stroke symptoms or failure to seek urgent help

• patient or family calls general practitioner
instead of an ambulance

• inefficient process of emergency stroke care in
hospital, and

• delay in neuroimaging.

Some interventions to overcome specific barriers
had been evaluated:

• education programme for the public and
healthcare workers

• training programme for paramedical staff to
improve the accuracy of diagnosis, and

• reorganisation of in-hospital systems to
streamline acute stroke care.

None of the evaluation studies provided reliable
estimates of effect.

Cost-effectiveness of thrombolysis 
with rt-PA
The model suggested that if eligible patients were
treated with rt-PA there was a 78% probability of a
gain in quality-adjusted survival during the first
year, at a cost of £13,581 per QALY gained. Over a
lifetime, rt-PA was associated with a cost-saving of
£96,565 per QALY. However, the estimates were
imprecise and highly susceptible to the assump-
tions employed in the economic model; under
several plausible assumptions, rt-PA was much 
less cost-effective than standard care and under
others, a great deal more cost-effective. 

Conclusions
Implications for healthcare
Thrombolytic drugs
The data available are limited and the estimates of
effectiveness and cost-effectiveness are imprecise.
The data were judged to be insufficient to provide
reliable estimates of the cost of modifying NHS
services for patients with acute stroke to enable 
rt-PA to be delivered safely and effectively within
the NHS. In the authors’ opinion, the data do 
not, therefore, support the widespread use of
thrombolytic therapy in routine clinical practice 
in the NHS.

Neuroprotective drugs
An agent associated with even modest benefit is
likely to be cost-effective, but none is available yet. 

Barriers
The cost of overcoming the known barriers to
acute stroke treatment is likely to vary from centre
to centre and will depend chiefly on the baseline
level of stroke service provision.

Recommendations for research 
There is a case for further research to:

• determine reliably the effects of rt-PA on short-
and long-term survival and to identify which
patients are most likely to benefit (and which to
be harmed); this would require new large-scale
randomised trials comparing thrombolytic
therapy with control

• determine the nature (and costs of) the changes
in NHS services that would be needed to deliver
rt-PA therapy safely and effectively to patients
with acute stroke (if rt-PA is licensed in the UK);
this would include the costs of service changes
that would be necessary to ensure that patients
with suspected acute ischaemic stroke are
admitted to hospital much more quickly 
than is currently the norm.
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This section aims to provide a brief
introduction to the main research questions 

to be covered in the report and to summarise 
the evidence already available to answer those
questions. The aim is therefore to clarify: whether
the questions are still important; whether others
have already answered those questions reliably
from an NHS viewpoint; and, if not, to identify 
the gaps that this study could address.

The current burden of stroke

Stroke is a major cause of death and disability in
both the more-developed and the less-developed
world.1,2 In the UK, the burden of stroke on
patients, their carers, the NHS and on society is
substantial: each year there are about 125,000
strokes;1 stroke causes about one in ten of all
deaths and about 25% of men and 20% of 
women can expect to suffer a stroke if they 
survive to 85 years.3 The incidence and lifetime
prevalence of stroke are far higher than for any
other neurological disorder.4 By contrast to cancer
and coronary heart disease, the major burden 
of stroke is chronic disability rather than death.5

About a third of stroke survivors are functionally
dependent after 1 year; survival with any degree 
of impairment is likely to be associated with a
reduction in health-related quality of life. In the
UK, there are about 250,000 disabled stroke
survivors, and stroke is the commonest cause 
of neurological disability in the community.3,4,6

A review of studies of the cost of stroke indicated
that stroke consumes about 2–4% of total health-
care costs (i.e. excluding social care and indirect
costs) in Europe and the USA.7 The cost of stroke
in the UK is high: costing £2.3 billion per year, 
it accounts for about 6% of the total NHS and
Social Services expenditure, nearly twice the
expenditure for coronary heart disease.2,8 Despite
this high disease burden and high cost, there are
few reliable comparisons of the process of acute
stroke care, the outcomes and the costs associated
with different ways of delivering acute stroke care
between countries.9 Furthermore, research into
stroke prevention, treatment and rehabilitation 
has been very under-funded in the UK and
elsewhere.2 New medical treatments for acute
stroke are becoming available, yet few have been

subject to economic evaluation. A systematic review
of cost-effectiveness research for stroke up to 1999
identified about 2000 potential publications, but
only 26 studies met the eligibility criteria.10 Of the
26 studies in the review, only one related to acute
stroke and it considered thrombolytic treatment
with recombinant tissue plasminogen activator 
(rt-PA).11

The burden of stroke is projected 
to increase 
In most developed countries, stroke mortality has
declined over the past two decades, but a large
proportion of this fall has been due to a reduction
in case fatality, rather than in incidence.12 For the
next two decades, with the proportion of older
people in the population set to rise, the total
number of new strokes each year is projected 
to increase considerably.1,13,14 By the year 2020,
stroke will account for 6.2% of the total burden 
of illness in the developed world.14

Medical treatment of acute stroke

The only medical treatment that is of proven
benefit for routine use in patients with acute
ischaemic stroke is aspirin.15 Although a large
variety of other medical and (a few) surgical
interventions are now potentially available for the
treatment of acute stroke, thrombolytic treatment
with rt-PA is the only agent supported by evidence
from randomised trials that is also licensed for use
in clinical practice (at least in some parts of the
world). By contrast, though many neuroprotective
agents that were beneficial in animal models have
been evaluated in randomised trials in man, none
has been shown to be sufficiently effective and safe
to gain a product licence. It appears, therefore,
that thrombolysis is the intervention most likely 
to become relevant to the NHS within the next 
few years. 

How strong is the evidence to support
the use of thrombolysis for acute
ischaemic stroke?
The Cochrane systematic review of the 17 com-
pleted randomised trials of thrombolysis in stroke,
included 5216 patients, and showed that thrombo-
lysis significantly reduced the proportion of
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patients who were dead or dependent. However,
for every 1000 patients treated, 45 die from intra-
cranial bleeding.16 This is a cause for significant
concern. Critics of the review note that it includes
trials of several different agents and prefer to focus
on the data relating to rt-PA, the one agent that is
licensed for clinical use. If analysis is restricted to
the trials of rt-PA, it is evident that not all trials
were as positive as the National Institutes of
Neurological Diseases and Stroke (NINDS) trial17

and secondly, though the 16% increase in the 
odds of death with rt-PA did not reach statistical
significance, it was certainly potentially clinically
very important.16 Nonetheless, despite the clear
risk of fatal intracranial haemorrhage and the
uncertainty about its effects on death, the analysis
showed that intravenous rt-PA (within 6 hours of
onset) was associated with a significant 21%
reduction in the odds of being dead or dependent
at the end of trial follow-up (at about 3 months);
for every 1000 patients treated, 57 avoided death
or dependency. This appears a clinically worth-
while benefit. However, there are some caveats: 
rt-PA is a relatively expensive drug and the trials 
in which it was evaluated were conducted in 
well-resourced, largely non-UK, centres (so 
these estimates of its effects and cost-effectiveness
may not apply when thrombolysis is used in
routine NHS practice). 

Is thrombolysis likely to be feasible as
routine treatment for NHS patients
with acute stroke?
It can only be used where licensed
Although thrombolysis appears to be a very
promising treatment, there is considerable 
debate about its place in routine clinical practice.
This debate perhaps explains why it has not been
licensed for routine use worldwide. It has been
granted a full licence only in the USA and Canada
(and the countries of the European Union are in
the process of responding to a recommendation
from the European regulatory authorities to grant
a restricted licence subject to further trials being
undertaken), for intravenous administration in 
the treatment of patients with acute ischaemic
stroke within 3 hours of onset. The experience of
countries where rt-PA is licensed for clinical use
give some indication of the problems that would
face NHS decision-makers should thrombolysis 
be licensed in the UK.

Even where it is licensed, rt-PA usage varies 
with several factors
A study in Copenhagen, in an area where 88% 
of all strokes occurring in the community were
admitted to hospital, registered 1197 patients with

acute stroke.18 Only 170 (14.2%) patients arrived in
hospital within 3 hours and only 64/1197 (5.3%)
would have been eligible for thrombolysis. If all
1197 patients had been admitted within 3 hours,
then 539 (45.0%) would have been eligible for
thrombolysis on current criteria.18 Surveys of actual
use of rt-PA (almost exclusively within 3 hours of
onset) in clinical practice tend to confirm this
estimate. A study of the 29 hospitals in the Cleve-
land area of the USA registered 3948 patients
admitted with ischaemic stroke, of whom only 
70 (1.8%) were given rt-PA.19 Interestingly, the
proportion treated varied considerably between
hospitals (range, 0–10%), partly because of
variations between hospitals in the proportion
arriving within 3 hours of onset, and partly by
random variation because of small sample sizes 
in each hospital. However, among those patients
admitted within 3 hours, the relative variation in
the proportion treated was even greater (0–40%). 
A similar study restricted to patients with ischaemic
stroke (of whom a higher proportion will be
eligible for thrombolysis than unselected stroke
patients) conducted across 42 academic medical
centres in the USA found 49/1195 (4.1%) were
given thrombolytic treatment; in this study, a signifi-
cantly smaller proportion of African–Americans
were treated than white Americans (1.1% versus
5.3%).20 The largest study to date reported the use
of rt-PA among 23,058 patients with acute stroke
from 137 community hospitals in the USA.21

Overall 1.6% were given rt-PA, but again there 
was large variation in the proportion treated; in
35% of hospitals none of the patients received 
the treatment at all. There were highly significant
trends of decreasing rt-PA use with increasing age,
among blacks and among females. If the patient
was treated by an attending neurologist (rather
than a general physician) the odds of being treated
were increased.21 A single-centre study in a special-
ised acute stroke unit in Germany reported much
higher usage. They treated 14.9% of all patients
with acute ischaemic stroke (or 9.4% of all
admitted acute stroke patients).22

Even in Germany, some acute hospitals do not
have the facilities to give rt-PA
In Germany, as in the USA, there is variation in
use, and some centres do not use rt-PA at all (or do
not have the facilities to deliver it). The key facility
required is computed tomography (CT) scanning
or magnetic resonance imaging (MRI) to rule out
brain haemorrhage before treatment is started.23

A study of stroke patients admitted to one of four
rural general hospitals in southern Germany found
that none of the hospitals had an on-site CT or
MRI scanner, so that although 59% of patients
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were admitted within 6 hours, only 36% of patients
had a CT scan and only half of those scans were
performed within 24 hours of admission.24 It did
not appear from the report that any patient
received rt-PA. These data suggest that thrombo-
lysis could well be currently practicable in a small
proportion of patients in the UK, but the precise
proportion eligible for treatment would depend
critically on the local level of acute stroke 
service provision. 

Is thrombolysis definitely (or
potentially) cost-effective?
The first fully published economic analysis of 
rt-PA for acute stroke was published in 1998.11

From the perspective of the US healthcare system
(which includes nursing home costs), for every
1000 patients treated, rt-PA increased hospitalis-
ation costs by US$1.7 million but decreased
rehabilitation costs by $1.4 million and nursing
home costs by $4.8 million. Multiway sensitivity
analyses indicated a greater than 90% probability
of cost savings. The estimated impact on long-term
health was 564 (95% confidence interval (CI), 3 to
850) quality-adjusted life-years (QALYs) saved over
30 years of the model per 1000 patients treated.
However, the study is of limited value to current
decision-making in the NHS because:

• the estimate of efficacy was based on a single,
unusually positive trial in 624 patients – the
NINDS study17 – yet there is now a great deal
more efficacy data available

• the US healthcare system is different (and it 
is difficult to judge how closely the estimates 
of the extra costs of introducing the treatment
would apply in the UK)

• the possibility that treatment might increase
mortality was not modelled

• the estimate of the gain in QALYs was very
imprecise (and included the possibility of 
almost no benefit), and

• as several of the authors were closely involved 
in the NINDS trial, the possibility of conflict 
of interest cannot be ruled out.

Drummond has highlighted how important it 
is to exclude conflict of interest in studies of new
drugs.25 A more recent decision analysis, applying
efficacy estimates derived from three randomised
trials, and locally collected patient utility data, con-
cluded – from the perspective of the few patients
who did fulfil the medical inclusion criteria – that,
on average, rt-PA is superior to standard therapy.26

However, the sensitivity analyses suggested that the
model’s preferred choice was highly susceptible 
to changes in many of the model parameters.26

A further study, commissioned by a pharmaceutical
company but conducted by an independent eco-
nomist has recently been published in full.27 A
study by the National Stroke Research Institute 
of Australia has taken a more rigorous approach
and based its estimates of treatment effect on the
NINDS trial (but modelling that the treatment
effect might be 100%, 50%, 33% or only 25% of
that observed in the trial).28 The model was popu-
lated with data from a local community-based
epidemiological study of acute stroke, enhancing
its generalisability. The authors concluded that
treatment with rt-PA did increase hospital costs 
but this increase was offset by long-term savings 
in nursing home costs, though these benefits 
were not realised within the first year.28

Should thrombolysis be implemented 
in the UK now?
This decision should ideally be informed by a
methodologically rigorous guideline document.
Two self-appointed non-governmental guideline
groups from outside the UK have recommended
that thrombolysis should be implemented.23,29

Both groups placed particular emphasis on the
results of the single ‘positive’ NINDS trial of 
rt-PA,23 as sufficient evidence to justify its use in
routine clinical practice and, hence, recommend
thrombolysis with intravenous rt-PA for all 
patients with acute ischaemic stroke presenting 
to hospital within 3 hours of onset who meet
certain criteria.23,29 Hoffman has criticised the
guideline for being over-optimistic and for 
placing undue emphasis on the results of 
a single small positive trial.30

Furthermore, it is notable that most of the North
American Guideline document authors had been
involved in the NINDS trial as investigators, and 
so there may have been significant conflicts of
interest during the process of guideline develop-
ment; it may not have been as methodologically
rigorous and independent as it might have
appeared. The methods for development of the
consensus statement by the European Ad Hoc
Group were not stated, so, again, there must be
doubts about its methodological rigour. 

Health service provision in the UK is organised
and funded differently from the USA and most 
of Europe, so it is not clear how much these
recommendations should apply to the UK anyway.
Other expert groups have placed greater emphasis
on estimates of the effect of treatment derived
from a systematic review of all of the relevant
randomised trials, as such estimates are likely 
to be less biased and more precise.25 A recent
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methodologically rigorous, UK national stroke
guideline, which took all of these factors (and 
the reality of UK stroke care) into account,
recommended the use of thrombolysis only in 
the context of randomised controlled trials
(RCTs).31 The Canadian Association of Emergency
Physicians have recently issued guidelines that
make the same recommendation.32 At present, 
in the light of these recommendations, and the
fact that rt-PA is not yet licensed in the UK for 
the treatment of acute stroke, it appears appro-
priate that it is only being used in a handful of
patients per year and in a few highly specialised
UK stroke centres at present (Dennis MS,
University of Edinburgh, Western General
Hospital, Edinburgh: personal communication,
September 2002). 

Economic modelling

Economic modelling could help inform the NHS
on how to act:

• do nothing (which might deny patients an
effective treatment and be more costly 
to society)

• seek to implement thrombolysis in the UK
within existing services (which might be 
harmful to at least some patients and be 
costly to society)

• invest resources to improve acute stroke services
(difficult in the current NHS financial situation)

• fund studies to collect more primary research
data (e.g. by conducting further RCTs, which
could provide more precise estimates of risk,
benefits and cost-effectiveness). 

Jørgensen and co-workers18 have done some
limited modelling and they concluded their 
paper thus: 

If all 1,197 patients had been admitted in due time,
then 539 (45%) would have been eligible for rt-PA and
an estimated 48 = 4% (95% CI, 0.1–8%) would have
benefited. These estimates may be too generous, as 
we could not exclude patients with rapidly improving
symptoms, a criterion excluding 10% in the US trial. In
conclusion, alteplase (rt-PA) may benefit single patients,
but will have no impact on the general prognosis of
stroke. Because time is crucial and because evaluation
of paraclinical data requires a specialist setting,
treatment with rt-PA will need large investments and
reorganisation of the care for stroke patients. Before it
is decided to offer this expensive, potentially harmful
and possibly only marginally effective treatment, we
suggest that another, much larger European trial is
needed to test the results of the US trial. 

If, as Jørgensen suggests, further primary research
is justified, modelling may also help to inform 
the design and sample size of any future studies.33

Furthermore, an economic modelling study of
hypothetical treatments for acute stroke has
indicated that even modest clinical benefits 
may be cost-effective in the long run.34 However, 
to detect such moderate benefits reliably 
requires very large trials.35

The situation for acute stroke now (i.e. a lack 
of evidence from randomised trials large enough
to detect moderate benefits reliably) appears
analogous to that seen at the early stages of the
evolution in the treatment of acute myocardial
infarction (AMI). Between 1960 and the early
1980s a large number of small trials of thrombo-
lysis for the treatment of AMI were conducted.
Some suggested benefit and others harm, so that
the treatment was hardly used in routine clinical
practice. A systematic review of the available
randomised AMI trials in 1985 provided very
strong evidence that thrombolysis reduced the
odds of death after AMI by about 22%,36 but
clinicians were not persuaded to change their
habits by this mere meta-analysis. However, the
analyses led to several very large scale trials, and
when the results of those trials were published,
there followed an extremely rapid change in
clinical practice within 2 years.37 However, mega-
trials are costly and time-consuming. A funding
agency considering an application for such a trial
in acute stroke would be more likely to support 
it if the cost of the research was concordant with
the potential health gain (and the plausible range
of cost-effectiveness of the intervention predicted
from the modelling). In other words, the prospect
of substantial health gain or cost-savings makes a
large-scale trial easier to justify.

Models of the economic impact 
of introducing thrombolysis must
account for existing stroke services 
Economic modelling has many uses, but it is, 
by nature, an abstract process, several steps away
from the realities of the care of patients with acute
stroke in the NHS. A very important parameter 
for any model is the extra service costs (e.g. the
extra investigations, equipment and staff) required
to deliver the new intervention.25 There appears to
be general agreement that, if stroke patients are to
be treated safely and effectively with thrombolysis,
the treatment should be given in the context of a
well-organised acute stroke service. However, it is
difficult to estimate the extra costs required to 
get to an agreed high level of organisation, and
how much the extra cost will vary between UK
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hospitals. There are several difficulties and these
are discussed below.

There are no nationally or
internationally agreed standards 
of general care for acute stroke
The configuration of acute services that would 
be appropriate in Europe or the UK are not well
defined. However, several consensus panels have 
at least agreed that acute stroke care should be
well organised,29,38,39 In particular, the experts
recommend that thrombolytic treatment needs 
to be delivered in a particularly well-organised
setting.23,29 How well organised do acute stroke
services need to be in general? How many
additional resources are needed to deliver
thrombolytic treatment effectively and safely? 
The configuration of stroke rehabilitation 
services is becoming well defined by evidence 
from reliable trials and systematic reviews. There 
is good evidence that admission to an organised
stroke unit reduces the number of deaths and
increases the number of patients alive and free 
of disability.40 To try to define an evidence-based
process of care for patients with acute stroke,
stroke units can broadly be subdivided into those
that provide care from the moment of admission
until discharge (comprehensive care), and those
that admit patients after the acute phase (stroke
rehabilitation). The Cochrane systematic review
suggests that admission to a unit offering com-
prehensive care is associated with greater benefit
than admission to a stroke rehabilitation unit, 
but the components of the organisation of acute
stroke care that contribute to that benefit have 
yet to be identified reliably.40

How intensive (or costly) should acute
stroke care be?
There is now limited evidence on some 
potentially beneficial components of acute 
stroke care, chiefly monitoring of physiological
parameters (e.g. temperature, blood pressure,
oxygenation and blood glucose level), with
protocol-based correction of any deviations from
normal.41–47 There is little agreement on the key
evidence-based elements of care for acute stroke,
or the resource input required. The European Ad
Hoc Group recommend very intense resource use,
with treatment of patients in intensive care units.38

While this model is neither evidence-based nor
affordable in the UK, the accumulating evidence
on the benefits of well-organised acute stroke care
does suggest that there may be a case to increase
the intensity of services for acute stroke care,
whether or not thrombolysis is introduced.48,49

At the time this review was commissioned, there

were no nationally agreed standards of care 
for patients with acute stroke. By the time this
report was in draft form, a National Service
Framework for Older People had been published,
which has set some standards of care for stroke,
with specific mention of some aspects of acute
stroke care in England and Wales, though it 
was published too late to be included in the
analyses for this study.50 In any event, it is not
sufficiently detailed to cost the resource
implications reliably.

Variations in the process of, and
resource cost of, acute stroke care 
and variations in outcome 
How then can one estimate the costs and benefits
of investing extra resources in acute stroke care?
Routine health service data might provide some
clues. The healthcare services for patients with
acute stroke (and their costs) vary enormously
both between and within countries, and so do 
the outcomes.9,51–54 One might hope that coun-
tries (or hospitals) with better-organised stroke
services or those that invest greater resources in
acute stroke services might have better clinical
outcome after stroke. Several studies comparing
outcomes after stroke between and within
countries have found substantial variations, 
which are not fully explained either by the 
quality or costs of care.9,53,54 Nonetheless, these
studies do at least give estimates of the cost of 
an episode of care for a patient with acute stroke,
and estimates of the variability in resource use 
and the key determinants of cost.

How much does it cost to raise 
service standards enough to deliver
thrombolysis safely?
If a new medical treatment for acute stroke, 
such as thrombolysis, is to be introduced, the 
cost of introducing it in a particular hospital 
will depend on:

• the nationally agreed level of service that is
needed to deliver the treatment effectively, 
safely and efficiently

• the resources already available for acute stroke
care in that hospital

• the variation in the difference (i.e. level of
service needed minus resources already
available) between different hospitals.

If the service is to be introduced across the whole
NHS and is to be delivered equitably, the extra
resources required to introduce the service will
therefore vary enormously between hospitals. In
some hospitals, where acute stroke services are
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already well developed, the extra investment
needed is likely to be small, whereas in others 
with poorly developed stroke services, much
greater investment will be required. Surveys and
audits of the current provision of acute stroke 
care in the UK confirm that there are substantial
variations in the level of service provision for
patients with acute stroke and in the quality of
stroke care; and many stroke patients are treated 
in hospitals without a designated stroke physician
or a stroke rehabilitation unit.6,54–56 There is
therefore much to be done to improve stroke
services across the country.6,54–56

How urgently should the NHS handle
patients with acute stroke?
The duration of the ‘therapeutic time window’ 
for effective treatment of acute stroke is likely to 
be a major determinant of the configuration and
cost of acute stroke services. If it is just 3 hours or
less, services are likely to require much greater
resources than if it is longer, say 6 hours or more.
Unfortunately, the precise time window for safe 
and effective medical treatment of any type is not
known.57 Even for a specific treatment, such as
intravenous thrombolysis, there is considerable
debate about the time window. One view is that 
the window is precisely 3 hours.23 Baron argues
that such a fixed and rigid time window is
implausible on pathophysiological grounds.57

The data from a sub-group analysis of the NINDS
trial and the data from the use of thrombolytic
therapy in myocardial infarction both argue
against an ‘all-or-nothing’ change from benefit 
to risk at precisely 3 hours and instead show a
declining benefit with increasing delay.58,59 The
sub-group analysis of the NINDS trial is not very
reliable, as it is based on very small numbers of
events.58 Figure 1 shows the data from a robust 
and reliable individual patient data meta-analysis 
of the trials in myocardial infarction.

The time window in AMI (at least in patients with
electrocardiographic changes showing ST (sinus
tachycardia) elevation or bundle branch block) 
is at least 12 hours, though the benefit is greatest
within the first hour.59 In view of the likely time
dependency of any treatment benefit, the

uncertainties about exactly how time-dependent it
is makes costing services even more challenging. 

Summary 

It appears that the place of neuroprotective and
thrombolytic therapy in the routine treatment 
of acute ischaemic stroke has not yet been estab-
lished. Of the two interventions, it appears throm-
bolysis is the more likely to be relevant to the NHS
in the near future. This report seeks to summarise
the available evidence and its implications for
clinical practice and research in the NHS.

50

40

30

20

10

0
0 6 12

Hours from symptom onset to randomisation

18 24

3,000

14,000

12,000

8,000

1,000

Absolute benefit per 1000 patients with ST elevation 
or BBB allocated fibrinolytic therapy (± 1 SD)

Loss of benefit per
hour of delay to
randomisation:
1.6 SD 0.6 per
1000 patients

FIGURE 1 Absolute reduction in 35-day mortality versus delay
from symptom onset to randomisation (estimated from a meta-
analysis of data on 45,000 patients with AMI with ST elevation 
or bundle branch block, randomised to thrombolytic therapy or
control). Area of black square and the extent to which it influences
the line drawn through five points is approximately proportional 
to the number of patients it is based on.The vertical line above
and below the square is one standard deviation. (Figure from
Fibrinolytic Therapy Trialists’ Collaborative Group overview of early
mortality and major morbidity results from all randomised trials of
more than 1000 patients. (Reproduced with permission59) (BBB,
bundle branch block; SD, standard deviation; ST, sinus tachycardia)
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Background
Acute ischaemic stroke is a major cause of death
and disability worldwide. Most strokes are due 
to blockage of an artery in the brain by a blood 
clot. Clot-dissolving (or thrombolytic) drugs may
reduce brain damage from a stroke by restoring
the blood flow if given rapidly enough after stroke,
but may also cause serious bleeding in the brain.
An overview of the literature on thrombolysis in
acute ischaemic stroke in 199260 identified six
randomised trials, which included a total of 
only 700 patients. A Cochrane Review updated 
the review and included the more substantial
information that became available from larger
trials in 1995/96 (total 3478 patients). The 
present version adds the trials completed in
1998/99, and also more complete data from the
earlier trials. Thus, the total number of patients
now randomised (and made public) in trials of
thrombolytic therapy in acute ischaemic stroke 
is 5216 (data available on 5210), still a relatively
small amount of trial data compared with that
available for the use of thrombolysis for AMI.*

Methods

Objectives
The objectives of this review are to determine
whether (and in what circumstances) thrombolytic
therapy might be an effective and safe treatment
for acute ischaemic stroke. Three main hypotheses
are tested:

• that thrombolytic therapy increases the risk of
death within the first 2 weeks, and reduces the
risk of death at long-term follow-up

• that thrombolytic therapy increases the risk 
of early symptomatic or fatal intracranial
haemorrhage

• that, at long-term follow-up, the reduction in the
proportion of patients alive but dependent more

than offsets any early hazard, so that there 
is an overall net benefit and a reduction in 
the proportion with a poor outcome (i.e. 
dead or dependent) 

• we also wished to undertake exploratory analyses
to examine whether: 
– thrombolytic therapy interacts with anti-

thrombotic therapy to increase the hazard
– the balance of risk and benefit with

thrombolytic therapy may vary with the 
pre-treatment severity of the stroke

– there is a ‘therapeutic time window’ for
effective treatment.

Inclusion and exclusion criteria
Types of studies
We sought to identify all truly randomised trials 
of thrombolytic therapy compared with placebo 
or open control in patients with acute ischaemic
stroke. Trials that were not truly random (e.g. dose
range finding studies) were not included. Trials 
in which the exact method of randomisation was
unknown, even after correspondence with the
authors, were included for the present. Trials that
were not originally analysed on an intention-to-
treat (ITT) basis were included if information on
outcome could be obtained on all randomised
patients thus allowing an ITT analysis to be
performed.

Types of participants
Trials that included patients of any age or sex with
a definite acute ischaemic stroke (confirmed by 
CT scanning to exclude cerebral haemorrhage
prior to randomisation) were eligible.

Types of interventions
All types of thrombolytic drug given in any dose, 
by the intravenous or intra-arterial route, 
were included:

• urokinase (also known as u-PA)
• recombinant pro-urokinase
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Systematic review of effectiveness of 
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• streptokinase (SK)
• rt-PA, or
• lumbrokinase.

Trials that were confounded by the treatment 
or control group receiving another active therapy
which had not been factored in to the random-
isation (e.g. thrombolytic drug plus another 
agent versus placebo, or thrombolytic drug 
versus another agent) were excluded.

Types of outcome measures
We sought to extract data on a variety 
of outcomes:

• deaths from all causes within the scheduled
treatment period (usually the first 7–10 days
after treatment)

• symptomatic intracranial haemorrhage: 
either symptomatic (i.e. associated with a
deterioration in the patient’s neurological state),
or fatal (i.e. leading directly to death). Note 
that symptomatic intracranial haemorrhage
includes haemorrhagic transformation of the
infarct, haemorrhage elsewhere in the brain,
and haemorrhage into the spaces surrounding
the brain

• deaths from all causes during the whole trial
follow-up period

• poor functional outcome at the end of follow-
up; this was defined as death or dependency,
measured by the Rankin or Barthel scales, 
at the end of the trial follow-up period. 
Poor functional outcome is the most clinically
relevant and important measure of outcome 
as the aim of treatment should be not merely 
to avoid death but to increase the proportion 
of independent survivors and conversely to
reduce the risk of survival with serious dis-
ability. Dependency in the present analysis 
was defined as a score of between 3 and 5
inclusive on the Modified Rankin Scale 
(MRS). Some would prefer a definition of 
good outcome (independence) including
Rankin 0 and 1 only; therefore wherever
possible we sought data on the number of
patients in each individual Rankin category.

Search strategy for identification 
of studies
This review has drawn on the search strategy
developed for the Cochrane Stroke Group as a
whole. All possibly relevant trials were identified 
in the Group’s Specialised Register of Controlled
Trials (see appendix 1 and the Stroke Group’s
Review Group Details for more information; these
are published in the section of the Cochrane

Library entitled About the Cochrane Collaboration).
The Register was last searched by the Review
Group in May. 

The version of the review published on The
Cochrane Library was supplemented by an addi-
tional search of EMBASE (Ovid) through the Bath
Information and Data Services (BIDS) between
1980 and February 1997 using the following
strategy (for this current version of the review, we
used a very much more extensive strategy (details
available on request) and last ran the search in
April 2001, though this latter search did not
identify any new relevant trials):

(b) exp cerebrovascular disease/
(b) stroke$.tw
(b) cerebrovasc$.tw
(b) 1 or 2 or 3
(b) urokinase/
(b) prourokinase/
(b) streptokinase/
(b) tissue plasminogen activator/
(b) lumbrokinase/
(b) thrombol$.tw
(b) (urokinase or pro?urokinase or

streptokinase).tw 
(b) (tissue plasminogen activator or

lumbrokinase).tw 
(b) 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12
(b) 4 and 13.

A handsearch of the following journals (1979 to
April 1994) was carried out:

• Japanese Journal of Stroke
• Clinical Evaluation
• Japanese Journal of Pharmacology & Therapeutics
• Rinsho Ketsueki.

Translations of the non-English language
publications were obtained from people in 
whose native language the paper was published. 

We contacted pharmaceutical companies (n = 321)
for more information about trials known to exist
from the above efforts, and for information on any
trials that were so far unknown to the reviewers
(last systematic contact December 1997). All com-
panies except one (who was known to be doing a
trial in any case) responded, and no new trials were
identified that had not already been identified. 

References quoted in thrombolytic therapy papers
were also examined, and direct contact was made
with principal investigators of trials in Europe, the
USA, Japan and China.
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Attendance at and screening of abstracts presented
at the following conferences was also included in
the search strategy.

• 1st and 2nd International Conferences on Acute
Stroke (Geneva, Switzerland 1991 and 1993)

• 2nd to 10th European Stroke Conferences
(Lausanne, Switzerland 1992; Stockholm, Sweden
1994; Bordeaux, France 1995; Munich, Germany
1996; Amsterdam, The Netherlands 1997;
Edinburgh, Scotland 1998; Venice, Italy 1999;
Vienna, Austria 2000; Lisbon, Portugal 2001)

• 2nd, 3rd, 4th, 5th and 6th International
Symposia on Thrombolysis in Acute Ischaemic
Stroke (La Jolla, USA 1992; Nara, Japan 1994;
Copenhagen, Denmark 1996; Bethesda,
Maryland 1998; Hamilton Island, Australia 2000)

• 1st and 3rd Annual Advances in Stroke
Management Meetings (Barcelona, Spain 1995;
Crete, Greece 1998; Sardinia, Spain 1999)

• International Stroke Conference (Melbourne,
Australia 2000)

• International Conference on Acute Stroke and
Thrombolysis (Hamilton Island, Australia 2000).

A full list of journals searched can be found in
appendix 1.

Data collection and extraction
Trials were selected for inclusion in the review 
after seeking additional unpublished information
from the principal investigators of all the trials that
appeared to meet our inclusion criteria. We aimed
to extract from each trial the number of patients
originally allocated to each treatment group to
allow an ITT analysis, if the trial had not already
been presented in this way.

For each included trial information was 
collected on: 

• the method of randomisation
• blinding of treatment administration
• blinding of outcome assessment
• whether an ITT analysis was done (or could

possibly be done). 

The numbers of patients in the treatment and
control groups were extracted who had:

• died within the first 7–10 days
• developed symptomatic or fatal intracranial

haemorrhage early after the stroke (within 
the first 7–10 days)

• died by the end of the trial follow-up
• were dependent on others in activities of daily

living by the end of the trial follow-up period.

In addition, data were extracted to allow a number
of exploratory sub-group analyses, as follows:

• the proportion of patients given aspirin or
heparin within the treatment period

• the number of patients who died or were
dependent at the end of follow-up according to
whether they had been treated within 3 hours 
of the stroke or later than 3 hours (in trials 
that randomised patients beyond 3 hours 
after the stroke).

A tabulation of the extracted data was cross-
checked and then verified with the principal
investigator of each trial and any errors were
corrected. In Haley and co-workers61 and Morris
and co-workers62 the outcomes were very clearly
described in the original texts and verification 
with the principal investigators was not necessary. 

Our definition of symptomatic intracranial
haemorrhage included patients who died or
deteriorated clinically as a result of intracranial
haemorrhage. This could be either secondary
bleeding into the infarct or new bleeding at an
anatomically separate site elsewhere in the brain 
or its surrounding spaces, after randomisation
confirmed by CT scanning or post-mortem. We
have defined early after the stroke as within the
first 7–10 days, as the trials each tended to use 
a slightly different time point, but all had col-
lected information on intracranial haemorrhage
certainly within the first 10 days. Many sympto-
matic haemorrhages actually occurred within the
first few days of the stroke. It is difficult to estimate
the exact number of symptomatic intracranial
haemorrhages because some patients died without
a CT scan or post-mortem. Thus, the true number
with symptomatic intracranial haemorrhage may 
be higher than that suggested by these data. On
the other hand, heightened awareness of an
association between haemorrhagic transformation
and thrombolysis may mean that the investigators
too readily attributed any neurological deterior-
ation following treatment to intracranial
haemorrhage, even if the amount of blood was
small. Review of published CT scans suggests that
at least for some trials, symptomatic intracranial
haemorrhage included patients with very large
swollen and oedematous infarcts with trivial
amounts of haemorrhage within them.63 Therefore,
it is also possible that the risk of intracranial
haemorrhage has been overestimated. The Euro-
pean Co-operative Acute Stroke Study (ECASS)
trial63 did not report the number of patients 
with symptomatic intracranial haemorrhage, 
but instead whether the radiological appearance 
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of the haemorrhage suggested haemorrhagic
transformation of an infarct or parenchymatous
haematoma (and its size). Most parenchymatous
haemorrhages were associated with symptoms, so
we used the number of patients with parenchy-
matous haematoma as the number with
symptomatic haemorrhages.

Both proportional and absolute risk reductions
were calculated for each outcome. Heterogeneity
between trial results was tested for using a standard
chi-squared test. The results reported in the text
are odds ratios (ORs) (i.e. the ratio of the odds 
of an unfavourable outcome among treatment-
allocated patients to the corresponding odds
among controls), which were calculated using 
the Peto fixed-effects method.

Details of studies included

Seventeen trials, which included 5210 patients are
included,17,61–76 (six patients are missing from the
ATLANTIS B trial publication64). Additional details
of these studies are available in the electronic
version of this review, published on the Cochrane
Library.16 Note that the NINDS trial17 was con-
ducted in two consecutive parts, A and B, but
published in one paper, so is included as one trial
in this review. The three trials performed in the
1980s65–67 were methodologically very different to
the rest of the trials, which were performed in the
1990s. The trials of the 1980s used very low doses
of intravenous thrombolytic drug, given daily for
several days, and started up to 5 or 14 days after
the stroke. The trials of the 1990s used a single
large dose of thrombolytic drug (in the region 
of 80–100 mg rt-PA), given intravenously in most
trials, within 3 or at most 6 hours of the stroke.
The 1980s trials did not collect data on functional
outcome and therefore only the trials of the 
1990s contribute to the analysis of death or
dependency. All trials however contribute to
analyses of intracranial haemorrhage and death 
by the end of follow-up (although very few deaths
or intracranial haemorrhages occurred in the 
trials in the 1980s). However, it is possible to see
from the figures what effect the exclusion of these
early trials would have on the overall results.

The Multi-centre Acute Stroke Trial – Italy 
(MAST-I) trial,68 which tested intravenous SK and
oral aspirin given within 6 hours of stroke onset in
a two-by-two factorial design, was the only trial so
far to test for an interaction between thrombolytic
and antithrombotic drugs in a randomised trial –
the comparison of SK plus aspirin versus aspirin

alone from MAST-I is included in this review
(separated from the MAST-I data in the absence 
of aspirin) because it represents the only available
randomised evidence on this important
interaction. As there was a significant adverse
interaction between SK and aspirin, which we 
felt was important to highlight, the data for the
patients receiving SK in the presence or absence 
of aspirin are presented separately (i.e. SK versus
control, and SK plus aspirin versus aspirin alone).

Types of stroke patient included
The selection of patients was based initially 
on clinical criteria to diagnose the stroke 
sub-type (cortical versus lacunar versus 
posterior circulation):

• five trials randomised all types of ischaemic
stroke – cortical, lacunar and posterior
circulation17,61,64,68,69

• one trial included cortical and lacunar strokes70

• four trials included only patients with symptoms
of hemispheric cortical ischaemia (see below 
for additional CT scan criteria)62,63,71,72

• four trials included patients with
angiographically proven occlusion of the
internal carotid or middle cerebral artery73–76

• three trials included presumed thrombotic
stroke of most severities and excluded 
presumed cardio-embolic strokes (though 
it is not clear whether artery-to-artery 
embolism counted as ‘embolic’ in 
this context).65–67

Stroke severity
Most trials used a stroke severity scale, such as 
the National Institutes of Health Stroke Scale or
Scandinavian Stroke Scale, or developed their own
neurological stroke severity scale to measure the
severity of the stroke at baseline. All trials excluded
patients in coma (i.e. unconscious); most trials did
not randomise many patients who were drowsy
except the Multi-centre Acute Stroke Trial –
Europe (MAST-E),72 in which 50% of the patients
were drowsy or stuporose at randomisation. 

Age-related exclusion criteria
• Only five trials had no upper age limit and

included very elderly patients.65–68,72

• Three trials had an upper age limit of 
85 years.70,75,76

• The NINDS trial17 initial protocol stated an
upper age limit of 80 years, although patients
over the age of 80 were randomised (the actual
age of the oldest patient was not stated in the
primary publication, but a patient of 87 years 
is referred to in the subsidiary paper on intra-
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cranial haemorrhage by the NINDS Stroke 
Study Group).77

• All the remaining trials had an upper age 
limit of 80 years. 

Visible infarction on the CT scan 
at randomisation 
• Two trials specified that the pre-randomisation

CT had to be normal.73,74

• Three trials specified that the pre-randomisation
CT scan had to be normal or only show
ischaemic changes in less than one-third of 
the middle cerebral artery supply territory.63,64,71

• Two trials excluded patients with mass effect 
and midline shift on CT.75,76

• None of the other trials specified that patients
with a CT scan that showed an infarct (which
was likely to be symptomatic) should be
excluded, although individual doctors may have
excluded these patients in some centres
depending on local opinion.

Time to randomisation 
The maximum time interval allowed between the
onset of the stroke and the start of the treatment
administration varied from within 3 hours to up 
to 2 weeks. 

• Two trials randomised patients within 
3 hours.17,61

• One trial randomised patients within 4 hours.70

• One trial randomised patients within 3–5 hours
– part of ATLANTIS B.64

• Ten trials randomised patients within 
6 hours.62,63,68,69,71–76

• Two trials randomised patients within 5 days.65,66

• One trial randomised patients within 2 weeks.67

(Note that these latter three trials65–67 do not
contribute data to the analysis of early deaths 
or of death and dependency, as early deaths were
not recorded and a functional outcome measure
was not used in these trials. They do contribute
data to the analyses of intracranial haemorrhages
and deaths by the end of follow-up.)

Thrombolytic agent tested
The thrombolytic agents tested in the 17 trials 
were as follows.

• Four trials used SK.62,68,70,72

• Eight trials used rt-PA.17,61,63,64,69,71,73,74

• Three trials used urokinase.65–67

• Two trials used rpro-urokinase.75,76

Thus trials using intravenous rt-PA contribute
2889/5144 patients – 56% of the data in 
this review.

Dose range tested and route 
of administration
The dose range tested and the route of
administration in the 17 trials were as follows.

• The SK dose was 1.5 MU (as used to treat AMI)
in four studies.62,68,70,72

• The rt-PA dose was similar to that used to 
treat AMI at 1.1 mg/kg to a maximum of 
100 mg in one study,63 about 20% less at 
0.9 mg/kg to a maximum of 90 mg in five
studies,17,61,64,69,71 and about one-third of that 
in two studies.73,74 All SK and rt-PA doses 
were administered by intravenous infusion
through a peripheral arm vein, over 
1 hour. 

• The urokinase dose in Abe and co-workers,67

Atarashi and co-workers66 and Ohtomo and co-
workers65 was much lower than the equivalent
for AMI and was administered intravenously
once daily for 7 days. 

• The rpro-urokinase dose was 6 mg in the 
Prolyse in Acute Cerebral Thromboembolism
(PROACT) study75 and 9 mg in PROACT 2;76

in both trials the dose was administered intra-
arterially, through a catheter with its tip
embedded in the occluding thrombus.

Concomitant use of antithrombotic
treatment
One trial68 compared aspirin with SK and 
control, starting within 6 hours of stroke onset, 
in a factorial randomisation (i.e. patient were
randomised to SK, aspirin, aspirin plus SK or to
neither). In the groups randomised to receive
aspirin, treatment was continued for 10 days. 

Antithrombotic use was not randomly assigned in
any other trial and its permitted use varied.

• In the Australian Streptokinase (ASK) trial,70 all
patients were to receive 300 mg aspirin starting
within 4 hours of the SK infusion and continued
daily thereafter.

• In PROACT,75 all patients received intravenous
heparin 1000 U/hour during the trial
angiogram, reduced to 500 U/hour halfway
through the trial.

• In PROACT 2,76 all patients received intravenous
heparin 500 U/hour for 4 hours starting at the
time of the angiogram infusion.

• In MAST-E,72 aspirin and intravenous 
heparin were allowed to start at any time 
and continue for any time (about 25% of
patients received aspirin or heparin within 
24 hours and 75% within the first week of 
the stroke).

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.



Systematic review of effectiveness of thrombolytic therapy in acute ischaemic stroke

12

• In the ECASS63 and ECASS II71 studies,
subcutaneous heparin was allowed within 
24 hours of the stroke (and thereafter) and
aspirin after 24 hours. (In ECASS II, about 20%
of patients were taking aspirin at the time of
their stroke, and 54% of rt-PA-treated patients
received subcutaneous heparin within the first
24 hours, but we are unsure of the corres-
ponding numbers for ECASS, or the number 
of patients in either trial receiving aspirin or
heparin after 24 hours.)

• In Haley and co-workers61 a few patients 
received antithrombotic drugs within 24 hours
and thereafter.

• In several trials no antithrombotic drugs were
allowed within 24 hours but aspirin was allowed
thereafter.17,64,69,73

• In three trials65–67 antithrombotic drugs were not
allowed during the 7 days of treatment infusion,
but could be used thereafter. 

• The antithrombotic drug used was not stated
clearly in two trials.62,74

Follow-up 
Early outcome assessments were made at around
7–10 days in most trials. Some trials also performed
more frequent assessments in the first few hours
and days after the trial treatment. In the present
review, outcome events occurring within the first
7–10 days (whichever was the later date at which
data were collected) have been used to determine
the effect of thrombolytic therapy on early
outcome. The final outcome assessment was at: 

• about 1 month after the stroke62,65–67,73,74

• 3 months17,61,63,64,69–71,75,76

• 6 months.68,72

Note that follow-up at 6 months and 1 year have
recently been reported for NINDS,78 although the
3-month outcome, the primary outcome originally
reported, is used in the present review. Note also
that because of the difficulty of blinding the
biological effect of thrombolytic therapy, it is
important to ensure that outcome assessment is
objective (unbiased). Follow-up should therefore
be performed by individuals unaware of the trial
treatment allocation either because they have not
been involved in the administration of the trial
treatment, or in the care of the patient during at
least the first few days. In MAST-I,68 the 6-month
follow-up was by telephone by a trained observer
blind to the treatment allocation. The MAST-E72

and ASK70 trials did not specify who performed 
the follow-up or that they should not have been
involved in the trial treatment administration or
patient care in the first 24 hours. In NINDS,17

ATLANTIS A69 and ATLANTIS B,64 follow-up at 
all stages was to be by a doctor (blinded) who 
had not been involved in the randomisation 
or care of the patient in the first 24 hours. In
ECASS,63 ECASS II,71 PROACT75 and PROACT 2,76

follow-up was by a mixture of individuals – where
possible by someone who had not been involved 
in the patient’s care within the first 24 hours but
this may not always have been the case. 

Assessment of functional outcome
Functional outcome was assessed by a variety 
of measures:

• the Barthel Scale62,70,73,74

• an undefined scale (no, mild, moderate or
severe limitation)61

• the Rankin Scale68,72

• the MRS17,63,64,69,71,75,76

• or was not assessed at all.65–67

Some trials used more than one scale to measure
outcome. The trials by Abe and co-workers,67

Ohtomo and co-workers65 and Atarashi and co-
workers66 used the Global Improvement Rating,
which measures change in neurological status and
safety outcome as a composite surrogate for
functional outcome. 

There are differences in the primary outcome
measure used between trials, in that some used a
poor functional outcome and some used a good
outcome. The following trials sought ‘dependency’
as a measure of poor functional outcome: MAST-I68

and MAST-E,72 which defined dependency as Rankin
3 or worse, and Morris and co-workers62 and ASK,70

which defined dependency as Barthel 60 or worse.

The following trials sought ‘good functional
outcome’: ECASS,63 ECASS II,79 NINDS,17

ATLANTIS A69 and ATLANTIS B,64 which defined
good outcome as MRS 0 or 1. For most trials, it 
has been possible to obtain data on patients in
each individual Rankin (or Barthel) group, or 
data dichotomised on Rankin 0–2 versus 3–6, 
or 0 and 1 versus 2–6, so that dependency in this
review refers to Rankin (or MRS) 3–5 (6 being
dead) unless otherwise stated. The only trials 
for which the number of patients in individual
Rankin groups were not available (and therefore
the data shown are for Rankin 2 or worse) are
ATLANTIS A69 and PROACT.75

Methodological quality of included studies
Seventeen trials have been included: eight recent
trials from 1995 to 1999, seven earlier trials all using
intravenous thrombolytic therapy, and two trials
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using intra-arterial thrombolytic therapy. A trial by
Naito (Naito, 1984) was excluded after discussion
with Professor Abe (co-investigator), as it was not
possible to account for 11/101 randomised patients
(most of whom were in the control group). Another
trial (Edinburgh, 1991) was excluded because it
stopped prematurely after randomisation of only
four patients. Three trials conducted in China were
excluded, two because of confounding (Don-Cai
Yuan, 1995; Zhang Yuan Xiang, 1995) and one
because the duration of follow-up was only 3 weeks
(Pang Shi-Qi, 1993) (see Table 1).

Randomisation method
Randomisation was generally well described. 
The methods used were as follows.

• Five trials used central telephone random-
isation.68,70,72,75,76 In MAST-I68 and PROACT 2,76

the allocated treatment was then given
unblinded without a placebo. In MAST-E72

and ASK,70 sealed pre-packs of SK or identical-
appearing placebo were selected according to
the randomisation instructions. 

• Three trials randomised patients at the
participating hospital by selection of a sealed,
sequentially-numbered pre-pack (of active drug
or identical-appearing placebo) followed within
2 hours by a telephone call to the Central Trial
Co-ordinating Office to notify them of the
patient and the number of the drug pack.17,64,69

The pack numbering was done according 
to a randomisation list.

• Two trials randomised patients by selection 
of a sequentially numbered, sealed drug pre-
pack at the participating centre provided by 
the sponsor from a randomisation schedule
drawn up centrally.63,71

• Five trials used sealed drug pre-packs of active
drug or identical-appearing placebo.65–67,73,74

• One trial used sealed envelopes.61

• The method of randomisation was not stated 
in one trial.62

Blinding
Due to its effects on the coagulation system at high
doses, thrombolysis is difficult to administer com-
pletely blind, as there are often quite obvious signs
of minor bleeding (prolonged bleeding at vene-
puncture sites, easy bruising, gingival or conjunc-
tival haemorrhages, etc). Thus, provision of an
identical-appearing placebo (in the syringe) may
not fully blind investigators to treatment allocation.

Analysis
Only the ITT results are included here. In any
trials where there have been exclusions, these 

were made prior to the breaking of the random-
isation code. A strict ITT analysis was used in ten
trials,17,63,64,68–70,72,75,76,79 but not in any of the earlier
trials. However, for the earlier trials, with addi-
tional information from the principal investigators
where necessary, we have attempted to find a 
final outcome for all randomised patients, rather
than simply relying on the published data from
which some randomised patients may have been
excluded. Note the ECASS trial was published as
ITT and as a target population after about 20% of
the randomised patients had been excluded.63

Premature closure of recruitment
Randomisation in MAST-E (all patients) and ASK
(in the > 3-hour group) stopped on the advice of
their respective data monitoring committees after
only about half of the originally intended number
of patients had been randomised. MAST-I was
suspended by its steering committee (in view of 
the adverse climate for continuing thrombolytic
trials at the time, due to the stopping of MAST-E
and ASK) to examine its interim results after
randomisation of about one-third of its originally
intended number. Four trials17,63,71,76 all reached
their planned targets. PROACT75 stopped after
completing two of its planned three dosage arms.
ATLANTIS A69 was stopped on publication of the
NINDS trial, and continued in modified form as
ATLANTIS B,64 which in turn stopped in 1998
following a futility analysis prompted by results
from ECASS II.71

Results

Results are presented in Figures 2–6. Note that in
each figure, trials are grouped according to which
thrombolytic drug was used, with a subtotal OR for
that agent. The overall OR for all trials appears at
the bottom of each figure.

Death from all causes within the first
7–10 days
Data on deaths occurring within the first 
7–10 days were available for seven trials (Figure 2).
There was a significant excess of early deaths with
thrombolysis. A total of 16.6% of those allocated 
to thrombolytic therapy died compared with 9.8%
of those allocated to control (OR = 1.85; 95% CI,
1.48 to 2.32; 2p < 0.000001). In absolute terms, if
confirmed, this is an increase of 68 (95% CI, 44 
to 93) early deaths per 1000 patients treated with
thrombolysis. There was borderline significant
heterogeneity (χ2 = 15.05, degrees of freedom (df)
= 7; p < 0.05). Data on early deaths were available
for four of the trials of intravenous rt-PA. The
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TABLE 1  Studies excluded from the systematic review of effectiveness

Study Reason for exclusion

A randomised trial of intravenous urokinase 8000–10000 U/kg (total 600,000–900,000 U) 
plus nimodipine, vitamin E and C, aspirin, mannitol, dexamethasone, nidocain and snake 
venom, versus ‘conventional treatment’ (i.e. everything except urokinase) given over 
40 minutes within 2 days of onset of ischaemic stroke
Urokinase 10,000–15,000 repeated the following day if no improvement
Follow-up was using the Chinese Neurological Scale at only 2 weeks after treatment.
No long-term follow-up.This scale does not appear to measure dependency.A total of 
80 patients were randomised, 40 per treatment arm.There is no mention of the number 
who died or had symptomatic intracranial haemorrhage

The trial was excluded because of the short follow-up period

Edinburgh, 1991 This unpublished study terminated prematurely because of the impracticality of intra-arterial 
thrombolytic treatment. Four patients were randomised between SK (250,000 MU into the 
occluded cerebral artery) or placebo during the year that the trial ran (1991). It had been 
intended to randomise at least ten patients.Three received SK and one received the placebo.
One patient (SK) died within a week of the stroke of a massive cerebral infarct; 6-month 
outcome in the other three was: 1 (SK) Rankin 2; 1 (SK) Rankin 3; 1 (placebo) Rankin 4

These results have not been included because the number is so small and the randomisation 
(because of the premature termination) so imbalanced

Hong Kong, 1994 This unpublished trial of intravenous SK stopped prematurely after randomisation of only a 
few patients because of concerns about the use of SK arising from termination of MAST-E,
ASK and MAST-1

Meyer, 1963 Although randomised and controlled, this trial was conducted in the pre-CT era.Thus there 
was no means to ensure that only ischaemic stroke patients were included. (It is quite 
possible that several of the patients had a haemorrhagic stroke at entry to the trial; such 
patients are now vigorously excluded from current trials)

Meyer, 1964 Although randomised and controlled, this trial was – like Meyer 1963 – conducted in the 
pre-CT era and was therefore excluded for the same reason

Naito, 1984 The data are presented in two, possibly three, different publications. Many patients were lost 
to follow-up during the 4-week trial period. Dr Naito has died and Professor Abe is unable to 
supply further information on those lost to follow-up. Although there were no deaths or 
cerebral haemorrhages among the patients who completed the trial, the data are incomplete 
and may be badly skewed by lack of information on what happened to the patients who 
dropped out

This appears to be a randomised trial (method uncertain) of lumbrokinase two tablets daily 
for 21 days versus placebo. A total of 303 patients received lumbrokinase and 150 received
placebo; both groups received dextran

Very little is known about outcome. Follow-up was at 3 weeks only and therefore this trial 
was excluded. No information on deaths or intracranial haemorrhages.There is thought to 
have been conflict between the authors and the pharmaceutical sponsor so no further details 
have been published (Ming Liu, personal communication)

Randomised trial (method unknown) of intra-arterial urokinase 300,000–1,000,000 units for
1 hour plus heparin, plus a ‘physical therapy’ (nature uncertain) plus ‘conventional treatment’
versus ‘conventional treatment’ (nature uncertain) started within 6 hours of onset of acute
ischaemic carotid territory stroke. A total of 67 patients were included, 32 in the active and 
35 in the placebo arms. Follow-up was at 3 months using a neurological deficit score. The 
number of deaths and intracranial haemorrhages was not mentioned

The trial was excluded because of the confounding of treatment allocation

Don-Cai Yuan et al.
High dose urokinase 
in the treatment of
acute ischaemic stroke.
J Brain Neurol Dis
1995;3(2):111

Chinese – abstracted
by Dr Ming Liu

Pang Shi-Qi et al. Clinical
study of therapeutic
effectiveness in treating
ischaemic cerebrovascular
disease with lumbrokinase.
Chinese J Neurol Psychiatry
1993;26(4): 229–231

Data extracted by 
Dr Ming Liu

Zhang Yuan Xiang et al.
Thrombolytic therapy and
external counterpulsation
in acute cerebral infarction.
Proceedings of the Fourth
Chinese Stroke Con-
ference. Chengdu, Oct
1995, p44 (abstract)

Data extracted by 
Dr Ming Liu
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numerical (tabular) data on early deaths for the
NINDS trial17 have not been published, but the
NINDS investigators did publish a survival curve,
which suggested that fewer deaths occurred in 
the rt-PA-treated patients from 24 hours after
treatment onwards. The tabular data available 
from the other rt-PA trials showed a non-significant
excess of early deaths: the OR was 1.24 (95% CI,
0.85 to 1.81; 2p = not significant (NS)) with no
significant heterogeneity. In the trials using SK,
there was a significant excess of early deaths 
(OR = 1.90; 95% CI, 1.37 to 2.63).

Fatal intracranial haemorrhage
Data were available from eleven trials on fatal
intracranial haemorrhage (Figure 3). This outcome
may underestimate the frequency of intracranial
haemorrhage as some of the patients who died
without a post-mortem or CT scan may have died 
of intracranial haemorrhage. There was a significant
five-fold increase in the rate of fatal intracranial
haemorrhage with thrombolysis (5.5% of patients
allocated to thrombolysis compared with 1.0% of
those allocated to control: OR = 4.33; 95% CI, 3.12
to 6.03; 2p < 0.000001). There was no heterogeneity
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Favours treatment Favours control

Study or Treatment Control Peto OR Weight Peto OR
sub-category

n/N n/N
95% CI (%) 95% CI

Intravenous SK vs control
ASK, 199670 31/174 18/166 13.82 1.76 (0.96 to 3.22)

MAST-E, 199672 53/156 28/154 19.74 2.26 (1.36 to 3.75)

MAST-I, 199568 30/157 20/156 13.86 1.60 (0.87 to 2.92)

Subtotal (95% CI) 114/487 66/476 47.42 1.90 (1.37 to 2.63)

Test for heterogeneity: χ2 = 0.84 (df = 2); p = 0.66
Test for overall effect: Z = 3.84; p = 0.0001

Intravenous rt-PA vs control
ECASS, 199563 37/313 26/307 18.64 1.44 (0.86 to 2.43)

ECASS II, 199871 25/409 20/391 13.98 1.21 (0.66 to 2.20)

Haley, 199361 1/14 3/13 1.16 0.30 (0.04 to 2.39)

Mori, 199273 2/19 2/12 1.12 0.59 (0.07 to 4.91)

Subtotal (95% CI) 65/755 51/723 34.90 1.24 (0.85 to 1.81)

Test for heterogeneity: χ2 = 2.61 (df = 3); p = 0.45 
Test for overall effect: Z = 1.10; p = 0.27

Intravenous SK + oral aspirin vs oral aspirin
MAST-I, 199568 53/156 16/153 17.68 3.86 (2.26 to 6.59)

Subtotal (95% CI) 53/156 16/153 17.68 3.86 (2.26 to 6.59)

Test for heterogeneity: not applicable
Test for overall effect: Z = 4.95; p < 0.00001

Total (95% CI) 232/1398 133/1352 100.00 1.85 (1.48 to 2.32)

Test for heterogeneity: χ2 = 15.05 (df = 7); p = 0.04
Test for overall effect: Z = 5.38; p < 0.00001

FIGURE 2 Effects of thrombolytic therapy on death from all causes within the first 7–10 days
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Favours treatment Favours control

Study or Treatment Control Peto OR Weight Peto OR
sub-category

n/N n/N
95% CI (%) 95% CI

Intravenous urokinase vs control
Atarashi, 198566 1/192 0/94 0.62 4.44 (0.07 to 287.78)

Subtotal (95% CI) 1/192 0/94 0.62 4.44 (0.07 to 287.78)

Test for heterogeneity: not applicable
Test for overall effect: Z = 0.70; p = 0.48)

Intravenous SK vs control
ASK, 199670 14/174 2/166 10.82 4.58 (1.68 to 12.48)

MAST-E, 199672 26/156 2/154 18.09 6.45 (2.97 to 14.01)

MAST-I, 199568 8/157 0/156 5.54 7.69 (1.89 to 31.22)

Morris, 199562 2/10 0/10 1.34 8.26 (0.48 to 142.44)

Subtotal (95% CI) 50/497 4/486 35.80 6.03 (3.47 to 10.47)

Test for heterogeneity: χ2 = 0.48 (df = 3); p = 0.92
Test for overall effect: Z = 6.39; p < 0.00001

Intravenous rt-PA vs control
ATLANTIS A, 200069 8/71 0/71 5.38 8.20 (1.98 to 33.99)

ATLANTIS B, 199964 8/307 1/306 6.29 4.82 (1.29 to 17.96)

ECASS, 199563 19/313 7/307 17.67 2.56 (1.17 to 5.62)

ECASS II, 199871 18/409 4/391 15.16 3.53 (1.51 to 8.24)

Haley, 199361 0/14 1/13 0.71 0.13 (0.00 to 6.33)

NINDS 199517 9/312 1/312 6.98 5.07 (1.45 to 17.67)

Subtotal (95% CI) 62/1426 14/1400 52.19 3.60 (2.28 to 5.68)

Test for heterogeneity: χ2 = 5.30 (df = 5); p = 0.38
Test for overall effect: Z = 5.50; p < 0.00001

Intravenous SK + oral aspirin vs oral aspirin
MAST-I, 199568 13/156 2/153 10.14 4.56 (1.62 to 12.84)

Subtotal (95% CI) 13/156 2/153 10.14 4.56 (1.62 to 12.84)

Test for heterogeneity: not applicable
Test for overall effect: Z = 2.87; p = 0.004

Intra-arterial pro-urokinase + intravenous heparin vs intravenous heparin
PROACT, 199875 1/26 1/14 1.26 0.51 (0.03 to 9.65)

Subtotal (95% CI) 1/26 1/14 1.26 0.51 (0.03 to 9.65)

Test for heterogeneity: not applicable
Test for overall effect: Z = 0.45; p = 0.65

Total (95% CI) 127/2297 21/2147 100.00 4.33 (3.12 to 6.03)

Test for heterogeneity: χ2 = 9.84 (df = 12); p = 0.63
Test for overall effect: Z = 8.71; p < 0.00001

FIGURE 3  Effects of thrombolytic therapy on fatal intracranial haemorrhage
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(χ2 for heterogeneity = 9.84 (df = 12); p = NS). In
trials of rt-PA, there were 33 (95% CI, 22 to 45)
extra fatal intracranial haemorrhages per 1000
patients treated (OR = 3.60; 95% CI, 2.28 to 5.68; 
2p < 0.000001) with no heterogeneity between trials
(χ2 = 5.30 (df = 5); p = NS). In trials of SK, there
were 92 (95% CI, 65 to 120) extra fatal intracranial
haemorrhages per 1000 treated (OR = 6.03; 95% CI,
3.47 to 10.47). The combination of SK with aspirin
in MAST-I68 significantly increased total deaths from
cerebral causes (OR = 2.0; 95% CI, 1.1 to 3.7), fatal
intracranial haemorrhage (OR = 4.56; 95% CI, 
1.62 to 12.84), and more patients died of cerebral
causes without a CT scan or post-mortem who may
therefore also have had intracranial haemorrhage,
than in the group who received SK alone. 

Symptomatic (including fatal)
intracranial haemorrhage
All trials provided data on intracranial haemorrhage
and most provided them in a form that made it
clear how many patients had suffered a neurological
deterioration associated with the appearance of new
haemorrhage in the brain on a CT brain scan or at
post-mortem (data available in electronic versions 
of this review16). There was a highly significant 
four-fold increase in symptomatic intracranial
haemorrhage with thrombolysis in 9.3% of those
allocated to thrombolysis versus 2.5% of those
allocated to control (OR = 3.46; 95% CI, 2.75 to
4.37; 2p < 0.000001). This represents an extra 69
(95% CI, 57 to 82) symptomatic intracranial
haemorrhages per 1000 patients treated. In trials
using rt-PA, there were 70 (95% CI, 53 to 88) extra
symptomatic intracranial haemorrhages per 1000
patients treated (OR = 3.13; 95% CI, 2.34 to 4.19; 
2p < 0.000001) with no heterogeneity between 
trials (χ2 = 11.84 (df = 7); p = NS). The exclusion of
trials that used lower doses of thrombolysis and had
lower rates of fatal and symptomatic intracranial
haemorrhage had little effect on the overall result 
as they contributed relatively few of the data to this
analysis. Poor blinding of the radiologists inter-
preting the scans may have biased these estimates, 
as small areas of petechial haemorrhage within a
large infarct may be over-reported in patients 
known to have received thrombolysis.

Deaths from all causes within the
scheduled follow-up (including the 
early deaths) 
Data were available for all 17 trials, which included
5210 patients (Figure 4). There was a modest but
significant increase in deaths within scheduled
follow-up, from 15.7% in controls to 19.1% in the
patients allocated to thrombolysis (OR = 1.32; 95%
CI, 1.13 to 1.53; 2p = 0.0008). In absolute terms,

this represented an extra 37 (95% CI, 17 to 56)
deaths at the end of follow-up per 1000 patients
treated with thrombolysis. There was considerable
heterogeneity between the trials (χ2 = 38.8 (df =
17); p < 0.01); two trials17,68 (patients allocated to
SK alone) showing a non-significant reduction, 
and three trials68,70,72 (patients allocated to SK 
plus aspirin) showing a significant increase in 
case fatality with thrombolysis. In the trials of
intravenous rt-PA there was a non-significant
increase in deaths (OR = 1.17; 95% CI, 0.95 to
1.45) equivalent overall to 19 more deaths per
1000 patients treated. There was significant
heterogeneity of treatment effect among the 
trials of rt-PA (χ2 = 14.42 (df = 7); p < 0.05). 

Death or dependency at the end of 
trial follow-up 
Analysable data from 12 trials on functional outcome
were available for 4342 patients (Figure 5). A further
two trials also assessed functional outcome but the
data from one61 were incomplete (3/27 patients
were alive but were lost to follow-up), and in the
other,74 the Barthel scores have not been published.
There was a significant reduction in death or
dependency with thrombolysis; 55.1% of those
allocated to thrombolytic therapy compared with
59.2% of those allocated to control (OR = 0.83; 95%
CI, 0.73 to 0.94; 2p = 0.003). This would be clinically
important if confirmed, as it is equivalent to 43 (95%
CI, 15 to 72) fewer dead or dependent patients per
1000 treated. This substantial absolute benefit is
comparable to that achievable with thrombolysis for
AMI.59 There was no significant heterogeneity of
treatment effect between the trials (χ2 = 19.96 (df =
12); p = NS) (i.e. broadly speaking, the treatment
effect in all trials was in the same direction). For the
six trials using intravenous rt-PA (2830 patients), the
OR was 0.80 (95% CI, 0.69 to 0.93; 2p = 0.002),
equivalent to 55 (95% CI, 19 to 91) fewer patients
being dead or dependent. There was significant
heterogeneity of treatment effect among the trials
using rt-PA (χ2 = 13.23 (df = 5); p < 0.05). If an
alternative definition of poor outcome (Rankin 
2–6) is used in this analysis, the effect of thrombo-
lysis is unchanged, with a significant reduction in 
the number of patients with a poor outcome (OR =
0.79; 95% CI, 0.69 to 0.90), with no significant
heterogeneity. For the six trials using rt-PA, the OR
was 0.76 (95% CI, 0.65 to 0.89), with significant
heterogeneity (χ2 = 14.84 (df = 5); p < 0.05).

Analyses to explore source 
of heterogeneity
To attempt to identify possible causes for the
heterogeneity of the effect of treatment on death
from all causes, we have ordered the trials by:
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0.1 0.2 1 5 10
Favours treatment Favours control

Study or Treatment Control Peto OR Weight Peto OR
sub-category

n/N n/N
95% CI (%) 95% CI

Intravenous urokinase vs control
Abe, 198167 1/54 1/53 0.29 0.98 (0.06 to 15.90)
Atarashi, 198566 7/192 4/94 1.36 0.85 (0.24 to 3.05)
Ohtomo, 198565 3/169 6/181 1.28 0.54 (0.14 to 2.03)

Subtotal (95% CI) 11/415 11/328 2.93 0.71 (0.30 to 1.70)
Test for heterogeneity: χ2 = 0.29 (df = 2); p = 0.87
Test for overall effect: Z = 0.78; p = 0.44

Intravenous SK vs control
ASK, 199670 63/174 34/166 10.12 2.16 (1.35 to 3.45)
MAST-E, 199672 73/156 59/154 11.07 1.41 (0.90 to 2.22)
MAST-I, 199568 44/157 45/156 9.30 0.96 (0.59 to 1.57)
Morris, 199562 3/10 3/10 0.64 1.00 (0.16 to 6.45)

Subtotal (95% CI) 183/497 141/486 31.13 1.43 (1.10 to 1.88)
Test for heterogeneity: χ2 = 5.61 (df = 3); p = 0.13
Test for overall effect: Z = 2.64; p = 0.008

Intravenous rt-PA vs control
ATLANTIS A, 200069 16/71 5/71 2.62 3.39 (1.35 to 8.54)
ATLANTIS B, 199964 33/307 21/306 7.18 1.62 (0.93 to 2.83)
ECASS, 199563 69/313 48/307 13.84 1.52 (1.02 to 2.27)
ECASS II, 199871 43/409 42/391 11.07 0.98 (0.62 to 1.53)
Haley, 199361 1/14 3/13 0.51 0.30 (0.04 to 2.39)
Yamaguchi, 199374 3/51 4/47 0.95 0.68 (0.15 to 3.12)
Mori, 199273 2/19 2/12 0.50 0.59 (0.07 to 4.91)
NINDS, 199517 54/312 64/312 13.95 0.81 (0.54 to 1.21)

Subtotal (95% CI) 221/1496 189/1459 50.62 1.17 (0.95 to 1.45)
Test for heterogeneity: χ2 = 14.42 (df = 7); p = 0.04
Test for overall effect: Z = 1.48; p = 0.14

Intravenous SK + oral aspirin vs oral aspirin
MAST-I, 199568 68/156 30/153 9.77 3.02 (1.87 to 4.87)

Subtotal (95% CI) 68/156 30/153 9.77 3.02 (1.87 to 4.87)
Test for heterogeneity: not applicable
Test for overall effect: Z = 4.52; p < 0.00001

Intra-arterial pro-urokinase + intravenous heparin vs intravenous heparin
PROACT, 199875 7/26 6/14 1.19 0.49 (0.13 to 1.94)
PROACT 2, 199976 29/121 16/59 4.35 0.85 (0.41 to 1.73)

Subtotal (95% CI) 36/147 22/73 5.55 0.75 (0.40 to 1.42)
Test for heterogeneity: χ2 = 0.47 (df = 1); p = 0.49
Test for overall effect: Z = 0.87; p = 0.38

Total (95% CI) 519/2711 393/2499 100.00 1.32 (1.13 to 1.53)
Test for heterogeneity: χ2 = 38.80 (df = 17); p = 0.002
Test for overall effect: Z = 3.60; p = 0.0003

FIGURE 4  Effects of thrombolytic therapy on deaths from all causes within the scheduled follow-up (including the early deaths)
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Favours treatment Favours control

Study or Treatment Control Peto OR Weight Peto OR
sub-category

n/N n/N
95% CI (%) 95% CI

Intravenous urokinase vs control
Subtotal (95% CI) 0/0 0/0 0.00 Not estimable

Test for heterogeneity: not applicable
Test for overall effect: not applicable

Intravenous SK vs control
ASK, 199670 84/174 74/166 8.39 1.16 (0.76 to 1.78)

MAST-E, 199672 124/156 126/154 4.81 0.86 (0.49 to 1.51)

MAST-I, 199568 97/157 106/156 7.09 0.76 (0.48 to 1.21)

Morris, 199562 6/10 5/10 0.52 1.47 (0.26 to 8.18)

Subtotal (95% CI) 311/497 311/486 20.80 0.94 (0.72 to 1.24)

Test for heterogeneity: χ2 = 2.06 (df = 3); p = 0.56
Test for overall effect: Z = 0.41; p = 0.68

Intravenous rt-PA vs control 
ATLANTIS A, 200069 64/71 56/71 1.85 2.35 (0.95 to 5.82)

ATLANTIS B, 199964 141/307 135/306 15.05 1.08 (0.78 to 1.48)

ECASS, 199563 171/313 185/307 15.03 0.79 (0.58 to 1.09)

ECASS II, 199871 187/409 211/391 19.81 0.72 (0.55 to 0.95)

Mori, 199273 11/19 10/12 0.66 0.32 (0.07 to 1.48)

NINDS, 199517 155/312 192/312 15.27 0.62 (0.45 to 0.85)

Subtotal (95% CI) 729/1431 789/1399 67.67 0.80 (0.69 to 0.93)

Test for heterogeneity: χ2 = 13.23 (df = 5); p = 0.02

Test for overall effect: Z = 2.97; p = 0.003

Intravenous SK + oral aspirin vs oral aspirin
MAST-I, 199568 99/156 94/153 7.20 1.09 (0.69 to 1.73)

Subtotal (95% CI) 99/156 94/153 7.20 1.09 (0.69 to 1.73)

Test for heterogeneity: not applicable
Test for overall effect: Z = 0.37; p = 0.71

Intra-arterial pro-urokinase + intravenous heparin vs intravenous heparin
PROACT, 199875 18/26 11/14 0.74 0.63 (0.15 to 2.66)

PROACT 2, 199976 73/121 44/59 3.59 0.54 (0.28 to 1.03)

Subtotal (95% CI) 91/147 55/73 4.33 0.55 (0.31 to 1.00)

Test for heterogeneity: χ2 = 0.04 (df = 1); p = 0.84
Test for overall effect: Z = 1.97; p = 0.05

Total (95% CI) 1230/2231 1249/2111 100.00 0.83 (0.73 to 0.94)

Test for heterogeneity: χ2 = 19.66 (df = 12); p = 0.07
Test for overall effect: Z = 2.94; p = 0.003

FIGURE 5  Effects of thrombolytic therapy on death or dependency at the end of trial follow-up
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• thrombolytic drug used
• concomitant antithrombotic drug usage
• pre-randomisation severity of stroke among

patients randomised based on the case fatality 
in the control group.

We also examined the extent to which time to
treatment modified the estimates of treatment
effect on death or dependency, and death by 
the end of follow-up. 

Thrombolytic drug
Indirect comparisons of the treatment effect did
not show statistically significant differences (on
case fatality at the end of follow-up) between trials
of urokinase (OR = 0.71), SK (OR = 1.43) and 
rt-PA (OR = 1.17). However the CIs were wide,
reflecting the relatively small sample sizes. It is
possible that the heterogeneity was due to factors
other than thrombolytic drug used, as there 
are numerous other important methodological
differences between these trials. For example, the
dose and drug administration regimens differed,
mainly between trials using UK and those using 
SK and rt-PA, but this precluded the analysis of 
the effect of dose. Direct randomised comparisons
would be required to decide which drug at which
dose has least hazard (and most benefit). Alterna-
tively, an integrated comparison based on
individual patient data might help. 

Concomitant antithrombotic drug use
It is not possible to comment on the effect of 
aspirin use prior to the stroke; although some 
trials recorded prior aspirin use, data could not be
extracted from the publications. The interaction
between thrombolytic drugs and antithrombotic
drugs given simultaneously (or the latter very 
soon after the former) was only tested by random
allocation in the MAST-I trial,68 which therefore
provides the only valid evidence. In MAST-I there
was a clinically important adverse interaction
between aspirin and SK when given simultaneously,
resulting in a substantial increase in case fatality
(early and late), which was not offset by a reduc-
tion in the number of dead or dependent patients 
by the end of follow-up (28% of those allocated 
to SK alone versus 43% of those allocated to SK 
plus aspirin were dead by the end of follow-up 
(p < 0.001), and 62% and 63% were dead or
dependent, respectively (versus 68% in the control
group)). The actual cause of the increase in early
and total deaths with SK and aspirin appears
largely to be due to neurological events. Aspirin
with SK significantly increased the number of
deaths in hospital from all causes (OR = 2.2; 95%
CI, 1.3 to 3.8), from neurological causes (OR = 2.0;

95% CI, 1.1 to 3.7), and intracranial haemorrhage
on CT scan or at post-mortem (OR = 2.2; 95% CI,
1.0 to 5.0) when compared with the group that 
received SK alone. There was no difference in
deaths from neurological causes without intra-
cranial haemorrhage, but note also that more
patients in the SK plus aspirin group died of
neurological causes without a CT scan or post-
mortem, so could also have had an intracranial
haemorrhage (i.e. the increase in intracranial
haemorrhage with aspirin and SK may be even
greater68,80). Valuable information is also available
on antithrombotic drug use in eleven other
trials,17,61,63,64,69,70,72,73,75,76,79 and some further data 
in three other trials.65–67 There is a trend towards
increased case fatality the more frequent and
nearer to the administration of thrombolysis the
concomitant antithrombotic drug is administered
(OR = 1.95 when all patients received anti-
thrombotic drugs within 24 hours of thrombolysis;
OR = 1.27 when some patients received anti-
thrombotic drugs within 24 hours; OR = 1.14 
when no patients received antithrombotic drugs
within 24 hours but some thereafter; and OR =
0.89 for no antithrombotic drugs within the first
10–14 days). Although these data are based mainly
on non-randomised comparisons, they do support
the evidence of a clinically significant adverse
interaction between thrombolysis and anti-
thrombotic drugs given concurrently as found 
in MAST-I,68 and may go some way towards
explaining the heterogeneity between the 
trials for case fatality.

Severity of stroke among randomised patients
There was no obvious statistically significant
difference in the effect of thrombolysis on case
fatality between trials with a case fatality rate less
than 19% in the control group (OR = 1.3) and
those with a case fatality rate greater than 20% in
the control group (OR = 1.13). However this may
mask an important relationship between stroke
severity and hazard with thrombolysis, as the risk 
of thrombolytic treatment was much greater in 
the trials that randomised a greater proportion 
of patients with severe strokes based on the case
fatality rate in the control group (e.g. MAST-E,72

OR = 1.41) compared with those where there 
was a greater proportion of mild strokes (e.g. 
Abe and co-workers,67 OR = 0.98). The relation-
ship with stroke severity requires individual 
patient data for proper analysis. 

Does time to randomisation modify effect on
death or dependency?
Two trials included only patients who could be
randomised and start treatment within 3 hours of
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the stroke.17,61 Data are available from five other
trials on the sub-group of patients randomised
within 3 hours.63,68,70,72,79 The data are limited and
strongly influenced by the NINDS trial, which
contributed more patients to the analysis of treat-
ment within 3 hours of stroke than the other trials
combined. There are also likely to be imbalances
in baseline variables between the thrombolysis and
control patients as evidenced by the small and
uneven numbers of patients. These data should
therefore be regarded with extreme caution and
require confirmation in future trials. There was a
significant reduction in the number of patients
dead or dependent with thrombolysis within 
3 hours (54.8% of those allocated to thrombolysis
were dead or dependent compared with 67.2% of
those allocated to control: OR = 0.59; 95% CI, 0.46
to 0.74; 2p = 0.00002). In absolute terms, if con-
firmed, this would be equivalent to 125 (95% CI,

71 to 178) fewer dead or dependent patients per
1000 treated with thrombolysis, and would be
highly important clinically.

To compare these data on the effects of treatment
given within 3 hours with the effects when given
after 3 hours, we examined only those trials that
reported data for both time windows.63,68,70,72,79

There was no significant difference in the pro-
portion dead or dependent with thrombolytic
treatment given within 3 hours (OR = 0.70; 95%
CI, 0.50 to 0.97) and between 3 and 6 hours (OR =
0.98; 95% CI, 0.84 to 1.14), although there is a
trend towards better outcome with earlier
treatment. In trials using rt-PA alone, there was a
similar non-significant trend to greater benefit
when given within 3 hours (OR = 0.69; 95% CI,
0.44 to 1.09), compared with after 3 hours (OR =
0.88; 95% CI, 0.73 to 1.06) (Figure 6). The fact 
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0.1 0.2 1 5 10

Favours treatment Favours control

Study or Treatment Control OR (fixed) Weight OR (fixed)
sub-category

n/N n/N
95% CI (%) 95% CI

Treatment within 3 hours 
ATLANTIS A, 200069 7/10 7/12 0.68 1.67 (0.28 to 9.82)

ATLANTIS B, 199964 3/13 12/26 2.18 0.35 (0.08 to 1.57)

ECASS, 199563 28/49 25/38 4.27 0.69 (0.29 to 1.67)

ECASS II, 199871 39/81 44/77 8.29 0.70 (0.37 to 1.30)

Subtotal (95% CI) 77/153 88/153 15.42 0.69 (0.43 to 1.09)

Test for heterogeneity: χ2 = 1.73 (df = 3); p = 0.63
Test for overall effect: Z = 1.58; p = 0.11

Treatment between 3 and 6 hours
ATLANTIS A, 200069 55/61 47/59 1.66 2.34 (0.82 to 6.72)

ATLANTIS B, 199964 133/284 128/286 24.02 1.09 (0.78 to 1.51)

ECASS, 199563 143/264 160/269 25.73 0.81 (0.57 to 1.13)

ECASS II, 199871 148/328 167/314 33.17 0.72 (0.53 to 0.99)

Subtotal (95% CI) 479/937 502/928 84.58 0.88 (0.73 to 1.06)

Test for heterogeneity: χ2 = 6.67 (df = 3); p = 0.08
Test for overall effect: Z = 1.31; p = 0.19

Total (95% CI) 556/1090 590/1081 100.00 0.85 (0.72 to 1.01)

Test for heterogeneity: χ2 = 9.30 (df = 7); p = 0.23
Test for overall effect: Z = 1.81; p = 0.07

FIGURE 6  Effect of thrombolytic therapy on death or dependency among patients included in trials of rt-PA with inclusion criteria of 0–6
hours, subdivided by time to randomisation. (This criterion excludes the NINDS trial, which only recruited patients 0–3 hours after onset17)
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that this trend did not reach statistical significance
should not be interpreted to mean that time to
treatment, within 6 hours, is unimportant, but
rather that some third factor may have partly
confounded the association between time and
outcome, or interacted with the effect of
thrombolytic treatment and with time. 

This type of analysis, based on summary data, has
the major limitation in that it does not adequately
adjust for co-variates (such as time and baseline
stroke severity). An analysis based on individual
patient data could provide better (but still
incomplete) adjustment for potential confounders
and for baseline imbalance. We were not permitted
access to the individual patient data from the trials
of rt-PA, so were unable to perform such an
analysis ourselves. However, an individual patient
data meta-analysis of the rt-PA trials has recently
been presented, but not published. The detailed
final results therefore cannot be cited at present,
but they did provide stronger evidence that the
benefits of rt-PA are indeed time-dependent, 
even after adjustment for co-variates. However, 
the authors noted that it would require a further
trial recruiting patients 0–6 hours, including at
least 5440 patients, 1400 of whom should be
recruited under 3 hours, to confirm or refute 
their findings (Brott T, University of Jacksonville,
Florida: personal communication, February 2002).
In that analysis (which included the NINDS trial),
the CI for the effects of treatment within 3 hours
were wide, and included the possibility of only
modest benefit.

Methodological weaknesses and problems 
with execution of NINDS trial
The NINDS trial suffered from some technical
mishaps and methodological problems, which 
only came to light in the final editorial stages of
preparing this review. Details of the trial analyses
were made available at (http://www.fda.gov/cber/
products/altegen061896.htm) on the Food and
Drug Administration (FDA) website. The 
problems are detailed below.

• The documents show that the 1995 publication
was not, as stated in the manuscript, an unbiased
ITT analysis, but a potentially more biased on-
treatment analysis (such analyses generally
produce a more favourable estimate of
treatment effect).

• There was considerable imbalance in stroke
severity at baseline with the placebo group
including a larger proportion of severe strokes.
Unfortunately, the analyses presented by the
NINDS investigators in their 1995 and sub-

sequent reports have not adequately adjusted 
for baseline imbalance.

• Each centre held envelopes with the unblinded
treatment allocation, and hence did not assure
adequate concealment of treatment allocation, 
a well-known further potential source of bias.

• The trial did not employ an effective system of
stock control and delays in restocking centres
lead to centres using the wrong type of treat-
ment (e.g. active instead of placebo) in at 
least 13 patients and, in a further 18, a box 
from the wrong time stratum. This represents 
a treatment error rate of at least 3.5%. This
further complicates the interpretation of 
the trial results.

In our view, these problems do not invalidate the
trial results, but they do indicate that some biases
may have been introduced which may have led the
NINDS trial to over-estimate the benefits of rt-PA.
In the light of these problems a sensitivity analysis,
which excludes the trial, is justified (Figure 6).

Does time to randomisation modify effect 
on death?
Data are available for nine trials. The NINDS trial
contributes 50% of the data (624/1256 patients).
There was a very modest, non-significant excess 
of deaths during follow-up with thrombolysis, of
22.1% of patients allocated to thrombolysis versus
19.8% of those allocated to control (OR = 1.14;
95% CI, 0.87 to 1.51). If confirmed in future trials,
this would be equivalent to 22 extra deaths per
1000 patients treated with thrombolysis (95% CI, 
22 less to 65 more). In trials using rt-PA, the equi-
valent figure was four fewer deaths per 1000 (95%
CI, 52 fewer to 44 more). To compare treatment
within with treatment after 3 hours, a similar
analysis to Figure 6 above was performed. There 
was no difference in treatment effect between
those treated within 3 hours (OR = 1.66; 95% CI,
1.12 to 2.45) and between 3 and 6 hours (OR =
1.57; 95% CI, 1.30 to 1.91) after the stroke. For
trials testing intravenous rt-PA, the relative excess
of deaths was similar for patients treated within 
3 hours (OR = 1.75; 95% CI, 0.91 to 3.36) and
between 3 and 6 hours (OR = 1.38; 95% CI, 
1.05 to 1.82). 

Discussion
There is now substantial evidence on the
immediate hazards and the apparent net benefit 
of thrombolytic therapy in the treatment of acute
ischaemic stroke. Overall, thrombolytic therapy 
was associated with significant excesses of:
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• deaths within the first 7–10 days
• symptomatic and fatal intracranial haemorrhages
• deaths by the end of follow-up.

However, disability was reduced in survivors, 
so overall there was a significant net benefit in
terms of the outcome dead or dependent. For
every 1000 patients treated with thrombolysis, 
43 avoided death or dependency. Trials of
intravenous rt-PA contributed the most data to 
this review, and in indirect comparisons, rt-PA
appeared somewhat more favourable. Treatment
with rt-PA was associated with a non-significant
excess of early deaths and deaths by the end of
follow-up, and a significant excess of symptomatic
intracranial haemorrhages, but significantly more
patients avoiding dependent survival – for every
1000 patients treated with intravenous rt-PA, 
55 avoided death or dependency when treated 
up to 6 hours after stroke. This result is statis-
tically and clinically highly significant. 

The excess of early deaths with thrombolytic
therapy appears to be due mainly to intracranial
haemorrhage. Fatal intracranial haemorrhage was
increased about five-fold by thrombolytic therapy
and symptomatic intracranial haemorrhage 
about four-fold. 

The effects of thrombolysis on death at the end 
of follow-up were less clearly consistent between
trials. Early case fatality was increased by about 
two-fold in trials for which the data were available.
But, by the end of follow-up, in eleven trials
(including the MAST-I patients allocated to SK
alone) thrombolysis was associated with a (non-
significant) reduction in case fatality, and in six
trials (including the MAST-I patients allocated 
to SK plus aspirin) with an increase (some signifi-
cant) in case fatality. Overall thrombolysis signifi-
cantly increased case fatality (about an extra 
37 deaths per 1000 patients treated). The data
were rather scanty, but the excess with intravenous
rt-PA or intra-arterial rpro-urokinase was rather
smaller, and with intravenous SK plus aspirin some-
what larger. The limited exploration of reasons for
this heterogeneity, which has been possible with
the data available so far, suggest that case fatality
(the hazard) with thrombolytic treatment may be
increased by concomitant use of antithrombotic
drugs within 24 hours of thrombolysis and ran-
domisation of mainly severe strokes with a high
case fatality in the control group. For patients
randomised within 3 hours of onset, the data are
scanty and the estimates of the effect of treatment
on death are imprecise. The point estimate is
consistent with little or no net effect on death, 

but also one cannot reliably exclude the possibility
of an increase in deaths. Given this degree of
uncertainty, even among patients randomised
within 3 hours, it is difficult to support the routine
use of thrombolysis within 3 hours of stroke onset
suggested in several guidelines.

Furthermore, only one trial has reported effects 
on survival up to 1 year; the remainder related to
survival up to 3 or 6 months. Longer-term follow-
up data on survival and disability would help to
provide better estimates of the cost-effectiveness 
of the treatment. For example, if the advantage 
of thrombolysis over control, in terms of survival
free of disability was still evident a few years later
(rather than just a few months) then the greater
potential health gain would make the early 
hazard easier to accept.

The interaction between aspirin and thrombolytic
therapy (SK) was only tested by random allocation
in the MAST-I68 trial. Although the number of
patients was small (about 155 patients in each
treatment group), there was a highly statistically
and clinically significant adverse interaction
between aspirin and SK, which increased case
fatality at all stages. Although it appears that
aspirin and SK given within a short time of 
each other are hazardous, there is no infor-
mation on the effect of thrombolysis if patients 
are taking aspirin at the time of their stroke, 
or on when it might be safe to start aspirin 
after the stroke. 

The time window beyond which there is unlikely 
to be any benefit (or too much hazard) with
thrombolytic therapy is unclear. The NINDS rt-PA
trial, which randomised patients within 3 hours of
the stroke, showed a significant reduction in the
number of patients dead or dependent and a non-
significant reduction in case fatality during follow-
up (but the data on early case fatality have not
been published). Treatment with rt-PA has been
licensed by the US FDA (and in countries that
follow the US FDA guidelines) and recently in
Canada (with application under consideration in
Europe) for treatment of acute ischaemic stroke 
if given within 3 hours and only in patients similar
to those included in the NINDS trial. However, 
the 3-hour time window is only one possible 
factor to explain the NINDS trial result. 
Other possibilities being considered are:

• minor imbalances in baseline stroke severity
between the treatment groups

• strict avoidance of antithrombotic drugs within
24 hours of rt-PA
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• use of a slightly lower dose of rt-PA than the
dose of thrombolytic drugs used in the other
recent trials

• rigorous control of the patient’s blood pressure
during the treatment infusion

• the particular type of hospital setting in which
the trial was conducted

• or simply the play of chance.

There is no way of knowing what the trial result
might have been if patients had been randomised
between 3 and 6 hours using the same protocol.
The sub-group of patients randomised within 
3 hours of the stroke in the MAST-I68 (patients
allocated to SK alone), ASK,70 ECASS I,63 and
ECASS II71,79 showed a similar reduction in the
proportion of dead or dependent patients to the
NINDS trial.17 In these trials, patients randomised
between 3 and 6 hours after stroke showed some
reduction in the number of dead or dependent
patients (albeit non-significant). Thus the time
window for benefit might extend to, or even
beyond 6 hours in selected patients. There are
several strands of evidence to indicate that the
benefits of thrombolytic therapy are likely to be
greater, the earlier the treatment is given:

• the pathophysiology of acute cerebral infarction
in animals and man

• the limited evidence from trials of thrombolysis
in stroke

• the very strong evidence of time dependency of
benefit of thrombolysis for AMI.

There is general agreement that if thrombolysis is
to be given for cerebral infarction, it should – as
for myocardial infarction – be given as soon as
possible. If rt-PA is licensed for acute ischaemic
stroke in Europe, it is likely that the licence will
stipulate that its use will be limited to patients who
can be treated within 3 hours of onset. Therefore
the debate is now more centred on:

• whether there is scope for benefit for 
patients who present more than 3 hours 
after onset

• the exact size of the benefit under 3 hours
• the effects on death from all causes
• among patients who present within 3 hours, 

but do not meet the criteria set out in some
guidelines (e.g. aged over 80 years), whether
there is scope for net benefit. 

There is little information on which thrombolytic
drug and at what dose might have most benefit
and least hazard. Direct randomised comparisons
would be required.

There is little information yet on the effect of
thrombolytic therapy in the elderly, in whom
stroke is most common. Of the recent trials, 
only three17,68,72 did not have an upper age limit.
All the other rt-PA trials had an upper age limit 
of 80 years, and the NINDS trial included very few
patients older than 80 years. 

There is a suggestion that the presence of a 
visible recent infarct on the CT scan prior to
randomisation may be related to increased 
hazard (risk of intracranial haemorrhage and
death) but this was based on a post hoc analysis 
of the CT scans in ECASS I in which the baseline
CT scans were not read blind to follow-up CT
scans. Some trials had CT-visible infarction
exclusion criteria and some, including the NINDS
study, did not. The reported rate of CT-visible
infarction varied between trials, either reflecting
differences in patient selection, observer sensitivity,
or definition of visible infarction signs. There is 
no information on other possible risk factors on
the CT scan for intracranial haemorrhage with
thrombolytic therapy (such as evidence of small-
vessel disease), which should be addressed in
future trials.

The trials included in this review are small 
in comparison with the trials of thrombolytic 
therapy in myocardial infarction. Trials with 
small sample sizes are prone to imbalances in
important prognostic factors. In this review, it
appears there may be imbalances between the
treatment groups in baseline variables, which
might contribute to the apparent treatment 
effect and overall trial result (particularly as three
of the trials stopped early and well short of their
planned sample size targets). For example, in
MAST-E more patients allocated to SK treat-ment
received antithrombotic drugs than those allo-
cated to control.72 Individual patient data would 
be required to examine the interaction of these
and other baseline variables with the effect 
of thrombolytic therapy, which may help to over-
come some of the problems with imbalances
between the treatment groups. 

A more detailed individual patient data meta-
analysis of the SK trials using data from MAST-E,
MAST-I and ASK has been published by the
Thrombolysis in Acute Stroke Pooling Project.81,82

The authors commented that, from the indirect
comparisons available in the Cochrane review, 
SK appeared rather less promising than rt-PA.
Their analyses suggested only a few factors that
might modify the effect of SK, and that if further
trials of the agent were planned, a number of
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design features would be important: earlier
administration, avoidance of concomitant 
aspirin and the use of lower doses.82 A similar
meta-analysis is planned of data from the 
rt-PA trials by the ECASS, NINDS and 
ATLANTIS investigators.

This Cochrane review of thrombolysis for
ischaemic stroke is based on data from just over
5000 patients – a very small number in relation 
to the global burden of the disorder (perhaps 
six million ischaemic strokes per year worldwide).
The centres that took part in the trials reviewed
were particularly interested in, and familiar with,
the investigation and management of acute stroke.
To extrapolate these results to thrombolysis when
used more widely in routine clinical practice in
less-specialist centres could result in much greater
hazard and thereby reduce or completely negate
any potential benefit. Much more information 
is needed on:

• how to select patients (to maximise benefit 
and minimise hazard)

• the influence of stroke severity, stroke sub-type,
age, time from onset, concomitant use of

antithrombotic drugs, choice of thrombolytic
drug, dose and route of administration

• which CT scan appearances before thrombo-
lytic drugs should be used to guide patient
selection.

Randomised trials to specifically examine the effect
of age, stroke severity, prior aspirin use, CT scan
appearance, the interaction with time from stroke,
and in different care delivery environments are 
the best means of providing such data. 

This present version of the review is the result 
of an ongoing process involving the collaborative
effort of many researchers worldwide and the
principal investigators of many of the thrombolysis
trials. It should be noted that it has not been
possible to achieve a consensus among all of the
reviewers on the inclusion of the earlier thrombo-
lysis studies because of their methodological
differences (they tended to use lower doses of
thrombolytic drug and randomised up to 2 weeks
after stroke onset).65–67 At present this review
represents all of the evidence from the RCTs on
the effects of thrombolytic therapy on acute
ischaemic stroke.
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Background
Rationale for neuroprotection
There are many points in the pathophysiological
cascade between the occlusion of a cerebral 
artery and irreversible neuronal cell death where
pharmacological intervention might be bene-
ficial.83,84 There is no generally agreed definition 
of a neuroprotective drug, but in the context of
acute stroke, the aim of this class of agents is to
limit the volume of brain damaged by ischaemia.84

When a specific neuroprotective agent is used 
in animal models, it is possible to show that the
agent reduces the volume of brain damaged by
infarction.83,85 In animal models, the effect of
treatment is generally assessed by pathological
examination of the brain, to measure the boundary
of the infarcted area and so calculate the infarct
volume. Assessed this way, the effects of these
agents seem large.83 The pharmaceutical industry
has been able to identify a very large number of
compounds for clinical development and testing 
in human acute stroke.86,87 Some agents may be
effective both in patients with primary intra-
cerebral haemorrhage and in those with cerebral
infarction (in which case, treatment could be
started immediately, while brain CT is awaited, or
even before admission to hospital). Some agents
are relatively simple to administer, with a short
intravenous infusion lasting only a few hours,
whereas others may require infusions to be
maintained for several days or require careful
electrocardiographic monitoring to detect
prolongation of the QT interval, which 
may herald serious cardiac arrhythmias.

Methodological considerations
The problem, however, comes in assessing
neuroprotective drugs in humans, where the
measure of outcome is clinical and there are 
many factors that could cloud the assessment 
of the effect of the drug.86 Three specific points 
are worth making.

• There are a number of steps to be taken
between first identifying a promising agent
during pre-clinical testing in animals and 
man before any large scale clinical trials are

mounted; greater attention to achieving these
milestones might increase the chances of a
successful clinical development and licensing 
of a neuroprotective drug.87

• There may be a good case for testing agents 
in both ischaemic and haemorrhagic stroke.86

• Trials should have sufficient power to detect
moderate treatment effects, as even modest
short-term benefits may yield surprisingly large
gains in quality-adjusted survival in the long
term. Such gains could make neuroprotective
agents potentially very cost-effective.34,88

No products licensed for clinical use 
by January 2001: implications for 
this review
At the time the topic for this review was identified
in 1998, it seemed likely that at least one neuro-
protective agent would be licensed for use in man
within a year or so, indicating the need for a
systematic review of the available evidence of 
any agents likely to enter clinical use in the near
future. However, this has not occurred, and at 
the time the main searches for this review were
completed (19th January 2001), no licensed
compound was identified. At the time the report
was submitted for final editorial approval, in 
March 2002, no compound was licensed (or likely
to be licensed). There does not appear to be any
immediate prospect of a compound gaining a
licence.89 This has several implications for this
section of the review.

• As none of the compounds identified and tested
in commercially-sponsored completed Phase III
trials are to be licensed, none will be available
soon for use in the NHS for the treatment of
acute stroke. It would therefore be of little value
to assemble detailed quantitative reviews of trial
data for compounds that are no longer in
clinical development.

• Even if each individual trial of a particular 
agent did not demonstrate net benefit at the
level pre-specified in the protocol, it is possible
that a quantitative systematic review might show
evidence of overall net benefit (though smaller
than had been anticipated at the planning 
stage of the trial).

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

Chapter 3

Systematic review of trials of 
neuroprotective agents



Systematic review of trials of neuroprotective agents

28

• If a meta-analysis of several inconclusive trials 
of a neuroprotective agent whose clinical
development had been terminated showed
evidence of moderate benefit, it is possible that
it might eventually be licensed. However, even if
estimates of efficacy were available for such an
agent, it would be difficult to obtain realistic
estimates of costs, making reliable economic
modelling impractical.

We therefore concluded that the most practicable
approach was to: 

• provide a qualitative summary of the field, 
citing quantitative systematic reviews, where
available, to illustrate future possibilities

• make the results of our searches publicly
available by electronic means in the Cochrane
Controlled Trials Register (CCTR) in the
Cochrane Library (we have exported the 
records from the Cochrane Stroke Group’s
Specialist Register of Trials to CCTR).

Hypotheses tested in the review
In patients with acute stroke, can a licensed
neuroprotective drug (or other neuroprotective
strategy) reduce the proportion of patients with 
a poor outcome (outcome assessed at least 
3 months after stroke onset) without 
unacceptable side-effects?

Methods

Search strategy
The Cochrane Stroke Group’s Specialised Register
of Trials was searched for reports that met the
following criteria:

• report of an RCT or controlled clinical trial
(CCT), and

• the trial included patients with acute stroke, and
• evaluated agents that were coded as either

neuroprotective or calcium antagonists.

(See chapter 2 Methods for a description of the
methods used to assemble the trials register.) 

Details of interventions included 
in review 
The agents that appear to have been evaluated 
in clinical trials are listed in Table 2. Some of 
the studies have not been published, but 
some details of these may be found at
http://www.strokecenter.org/trials/. 
Systematic reviews were available for 
several agents (see below).

Results
Completed systematic reviews 
of specific agents
21-aminosteroids (tirilazad) 
Tirilazad is a non-glucocorticoid, 21-aminosteroid
that inhibits lipid peroxidation. Studies in experi-
mental models of ischaemic stroke had suggested
that tirilazad has neuroprotective properties. As a
result, clinical studies were undertaken to assess 
the safety and efficacy of tirilazad in the treatment
of acute ischaemic stroke. A systematic review of 
the RCTs that assessed the safety and efficacy of
tirilazad in patients with acute ischaemic stroke 
has been published.90,91 Trials of tirilazad were
identified from searches of The Cochrane Library
and communication with Pharmacia & Upjohn, 
the manufacturer of tirilazad. Data relating to 
early and end-of-trial case fatality, disability (Barthel
Index and Glasgow Outcome Scale), phlebitis, and
corrected QT interval were extracted by treatment
group from published data and company reports
and analysed by using the Cochrane Collaboration
meta-analysis software Revman. Six trials (four
published, two unpublished) assessing tirilazad in
1757 patients with presumed acute ischaemic stroke
were identified; all were double-blind and placebo-
controlled in design. Tirilazad did not alter early
case fatality (OR = 1.11; 95% CI, 0.79 to 1.56) or
end-of-trial case fatality (OR = 1.12; 95% CI, 0.88 
to 1.44). A just-significant increase in death and
disability, assessed as either the expanded Barthel
Index (OR = 1.23; 95% CI, 1.01 to 1.51) or Glasgow
Outcome Scale (OR = 1. 23; 95% CI, 1.01 to 1.50)
was observed. Tirilazad significantly increased the
rate of infusion-site phlebitis (OR = 2.81; 95% CI,
2.14 to 3.69). Functional outcome (expanded
Barthel Index) was significantly worse in pre-
specified sub-groups of patients: all females (OR =
1.46; 95% CI, 1.08 to 1.98) and patients receiving 
low-dose tirilazad (OR = 1.31; 95% CI, 1.03 to 1.67); 
a non-significantly worse outcome was also seen in
patients with mild-to-moderate stroke (OR = 1.40;
95% CI, 0.99 to 1.98). Tirilazad mesylate increases
death and disability by about one-fifth when 
given to patients with acute ischaemic stroke. The
reviewers concluded that there is no indication to
use tirilazad and that further trials of tirilazad are
not warranted. However, analysis of individual
patient data from the trials might help elucidate
why tirilazad appears to worsen outcome in 
acute ischaemic stroke.

Corticosteroids
Much of the brain swelling in ischaemic stroke is
due to cytotoxic oedema, which is related to cell
membrane dysfunction. Early treatment with



Health Technology Assessment 2002; Vol. 6: No. 26

29

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

TABLE 2  Neuroprotective agents

Class of agent Name

Calcium channel antagonists DP-b99
Nimodipine 
Flunarizine

Free radical scavengers – antioxidants Ebselen 
Tirilazad

GABA agonists Clomethiazole
Diazepam

Glutamate antagonists
AMPA antagonists GYKI 52466

NBQX
YM90K
YM872
ZK-200775 (MPQX)

Kainate antagonist SYM 2081

Competitive NMDA antagonists 
CGS 19755 (Selfotel)
NMDA channel blockers AR-R15896

Aptiganel (Cerestat)
Dextrorphan
Dextromethorphan
Magnesium
Memantine
MK-801
NPS 1506
Remacemide

Glycine site antagonists ACEA 1021
GV150526

Polyamine site antagonists Eliprodil
Ifenprodil

Growth factors Fibroblast Growth Factor

Leukocyte adhesion inhibitor Anti-ICAM antibody (Enlimomab)
Hu23F2G

Nitric oxide inhibitor Lubeluzole

Opioid antagonists Naloxone 
Nalmefene

Phosphatidylcholine precursor Citicoline (CDP-choline)

Serotonin agonists Bay x 3072 Repinotan

Sodium channel blockers Fosphenytoin
Lubeluzole 
619C89

Potassium channel opener BMS-204352 

Mechanism unknown or multiple actions Cerebrolysin
Piracetam 
Lubeluzole

Note:The Cochrane Stroke Group is in regular communication with the register of ongoing trials held at the Stroke Center at
Washington University website. Interested readers who wish to obtain further details of current studies on-line should go to:
http://www.strokecenter.org/trials/)

(Date website last accessed 30th March 2001) 

GABA, gamma-aminobutyric acid; AMPA, alpha-amino-3-hydroxy-5-methyl-isoxazole-4-propionic acid; NMDA, N-methyl-D-aspartate 
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corticosteroids may help reduce the swelling and
hence improve the outcomes after a stroke. High-
dose corticosteroids may also have neuroprotective
effects. A Cochrane systematic review has been
published, which last had a substantive amendment
on 27 October 1998. Scrutiny of the Cochrane
Stroke Group trials register in January 2001 when
the searches for this report were prepared, did 
not identify any additional relevant studies. The
objective of this review was to assess the effect of
corticosteroids in acute presumed ischaemic
stroke. The authors searched the Cochrane Stroke
Group trials register and contacted investigators in
the field. Published randomised trials comparing
corticosteroids with placebo or control in people
with acute (presumed or definite) ischaemic stroke
were included. Trials were included if treatment
began within 48 hours of stroke onset and if
clinical outcome was assessed. Two reviewers
independently applied the inclusion criteria,
assessed trial quality and extracted the data. 
Seven trials involving 453 people were included.
Details of trial quality that may relate to bias were
not available from most trials. No difference was
shown in the odds of death within 1 year (OR =
1.08; 95% CI, 0.68 to 1.72). Treatment did not
appear to improve functional outcome in 
survivors. Six trials reported neurological
impairment but pooling the data was impossible
because no common scale or time interval was
used. The results were inconsistent between
individual trials. The only adverse effects reported
were small numbers of gastrointestinal bleeds, 
infections and deterioration of hyperglycaemia
across both groups. 

The reviewers concluded that there is not enough
evidence to evaluate corticosteroid treatment for
people with acute presumed ischaemic stroke.
(Note: high-dose corticosteroids (intravenous
methylprednisolone) are currently being evaluated
as a treatment for patients with acute traumatic
brain injury;92,93 if they prove effective and safe in
that setting, then further trials in patients with
ischaemic stroke may be warranted.)

Calcium antagonists
The sudden loss of blood supply in ischaemic
stroke is associated with increased levels of 
calcium ions within neurones. Inhibiting this
increase could protect neurones and is thought 
to reduce neurological impairment, disability and
handicap after stroke. The Cochrane systematic
review on the topic sought to determine whether
calcium antagonists reduced the risk of death or
dependency after acute ischaemic stroke.94 The
influence of different drugs, dosages, routes 

of administration, time intervals after stroke 
and trial design on the risk of poor outcome 
was investigated. Relevant trials were identified 
in the Specialised Register of Controlled Trials
(last searched in March 1999). All truly random-
ised trials comparing a calcium antagonist with
control in patients with acute ischaemic stroke
were included. Two authors assessed all trials and
extracted the data. Poor outcome, defined as 
death or dependency in activities of daily living,
was used as the main outcome. Analyses, where
possible, were ITT analyses. Forty-six trials were
identified, of which 28 were included (7521
patients). No effect of calcium antagonists on 
poor outcome at the end of follow-up (OR = 1.07;
95% CI, 0.97 to 1.18), or on death at end of 
follow-up (OR = 1.10; 95% CI, 0.98 to 1.24) was
found. Intravenous administration of calcium
antagonists was associated with an increase in the
number of patients with poor outcome compared
with oral administration (indirect comparisons).
Comparisons of different doses of nimodipine
suggested that the highest doses were associated
with poorer outcome. Administration within 
12 hours of onset was associated with an increase
in the proportion of patients with poor outcome,
but this effect was largely due to the poor results
associated with intravenous administration. A sub-
group analysis restricted to trials of nimodipine
(given orally, at a dose of 120 mg/day) started
within 12 hours of stroke onset, did not show a
beneficial effect. The reviewers concluded there
was no evidence to justify the routine use of
calcium antagonists in patients with acute
ischaemic stroke.

Piracetam
Piracetam has neuroprotective and antithrombotic
effects that may help to reduce death and disability
in people with acute stroke. A published Cochrane
systematic review sought to assess the effects of
piracetam in acute presumed ischaemic stroke.95,96

The authors searched the Cochrane Stroke 
Review Group trials register, MEDLINE (from
1965), EMBASE (from 1980), and BIDS ISI 
(from 1981), contacted manufacturers and
handsearched 15 journals. A substantive amend-
ment to this systematic review was last made on 
26 January 1999. Randomised trials comparing
piracetam with control, with at least mortality
reported and entry to the trial within approxi-
mately 48 hours of stroke onset were included. 
Two reviewers extracted data and assessed trial
quality and this was checked by the other two
reviewers. Study authors were contacted for
missing information. Three trials involving 
1002 people were included, with one trial
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contributing 97% of the data. Participants’ 
ages ranged from 40 to 85, and both sexes were
equally represented. Piracetam was associated 
with a statistically non-significant increase in 
death (31% increase; 95% CI, 81% increase to 5%
reduction). This trend was no longer apparent in
the large trial after correction for imbalance in
stroke severity. Limited data showed no difference
between the treatment and control groups for
functional outcome, dependency or proportion 
of patients dead or dependent. Adverse effects
were not reported. The reviewers concluded that
there was some suggestion of an unfavourable
effect of piracetam on early death, but this may
have been caused by baseline differences in stroke
severity in the trials. Piracetam does not appear to
reduce dependency for stroke patients. A second
Cochrane review, in preparation, is assessing the
role of potentially neuroprotective drugs
(including piracetam) on the recovery of 
language function after stroke.97

Methylxanthines 
The methylxanthine derivatives (pentoxifylline,
propentofylline and pentifylline) are vasodilators.
They also inhibit platelet aggregation and throm-
boxane A2 synthesis, decrease the release of free
radicals and may be neuroprotective. A Cochrane
systematic review of these agent has been
published and a substantive amendment to the
review was last made on 11 June 1996.98 However,
the Cochrane review covers an area where no
active research is taking place. It will be updated 
if relevant information becomes available, but
scrutiny of the Cochrane Stroke Group trials
register in January 2001 when the searches for the
current report were prepared, did not identify any
additional relevant studies. The Cochrane review
of methylxanthines sought to assess the effect of
intravenous or oral methylxanthines (pentoxi-
fylline, propentofylline or pentifylline) in 
patients with acute ischaemic stroke. The 
reviewers searched the Cochrane Stroke Group
trials register, MEDLINE (from 1965), EMBASE
(from 1981), ISI (from 1981) and the Ottawa
stroke trials registry and contacted drug com-
panies. Randomised trials comparing pentoxi-
fylline, propentofylline or pentifylline with placebo
or control in patients with definite or presumed
acute ischaemic stroke were included. Trials were
included if treatment was started within 1 week of
stroke onset. Two reviewers independently applied
the inclusion criteria. Trial quality was assessed.
Five trials were included. Four trials tested
pentoxifylline in 763 people, and one tested
propentofylline in 30 people. No trials of
pentifylline were found. Early death (within 

4 weeks) occurred in 34/408 (8%) patients given 
a methylxanthine drug compared with 49/385
(13%) given placebo (OR = 0.64; 95% CI, 0.41 to
1.02). This non-significant trend to fewer deaths
was due mainly to one pentoxifylline trial that
found a highly significant reduction in early
deaths. Two trials reported early death or 
disability and found a non-significant reduction
(OR = 0.49; 95% CI, 0.20 to 1.20). Late death
(beyond 4 weeks) was reported in the propento-
fylline trial involving 30 patients, with no differ-
ence between treatment and placebo (OR = 0.70;
95% CI, 0.13 to 3.68). Data for neurological
impairment and disability were not in a form
suitable for analysis. Data on quality of life, stroke
recurrence, thromboembolism and bleeding 
were not reported. The reviewers concluded 
that there was not enough evidence to assess 
the effectiveness and safety of methylxanthines
after acute ischaemic stroke.

Vinpocetine
Vinpocetine, a vasoactive vinca alkaloid, is a
synthetic derivative of apovincamine, and reported
to be neuroprotective.99 The Cochrane systematic
review of the topic sought to assess the effect of
vinpocetine in acute ischaemic stroke. The authors
searched the Cochrane Stroke Group trials register
(last searched in August 1999) and MEDLINE, 
and contacted researchers in the field and drug
companies. Unconfounded randomised trials of
vinpocetine compared with placebo, or any other
reference treatment, in people with acute stroke
were included. Trials were included if treatment
started no later than 14 days after stroke onset.
Two reviewers independently applied the inclusion
criteria. One reviewer extracted the data that was
then checked by the second reviewer. Trial quality
was assessed. One trial involving 40 patients was
included. Data for 33 patients were reported. No
deaths occurred in the trial and no significant
difference in dependency was shown between the
treatment and placebo groups. No adverse effects
were reported. The reviewers concluded there 
was not enough evidence to evaluate the effect of
vinpocetine on survival or dependency of patients
with acute stroke and that there was no indication
to use it routinely (though the authors reported it
is used quite widely for this purpose in eastern
Europe, despite the lack of good evidence).

Cooling therapy
Observational studies in patients with acute stroke
have shown an association between high body
temperature and poor prognosis. The Cochrane
review sought to assess the neuroprotective effects
of cooling100 when applied to patients with 
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acute ischaemic stroke or primary intracerebral
haemorrhage.101 The authors searched the
Cochrane Stroke Group trials register (last
searched in March 1999), MEDLINE up to
November 1998, EMBASE from January 1980 to
November 1998. They contacted investigators,
pharmaceutical companies and manufacturers of
cooling equipment in this field. All had completed
RCTs or CCTs, published or unpublished, where
cooling therapy (therapy given by physical devices
or antipyretic drugs primarily to lower body
temperature independently of basal temperature 
at the beginning of treatment) was applied up to 
2 weeks of an acute ischaemic stroke or primary
intracerebral haemorrhage were to be included.
Two reviewers independently searched for relevant
trials. No randomised trials or controlled trials
were identified; one placebo-controlled trial of
metamizol is currently underway. The reviewers
concluded there was no evidence from randomised
trials to support the routine use of physical or
chemical cooling therapy in acute stroke. As
experimental studies showed a neuroprotective
effect of hypothermia in cerebral ischaemia,100

and hypothermia appears to improve the outcome
in patients with severe closed head injury,102

trials with cooling therapy in acute stroke 
are warranted.100,103,104

Gangliosides
Gangliosides may have a protective effect on 
the central and peripheral nervous systems. 
This Cochrane systematic review sought to assess
the effect of exogenous gangliosides in acute
ischaemic stroke.105 The authors searched the
Cochrane Stroke Group trials register (last
searched in March 1999) and contacted drug
companies. Randomised trials of gangliosides
compared with placebo or standard treatment 
in people with definite or presumed ischaemic
stroke and started within 15 days of symptom onset,
were included. One reviewer applied the inclusion
criteria. Two reviewers independently extracted 
the data. Trial quality was assessed. Eleven trials
involving 2257 people were included. All the trials
tested purified monosialoganglioside GM1. Only
three trials described the randomisation procedure.
Follow-up was between 15 and 180 days. Death at
the end of follow-up showed no significant differ-
ence (OR = 0.91; 95% CI, 0.73 to 1.14). There 
was no difference shown between early (within 
48 hours) and delayed treatment. For disability, 
two trials showed an improved Barthel Index score
with gangliosides (weighted mean difference, 
8.6; 95% CI, 1.2 to 16.0). In two trials, eight
patients experienced adverse effects that led to
discontinuation of ganglioside treatment, seven 

had skin reactions and one developed Guillain–
Barré syndrome. The reviewers concluded that
there was not enough evidence to determine
whether gangliosides are beneficial in acute stroke.
Caution is warranted because of reports of sporadic
cases of Guillain–Barré syndrome after ganglioside
therapy. No further studies are warranted at
present, until a comprehensive meta-analysis of
individual patient data from the completed trials,
examining the effects of treatment on disability 
and case fatality is available.105

Nitric oxide donors (nitrates)
Nitric oxide has several effects on the brain 
and vascular system that may be beneficial in
ischaemic stroke and useful in the management 
of hypertension in acute stroke. Some forms of
nitric oxide synthase inhibition may also be
beneficial. These agents are considered to be
potentially neuroprotective.106 However, high
concentrations of nitric oxide are likely to be 
toxic to brain tissue. The objective of the 
Cochrane systematic review was to assess the 
effects of nitric oxide donors, L-arginine, or nitric
oxide synthase-inhibitors in people with acute
ischaemic stroke. A substantive amendment to 
this systematic review was last made on 29 August
1997. The authors searched the Cochrane Stroke
Group trials register (July 1997), MEDLINE (for
trials from 1965), EMBASE (from 1980) and ISI
(from 1981), and contacted drug companies and
researchers in the field. Randomised and quasi-
randomised trials comparing nitric oxide donors,
L-arginine, or nitric oxide synthase-inhibitors in
patients within 1 week of onset of confirmed
ischaemic stroke. Two reviewers independently
applied the inclusion criteria. No completed trials
were found. One small placebo-controlled trial of
glyceryl trinitrate patches is underway. There is
currently no evidence from randomised trials on
the effects of nitric oxide donors, L-arginine, or
nitric oxide synthase-inhibitors in patients with
acute ischaemic stroke. However, a large-scale trial
– the Efficiacy of Nitric Oxide in Stroke (eNOS)
trial – is now under way (Bath PM, University of
Nottingham: personal communication, 
September 2002).

Details of systematic reviews in progress
A number of Cochrane systematic reviews of
potential neuroprotective agents are in progress.
Published protocols are available in The Cochrane
Library for the following:

• antioxidants for acute stroke107

• choline precursors for acute and subacute
ischaemic and haemorrhagic stroke108
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• excitatory amino acid modulators for acute
ischaemic stroke,109 and

• lubeluzole for acute ischaemic stroke.110 *

Discussion

Many trials have been completed, but no neuro-
protective drug has yet been found to have a
sufficiently favourable balance of risk and benefit
to be licensed for clinical use. This may have
occurred for a number of reasons: the animal
studies were not adequate,87 benefits were smaller
than predicted from the animal studies and hence
the clinical trials were not powered to detect
moderate effects,86,88 and unexpected toxicity.
Neuroprotective drugs have a wide variety of
adverse effects ranging from the minor (e.g. 

small changes in blood pressure, or thrombo-
phlebitis) to major (e.g. severe hallucinations,
psychosis, major cardiac problems or severe
hypotension, Guillain–Barré syndrome).84,105

However, the situation may change, and one 
of the neuroprotective compounds currently
undergoing trials may gain a licence for use in
acute ischaemic stroke in the next few years. It is
probable that the extremely large reductions in
cerebral infarct volumes achieved with neuro-
protective agents in experimental animal models
will translate into only moderate reductions in
disability when used in human acute stroke.
Nonetheless, modelling the effects of short-term
benefits suggests that long-term gains in quality-
adjusted survival could make neuroprotective
agents very cost-effective, even if the immediate
benefits appear quite small.34
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Background
Before an emerging medical treatment can be
administered to a patient with acute stroke, a 
chain of events must take place. The sequence
starts with the recognition of symptoms by the
patient and ends when the administration of the
agent is complete (and any complications from the
treatment have been dealt with). Efficient acute
stroke care and administration of early medical
treatments within the time window may not be
possible if there are undue delays or difficulties 
in the pathway of patient care. Delays can occur 
at any point along the pathway. Difficulties may
arise through lack of expertise or simply lack of
resources. In a particular hospital’s stroke service,
there may be several points where such barriers to
effective care can be identified.111 For example,
undue delay in transferring a stroke patient to
hospital and in performing a CT brain scan might
mean that the patient was no longer eligible to
receive thrombolytic therapy.112 Efficient imple-
mentation of acute medical treatments such as
thrombolysis will only be possible if the specific
barriers are identified and dealt with in each
hospital seeking to provide acute stroke care.

Methods

Objectives of this review
This section of the systematic review has two 
main objectives:

• to describe the reported barriers to early
treatment of acute stroke patients, and

• to assess the effectiveness of any interventions
designed to overcome specific barriers.

Criteria for considering studies for 
this review
Type of study
To identify potential barriers to efficient 
acute stroke care, prospective and retrospective
observational studies were sought. All studies that
assessed the nature or duration of the delays within
the pathway of care were considered. Only studies
published in English were considered due to

limited resources. The following types of
publications were excluded:

• studies that were not original research 
(e.g. review articles)

• studies that observed or followed-up selected
cohorts of patients who only received rt-PA or
other specific acute medical treatment

• surveys of opinions (e.g. of paramedical staff)
• studies of very specialised groups of stroke

patients (e.g. stroke patients with onset in
hospital or who required helicopter transfer)

• observational studies of stroke patients where 
no data on delays or barriers were reported 
(e.g. cost-analysis studies, stroke registers).

To assess the effectiveness of interventions
designed to overcome specific barriers, un-
confounded RCTs were sought that compared 
an intervention versus none, or one intervention
versus another. However, quasi-randomised trials,
CCTs, before-and-after studies, and interrupted
time series were also considered with due allow-
ance for the large number of biases that are likely
to be associated with non-randomised designs.113,114

Observational studies with no comparison group
were also considered. However, only studies with
an adequate description of their methodology 
were to be included.

Type of participant
All studies that recruited patients who had been
admitted to hospital with new neurological deficit
consistent with a clinical diagnosis of stroke were
included in this part of the review. Studies that
recruited all types of ischaemic and haemorrhagic
strokes (including subarachnoid haemorrhage)
were included, but studies that recruited only
patients with subarachnoid haemorrhage were
excluded, as the management of these patients
(who often require neurosurgical intervention)
would have been very different to the generality 
of stroke patients. 

Categorising reported barriers to efficient 
acute stroke care
We anticipated that the published literature on this
subject would use a very wide range of methods
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and be of very variable quality. We also anticipated
that many of the barriers identified in countries
outside the UK might not be particularly relevant
to the NHS. Thus we aimed to examine these
publications and draw out the main themes that
appeared to be common and potentially relevant,
and then group results under these headings. 
We developed a classification by drawing up a list,
circulating it among the authors, then modifying
the list of categories in the light of the data.

Evaluation of interventions to overcome 
specific barriers
The aim was to assess the effectiveness of any
intervention, compared with none or other
interventions, in overcoming specific barriers to
efficient acute stroke care. Therefore, all studies
that attempted to evaluate such interventions,
irrespective of research design were considered.
We anticipated that there would be several 
types of interventions, for instance, educational
programmes for the public and healthcare staff,
training for paramedical staff to improve their
accuracy of stroke diagnosis, and organisational
interventions to streamline acute stroke care. 
In a study evaluating a specific intervention, the
choice of outcome measure will depend on the
nature of intervention tested and the types of
barriers that they were designed to overcome. 
We therefore aimed to record outcomes which
might provide a measure of the efficiency of an
acute stroke service. For example, time delay from
stroke onset to transfer to hospital, to obtain a 
CT scan, or to ward admission would be relevant.
Other outcome measures of interest might include
patients’ knowledge of stroke or the proportion 
of patients treated with thrombolytic therapy
within 3 hours.

Search strategy for identification 
of studies
Descriptive studies of barriers (and uncontrolled
studies of interventions to overcome barriers)
To identify descriptive studies of barriers,
MEDLINE (1990–2000) and EMBASE (1990–2000)
were searched. MEDLINE and EMBASE databases
were searched from 1990 onwards because emerg-
ency treatments for stroke such as thrombolysis
only began to be implemented from the early
1990s and the first large RCT was published 
in 1995.17

Controlled trials of interventions to 
overcome barriers
To identify controlled trials, the trials register of
the Cochrane Stroke Group,115 which, at that time,
contained over 3800 references to 1900 CCTs was

searched (appendix 1). This trials register is a
comprehensive register of all published and
unpublished stroke trials that have been identified
through overlapping electronic search strategies
and handsearching. We also performed electronic
searches of five major biomedical databases using
the on-line information source the Scientific and
Technical Network. Separate detailed search
strategies were developed for each database, and a
combined multifile search was run simultaneously,
from the first available year of each database, using
the advanced facility of automatic de-duplication
across databases. Furthermore, the Central/CCTR
of The Cochrane Library (year 2000, issue 3),116

which contains over 270,000 reports of trials, was
searched. Titles, keywords and abstracts of all
downloaded citations were screened and paper
copies of those meeting pre-defined selection
criteria were assessed in detail. Reference lists of
relevant articles were also scanned. The following
electronic search strategies were used.

• Cochrane Stroke Group trials register. In 
August 2000, we searched the Cochrane Stroke
Group trials register using the following two
intervention codes: ‘service provision’ and
‘thrombolysis’. For more information on the
search strategies used for the trials register,
please visit the Cochrane Stroke Group 
module of The Cochrane Library (URL:
http://www.update-software.com/Cochrane/
default.HTM). This search identified a total 
of 200 possibly relevant studies.

• Central/CCTR year 2000, issue 3. Details 
of the search strategy and search terms 
used are given in appendix 2. This search 
identified a total of 3032 possibly 
relevant publications.

• MEDLINE (Ovid) 1990–2000. Details of the
search strategy and search terms used are 
given in appendix 2. This search identified 
a total of 8856 possibly relevant publications.

• EMBASE (Ovid) 1990–2000. Details of the
search strategy and search terms used are given
in appendix 2. This search identified a total 
of 6473 possibly relevant publications.

Selection of papers for review
Two reviewers screened all the titles, abstracts and
keywords of publications identified by the searches
to assess their eligibility. Publications that clearly
did not meet the inclusion criteria were excluded
at this stage. Paper copies of the full publications
that were possibly relevant were obtained. Two
reviewers then assessed them according to our 
pre-specified selection criteria. We resolved any
disagreement by discussion.
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Assessment of methodological quality and 
data extraction
Two reviewers independently assessed the
methodological quality of all included studies 
and recorded their findings on a data form, which
recorded the important aspects of methodology
such as study design and type of intervention and
control. We did not use an overall scoring system
to evaluate methodological quality. One reviewer
then extracted data onto a pre-defined data
extraction form.

Data analysis
This was a descriptive review and no formal
quantitative analysis was planned. All information
was presented in tables.

Details of studies included in the review
A total of 18,561 titles and abstracts were scanned
and 112 publications were retrieved in full text.
From these, a total of 61 studies published in
English were included, 54 of which reported data
on barriers to acute care and seven were studies 
of interventions to overcome barriers. Eight
publications were abstracts and the remainder
were full journal articles. 

Details of studies of barriers to efficient acute
stroke care
Fifty-four observational studies with a total of 
39,030 patients were found. Of these, 23 studies
were conducted in the USA or Canada, 20 in
Europe, six in Asia, two in Israel, two in Australia 
or New Zealand, and one in South America. Fifteen
studies stated that patients were consecutively
recruited.117–131 Three studies recruited only patients
with ischaemic strokes132–134 and one study recruited
only patients with first-ever strokes.135 The popu-
lations in all studies were hospital-based except 
in two studies which were community-based.127,136

The earliest study was published in 1991137

and the most recent was in 2001.120

The studies were divided into three main groups:

• studies that evaluated delay times (e.g. from
stroke onset to arrival at hospital)

• studies that assessed the proportion of patients
potentially eligible for thrombolysis

• studies that examined other parameters such as
the accuracy of stroke diagnosis by paramedical
staff or patients’ knowledge of stroke.

Delay times were presented as means, medians, or
percentages within a specified time (e.g. in one
study, 61% of stroke patients arrived at hospital
within 3 hours of onset138).

There were several major deficiencies in the
identified studies. First, there was a variation 
in the definition of the time of onset. The time 
of onset was defined in most studies as the time
when symptoms were first noticed. However, if
symptoms were noticed on waking, the time of
onset was variably defined, for example as the 
time of waking, the midpoint between asleep 
and awakening, the time when the patient had 
no symptoms, or the time when the patient fell
asleep. Some studies excluded these patients from
analysis. Second, even in patients whose symptoms
started while awake, the exact time of onset was
not determinable or recorded. Again, the method
of handling these missing data varied between
studies. Third, delay times were truncated at
different points in different studies (e.g. for one
study 0–3, 4–6, 6–12, and over 12 hours, and for
another study 0–12, 12–24, and over 24 hours).
Furthermore, delay times were often reported as
means without standard deviations, or as medians
without interquartile ranges, making useful
comparison between studies impossible. Finally, 
in most studies, there was little detailed descrip-
tion of the organisational setting within which
acute stroke patients were managed, for example,
whether stroke patients were admitted to an
emergency department or directly to a stroke 
unit, or whether a specialist stroke team was
involved in patient care. This information is
important in order for the reader to understand
the stroke management system and how barriers
could be overcome.

Details of studies evaluating interventions to
overcome barriers
There were no RCTs. Seven studies evaluated
interventions but used a weaker research design,
with a total of at least 3154 patients (one study
published in abstract form did not state the
number of recruited patients and so was not
counted in the total 139). Of the seven non-
randomised studies, two were uncontrolled 
before-and-after studies,139,140 two were com-
parative studies,121,141 and three were observational
studies without a comparison group.142–144 Six
studies were carried out in the USA and one 
in the UK, and all were hospital-based. Only one
study stated that the patients were consecutively
recruited.121 The earliest study was published in
1992140 and the most recent in 1999.141,144

None of the included studies were randomised.
The reporting of methodology was generally
satisfactory although again, the organisational
setting within which acute stroke patients were
managed was poorly reported. In general, the
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interventions were adequately defined but, in the
comparative studies, the control intervention was
poorly defined or not defined at all. For example,
in one comparative study, a new pager system was
implemented to reduce delay in alerting the stroke
team (the ‘code stroke’ system).121 In this study, 
the code stroke system and the method of its
implementation were described in some detail, 
but there was no description of the alerting system
that was in place prior to the implementation of
the code stroke system. 

None of the comparative studies reported patient
characteristics in the treatment or control groups.
Patient characteristics were reported in only two
observational studies.143,144 Furthermore, it was
unclear whether the implementation of the
intervention was independent of other organis-
ational changes over time, such as changes in the
stroke referral system, opening of a new stroke
unit, or implementation of a new CT scanner.

Details of excluded studies
Forty-nine publications were excluded for the
following reasons:

• publications were not original research
reporting new data (16 publications)

• no data on delays or barriers included 
(ten publications)

• studies included only patients treated with
thrombolytic or other acute medical treatments
(nine publications)

• dual publications (seven publications)
• surveys (three publications)
• studies of very specialised groups of stroke

patients (two publications)
• studies of patients who did not have stroke 

(one publication)
• publication not in English language 

(one publication).

See appendix 3 for a list of excluded references.

Results

Barriers to efficient acute stroke care
Forty-five of the 54 studies described delays
between one point in the path of care to another
(Figure 7 and Table 3).

The commonest points of care for which delays
were reported (in various combinations and
permutations) were from stroke onset to arrival at
hospital, from arrival to first medical assessment,
CT brain scan, neurologist assessment, ward

admission, or administration of thrombolytic
therapy. Some studies concentrated on the pre-
hospital phase and identified delays involved in
calling an ambulance, its arrival at the location of
stroke onset, and transfer to hospital. 

Studies usually reported delay times using 
means, medians and the proportions of patients
within various delay time categories (most
commonly 0–3, 4–6, 6–12 and more than 
12 hours). For example, ten studies reported 
mean delay time from stroke onset to arrival at
hospital.112,125,126,138,142,153–157 This ranged from 
1.4 hours142 to 29 hours.126 Ten studies reported
mean delay time from arrival at hospital to CT
brain scan.112,132,134,139,142,154,155,157–159 This ranged
from 40 minutes134 to 58 hours.132 In 25 studies, it
was possible to perform a cumulative analysis of
the proportion of patients in various delay time
categories.112,117,120,123,124,126–128,131,135,136,138,143,155,156,160–169

For example, the proportion of patients who
arrived within 6 hours of stroke onset was
determinable for 20 of these 25 studies; this
ranged from 35%117 to 80%.138

Nine main categories of barriers were identified.
The studies examining these barriers were
assessed. Some studies analysed the strength of
association between the presence of particular
barriers and delay, and reported the results as 
ORs with 95% CIs. For the purpose of this 
review, we concentrated on the potentially
modifiable barriers (e.g. patient’s knowledge 
of stroke, use of ambulance) rather than the 
non-modifiable barriers (e.g. symptom onset 
on waking). Moreover, we only noted barriers 
for which data were reported; we excluded 
barriers for which the investigators did not 
provide explicit data. 

The patient or family did not recognise symptoms
of stroke or recognised them but did not seek
urgent medical help: Public knowledge about
stroke is generally poor.170 The patient or family
are often unaware of the significance of symptoms
or the urgency with which medical help should be
sought. Moreover, the onset of stroke may occur
during sleep and hence the symptoms will only 
be noticed when the patient awakes. In such
patients, the precise time of onset is hard to
categorise. Twenty-one studies identified this
barrier.117,119,122–124,126,129,138,148,153,155–157,160,162,164,165,167,168,171,172

These studies found substantial pre-hospital delays
as a result of the patient or family not recognising
the symptoms of stroke or not seeking urgent
medical help. The commonest factors associated
with this type of barrier were:
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FIGURE 7 The pathway of acute stroke care (using thrombolysis as an example of acute treatment)

• Patient or family recognises there is a problem
• Patient or family acknowledges that the symptoms are those of a stroke
• Patient or family acknowledges that medical help is needed
• Patient or family calls for medical help, either the GP or ambulance service

• GP comes to visit at location of stroke onset
• GP takes a history and examines the patient
• GP recognises the patient needs hospital admission
• GP arranges ambulance transport (patient often immobile)
Or
• GP decides to keep patient at home

• Ambulance arrives at location of stroke onset
• Paramedics take a brief history and examine the patient
• Paramedics recognise that the symptoms are those of a stroke
• Paramedics and ambulance driver triages the transfer as urgent or not
• Ambulance arrives at the hospital emergency department
• Emergency department nurse triages patient as urgent or not
• Nurse assesses vital signs such as temperature, pulse and blood pressure
• Emergency doctor takes a history and examines patient
• Basic bedside tests are done such as electrocardiogram, blood sugar and blood tests
• Other tests are ordered such as chest X-ray (induces delay)
• Patient waits for porter for transfer to radiology department

If stroke team is not urgently alerted
• Medical or nursing staff contacts ‘bed-manager’ 

to search for a vacant ward bed
• Patient waits for a ward bed to become

available 
• Patient waits for porter for transfer to ward
• Junior and/or senior medical staff on ward 

reassess patient
• Medical staff orders a CT brain scan by taking

a form to radiology department
• Patient waits for CT scan
• Patient waits for porter for transfer to

radiology department 
• Patient undergoes CT scan
• Patient waits for porter for transfer back 

to ward
• Radiologist reviews CT scan and writes a

preliminary report in case notes
• Medical staff reassess patient on ward and 

check case notes for result
• Medical staff decide on a treatment option

such as immediate aspirin

If stroke team is urgently alerted
• Stroke team arrives at emergency department
• Stroke team takes a history and examines patient
• Stroke team phones radiology department to organise

a CT scan
• Patient waits for CT scan (often immediately available)
• Stroke team and/or porter transfers patient to

radiology department
• Patient undergoes CT scan
• Stroke team interprets the CT scan immediately
• Stroke team and/or porter transfers patient 

to ward
• Stroke team decides on an appropriate treatment

option such as thrombolysis
• Stroke team discusses the treatment option 

with patient and family (and senior staff)
• Nursing staff carries out initial assessment and

communication with family
• Nursing staff on ward assess vital signs such as 

pulse and blood pressure
• Stroke team gets drug from storage location
• Stroke team calculates dose from patient’s weight and

prepares it for administration
• Drug is administered through an intravenous access
• Nurses and stroke team reassess patient regularly

(with a second CT scan in 24–48 hours)
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• patient living alone or retired117,126,156,164,168,171

• symptoms not recognised or not interpreted 
as stroke119,126,138,165,167,172

• no bystander witness of stroke symptoms 
at onset119,122,155,171

• patient or family did not seek medical help124,129,160

• patient or family had no sense of urgency to
seek help when symptoms started126,129,153,157,171

• stroke onset at home162

• patient refused to go to hospital126

• patient or family thought symptoms would
improve spontaneously and so waited before
seeking medical help.126,165

Patient or family calls general practitioner (GP)
instead of the emergency services (ambulance):
In the UK or other countries where primary care 
is well developed, patients often call the GP first
rather than the emergency service, even after a
severe stroke. There is potentially significant delay
with this practice as GPs do not usually rush to
assess the patient. After assessment, many GPs
choose to keep the patient at home rather 
than arranging for prompt hospital admission. 
Twenty-three studies identified this type of
barrier.112,120,122,124,126–129,134,135,148,152,153,155,157,160,162,164,165,171–174

These studies found that ambulance transfer or
direct admission to the emergency department 
was associated with a shorter delay from onset to
arrival at hospital, whereas first contacting the GP
increased the delay. In one study, GPs were found
to have advised the patient to stay at home rather
than be admitted to hospital.126 In another study,
GPs misdiagnosed the condition and advised the
patient to stay at home as there was “nothing
wrong”.165 One study171 observed that the following
groups of patients were more likely to arrive at
hospital by ambulance:

• patients living with someone else
• if a witness was present at stroke onset
• there was a heightened sense of urgency
• increasing age
• if the stroke was haemorrhagic.

Fourteen studies reported the proportion 
of patients who arrived by
ambulance.120,122,126,128,129,143,148,152,153,158–160,162,175

This was generally about 50%, ranging from 
38%152 to 65%.120

Ambulance policy categorises stroke as a non-
urgent condition: Even when the emergency
service is called, stroke is often not regarded as a
true emergency (‘blue light’) except occasionally
when the patient has signs of severe neurological
damage such as reduced consciousness or

convulsions. Consequently, there may be a 
delay before the ambulance reaches the patient
and then in transferring the patient to hospital. 
We included studies that evaluated delay times
from calling the emergency services to the time 
of ambulance arrival, and from ambulance 
arrival at the patient to reaching the hospital 
door. Seven studies identified this type of
barrier.124,126,146,160,162,174,175 Although studies 
found that patients who called the emergency
services arrived at hospital much earlier than 
if GPs were first contacted,126,162,174 ambulance
policy appeared to classify stroke as an non-
urgent condition, so leading to slower 
transfer to hospital.

Emergency department triages stroke as non-
urgent: At the hospital emergency department,
stroke is often not regarded as an urgent con-
dition so that patients are of moderate-to-low
priority to be assessed, investigated and treated. 
We included studies that examined delay from
stroke onset (or arrival at hospital) to first 
medical assessment, neurologist’s assessment, 
or alerting the acute stroke team. Studies that
examined time to obtaining neuroimaging 
or ward admission were excluded in this 
category but included in the categories below. 
Twenty-seven studies identified this type of
barrier.112,118–120,122,124,126,129,132,137,146,149,154,155,157–162,164,167,

171,173–176 The delay from arrival at hospital to 
first medical assessment varied considerably. 
For example, in one study, the median delay 
was 20 minutes,171 compared with 4 hours in
another study.119 In the emergency department,
acute stroke is often not handled as an emergency
medical condition and patients may have to wait a
long time before nursing and medical assessments
are completed. In one study, one-third of acute
stroke patients were categorised as semi-urgent 
at triage on arrival at hospital.124

Delay in neuroimaging: In most hospitals, there 
is a delay in obtaining neuroimaging such as 
CT or magnetic resonance (MR) brain scans.
Radiology departments rarely perform CT scans
out of normal office hours (usually between 5 p.m.
and 9 a.m.) except for very urgent cases (e.g. head
injury). Stroke is often not regarded as such an
urgent condition. We included studies that have
evaluated delay from stroke onset (or arrival at
hospital) to the first CT or MR brain scan. Twenty-
two studies assessed or identified this type of
barrier.112,118,122,124–126,128,132,134,136,146,149,154,155,157–161,168,169,174

All studies assessed delay times to CT rather than
MR brain scans. None of the studies evaluated
delay times to other forms of neuroimaging 
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such as catheter or MR angiography, carotid
duplex or transcranial Doppler studies. This type
of barrier could be a result of:

• scanning facilities being unavailable (especially
out-of-office hours)

• delay in requesting the scan
• delay in transporting the patient to the

radiology department
• delay in carrying out the scan
• delay in reporting the scan by a radiologist.

Only two studies examined the possible reasons 
for delay.118,146

Inefficient process of acute stroke care: Despite
the robust evidence to support management 
of stroke patients in stroke units, recent observ-
ational studies have found that many stroke
patients in the UK still receive care in general
medical wards.177 We included studies that
evaluated delay times from stroke onset (or 
arrival at hospital) to first medical assessment,
neurologist’s assessment, or ward admission (e.g.
stroke unit or general medical ward). Eighteen
studies assessed or identified this type of
barrier.112,119,122,124,126,132,137,146,149,154,158–161,167,171,173,174

Delay in ward admission could be due to:

• a bed not being available
• delay in getting a porter to transfer patient to

the ward
• delay in decision-making by the medical or

specialist team.

Only one study examined the possible reasons 
for delay.149 In another study, one of the barriers 
to urgent thrombolytic therapy was that some
wards were not prepared or willing to admin-
ister the drug; this organisational barrier 
might have involved nurses, doctors or 
policy makers.146

Difficulties with informed consent for
thrombolysis: Most acute medical treatments 
may be associated with potential harm (e.g.
haemorrhagic complications) as well as potential
benefit (e.g. reduced disability). In the acute
phase, a large proportion of stroke patients have
language impairment or reduced consciousness, so
they cannot give their informed consent to receive
acute interventions or to enter randomised trials 
of acute interventions. Some patients and relatives
may refuse to give consent for these interventions.
Two studies identified this barrier concerning
thrombolysis. In one study, 10% of patients did 
not receive the treatment because they refused

consent,149 whereas this reason only accounted 
for 0.4% in another study.130

Physicians’ opinion: There is a large variation in
UK consultants’ opinion regarding thrombolysis
for acute ischaemic stroke. In the early 1990s, 
a survey showed that only 2% of consultants
believed thrombolysis was definitely beneficial,
14% believed it was definitely harmful, and 
79% were uncertain.178 A more recent Stroke
Association Survey suggested that these opinions
have not changed significantly.177 Even in the 
USA, where rt-PA is licensed for use in stroke, 
only 16% of neurologists have ever administered 
it and many neurologists were uncertain of 
its benefits.179 One study reported that some
physicians were reluctant to administer rt-PA
because of conflicting trial results and difficulty 
in starting treatment within 3 hours of stroke
onset.161 Another study found that some physicians
were uncertain of the diagnosis of acute stroke 
and this uncertainty was responsible for delaying
treatment in the emergency department.174 It 
was not practicable to design a search strategy to
reliably detect (with reasonable sensitivity and
specificity) all the studies that mentioned
physicians’ uncertainties, so we accept we 
will have missed important studies.

Other barriers: Six studies reported other types 
of barrier. One study identified delays in retrieving
old medical records, performing phlebotomy, and
acquiring the rt-PA drug from pharmacy.118 The
need to transfer the patient from another hospital
was a source of delay.132 One study found that poor
training in stroke for doctors was a potentially
modifiable barrier.174 Two studies assessed the
accuracy of stroke diagnosis by paramedical staff;
one study145 found the diagnostic methods used 
by these individuals had low sensitivity (52%) and
specificity (67%) but another study151 found high
sensitivity (82%) and very high specificity (95%).
Improvement in stroke diagnosis by paramedical
staff may reduce pre-hospital delay.

Studies that did not identify any modifiable
barriers: Seven studies did not identify any
modifiable barriers.131,133,147,150,163,166,180 These 
studies could be divided into three main groups:
those that only assessed delay from onset to 
arrival at hospital (but did not assess possible
reasons for the delay); those that only assessed 
the proportion of patients who were eligible 
for thrombolytic therapy; and those that only
identified non-modifiable barriers. Identified 
non-modifiable barriers included the clinical
features of acute stroke that have been found 
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to correlate with delayed acute stroke care, such 
as stroke sub-type,122,131,135,136,138,155,161,171,173 stroke sev-
erity,117,122,138,148,155,156,162 and conscious state.135,138,162,166

Proportion of stroke patients eligible for
thrombolysis: Nine studies assessed the proportion
of stroke patients who were actually treated with 
rt-PA (six studies), or potentially eligible (three
studies) for rt-PA, within 3 hours of stroke
onset.125,128,130,133,134,149,150,175,180 One other study
assessed the actual proportion of patients eligible
for SK therapy within 6 hours of onset.146 Overall,
the proportion ranged from 0%175 to 22%.130

Practice guidelines proposed by the American
Heart Association were followed in the studies
involving rt-PA therapy,23 whereas the MAST-I
protocol was followed in the study involving SK
therapy.68 In the five studies that evaluated the
proportion of patients treated with rt-PA within 
3 hours,130,133,149,150,175 the five commonest reasons
for being ineligible for rt-PA therapy are shown 
in Table 4.

Interventions to overcome barriers
Seven studies have evaluated the effectiveness of
interventions designed to overcome barriers to
efficient acute stroke care (Table 5).121,139–144 From
these studies, three types of interventions could 
be identified:

• an education programme for the public and
healthcare workers140,143

• a training programme for paramedical staff 
to improve the accuracy of diagnosis141,142,144

• reorganisation of in-hospital systems to
streamline acute stroke care.121,139

Education programmes for the public and
healthcare workers
In the two studies by Alberts and co-workers140

and Barsan and co-workers,143 the educational
programmes were designed to promote the use of
rt-PA within 3 hours after stroke. The programme
was aimed at the public via the media (television,
radio, newspaper) and at the healthcare workers
through teaching sessions and advertisements. 

The objective was to promote early recognition 
of stroke symptoms, use of the emergency service,
rapid ambulance transfer, and early hospital
treatment of acute stroke patients. The programme
in the Alberts study also involved a rapid referral
system that included helicopter transfer of
patients. This before-and-after study showed 
that, after the introduction of the education
programme, delay from stroke onset to arrival 
at hospital was reduced for patients with 
ischaemic strokes; the proportion of patients 
with ischaemic stroke arriving within 24 hours 
of onset increased from 37% (pre-education) to
86% (post-education). No difference was found 
for patients with haemorrhagic stroke.140 The
Barsan study (an open study) of the education
programme showed that, during the course of 
the study (2 1/2 years), the mean delay time from
stroke onset to arrival at hospital was reduced from
3.2 to 1.5 hours. At the same time, the use of
emergency services (calling 911) among admitted
stroke patients increased from 39% in the first
quartile of the study to 60% in the fourth quartile.
The increased use of emergency services was 
found almost exclusively in patients with non-
haemorrhagic stroke.143

Training programmes for paramedical staff to
improve accuracy of diagnosis
In the three studies by Kidwell and co-workers,142

Smith and co-workers,141 and Harbison and 
co-workers,144 the training programmes were 
designed to improve the accuracy of stroke
diagnosis by paramedical staff and to reduce 
the delay in transferring the patients to hospital.
The programmes taught the paramedical staff 
to take an accurate history and examine the
patient properly for clinical signs of stroke. One
programme also taught the pathophysiology of
stroke and how to perform the National Institutes
of Health Stroke Scale.141 If stroke was suspected,
the patient was to be transferred to hospital
urgently and the staff at the emergency depart-
ment should be alerted of the patient’s arrival. 
The programme was called the Los Angeles
Prehospital Stroke Screen (LAPSS) in the 

TABLE 4  Commonest identified reason for being ineligible for rt-PA therapy

Reason Range (%)

Delay to treatment of more than 3 hours or onset time unknown 22–94

Haemorrhage or mass effect found on CT scan 10–22

Clinical signs of stroke too mild or resolving rapidly 9–19

Medical contraindications to rt-PA 6–10

Refusal to consent to treatment 0.4–10
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Kidwell study,142 the Field Assessment of Stroke
Treatment (FAST) in the Smith study,141 and 
Rapid Ambulance Protocol in the Harbison
study.144 The study by Kidwell of the training
programme showed that stroke diagnosis by
paramedical staff had a sensitivity of 92%; how-
ever, specificity was not reported.142 The study by
Harbison of the ambulance protocol found that
the trained paramedical staff correctly diagnosed
stroke or transient ischaemic attack in 83% of
patients, and that delay to arrival at hospital was
much greater if the patient or family contacted a
GP initially.144 The study by Smith assessed the
accuracy of stroke diagnosis, comparing a training
programme with no training programme. This
study showed no significant improvement in 
the sensitivity (90% in each group) or positive
predictive value (FAST 60% versus control 70%) 
of stroke diagnosis. However, compared with
before the training began, the sensitivity of 
stroke diagnosis increased from 60% (pre-
training) to 90% (post-training).141

Re-organisation of in-hospital systems to
streamline acute stroke care
In the two studies by Gomez and co-workers121

and Englander and co-workers,139 the in-hospital
systems were reorganised to reduce delay and
promote efficient acute stroke care. The inter-
vention in Gomez was called code stroke, which
was a centralised pager system that ensured 
all members of the stroke team were alerted
simultaneously when a new acute stroke patient
arrived at the emergency department. The inter-
vention in the Englander study was a continuous
quality improvement scheme applied across many
components of the stroke service. It involved using
new algorithms and evaluation forms, which were
designed by the multidisciplinary stroke team, for
acute stroke assessment. The study by Gomez
assessed in-hospital delays, comparing the code
stroke system with standard management. Delay
time from arrival at hospital to first medical assess-
ment was significantly shorter with the code stroke
system (46 minutes versus 101 minutes; p < 0.05).
There was, however, no difference in delay times
from stroke onset to arrival, or from first medical
assessment to acute treatment.121 The before-and-
after study by Englander showed that, after the
introduction of the continuous quality improve-
ment scheme, all in-hospital delays were signifi-
cantly reduced. Mean delay from arrival at 
hospital to first medical assessment reduced from
45 ± 34 minutes to 10 ± 11 minutes (p < 0.001);
mean delay from arrival to CT scan reduced from
117 ± 126 minutes to 46 ± 17 minutes (p < 0.05);
and mean delay from arrival to neurologist

assessment reduced from 76 ± 42 minutes to 
46 ± 23 minutes (p < 0.05).139

Discussion

Generalisability of the results
We have attempted in this qualitative synthesis 
to describe the main themes and broad categories 
of barrier to efficient acute stroke care. However,
the studies we assessed were enormously variable 
in quality, sample size, study population, and
methods. Relatively few data were available 
from the UK. In one sense, the consistency with
which certain barriers were noted (e.g. delay in 
the recognition of symptoms) gives them both 
internal and external validity, as they occurred 
in a wide variety of healthcare settings. However,
the importance of each of these potential 
barriers to efficient stroke care in the NHS is 
less clear. Nonetheless, this review may provide 
a framework for clinicians and healthcare 
planners to assess the components of their 
local acute stroke service.

Reliability of the results
Many of the studies had methodological
weaknesses and hence were open to substantial
bias. We have kept discussion of these problems
brief as they have been reviewed in some detail 
by Evenson and co-workers.181 These weakness
preclude, as anticipated, a reliable quantitative
synthesis of the impact of specific barriers.
Similarly, the heterogeneity of the interventions
employed to overcome barriers also precluded 
a quantitative analysis.

Pre-hospital barriers
The most consistently reported barrier was the
patient’s or family’s poor knowledge of stroke,
which delayed their request for urgent medical
help. About 60% of people in the USA know the
main presenting symptoms of stroke,182 compared
with below 10% in Germany.183,184 There is weak
evidence that education of the public via the mass
media may indeed improve knowledge of stroke,
increase the use of emergency medical services,
and so reduce delay in arriving at hospital.140,143

A recent study also provided some evidence that
community-based education campaigns using
newspapers and television can improve knowledge
of stroke; after the education programme, people
were 35% more likely to know a symptom of
stroke, although less than half of people could
actually name a stroke symptom.170 The impact 
on delay to arriving at hospital in the study area
was not assessed.
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Knowledge alone is not sufficient. The public must
also be convinced that stroke symptoms indicate a
medical emergency and that they should actively
seek medical attention, as declared by the US
National Stroke Association consensus statement.185

This education can take two main forms; targeting
the entire population or targeting only the high-
risk groups and their relatives. Targeting the 
entire population is extremely costly (hence the
intensity of education may be low), but it is more
likely to cover all the people at risk. In contrast,
targeting only the high-risk groups (e.g. the
elderly) may mean that the intensity of education
can be higher, but many of the people in the
lower-risk groups (who might have a stroke) may
be missed. Two studies suggest that high-risk
groups, such as the older population and stroke
survivors, have a poor knowledge of stroke and the
appropriate secondary preventative measures.186,187

A recent review showed that methods of providing
information to stroke patients and carers currently
used in clinical practice are largely ineffective 
and need to be improved.188 On the other hand, 
a Cochrane systematic review concluded that
promotion via the mass media could encourage
the use of effective services and should therefore
be considered.189

Any education about stroke should aim to 
improve public knowledge of how to recognise 
the main symptoms of stroke and of the need 
to call the emergency service (and not the GP)
without delay.190 We found evidence that when 
the patient bypasses the GP, this appears to reduce
the delay in reaching hospital.112 Encouraging the
public to call the emergency services whenever
stroke is suspected may increase the demands on
ambulance services and emergency departments,
many of which are already at full stretch and
struggling to cope.191 Furthermore, this may
theoretically impact badly on other patient groups,
such as those with acute coronary syndromes, 
for which proven and licensed acute treatments
already exist and the necessity for emergency
ambulance transfer is unquestionable. Ideally, 
all paramedical staff should receive training 
in stroke to improve the accuracy of their pre-
hospital diagnosis, so that the right patients are
rapidly transferred to hospital for acute treatment.
It is also arguable that a low specificity of diagnosis
by paramedical staff (i.e. many false-negatives) 
may be acceptable as long as the sensitivity can 
be improved. However, we should aim to develop
paramedical systems with a high positive predictive
value for the diagnosis of acute stroke to avoid
inundating emergency departments with patients
who could be appropriately managed less urgently.

In this review, we did not find enough evidence 
to conclude that education and training of para-
medical staff produced any significant improve-
ment on the accuracy of stroke diagnosis.141,142,144

Even with the most effective education
programme, many stroke patients will still never
reach hospital. In the UK, it has been estimated
that between 25% and 50% of stroke patients are
managed at home by primary healthcare teams
and not admitted to hospital.192 Any educational
programme might need to include information 
for GPs to encourage a swifter response when
presented with a diagnosis of acute stroke. In the
many parts of the world where thrombolysis is not
licensed for routine use in acute stroke, policy
makers can argue that, although stroke patients
should be admitted to hospital promptly, there is
not enough reason to admit them immediately.193

Until thrombolysis is licensed worldwide, it may 
be a difficult task to justify the cost and effort of
such extensive education programmes.

In-hospital barriers
Once the patient arrives at hospital, acute 
stroke care should be efficient, streamlined 
and comprehensive.111 This systematic review 
has identified many in-hospital barriers, starting 
from the moment the patient arrives through 
the emergency department door. The commonest
and most consistently reported sources of delay
were in medical assessment (first medical assess-
ment and specialist assessment by neurologist or
stroke team), in performing neuroimaging, and 
in ward admission. There is weak evidence that
interventions to reduce in-hospital delays may be
effective. However, large-scale randomised trials
and well-conducted observational studies will be
needed to assess the best way to improve practice.
Stroke patients are often assessed as low priority 
in the emergency department, so are frequently
made to wait for a long time for clinical assess-
ment, investigation and treatment.174,194 Measures
to improve efficiency of acute stroke care can be
multifaceted involving interventions at various
points within the pathway of care. For example, 
a quality improvement programme could involve
one or more of the following:

• training of triage emergency department nurses
and physicians to recognise stroke and triage it
for urgent treatment

• education of nurses and physicians to alert the
stroke specialists (stroke team or neurologist) 
as soon as possible after hospital arrival

• streamlining access to CT scanning and allow 
for 24-hour emergency scanning
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• setting up of an acute stroke unit with staff who
are trained in caring for stroke patients and
administration of acute stroke treatments such
as thrombolysis. 

On arrival at the hospital, acute stroke patients
should be triaged as high priority to be assessed 
and treated urgently.49 Without such a triage, any
modern acute treatment such as thrombolysis 
is unlikely to have a major impact on stroke
recovery.195 For this to happen, the emergency
department needs a well-organised acute stroke
protocol with which every member of the team 
is familiar. A ‘reflex response’ action is what is
required if barriers are to be overcome. This reflex
response might entail, for example, immediately
alerting the acute stroke team, informing the
radiology department, and checking the avail-
ability of a vacancy on the stroke unit. In the USA,
national guidelines state that a stroke patient should
be evaluated by a physician within 10 minutes of
arrival at the emergency department.196 However,
prioritising stroke patients to be assessed first would
mean other patients have to wait longer. This might
again increase demand on an already fully stretched
emergency department service,197 but involving the
stroke team early may actually reduce the demand
on the emergency department staff. 

Acute treatments such as thrombolysis cannot 
be administered until the results of brain imaging
are known. The availability of CT scanning varies
around the world and within the UK; in some 
parts of Europe, particularly among the eastern
European countries, only a low proportion of
stroke patients is investigated with a CT scan.198

A recent survey of UK and Italian hospitals found
that Italian doctors expected CT brain scans to be
done more quickly than UK doctors, their hospitals
were more likely to have a CT scanner operating
all the time, and a porter was used less frequently
to transport the patient to the CT scanner. The
authors proposed that a few simple changes in the
way CT scanning is organised for stroke patients 
in the UK could speed access to CT scanning con-
siderably.199 For most parts of the world, stream-

lining access to CT scanning for stroke patients
may be difficult to achieve in practice because 
of limited resources. However, in places where
thrombolysis is already licensed and routinely
administered, neuroradiology services might be
better organised and more efficient.200 In the USA,
national guidelines state that a CT scan should 
be carried out within 25 minutes of the patient
arriving at the emergency department, and the
scan should be reported by a neuroradiologist
within 45 minutes.196

Giving priority to stroke patients without
increasing resources may also impact on patients
with other diagnoses as it means they have to wait
longer, but it should not affect the overall waiting
list or waiting time as the CT scan (for a stroke
patient) is merely shifted from 2 days to a few
hours. However, if 24-hour access to the CT scan 
is required, extra radiographers and radiologists,
and hence extra resources, may well be needed.

Although information provision and education is
useful, there is evidence that education alone has 
a limited effect on physician’s behaviour.201–203 The
introduction of guidelines and protocols may help
change behaviour. In the UK, national guidelines
such as The Royal College of Physicians’ National
Clinical Guidelines for Stroke204 and the Scottish
Intercollegiate Guidelines Network guidelines
(URL: http://www.show.scot.nhs.uk/sign/
guidelines/index.html) for stroke are useful high-
quality resources. A systematic review showed that
the use of explicit guidelines can indeed improve
clinical practice, although the size of benefit may
be small and costs may be high.205 Guidelines and
protocols that are designed and implemented 
by the local multidisciplinary stroke team can
potentially ensure consistently high standards of
early assessment and acute treatment. As docu-
mentation of stroke assessment and progress of
recovery is often poor,206 stroke protocols can 
also include standardised documentation such as
an assessment pro forma. This may allow more
uniform and complete documentation, although
its effectiveness remains to be proven.207
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Background
If the NHS is to use rt-PA as a routine treatment 
for patients with acute ischaemic stroke, the treat-
ment must be worthwhile from several perspectives.
Firstly, for individual patients, the long-term bene-
fits should, on average, outweigh the short-term
risks. Secondly, for the NHS, the clinical benefits
gained (in terms of life-years, or QALYs) should
justify the costs of treating the relatively few patients
that are currently eligible for rt-PA. It is relatively
straightforward to assemble the evidence needed 
to judge whether or not rt-PA is ‘worthwhile’ 
from these two fairly limited perspectives. 

However, if the NHS judges rt-PA to be ‘worthwhile’
from the first two perspectives, it must then decide
whether it would be cost-effective (and feasible) 
to deliver the treatment equitably to all the NHS
patients that might benefit from it. On present
evidence, perhaps 1–5% of patients with acute
ischaemic stroke could be treated and potentially
derive benefit from rt-PA. Thrombolysis is a treat-
ment that should be given within the context of 
a well-organised acute stroke care service, but it
appears that few centres in the UK currently meet
this criterion and can deliver the treatment safely
and effectively. It would therefore require sub-
stantial NHS investment to improve acute stroke
services to the point where they can deliver rt-PA.
Such investment might be easier to justify:

• if there was proof beyond reasonable doubt
of the benefits of the treatment (measured
perhaps in terms of life-years gained), or

• if there was evidence that improving the quality
of acute stroke services was cost-effective (just as
improved organisation of stroke rehabilitation
improves outcome and reduces cost), or

• if external evidence established that a larger
proportion of patients could be treated 
with rt-PA. 

We have performed a systematic review to assemble
the evidence on the efficacy of thrombolysis in
general and rt-PA in particular. Some clinicians
and patients already regard this evidence as
sufficient to justify the use of rt-PA in a small

proportion of patients. However, the evidence 
falls short of providing proof beyond reasonable
doubt of the benefits of rt-PA. The value of an
economic model in this situation is then to 
explore the plausible range of cost-effectiveness 
of the treatment. This knowledge would inform 
the decision whether or not to use rt-PA more
widely in the NHS or, if not, whether to invest in
further research on it. If the plausible range of 
the estimates of cost-effectiveness were very wide,
then the limits of the estimates of the cost of
implementing thrombolysis for stroke in the 
NHS would be correspondingly wide (and 
hence uninformative).

This section of the report describes the results of
an economic model that has several key features
which distinguish it from the earlier cost-
effectiveness analyses of rt-PA:

• the estimates of efficacy were based on a syste-
matic review of all relevant randomised trials

• the costs used are applicable to the NHS
• the model was populated with data from a large

prospective register of stroke patients treated 
in the NHS

• a number of approaches were used to explore
the plausible range of cost-effectiveness of rt-PA
in the NHS.

Methods

This economic evaluation has been designed to
inform the decision on whether or not to intro-
duce thrombolytic treatment for NHS patients 
with acute ischaemic stroke.

Study question
From the perspective of the NHS, is thrombolytic
treatment for acute ischaemic stroke (compared
with standard care), cost-effective over 1 year and
over a lifetime as judged by the incremental cost
per QALY gained?

Perspective
We have performed analyses from the perspective
of the NHS healthcare and personal social services.
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The costs of care in the initial phase of acute
stroke fall on the NHS acute hospital sector, 
but long-term care may fall either to the NHS
continuing care sector or to the social service
budget.208,209 We have aggregated the latter two
costs, so that any cost reductions in the long term
(due to reduced disability and reduced need for
long-term care, whoever funds it) can offset the
higher acute care costs associated with treatment.
We have therefore included the direct costs of
hospital stay, rehabilitation and long-term care. 
We have not included an assessment of any
indirect economic costs, such as loss of 
work-related earnings. 

Assessment of alternatives to
thrombolytic treatment
At present the only effective medical treatment for
patients with acute ischaemic stroke is aspirin.15,210

In clinical practice, patients with confirmed
ischaemic stroke who do not receive thrombolysis
would be given aspirin immediately, whereas those
treated with thrombolysis would generally be
started on aspirin about 24 hours later.210 A meta-
analysis of the trials of aspirin in acute stroke
showed that the benefits of aspirin were compar-
able, whether started within 24 hours or between
24 and 48 hours of stroke onset; thus there should
be no material difference in outcome attributed to
the delay in starting aspirin among patients given
thrombolysis.210 It is difficult to define a standard
package of general care for patients with acute
stroke, and even more so to define one for 
patients treated with thrombolysis (see chapter 1).
We have therefore assumed for the analyses in 
this report that the alternative treatments being
compared are ‘standard care’ and ‘standard 
care plus thrombolysis’. 

Form of evaluation
We have adopted both a cost-effectiveness
approach, assessing health gain in terms of life-
years gained, and a cost–utility approach, assessing
gains in QALYs. We have modelled costs and
effectiveness over the short term (1 year) and 
the long term (lifetime).

Choice of thrombolytic agent
The most reliable estimate of the efficacy of
thrombolysis is obtained from a systematic review
of all the relevant randomised trials, including
several different thrombolytic regimens (see
chapter 2). A Cochrane systematic review of the
trials directly comparing one thrombolytic regimen
with another did not find sufficient evidence to
draw reliable conclusions about which was the
most effective (date of last substantive amendment

1998).211 The searches performed in chapter 2 did
not identify any new trials that had become avail-
able since 1998 to add to that review. The data pre-
sented in chapter 2 therefore provide only indirect
comparisons of different regimens, which are more
prone to bias than direct randomised comparisons.
However, we decided that our economic analyses
should be based on a single regimen, intravenous
rt-PA, for the following reasons:

• about 50% of the evidence in the review comes
from trials of this regimen

• it is the only regimen which has any form of
product licence for use in stroke (in USA,
Canada and Germany)

• the indirect comparisons suggest rt-PA is some-
what more promising than other regimens.

However, the patients included in the trials of
thrombolysis were highly selected and were largely
recruited from non-UK centres. So, to produce
results that are more relevant to the NHS, we
undertook a modelling approach, applying data 
on efficacy from the trials to a population of 
stroke patients treated within the NHS.

Choice of measure of benefit
The health outcome summary measure is the
number of QALYs gained. A cost-effectiveness
analysis based on life-years gained would be 
of limited value, as it takes no account of the 
problem that many stroke patients survive in a
disabled state. One of the key factors that patients
(and their relatives) consider when deciding on
thrombolytic treatment is how highly they value
survival free of dependency relative to death or
survival in a dependent state. The use of QALYs as
the measure of benefit enabled us to encompass
the value (utility) to stroke patients of death or
survival in a dependent or independent state after
stroke. While it may be difficult to assess health-
related quality of life after stroke and to measure
the utility patients attach to different states of
disability after stroke, there are strong arguments
for assessing the benefits in terms of QALYs 
rather than just life-years gained.212,213

The decision analysis model
We constructed a decision analysis model of 
the pathways that acute stroke patients follow 
after being admitted to hospital. The model was
constructed by discussion among the reviewers,
analysis of our own stroke registry data, and review
of the literature. The model was entered into a
software package (Data 3.5 software, TreeAge
Software Inc., Williamstown, MA, USA) and is
shown in Figure 8. We defined five groups of
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patients (the proportions of patients in each 
group are shown in the figure). 

• Group 1: Patients admitted to hospital more
than 6 hours after stroke onset. Patients who
had symptoms on waking were included in
Group 1. 

• Group 2: Patients with contraindications 
to rt-PA. Patients were assumed to have contra-
indication to rt-PA if they had a pre-stroke MRS
score of 3 or more, or were on long-term 
oral anticoagulants.

• Group 3: Patients whose CT scan was
performed later than 6 hours after stroke onset.
The time from symptom onset to CT scanning
was known for a subset of patients and extra-
polated to all patients in the dataset. Patients
known to have been CT scanned later than 
6 hours from stroke onset were included in 
Group 3. 

• Group 4: Patients with intracranial haemorrhage
on CT scan. If an intracranial haemorrhage was
seen on the first CT scan after stroke onset the
patient was included in Group 4.

• Group 5: Patients eligible for thrombolysis.
All those who remain after exclusion of 
Groups 1–4.

The underlying pathway probabilities are shown 
in Table 6. Table 6 also lists all the other base-case
values (with plausible ranges) used in the model,
and the sources of the estimates.16,214–220

To predict the health and economic outcomes of 
rt-PA after the first year, we used a Markov modelling
approach (Figure 9).221–223 The Markov model used
age-specific mortality, risk of recurrent stroke, and
stroke-specific case fatality to estimate the prob-
abilities of being dead, dependent, and independent
at the beginning of each year. The Markov process
was run repeatedly in 1-year cycles till the end of the
cohort life-time, and totals were computed for the
accumulated health outcomes and costs.

The patient data set
We used data from the Lothian Stroke Register
(LSR) in order to provide a more ‘realistic’
estimate of the type of stroke population that
might be offered rt-PA in the NHS. The methods
of this register have been reported elsewhere.214,224

At the time of these analyses, the LSR contained
data from 1779 prospectively identified consecutive
patients with a definite or probable stroke who 
had required inpatient care from September 1989
to June 2000. The LSR data items used in the
analysis included: length of hospital stay (LOS),
functional outcome according to the MRS,225 and

the occurrence of recurrent stroke, death from
recurrent stroke and death from all causes up 
to 12 months after the index stroke.

Assumptions about health outcomes
We examined the follow-up data in the LSR 
to ascertain MRS score at 6 and 12 months 
after stroke onset, and surviving patients were 
then categorised as dependent (MRS ≥ 3) or
independent (MRS < 3). The distribution of 
the different functional outcomes at 6 and 
12 months is presented in Table 7.

We estimated survival during the first year by
calculating the median survival in each functional
outcome category, for those who survived up to 
6 months, and for those who survived up to 
12 months, using figures from Table 6. The
assumptions made about various parameters 
are listed below.

Survival after 1 year: We assumed that after the
first year, deaths occurred at an equal rate in
dependent and independent survivors.226 We used
published estimates of all-cause mortality, adjusting
for age227 and history of previous stroke, assuming
that the overall death rate after the first year was
2.5 times the age-adjusted mortality of the UK
population.216 Among patients who had a recurrent
stroke after the first year, we calculated survival
from the rate of recurrent stroke and the case
fatality of patients with recurrent stroke in the 
LSR, assuming the risks to be equal in dependent
and independent patients.11 We also assumed that
patients remaining alive after the recurrent stroke
were reallocated equally to the independent and
dependent functional outcome category. For
example, in a particular model year, the number 
of independent patients that had a recurrent
stroke and remained alive were allocated in 
equal numbers to the independent and 
dependent functional outcome category.

Efficacy of rt-PA: Group 5 in the LSR consists of
patients who are eligible for rt-PA treatment. We
assumed that this group was given rt-PA, and named
this Group 5a. We used the estimate of effect from
the Cochrane systematic review16 (see chapter 2 and
Table 6) to calculate the proportions of indepen-
dent, dependent, and dead patients in Group 5a,
and compared the outcomes with Group 5, which
received standard treatment. The method of calcu-
lation of outcomes among patients treated with 
rt-PA is illustrated in appendix 4 (see Figure 17).

Patient values/preferences: Patient utility values
for the dependent and independent states were
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TABLE 6  Base-case values and range of plausible values

Model parameter Base-case Plausible Source/comments
value range

Pathway probabilities
Admission within 6 hours 0.2981 0.2981–0.7000 LSR (1/3 of patients with symptoms present on waking)214

No contraindications to rt-PA 0.7424 – LSR214

CT performed within 6 hours 0.2857 0.2857–1.0000 LSR214

No haemorrhage 0.8304 – LSR214

Distribution of patients at 6 and See Table 7
12 months by functional outcome

Median survival within the first year
Patients dying within 6 months 21 days – LSR214

Patients dying 6–12 months 300 days –

Survival after the first year
Annual age-specific 
mortality rates – – LSR,214 National Statistics (average cohort starting 

age: 69 years)215

Multiplier age-specific 2.5 Perth community stroke study216

mortality among stroke patients

Survival after the first year among 
patients who have had recurrent 
stroke

Annual risk of stroke 0.05 – LSR214

recurrence after 1 year

Annual stroke mortality among 0.25 – LSR214

patients with recurrent stroke

Efficacy of rt-PA
OR for ‘death’ 1.16 0.94–1.44 Cochrane systematic review16

OR for ‘death or dependency’ 0.79 0.68–0.92 Cochrane systematic review16

Utility values
Independence 0.74 0.69–0.79 LSR212

Dependence 0.38 0.29–0.47 LSR212

Death 0.00 – LSR212

Mean unit cost per inpatient day £200 £150–500 Scottish Health Service Costs 1998–99 for Western 
General Hospital, Edinburgh; range for Scotland217

Mean LOS
Independent survivor 14 days 14–31 days LSR209,214

Dependent survivor 51 days 51–78 days LSR209,214

Non-survivor 33 days 33–34 days LSR209,214

Cost of rt-PA treatment £480 £480–1000 Base case assumes drug costs only218 (see Table 8)

Cost of (ambulatory) rehabilitation
Independent survivor £40 – MEDTAP model219,220

Dependent survivor £763 –

Average annual cost of long-term care
Independent survivor £876 – MEDTAP model219,220

Dependent survivor £11,292 –

Discount rate for (future) costs 0.06 0.03 National rate
and outcomes (QALYs)
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derived from EuroQol-5 dimensions (EQ-5D)
categorical scores measured in a sample of 
147 LSR patients. Utilities were generated from
these responses, using the preferences of the
general public.212 These patients had also been
assessed by standard measures of dependence, 
so relative preferences for the three different
health states could be assigned: of 0.74 for
independence, 0.38 for dependence, and 0.00 
for death.212 These estimates are remarkably 
similar to the utilities obtained with the same
method in 867 IST patients212 and to those 
derived from a systematic review of the relevant
literature, which was published after these analyses
were prepared.213

Costs
The economic outcome summary measure is the
difference in estimated healthcare costs between
the two treatment alternatives (5 and 5a). All cost
estimates (Table 6) reflect 1999–2000 prices. Health
sector costs were identified, measured and valued
from a NHS public sector perspective.209,215

Assumptions about costing
We calculated the cost of hospital admission by
multiplying the expected cost per hospital day 
by the LOS for patients in different functional
outcome categories at 12 months.209 We did not
assume extra costs due to increased numbers of
intracranial haemorrhage with rt-PA, and the list

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

TABLE 7  Probabilities of different functional outcomes after acute ischaemic stroke. Data from the LSR214,224

Cohort sub-group* Outcome

Independent Dependent Dead

Group 1 6 months 0.4079 0.3827 0.2094
12 months

Independent 0.8813 0.1359 –
Dependent 0.0799 0.7646 –
Dead 0.0388 0.0995 –

Group 2 6 months 0.1066 0.3770 0.5164
12 months

Independent 0.7500 0.0930 –
Dependent 0.1667 0.7674 –
Dead 0.0833 0.1395 –

Group 3 6 months 0.3673 0.3714 0.2612
12 months

Independent 0.8837 0.1573 –
Dependent 0.0930 0.7753 –
Dead 0.0233 0.0674 –

Group 4 6 months 0.2778 0.3889 0.3333
12 months

Independent 0.8000 0.1429 –
Dependent 0.2000 0.8571 –
Dead 0.0000 0.0000 –

Group 5 6 months 0.3953 0.3256 0.2791
12 months

Independent 0.8750 0.1111 –
Dependent 0.0938 0.7407 –
Dead 0.0313 0.1481 –

Group 5a† 6 months 0.4529 0.2373 0.3099
12 months

Independent 0.8750 0.1111 –
Dependent 0.0938 0.7407 –
Dead 0.0313 0.1481 –

* Group 1: patients admitted after 6 hours; Group 2: patients admitted within 6 hours, but with contraindications to rt-PA; Group 3:
patients admitted within 6 hours and without contraindications, but CT scan performed after 6 hours; Group 4: patients admitted within
6 hours, no contraindications, CT scan performed within 6 hours, but haemorrhage on CT scan; Group 5: patients admitted to hospital in
time, no contraindications, CT scan performed within 6 hours, no haemorrhage on CT scan; Group 5a: Group 5 now receiving rt-PA
† Outcomes at 6 and 12 months in patients receiving rt-PA is calculated by effect estimates in chapter 2
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price of rt-PA of £480 was taken as the base-case
estimate of the cost of rt-PA. We classified stroke
care after discharge into ambulatory rehabilitation
(use of therapists and residential facilities) and
long-term care (nursing home, carer/sheltered
home, and own home), according to a model
developed by MEDTAP International (London,
UK).219,220 In this model, resource use for disabled
and non-disabled patients were estimated by an
expert panel of clinicians, and combined with 
unit costs obtained from standard national
sources.228,229 We assumed that the costs of 
hospital admission for recurrent stroke (cost per
hospital day and LOS) were the same as the costs
of the initial admission. We also assumed that
patients would not be re-treated with rt-PA on
subsequent admissions with recurrent stroke.

We sought to assess the typical additional costs 
of implementing rt-PA treatment in an ‘average’
district general hospital. However, we were unable
to define either a nationally agreed level of
resource use required to deliver thrombolysis for
acute stroke or to obtain reliable measures of the
variation in the current level (and cost) of acute
stroke care in UK hospitals. We therefore sought 
to identify in a qualitative way the specific extra
resources we considered necessary to deliver
thrombolysis (in the context of an RCT) in our
own hospital (Table 8).217 However, as the Western
General Hospital is probably not ‘typical’ and we
suspect the variations in resources allocated to
acute stroke care vary enormously in the UK, any
quantitative estimates derived from these data
could not be reliably extrapolated to other
hospitals in the UK.

The health-economic summary measure
The chosen economic summary measure in this
study is the incremental cost-effectiveness ratio
among patients eligible for rt-PA. The possible
outcomes of economic evaluations can be illus-
trated by using a permutation matrix.230 Figure 10
shows the nine different permutations and uses
shading to show the strength of each permutation
of costs and effects in terms of decision-making.
The chosen health-economic outcome measure in
this study, the incremental cost-effectiveness ratio,
is calculated by dividing the difference in mean
costs by the difference in mean health effects 
(life-years gained or QALYs). A positive incre-
mental cost-effectiveness ratio indicates an 
increase in cost per QALY gained (cell A), a 
zero value means that there is no increase in 
cost per QALY gained, and a negative value
signifies a decrease in cost per QALY gained 
(cell G). When there is no increase in QALYs,

however (cells B, E, H), or when there is a loss 
in QALYs (cells C, F, and I), the incremental 
cost-effectiveness ratio has no meaningful
interpretation.

Adjustment for timing of costs 
and benefits
We assessed the cost-effectiveness of thrombolysis
at 12 months and at the end of the cohort lifetime.
We took account of the longer time horizon over
which costs and health benefits may accrue by
discounting outcomes and cost at an annual 
rate of 6%.

Allowance for uncertainty
Simple sensitivity analyses and threshold
analyses
We performed a number of sensitivity analyses and
threshold analyses to explore the impact of varying
key parameters in the model, by systematically vary-
ing parameters throughout their range of values:

• rt-PA efficacy (i.e. ORs for ‘death’ and ‘death 
or dependency’)

• system efficiency (i.e. speed of patient admission
and assessment)

• utility values
• costs of rt-PA treatment
• length of hospital stay
• unit cost per inpatient day.

We systematically varied each assumption through-
out its range of values.

Extreme scenario analyses
We explored the impact of varying rt-PA efficacy 
by using the lower and upper 95% CIs of the OR
for the effect of rt-PA on ‘death’, and ‘death or
dependency’ (see chapter 2). We defined a ‘best-
case’ scenario by assuming a minimum probability
of ‘death or dependency’ (or, in other words,
maximum probability of ‘independence’) and
minimum probability of ‘death’, and vice versa for
‘worst-case’. To ensure that probability coherence
was maintained in the model, the probability of
‘dependency’ was then calculated by subtracting
these probabilities from 1.0. Using the ranges of
ORs for rt-PA efficacy in Table 6, we obtained the
following ranges of probabilities for the three
different outcomes at 6 months:

• Independence 0.4155–0.4902
• Death 0.2668–0.3579
• Dependency 0.2266–0.2430.

We were also interested to see whether a more
efficient system able to deliver rt-PA to a larger
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proportion of patients would make any difference 
to the impact of rt-PA. In the base-case analysis just
over 5% of patients admitted to hospital were elig-
ible for rt-PA (i.e. Group 5). We now assumed that
the speed of admission to hospital and CT scanning
could be increased so that that some patients, who
were previously ineligible because of delayed admis-
sion (Group 1) or delayed CT scanning (Group 3),
could become eligible for thrombolytic treatment.
These two ‘new’ groups are named Group 5(1) 
and Group 5(3), respectively (Figure 11).

Figure 11 also shows the pathways probabilities in 
a system where 70% of all patients are admitted
within 6 hours (allowing for the fact that about
30% of all patients will have symptoms on waking),
and where all of these patients are scanned with-
out delay. Ideally, we should also have performed
sensitivity analyses taking into account variation 
in discharge dispositions and a plausible range of
costs of long-term care, but these data were not
available to us. Furthermore, current NHS data 
on the costs of long-term care are distorted by 
two factors which tend to prolong hospital stays:
firstly, there is a lack of nursing home places, 
and secondly, there are often delays in setting up
complex packages of home care for many patients.

Probabilistic sensitivity analysis (Monte 
Carlo simulation)
The sensitivity analyses explore the impact on the
cost-effectiveness ratio of varying each parameter

across its range of possible values, but it does not
consider the frequency distribution of the different
values. In Monte Carlo simulation each parameter
is assigned a frequency distribution (e.g. normal
distribution or a uniform distribution).231 The
analysis randomly draws a new value from within
the distribution during each of 10,000 iterations,
and this results in a probability distribution of
outcomes (health outcomes, costs, or cost-
effectiveness ratios) that can be used to 
construct the 5th and 95th percentiles. 

We performed several ‘one-way’ Monte Carlo
simulations to assess the uncertainty due to vari-
ation in individual parameters. We also performed
a multi-way Monte Carlo simulation to determine
how likely certain levels of cost-effectiveness were
when we simultaneously incorporated all ranges 
of values for variables listed in Table 6. We again
performed 10,000 iterations; in each iteration, we
used newly selected values from within the ranges.
When a Monte Carlo simulation is performed, a
proportion of the iterations may show a loss in
QALYs. As the incremental cost-effectiveness ratio
is not applicable in those cases, the percentiles 
for the incremental cost-effectiveness ratios can 
not be calculated for the proportion of iterations
showing a loss in QALYs. In such cases, percentiles
are calculated for the proportion of iterations
showing a gain in QALYs, and reflect the 5th 
and 95th percentiles assuming that there is a 
gain in QALYs.

Incremental effectiveness

+ 0 –

+

0

–

Incremental
costs

D E F

A B C

G H I

Decision strongly favoured
G = accept treatment
C = reject treatment

Decision less favoured
D = accept treatment
B = reject treatment
F = reject treatment
H = accept treatment

No obvious decision
A = is added effect worth added cost?
I = is reduced effect acceptable given reduced cost?
E = neutral cost and effect; other reasons to adopt treatment?

FIGURE 10 Permutation matrix for possible outcomes of economic evaluations for study of intervention versus comparator
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Results

Cost-effectiveness at 12 months
Table 9 presents the costs and outcomes at 
12 months per 100 patients treated with rt-PA. 
The base case analysis assumes that only 5.3% 
of the patients admitted to hospital were eligible
for rt-PA treatment, and shows that treatment with
rt-PA costs an additional £11,001 and results in a
QALY gain of 0.81 per 100 patients treated (and a
loss of 2.7 life-years, data not shown). This gives a
marginal cost-effectiveness ratio for rt-PA treatment
of £13,581 per QALY gained. The multi-way Monte
Carlo simulation showed that the 5th and 95th
percentiles for the increase in costs at 12 months
were –£44,065 and £47,095, respectively, and that
the corresponding percentiles for the impact on
health outcomes were –0.4020 and 1.8259 QALYs,
respectively. The analysis also showed that there
was a 85.5% probability of an increase in QALYs 

by rt-PA treatment. If we assume that rt-PA
increases QALYs, the 5th and 95th percentiles 
for the incremental cost-effectiveness ratio for 
this group (8550/10,000 trials) are –£81,680 
(cost savings) and £142,505 (additional costs) 
per QALY gained.

Varying the efficacy of rt-PA
Table 9 also shows the impact of varying a selection
of key parameters in the model, and the 5th and
95th percentiles reflecting the uncertainty that
stems from the variation of those parameters. 
The impact of assuming the most optimistic
estimate of rt-PA efficacy is to increase the number
of QALYs gained from 0.81 to 3.68 and to reduce
the costs from £11,011 to £1129 per 100 patients
treated. This results in a considerable improve-
ment in the marginal cost-effectiveness ratio, from
£13,581 to £307. When we assume the least favour-
able estimate of rt-PA efficacy, rt-PA is no longer

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

Suspected 
acute stroke

Admission to 
hospital

Group 1: 0.3000
Group 2: 0.0768
Group 2(1): 0.1035

Group 3: 0.0000 Group 4: 0.0107
Group 4(1): 0.0506
Group 4(3): 0.0268

Group 5: 0.0525
Group 5(1): 0.2478
Group 5(3): 0.1313

FIGURE 11 Pathway probabilities in a system that is optimal for rt-PA treatment

Group 1: Patients admitted after 6 hours
Group 2: Patients admitted within 6 hours, but with contraindications to rt-PA
Group 2(1): Patients previously of Group 1 now being admitted within 6 hours, otherwise like Group 2
Group 3: Patients admitted within 6 hours and without contraindications, but CT scan performed after 6 hours
Group 4: Patient admitted within 6 hours, no contraindications, CT scan performed without delay, but haemorrhage

on CT scan
Group 4(1): Patients previously of Group 1 now being admitted within 6 hours, otherwise like Group 4
Group 4(3): Patients previously of Group 3 now being admitted within 6 hours and CT scan performed without delay,

otherwise like Group 4
Group 5: Patients admitted within 6 hours, no contraindications, CT scan performed without delay, no

haemorrhage on CT scan
Group 5(1): Patients previously of Group 1 now being admitted within 6 hours, otherwise like Group 5
Group 5(3): Patients previously of Group 3 now being admitted within 6 hours and CT scan performed without delay,

otherwise like Group 5
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the treatment of choice. The extra cost of treating
patients with rt-PA instead of standard therapy
increases from £11,011 to £19,791, and is
associated with a loss of 2.25 QALYs. 

The threshold analyses in Figures 12a and 12b
show that the utility of rt-PA treatment is sensitive
to the probabilities of different functional out-
comes 12 months after treatment (‘sensitive’
meaning that standard care becomes the domi-
nant treatment option for some value within 
the plausible range of the parameter). Figure 12a
shows that rt-PA is the preferred treatment when
the value of the probability of death at 6 months
following rt-PA is lower than 0.32996 (i.e. the
threshold value for this variable), a value which 
lies within our plausible range (see Table 6).
Similarly, Figure 12b shows that as long as the
probability of independence following rt-PA at 
6 months exceeds 0.4267, the rt-PA strategy
remains more effective. 

Monte Carlo simulation involving all three prob-
ability ranges showed that there is a 78.4% prob-
ability of increased QALYs. If we assume that rt-PA

increases QALYs, the 5th and 95th percentiles 
are £1812 and £101,500, respectively, per 
QALY gained.

Varying the efficiency of the healthcare system
This analysis is difficult to interpret, as we were
unable to cost the resources required to give
hospitals sufficient capacity to handle patients 
if 70% were admitted within 6 hours. There was
only moderate impact of increasing the efficiency
of the healthcare system. Raising the proportion 
of patients admitted within 6 hours from 30% to 
a maximum of 70%, or assuming no delay to CT,
reduced the costs per QALY gained only slightly
(from £13,581 to £13,346, or to £17,351, respec-
tively). Table 9 also shows costs and outcomes
assuming 70% probability of admission to hospital
within 6 hours and no delays to CT scan, which
represent an upper limit of the probability of 
rt-PA treatment (i.e. 43%). The overall impact of
treating these three (slightly different) groups of
patients with rt-PA (Group 5, 5(1), and 5(3)) was
very similar to the base-case analysis (where only
Group 5 was given rt-PA), yielding an incremental
cost-effectiveness ratio of £14,441 per QALY

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

0.4310

0.4260

0.4210

0.4160

0.4110

0.4060

0.4010

0.3960

0.3910
0.26680 0.29413 0.32146 0.34879

Probability of death following rt-PA 
at 6 months

Effectiveness at 12 months (QALYs)
0.4220

0.4190

0.4160

0.4130

0.4100

0.4070

0.4040

0.4010

0.3980
0.41540 0.43784 0.46028 0.48272

Probability of independence following 
rt-PA at 6 months

Effectiveness at 12 months (QALYs)

(a) (b)

Threshold values:
Probability of death following rt-PA at 6 months = 0.32996
Effectiveness value = 0.4024 QALYs

Threshold values:
Probability of independence following rt-PA at 6 months = 0.42674
Effectiveness value = 0.4024 QALYs

FIGURE 12 Sensitivity analysis: impact of varying the effect of rt-PA on a) death and b) independence. In 12a the x-axis represents 
the probability of being dead at 6 months with rt-PA; in 12b it represents the probability of being dependent at 6 months with rt-PA
(●●, No rt-PA (Group 5); ◆, rt-PA (Group 5a))
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gained. The 5th and 95th percentiles also showed
that the incremental cost-effectiveness ratio was
relatively insensitive to variation in admission 
rate, delay to CT, and the combination of the 
two parameters (5th and 95th percentiles 
14,479 and 16,521, respectively).

Varying both rt-PA efficacy and 
system efficiency
We also wanted to explore the range of marginal
cost-effectiveness when varying more than one
variable in Table 9 at the same time. For example,
the combined impact of assuming a best-case
scenario with respect to both rt-PA effectiveness
and system efficiency (70% admitted within 
6 hours and no delays to CT scanning) is an
increased costs of £566 and a gain of 3.50 
QALYs per 100 patients treated (marginal cost-
effectiveness £162 per QALY gained, data not
shown). On the other hand, if we assume the 
most unfavourable estimate of rt-PA effectiveness
and that only 10% are admitted within 6 hours 
(i.e. only 1.8% of patients admitted to hospital
receive rt-PA), there will be an increase in cost 
of £19,791 and loss of 2.25 QALYs (data not
shown), which means that standard therapy 

is the dominant strategy (i.e. more effective 
and less costly that rt-PA treatment).

Varying health state utility values
The utility values assigned to the two functional
outcomes (‘independence’ and ‘dependence’)
were varied within the plausible ranges shown in
Table 6. A lower utility for the dependent health
state (from 0.38 to 0.29) increased effectiveness
(from 0.81 to 1.48 QALYs gained), while a higher
utility (of 0.47) had the reverse impact (i.e.
lowering effectiveness from 0.81 to 0.14 QALYs
gained, Table 9). The threshold analysis illustrated
in Figure 13a shows that as long as the utility for 
the dependent health state is lower than 0.489 
the rt-PA strategy is more effective. This value 
lies just outside our plausible range of 0.29–0.47,
which means that rt-PA is always the more effective
treatment. The 5th to 95th percentiles interval 
for the marginal cost-effectiveness ratio is wide,
however, ranging from £7812 to £54,234 per 
QALY gained. 

A lower utility for the independent health state
(from 0.74 to 0.69) reduced effectiveness (from
0.81 to 0.57) while a higher utility (of 0.79)

0.520

0.490

0.460

0.430

0.400

0.370

0.340

0.310

0.280
0.000 0.0.148 0.444 0.5920.296 0.740

Utility value for dependence

Effectiveness at 12 months (QALYs)
0.550

0.520

0.490

0.460

0.430

0.400

0.370

0.340

0.310

0.280

0.250

0.380 0.504 0.628 0.752 0.876 1.000

Utility value for independence

Effectiveness at 12 months (QALYs)

(a) (b)

Threshold values:
Utility value for dependence = 0.489
Effectiveness value = 0.435 QALYs

Threshold values:
Utility value for independence = 0.575
Effectiveness value = 0.338 QALYs

FIGURE 13  Sensitivity analysis: impact of varying utility values of a) the dependent and b) the independent health states after stroke.
The x-axis is the utility value assigned to that health state (●●, No rt-PA (Group 5); ◆, rt-PA (Group 5a))
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increased effectiveness (from 0.81 to 1.05 QALYs
gained, Table 9). The threshold analysis illustrated
in Figure 13b shows that as long as the utility for 
the independent health state exceeds 0.575, 
rt-PA is more effective. Again, the value for this
variable lies just outside our plausible range of
0.69–0.79, which means that rt-PA is always the
more effective treatment. The cost-effectiveness
across this interval ranges from £19,300 to 
£10,477 per QALY gained, and the 5th and 95th
percentiles are 10,707 and 18,811, respectively.

Varying the unit cost of rt-PA
The cost-effectiveness estimates for treatment 
with rt-PA increases (worsens) as the unit cost 
of rt-PA rises. For example, a doubling of the unit
cost used in the base case from £480 to nearly
£1000 increases the marginal cost-effectiveness
ratio more than five-fold (i.e. from approximately
£13,581 to £72,841 per QALY gained – 5th and
95th percentiles 16,461 and 70,339, respectively).
Figure 14 shows that even an increase in the unit
cost by 10% (to £528) results in a rise in the cost-
effectiveness ratio to almost £20,000 per QALY
gained (an increase of approximately 45%).

Varying LOS
Increasing the LOS of dependent survivors from
51 to 78 days results in a cost saving of £21,413
(Table 9) and a reduction in cost per QALY gained
of £26,436 (5th and 95th percentiles £24,539
reduction and £11,728 increase, respectively). 

A cost saving is first observed when the LOS
exceeds approximately 62 days (Figure 15).
Increasing the LOS of independent survivors 
from 14 to 31 days increases the marginal cost-
effectiveness ratios of the rt-PA strategy from
£13,581 to £30,581 (5th and 95th percentiles
£14,481 and £29,873, Table 9).

Varying the unit cost per inpatient day
Lowering the unit cost per inpatient day from £200
to £150 increases the marginal cost-effectiveness
estimates from £13,581 to £25,001. Raising the unit
cost of this variable to £500 results in a cost saving
of £44, 499 (see also Figure 16). Indeed a cost
saving is achieved when the unit cost exceeds
approximately £290. The 5th and 95th percentiles
of the incremental cost-effectiveness ratio, when 
allowing for variation in unit cost per inpatient 
day, were £38,993 reduction and £18,343 
increase per QALY gained.

Cost-effectiveness at end of the 
cohort lifetime
Costs accrue in the short term (e.g. initial acute
care), while survival gains accumulate over a far
longer period, and analyses performed at 
12 months therefore underestimate expected 
yield (e.g. in terms of QALYs gained) relative to
costs. We therefore also wanted to estimate the
likely cost-effectiveness of rt-PA over the longer
term. Table 10 presents the costs and outcomes at
the end of the cohort life-time. The base-case

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.

81,000

72,000
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0
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Cost of rt-PA (£)

Marginal cost-effectiveness (£/QALY)

FIGURE 14 Sensitivity analysis: impact of varying the unit cost of rt-PA treatment. Cost of rt-PA (●●, No rt-PA (Group 5); ◆, rt-PA 
(Group 5a))
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analysis shows that rt-PA then becomes the
dominant strategy. Treatment with rt-PA is more
effective (gain in QALYs of 3.63 per 100 patients
treated) and less expensive than standard treat-
ment (cost savings of £350,532), and results in a
reduced cost of £96,565 per QALY gained. How-
ever, rt-PA was less effective in terms of life-years,
with a loss of 1.22 years relative to standard
treatment (data not shown). 

The multi-way Monte Carlo simulation showed that
there was a 76.6% probability of increased QALYs;
the 5th and 95th percentiles for the reduction in
costs were –£443,596 and –£306,685, respectively,
and that the corresponding percentiles for the
impact on QALYs were –3.32 and 8.48 QALYs,
respectively. If we assume that rt-PA increases
QALYs, the 5th and 95th percentiles for the
incremental cost-effectiveness ratios for this group
(7660/10,000 trials) are –£908,153 (net savings)
and –£37,858 (net savings) per QALY gained.

Including or excluding costs of ambulatory
rehabilitation and long-term care
Table 10 shows that by including only costs associ-
ated with re-hospitalisation for recurrent stroke
(not costs of ambulatory rehabilitation and 
long-term care) rt-PA is still cost-effective with 
a marginal cost-effectiveness of £722 per 
QALY gained.

Varying the discount rate for future costs 
and QALYs
We also re-estimated the cohort lifetime results by
discounting costs and benefits at a lower rate than
in the base-case analysis (3% as opposed to 6% per
annum). A lower discount rate increased the cost
saving of £350,352 to £395,001 and generated a
higher number of QALYs gained from 3.63 to 
4.00 per 100 patients treated (marginal cost-
effectiveness ratio of –£98,753 per QALY gained. 

Varying the efficacy of rt-PA
The impact of assuming the most optimistic
estimate of rt-PA efficacy was to increase the
number of QALYs gained from 3.63 to 19.41,
reduce the costs from £350,532 to £267,713 per
100 patients treated (Table 10), and change the
marginal cost-effectiveness ratio from £96,565 to
£13,793 saved per QALY gained. When we assume
the least favourable estimate of rt-PA effectiveness,
rt-PA results in a loss of 13.21 QALYs, and the
incremental cost-effectiveness ratio can not be
calculated. Monte Carlo simulation involving all
three probability ranges showed that there was 
a 74.6% probability of increased QALYs. If we
assume that rt-PA increases QALYs, the 5th and

95th percentiles are –£724,604 and –£25,237,
respectively, per QALY gained.

Varying the efficiency of the healthcare system
Treatment with rt-PA was the dominant strategy 
for all values of the system efficiency parameters
(admittance within 6 hours and no delay to 
CT). The incremental cost-effectiveness ratio
varied from £96,534 to £157,869 saved per 
QALY gained, and the 5th and 95th percentiles
showed that the incremental cost-effectiveness 
ratio was robust to variation of the system
efficiency parameters.

Varying health state utility values
Treatment with rt-PA was also the dominant
strategy for all utility values assigned to the
independent and dependent state. The gain 
in QALYs ranged from 0.49 to 6.77, and all 
the 5th percentiles were consistent with a 
gain in QALYs.

Varying the unit cost of rt-PA
The cost-effectiveness estimates for treatment 
with rt-PA increases (worsens) only slightly as the
unit cost of rt-PA rises, and doubling of the unit
cost used in the base case from £480 to nearly
£1000 is still associated with large benefits in 
terms of both costs and effectiveness (incre-
mental cost-effectiveness ratio £83,342 saved 
per QALY gained).

Varying LOS
Increasing the LOS of dependent or 
independent survivors still results in large cost
savings and incremental cost-effectiveness ratios 
of £92,432 and £105,366 saved per QALY 
gained, respectively.

Varying the unit cost per inpatient day
The analyses also showed that rt-PA is the
dominant treatment strategy when the unit cost
per inpatient day is varied within its range of
possible values. The incremental cost-effectiveness
ratio is robust to changes in the unit cost per
inpatient day, varying from £93,440 to £115,317
saved per QALY gained.

Discussion

The base-case analysis showed that treatment 
with rt-PA was associated with an additional cost 
of £13,581 per QALY gained during the first 
12 months after treatment. This estimate is
considerably higher than the published estimates
for treatment with rt-PA for myocardial infarc-

© Queen’s Printer and Controller of HMSO 2002. All rights reserved.
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tion,232,233 but it is still well within the range of 
cost-effectiveness for healthcare interventions
offered within the NHS.234 The base-case estimate
at 12 months is also comparable to some inter-
ventions for ischaemic stroke, such as ticlopidine
for secondary prevention, surgery in asymptomatic
carotid stenosis, and anticoagulation in low-risk
patients with atrial fibrillation.10 However, the 
base-case estimate was very imprecise; the Monte
Carlo simulations indicated that there was a 
15% probability of a loss of QALYs with rt-PA
treatment. Even if we assume that rt-PA increases
QALYs, the 5th and 95th percentiles for the incre-
mental cost-effectiveness ratio for this group
(8550/10,000 trials) were –£81,680 (cost savings)
and £142,505 (additional costs) per QALY gained.
With such uncertainty it is difficult to justify
widespread implementation in the NHS.

When the model was run to the end of the 
cohort lifetime, there appeared to be a sub-
stantial cost saving of £96,565 per QALY gained.
This is consistent with the findings of other 
studies that have modelled the long-term health-
economic impact of rt-PA.11,28,220 However, such
non-standardised comparisons of cost-effectiveness
are fraught with methodological difficulties, and
should therefore be interpreted with extreme
caution.234,235 First both the short- and long-term
cost-effectiveness estimates were very imprecise. 
At 12 months, the 5th and 95th percentiles for 
the impact on costs ranged from a cost saving 
of £44,065 on the one hand, to an extra cost of
£47,095 on the other. Likewise, the 5th and 95th
percentiles for the impact on health outcomes
were a loss of 0.4020 QALYs and a gain of 
1.8259 QALYs, respectively. There is therefore
considerable uncertainty about the exact size 
of the incremental cost-effectiveness ratio for 
rt-PA in acute stroke. The cost-effectiveness
estimates were sensitive to rt-PA efficacy and 
costs of rt-PA. Other parameters thought to be
important, such as ‘system efficiency’ and patient
values did not have any significant impact on the
incremental cost-effectiveness ratio. 

Second, the cost-effectiveness estimate at 
12 months is heavily influenced by the source 
of the data in the model.234 This may invalidate 
the comparison between our study and previous
studies of cost-effectiveness of rt-PA in stroke,11,28,220

and may explain the different short-term results. 
In contrast to earlier studies, we found that the
cost savings were not realised within the first 
1–2 years after treatment. One likely explanation 
is that the other studies were based on the more
optimistic estimates of rt-PA effectiveness from 

the single NINDS trial17 or the three major rt-PA
trials.17,63,71 They also used more favourable values
for patients’ preferences.236,237 We based our
estimates of the effectiveness of rt-PA on the results
of a systematic review of all the available evidence
from RCTs performed to date (see chapter 2).
Furthermore, we used more conservative estimates
of the patient valuation of the dependent state
which, as it turned out, were close to the estimates
derived from a recent systematic review of patient
utilities after stroke.213 We believe therefore that
our overall assessment of cost-effectiveness is closer
to that likely to be found in clinical practice.

Third, the uncertainty in the long-term results relates
not only to the data variability and the source of the
data, but also to the appropriateness of the methods
used.234 We are aware that the assumption (also
applied by Fagan11) that long-term survival is equal
in dependent and independent survivors may not
hold true. Samsa and Matchar used a model with
input from various sources, which suggested that
among stroke patients who survived 6 months,
disability level at 6 months was an important deter-
minant of subsequent survival (i.e. survival was worse
with increasing disability).88 This finding should
ideally be replicated by analysis of independent data
sets. However, had we incorporated such a differ-
ential effect on survival for dependent and inde-
pendent patients, this would have favoured rt-PA, as
thrombolytic treatment increases the number of
independent, and decreases the number of depen-
dent survivors. We also had no access to sample data
about the resource use in the long term, and there-
fore used estimates from a panel of experts.219,220 The
validity of the model relies heavily on the accuracy of
these estimates, and an analysis based on actual
sample data would have been preferable.238

Another uncertainty relates to the generalisability
of the findings.234 It is likely that both resource 
use (e.g. LOS) and the valuation of resources 
(e.g. mean unit cost per inpatient day) will vary
considerably within the NHS. However, we have
used national official figures to ‘average out’ local
differences in unit costs,215 and we believe that 
the resources used by patients registered in the
LSR is reasonably representative of the resources
use by stroke patients admitted to other UK
hospitals. The sensitivity analysis points to several
key parameters that affect the incremental cost-
effectiveness ratio of rt-PA, and can be used to
estimate the costs associated with different levels 
of resource use in different locations.

Our analysis did not include the costs of imple-
menting rt-PA in NHS hospitals. We have assumed
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that there are no capacity constraints in the
healthcare system, and that there are no extra costs
associated with giving rt-PA to more patients. For
example, we have assumed that:

• all admissions are equal, regardless of when 
they occur

• CT scanning equipment is always readily available
• the correct number and mix of healthcare pro-

fessionals and hospital beds are always in place.

We sought to assess these additional costs of 
rt-PA treatment by identifying the specific service
components we considered likely to be required 
to deliver thrombolysis in our hospital, over and
above those required for ‘standard’ acute stroke
care (Table 8). However, we were unable to find a
nationally agreed level of resource use required 
to deliver thrombolysis for acute stroke and no
reliable measures of the variation in the current
level (and cost) of acute stroke care.
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Implications for practice
Thrombolysis
• The data available are limited. However, with 

the thrombolytic agents tested in recent trials
there was, overall, proof beyond all reasonable
doubt of a substantial excess risk of fatal intra-
cranial haemorrhage and death from all causes.
This hazard appeared to be increased if anti-
thrombotic drugs were given concurrently. 

• After a few months, the immediate risks are
offset by reductions in dependent survival, so
that at 3–6 months there was a net benefit.
There was a significant reduction in the pro-
portion of patients who were dead or dependent
at the end of follow-up (i.e. significantly more
patients were alive and independent). 

• Despite the substantial net benefit, the available
data did not provide sufficient evidence to
determine reliably how much the treatment
effect was modified by various factors: age, time
from stroke onset, the clinical deficit, or the
radiological features on a pretreatment scan.
This makes it difficult to identify the patients
most likely to be benefited (or harmed) 
by thrombolysis. 

• The greatest amount of data were available 
for intravenous rt-PA. Indirect comparisons
suggested it was associated with fewer deaths 
and more patients benefiting than other agents.

• In the light of these considerations, although rt-
PA is not yet licensed in the UK, some clinicians
may choose to use it in highly selected patients.
Others, who are concerned about the definite
risks, may choose not to use the treatment.

Neuroprotection
• In early 2002, there were no data to support 

the use of any neuroprotective intervention
routinely for patients with acute stroke. 

• Furthermore, none of the agents had a product
licence for use in acute stroke. Even if neuro-
protective drugs do become licensed, they are
unlikely to be a panacea, and will need to be
given in the context of a well-organised acute
stroke service. 

• The features of a service that can deliver
neuroprotective treatment quickly, effectively
and efficiently to patients with acute stroke in
the NHS have yet to be defined.

Barriers to acute stroke care
• The included studies were very heterogeneous

with respect to design, methodological quality,
measures of outcome and study population. It
was not possible to justify substantial changes to
the delivery of acute stroke care on the basis of
the evidence reviewed. 

• However, this report does provide a checklist 
of potential barriers that could provide a frame-
work for an audit of local acute stroke services.
Such an audit could identify interventions
needed to make the service more efficient.

Cost-effectiveness of thrombolysis
• From the perspective of the NHS, thrombolysis

for acute stroke holds the promise, under
favourable assumptions, of being cost-effective 
in terms of QALYs gained, particularly when 
the longer-term cost and health outcomes 
were considered.

• However, the range of possible incremental 
cost-effectiveness ratios was considerable, and
the conclusions from the economic modelling
were very sensitive to the assumptions made 
and a number of parameters, including the
effectiveness of rt-PA. The less favourable
estimates indicated that rt-PA could be either
only marginally cost-effective, or even harmful
(i.e. standard therapy is the preferred option).

• Thus, in the authors’ opinion, because of the
possibilities of net harm and only marginal cost-
effectiveness, albeit under some quite plausible
assumptions, the evidence does not currently
support the use of thrombolysis in routine
NHS practice.

Recommendations for research

Thrombolysis
The above uncertainties suggest that further large-
scale randomised trials comparing thrombolytic
therapy with control in patients with acute
ischaemic stroke are justified:

• to confirm whether the advantage of
thrombolytic therapy in terms of the reduction
in death and dependency at 3 months does
indeed persist to 6 months and beyond, as
suggested by one trial
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• to determine reliably the effects on short- and
long-term survival

• to identify which categories of patient are most
likely to benefit (and which to be harmed)

• to identify means of minimising the hazards
without reducing the benefit

• to provide clearer evidence that, when used in a
wider range of hospitals, thrombolytic therapy is
associated with a definite net benefit.

Neuroprotection
• The trials in acute stroke to date have been

relatively small (compared with the trials in
AMI) and therefore it is possible that some
agents with only moderate clinical benefits 
may have been abandoned prematurely. 

• Hence, although some further efficacy trials 
may be justified to identify the most promising
neuroprotective agents, some much larger
megatrials with a few tens of thousands of
patients may be justified to determine whether
neuroprotective therapy is beneficial in routine
clinical practice. Such trials could also help to
define which categories of patient are most
likely to gain from treatment and which are the
most likely to suffer adverse effects (confusion,
hallucinations and agitation have been common
in the early trials). Large-scale trials could 
also help define the therapeutic time window;
whether it is just a few hours or perhaps as 
long as 24 or even 48 hours for some 
particular categories of patients. 

• If a neuroprotective agent is found to be
effective, it would be worthwhile to update this
review and perform a cost-effectiveness analysis.
If, in addition, the agent is not toxic to patients
who turn out not to have a stroke, and can safely
be given before CT scanning, then pre-hospital
treatment by paramedical staff would become an
important way to deliver treatment with minimal
delay (and hence maximal potential benefit).

• Further Health Service Research will be needed
to identify: 
– the key components of effective acute 

stroke care
– the specific components required to deliver

neuroprotective therapy quickly and safely
(e.g. pre-hospital treatment by paramedical
staff), and

– the likely costs and benefits of investing more
NHS resources into acute stroke (whether or
not a neuroprotective drug is licensed).

Barriers to acute stroke care 
(not necessarily ranked in order of importance)
• There is evidence that public understanding of

stroke is limited. Research is needed to identify
the most cost-effective way to improve public
knowledge of stroke sufficiently to ensure the
proportion of patients seeking urgent medical
help is increased and delay in reaching hospital
is reduced. 

• Further Health Service Research studies are
justified to evaluate the most effective way to
organise acute stroke care. 

• If thrombolysis or neuroprotection were 
to be licensed in the UK, additional research 
will be needed to inform the design of acute
stroke care services that can deliver acute
treatment quickly, effectively, efficiently 
and equitably.

Cost-effectiveness of thrombolysis
• The cost-effectiveness of rt-PA could not be

assessed reliably because of the imprecise
estimates of its efficacy. Large-scale randomised
trials would be needed to provide sufficiently
precise estimates.

• If trials establish reliably that thrombolysis is
effective, then better estimates of the costs of
implementing thrombolysis for acute stroke in
the NHS will be needed. A more ‘dynamic
system approach’ to explore the relationships
between different system components and 
their impact on patient treatment strategies
would be informative.

• As the cost-effectiveness estimates were 
very sensitive to a relatively small set of
parameters, future research could focus 
on the relationship between thrombolytic
therapy, resource consequences and health
effects. This could be done using techniques
that permit estimates of the joint distribution 
of incremental costs and effectiveness. 
Bayesian resampling methods with 
Markov simulation could be an 
appropriate approach.

• More data are needed on the effect of the 
level of disability at 6 months after stroke on
subsequent survival. If survival is greater and 
the degree of disability is less, this would
improve the long-term cost-effectiveness of 
rt-PA. Research might profitably examine
existing cohorts of stroke patients to 
estimate the size of this effect.
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The following journals (with details of years
being searched) were searched for all RCTs

and CCTs by the Cochrane Stroke Group:

Acta Medica Portuguesa (1996–) 
Age and Ageing (1995–) 
American Journal of Clinical Nutrition (1991–) 
Annals of Neurology (1979–) 
Annals of the Academy of Medicine, Singapore
(1972–) 
Archives of Neurology (1959–) 
Archives of Physical Medicine and Rehabilitation
(1980–) 
Arquivos de Medicina (1996–) 
Canadian Journal of Neurological Sciences (1983–) 
Canadian Journal of Occupational Therapy (1980–95) 
Cerebrovascular Diseases (1991–) 
Chinese Journal of Internal Medicine (1989–95) 
Chinese Journal of Nervous and Mental Diseases
(1980–95) 
Chinese Journal of Neurology and Psychiatry (1978–95) 
Chinese Journal of Neurosurgery (1985–95) 
Chinese Medical Journal (1983–) 
Clinical Neuroscience/Ideggyogyaszati Szemle
(1948–) 
Clinical Rehabilitation (1987–) 
European Journal of Neurology (1994–) 
European Neurology (1968–71, 1985–) 
Health Bulletin (1977–) 
Heart Disease and Stroke (1992–94) 
International Journal of Rehabilitation Research
(1985–) 
Journal of Clinical Neuroscience (1994–) 

Journal of Neurologic Rehabilitation (1987–) 
Journal of Neurology (1974–) 
Journal of Neurology, Neurosurgery and Psychiatry
(1948–) 
Journal of Neuroscience Nursing (1979–) 
Journal of Neurosurgery (1948–) 
Journal of Speech and Hearing Research (1958–) 
Journal of Stroke and Cerebrovascular Disease (1991–) 
Neurological Research (1979–) 
Neurology (1970–) 
Neurology India (1976–80) 
Neuropsychological Rehabilitation (1991–) 
Neurosurgery (1977–) 
Rehabilitation Nursing (1988–) 
Revista Portuguesa de Cardiologia (1990–) 
Revista Portuguesa de Neurologia (1992–) 
Revue Neurologique (1988–93) 
Scandinavian Journal of Rehabilitation Medicine
(1986–90, 1995–) 
Stroke (1970–) 
Surgical Neurology (1973–) 
Tohoku Journal of Experimental Medicine (1980–92) 
Topics in Stroke Rehabilitation (1994–) 

Systematic retrospective handsearching of five
Japanese journals (for stroke trials only): 
Clinical Evaluation (1980–April 1994) 
Japanese Journal of Stroke (1980–April 1994) 
Kiso To Rinshyo (1980–April 1994) 
Rinsho Ketsueki (1980–April 1994) 
Yakuri To Chiryo (Japanese Journal of Pharmacology
and Therapeutics) (1980–April 1994)
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Central/CCTR: year 2000, issue 3
1. cerebrovascular-disorders*:me
2. (stroke* or cva*)
3. (cerebrovascular or (cerebral next vascular))
4. (((cerebral or cerebellar) or brain*) or

vertebrobasilar)
5. ((((infarct* or ischaemi*) or ischemi*) or

thrombo*) or apoplexy)
6. (emboli* or occlusion)
7. (#5 or #6)
8. (#4 and #7)
9. (((cerebral or intracerebral) or intracranial)

or parenchymal)
10. ((brain* or intraventricular) or cerebellar)
11. ((infratentorial or supratentorial) or

subarachnoid)
12. ((#9 or #10) or #11)
13. (((haemorrhage or hemorrhage) or

haematoma*) or hematoma*)
14. (bleed* or aneurysm*)
15. (#13 or #14)
16. (#12 and #15)
17. thrombo*
18. ((intracranial or sinus) or sagittal)
19. (#17 and #18)
20. (ruptured near aneurysm*)
21. aneurysm-ruptured*:me
22. ((ischaemic or ischemic) or apoplectic)
23. ((event or events) or insult)
24. (#22 and #23)
25. ((((((((#1 or #2) or #3) or #8) or #16) or

#19) or #20) or #21) or #24)
26. emergency-medical-services*:me
27. emergencies*:me
28. emergency-treatment*:me
29. hospitalization:me
30. patient-admission:me
31. intensive-care-units:me
32. referral-and-consultation:me
33. patient-acceptance-of-health-care:me
34. health-services-accessibility*:me
35. hotlines*:me
36. time-factors*:me
37. time-management*:me
38. delay*
39. (emergency or emergencies)
40. barriers

41. (time near ((presentation or arrival) or
admission))

42. (hospital near ((admission or arriv*) or
presentation))

43. (rapid next response)
44. emergency-medical-technicians*:me
45. ((((((((((((((((((#26 or #27) or #28) or #29)

or #30) or #31) or #32) or #33) or #34) or
#35) or #36) or #37) or #38) or #39) or #40)
or #41) or #42) or #43) or #44)

46. (#25 and #45)

MEDLINE (Ovid): 1990–2000
1. exp cerebrovascular disorders/
2. (stroke$ or poststroke$ or cva$).tw.
3. (cerebrovascular$ or cerebral vascular).tw.
4. (cerebral or cerebellar or brainstem or

vertebrobasilar).tw.
5. (infarct$ or isch?emi$ or thrombo$ or

apoplexy or emboli$).tw.
6. 4 and 5
7. (cerebral or intracerebral or intracranial or

parenchymal).tw.
8. (brain or intraventricular or brainstem or

cerebellar).tw.
9. (infratentorial or supratentorial or

subarachnoid).tw.
10. 7 or 8 or 9
11. (haemorrhage or hemorrhage or haematoma

or hematoma).tw.
12. (bleeding or aneurysm).tw.
13. 11 or 12
14. 10 and 13
15. thrombo$.tw.
16. (intracranial or sinus or (venous adj5 sinus$)

or (sagittal adj5 venous) or (sagittal adj5
vein)).tw.

17. 15 and 16
18. 1 or 2 or 3 or 6 or 14 or 17
19. exp transportation of patients/ or Emergency

medical service communication systems/ or
Emergency medical services/ or Emergency
service, hospital/ or Triage/

20. Emergencies/
21. ambulances/
22. exp emergency treatment/
23. hospitalization/
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24. patient admission/
25. “referral and consultation”/
26. patient acceptance of healthcare/
27. health services accessibility/
28. hotlines/
29. time factors/
30. time management/
31. delay$.tw.
32. (emergency or emergencies).tw.
33. barriers.tw.
34. (time adj5 (presentation or arrival or

admission)).tw.
35. (hospital adj5 (admission or arriv$ or

presentation)).tw.
36. rapid response.tw.
37. Emergency medical technicians/
38. (time adj10 (treatment or therapy)).tw.
39. or/19-38
40. 18 and 39
41. limit 40 to (human and english language)
42. Thrombolytic therapy/
43. exp streptokinase/ or Fibrinolytic agents/ or

Plasminogen activators/ or Tissue
plasminogen activator/ or Urinary
plasminogen activator/

44. thromboly$.tw.
45. tissue$ plasminogen activator.tw.
46. (streptokinase or urokinase or alteplase or

prourokinase or anistreplase).tw.
47. or/42-46
48. (18 and 47) not 41
49. limit 48 to (human and english language)

EMBASE (Ovid): 1990–2000
1. exp cerebrovascular disease/
2. (stroke$ or cva$ or poststroke).tw.
3. (cerebrovasc$ or cerebral vascular).tw.
4. (cerebral or cerebell$ or brain$ or

vertebrobasilar).tw.
5. (infarct$ or isch?emi$ or thrombo$ or

emboli$ or apoplexy).tw.
6. 4 and 5

7. (cerebral or intracerebral or intracranial or
parenchymal or brain or intraventricular or
brainstem or cerebellar or infratentorial or
supratentorial or subarachnoid).tw.

8. (haemorrhage or hemorrhage or haematoma
or hematoma or bleed$ or aneurysm$).tw.

9. 7 and 8
10. thrombo$.tw.
11. (intracranial or (venous adj5 sinus$) or

(sagittal adj5 venous) or sagittal vein).tw. 
12. 10 and 11
13. 1 or 2 or 3 or 6 or 9 or 12
14. emergency health service/
15. hospital admission/
16. emergency ward/
17. patient transport/
18. early diagnosis/
19. patient referral/
20. hospitalization/
21. emergency treatment/
22. ambulance/
23. health care access/
24. health care utilization/
25. time/
26. emergency/
27. emergency health service/
28. emergency health service/
29. time management/
30. delay$.tw.
31. (emergency or emergencies).tw.
32. barriers.tw.
33. (time adj5 (presentation or arrival or

admission)).tw.
34. (hospital adj5 (presentation or arrival or

admission)).tw.
35. rapid response.tw.
36. rescue personnel/
37. (time adj10 (treatment or therapy)).tw.
38. or/14-37
39. 13 and 38
40. limit 39 to human
41. limit 40 to english language
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Details of estimation of rt-PA effect
The calculation of the effect of rt-PA, if applied 
to the patients in the LSR, are given in Figure 17.

The probabilities used to estimate the effect of
increasing system efficiency so that patients could
be treated without delay are given in Table 11.
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Cochrane Reviews are regularly updated as new information becomes available and in response to comments and
criticisms. The reader should consult The Cochrane Library for the latest version of a Cochrane Review. Information
on The Cochrane Library can be found at www.update-software.com 
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FIGURE 17 Estimation of proportion of dead, dependent and independent patients in the LSR who had been given tPA ( , Proportion
of dead patients; , proportion of dead or dependent patients; , proportion of dependent patients; , proportion of dependent or
independent patients; , proportion of independent patients)
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TABLE 11  Probabilities of different functional outcomes after acute ischaemic stroke in a service system without delays. Data from the
LSR214 and the systematic review of the efficacy of rt-PA for acute ischaemic stroke16

Sub-group Functional outcome

Independent Dependent Dead

Group 1a (base case) At 6 months 0.4658 0.2992 0.2350
At 12 months

Independent 0.8813 0.1359 –
Dependent 0.0799 0.7646 –
Dead 0.0388 0.0995 –

Group 1a (best case) At 6 months 0.5033 0.2974 0.1933
At 12 months

Independent 0.8813 0.1359 –
Dependent 0.0799 0.7646 –
Dead 0.0388 0.0995 –

Group 1a (worst case) At 6 months 0.4282 0.2957 0.2761
At 12 months

Independent 0.8813 0.1359 –
Dependent 0.0799 0.7646 –
Dead 0.0388 0.0995 –

Group 3a (base case) At 6 months 0.4237 0.2855 0.2908
At 12 months

Independent 0.8837 0.1573 –
Dependent 0.0930 0.7753 –
Dead 0.0233 0.0674 –

Group 3a (best case) At 6 months 0.4607 0.2899 0.2494
At 12 months

Independent 0.8837 0.1573 –
Dependent 0.0930 0.7753 –
Dead 0.0233 0.0674 –

Group 3a (worst case) At 6 months 0.3870 0.2757 0.3374
At 12 months

Independent 0.8837 0.1573 –
Dependent 0.0930 0.7753 –
Dead 0.0233 0.0674 –

For definition of Groups 1–5, see text and Figure 8
Group 1a = Group 1 now receiving rt-PA because of admission to hospital within 6 hours
Group 3a = Group 3 now receiving rt-PA because of CT scan within 6 hours
Outcomes at 6 and 12 months in patients receiving rt-PA are calculated by effect estimates obtained from Wardlaw et al.16

Base-case estimates: 16% increase in death, 21% decrease in death/dependency
Best-case estimates: 6% decrease in death, 32% decrease in death/dependency
Worst-case estimates: 44% increase in death, 8% decrease in death/dependency
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