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Neurologists are generally steeped in the 
time-honoured tradition of making 
meticulous observations about indi-

vidual patients. Our occasionally obsessive ten-
dencies allow us to fi xate on the details of a 
patient’s history before performing a sophis-
ticated physical examination, and (hopefully) 
arriving at a correct anatomical and patholog-
ical diagnosis for the particular problem. Re-
cent technological advances have honed these 
diagnostic tools to an even fi ner edge. Howev-
er, until fairly recently, the intellectual thrill of 
the neuro-diagnostic ‘chase’ went unmatched 
by the satisfaction of delivering effective treat-
ment, leading to the ‘nice job but so what’ crit-
icism often levelled at our speciality. To add a 
note of personal misgiving, the area within neu-
rology that interests me most is stroke. I have 
lost track of the number of times that I have 
been told by other smug specialists, with a note 
of pity in their voices, that, ‘It’s all over as soon 
as the stroke has happened.’ Of course, in the 
not too distant past, a diagnosis of ischaemic 
stroke would have been viewed pessimistically 
by health care professionals, patients and fam-
ilies, because there were no proven curative 
therapies. Although a proper ‘cure’ for stroke re-
mains elusive, several recent interventions have 
been proven to save lives and reduce disability, 
including organized care on a multidisciplinary 
stroke unit (Stroke Unit Trialists’ Collaboration 
2001), and aspirin therapy within the fi rst 48 
h of stroke onset (Chen et al. 2000). Increasing-
ly, ischaemic stroke is being viewed as a medi-
cal emergency requiring urgent treatment (Hill 
& Hachinski 1998), with a resultant increase 
in the interest in stroke medicine, and research 
into newer and more effective treatments. These 
changes are both timely and important, as stroke 
remains a formidable global problem that is 
only going to worsen as our populations age.
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THE NINDS ACUTE STROKE TRIAL
It is for this reason that, when asked to write about 
an article that has changed my practice, I immedi-
ately thought of the one study in the area of acute 
stroke that has caused the most international con-
troversy and debate – the National Institute for 
Neurological Diseases and Stroke (NINDS) trial 
of tissue plasminogen activator (TPA) for acute 
stroke (NINDS rt-PA Study Group 1995). De-
spite ongoing uncertainties surrounding the use 
of TPA, this trial has in many ways been the impe-
tus for changing the way that we care for people 
with strokes. Some neurologists are now getting 
out of their beds in the middle of the night to go 
and see patients – an activity that would have been 
almost unheard of a short decade ago.

Thrombolysis is one of the most exciting treat-
ment options yet evaluated for acute stroke, be-
cause this is the only known therapy with the 
potential to actually reverse the stroke process. 
The use of ‘clot busting’ drugs has a relatively long 
and successful history in the treatment of cor-
onary artery disease (FTT Collaborative Group 
1994), but, despite some early trials in the 1950s, 
has only been extensively studied in stroke pa-
tients for the past 10 years or so (Wardlaw and 
Warlow 1992). Following some early unsuccess-
ful thrombolysis trials in acute stroke, the NINDS 
trial was eventually published in 1995 (NINDS 
rt-PA Study Group 1995), and TPA received ap-
proval from the American Food and Drug As-
sociation soon afterwards (Anonymous 1996a), 
with several sets of guidelines subsequently pub-
lished (Adams et al. 1996; National Stroke Asso-
ciation 1993; Pessin et al. 1997). Because it was the 

fi rst randomised controlled clinical trial to pro-
vide some evidence of benefi t for an albeit highly 
selected group of people with acute stroke, the 
NINDS trial was received with tremendous en-
thusiasm in the United States, and enjoyed fairly 
extensive media coverage (Gorman 1996). The 
use of TPA even became part of the plot in 
an episode of ‘ER’, a popular American televi-
sion programme (National Broadcasting Corpo-
ration 1997). In February 1999, the Therapeutic 
Products Directorate of Health Canada condi-
tionally approved the use of TPA for acute stroke 
within three hours of symptom onset (Anon-
ymous 1999a), a decision based primarily on 
the evidence provided by the American NINDS 
trial (NINDS rt-PA Study Group 1995). Ca-
nadian treatment guidelines were subsequently 
published (Norris et al. 1998), followed by the 
development of similar acute thrombolysis pro-
grammes in major Canadian centres (including 
my own), accompanied by national media cover-
age (Foss 1999; Evenson 1999; MacKinlay 1999).

BUT, A NOTE OF CAUTION
However, despite being heralded as a new stand-
ard of care by many, the increased use of TPA has 
not been universal, and this ‘chemical neurosur-
gery’ remains a highly controversial subject. The 
actual frequency with which TPA is being given 
for acute ischaemic stroke in the United States 
is quite low, with only about 1.5% of eligible 
patients described as actually receiving it in 
one published report (Alberts 1998), although 
other postmarketing surveillance studies sug-
gest slightly higher rates of use, but with few re-
ports consistently above 5%.

One reason for this rather poor showing may 
be the substantial variation in the attitudes of 
clinicians (neurologists, internal medicine spe-
cialists, geriatricians and emergency physicians) 
about the safety and applicability of TPA within 
and between different countries. Where I work in 
Canada, there are now two published sets of con-
fl icting recommendations dealing with the use 
of TPA in acute ischemic stroke. Guidelines from 
the Canadian Stroke Consortium (Norris et al. 
1998) are largely based on those from the Ameri-
can Heart Association (Adams et al. 1996) and 
advocate the use of TPA for patients who meet 
criteria largely specifi ed in the NINDS trial 
(NINDS rt-PA Study Group 1995). On the other 
hand, recent recommendations from the Canadi-
an Association of Emergency Physicians (CAEP 
2001) are generally more conservative. The CAEP 
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guidelines recommend that ‘stroke thrombolysis 
should be limited to centres with appropriate 
neurological and neuro-imaging resources that 
are capable of administering treatment within 
3 hours. In such centres, emergency physicians 
should identify eligible patients, initiate low risk 
interventions and facilitate prompt computed 
tomography. Only physicians with demonstrat-
ed expertise in neuroradiology should interpret 
head CT scans used to determine whether to ad-
minister thrombolytic agents to stroke patients. 
Neurologists should be directly involved prior to 
the thrombolytic administration.

Other related problems include a lack of pa-
tient awareness of the symptoms and importance 
of stroke, and prehospital and hospital infrastruc-
tures that are presently at odds with the very short 
assessment and treatment window necessary for 
thrombolysis for stroke (Wester et al. 1999).

As well as inciting debate in the medical litera-
ture (Brott et al. 1996; Caplan et al. 1998; Horow-
itz 1998; Li 1998; Anonymous 1996b), several 
general reviews and consensus statements (Gu-
bitz et al. 1999; Anonymous 1999b; Royal College 
of Physicians of Edinburgh 1999; Anonymous 
1997) have since been published that argue 
against the routine use of TPA for persons with 
acute ischaemic stroke, and have called for ran-
domised trials to further evaluate this therapy.

CONTINUING UNCERTAINTY
It cannot be denied that the results of the 
NINDS TPA trial (NINDS rt-PA Study Group 
1995) have transformed how many clinicians 
think about the management of some people 
with acute stroke. For me, one of the most ben-
efi cial outcomes of the NINDS trial has been the 
controversy that has resulted from it, and the 
genuine lack of certainty that I feel when con-
fronted with an otherwise perfectly eligible pa-
tient three and a half hours after their stroke has 
started. I suspect that many of my colleagues 
feel the same way (even if they won’t admit 
it!). Some patients I treat, but only within three 
hours, and only if I’m certain. The majority of 
patients go untreated; I simply don’t know what 
the correct action is, as many of my patients 
don’t fi t the general profi le of those enrolled in 
the published trials. The patients I see are often 
older, with other medical problems, and many 
will have early changes (subtle and otherwise) 
on their CT scans.

As I see it, uncertainty is a useful marker for 
the need for further understanding. If we are to 

make the best possible decisions about care for 
patients, it is important to systematically con-
sider all of the available evidence rather than to 
rely on information from individual clinical tri-
als. A systematic review of all the randomised 
evidence provides a more precise estimate of 
treatment-effect by reducing the effects of ran-
dom error and systematic bias (Counsell et al. 
1995). Such an approach may also explain in-
consistencies between trials, and may generate 
new research questions. Uncertainty about the 
NINDS trial led me to seek further information 
about the complex and thorny issue of TPA in 
acute stroke by introducing me to a systematic 
review of all of the randomised trials of TPA in 
acute stroke (Wardlaw et al. 2001).

The systematic review, published and updated 
on a regular basis on the Cochrane Library, in-
cludes 17 unconfounded, truly randomised clin-
ical trials with a total of 5144 patients comparing 
intravenous thrombolytic treatment with place-
bo in patients with acute ischemic stroke of less 
than 6 h duration (Wardlaw et al. 2001). In all tri-
als, a computed tomographic (CT) or magnetic 
resonance (MR) scan was performed before ran-
domization to exclude intracranial haemorrhage 
or structural stroke mimics. The systematic re-
view included information on three different 
thrombolytic agents: streptokinase, urokinase 
and TPA. Over 50% of the data (2889 patients, 
including the NINDS trial) compared TPA with 
control in acute ischemic stroke.

In the systematic review (Wardlaw et al. 
2001), the absolute risk of symptomatic intrac-
ranial haemorrhage was increased in the TPA-
treated group, corresponding to 73 additional 
symptomatic haemorrhages for every 1000 pa-
tients treated with TPA (95% CI 55–90 addi-
tional haemorrhages). However, the number of 
patients dead or dependent at the end of the 
follow-up period (considered by many to be 
the most important outcome) was markedly 
reduced. The systematic review demonstrated 
that 57 additional patients (95% CI 20–93) were 
alive and independent at the end of follow-up 
for every 1000 patients treated with thrombol-
ysis within six hours of stroke onset. By way 
of comparison, thrombolysis for acute myocar-
dial infarction results in an absolute mortality 
reduction of 30 per 1000 if treatment is given 
within the fi rst 6 h of symptom onset (FTT Col-
laborative Group 1994).

A subgroup analysis suggested that the bal-
ance of risk and benefi t may be related to the 
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timing of TPA administration, with a more fa-
vourable outcome if TPA is given within three 
hours of onset. It should be recognized that 
this subgroup analysis was based on data from 
only 869 patients from three trials (Anonymous 
1996a; Cochrane Stroke Review Group 1999; 
Hacke et al. 1995), with the NINDS trial (Anon-
ymous 1996a) contributing over 50% of the 
information. In addition, the authors of the re-
view speculated upon imbalances in the base-
line variables that could have introduced other 
biases. Despite these limitations, the reduction 
in the number of patients dead or dependent 
at the end of follow-up was striking, which, 
if proven to be true, would be consistent with 
140 additional patients alive and independent 
for every 1000 patients treated with TPA within 
three hours of stroke onset (95% CI 77–203 more 
patients with a good recovery; 2P = 0.00002). It 
is worth noting that the number for the NINDS 
trial alone was 160 additional independent sur-
vivors; 95% CI 87–234. The systematic review 
(Wardlaw et al. 2001) demonstrated a trend for 
greater benefi t if TPA was given earlier on, but 
no obvious cut off point at which TPA stops 
being effective was identifi ed. There may be 
benefi ts beyond the three-hour time window. 
Unfortunately, the time at which the risk of TPA 
outweighs the benefi ts is not known; there is 
insuffi cient randomised evidence at present to 
state this with any certainty.

At face value, this is very striking. A treat-
ment-effect of this magnitude has never before 
been seen in acute stroke. However, this result 
is largely due to a difference of only 50 fewer dead 
or dependent patients in the TPA treated group 
of the NINDS trial (the only ‘positive’ trial). 
The estimate of the treatment-effect, although 
statistically signifi cant, is not very robust, and 
could be altered completely by comparatively 
small changes in the raw data. Estimates based 
on a small number of outcome events are more 
likely to be subject to bias (systematic error) 
and the play of chance (random error) than es-
timates based on a large number of outcome 
events. Indeed, further analysis of this three-
hour data demonstrates a statistically signifi cant 
difference (heterogeneity) between the results 
of the three trials implying that factors other 
than chance are at play. While it is possible to 
speculate on the potential cause(s) of this het-
erogeneity, the differences cannot be adequately 
explained by the existing data. Therefore, while 
the data cannot be disputed, it is reasonable to 

caution against over-emphasis of the results of 
one very positive trial.

THE NEED FOR MORE RANDOMISED 
TRIALS
It has been demonstrated that TPA given to 
(highly selected) patients in specialist centres 
within three hours of acute ischaemic stroke 
onset reduces the overall risk of death and de-
pendency in the long term, but this benefi t may 
be offset somewhat by an increased short-term 
risk of intracranial haemorrhage. Despite the 
recent licensing of TPA and the development 
of treatment guidelines in North America, the 
balance between the risks and benefi ts from 
thrombolysis in acute ischaemic stroke remains 
in many ways unclear. It is still not clear exactly 
which stroke patients stand to benefi t from or be 
harmed by TPA. More data are needed to clar-
ify the time window during which TPA can be 
safely administered, the role of initial stroke se-
verity, the signifi cance of early visible ischaemic 
changes on CT scan, the use of TPA in older 
patients, the generalisability of thrombolysis in 
less experienced centres and the cost effective-
ness of TPA.

The answers to the questions posed in the sys-
tematic review will only be found in further re-
search. One solution to the uncertainty created 
by the NINDS trial is a new randomised trial 
suffi ciently powered to deal with the unresolved 
questions. Our stroke group in Halifax is be-
coming involved in just such a trial. The Third 
International Stroke Trial (IST-3) is an interna-
tional, multicentre, randomised, double-blind, 
placebo-controlled trial of TPA in acute stroke 
presenting up to six hours after symptom onset. 
The trial is presently in the pilot phase, and is 
recruiting interested centres for the main phase 
of the trial. The IST-3 plans to randomise at 
least 6000 patients from both urban and rural 
centres. Further information about the IST-3 
may be obtained from the IST-3 website: http://
www.dcn.ed.ac.uk/ist3.
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