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Editorial

Thrombolysis for Stroke in Clinical Practice:
Are we doing enough?

Stroke is a major health problem worldwide. It affects more people in the developing
than in the developed world and is associated with high mortality, dependence and
institutionalization.1 Recent years have seen a dramatic improvement in the
management of stroke patients with organization of acute care2,3 and coordination of
rehabilitation care,4,5 all of which have improved outcomes significantly. A major
development in recent years has been the introduction of thrombolysis for acute
stroke patients in clinical practice, which has radically changed the perception and
management of stroke patients, ending years of nihilism regarding the role of early
acute interventions in reducing the burden of stroke on patients, families and the
society.6

A number of meta-analyses have shown that clinical use of thrombolysis in acute
stroke patients is associated with a considerable increase in the number of patients
who are alive and independent after stroke. The most authoritative meta-analysis
under the auspices of the Cochrane Collaboration shows that thrombolytic therapy
reduces death or dependency by an odds ratio (OR) of  0.66 (95% confidence interval:
0.53–0.83) with no significant increase in adverse effects (OR 1.13; 95% CI: 0.86–
1.48) for patients treated within 3 hours of the onset of an ischaemic stroke.7 This
translates to 1 extra patient being alive and independent for every 7 patients treated,
which compares very favourably with thrombolysis for acute myocardial infarction,
where 33 patients need to be treated for a single good outcome.8

The evidence is not so convincing for a 6-hour treatment window for stroke
thrombolysis. Meta-analyses show that there is a significant reduction in the proportion
of patients who were dead or dependent (OR 0.84; 95% CI: 0.75–0.95), but this is
smaller than that seen with treatment within 3 hours of the onset of stroke and is
heavily influenced by the proportion of patients thrombolysed within 3 hours of the
onset of stroke. Late thrombolysis is also associated with significant increases in the
odds of death (OR 1.81; 95% CI: 1.46–2.24) and intracranial haemorrhage (OR 4.34;
95% CI: 3.14–5.99).7 The current view is that the earlier the patients are treated, the
better the outcome, giving rise to the concept of ‘time is brain’ and the need to expedite
the presentation, assessment and management of patients with stroke in all settings in
which these patients are treated. Hence, clinical guidelines have little justification in
thrombolysing stroke patients outside the 3-hour time window, except as a part of a
randomized controlled trial, several of which are ongoing in large centres.9

In clinical practice, the 3-hour time window for thrombolysis severely limits the
benefits of an otherwise powerful intervention for acute ischaemic stroke patients
(80%–85% of all strokes). Many studies have shown that only 25%–33% of patients
present to hospitals within 3 hours of the onset of stroke even in well-organized
healthcare systems in developed countries.10–14 Consequently, only a small proportion
of ischaemic stroke patients receive thrombolysis; the most recent published data
show a treatment range of 5%–11% of incident ischaemic stroke in the USA and West
European nations.14,15 Comparable statistics for early presentation of stroke patients
and early treatment are not available for developing countries, and are likely to show
a much greater gap between desirable and actual practice.
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To bridge the gap between the benefits suggested by the trial efficacy of acute
thrombolysis and its actual clinical effectiveness in reducing the burden of stroke,
many countries have launched large public awareness campaigns about the importance
of seeking immediate medical attention for people developing acute stroke symptoms
and have invested heavily in setting up large stroke centres for efficient assessment
and early treatment of suspected stroke patients.15 Many studies confirm that these
initiatives to educate patients to present earlier, reduce emergency medical services’
response/transport times and optimize hospital systems have resulted in increased
thrombolysis of stroke patients.10–15 However, the impact of these initiatives has not
been as uniform or as successful as anticipated, despite the heavy investment. There
are also fears that these problems of increasing public awareness and rapid presentation
to hospitals may be accentuated in developing countries which have lower levels of
education, less sophisticated systems of mass communication, fewer resources and
greater variations in healthcare provision.

A complementary approach to increase the proportion of stroke patients eligible
for thrombolysis is to investigate methods that may help to extend the time window
for intervention beyond 3 hours. It is estimated that nearly 50%–75% of all acute
stroke patients reach hospital within 6 hours of the onset of stroke13,14 and offering
thrombolysis to eligible patients who are currently excluded purely because of
presentation beyond the 3-hour time limit would nearly double the present rates for
thrombolysis.14 Based on existing data, if all eligible patients were treated with
thrombolysis up to 6 hours after stroke in the UK alone, there will be a lifetime saving
of £96 565 per QALY gained.16 Although data for patients presenting within 6 hours
of the onset of stroke are not available for developing countries, any extension of the
time window for thrombolysis is likely to have a greater impact, purely because of the
increase in the actual number of patients who could benefit from this intervention.

The 3-hour time window is based on risk–benefit analysis of data from treated
patients in randomized controlled trials, rather than on physiological considerations.17

Patient selection for these trials was on clinical criteria; imaging was limited to
excluding haemorrhage using non-enhanced computerized tomography (NECT).
Post-hoc analyses of these studies have shown that many of the adverse events
occurred in patients who should not have been included in the studies either because
of already completed infarcts and/or high risk of intracranial haemorrhage.17,18 Re-
analyses of data excluding these patients showed a 9%–12% absolute treatment
benefit with a 3-fold reduction in intracranial haemorrhage rates.17,18 Many studies
have shown that a significant amount of threatened brain tissue may still be
salvageable beyond 3 hours,19,20 and favour a diagnostic approach that allows
clinicians to individualize treatment decisions based on pathophysiological reasoning
rather than rigid time windows derived from randomized controlled trials.19

The key to successful extension of the thrombolysis window to 6 hours lies in
developing diagnostic imaging techniques that can reliably identify patients most
likely to benefit from a potentially dangerous intervention. Thrombolysis is aimed at
recanalization of occluded arteries and reperfusion of the ischaemic penumbra—a
region of critically hypoperfused, functionally impaired, but potentially viable brain.
This ischaemic penumbra can be visualized as the mismatch between a larger
perfusion-weighted imaging (PWI) lesion and a smaller diffusion-weighted imaging
(DWI) lesion using magnetic resonance imaging (MRI).17,18,20 Despite the limitation
that the ischaemic penumbra seen on MRI may not correspond exactly to the tissue
‘at risk’ because it includes regions of benign oligaemia and may exclude potentially
salvageable tissue, penumbral imaging provides a physiological ‘tissue clock’, which
has been used successfully to extend the therapeutic window.20 In a clinical setting,
thrombolysis administered 3–9 hours after acute ischaemic stroke in selected patients
with perfusion/diffusion mismatch was associated with a higher rate of reperfusion,
better clinical outcome and low rates of intracranial haemorrhage.21

Despite the evidence to support MRI in thrombolysis decision-making, routine use
of advanced MRI facilities for PWI and DWI studies are not widely available; these
procedures are time-consuming and cannot be undertaken in a significant proportion
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of patients because of contraindications or claustrophobia. In addition, routine use of
MRI in stroke patients round the clock is not feasible because of cost and manpower
constraints in most western settings, and the availability of modern MRI scanners
which can undertake these assessments may be limited in most developing countries.
An alternative would be to use computed tomography (CT) techniques, as these are
widely available and used routinely prior to thrombolysis.22 Most hospitals possess
helical CT scanners, which can rapidly assess cerebral perfusion within a clinically
relevant time-frame. Perfusion CT (PCT) offers a number of practical advantages
over MRI methods; it can be performed immediately after unenhanced CT, is fast
(typically 5–10 minutes) and does not require specialized computer hardware.23 It has
been shown to be comparable to xenon CT for accuracy and correlates with clinical
neurological scores.23,24 There is a high degree of correlation between PCT and DWI-
determined infarct volumes and PCT and PWI lesions in acute stroke patients.24,25

Furthermore, infarct volumes seen on initial PCT correlate well with follow up
infarct volumes and neurological scores.23–25 Hence, in theory, a combination of
NECT and PCT may be a feasible and rapid investigation for obtaining reliable
diagnostic information on infarct size and perfusion deficits, which can significantly
increase the rate of thrombolysis and associated benefits in stroke patients.26 However,
the feasibility, safety and diagnostic accuracy of PCT for thrombolytic decisions in
acute stroke patients remains to be proven and should be an urgent area for research.

Full potential benefits of thrombolysis in acute stroke patients remain to be
realized, in a substantial measure, due to limitations imposed by a 3-hour time
window for intervention. There is evidence that this time window, based largely on
clinical trials using limited imaging, can be safely extended by increased application
of existing imaging techniques which allow the use of a ‘physiological tissue clock’
in clinical decision-making, thus not only extending the time window for intervention
but also making it safer. This means that a considerably greater proportion of stroke
patients presenting to hospitals can be treated effectively. This is particularly true for
developing countries, where there may be unavoidable delays in immediate access to
specialist centres. Further research is needed on the intelligent use of available
imaging facilities to enable increased access to therapeutic advances for a larger
number of people. It would also be highly desirable for such research to be led by
academic institutions in developing countries, where such technologies will have the
greatest impact.
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