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I.

Abstract

Background
Stroke treatment with thrombolysis is new and uncertainties abound. Principally, it
remains unclear if thrombolysis for stroke can be translated into routine clinical
practice.

Methods
A prospective cohort study, the Canadian Activase for Stroke Effectiveness Study
(CASES), will be used to evaluate the effectiveness of stroke thrombolysis in the
community. Critical variables such as the CT scan appearance, scored using
ASPECTS, will be examined. The ASPECTS score will be validated and used in a
multivariable model to determine predictors of outcome.

Results
CASES enrolled 1135 patients over 2.5 years. The incidence of adverse events
was low (4.6% symptomatic ICH). Outcomes were commensurate with other
observational studies but not as good as reported in clinical trials. ASPECTS is a
reliable and robust scoring system for assessing the baseline CT scan among
acute stroke patients. It is an independent predictor of outcome but not
symptomatic lCH. Combining ASPECTS and clinical data, asimple clinical
prediction rule can be developed to predict outcome (c-statistic 0.74).

Conclusions
The use of alteplase for stroke is safe in the community. ASPECTS is areliable
and robust tool for assessing the baseline CT scan. Accurate prognostication is
possible using ASPECTS and simple clinical variables.
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Chapter 1: Introduction & Purpose

A. Thrombolytic Treatment of Stroke
The treatment of acute ischemic stroke has lagged behind treatment of acute
coronary syndromes for several reasons. While stroke lingered in aquagmire of
nihilism, coronary treatments were sparked by the introduction of defibrillation and
then coronary care units in support. The technological development of brain
imaging with computed tomography (CT) was the single most important permissive
development in acute stroke thrombolysis. A single, two-part trial published in
1995, showed efficacy of thrombolysis for acute ischemic stroke, resulted in
endorsement by the FDA, Health Canada and major stroke societies in North
America'. This single trial has spurred the development of stroke therapy
throughout the world. Based upon these results, alteplase was licensed for use in
United States in 1996. Licensure followed 3years later in Canada in February
1999, and was made conditional upon the conduct of apost-marketing registry.
However, thrombolysis for stroke is not without controversy. Even in North
America, the use of alteplase by physicians other than neurologists is very limited.
Few Emergency physicians accept the use of alteplase for stroke. Several
prominent ER physicians have come out strongly against. Because other trials in
stroke thrombolysis of different design have been negative in the primary analyses,
the risks of intracerebral hemorrhage have frightened many physicians from
pursuing thrombolytic therapy for their patients. Several authors have editorialised
that further trials are needed and that stroke thrombolysis is dangerous and
inadequately proven. It has been suggested that the American Heart Association
guidelines on stroke thrombolysis were financially influenced by corporate
sponsorship 2.The influential Edinburgh stroke group has taken astrong stand
that, while thrombolysis for stroke may be useful in very selected circumstances in
specialized centres, there is adistinct lack of evidence for more generalized use.
They have committed themselves to producing avery large 6000 patient trial ( 1ST3) to assess some of these issues'.
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This controversy has resulted in aslow uptake of thrombolysis for stroke
worldwide. In the United States, alteplase is fully approved for stroke. Despite this
approval use of tPA for stroke remains low (2.8% among Medicare patients). In
Canada, approval remains

conditional*.

Approval for use has been granted in

selected centres in Germany and recently in Europe following the Canadian model
with adirective for aregistry to monitor safety. This lack of formal approval by
licensing bodies has restricted but not necessarily prevented use because
alteplase is widely available for use in myocardial infarction and pulmonary
embolus.
Within stroke neurology circles, the use of alteplase beyond the 3-hour time
window is highly controversial. Secondary analysis, some pre-planned and some
not planned, of clinical trials has suggested efficacy. Choosing patients who would
benefit has proven to be difficult.
Conceptually, thrombolytic treatment for stroke is straightforward. Contrary
to the plaque rupture and in situ thrombosis model accepted as the principal cause
of acute myocardial infarction, most strokes are embolic. A proximal source of
embolic material, often the heart, aortic arch or internal carotid artery, releases a
thrombus which then flows distally occluding an intracranial artery. This is an
ischemic stroke. While intracranial atherosclerotic disease does occur (more
commonly in people of Asian descent), the occluded artery is most often normal.
Restoration of blood flow by lysis of the offending thrombus then provides the best
chance for recovery.
However, time is critical. The brain is very sensitive to ischemia. Normal
cortical blood flow exists in the range of 50-60 mI/I OOg brain/min and at slightly
lower values in the white matter. As blood flow falls below athreshold of 18
ml/100g brain/mm, cells begin to die. Blood flow at 10 ml/100g brain/min results in

*

Based upon the CASES study, areport has been submitted to Health Canada

and full approval is expected in the next several months.
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cell death in minutes 7.The implication of this fact is that infrastructure is critical in
order to deliver this therapy appropriately.
Alteplase is arecombinant form of tissue plasminogen activator, anaturally
occurring serine protease in humans. It was first used on alarge scale for
coronary thrombolysis after publication of the GUSTO- 1study4.Activation of
plasminogen results in the release of plasmin, which is the primary endogenous
fibrinolytic enzyme. Plasmin cleaves fibrin, the protein that is integral to thrombus
formation. Infusion of alteplase in pharmacological doses, although it has ashort
biological half-life of approximately seven minutes, results in asystemic
thrombolytic state for several hours.
This systemic thrombolytic state presents the danger of stroke thrombolysis:
intracranial hemorrhage or all types. Because intracranial hemorrhage is often
devastating or fatal, the therapeutic index of alteplase for stroke is narrow and the
consequences of acute adverse events grave. If the rate of ICH is high in the
community during routine use of the drug, any potential beneficial effect is lost.
The controversy surrounding stroke thrombolysis provides the need for a
post-marketing or phase IV study of alteplase use in stroke.

B The CT scan appearance as acritical variable
Because thrombolysis for stroke has potentially lethal side effects, selection
of appropriate patients is critical. To date, multivariable analyses have identified
only time (using amultiplicative time by treatment interaction term) as the only
effect modifier of the thrombolytic treatment effect5. Earlier treatment improves
the odds of an excellent neurological outcome. We recently showed that the CT
scan appearance, measured using the ASPECTS score, was atrue effect modifier
(using an ASPECTS score by treatment multiplicative interaction term) in aposthoc analysis of the PROACT-11 trial 6.
The theoretical underpinnings of patient selection arise from positron
emission tomography studies. Acute stroke results in varying levels of tissue
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ischemia. The rate of progression to infarction depends upon the depth of
ischemia, the duration of ischemia and the susceptibility of the tissue. A core
region with very low blood flow likely infarcts in minutes while surrounding tissues,
the penumbra, are gradually recruited to infarction over time when the blood
remains below acritical threshold 7.Imaging the penumbra to determine which
patients would benefit from reperfusion strategies is the holy grail of stroke therapy.
This holy grail remains far from reach because fast, reliable and usable imaging
techniques are not available. Clinicians rely on surrogates

-

the baseline

computed tomographic (CT) scan, the magnetic resonance image ( MRl). CT
remains the mainstream acute imaging modality because it is fast, scanners are
ubiquitous and clinical trials were based upon them.
The baseline CT scan is primarily used to rule out intracerebral hemorrhage,
which may have an identical clinical presentation to an acute stroke. The CT scan
can also eloquently show regions of early infarction, particularly where the
technical factors involved in scanning are specified (eg. 5mm slice thickness,
adequate power, appropriate baseline angulation, filming/viewing at anarrow
window width and level).
The interpretation of the baseline CT scan has, however, been
controversial. Inexperienced physicians cannot detect blood on the scan reliably
and therefore are uncomfortable making the decision to pursue thrombolysis.
Among experienced stroke physicians blood is reliable observed but recognition
and quantification of signs of early ischemia are poorly performed, making
selection of patients on this basis questionable. However, the baseline CT remains
the single method of examining the brain tissue that is widely available and fast.
Based upon review of the ECASS-1 study, von Kummer and colleagues
suggested that if signs of infarction were present in more that one third of the
middle cerebral artery territory, the risk of hemorrhage was very high. However,
they were unable to show that this variable modified the treatment effect. This
"one third rule" was quickly adopted around the world, without clinimetric studies of
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the rules validity or utility. The lack of statistical evidence for effect modification
was overlooked. Additionally, the rule may have been too literally interpreted.
Subsequently, it was shown that the rule was highly unreliable across all
physician types and levels of training. The NINDS investigators re-reviewed the
scans from the NINDS tPA Stroke Trial and declared that there was no effect
modification at any level of CT ischemia.
In Calgary, asystem of review of the CT scan for signs of ischemia was
developed: the Alberta Stroke Program Early CT Score (ASPECTS). It has been
shown to have good reliability and to have excellent prognostic value for global
outcome as well as the occurrence of symptomatic intracerebral hemorrhage. It
has not been shown to be an effect modifier in any of the tPA stroke trials.
However, ASPECTS is new, not widely used by the Stroke community and its
clinimetric properties have not been fully established.

C. Overall Purpose
The goal of this thesis project is to examine the prognosis of patients with
acute ischemic stroke treated with intravenous thrombolysis using clinical and
radiological measures (ie. ASPECTS). Four sub-projects comprise this thesis:

1. CASES
In Canada, the opportunity arose for anational, comprehensive study of
community use of alteplase for acute ischemic stroke with the conditional
licensing of the alteplase in 1999. The study was christened the Canadian
Activase for Stroke Effectiveness Study (CASES) and was anational reistry of
patients treated with alteplase for stroke.
2. Validation of ASPECTS: Calgary CT-MRI study
Prospective serial imaging of acute stroke patients With CT followed by MRI
allowed the use of MRI findings to document and correlate CT findings with MR
findings.
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3. Validation of ASPECTS: ATLANTIS-B Clinical Trial and CASES
Review and scoring of the CT scans from arandomized clinical trial allowed the
validation of ASPECTS on asecond cohort of patients and permitted the testing
of the hypothesis that ASPECTS was atrue effect modifier of the treatment
effect.

Comparison of the pre-treatment and post-treatment CT scans from

CASES provided athird cohort of patients to validate the content validity of
ASPECTS.
4. Development of aClinical Prognostication Tool using CASES and
ASPECTS
Using ASPECTS combined with other clinical variables, the combined data sets
allowed the development of aclinical tool for prognostication after treatment
with alteplase.
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VII. Chapter 2:

Literature Review. Intravenous

Alteplase for Acute Ischemic Stroke
A. Outcomes Measurement in Clinical Trials
To understand stroke clinical trials, abrief discussion of outcome measures
is necessary. Several scales have been used to quantify stroke severity and
stroke recovery. As in other disciplines, none is satisfactory. Some scales have
had more or less effort put in to validate their clinimetric properties.
Scales, in current usage, that measure and quantify the neurological
examination as it pertains to stroke syndromes include:
a) NIHSS ( National Institutes of Health Stroke Scale)
The NIHSS, developed in the US, is awell-validated scale with good clinimetric
properties. It has been extensively tested. The scale assesses stroke severity on
eleven domains in arange from 0-42. However, patients with ascore greater
than 15 have asevere stroke. There is abias in the scale toward dominant
hemisphere strokes such that alarge dominant hemisphere middle cerebral
artery stroke will have ahigher score than asimilar non-dominant hemisphere
stroke. This occurs because of the number of domains that require language
function.
b) SSS (Scandinavian Stroke Scale)
The SSS was developed in Europe to assess stroke severity for middle cerebral
artery strokes only. The scale scores nine domains, in arange 0-58. A lower
score indicates amore severe stroke.
Scales, in current usage, that measure stroke outcome include:
a) mRS (modified Rankin Scale)
The Rankin score is a6-point scale that assess functional outcome, weighted
toward neurological disability. The score goes form 0to 5 (with 6indicating
death) with higher scores indicating aworse outcome. The score may
dichotomized at 2-3 such that 0-2 indicates an independent outcome and ascore
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greater than 2indicates dependence or death. An alternate approach has been
to focus on an excellent recovery and dichotomize at 1-2.
b) BI (Barthel Index)
The Barthel index is an activities of daily living scale. It scores 10 domains with a
range of scoring from 0-20 or 0-100 depending on the scaling used. Typically the
Barthel index is dichotomized a95 or greater indicating an excellent outcome but
other choices have been made at 90 or even at 60.
c) GOS (Glasgow Outcome Scale)
The Glasgow outcome scale was originally designed to assess outcome after
head injury. It is asimple 5-point scale analogous to the mRS with arange from
Ito 5with 5indicated moribund state and Ino symptoms.

The best choice of outcomes for stroke has yet to be determined. One approach
has been to accept that stroke outcome is multi-dimensional and combine scores
on multiple tests. This approach has been taken by the NINDS investigators and a
global statistic has been proposed that combines correlated dichotomous scores
on the NIHSS, mRS, Bl and GOS into asingle statistic using global estimating
equations 8.
What follows is aliterature review of experience with stroke thrombolysis
and CT scanning for acute stroke. An example of aliterature search strategy is
given in the Appendix. In general, for early literature, bibliography searches
yielded the most likely papers. Later literature is all in MEDLINE and EMBASE and
these databases were searched exhaustively. My involvement in the field also
resulted in the addition of acouple of papers not found by standard search
strategies. Case reports and case series with less than 5patients were not
included in this review. Similarly, some foreign language literature (Japanese,
Brazilian, German) was identified but not available in translation.
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B. Pre- 1990 experience with Stroke Thrombolysis
1. Methods
MEDLINE and EMBASE were searched using broad search terms. Review of
bibliographic references was important in revealing these sources.
2. Sussman BJ et al. 9
a) Hypothesis
To investigate the use of human plasmin as atreatment for ischemic stroke.
b) Design
Case series of three patients treated with fibrinolysin.
c) Setting
Single centre experience
d) Patients
Three patients with angiographically proven anterior circulation occlusion.
e) Intervention
Intravenous infusion of fibrinolysin in repeated doses over days.
f)

Outcomes

Angiographic outcomes showing recanalization of the affected artery. Clinical
outcomes at 5-7 days.
g) Results
Partial recanalization in the single case of carotid occlusion was observed and no
recanalization in the case of the ACA occlusion. Good recanalization of the
cardioembolic middle cerebral artery occlusion. This latter case was treated within
6hours of symptom onset. Minimal improvement in patient's neurological function.
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h) Conclusions
Occlusions can be demonstrated in acute stroke that are potentially amenable to
thrombolytic treatment.

3. Meyer JS et al. 1°
a) Hypothesis
To investigate the use of human plasmin as atreatment for ischemic stroke.
b) Design
Randomized, double blind clinical trial. Patients admitted with stroke who could be
treated within 72-hours of symptom onset and who showed progression of
symptoms

-

with adiagnosis a "evolving stroke". Most (34/40) underwent

diagnostic angiography prior to treatment.
c) Setting
Single centre in Detroit at Wayne State University Neurological Unit in 1962-1963.
d) Patients
40 patients with no further demographic details given.
e) Intervention
Patients were randomized to receive streptokinase-activated human plasmin, 200
000 U infused over 4 hours for three consecutive days. All patients had CSF
examination to exclude hemorrhage and all had to have asystolic blood pressure
below 180 mmHg. Patients were simultaneously treated with heparin 40mg every
six hours and coumadin until the prothrombin time was greater than twice normal,
at which point the heparin was discontinued.
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f)

Outcomes

Patients were assessed at 10 days on a5-point categorical scale: (
I) marked
improvement; (2) slight improvement; (3) no change; (4) deterioration; (5) death.
g) Results
No differences were observed between the two groups. 14 patients died, 7in each
group. One patient in the thrombolysis group died of alarge parietal lobe
hemorrhage. Among patients with no demonstrable occlusion, the prognosis was
better than if acarotid territory occlusion was demonstrated.
h) Conclusion
The study was too small to provide adefinitive assessment but did provide an
example of natural history data based upon acute angiography.
4. Fletcher APetal. 1112
a) Hypothesis
Treatment of ischemic stroke with intravenous urokinase is feasible, safe and
potentially effective.
b) Design
Prospective case-series dose finding safety study. Phase 1.
c) Setting
Single centre in St.Louis, Washington University School of Medicine in the early
1970s.
d) Patients
31 patients with aneurological presentation suggestive of ischemic stroke, a
normal cerebrospinal fluid analysis, blood pressure less than 150/90 and could be
treated within 36-hours of symptom onset. The mean score on the neurological
rating scale was 78 ( 120 is normal, 0is dead).

12

e) Intervention
Urokinase was infused intravenously. A loading dose was given over 10 minutes
followed by one of four dose regimens

-

1200, 1500, 1700 or 1800 CTA units/lb/h

for 10-12 hours.
f)

Outcomes

Neurological scores on a 120-point scale. Serum fibrinogen levels.
g) Results
Biochemical measurements noted asharp reduction in fibrinogen levels in all dose
groups but in adose-dependent fashion. Neurological deficits were measured on a
120-point scale. 16% of patients died by day 30. Four patients suffered
intracerebral hemorrhage. Patients who underwent angiography were likely to
develop groin hematomas.
h) Conclusion
The authors concluded that the 1200 CTA units/lbs/h with an appropriate loading
dose would be an appropriate dose for further study. They also concluded that
there is asignificant risk of intracerebral hemorrhage. They recommended,
"treatment should be considered only in those patients who reach the hospital and
have completed diagnostic evaluations within avery few hours of the ictus."
5. Fujishima M et al. 13
a) Hypothesis
To investigate the combined use of dextran and urokinase in the treatment of
ischemic stroke.
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b) Design
Randomized controlled trial. However, there was not true placebo group; all
patients received intravenous urokinase as it was in common use in Japan at that
time.
c) Setting
26 participating centres in Japan.
d) Patients
150 patients. 89% had abrain CT and 30% alumbar puncture to rule out
hemorrhage. A clinical diagnosis of cerebral infarction of thrombotic origin was
required for entry. The mean ages were 65.6 and 67.2 in the UK and UK-DS
groups respectively. The male to female ratio was 2:1. 44% of patients had
therapy begun within 24 hours from onset.
e) Intervention
Intravenous urokinase 5000U/kg infused over 6hours. Patients were additionally
randomized to Dextran sulfate 3000mg intravenously. Patients were treated from
one to seven days from symptom onset.
f)

Outcomes

Outcomes were assessed at 6hours, 24 hours and 7days after commencement of
treatment. Outcomes were classified into five categories by comparison to the
baseline stroke severity: ( 1) worse; (2) unchanged; (3) slightly improved; (4)
moderately improved; (5) markedly improved. Baseline and follow-up stroke
severity were graded as severe, moderate, mild, and normal.
g) Results
Overall, 75.3% of the UK group and 83.9% of the UK-DS group showed
improvement. Although the authors report that more patients benefited from the
additional dextran sulfate, it is unclear how this assessment was made.
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h) Conclusion
The authors noted that the dose of urokinase used in this study was lower than in
previous studies and suggested that dextran sulfate may provide additional benefit
in combination.
6. Commentary
Multiple other case reports have been published and are not included here. It is
remarkable in retrospect that these studies proceeded given the lack of ability to
adequately diagnose parenchymal hemorrhage. Pre-CT scan era studies were
marred by higher hemorrhage rates and enough clinical uncertainty that
thrombolysis for stroke was delayed until the mid- 1980s when CT technology
advanced sufficiently to make the diagnosis of an ischemic neurological deficit
certain.
The Japanese experience also remains remarkable. A much more aggressive
approach with the use of urokinase was taken with urokinase being adopted as a
standard of care in some centres without strong evidence. In the Fujishima study,
what is remarkable is the lack of aplacebo group and the very high response rate
of all patients. Current standards and clinical trials methodology suggest that this
study was probably biased at the outset in favour of dextran sulfate by poor design.
It remains unclear to this day if intravenous urokinase is an efficacious agent for
stroke. One inferred lesson is that at the doses used, the drug appeared to be
relatively safe with few intracerebral hemorrhages!

C. Phase Iand phase II Data
I. Del Zoppo et al. 14
a) Hypothesis
Intra-cranial thrombus in acute ischemic stroke can be thrombolysed with
intravenous tPA.
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b) Design
Open-label dose escalation study. Phase 1.
c) Setting
16 centres in the United States and Germany. The study was funded by
Burroughs-Wellcome Company. The study was prematurely terminated before
dose escalation reached the ninth and final dose because of apatent suit involving
duteplase.
d) Patients
139 patients with stable symptoms of focal ischemia within 8hours of symptom
onset recruited between 1987 and 1990.
e) Intervention
Nine dose levels (0.12 — 0.75 MlU/kg)t were considered and the decision to move
to the next dose level was based upon safety. Enrolled patients underwent plain
head CT followed by selective angiography. Eligible patients then received an
infusion of 60 minutes of intravenous duteplase (which has slightly less
thrombolytic activity than alteplase — 310000 lU/mg vs. 580000 lU/mg). No bolus
dose was given. At the end of the infusion, angiography was repeated. Anticoagulants and volume expanders were prohibited for 72h following thrombolysis.
f)

Outcomes

The primary outcomes were vessel recanalization and intracerebral hemorrhage.
lntracerebral hemorrhage was defined as hemorrhagic infarction (HI) and
parenchymal hematoma ( PH).

tThe currently accepted dose of alteplase is 0.9 mg/kg which is equivalent to
0.522 MIU/kg
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g) Results
a) 112 patients (
80.6%) had aprimary vessel occlusion at initial angiography
b) No relationship between tPA dose and recanalization was observed.
c) A trend to greater proportional recanalization was observed according to
vessel occluded from ICA (8%), Ml (26%), M2 (35%), M3(40%).
d) Symptomatic hemorrhage occurred in 9.6% of patients. HI was observed in
21 (
21 %) and PH observed in 10 (
11%) of patients. Thirteen patients died
in hospital ( 12.5%).
h) Conclusion
Intravenous thrombolysis for stroke is both possible and safe. The vascular
location of thrombus affects the occurrence of thrombolysis and should be
considered in future efficacy trials.

2. Brottetal. 15
a) Hypothesis
Treatment of acute ischemic stroke with thrombolysis within 90 minutes of stroke
onset is possible and safe.
b) Design
Open label dose escalation study in patients with acute ischemic stroke treated
within 90 minutes of stroke onset. Doses ranged from 0.35 —1.08 mg/kg. The two
top doses (0.95 and 1.08 mg/kg) were dropped back to the prior dosing level due
to hemorrhagic complications in ≥2of 6sequentially treated patients.
c) Setting
12 centres in the United States between 1987-1989.
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d) Patients
74 patients were treated within 90 minutes. 90% were treated between 75-90
minutes from onset.
e) Intervention
Patients received an infusion of alteplase over 60 minutes (n=52). At higher dose
ranges (n=12), patients received the infusion over 90 minutes.
f)

Outcomes

The primary outcome was safety. Secondary outcomes were efficacy and process.
g) Results
a) 3 (4%) patients suffered symptomatic lCH of which one was fatal. All were
associated with the high dose range of 0.95mg/kg.
b) 34 (46%) of patients had neurological improvement (≥ 4 points on the
NIHSS score) at 24h.
c) Neurological improvement at 2h was associated with smaller volume of
infarction measured on CT.
d) No relation between dose and major clinical improvement was observed.
e) 40 of 54 (74%) of patients who underwent open-label angiography within
24h of symptom onset had observable thrombus in the affected hemisphere.
h) Conclusion
Treatment of acute ischemic stroke within 90 minutes is possible. Safe
administration of intravenous thrombolysis is possible. Doses of alteplase ≥0.95
mg/kg may be dangerous.
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3. Haley etal. 16
a) Hypothesis
Treatment of acute ischemic stroke 91-180 minutes from onset is safe and shows
signs of efficacy.
b) Design
Open label dose escalation study in patients with acute ischemic stroke treated
between 91-180 minutes of stroke onset. Doses ranged from 0.6 —0.95 mg/kg.
This second study occurred after the 0-90 minute pilot established that doses
>0.95 mg/kg might present unacceptable increases in the incidence of [ CH.
c) Setting
Three centres in the United States.
d) Patients
20 patients were recruited between 1988-1989.
e) Intervention
Patients received a 10% bolus dose at outset followed infusion of the remaining
90% of the prescribed dose over a60 minute infusion. A bolus dose was not given
at the 0.95 mg/kg dose and this dose was administered over 90 minutes.
f)

Outcomes

The primary outcome was safety. Secondary outcomes considered efficacy.
g) Results
Two patients suffered symptomatic ICH; both were fatal. Three patients showed
early neurological improvement at 24h defined as an increase of ≥4points on the
NIHSS.
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h) Conclusion
Combined data with the under 90-minute cohort (Broil et al) show that there is a
17% incidence of ICH in the high dose groups. Careful choice of dose must be
observed in the design of afuture efficacy trial.
4. Commentary
Two issues deserve comment. These three studies provide the important
pathobiological evidence that thrombolysis works in humans. These are the only
human dosing studies conducted with CT assessment at baseline and in follow-up.
While urokinase dosing was assessed in the pre-CT era, other thrombolytics such
as streptokinase and pro-urokinase have not been rigourously assessed
pharmacologically.
Secondly, the two studies by the NINDS group provided an important
learning curve for the investigators. The positive NINDS tPA Stroke trial was
conducted at eight centres by investigators who had developed experience in the
pilot. Such experience is very difficult to quantify but it is clear from multiple other
procedure oriented fields of medicine that experience counts and results in better
outcomes with fewer complications.
These two observation become important when assessing the role of
streptokinase and alteplase at time-points beyond the 3-hour window.

D. Efficacy of Stroke thrombolysis

-

Data from Phase Ill Randomized

Clinical Trials
1. Methods
MEDLINE, EMBASE and the Cochrane database of randomized trials were
searched for randomized clinical trials in stroke thrombolysis. Article bibliographies
were cross-checked to ensure that all relevant trials had been examined. Each
study is summarised in the format used by ACP Journal Club 17 .A commentary is
provided at the end of this section.
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2. NINDS rtPA Stroke Trial'
a) Hypothesis
The study was reported in asingle paper but consisted of two sequential studies
with the same methods but different primary outcomes. Part A tested the
hypothesis that stroke patients treated with alteplase were more likely to show an
improvement of 4-points or more on the NIHSS at 24h. Part Btested the
hypothesis that stroke patients treated with alteplase were more likely to have
improved overall function as measured by the global statistic at 90-days poststroke.
b) Design
Randomized, blinded (patients, physicians) controlled trial.
c) Setting
The study was funded by the National Institutes of Neurological Disorders and
Stroke ( NINDS). Eight centres in the United States took part.
d) Patients
624 patients with acute ischemic stroke. 50% of the patients were randomized and
treated within 90 minutes of stroke onset, 50% between 90 and 180 minutes from
stroke onset. All patients had abaseline CT scan to rule out intra-cranial
hemorrhage and conformed to strict rules (eg blood pressure control) designed to
reduce the risk of [ CH.
e) Intervention
1:1 randomization to intravenous alteplase (tPA) or placebo. Alteplase was given
at 0.9 mg/kg (maximum dose

=

90mg) with 10% of the dose given as abolus over

1-2 minutes followed by the remainder as an infusion over 1hour.
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f)

Outcomes

Part A used the NIHSS score at 24h, determined by an observer who did not
determine the baseline score. Part B used four scales: NIHSS, modified Rankin
Scale (mRS), Barthel Index (BI), Glasgow Outcome Score (GOS) and aglobal
statistic to combine the results on each of the four scales 18 .As asecondary
analysis, all patients were pooled and the outcome on all four scales at 90-days
and again on the global statistic was examined.
g) Results
The results of Part A were neutral. 47% of patients in the treated group achieved
an improvement of ≥4on the NIHSS compared to 39% in the placebo (pO.06).
The median NIHSS score at 24h in the treated group was 8compared to 12 in the
placebo group. Post-hoc analysis confirmed that if the cut-off of NIHSS
improvement had been 5or greater, the results would have achieved
significance 19 .
In Part B, the results were congruent and positive on all four outcome scales.
Each scale was dichotomized into excellent outcome and other. In each case
there was an 11-13% absolute increase in the proportion of patients in the treated
groups who achieved an excellent outcome. No difference was seen in mortality.
The OR in favour of good outcome using the global statistic was 1.7 (p0.008).
These differences persisted to one-year20 .
Among treated patients 6.4% suffered asymptomatic lCH defined as any
neurological worsening and new hemorrhage observable on a24h or 7-1 Od CT
scan. More patients in the treatment group died of symptomatic ICH; however, this
was offset by more patients in the placebo group dying of fatal brain oedema.
h) Conclusion
Among acute ischemic stroke patients fulfilling criteria for entry into the trial,
benefit accrued to the treated group. With an absolute risk reduction of 11%, the
number-to-treat to achieve one additional good outcome is 8.
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3. European Co-operative Acute Stroke Study (ECASS) 21
a) Hypothesis
Intravenous alteplase given within 6hours of stroke onset is efficacious and safe in
improving outcome after acute ischemic stroke.
b) Design
Randomized controlled trial. Blinding (physicians, patients).
c) Setting
75 centres in 14 European countries. The study was fully funded by BoehringerIngeIheim.
d) Patients
620 patients were recruited and randomized between 1992 and March 1994. The
median NIHSS score was 13 and 12 and the median

sss score was 27 and 28 in

the placebo and alteplase groups respectively. Similarly, the median age was 67
and 69, 65% and 60% were male. Other risk factors were well balanced.
e) Intervention
1.1 mg/kg of intravenous alteplase or placebo within 6hours of symptom onset.
Patients were excluded from therapy if early ischemic change on the CT scan
occupied more than
f)

1/
3 rd

of the estimated middle cerebral artery territory.

Outcomes

The primary outcomes was adifference of 15-points or more on the 90-day Barthel
Index score and one or more grades on the modified Rankin Scale score.
Secondary and safety outcomes included 30-day measures, mortality and
incidence of ICH.
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g) Results
The trial was neutral on the primary outcome. Mortality was higher in the active
treatment group (p=O.04). However, 17.6% (
n=109) of patients were deemed to be
protocol-violators on the basis of significant early ischemic changes on the
baseline CT scan. By chance, more of these patients ended up in the active
treatment group (n=63 vs. 43). Exclusion of these patients, in atarget population
analysis, did not result in aobservable benefit on the primary outcome. However,
in the target population more patients in the treatment group had lesser
neurological deficits on the NIHSS score at 24-hours and 90-days.
h) Conclusion
The trial was neutral in the intention-totreat analysis. However, signals of efficacy
were observed on secondary endpoints. A major problem was the failure of
investigators to recognize early signs of ischemia on the baseline CT scan and
exclude patients from randomization
accrued to patients with less than

1/
3 rd

In apost-hoc sub-group analysis, benefit
of the middle cerebral artery territory

showing signs of early ischemia.

4. ECASS-22
a) Hypothesis
To assess the safety and efficacy of intravenous alteplase (0.9 mg/kg) within 6
hours of stroke onset. This study was designed in the aftermath of ECASS-1 and
the NINDS study. Preparation was made to train investigators on CT scan reading
and clinical endpoints were chosen based upon those of the NINDS investigators.
b) Design
Randomized, double-blind controlled trial. The study was fully sponsored by
BoehringerIngelheirn and clinical monitors and data managers were employed by
the company.
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C) Setting
108 centres in Europe, Australia and New Zealand.
d) Patients
800 patients were recruited and randomized. The patients were similar between
placebo and active treatment groups. The median age was 68, 59% of the patients
were male. Only 20% of the patients were treated within 3hours of symptom
onset. The median NIHSS score at baseline was 11, and median

sss score was

31, indicating that patients were of milder stroke severity than the previous ECASS
trial and the NINDS tPA Stroke trial.
e) Intervention
1:1 randomization to alteplase or placebo. 0.9 mg/kg of intravenous alteplase
given as a 10% bolus over 1-2 minutes followed by the remainder given as an
infusion over 60 minutes.
f)

Outcomes

The primary outcome was pre-defined as the proportion of patients achieving a
mRS score of 0-1. Secondary analyses were done on the change in NIHSS score,
the Barthel Index> 90 at 90 days, the median SSS at 90 days, two SF-36 subscales. Post-hoc analyses were done using amRS 0-2 cut-off and stratifying
according to time to treatment.
g) Results
The study was neutral in the primary analysis. In the treatment group, 40.3% of
patients achieved amRS score 0-1 and 36.6% in the placebo group. Using the
mRS 0-2 cut-off, the study was statistically positive (p=0.024) with 54.3% vs.
46.0% (ARR

=

8.3%, NNT

=

12) achieving an independent outcome. More

patients in the treatment group achieved alower NIHSS score at 90-day follow-up
(p=0.035). However, no differences were seen on other outcome measures.
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Importantly, adifferential effect between patients treated under 3-hours and those
treated 3-6 hours was not demonstrable.
h) Conclusion
The study was negative in the primary analysis. However, hints of efficacy are
present. The choice of outcome measure clearly influenced the results from a
statistical perspective. The study thu s prov id es

amp l
yf
odder for those who are in

favour of thrombolysis and those who are against. The fact that the results are
mixed suggests that some patients clearly benefited from treatment but that it was
not possible to select them using the trial protocol. Better techniques to select
patients may allow more patients at later time windows to be treated with
thrombolysis.

5. ATLANTIS-B23
a) Hypothesis
The study was originally designed to run parallel to the NINDS tPA Stroke Trial at
different sites using a6-hour treatment window, analogous to the European
studies.

Two events changed the course of the study. In 1993, the Data Safety

Monitoring Committee, changed the inclusion criteria to a5-hour window because
of an excess of intracerebral hemorrhages among patients treated between 5and
6hours from onset. The trial was restarted as ATLANTIS-B. In 1996, the FDA
licensed tPA in the US. This led the trial committee to abandon the 0-3 hour time
window, leaving the remainder of the trial to be a3-5h window. The study was
stopped in July 1998 after publication of the ECASS-2 negative results, when the
data monitoring committee concluded that it was unlikely that the trial would
demonstrate apositive result.
The primary hypothesis was that stroke patients treated with intravenous
alteplase would be more likely to have an excellent neurological outcome at 90days measured by an NIHSS score 0-1.
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b) Design
Randomized, blinded (patients, physicians), controlled trial. The study was fully
sponsored by Genentech Inc. (San Francisco, CA, USA). Data analysis and data
monitoring was conducted by the sponsor.
c) Setting
140 centres in the United States and Canada.
d) Patients
613 patients were enrolled in the ATLANTIS-B study. (3-5h protocol). This
included 31 patients who were enrolled within a0-3h window prior to the change in
protocol to narrow the inclusion criteria to 3-5h.
e) Intervention
1:1 randomization to intravenous alteplase (tPA) or placebo. Alteplase was given
at 0.9 mg/kg (maximum dose

=

90mg) with 10% of the dose given as abolus over

1-2 minutes followed by the remainder as an infusion over 1hour.
f)

Outcomes

NIHSS score at 90 days, was the primary outcome variable. The mRS, BI and
GOS were additionally collected.
g) Results
In the target population, 547 patients were included, from atotal of 613 in
the intention-to-treat population. 32% of the placebo group and 34% of the target
population achieved an excellent neurological outcome defined by ascore of 0-1
on the NIHSS. The results were the same for the ITT population. Post-hoc
analysis noted that there was astatistically higher proportion of patients in the
treatment group (45% vs. 36%) who achieved amajor improvement at day 30 and
day 90.
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The incidence of symptomatic ICH in the treatment group was 7% compared
to I % in the placebo group. Serious systemic bleeding was rare at 0.2% in both
groups.
h) Concl
us ion
The median baseline NIHSS score in both groups was 10, indicating treatment
of mild-moderate stroke only. Like the ECASS-2 study, ATLANTIS enrolled
patients with milder stroke. The sample size was planned with an expectation that
44% of the treated group and 35% of the placebo group would reach the primary
endpoint. While one of 25 secondary endpoints was met suggesting that the
proportion of dramatic recoveries was greater in the treated group, the authors
suggest that this may have been due to chance.
6. ATLANTIS-A24
a) Hypothesis
Please note the description of the ATLANTIS-B study above. ATLANTIS-A
includes those patients randomized from August 1991 until the October 1993
decision to restart the trial as the ATLANTIS-B study because of safety concerns in
the 5-6h cohort.
b) Design
Randomized, blinded (patients, physicians), controlled trial. The study was fully
sponsored by Genentech Inc. (San Francisco, CA, USA). Data analysis and data
monitoring was conducted by the sponsor.
C) Setting
42 centres in North America.
d) Patients
142 patients were randomized in the ATLANTIS-A protocol (0-6h).
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e) Intervention
1:1 randomization to intravenous alteplase (tPA) or placebo. Alteplase was given
at 0.9 mg/kg (maximum dose

=

90mg) with 10% of the dose given as abolus over

1-2 minutes followed by the remainder as an infusion over 1hour.
f)

Outcomes

The primary endpoint was a4-point improvement on the NIHSS score at 24h or
complete recovery at 90 days.
g) Results
No consistent treatment effect was observed. There was ahigher proportion of
patients with symptomatic ICH at 10 days in the treatment group ( 11.3%) vs. the
placebo group (0%).
h) Conclusion
The study primarily examined patients in the 3-6h cohort. Just under 15% of the
patients were treated within 3hours of symptom onset. Overall, this is anegative
study in the intention-to-treat analysis.
7. Individual patient meta-analysis (Personal communication, T. Brott 2002 and
Lancet 2003, in press)
The data from all six intravenous tPA trials was pooled to examine for aprolonged
time window of efficacy for tPA for stroke. The data are unavailable for complete
review but are demonstrated in the figure below. [n=2776. Good outcome
statistic combining Barthel Index, mRS and NIHSS].

Figure 1 Odds ratio of good outcome with treatment by time
-

=

global

adjusted odds ratio
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8. Commentary
The NINDS trial was vetted before the FDA prior to onset and at its conclusion
led to the licensing of alteplase for ischemic stroke in the US and subsequently (3
years later) in Canada. The FDA mandated apost-marketing surveillance study in
the US

-

the STARS Study (vide infra). The treatment of stroke with thrombolysis

has engendered much controversy in the medical community. The NINDS tPA
Stroke Trial is the only stroke thrombolysis trial with apositive result in the intentto-treat analysis. This fact has led many to argue, particularly the Stroke Clinical
Trials group from the University of Edinburgh, that there is not enough evidence to
argue for widespread stroke thrombolysis. Their view has led to the development
of the International Stroke Trial-3 ( 15T3) which is currently in apilot run-in phase,
randomizing patients to alteplase or placebo in the UK only.
Post-hoc analysis of the trial has led to several conclusions. No baseline clinical
factors significantly modified the treatment effect of alteplase 25 .However
predictors of outcome included baseline age, stroke severity, hypertension and
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diabetes. The risk of intracerebral hemorrhage was elevated with greater age and
evidence of edema on baseline CT brain scan 26 .The earlier the treatment was
instituted, the greater the odds of agood outcome 5.
Several post-hoc analyses have emphasized the decreasing benefit the later in
the 3-hour time window apatient is treated, the role that the treatment of
hypertension 27 played in the study and cost-effectiveness28.
The study was well designed, conducted and executed. The result seems
unequivocal. Yet, many have argued against the widespread use of tPA for stroke.
Certainly, the therapeutic index for this drug is narrow. It is exactly this fact that
underscores the importance of monitoring the community use of tPA for stroke.
Therefore, why did the ECASS and ATLANTIS studies fail to show benefit in
their primary analyses. Several differences in the trials may account for the
observed results:
a) Dose of alteplase
b) Onset-to-treatment time
c) Patient selection
d) Experience of the investigators
Dose finding studies were not directly implicated in the decision to use 1.1 mg/kg of
alteplase for ECASS-1. Cardiac dosages were extrapolated to stroke. In the early
study by Brott et al, dosages above 0.95 mg/kg were highly associated with
hemorrhage on the follow-up CT scan, so much so that higher doses were
abandoned by the safety committee. This aclear explanation for the occurrence of
so many hemorrhages in the treatment group in ECASS-1 study but not for
ATLANTIS and ECASS-2 where the lower 0.9 mg/kg dosing was used.
Time to treatment may be an important reason that efficacy was not shown
in these latter trials. lschemic brain is only salvageable if the blood flow is above
15-20 ml/1 oOg brain/minute such that the tissue is alive but electrically silent.
Because progression to infarction is arapid process in the typical intracranial
vessel occlusion, only asubset of patients will benefit from reperfusion therapy.
Identifying these patients using routine studies (eg. CT scan, clinical examination)
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has yet to have been proven to be possible. Because both the ATLANTIS and
ECASS-2 studies treated the vast majority of the patients late into the stroke
process, salvage may not have been possible.
Patient selection was probably acritical factor in the ATLANTIS study. In
both studies, patients with mild-moderate stroke only were selected. The median
NIHSS scores were 10 and 11 compared to 14 in the NINDS tPA Stroke study and
17 in PROACT-2. Subsequently, it has been shown that the NIHSS score can
predict occlusion reliably with ascore greater than 8. Patients without persisting
occlusions are less likely to benefit from thrombolytic strategies and may be at
higher risk of hemorrhage. The lower NIHSS score resulted in the placebo group
have an excellent recovery rate, masking any potential effect of treatment. Caplan
has argued that the approach to thrombolysis should rightly depend upon the
demonstration of an occlusion prior to treatment. The desire to be both fast and
simple may have prevented these investigators from proving their hypothesis.
Finally, experience likely played arole. Only the NINDS investigators
performed pre-clinical trials and gained valuable treatment experience doing so.
ECASS-1 was marred by the failure of CT interpretation. ECASS-2 was spread
over alarger number of centres than ECASS-1; measures were taken to improve
CT interpretation. ATLANTIS centres were centres that had not previously been
involved in clinical trials of stroke thrombolysis. Given the simplicity of the
treatment protocol, this factor is likely aminor one.

E. Cochrane Meta-analysis
The Cochrane Collaboration has astroke group which has looked at the issue of
thrombolysis for stroke. In this systematic overview, all trials of any thrombolytic
agent in any time window were collated for analysis.
In summary, this overview noted that thrombolysis for stroke definitely
resulted in ahigher incidence of fatal intracerebral hemorrhage compared to
placebo. However, when alteplase (tPA) is analysed alone, there is abenefit that
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accrues to treated patients despite an increase in ICH in the treated group. No
mortality benefit was observed. This benefit was larger in the patient group
treated within 3h of symptom onset (Figure 1).
Review:
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Figure 2 Meta-analysis of the alteplase treated patients only.
-

(Reprinted with permission),

The Cochrane group concluded that not enough evidence existed to make
firm recommendations about the treatment of stroke with thrombolysis. They
noted that statistically, they were unable to show heterogeneity of treatment effect
according to thrombolytic agent, but this has been challenged because of the
biological evidence supporting clinical heterogeneity29 .

F. Prourokinase
1. Prolyse in acute cerebral thromboembolism ( PROACT)
a) Design
This study was aphase II randomized controlled trial designed to assess safety in
intra-arterial delivery of pro-urokinase for middle cerebral artery ischemic stroke.
Patients with symptoms of an acute middle cerebral artery territory stroke
underwent diagnostic angiography. Patients who had an occlusion of the MI or
M2 middle cerebral artery were eligible for randomization. Patients were
randomized 2:1 to 6mg pro-urokinase infusion vs. control. All patients received
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heparin. The first 16 patients received 100 U/kg bolus followed by 1000 U/h for 4
hours and subsequently after recommendations from the data safety committee,
this dosing regimen was reduced to a2000 U fixed dose bolus followed by 500 U/h
for 4 hours. Heparin was begun at the onset of angiography. Patients had to
receive treatment within 6hours of stroke onset.
b) Setting
37 centres in the US and Canada. The study was fully sponsored by Abbott
Laboratories.
c) Patients
Over 1300 patients were screened to yield 105 who underwent angiography and
then 46 who had an occlusion of the Ml or M2 middle cerebral artery segment.
d) Outcome Measure
The primary outcome measures was recanalization at 120 minutes from the onset
of treatment. Clinical efficacy outcomes were NIHSS score, Barthel index and
modified Rankin scale score at 7, 30 and 90 days. Safety outcomes were
symptomatic hemorrhage causing neurological deterioration within 24 hours of
treatment onset.
e) Results
The study was halted at the reported recruitment by the study sponsor for
econonomic/strategic reasons, and not because of adverse safety events. 57.7%
of patients in the treatment group vs. 14.3% in the placebo group had partial or
complete recanalisation at 120 minutes (p=0.0085). The proportion of all
hemorrhage was higher in the treatment group but there was no difference in
symptomatic intracerebral hemorrhage. There was atrend to improvement in
clinical outcomes at 90 days. Mortality was lower in the pro-urokinase group.
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f)

Conclusions

This was first randomized trial to show the potential benefit of intra-arterial therapy.
The study was designed to assess aprinciple and to assess safety, but not
efficacy. Signals of efficacy were present and the treatment protocol was feasible,
safe and showed proof of effect.
2. Prolyse in acute cerebral thromboembolism II ( PROACT-11)
a) Design
This study was afollow-on to the phase II PROACT study. It was aphase Ill study
designed to assess efficacy assessed at 90 days. The study design was identical
to PROACT except that the low dose heparin protocol was used and ahigher dose
of pro-urokinase was used

-

9mg over 2hours.

b) Setting
54 centres in the United States and Canada.
c) Patients
180 patients were randomized 2:1 to intraarterial pro-urokinase or control. Over
12300 patients were screened and 474 underwent diagnostic angiography. 121
patients were randomized to pro-UK and 59 to control.
d) Outcome Measure
The primary outcome measure was a90-day modified Rankin Scale score of 2or
less indicating functional independence. Secondary outcome measures include
NIHSS score of Ior less at 90 days, the Barthel index score at 90 days or 60 or
less and 90 or less and the proportion of patients achieving a50% of more
reduction in the NIHSS at 90 days.
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e) Results
40% of patients in the treatment group and 25% of patients in the control group
achieved the primary outcome (p=0.04). The secondary outcomes were not
statistical positive but trends in favour of treatment were present on all outcome
measures. Symptomatic intracerebral hemorrhage was higher in the treatment
group at 24-hours ( 10% vs 2%).
f)

Conclusions

The study was positive in the intention—to-treat analysis on the primary outcome.
However, statistically, the result was at the borders of conventional significance.
Although trends to benefit were seen on secondary outcome measures, none were
statistically shown to be so. For these reasons this drug has yet to be licensed for
acute ischemic stroke and athird trial, PROACT-Ill, with asample size of 450
patients has been proposed.
3. Commentary
The PROACT-2 study serves largely as aproof-of-concept trial. By conducting an
angiographically controlled study, the investigators have shown that lysis of the
thrombus can result in improved outcomes for patients with large vessel
thromboembolic disease.
G. Streptokinase
1. Australian Streptokinase Trial (ASK) 3°
a) Hypothesis
Streptokinase administered to acute ischemic stroke patients within 4 hours of
symptom onset will reduce morbidity and mortality at 3months.
b) Design
Randomized clinical trial.
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c) Setting
40 centers in Australia from June 1992-November 1994.
d) Patients
340 patients, aged 18-85, mean 68.5, men 207

0 women

1330. Patients had to

have ischemic stroke with treatment commencing with 4 hours of symptom onset.
Exclusion criteria included any thrombolytic contraindications, streptokinase use
within the previous 12 months, previous stroke in the symptomatic hemisphere.
e) Intervention
Randomization was stratified and 1:1 streptokinase or control, in order to reduce
the chance of early imbalance, by clinical severity in two strata of the Canadian
Neurological scale (<4.0 and 4.0-9.0). 1.5 million IU streptokinase or placebo over
1hour. All patients received 100m aspirin within 4 hours of randomization.
f)

Outcomes

3month Barthel index score ≥60 assessed by blinded physicians in-clinic.
g) Results
An estimated sample of 600 patients was pre-specified. A total of 340 patients
were randomized. The trial was stopped early because of an excess of adverse
outcomes in the treatment group. A majority of patients were randomized in the 34 hour time period (mean onset-to-treatment time 3h 28mm)
A third (33.3%, n=58) patients in the treatment group suffered acute
hypotension defined by adrop in systolic blood pressur> 20mmHg, compared to
6% (n=1 0) in the control group. Analphylaxis occurred in 2.2% (n=4) of the treated
patients.
The trial was neutral in the intention—to-treat analysis. 48.3% in the
treatment group vs. 44.6% in the control group suffered apoor outcome. When
post-hoc stratification into a0-3h vs. 3-4h cohort was investigated there was an
apparent trend to benefit among the treated group (RR 0.6 95%Cl 0.28-1.58).

37

Symptomatic hemorrhage occurred more frequently in the treatment group
(12.6% vs. 2.4%, p<0.O1). An absolute increase of 15.8% deaths occurred in the
treatment group.
h) Conclusion
A suggestion of trend to benefit at faster onset-to-needle times should not
overshadow the negative results of this trial. More patients died, more patients
suffered symptomatic hemorrhage and more patients suffered acute hypotension in
the streptokinase group.
These data are similar to those in other streptokinase trials. The reasons for
negative outcomes are not entirely explained by symptomatic hemorrhage. Other
considerations such as the pharmacology of streptokinase, the dose and the lack
of dose finding studies, the concomitant use of aspirin may have accounted for
some of the adverse events.
2. Multicentre Acute Stroke Trial

-

Italy (MAST- I) 31

a) Hypothesis
Stroke thrombolysis with streptokinase and/or aspirin is efficacious in reducing
morbidity.
b) Design
2x2 factorial design to streptokinase and/or aspirin 300mg.

Streptokinase was

given at asingle intravenous dose of 1.5 million IU over 1hour. Aspirin was given
immediately and then daily for 10 days. Intravenous heparin, other anti-coagulants
and anti-platelet treatments were avoided for 10 days. Subcutaneous heparin to a
maximum dose of 15 000 U/day was permitted.
c) Setting
70 centres in Italy, United Kingdom and Portugal. May 1991-February 1995.
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d) Patients
Patients were eligible if they had an acute neurological deficit due to vascular
occlusion and could be treated within 6hours of symptom onset. Acute CT
scanning excluded patients with hemorrhage or structural stroke mimics.
e) Intervention
Streptokinase and/or ASA.
f)

Outcomes

6month outcome by telephone interview on the modified Rankin Scale.
Independence (mRS 0-2) was considered afavourable outcome.
g) Results
The study was terminated prematurely on the advice of the data safety and
monitoring committee. A sample size of 1500 patients was planned and 622
patients were randomized. An excess of early mortality ( 10 day) in the
streptokinase treatment group, OR 2.7 ( 1.7-4.4) and similarly at 6months, OR 1.7
(1.2-2.5), led to this decision. Aspirin alone did not have amortality effect.
However, the combination of aspirin and streptokinase had asignificantly high 10day fatality rate (34%), OR 3.5 ( 1.9-6.5), than those treated with neither drug.
h) Conclusion
The interpretation of the study was optimistic and adissent occurred between the
statisticians and the writing committee, such that the Lancet took the unusual step
of publishing asecond interpretation by the two dissenting authors.
It is clear that this was aprofoundly negative study. Patients given
streptokinase had avery high 10-day fatality rate of 27% compared to 12% for
controls (OR 2.7, 95%Cl 1.7-4.3).
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3. Multicentre Acute Stroke Trial

-

Europe (MAST-E)32

a) Hypothesis
Streptokinase treatment of stroke results in improved outcomes for patients at 180
days.
b) Design
Randomized, double-blind, placebo-controlled trial
c) Setting
48 French and UK centers
d) Patients
310 patients (mean age 69 y, 56% men) with acute ischemic stroke.
e) Intervention
Patients were allocated to streptokinase, 1.5 million units (n = 156), or placebo (n=
154); both were given by intravenous infusion for 1hour. 70% of patients received
concomitant treatment with heparin.
f)

Outcomes

The primary efficacy outcome combined death and serious disability (Rankin score
greater than or equal to 3) at 6months. Safety outcomes were 10-day mortality
and symptomatic and silent intracranial hemorrhage assessed by CT by day 5.
g) Results
Analysis was by intention to treat. The groups did not differ for the combined
efficacy outcome. Mortality or Rankin score greater than or equal to 3occurred in
80% of patients who received streptokinase compared with 82% of patients who
received
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placebo ({95% Cl for the 2% difference -7% to 11 %},* P = 0.60). The 10-day death
rate was higher in patients who received streptokinase (34% vs 18%, P = 0.002).
{This absolute risk difference of 16% means that over 10 days, Iadditional death
occurred for every 6patients who received streptokinase (compared with
placebo), Cl 4to 16; the relative risk increase was 86%, Cl 26% to 179% .}*
Symptomatic intracranial
hemorrhage also occurred more frequently in patients who received streptokinase
(21% vs 2.6%, P < 0.001) {absolute risk difference 18.4%, 1additional hemorrhage
occurred for every 5patients who received streptokinase, Cl 4to 8; the relative risk
increase was 714%, Cl 211% to

2071%}.*

The groups did not differ for silent

intracranial hemorrhage (45% vs 41%, P = 0.50).
h) Conclusion
In patients who had acute ischemic stroke, treatment with streptokinase did not
improve patient outcomes at 6months and resulted in increased in-hospital
mortality

4. Pooled Streptokinase Trials
a) Hypothesis
Although the individual trials of streptokinase were negative in the primary analysis,
the size of the trials was such that multivariable analysis was restricted. Factors
which caused or were related to treatment benefit or failure, mortality and
symptomatic intracerebral hemorrhage might be elucidated in acombined analysis.
b) Design
Individual patient data from four randomized trials were combined to allow for
multivariable analysis.
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c) Setting
Four randomized controlled trials: The Australian Streptokinase Trial, the Multicentre Acute Stroke Trial

-

Italy, the Multi-centre Acute Stroke Trial

-

Europe and

the Glasgow Trial.
d) Patients
1292 patients. 653 received 1.5 million lU streptokinase and 639 received control.
In the MAST-[ study, patients were additionally randomized in afactorial design to
ASA 325mg.
e) Intervention
Multivariable logistic regression modelling. Adjusted relative risks of the treatment
effect were developed using the control group to assess the adjusted predicted
outcome of the treatment group.
f)

Outcomes

Death, intracerebral hemorrhage and good functional outcome at 90 days.
g) Results
Streptokinase was associated with asignificantly greater risk of early death at 10
days with RR 1.94 (95%Cl 1.55-2.42). Outcome mRS 3-6 was not difference
between treatment and control groups with RR 0.99 (95% Cl 0.92-1.06). There
was agreater risk of hemorrhagic infarction, with RR 1.85 (95%Cl 1.58-2.17).
Adjustment for potential confounding variables did not change these risks.
Non-significant trends to better outcome were observed with treatment
within 3hours of onset vs. 3-6h. Patients who were heavier, and therefore had a
lower relative dose of streptokinase, were less likely to be dead at 10 days. Use of
aspirin was significantly associated with early mortality. The influence of signs of
early ischemic on CT scan was small.
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h) Conclusion
SK was detrimental in all subgroups of patients. Trends to benefit were observed.
Importantly, the Cochrane meta-analysis sums the evidence of SK vs. tPA for
stroke well. In the streptokinase trials, all results are neutral or harmful while in the
tPA group pooled results are beneficial 33 .
5. Commentary
Streptokinase in adose of 1.5 million lU is clearly harmful. It is known to have
immunological activity and to produce acute hypotension in the treatment of acute
myocardial infarction. It is less fibrin specific than alteplase. These
pharmacological differences may account for its differential effect. It is possible
that alower dose of streptokinase or dose-adjusted streptokinase might be a
realistic treatment for acute stroke. However, because licensing bodies in North
America and Germany have approved alteplase, it seems unlikely that further trials
of streptokinase will be conducted.
Contrary to the tPA studies, there were no dose finding studies of streptokinase
and the cardiac dose was used in all three studies. This fact and the longer time
window were likely additional major contributors to the neutral results of these
studies.
One important observation that has emerged from analysis of the Australian
Streptokinase study is that the appearance of early CT changes on the baseline
scan was not predictive of subsequent major intracerebral hemorrhage. However,
blood pressure and the CT scan appearance were associated with increased risk
of hemorrhage 34 .
H. Data from Post-marketing and Open-label Use
1. Methods
Both MEDLINE and EM BASE were searched in March 2001 for entries that would
indicate apost-marketing study of intravenous stroke thrombolysis with alteplase.
See Appendix Ifor an example of the search strategy. Each study is summarised
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in the format used by ACP Journal Club 35 .A commentary is provided at the end of
this section.
2. Houston 1996 36
a) Design
Prospective case-series. Unblinded follow-up.
b) Setting
3hospitals in Houston, TX ( 1academic, 2community)
c) Objective
To describe asingle city experience with alteplase for stroke.
d) Patients
30 sequential patients with acute ischemic stroke treated with intravenous
alteplase [53% male, 53% Caucasian, mean age 66 (Sd 15)]. The mean baseline
NIHSS score was 14 (Sd 8). 11% of patients alerted to the stroke team were
treated.
e) Outcome Measure
A) Clinic or telephone follow-up at one time point ( December 1996) to obtain the
mRS and BI. The mean time to follow-up was 5 (sd 4) months;
B) Incidence of serious adverse events including symptomatic intracerebral
hemorrhage; C) Process measures. D) Proportion treated.
f)

Results

30% (95%cl 14.7-49.4) of patients made an excellent functional recovery. 2
patients (6.7% 95%CI 8.2-22.1) suffered an intracerebral hemorrhage; one of these
was fatal. 2patients suffered systemic hemorrhage; one of these was fatal. The
mean time from symptom onset to ER arrival was 57 minutes. The mean door-toneedle time was 100 minutes. D). 5.7% of all ischemic strokes were treated with
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alteplase as the academic centre. 11.2% of all stroke team activations resulted in
treatment.
g) Conclusions
Despite wide confidence intervals, the proportion of patients achieving an excellent
functional outcome (30%) was lower than that seen in the NINDS tPA Stroke Trial
(42%). Reasons for this include the later time to treatment and the existence of
pre-morbid disability in the community population. The rates of adverse events
were similar to those seen in clinical trials.

3. Houston 2002 37
Houston updated its reporting of its experience in 2002. Outcomes at 90d were not
reliable collected over five. Safety was monitored with asymptomatic ICH rate of
4.5% with adeclining trend over the 5years. The authors concluded that tPA can
be administered safely in stroke and adverse event rates improve over time.

4. Calgary 19961999 38
a) Design
Prospective case-series. Unblinded follow-up.
b) Setting
Single academic centre 39 .EMS bypass instructions were in place to bring all acute
stroke patients from one city to this one centre.
c) Objective
To describe asingle city experience with alteplase for stroke.
d) Patients
68 patients treated with intravenous alteplase for acute ischemic stroke.
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e) Outcome Measure
A) Independence on the mRS (0-2) and NIHSS at 90 days; B) Appropriateness of
alteplase treatment by assessing violations of the NINDS protocol; C) The rate of
symptomatic ICH and all adverse events. D) Proportion treated.
f)

Results

A) 57% (95%cl 45-69) achieved an independent functional outcome at 90 days
(mRs 0-2); B) 38% achieved an excellent neurological outcome ( NIHSS 0-1) at 90
days.

C) 11 patients (
16%) were treated in violation of the protocol and among

these there was areduced chance of good outcome and an increased chance of
symptomatic ICH. The rate of symptomatic ICH was 8.8% (95%cl 3.3-18.2). D)
2.9% of all strokes types in the city of Calgary and 19.4% of all stroke types in the
city of Calgary presenting within 3h of symptom onset were treated with
thrombolysis.
g) Conclusions
Thrombolysis for acute stroke can be applied successfully to the community
setting. Protocol violation results in both an increased incidence of symptomatic
ICH and areduced chance of good outcome.

5. Indianapolis 1996-1998

°

a) Design
Retrospective case-series. Unblinded follow-up.
b) Setting
10 centres in Indianapolis, IL from July 1996 through February 1998.
c) Objective
To describe asingle city experience with alteplase for stroke.
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d) Patients
50 patients treated with alteplase for acute ischemic stroke [56% male, 76%
Caucasian, mean age 65 (Sd 16)]
e) Outcome Measure
A) Improvement at discharge to normal or ≥8point drop in the NIHSS score from
baseline;
B) Appropriateness of alteplase treatment by assessing violations of the NINDS
protocol;
C) Intracerebral hemorrhage. Symptomatic ICH was defined as new ICH on CT or
MRI head scan associated with clinical neurological deterioration and occurring
within 36h of treatment.
f)

Results

A) 40% of patients achieved the primary outcome.
B) 16% of patients were treated in violation of the stated protocol. Among these
patients symptomatic ICH was higher (p<O.02) in the protocol violation group
(37.5%) compared to the whole (7.1%).
C) Symptomatic ICH occurred in 10% (95%cl 3.3-21.8) of patients. 4of the 5
symptomatic lCHs were fatal. Systemic hemorrhage occurred in 8% (95%cl 2.219.2).
g) Conclusions
Protocol violation is strongly associated with symptomatic ICH which was more
often fatal. When the protocol is adhered to, rates of recovery and adverse events
were similar to those published in randomized trials.
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6. Standard Treatment with Alteplase to Reverse Stroke (STARS) study 19971998
a) Design
Propective multicentre case-series. Unblinded follow-up.
b) Setting
US multicentre. All 57 sites (24 academic, 33 community) had previously
participated in the ATLANTIS trial. The study was mandated by the FDA after
conditional US licensure in 1996, and fully sponsored by Genentech Inc.
c) Patients
389 patients (55% male, 82% Caucasian, mean age 69). Median baseline NIHSS
score was 13.
d) Outcome Measure
A) outcome on the mRS at 30 days; B) adverse events

-

symptomatic ICH and

systemic hemorrhage. Symptomatic hemorrhage was defined as that occurring
within 3days of treatment; C) process measures; D) multivariable analysis to
identify predictors of outcome.
e) Results
A) 34.6% (95%cl 29.8-39.6) of patients had an excellent functional outcome, mRS
0-1, at 30 days. 30-day mortality was 13.4% (95%cl 10.1-17.2); B) The rate of
symptomatic hemorrhage was 3.3% (95%cl 1.8-5.6). Major systemic bleeding
occurred in 1.5% (95%cl 0.3-2.8); C) the median onset-to-needle time was 164
minutes and median door-to-needle time 96 minutes. An association was noted
between longer onset-to-ER time and shorter door-to-needle time. The protocol
was violated in 32.6% of patients. D) A multivariable analysis was conducted
looking at predictors of good outcome. Baseline NIHSS score and CT scan
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appearance were the most important predictors of outcome followed by blood
pressure, age and protocol violation.
f)

Conclusions

The STARS investigators identified several baseline factors that independently
decreased the odds of favourable recovery. The most important factor was
baseline stroke severity such that for every 5-point increase in the baseline NIHSS,
the odds of recovery fell by 22% (p=O.16). Patients with CT scan changes of acute
ischemia (hyperdense MCA sign or early CT changes involving

> 1/3 rd

of the MCA

territory) had an 87% reduction in the odds of excellent functional outcome.
Finally, for every lOmmHg increase in the baseline blood pressure, the odds of
recovery fell by 19%. Because of the small absolute number of symptomatic
intracerebral hemorrhages, the STARS investigators were unable to identify
predictors of sICH.

7. Multicentre acute stroke tPA survey 1996199841

4243

a) Design
Multi-centre case series. Prospective and retrospective data sets. Unblinded
follow-up.
b) Setting
Multi-national centres with experience with stroke thrombolysis. Three reports
have been published. The first two examined apreliminary cohort of 189 patients41
42

and the third examined the complete data set43 .
c) Objective

To examine predictors of outcome after thrombolytic treatment of stroke.
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d) Patients
1205 patients with acute ischemic stroke treated with alteplase. Male gender 56%,
Caucasian 79%, median age 69.
e) Outcome Measure
Modified RS score 0-1 at follow-up; median follow-up time was 30 days. Adverse
events including symptomatic hemorrhage. Process measures.
f)

Results

A good outcome was seen in 33% of patients. The symptomatic ICH rate was 6%
(95%cl 4.7-7.5) from which there was a60% mortality. There were 5predictors of
outcome. In relative order of descending magnitude, they are: baseline stroke
severity, baseline CT scan appearance, diabetes mellitus, baseline blood pressure
and baseline serum glucose.
g) Conclusions
The proportion of good outcomes was not as high in this series as in randomized
trials. However, safety was good with asimilar rate of symptomatic ICH. The
predictors of outcome identified are entirely consistent with previously known
predictive factors in stroke. As in the previous report on the first 189 patients in
this stud y42' age was not an important factor in predicting outcome.

8. Cologne 1996-1997 44
a) Design
Prospective case-series. Unblinded follow-up.
b) Setting
Single academic referral centre in Cologne, Germany.
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c) Objective
To describe asingle city experience with alteplase for stroke.
d) Patients
100 consecutive patients with acute ischemic stroke treated with intravenous
alteplase. March 1996-August 1997. Patients were routinely treated with
intravenous heparin after intravenous tPA therapy. Mean age 63 (Sd II), 60%
male, median baseline NIHSS

=

13.

e) Outcome Measure
A) Discharge mRS score 0-1 and discharge NIHSS score 0-1. B) Adverse events.
Symptomatic ICH was defined at one week based upon blinded CT scan
assessment and clinical observation. C) Process measures; D) Proportion treated.
f)

Results

A) 42% (95%cl 32.2-52.2) of patients made an excellent neurological recovery on
the NIHSS 0-1, 40% (95%cl 30.3-50.3) on the mRS 0-1 and 50% (95%cl 39.8-60.2)
on the BI ≥ 95. B) The symptomatic hemorrhage rate was 6% (95%cl 2.2-12.6). C)
Mean door-to-needle time was 48 (Sd 25) minutes. D) 22% of all stroke referred to
this single centre were treated with thrombolysis.
g) Conclusions
A co-operative patient referral system can result in excellent outcomes for patients
with acute ischemic stroke. Heparin may not be contraindicated early after stroke
thrombolysis.
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9. Illinois 1996-1998 41
a) Design
Case-series. By inference, data was collected propsectively, but this is not
specifically stated. Unblinded follow-up.
b) Setting
20 centres in central Illinois, USA.
c) Objective
To describe one group's experience with stroke thrombolysis.
d) Patients
57 patients treated with alteplase for acute stroke from June 1996- December 1998.
Mean age 71 (Sd 14), 60% male, median baseline NIHSS

=

15 (range 4-25).

e) Outcome Measure
A) Discharge mRS score 0-1 and discharge NIHSS score 0-1. B) adverse events.
C) Process measures. D) Proportion treated.
f)

Results

A) 47.4% (95%cl 34.0-61.0) of patients had adischarge mRS 0-1 and 43.9% (95%cl
30.7-57.6) had adischarge NIHSS 0-1. B) Symptomatic ICH occurred in 5.3%
(95%cl 11.0-14.6) or 3patients. Three patients or 5.3% (95%cl 11.0-14.6) had
systemic hemorrhage, of whom Iwas died. Total mortality at discharge was 8.8%
(95%cl 2.9-19.3). C) Mean onset-to-needle time was 148 (sd 52) minutes. D) 6.3%
of all ischemic strokes were treated with thrombolysis.
g) Conclusions
Safety and effectiveness can be demonstrated in Illinois hospitals.
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10. Cleveland 19971998 46
a) Design
Retrospective case series by chart review. Cases were matched to "control"
patients who were not treated with alteplase and adjustment for expected morbidity
and mortality was conducted by aproprietary HMO model (derived from stroke
patients in from 1991).
b) Setting
Multicentre in Cleveland, Ohio, USA
c) Objective
To describe asingle city experience with alteplase for stroke.
d) Patients
70 patients treated with alteplase for stroke between July 1997-June 1998 at 29
Cleveland area hospitals.
e) Outcome Measure
mortality, ICH rate, LOS and discharge destination, protocol violation, proportion
treated.
f)

Results

Symptomatic ICH was 15.7% (95%cl 8.1-26.4). The mortality was 55% among
these patients. In-hospital mortality was 15.7% and this was higher than for
matched patients (7.2%). Length of stay was longer for alteplase treated patients.
Protocol violations were noted in 50% of treated patients. 1.8% of all strokes were
treated with alteplase.
g) Conclusions
This study used acareful methodology to assess the use of alteplase in Cleveland.
It's negative results have been widely cited amongst those who argue against
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treating ischemic stroke with thrombolysis. There was significant evidence of poor
patient selection and management in this study. Because of the retrospective
design there was no control for severity of stroke or for CT scan appearance.
These results should give pause to those in Cleveland but are less important for
the many cities that have demonstrated effectiveness in their own setting.
11. Berlin 1998-200047
a) Design
Prospective case series. Unblinded follow-up.
b) Setting
Single academic centre in south Berlin, Germany from May 1998-April 2000.
c) Objective
To describe asingle-centre experience with alteplase for stroke.
d) Patients
75 patients with acute ischemic stroke treated with intravenous alteplase up to 4
hours from symptom onset. Mean age 68 (sd 13). Median baseline NIHSS

=

13

(range 2-34).
e) Outcome Measure
A) 90-day outcome on the mRS, BI, NIHSS from telephone interview. B) Adverse
event rates. C) Process measures. D) Proportion treated.
f)

Results

40% (95%cl 28.9-52.0) of patients achieved agood outcome. The rate of
symptomatic ICH was 4% (95%cl 0.8-11.2) and mortality of 15% (95%cl 7.6-24.7).
Two of three cases of symptomatic ICH were fatal. Median door-to-needle times
decreased from 96 minutes in the first 8months of the study to 73 minutes in the
last 8months. D) 9.4% of all stroke types, 14.9% of all patients with ischemic
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stroke and 47% of patients with ischemic stroke who arrived within 3h of symptom
onset.
g) Conclusions
Both safety and outcomes comparable to randomized trials can be achieved in
Berlin. Stroke team treatment times improve with experience.

12. Paris 1994199648
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a) Design
Prospective case series.
b) Setting
Single academic centre in Paris, France. Two reports have derived from this case
series, the first48 describing the first 43 patients and the second 49 the full cohort of
100.
c) Objective
To assess outcome of patients treated with open-label tPA up to 7hours from
symptom onset.
d) Patients
100 patients with carotid territory ischemic stroke treated with 0.8 mg/kg IV
alteplase infused over 90 minutes with 10% of the dose given as abolus.
Intravenous heparin was given immediately following the infusion. Mannitol was
also given in amajority of patients. Male gender 69%, mean age was 63 (sd 12),
mean baseline SSS was 19.
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e) Outcome Measure
A) The Scandinavian Stroke Scale (SSS) at 30 and 90 days from onset. The mRS
0-1 at 90 days and 1year. B) Adverse events. C) Process measures. D)
Multivariable analysis to examine predictors of outcome.
f)

Results

A) 45% (95%cl 35.0-55.3) of patients achieved amRS 0-1 at 90 days. Mortality
was 6% (95%cl 2.2-12.6). B) 7% had parenchymal hematoma post-treatment. At
least 3of these patients died. It is not stated whether all of these ICH were
symptomatic but this is inferred. C) The mean onset-to-treatment time was 236 (sd
80) minutes. D) A multivariable model was constructed to identify predictors of
poor outcome. More severe stroke, early CT signs of ischemia and proximal ICA
thrombus were associated with poor outcome.
g) Conclusions
This study was begun during the period when randomized trials were being
conducted. The dosing, use of heparin and long time to treatment differ from
published studies. Remarkably, the investigators achieved outcomes very similar
to those observed in randomized trials. However, adescription of the population
from which this group was selected is not provided. It is likely that the investigators
were particularly careful in selecting patients for treatment, but this suspected
selection bias is not possible to assess.
13. Ann Arbour5° (Data unavailable).
a) Design
Retrospective case series by chart review.
b) Setting
Four centres in Michigan, USA.
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c) Objective
To describe treatment of stroke patients with intravenous thrombolysis.
d) Patients
37 patients.
e) Outcome Measure:
Neurological outcome at discharge from hospital was coded as normal, improved,
unchanged, worse or dead. Symptomatic intracerebral hemorrahge was assessed
by review of CT scans and hospital records
f)

Results:

4 ( 10.8%) of patients developed symptomatic ICH within 36h of treatment. Two
patients died in-hospital; neither suffered ICH. 4 patients ( 11.4%) were normal, 16
(45.7%) were improved, 10 (28.6%) unchanged and 5 ( 14.3%) were worse
compared to baseline.
g) Conclusion:
This study is one of the few to describe an Emergency physician model of acute
stroke treatment.

Outcomes were probably comparable to published literature but

differing scales of measurement prevent direct comparisons.
14. Kingston 19992000 51
a) Design
Prospective case series.
b) Setting
Academic tertiary referral centre.
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c) Objective
To describe asystem of rapid acute stroke triage to asingle tertiary centre for the
provision of thrombolytic therapy.
d) Patients
42 consecutive patients treated with alteplase for acute stroke between July 1999July 2000.
e) Outcome Measure
Patient outcomes not reported as these are part of the CASES study.
f)

Results

The system was activated 191 times and 22% of these patients were treated.

Half

of the patients came from outside of the Kingston area via ambulance bypass of
peripheral hospitals. 41 % of these patients were treated with thrombolysis. 5.3%
of all strokes and 10.4% of ischemic strokes were treated.
g) Conclusions
A co-ordinated system can increase the availability of thrombolytic therapy for
stroke on aregion-wide basis.
15. Vancouver 19961999 52
a) Design
Mixed retrospective and prospective case-series. Unblinded follow-up.
b) Setting
Single tertiary referral centre in Vancouver, BC, CANADA. May 1996-February
1999.
c) Objective
To describe asingle-centre experience in Canada with alteplase for stroke.
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d) Patients
46 consecutive patients treated with intravenous alteplase for stroke. Mean age 67
(sd II), 57% male, 80% Caucasian, median NIHSS

=

14 (range 3-35). Patients

were treated according the NINDS criteria.
e) Outcome Measure
mRS and BI at hospital discharge and at telephone follow-up (median time 13
months). B) Adverse events. Symptomatic ICH was defined as ICH occurring
within 36h associated with neurological worsening. C) Process measures. D)
Proportion treated.
f)

Results

A) At discharge, 30.4% (95%cl 17.7-45.8) of patients had good outcome mRS 0-1,
37% (95%ci 23.2-52.5) had aBI score ≥95 and at final follow-up 43.5% (95%cl
28.9-58.9) of patients had agood outcome mRS 0-1 and 47.8% (95%cl 32.9-63.1)
had aBI score ≥95. Mortality at final follow-up was 21.7% (95%cl 10.9-36.4). B)
The incidence of symptomatic hemorrhage (n=1) was 2.2% (95%cl 0.05-11.5).
This patient died. The incidence of serious systemic hemorrhage was 6.5% (95%cl
1.4-17.9). C) Protocol violation occurred in 8patients ( 17.4%). The median doorto-needle time was 84 (range 19-140) minutes. An association was noted between
longer onset-to-ER time and shorter door-to-needle time. D) 1.8% of all ischemic
strokes were treated.
g) Conclusions
Safety and effectiveness can be reproduced in aCanadian hospital setting. There
is a "human" tendency to procrastinate when aluxury of time is perceived.
16. Minnesota 1996-present53
a) Design
Prospective case series. Unblinded follow-up.
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b) Setting
Multicentre in Minnesota, USA.
c) Patients
252 patients published as aletter and in abstract form. Further detail is pending.
d) Outcome Measure
Not known.
e) Results
Safety is implied because of ongoing ethical review.
f)

Conclusions

Treatment is safe. Not enough is known about predictors of outcome.

17. General comments on post-marketing case series reporting
Results from post-marketing case series are likely to be confounded by selection
bias. Centres that are motivated to treat stroke and likely to be well organized, be
populated with dedicated personnel who are educated on the current literature and
are likely to be tertiary care or academic centres. Few physicians, primarily in
general neurological practice have an incentive to report their own results.
Most series published to date have reported results that are largely
analogous to those reported from the NINDS tPA Stroke Trial. Safety, described
largely by the rate of symptomatic intracerebral hemorrhage has been in the range
of 6% of treated patients. Several reports have suggested that deviations from the
accepted inclusion criteria will result in agreater risk of intracerebral hemorrhage.
It is likely that this is not ageneral rule, but governed by the exact deviation in
question.
For example, hypertension, age and stroke severity were reported by the
NINDS group to be the most important predictors of hemorrhagic conversion.
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Importantly, interactions were noted between age and NIHSS score, age and
hypertension emphasizing the complex nature of the problem. The ECASS
investigators stressed the role of the appearance of the baseline CT scan.
However, amore recently noted interaction between the baseline CT scan and
time to treatment suggests that ascan with lots of early ischemic change in only
relevant late in the game. Treatment does occur in the clinical routine, outside the
"NINDS box", but it remains unclear how to select such patients to achieve the
maximum benefit with the least risk.
Effectiveness is more difficult to assess because of the wider range of
outcome measures used. Few reports used the NINDS investigators outcomes.
Broadly, the effectiveness is slightly less than that reported in the NINDS study in
that, not as many patients achieved an excellent clinical outcome at 90 days
compared to the historical placebo group of the NINDS study. This is to be
expected because of the broad range of patients included in routine clinical care
compared to aclinical trial.
The single negative study published came from the Cleveland area. Given
the narrow therapeutic index of alteplase for stroke, it would have been surprising if
anegative experience had not surfaced. While the study was well-conducted, the
selection of patients was poor, the control group was not matched for stroke
severity and the experience of the treating hospitals was almost nil. The study
should be interpreted with caution; while it may be internally valid, its
general izability to other jurisdictions is questionable. Most importantly, afollow-up
study has shown a50% reduction in ICH after an city-wide educational
54
intervention.

61

VIII. Chapter 3: Surveillance. CASES.
Surveillance of disease is well established in infectious disease paradigms.
As morbidity and mortality among developed nations has moved away from
infectious causes to those of chronic diseases, particularly atherosclerotic and
degenerative illnesses, patterns of surveillance have not kept pace. Indeed, the
Canadian government has begun aseries of consultative processes in order
develop adequate methods of chronic disease surveillance. The obvious purpose
is to know what patterns of disease to expect in the coming years, particularly as
the population ages and health care resources diminish. In stroke medicine, this
has begun with the Canadian Heart & Stroke Surveillance System. 55
Monitoring aparticular treatment is aspecific extension of these population
goals. Stroke thrombolysis, as an emerging "health technology", requires the same
careful adjudication to ensure appropriate use and outcomes. Because of the
nature of this treatment, much is also learned about process measures within the
health care system.
Similarly, much has been said about monitoring effectiveness rather than
blithely assuming that efficacy, proven in randomized clinical trials, can be easily
translated into clinical routine. The example of carotid endarterectomy has been
used to emphasize the need to monitor effectiveness. While symptomatic carotid
endarterectomy is clearly beneficial, treatment of asymptomatic carotid stenosis
has alower benefit. Few surgeons have been able to match the very low
complication rate achieved in the clinical trial of surgery for asymptomatic carotid
stenosis, meaning that it is unlikely that real benefit is being achieved in clinical
routine. Such an observation has widespread policy implications.
Because alteplase for stroke is atherapy with anarrow therapeutic index, a
similar issue might occur with stroke treatment, particularly as physicians treat
outside the standard criteria. These concerns are the basis for the CASES
registry. Details of the methodology of the study have been published63.
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A. Surveillance of the Canadian Experience

-

The Canadian Activase for

Stroke Effectiveness Study (CASES)
1. Relationships and Study Organisation
With aHealth Canada mandate to perform apost-marketing registry of
alteplase treatment of stroke, Hoffmann-La Roche Canada Ltd., partnered with the
Canadian Stroke Consortium (CSC) Research Committee to launch CASES. The
Canadian Stroke Society and the Heart & Stroke Foundation of Canada have been
in-kind supporters. The Canadian Stroke Network, anational centres of excellence
program, and the CSC have provided administrative funds for the management of
the CASES project. Hoffmann-La Roche Canada Ltd has supported the study by
providing nominal per patient enrolment honouraria, by supporting stroke via
pharmaceutical representatives and by providing educational grants for local and
national stroke symposia.
The study is monitored by asteering committee based at the University of
Calgary. A safety committee has been nominated but have not been required to
meet.

Methodology
2. Study Design
CASES is aprospective observational cohort study. All patients treated with
intravenous alteplase for acute ischemic stroke from Feb 17, 1999 through June
30, 2001 are eligible to be included. The study includes 75 centres in Canada.

3. Objectives
The purposes of this study are several fold: ( I) to assess the safety of alteplase
for stroke in the context of routine care in Canada (2) to assess whether efficacy
demonstrated in randomised clinical trials can be translated into effectiveness in
the Canadian case

-

ie. to assess effectiveness; (3) to gather further information on
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patients treated with alteplase for acute ischemic stroke to develop amodel
predictive of outcome; (4) to assess the potential value of ascoring system for
acute CT scan changes (the ASPECT score) in predicting outcome after alteplase
therapy for AIS.
A fifth objective, the assessment of appropriateness, was initially prespecified, but has been dropped because an assessment of appropriateness will
be part of the final multivariable analysis.

4. Centre and Patient Eligibility
All centres that have or are planning to treat AIS patients with alteplase are
eligible to register. In an effort to be comprehensive, the registry will accept
information on any patient treated with intravenous alteplase for AIS. Centres are
strongly recommended to have astanding acute stroke protocol that conforms to
accepted guidelines'

56,

to have emergent CT scanning available 24 hours aday

and physicians with expertise in stroke care available to be on call for acute stroke.
Physician-investigators do not necessarily have to be neurologists.

Outcome measures
Two primary outcome measures, recorded at 90 days, include the modified
Rankin (mRS) scale score and the National Institutes of Health Stroke Scale
(NIHSS) score. The mRS will be dichotomised into independence (mRS 0-2) vs.
dependence/death (mRS 3-6) as the primary binary outcome. The NIHSS score
dichotomised into no/minimal neurological deficit on examination ( NIHSS 0-1) vs.
neurological deficit ( NIHSS> 1) will serve asecond primary outcome variable.
Mortality will be analysed by assigning patients the worst score on each scale
(mRS

=

6, NIHSS

=

42) for death within the follow-up period.

Safety outcomes will consist of the proportion of patients suffering any major
adverse event. These include symptomatic intracerebral hemorrhage, orolingual
angioedema, anaphylaxis, serious systemic bleeding or any other event resulting in
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harm to the patient, as judged by the local investigator to be related to the
treatment. Symptomatic intracerebral hemorrhage is defined as any clinically
important decline in neurological status that occurs between the baseline CT scan
showing no hemorrhage and afollow-up CT scan showing new hemorrhage
consistent with new or worsening symptoms and signs. A serious systemic
hemorrhage is defined as ableeding episode other than ICH that is considered life
threatening by the investigator or that results in adrop in haemoglobin
concentration greater than or equal to 5g/dL or requires 2or more units of packed
red blood cell transfusion. Orolingual angioedema is defined as localised swelling
of the tongue, lips or oropharynx temporally related to the onset of alteplase
infusion by less then 6hours 5758 Any other serious adverse event is defined as
.

one that is life-threatening, permanently disabling, or sufficiently incapacitating
such that the patient requires prolonged hospitalisation or requires prescription
drug therapy.
Secondary outcome measures include discharge mRS score, discharge
disposition, place of residence at 90 days, length of stay, asymptomatic ICH, and
all ICH. Importantly, because the natural history of ischemic stroke frequently
includes hemorrhagic conversion 59 ,asymptomatic ICH is not being collected as a
serious adverse event.

5. Patient Follow- Up
All patients are followed for 90 days from stroke onset. A majority has been
examined in person; where this has proved impossible, phone follow-up has been
undertaken. Patient outcome assessments are not blinded.

6. Data Collection & Management
A standard single page data collection form was designed and has been
modified once since the outset of the study. Simple additional forms to capture
treatment, and serious adverse events, CT scan scores and 3-month outcome are
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used. All of these forms were printed and distributed to registered centres. In
addition awebsite 6° was established to facilitate easy distribution of information.
All data collection forms are available for printing directly off our website at
www.strokeconsortium.ca/CASES
Baseline demographic characteristics, stroke characteristics and severity,
interval times, baseline blood tests and stroke risk factors are all collected.
Outcome measures at discharge and at 90 days are assessed. Each investigator
has been asked to grade the baseline and follow up brain CT scan according to a
validated scoring system (ASPECTS) developed in Calgary and Houston 61 .Each
centre has been asked to make copies of baseline, 24h (and where possible)
follow-up brain CT scans to send to the data collection centre for review.
All definitions were provided to study centres in aprotocol binder. All the
data are being collated on acustom database using Access97 (Microsoft Corp,
Seattle, Washington). Data are being analysed using Intercooled STATA 7.0
(Stata Corp, College Station, Texas).

7. Key Clinical Variables

The study was designed for simplicity. The key clinical variables are:
a) Demographic
Age, gender, ethnic background. Ethnic background is acategorical variable
with the following divisions: caucasian, asian, black, hispanic, aboriginal, east
indian, other, unable to determine.
b) Baseline Treatment Variables
Stroke severity measured on the NIHSS score, CT scan appearance measured
by the ASPECT score, serum glucose, blood thrombosis profile (platelet count,
INR).
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c) Stroke Risk Factors
Atrial fibrillation now or past, past history of stroke, hypertension, diabetes,
ischemic heart disease, coronary artery disease, congestive heart failure, antiplatelet therapy at time of stroke, sub-therapeutic lNR at time of stroke.
d) Process of care variables
Interval times in the treatment process.
e) Adverse Events
Symptomatic intracerebral hemorrhage and other adverse events
f)

Outcome

The modified Rankin Scale score at 90 days, NIHSS Score at 90 days. Death
is scored as the worst possible score on each of these scales.
g) CT scan analysis
CT scans will be analyzed using ASPECTS (see section on ASPECTS).
8. Central Adjudication of CT scans
All CT scans are centrally reviewed by one stroke neurologists and one
neuroradiologist using aformal, standardised protocol. Baseline scans will be
reviewed for potential protocol violations such as subtle hemorrhage and then
scored using the ASPECT score, with knowledge of the side of the patient's
symptoms. Each rater will score the scan independently, followed by aconsensus
score. The majority (2of 3) will rule in instances of disagreement for the group
score. 24h scans will be coded for hemorrhage according the ECASS criteria 21
as well as re-scored using the ASPECT scoring system. In each case the
consensus score will be the final score.

22
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9. Data Validity
The internal validity of the data will be assessed. At the data centre, the
database will be manually cross-checked against every data entry form for
accuracy. An ongoing Ontario stroke registry pilot study database will be used to
cross-check information at three Ontario sites. Four sites (2community, 2tertiary)
have been randomly selected and will undergo an onsite audit by chart review of
entered patients.
External validity of the data will be assessed by survey methodology. Each
hospital in Canada that has an on-site CT scanner and is not registered in CASES
will be contacted by phone and by mail. The survey will focus upon the
departments of pharmacy, internal medicine, neurology (if applicable) and
emergency medicine. The total number of stroke patients treated with alteplase
and the total number of patients who suffered symptomatic intracerebral
hemorrhage will be sought.

10. Hypotheses and Statistical Analysis
1. Safety
The proportions of patients suffering any safety outcome will be reported in
frequency tables with exact binomial confidence intervals.
2. Effectiveness
Effectiveness will be assessed by examining the proportion of patients achieving a
good outcome. A good outcome is defined as amRS ≤ 2at 90 days compared to
the pre-stroke mRS score.
Pre-specified secondary analyses will include the examination of interval
times, length of stay, the effect of treatment experience (number of patients treated
per unit time) at high volume vs. low volume centres and over the time course of
the study. No formal comparisons will be made to historical data; however, the
provision of confidence intervals surrounding our estimates will allow indirect
comparison.
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11. Assessing Effectiveness
Measuring and assessing effectiveness is difficult. In community practice, no
placebo or control group exists for unbiased comparison. Two possible
approaches to this problem are to compare experiences across diverse settings
and to compare to historical controls. Each provides alternate and complementary
information.
12. Comparison with published post-marketing experience using techniques of
meta-analysis
Several of the outcomes of interest after stroke thrombolysis take the form of
proportions. Comparison of proportions (rate of good outcome, rate of poor
outcome, rate of intracerebral hemorrhage) across several studies will be made
using a2xncontingency table using meta-analytic tech 1n1ques 62 .A

2 test

will be

used to assess for heterogeneity among study outcomes. Similarly, aplot of the
standard error of the point estimate (rate) vs. the point estimate will be used to
evaluate evidence of publication bias.

13. Comparison with expected outcome from prediction equations

-

NINDS tPA

Trialists
This section will only be undertaken if the data are available to complete it. The
NINDS trialists produced alogistic regression analysis to both demonstrate that
there was no interaction effect between any baseline variable and treatment with
alteplase, and to evaluate predictors of outcome 25 .The variables included in this
equation are: treatment with alteplase, baseline NIHSS score, age, and ahistory
of hypertension. This equation has been made available to me and will be applied
to the CASES data. Each patient will accordingly be assigned aprobability of good
outcome and the mean will then represent the expected proportion of patients
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achieving this outcome. The observed and expected values will be compared as a
measure of effectiveness.
14. Sample Size
The projected sample size of 1100 patients is asample of convenience.
With an estimated (n=61) symptomatic intracerebral hemorrhages, this will provide
95% confidence intervals as follows:
SlCH rate: 5.5% (4.3-7.1)
Similarly, the number of patients who have an excellent neurological outcome
(n=330) will have the associated 95% confidence interval as follows:
Good outcome rate: 30.0% (27.3-32.8)
The sample size should also be large enough to allow clinically precise estimates
of magnitude of effect of predictor variables in the logistic regression analysis.

15. Conduct of the Trial & Ethical Considerations
The CASES study committee has aweekly minuted review meeting.
Organisational and communication issues and other ongoing problems are
reviewed. All new cases entered into the study are reviewed and any serious
adverse events are presented for assessment. Serious adverse events related to
alteplase are followed up with aphone call to the local study investigator to try to
explore the circumstances surrounding that event.
All data is considered confidential and anonymous. Patient identifiers are
kept locally but not at the data centre. As amatter of safety, Hoffmann-La Roche
Canada Ltd. is being notified of serious adverse events when they occur and these
events are incorporated into the global safety database for alteplase. Information
sent is completely blinded to patient and study centre. Any release of information
is discussed at the weekly CASES meeting prior to dissemination.
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Informed consent for submission of data may be required, and physicianinvestigators have been asked to submit the data collection protocol to the local
institutional research and ethics review board. There is asignificant variability in
the requirement for informed consent by centre.

Progress
The study is now completed. Data cleaning and validation is nearing
completion. CT scans are being adjudicated. A total of 76 centres were
registered. Of these sites, 61 actively submitted data to the study. There are 25
tertiary care sites and 36 community sites. Centres from 9of the 10 provinces in
Canada are represented. Preliminary results have been published in abstract and
summary form 63 .

Conclusions
CASES is aprospective registry of intravenous alteplase therapy for AIS
that is nearing completion. It provides astructured way of introducing acomplex
therapy into clinical practice in Canada, and we anticipate that it will provide new
insights into the management of acute ischemic stroke. It represents a
collaboration among multiple stakeholders
regulators, and acharitable organisation

-

-

physicians, industry, federal

to further the treatment and care of

stroke patients.
CASES will function as part of alarger quality assurance loop by providing:
(1) safety information to allow the final licensure of alteplase for the treatment of
AIS, (2) further information on the types of patients who most benefit from this
therapy allowing progressive modification of clinical algorithms and, (3) information
on patients who are not being treated that may be used for planning stroke care
strategies. The treatment of acute ischemic stroke is acomplex health technology
for which diffusion into the community is aided by the backbone structure provided
by aformal stud y64
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B. Results: CASES
CASES collected data for 2.5 years at 61 centres in Canada. A total of 1135
patients were enrolled in the study. Clinical follow-up was complete for all patients
within 24h of treatment and outcomes were available on 1106 patients; 39 (2.6%)
were lost to all clinical follow-up. Complete 90-day follow-up was available on 987
(87.0%) patients; the final outcome on the remainder was imputed from the
hospital discharge outcome using the last score carried forward. The baseline
characteristics are shown in Table 1.

Table I CASES Baseline Demographics (n=1135)
Demographic
Age
Age> 70
Gender (male)
Ethnic group (Caucasian)
Historical
Previous stroke or hA
Hypertension
Atrial fibrillation
Diabetes mellitus
Hype rcholesterolemia
lschemic heart disease
Congestive heart failure
Valvular heart disease
Dementia
History of cancer
Baseline Clinical Variables
NIHSS score
NIHSS> 15
ASPECTS score
ASPECTS >7
Glucose (mM)
Glucose > 8mM
Admission MAP (mm Hg)
Admission MAP> 100
OCSP stroke type
-

% or Median (range)
73(20-97)
59.0
54.9
83.2
23.6
50.7
22.2
15.9
19.0
24.9
6.9
3.7
2.1
7.4
14(2-40)
44.0
8(2-10)
56.8
6.6 (2.5-32.7)
27.0
105 (62-173)
61.1
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POCS
TACS
PACS
LACS
Process Measures
Onset to treatment time (mm)
Onset to treatment time < 120 minutes
Protocol violation
High volume centre

3.5
27.5
63.0
6.0
153 ( 10-420)
20.8
13.8
61.1

NIHSS = National Institutes of Health Stroke Scale; ASPECTS = Alberta Stroke Program Early CT Score; OCSP =
Oxfordshire community stroke project; POCS = posterior circulation stroke; TACS = total anterior circulation stroke;
PACS = partial anterior circulation stroke; LACS = lacunar stroke.

The method of using the last score carried forward is justified in this study for
several reasons. First, it has been an accepted practice for multiple stroke trials
because the discharge score is highly correlated with the 90d outcome score and
because most patients improve after stroke, implying that this method results in a
conservative assessment of outcome. The Spearman rank correlation coefficient
between discharge mRS and 90-day follow-up mRS in the CASES data is 0.876
where data are available for both discharge and 90-day follow-up. The differences
between patients with complete 90d follow-up and those without are shown in
Table 2. Note that only among high volume centres, more patients had complete
90 day follow-up.

Table 2 CASES Comparison of baseline data between complete follow-up and
those missing complete follow up
-

-

Demographic

Age
Age > 70
Gender (male)
Ethnic group (Caucasian)
Historical

% or Median
(range)
Full 90d follow-up
(n=987)
73(20-97)
58.6
54.5
90.9

% or Median (range)
Lost to follow-up
beyond discharge
(n=148)
75(33-92)
62.1
58.0
90.7

p

0.131
0.421
0.466
1.000
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Previous stroke or TIA
Hypertension
Atrial fibrillation
Diabetes mellitus
Hypercholesterolemia
lschemic heart disease
Congestive heart failure
Valvular heart disease
Dementia
History of cancer
Baseline Clinical Variables
NIHSS score
NIHSS> 15
ASPECTS score
ASPECTS > 7
Glucose (mM)
Glucose > 8mM
Admission MAP (mm Hg)
Admission MAP> 100
OCSP stroke type
POCS
TAOS
PACS
LACS
Process Measures
Onset to treatment time (mm)
Onset to treatment time <
120 minutes
Protocol violation
High volume centre

23.3
50.4
22.1
16.3
19.9
25.6
7.3
3.4
2.0
7.7

25.7
51.5
22.8
13.2
18.9
19.9
4.4
5.2
2.2
5.2

0.518
0.855
0.826
0.451
0.815
0.168
0.278
0.325
0.753
0.379

14(2-30)
43.6
8(2-10)
57.0
6.6
26.5
105 (62-173)
60.2

15(2-27)
45.5
8(2-10)
55.1
6.7
30.0
107 (65-132)
67.9

3.3
27.9
62.9
5.9

0.686
0.761
0.743
0.799
0.438
0.411
0.123
0.104
0.681

4.6
24.6
63.9
6.9

153 ( 10-420)
21.0

151 (47-343)
19.2

0.720
0.658

13.6
63.4

14.7
46.0

0.698
<0.001

NIHSS = National Institutes of Health Stroke Scale; ASPECTS = Alberta Stroke Program Early ci Score; OCSP
Oxfordshire community stroke project; POCS = posterior circulation stroke; TACS = total anterior circulation stroke;
PACS = partial anterior circulation stroke; LACS = lacunar stroke.
Comparisons were made using Fisher's exact test for proportions and medians using anon-parametric comparison of
medians.

Process measures show that the time from stroke onset to treatment averaged
2.5h.

Only 25% of patients were treated within 60 minutes of arrival to the

emergency room, the target set forth by the NINDS in 1997.
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Table 3 CASES Treatment time intervals
Time interval
Stroke onset-to-ER ti me *
ER door-to-CT ti me *
CT-to-needle time
Door-to-needle ti me *
Stroke onset-to-needle time
-

-

*Excludes n=93 in-patient strokes.

Median (iqr)
56(40-87)
36(23-55)
44(29-65)
85 (60-109.5)
155 ( 130-175)

Patients tended to be treated with longer door-to-needle times if they arrived
early within the 3-hour time window and much faster if they arrived late in the time
window. The effect size was large. A patient arriving within one hour of symptom
onset the door-to-treatment time was treated at 89 minutes from arrival compared
to 59 minutes for patients arriving at two hours from symptom onset. This effect
was previously observed in the STARS study24 and seems to represent human

75

nature. Overcoming this effect requires "hustle" on the part of the treating
physician, hence our term for this effect

Figure 4

-

-

the "hustle" factor.

Relationship between stroke onset-to-door time and door-to-treatment

time. (the "hustle" factor).

Door-to-needle time (mm)

0

0

0

60
Onset-to-ER time (mm)

Protocol violations occurred in 13.7% of cases and the majority of these violations
were treatment beyond the 180 minute time window. Among all protocol violations
the median stroke onset-to-treatment time was 190 minutes (IQR 183-200
minutes). Among the CT scans reviewed, there were no instances of CT violations
(eg. Hemorrhage on the baseline CT scan).
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Table 4— CASES

-

Protocol violations (n=155)

Cl)

a)
0)

E

(1)
-

Cl)

0

Time
Platelets
lNR
Dose

137(88%)
1(0.6%)
5(3.2%)
3(1.9%)

2(1.3%)
0(0%)
0(0%)

13(8.4%)
0(0%)

12(7.7%)

Time = stroke onset-to-treatment time> 180 minutes; Platelets = platelet count < 100 xioii; INR = lNR> 1.4; Dose
= dose of tPA> 90mg. Note that the implication of this table is that some patients had protocol
violations for more
than one reason.

Serious adverse events occurred in 70 patients. Symptomatic hemorrhage
occurred in 52, orolingual angioedema or anaphylactoid reaction in 15 and major
systemic hemorrhage in 3 [Table 5]. Some patients had more than one protocol
violation.
The rate of symptomatic hemorrhage was not different by age decile or by
quintiles of the baseline NIHSS score [Figure 5, Figure 6].

When compared to 10

large observational studies, the rate of symptomatic ICH was comparable[Figure

7].

When compared to the treated groups in 6randomized trials of intravenous tPA

therapy, the rate of symptomatic ICH was less in CASES (p<0.0001) [Figure 8].
The mortality rate among patients with symptomatic ICH was 76% in-hospital and
80% within 90 days.

Table 5— CASES Adverse Events
%(n)

95% Cl

Symptomatic ICH

4.6(52)

3.4-6.0

Major systemic bleeding

0.3(3)

0.1-0.8

Orolingual angioedema

1.3(15)

0.7-2.2
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Figure 5— CASES Age and sICH
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horizontal reference line is set at 4.6%, the rate of sICH in CASES.

Figure 6— CASES Baseline NIHSS and sICH
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Figure 7— CASES Expected sICH rate from Observational Studies
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Figure 8 CASES Expected sICH rate compared to treated groups in RCTs
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Figure 9
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CASES Outcomes
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*Excellent = mRS 0-1, NIHSS 0-1, home; Moderate = mRS 2-3, NiHSS 2-8, rehabilitation; Poor = mRS 4-5,
NIHSS >8, nursing home. Adjusted mRS implies the difference between final outcome mRS and pre-stroke
mRS.

Outcomes are shown in Figure 9. The rate of excellent functional outcome
was 32% at final follow-up or 90 days; 50% of patients were living at home and
mortality was 22%. After adjusting for the pre-morbid modified Rankin scale score,
the rate of excellent functional outcome was 37%. These results were similar to
those from comparable observational studies (p=0.167).
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Figure 10
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A total of six randomized trials of intravenous tPA therapy in acute stroke
were available for comparison. The CASES results show that the rate of excellent
neurological outcome was less than the randomized trials.
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Figure 11
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Using the regression model developed by the NINDS tPA Stroke Study Group, we
estimated the expected outcome from our cohort[Figure 12].

The variables

included in this model were: tPA treatment, baseline NIHSS score, age, mean
arterial pressure at admission, early ischemic change on CT, age xbaseline
NIHSS interaction term and age xmean arterial pressure interaction term 66 .The
early ischemic change term is this equation was defined as an ASPECTS

<

10 or

presence ahyperdense middle cerebral artery sign or hyperdense sylvian fissure
branch artery sign. The outcome for this equation was modelled on amodified
Rankin Scale score of 0-1 (Personal communication, Barbara Tilley 2002). This
equation did not include the onset-to-treatment time.
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Figure 12— CASES Outcomes vs. Expected outcomes derived from NINDS tPA
trial
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*Excellent = mRS 0-1, NIHSS 0-1, home; Other = mRS 2-6, N1HSS 2-42, rehabilitation. Adjusted mRS implies
the difference between final outcome mRS and pre-stroke mRS. E(mRS) expected outcome using the NINDS
regression equations.

The true outcomes were slightly less than the expected outcomes predicted by the
NINDS tPA trial. However, these methods are inexact because the patient groups
were not simultaneously collected and changes in case mix may be affecting the
outcome. The observation suggests that the rates of good outcome are within the
same range as those reported by the NINDS tPA Stroke trial.
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Figure 13
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The sICH ratio is the rate of sICH / 0.064. 6.4% is the reference standard from the NINDS tPA stroke study.
The mark —0.16 is the log (sICH ratio) for the CASES study. The rate of sICH in CASES was 4.6%. The far
right outlier is the Cleveland study.

Interpretation of these modified funnel plots is not necessarily straightforward. For
the symptomatic hemorrhage rate, the assumption is that the reference standard is
the rate of symptomatic ICH from the NINDS tPA study, treated group. There are

two possible interpretations. When the plot is approximately symmetric, the rate of
symptomatic hemorrhage is the same as the reference standard or there is
publication bias affecting the publication of series with high hemorrhage rates;
when the plot is asymmetric, the rate of symptomatic ICH may be different from the
reference standard or there is publication bias. A similar line of reasoning applies
to the plot below, where the reference standard of excellent outcome is the NINDS
tPA trial.
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Figure 14
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The outcome ratio is the rate of excellent outcome (mRS 0-1 or NIHSS 0-1) I0.42. 42% is the reference
standard from the NINDS tPA stroke study. The tick (-0.0555) refers to the CASES study. The rate of good
outcome in CASES was 37%.

The rate of symptomatic ICH in observational studies seems to be evenly
distributed around the expected value with atrend to lower rates. The symmetry of
this plot argues that both the rate of ICH is at or lower than that seen in the NINDS
tPA Stroke Trial and that publication bias is absent. The assessment of outcome
suggests that more papers with worse outcomes have been published. This leads
to the conclusion that the absolute outcomes may be worse than those reported in
the NINDS tPA Stroke trial. Caution is warranted here because adjustments for
68
case-mix have not been made.

85

C. Discussion: CASES
The results from CASES argue that tPA for stroke can be given within
accepted limits of safety. The symptomatic hemorrhage rate was lower than that
seen in the treated groups of all other randomized trials. However, the mortality
rate was higher at 80% compared to 50% in other studies.
This suggests that symptomatic hemorrhage could have been underreported in borderline cases because outcome assessments were not blinded. By
inference, the cases that were reported were severe and more likely to die. This
higher mortality rate could also be present because of nihilism about thrombolysisrelated [ CH. Surgeons are naturally reluctant to perform acraniotomy in the
presence of athrombolytic state, even after therapeutic reversal with platelet and
cryoprecipitate infusions. Only one patient with symptomatic hemorrhage was
referred for surgical consideration and underwent acraniotomy.
CASES identified and reported ahigher incidence of hemi-orolingual
angioedema after tPA treatment of stroke compared to tPA treatment of myocardial
infarction. This result was known during the trial, was communicated to HoffmannLa Roche Canada Ltd., Genentech Inc., Health Canada and the FDA in the United
States, and resulted in achange in package labelling. CASES served to identify a
new drug adverse event.
Process measures recorded in CASES provide an intriguing window into the
infrastructure required to treat stroke patients. It is ironic that the treatment is
efficacious under ideal circumstances and it is the medical system's infrastructure
that has to catch up and provide the necessary tools to make the treatment work.
The NINDS has recommended that all patients be treated with adoor-to-treatment
time of 60 minutes or less 67 .This was met by the CASES group only 25% of the
time. In addition, the time taken to treat apatient was directly proportional to how
fast the patient arrived at the hospital. This "human nature" effect is aclear target
for education and quality improvement.
The outcomes from CASES are commensurate with those reported from
other observational studies. Using the adjusted mRS, 37% of patients in the
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CASES registry had an excellent functional outcome compared to 42% in the
treated group and 31% in the placebo group of NINDS tPA Stroke Trial.
Comparison to historical cohorts is fraught with problems and differences in casemix could account for the observed differences 68 .Case-mix differences are clearly
present (eg. Onset-to-treatment time, age, presence of congestive heart failure
etc.) between the NINDS tPA stroke trial patients and the CASES patients.
Therefore, CASES does not tell us anything about efficacy. However, as best as it
can be measured, the results from CASES argue for safety and effectiveness in
Canada when used by neurologists according to accepted guidelines.
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Chapter 4: ASPECTS. Valid itv and Reliability
D. Literature Review
1. Introduction & the

1/31d1

MCA rule

The re-emergence of clinical trials of stroke thrombolysis was made possible,
exactly because, CT technology had advanced to the stage where it was possible.
As described above, attempts were made to introduce thrombolysis before CT
technology became available. Initially, the CT was used to exclude hemorrhage.
Because acute blood contains iron, it is radio-opaque and easily seen as in high
contrast compared to normal brain tissue.
However, as experience developed it became clear that tissue signatures of
ischemia could be observed. Von Kummer et al, discussed the signs of early
ischemia on CT scan 69 .While profound early changes on CT scan may not predict
subsequent hemorrhage with certainty, it is likely that such patients do not benefit
from thrombolysis.
Review of the CT scans from the ECASS-1 trial, suggested that 17% of the
patients had been randomized despite fulfilling exclusion criteria of evidence of
early ischemia in greater the 1/3 d of the middle cerebral artery territory. This
concept was published as apost-hoc analysis to the ECASS-1 study and used in
the development of ECASS-2. It was adopted by the FDA as arule for future trials
in stroke thrombolysis and other anti-thrombotic agents. However, the rule has
very poor clinimetric properties particularly with respect to reliability and
reproducibility.
2. Grottaetal. 7°
a) Hypothesis
There is disagreement among stroke physicians about the presence of early CT
changes in patients with acute stroke.
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b) Design
Baseline CT scans from the NINDS tPA Stroke Trial were used.
c) Setting
Single day reading session at the neuroradiology core laboratory in Detroit.
d) Patients
70 patients were randomly selected for study. These patients came from 8centres
in the US at which the full trial was conducted. The readers included 9
investigators from the original trial, 9neurologists, 3ER physicians, 2stroke
fellows and 2neuroradiology fellows.
e) Methods
Clinical data were provided and the scans were reviewed. Each scan was
assessed for the

1/3 rd

MCA rule, loss of grey-white differentiation, hypodensity,

CSF compression.
f)

Outcomes

Balanced kappa statistics (adjusted for an expert neuroradiologists' interpretation
to determine prevalence) were used to assess agreement.
g) Results
Agree was poor or moderate for all groups and pairwise comparisons. When
compared to the expert neuroradiologist, the average sensitivity was 78% and
specificity 57%.
h) Conclusions
Even experienced stroke neurologists cannot agree on what constitutes the signs
of early ischemia using the 1/3'' rule.
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3. Shriger DL et al. 71
a) Hypothesis
Physician accuracy at determining findings on CT brain scans as aprelude to
treatment with thrombolysis would be adequate.
b) Design
Comparison of physician-scorers to gold-standard consensus panel.
c) Setting
Academic meetings across North America and private screenings in physician
offices.
d) Patients
38 ER physicians, 29 neurologists, 36 radiologists.
e) Methods
A scan library was developed using aconsensus approach from the teaching
library at UCLA Medical School. Readers were asked to assess 15 scans
randomly selected from the library and decide if the patient was eligible for
thrombolysis based upon the CT scan alone; if the reader responded 'no', the
reason was recorded.
f)

Outcomes

Sensitivity and specificity compared to gold standard consensus panel.
g) Results
The overall sensitivity for detecting hemorrhage was 82%. The sensitivity for
detecting "easy" infarctions was close to 100% but only —65% for "difficult"
infarctions.
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h) Conclusions
While afew physicians can recognize and correctly interpret signs of stroke
(ischemic and hemorrhagic) on acute CT scan, most cannot.
4. Von Kummer et al.
a) Hypothesis
Early signs of ischemia on CT can select patients for thrombolysis within a6-hour
window.
b) Design
CT scans from the ECASS-1 study were read by three neuroradiologists
independently.
c) Setting
Post-hoc analysis of the ECASS-1 trial.
d) Patients
620 patients were randomized to the ECASS-1 study. Nine scans were
unavailable for review.
e) Methods
Independent review of the CT scans was undertaken. Each scan was scored
using the
f)

1/3 rd

MCA rule.

Outcomes

Agreement using kappa statistics. Frequency tables of CT changes according to
time, demographics and stroke severity.
g) Results
Agreement was relatively poor for the 1/3rd MCA rule. However the prevalence of
large parenchymal hypodensity was approximately 18%. Pair wise unadjusted
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kappa scores were 0.23-0.51. A relationship between alow SSS and large
parenchymal hypodensity was noted. Patients with severe disability or mortality
were more likely to have large parenchymal hypodensity. Hemorrhage was
associated with parenchymal hypodensity of any sort.
h) Conclusions
Patients with large areas of hypodensity were unlikely to respond to treatment and
were more likely to suffer hemorrhage. However, agreement on what constitutes
greater than

1/3d

parenchymal hypodensity in the middle cerebral artery territory is

poor, even among expert neuroradiologists.
5. Wardlaw JM et al. 72
a) Hypothesis
Physicians have poor reliability in assessing early ischemic changes on acute brain
CT scans.
b) Design
Repeated measures assessment of CT scans.
c) Setting
Single centre projection facility for scan review.
d) Patients
Scans were taken from the ECASS-1 trial. Therefore, all scans represented
patients with acute ischemic stroke within 6-hours of symptom onset.
e) Methods
6experienced stroke physicians (neurologist, neuroradiologist, internist) and 9
inexperienced stroke physicians (neurologists, general practitioner, trainee)
reviewed each scan three times. At each reading they were asked to identify signs
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of early ischemia and then assess whether the patient could be randomized into an
acute stroke trial.
f)

Outcomes

Comparison to the ECASS investigators core-lab interpretation of the scans was
made. Sensitivity and specificity were estimated.
g) Results
The sensitivity ranged from 0.20-0.39 for signs of early ischemia to the dense
middle cerebral artery sign. The specificity was high. A clear differential existed
between those with experience and those without, such that the more experienced
observers were more consistent and better able to recognize early signs of
ischemia. When asked if apatient should be randomized or excluded based on CT
criteria, the observers were not better than chance in their decision making.
h) Conclusions
Overall, the results were poor. Even experienced physicians were not very good at
interpreting early signs of ischemia on CT scan.

6. Patel etal. 73
a) Hypothesis
To establish the significance and prevalence of early ischemic changes on acute
stroke CT scans.
b) Design
Single neuroradiologists' post-hoc review of CT scan with clinical information
provided.
c) Setting
On-site review of scans at the core laboratory.
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d) Patients
Patients were those from the NINDS tPA Stroke Study. All but 8patients' scans
were reviewed.
e) Methods
Each scan was reviewed for: I) loss of gray-white differentiation; 2) hypodensity; 3)
compression of CSF spaces/effacement. An assessment of whether early
ischemic change involved more or less than

1/3 rd

of the middle cerebral artery

territory was made. Using the placebo group's follow-up scans, the positive
predictive value of these findings was assessed.
f)

Results

Early ischemic change was seen on only 31 % of CT scans but was associated with
higher NIHSS score and later time from onset. No interaction effect was seen with
treatment suggesting that benefit accrued to patients regardless of the CT scan
appearance.
g) Conclusions
Early ischemic change is common on baseline CT scans but does not influence the
treatment effect.
7. Commentary
Several issues arise with the

1/3rd

MCA rule. First, it is clear that physicians

interpreting scans have inherent difficulty in accurately visualising athree
dimensional volume from two dimensional representations. This is exacerbated by
the lack of contrast between brain with early signs of ischemia and normal brain.
This contrast may only exist in the range of 2-10 Hounsfield units. These
observations translate clinically into poor reliability for the score.
A second issue is the binary nature of the rule. Biologically, it is more likely
that acontinuous function exists that describes the extent of early ischemic change
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on CT scan. Dichotomization may result in convenient statistics but mask the
ultimate effect.
Finally the1/3'' MCA rule fails to account for localization. Brain volumes of
infarction do not show atight correlation with neurological outcome. The reason is
obvious to any student of neuroanatomy in that the location of damaged tissue is
equally if not amore important determinant of the degree of deficit.
Remarkably this rule has become amainstay in stroke neurology. Multiple
papers have emerged looking at this rule and its relationship with outcome. Both
the NINDS group and the ASK group have shown that the

1/3 rd

rule did not interact

with the treatment effect and did not predict intracerebral hemorrhage. The lack of
reliability has failed to ignite any controversy in the literature when it is illogical to
study arule that cannot be measured in practice!

E. ASPECTS
The Alberta Stroke Program Early CT Score was developed based upon aclinical
observation from experience with stroke thrombolysis in Calgary74 .It is asimple
ten-point scale designed to allow easy interpretation of subtle early signs of
ischemia visible on acute stroke brain computed tomographic scans. The score
addresses the concerns outlined above with the 1/3 rd MCA rule. The score is not
volumetric because it allows equal weight to smaller but critically located subcortical structures. Therefore, it represents aclinical combination of volume and
localization. Each of ten regions of the middle cerebral artery territory are scored I
for normal and 0for signs of early ischemia. Signs of early ischemia include
hypodensity, loss of grey-white distinction and effacement. The scale works on all
standard CT axial baselines and despite slight variations in the interpretation of
definitions of each of the ten regions75 .
The score was validated retrospectively on acohort of patients from Calgary
and Houston. All patients were treated with intravenous alteplase for acute
ischemic stroke. The clinimetric details of the scale were explored only

95

superficially. Agreement among several observers on the total score,
dichotomized at less than or equal to seven and greater than seven, was assessed
using kappa statistics and

found to be good-to-excellent

(K =

0.61-0.89 range of

all pair wise agreements). The score predicted both intracerebral hemorrhage and
poor clinical outcome 74

75

Figure 1 Alberta Stroke Program Early CT Score (ASPECTS)
-

Legend The Alberta Stroke Program Early Computerized Tomography Scan Study (ASPECTS)
scoring form. Each of ten regions is scored I= normal, 0= signs of early ischemia. They are: the
subcortical structures are allotted three points (C caudate nucleus, Llentiform nucleus, and IC
internal capsule genu and posterior limb only). The MCA cortex is allotted seven points ( Insular
cortex, MI, 2, 3, 4, 5, and 6). The anterior cerebral artery territory (A) and posterior cerebral artery
territories (P) are not scored, but are left as an aide memoire. Signs of early ischemia are three:
hypodensity, loss of gray-white distinction, cortical effacement. Any evidence of one or more of
these signs within the region of interest results in a0score. Although two representative slices are
illustrated, in practice the entire scan is reviewed during scoring. Scoring is facilitated by high
quality CT brain scanning including 5mm slices, adequate power and appropriate narrow window
and levelling prior to filming.
Key: A= Anterior circulation; P= Posterior circulation; C= Caudate nucleus; L= Lentiform nucleus;
IC= Internal capsule genu and posterior limb only); 1= Insular ribbon; MI= anterior MCA cortex
anterior to the sylvian fissure; M2= MCA cortex lateral to the insular ribbon (anterior temporal lobe);
M3= posterior inferior MCA cortex (posterior temporal lobe); M4, M5, M6 refers to anterior, lateral
and posterior MCA territories immediately superior to MI, M2, M3, rostral to the basal ganglia.
-

-

-

Subsequent review of the same data has revealed that the scoring system works
well from atechnical standpoint. Brain CT scans are acquired with multiple
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possible variations in technique according to local practice, CT scan vendor etc.
Because the scoring system rates regions, variation in the baseline angle of image
acquisition, and other variations in technique do not distort the predictive nature of
the ASPECTS dichotomy between seven and eight. 75
Finally, the score has been shown to have the ability to predict outcome after
intra-arterial thrombolysis. Retrospective analysis of baseline CT scans from the
PROACT-11 trial of intra-arterial pro-urokinase for acute MI- or M2-MCA occlusion,
have shown that the chance of agood outcome is threefold higher with a
favourable ASPECTS score (ASPECTS

>

7) at baseline with pro—urokinase

treatment76 .
F. Other
1. Silver B et al. 77
a) Hypothesis
Exclusion of patients with large areas of early ischemic change on CT scan results
in improved patient outcomes.
b) Design
Prospective case series.
c) Setting
Single centre in London, ON from 1998-2000.
d) Patients
30 patients sequentially treated with thrombolysis for stroke.
e) Methods
Baseline CT scans (
n=26) or baseline diffusion weighted MRI images (n=4) were
reviewed by prospectively at the time of treatment. A stylized trapezoid of the
middle cerebral artery territory was constructed mentally and the proportion of
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tissue showing early ischemic changed within the trapezoid was estimated.
Patients with greater than

1/3 rd

involvement of the stylized middle cerebral artery

territory were excluded from treatment. Post-hoc aneuroradiologists reviewed the
scans and interpreted 2of 30 as showing signs of ischemia greater than 1I3'.
f)

Outcomes

Symptomatic hemorrhage rate and functional outcome at 90 days.
g) Results
During follow-up no symptomatic hemorrhages were observed and 37% of patients
achieved an excellent functional outcome.
h) Conclusions
In real community practice, exclusion of patients with 1/3 rd MCA sign can result in
excellent outcomes. The study is limited by its small sample size and wide
confidence intervals.

2. Commentary
The essential hypothesis for studying ASPECTS is that the CT scan has important
data within it, if only we know how to examine and measure it properly. The

1/
3 rd

MCA rule is primarily marred by its lack of reliability. By assessing the score on a
large prospectively collected data set, both further clinimetric data will be available
on ASPECTS and abetter understanding of the CT scan in acute stroke will ensue.
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G. Validation of the ASPECT score
The role of the baseline CT scan, and hence the ASPECT score, should be
emphasized as acritical predictor of outcome. The rationale for intensively
investigating the scale and its clinimetric properties is because of the importance of
the appearance of the brain in determining outcome. The ASPECT score 61 was
first derived and validated on aretrospective cohort of patients treated with
alteplase for stroke. Several issues of measurement remain unanswered with
respect to ASPECTS. These include further work on content validity, interobserver and intra-observer reliability, sensitivity to change.
1. Inter-observer and intra-observer reliability
These concepts were tested for the dichotomized score (≤7or >7) but not for
individual points on the 10-point scale. In the original study61 ,only the interobserver and inter-speciality agreement was assessed using kappa statistics.
Further assessment of agreement on each point of the scale will be undertaken.
One hundred baseline CT scans will be scored by 5observers including
neuroradiologists, stroke neurologists and stroke fellows. A 20% sample of these
will be re-scored after an appropriate wash-out period to assess intra-observer
reliability. Assessment of the variability among and within observers will
undertaken using arandom effects AN OVA model to define the components of
variance 78 .Assessments will be made for parallelism and the appropriate
intraclass correlation coefficients reported only if the measurements are parallel. If
the measurements are not parallel, (ie. asystematic observer effect exists), the
clinical significance of this will be interpreted and, if appropriate amixed-effects
ANOVA will be used to derive and report an intraclass correlation coefficient.
Agreement on each point of the scale will be assessed. Combined with review
of the criteria below, recommendations on the modification of the scale will be
made.
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2. Content validity
Doubt has been expressed that ASPECTS scores represent "over-calling" subtle
changes on aCT scan. Blinded comparison of stroke patients and controls has not
been conducted. Similarly, there exists no published gold standard comparison to
which the ASPECT score from CT scans has been compared.
Assessment of the follow-up scan provides some estimate of the validity of
the initial score, particularly if the assessment examines each individual point on
the scale. We shall assess the follow-up scans for the location of infarction
according to the ASPECTS regions. Biologically, it is believed that the presence of
visible signs of infarction on the baseline pre-treatment scan likely corresponds to
tissue that is destined to infarction. By assessing the proportion of regions that are
infarcted on follow-up scan and show signs of early infarction on the baseline CT
scan, ameasure of the validity of the baseline score will be generated.
However, because each of these patients has been treated with alteplase, a
treatment effect is clearly apotential confounding influence.
Two other approaches will be taken to examine content validity, but are
concurrent projects outside the scope of this thesis. Several (n=1 03) patients have
had both baseline CT scans and baseline MR scans within hours of each other.
Approximately one third of these patients were treated with intravenous alteplase.
Five observers have reviewed each of these scans and rated them using
ASPECTS. (This is the same cohort of n=1 00 scans that will be used to assess
reliability). A comparison with acute diffusion weighted imaging using ASPECTS
will provide an excellent opportunity to assess the nature of early CT signs of
ischemia, and therefore provide an assessment of the content validity of
ASPECTS.
The second approach will be to assess the follow-up CT scan among patients
who have not been treated with thrombolysis. This will be undertaken using the
placebo group of arandomized clinical trial (ATLANTIS).
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3. Predictive value in asecond cohort of stroke patients
The observations made in the original paper, that ASPECTS> 7suggests an
excellent prognosis, alow risk of death and alow risk of intracerebral hemorrhage,
may have been due to chance. Validation on asecond cohort of patients is
needed.
The ASPECTS score will be assessed on patients from arandomised
clinical trial of stroke thrombolysis

-

the ATLANTIS study. Five observers will

review each baseline and 24-hour follow-up CT scan. Although intra-observer
reliability will not be assessed, the inter-observer reliability will be assessed as
above using acomponents of variance ANOVA model. The proportion of patients
who achieve an independent outcome in the ASPECTS

>

7group will be

compared to the ASPECTS ≤ 7group. A similar assessment of intracerebral
hemorrhage will be made. Each analysis will be stratified by treatment (alteplase
or placebo). The relative risk of good outcome will be assessed within each
stratum.
4. General izability
Other observers have not been compared to "expert" observers in Calgary. CT
scans at baseline and follow-up from 100 stroke patients have been assessed by
five observers. A random sample of these 100 have been re-reviewed to assess
intra-rater variability. Ten additional scans, from patients with stroke-like
presentations but who did not ultimately have stroke, have been randomly
intermixed with the stroke patients to assess content validity.
The data will be analysed using ANOVA to assess the components of
variance 78. Inter-rater and intra-rater variability will be reported as an intraclass
correlation co-efficient. Content validity will be assessed by reported the proportion
of normal scans reported as abnormal. In addition, baseline scans will be
compared to follow-up scans. Where the score on the baseline scan in lower than
the follow-up, this implies an "overcall" on the part of the reviewer.
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Validation on asecond cohort of patients will be addressed using the
CASES CT scan data. The analysis has been described above. Consensus
scores on the baseline scans will be used to assess the current rule

-

ASPECT

score dichotomized a ≤7, >7 as apredictor of 90 day outcome. The consensus
-

score will also be assessed at acut-offs of 4, 5, 6, 8, 9and 10. Using receiveroperator characteristics curves, the ideal score will be assessed at the inflection
point indicating maximum sensitivity and specificity.
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Results: ASPECTS
A cohort of 103 patients with acute ischemic stroke in Calgary underwent
sequential baseline CT scanning followed by acute stroke MRI. These patients
provide the basis for an analysis of ASPECTS. Seventy-one percent were male,
and the mean age was 68 (SD 14.2) years. The median NIHSS was 9(
iqr 4-16).
Forty-two patients received tPA: 35 patients received intravenous tPA alone, and 7
received acombined approach of intravenous tPA followed by intra-arterial
thrombolysis into the angiographically defined thrombus. 79 Sixty percent of the
patients were independent (modified Rankin 0-2) at 3months (two patients were
lost to follow-up at 3months). There were nine deaths, of which two were due to
fatal intracerebral haemorrhages.
During the study period we attempted to image all patients who were treated
with thrombolysis with both modalities. Of 112 patients who were treated with tPA
during the study period, 42 patients were enrolled into the present study. Fifty
patients had genuine contraindications to urgent MRI: 26 were medically unstable
(reduced level of consciousness, vomiting, cardiac arrhythmia, aspiration) despite
our ability to monitor blood pressure, pulse oximetry; 14 patients were too restless
for adequate imaging; 10 had MRI exclusions (pacemakers, cardiac prostheses). A
further 20 either did not meet the time restrictions of the study or were not imaged
because of servicing of the MR scanner. Therefore, 50 of 112 (45.5%) patients had
genuine contraindications to MRI.
The median baseline CT ASPECTS was 8, which was equal to the median
baseline DWI ASPECTS. Sixty-six percent of the patients had early CT ischaemic
change, while 78% of the DWI scans identified areas of hyperintense signal. The
median time from symptom onset to CT was 100 minutes (iqr 68-152) compared to
213 ( iqr 157-271) minutes to initiating MR imaging (p < 0.0001). Eighty-two
patients had CT scans within 3hours of symptom onset, of which 42 also had an
MRI within 3hours of symptom onset.
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Estimates of interobserver reliability and standard error of measurement of
the individual imaging modalites at stroke baseline and follow-up are shown in
Table 7and Table 9. All modalities achieved good or better levels for interobserver
reliability, except for the baseline FLAIR. Examination of each ASPECTS region
reveals poor interobserver reliability at the internal capsule at baseline with
improvement at follow-up [Table 6].

All of the individual region estimates of

reliability showed improved reliability at follow-up, as would be clinical expected.
This improvement is supportive of the content validity of ASPECTS.

Table 6 Calgary Cohort
-.

-

Inter-rater reliability coefficients for each ASPECTS region

by imaging modality
IC

L

C

I

Ml

M2

M3

M4

M5

M6

ASPECTS

bCT

0.22

0.54

0.49

0.55

0.51

0.45

0.49

0.33

0.41

0.42

0.79

bDWl

0.40

0.64

0.67

0.67

0.61

0.56

0.57

0.47

0.62

0.64

0.81

f/uCT

0.70

0.70

0.66

0.70

0.67

0.57

0.46

0.47

0.62

0.63

0.86

f/uDWl

0.66

0.80

0.70

0.82

0.70

0.79

0.64

0.60

0.68

0.60

0.92

bCT = baseline CT; f/uCT = 24h follow-up CT; bDWI = baseline diffusion weighted MRI; f/uDWi = 24h follow-up
DWI-MRI. This analysis was repeated using unweighted kappa statistics and the coefficients were identical.

Table 7- Inter-observer agreement on varying modalities using ASPECTS
95% one-sided lower

Image modality

SEM

confidence interval
Baseline CT

0.79

0.73

1.00

Baseline DWI

0.81

0.76

0.93

Baseline FLAIR

0.28

0.19

1.17

24h CT

0.86

0.80

1.05

24h DWI

0.92

0.89

0.77

24h FLAIR

0.95

0.93

0.60

CT

=

computed tomograph y, DWI

=

diffusion weighted MRI, FLAIR

= fluid

attenu ated inversion recovery MRI
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There was alinear relationship between the baseline DWI ASPECTS and
CT ASPECTS. This indicates that the ischaemic changes observed on CT at
patient presentation, when quantified by ASPECTS can predict the DWI
abnormality performed in close proximity to CT. However, multivariable linear
regression modeling, adjusting for tPA use, baseline stroke severity (NIHSS score)
and age demonstrated an interaction between time and this relationship[Figure 15].
There was evidence of interaction effect between the time from CT to MR[ and the
bCTh ASPECTS score (p<0.001). The nature of this interaction was such that at
earlier time points the baseline CT ASPECTS was closer to the bDWI ASPECTS
and this difference widened as time elapsed. At lower ASPECTS scores, the
differences were more pronounced that compared to higher scores.
Table 8 Calgary Cohort
-

-

GLM (multiple regression) analysis of the relationship

between bCT and bDWl
g1m

bDWlaspects bCTaspects cttomrti

Iteration 0:

log likelihood

i_timebCTasp nihss age tPA,

-863.06058

=

Generalized linear models
Optimization

: ML:

No. of obs
Residual df

Newton-Raphson

Deviance

=

881.0240631

Scale param
(1/df) Deviance

Pearson

=

881.0240631

(1/df)

Variance function:

V(u)

=

1

Link function

g(u)

=

u

Standard errors

Modified Sandwich

Log likelihood

=

BIC

=

c].uster(fh)

Pearson

=

510

=
=

503
1.751539

=

1.751539

=

1.751539

=

3.412002

[Gaussian]
[Identity]

-863.0605763
-2254.884532

AIC

(standard errors adjusted for clustering on fh)

bDWlaspects

Robust

I

Coef.

Std.

Err.

z

P>IzI

[95% Conf.

Interval]

bCTaspects

. 7863082

.065769

11.96

0.000

.6574032

.9152131

cttomrti
i_timebCTasp

. 0183585
.0021773

.0054348

3.38

0.001

.0077065

.0290105

.0005859

-3.72

0.000

.0972394

.0188072

-5.17

0.000

age

. 0123855

.0059399

2.09

0.037

.0007435

.0240274

tPA
_cons

. 5820318
1.213087

.2427545

2.40

0.017

L0624l7

1.057822

.6800976

1.78

0.074

.1198797

2.546054

nihss

-

-

-

-

-

.0033256
.1341008

-

-

.001029
.060378

nihss = baseline NIHSS score;cttomrti = CT-to-MRI time; l_timebCTasp = multiplicative interaction term bCT
ASPECTS xCT-to- MR time; age = age in years; tPA = treatment with thrombolysis or not
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Figure 15

Calgary Cohort

-

-

Relationship between baseline CT ASPECTS and

baseline DWI-MR[ ASPECTS

10

-

bDWI ASPECTS

8-

6-

2-

0—
I

I

2

4
6
bCT ASPECTS

8

10

Illustration of the interaction effect between time and CT ASPECTS prediction of the DWI ASPECTS. The
lower lines show the predicted relationship when the CT to MR time is 30 minutes and each subsequent line
represents and increase of 30 minute intervals. As the time increases, the difference between the actual DWI
ASPECTS and the predicted DWI ASPECTS increases. The prediction model is adjusted for tPA use,
baseline NIHSS score and age.

This interaction effect is clinically somewhat paradoxical. A low baseline CT
ASPECTS score (eg. CT ASPECTS

=

2) correlates with aslightly higher DWI

ASPECTS score with greater disparity the longer the delay between the two scans.
Because stroke progresses rapidly over time, one would clinically expect the
direction of the interaction to be opposite to that observed. Mathematically, one
would clinically predict that the slope of the lines would be less than one.
This decrease in the slope toward zero may be occurring for two reasons.
First, the number of data points available in the ASPECTS below 5group is less
than 20% of the entire sample. Second, the fall in slope may be more indicative of
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aregression toward the mean effect such that with longer time periods the DWI
ASPECTS will be more likely to represent the "average" value.
Table 9 Calgary Cohort
-

-

Inter-modality Agreement ( Unadjusted)

Image modality

I
CCinter

95% one-sided

random

lower confidence

SEM

interval
Baseline CT

Baseline DWI*

0.89

0.83

1.64

Baseline FLAIR

0.30

0.18

3.19

0.28

0.18

3.54

24h CT- 24h DWI

0.95

0.90

1.18

24h CT

0.97

0.92

0.91

0.98

0.95

0.86

Baseline CT

-

-

Baseline DWI

-

Baseline

FLAIR

24h FLAIR

-

24h DWI

-

24h FLAIR

ICC =intraclass correlation co-efficient of I
nter-rater reliab ility from arandom effects AN OVA model
SEM =standard error of measurement is anestimate of th eminimal detectable differen ce between observers;
*un adj us t
ed

The intra-class correlation coefficient for intermodality agreement, while
simultaneously controlling inter-observer error is shown in Table 9.
Table 10

-

Calgary Cohort: baseline CT to baseline DWI intermodality agreement

Image modality

I
CCinter. random

I
CCinter. random

95% one-sided lower

Baseline CT

Raw Data

Predicted

confidence interval

Stratified by

bDWl

-

Baseline DWI

SEM

Time Epochs
60 mm

0.91

0.92

0.88

1.50 -

90 mm

0.90

0.89

0.81

1.63

120 mm

0.96

0.88

0.83

1.78

150 mm

0.94

0.90

0.84

1.65

180 mm

0.77

0.81

0.75

1.79

[CC =intraclass correlation co-efficient of inter-ra ter reliability from arandom effects ANOVA model
SEM =standard error of measurement is an estim ate of the minimal detectable difference between obse rvers
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The intermodality agreement after adjusting for time shows increasing
agreement with shorter CT-to-MR times[Table 10]. Raw data intraclass correlation
coefficients were derived from stratifying the raw data and using only those cases
that fell in each time epoch[Table 10]. Smoothed data using predicted DWI values
were derived from the equation illustrated in Figure 15: {predict_ bDWl ASPECTS
=

bDWl ASPECTS

-

0.0183585

*

cttomrti

+

0.0021773

*

l_timebCTasp}. Using

random effects ANOVA, the agreement between the CT ASPECTS score (raw
data) and the DWI ASPECTS score (predicted adjusted for time and time
interaction from the regression equation) was calculated for each time epoch.
As discussed above this increased agreement with time may be partly
misleading because the differences observed are in the wrong clinical direction.
Note that the raw data intra-class correlation co-efficients are not monotonically
decreasing when compared to the modelled intra-class correlation co-efficients.
Once again, this is most likely because of influential points amidst asmall number
of actual data points in the longer time epochs.
A baseline CT ASPECTS

>

7showed apositive predictive value of 0.89

(0.85-0.92). The odds ratio for achieving an independent outcome at 3months
was 1.37 ( 1.25-1.51) per ASPECT point increase for baseline CT and 1.30 (95%Cl
1.19-1.42) per ASPECT point for baseline DWI. When the score was dichotomized
at ASPECTS >7/ASPECTS ≤ 7, the OR for achieving an independent outcome at 3
months was 4.0 (95%Cl 2.71-5.91) for abaseline CT ASPECTS > 7and 2.14
(95%Cl 1.48-3.08) for abaseline DWI ASPECTS

>

7.
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Table 11

-

Calgary Cohort

-

Accuracy of CT the reference modality DWI

DWI pos iti ve *

Test

DWI

negative*

(ASPECTS

≤ 7)

(ASPECTS> 7)
CT positive

314

12

(ASPECTS >7)

262

64

CT negative

40

134

(ASPECTS ≤ 7)

32

142

*DWI values adjusted for CT to MRI time, NIHSS, age,
tPA use.
Sensitivity = 314/354 = 0.89 (0.85-0.92)
Specificity = 134/146 = 0.92 (0.86-0.96)
PPV = 314/326 = 0.96 (0.94-0.98)
NPV = 134/174 = 0.77 (0.70-0.83)

Raw data. Unadjusted.
Sensitivity = 262/294 = 0.89 (0.85-0.92)
Specificity = 142/206 = 0.69 (0.62-0.75)
PPV = 262/326 = 0.80 (0.76-0.85)
NPV = 142/174 = 0.82 (0.75-0.87)

Patterns of ASPECTS scoring are shown in Table 12. Regions that
correspond to each other: caudate and lentiform, Ml and M4, M2 and M5, M3 and
M6, lentiform and insula, insula, M2 and M5, correspond with vascular anatomy.

Table 12

-

Calgary Cohort

-

Pair-wise correlations between ASPECTS regions for the

baseline CT ASPECTS (top number) and 24- hour DWI ASPECTS ( bottom number)
IC
IC

L

C

I

Ml

I
I

L

C

I

Ml

0.12

1

0.23*

1

0.04

0.49*

1

038*

057*

1

-006

035*

021*

1

-006

032*

027*

1

0.02

0.29*

0.29*

0.36*

1

0.14

0.40*

0.41*

0.43*

1

M2

M3

M4

M5

M6
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M2

M3

M4

M5

M6

0.03

0.28*

0.26*

0.51 * 0.30*

1

-002

031*

035*

070*

036*

1

0.05

0.23*

0.17*

0.26*

0.21 * 040*

1

-0.05

0.21*

0.17

0.38*

0.24*

0.46*

1

0.03

0.19*

0.17

0.27*

0.54*

0.16

0.08

1

0.14

0.42*

0.37*

0.37*

0.58*

0.29*

0.28*

1

0.03

0.26*

0.25*

0.35*

0.19*

0.38*

0.20*

0.28*

1

-0.05

0.40*

0.26*

0.56*

0.33*

0.50*

0.23*

0.30*

1

000

021*

030*

010

017*

020*

042*

015

033*

-0.05

0.23*

0.21*

0.35*

0.23*

0.25*

0.47*

0.26*

0.22*

ASPECTS is able to detect change. The 24-hour CT ASPECTS is less than
the baseline CT ASPECTS. At each individual region, the change is either positive
or neutral amajority of the time. Rarely, the change is negative implying either that
the region was "over-called" at baseline or that the ischemic change on CT scan is
reversible.

Table 13

-

Calgary Cohort

bASPECTS

-

-

Responsiveness to Change

-

bCT to fuCT

24hASPECTS

IC

L

C

I

Ml

M2

M3

M4

MS

M6

ASPECTS

-1

0

4

1

5

0

1

7

5

11

4

7

0

84

85

88

83

89

75

85

84

68

76

63

1

16

11

11

12

11

24

8

11

21

20

30

H. CASES ASPECTS
CT scans from 750 patients (66%) were available for review. The median baseline
ASPECTS score was 8 (iqr 6-9). The baseline ASPECTS score predicted the
follow-up ASPECTS score is an approximately linear fashion[Figure 16]. This is
evidence of the content validity of ASPECTS. When ASPECTS alone was used as
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apredictor of good outcome, astatistically significant effect was observed.
However, the discriminative power of ASPECTS is low and this is illustrated [
Figure
17, Figure 18].
As expected here [Figure 17], the probability of agood outcome is nearly
linearly related to the baseline ASPECTS score. A wide error bar exists at low
ASPECTS because of the small number of patients in these subsets. Note that
even a "perfect" CT scan only correlates with about a50% probability of good
outcome. This reflects several features of ASPECTS: (a) the scale only measures
MCA territory infarction. Posterior circulation stroke may be significantly disabling
with anormal ASPECT score of 10; (b) thrombolysis may not be effective and
infarction will evolve; (c) biological heterogeneity is amajor factor in our inability to
predict stroke outcome with more precision.

Figure 16

-

CASES CT scans
ED

-

baseline CT predicts 24h CT

f_24haspects

10—

-

-

T

I

24h ASPECTS

0

T
T

0

0

T

0

0

0

0

0

I

0—
0

2

0

4
6
Baseline ASPECTS

8

0

10

Figure 17

CASES

-

-

Univariable Analysis

-

Probability of good outcome by

ASPECTS

% good outcome

1—

.5

-

0—

.e.

0

10

bASPECTS

The point estimate at each point and surrounding 95% confidence interval represent actual point estimates of
good outcome. The curve represents the predicted outcome from the logit model: logit(goodoutc)
J3*bASPECTS

=

+ c.

As expected here [Figure 17], the probability of agood outcome is nearly
linearly related to the baseline ASPECTS score. A wide error bar exists at low
ASPECTS because of the small number of patients in these subsets. Note that
even a "perfect" CT scan only correlates with about a50% probability of good
outcome. This reflects several features of ASPECTS: (a) the scale only measures
MCA territory infarction. Posterior circulation stroke may be significantly disabling
with anormal ASPECT score of 10; (b)thrombolysis may not be effective and
infarction will evolve; (c) biological heterogeneity is amajor factor in our inability to
predict stroke outcome with more precision.
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Figure 18

-

CASES

-

ROC curve for ASPECTS as apredictor of good outcome

Area under ROC curve

o.bo

= 0.6003

0.25

0.50
I Specificity

i.iSo

0.75

-

ROC
Obs

Area

741

0.6003

-Asymptotic NormalStd.

Err.

0.0210

[ 95% Conf.

0.55918

-

Interval]

0.64143

The relatively poor discriminative power of ASPECTS alone (c-statistic 0.60)
reflects the importance of coexisting factors such as age, presence of diabetes
mellitus or elevated blood sugar in predicting stroke outcome.
Similarly, the baseline ASPECTS was associated with the presence of any
hemorrhage on the follow-up CT scan but not with symptomatic ICH[Figure 19].
This makes reasonable biological sense and is consistent with other literature. The
factors that make ahemorrhage symptomatic are patient specific, varied,
heterogeneous and largely unknown or unmeasured. The same volume and
location of hemorrhage could be symptomatic in one patient and not another.

113

Figure 19

CASES ASPECTS as apredictor of ICH

-

-

Pr(flCH24h)

P(ICH on follow-up scan)

.6

.4

.2

Univariable analysis
Pr(sympich)

-

-

-

0—
0

I

2

4
I

bASPECTS

6
1

8

1
I
0

A relationship is clear between the baseline ASPECTS and any ICH on follow-up CT (top curve) but there is no
relationship is evidence between symptomatic ICH and baseline ASPECTS (bottom curve).

I.

ATLANTIS-B ASPECTS

From the ATLANTIS-B study, 551 CT scans were reviewed and scored. The
ASPECTS score was calculated as the median of 5observers (3of 5consensus).
The patients and study methodology have been previously described 24 .In brief,
patients with acute ischemic stroke within 3-5 hours from symptom onset were
equally randomized to 0.9mg/kg intravenous tPA or placebo. Outcomes were
measured at 90 days from stroke onset. CT scans were shipped to Calgary and
read independently by each of 5observers.
The median age was 67.4 (iqr 58.6-74.6). 58% of patients randomized were
male. The median baseline CT ASPECTS score was 10 (iqr 8-10) for placebo and
tPA treated groups. The median 24 hour CT ASPECTS score was 8 (iqr 5-10).

In
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the placebo group, the median follow-up CT ASPECTS score was 8.5 (iqr 6-10)
compared to 8 (iqr 5-10) in the treated group.
ASPECTS was astrong predictor of outcome overall. On all outcome
measures, ahigh ASPECTS score was associated with an approximate two-fold
increased chance of excellent outcome. A low ASPECTS score was strongly
associated with both 90 day mortality and symptomatic lC1-I.

Table 14— ATLANTIS ASPECTS analysis
Outcome

ASPECTS >7

ASPECTS :5 7

(n=517)

(n=164)

42.9

mRS 0-2

mRS stratified by

Risk Difference

RR (95% Cl)

16.5

26.4

2.6 ( 1.8-3.7)

56.1

26.2

29.9

2.1 ( 1.6-2.8)

35.4

19.2

16.2

1.9 ( 1.2-2.7)

NIHSS 0-1

39.5

15.9

23.6

2.5 ( 1.7-3.6)

BI

59.8

34.1

25.7

1.8 ( 1.4-2.2)

Mortality

7.2

20.1

Symptomatic lCH

3.3

9.1

Primary
mRS 0-1
Secondary

bNIHSS

95

- 12.9

0.36 (0.23-0.55)

-5.8

0.36 (0.18-0.71)

There was no evidence that ASPECTS, when dichotomized at ASPECTS>
7 / ASPECTS ≤ 7was amodifier of the treatment effect using amultiplicative
interaction term.

This lack of effect was not because of the technical adequacy of

the scans. Counter-intuitively, patients with favourable scans (ASPECTS

>

7)

were more likely to suffer symptomatic ICH and more likely to die. When
examining patients with favourable scans (ASPECTS

>

7) and ahyperdense artery

sign, atreatment effect was observed. In other words, there was evidence of a
three-way multiplicative interaction amongst treatment, ASPECTS
the presence of ahyperdense artery sign on CT (p0.081).

>

7 / ≤ 7, and
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Table 15 - ATLANTIS ASPECTS
Outcome

Baseline ASPECTS >7 (n426)
Alteplase

Control

Risk

(n=205)

(n=221)

Difference

49.3

46.2 ( 102)

3.1

Baseline ASPECTS :57 (n125)
RR (95% Cl)

Alteplase

Control

Risk

(n=68)

(n57)

Difference

1.07(0.87-1.30)

19.1 ( 13)

21.1 ( 12)

-2.0

0.91 (0.45-1.83)

RR (95% CI)

ATLANTIS-B 3-5h
mRS 0-1

(101)
NIHSS ≤ 1

39.5 (81)

39.4 (87)

0.1

1.00 (0.79-1.27)

22.1 ( 15)

14.0(8)

8.0

1.57 (0.72-3.43)

sICH

4.4(9)

0.9(2)

3.5

4.86 ( 1.06-22.20)

17.6 ( 12)

1.7(1)

15.9

10.1 ( 1.35-75.03)

death

8.7(18)

2.7(6)

6.0

3.23 (
1.31-7.99)

19.1 ( 13)

22.8 ( 13)

-3.7

0.84 (0.42-1.66)

(n=27)

(n=21)

(n=33)

(n22)

mRS 0-1

51.8 ( 14)

23.8(5)

28.0

2.18 (0.93-5.08)

12.1(4)

18.2(4)

-6.1

0.67 (0.19-2.39)

NIHSS ≤ 1

33.3(9)

33.3(7)

0.0

1.0 (0.45-2.24)

15.2(5)

9.1(2)

6.1

1.67 (0.35-7.84)

sICH

3.7(1)

0

3.7

co

15.2(5)

0

15.2

co

Death

11.1(3)

14.3(3)

-3.2

0.78 (0.17-3.47)

24.2(8)

13.6(3)

10.6

1.78 (0.52-5.98)

(n=72)

(n=89)

(n=33)

(n24)

mRS 0-1

48.6 (35)

49.4 (44)

-0.8

0.98 (0.72-1.35)

21.1 (7)

16.7(4)

4.5

1.27 (0.42-3.86)

NIHSS≤ 1

36.1 (36)

47.2 (42)

-11.1

0.77 (0.52-1.12)

24.2(8)

12.5(3)

11.7

1.94 (0.57-6.56)

sICH

4.2(3)

0

4.2

00

21.2(7)

0

21.2

00

Death

4.2(3)

5.6(5)

-1.4

0.74 (0.18-3.00)

21.2(7)

12.5(3)

8.7

1.70 (0.48-5.90)

Hyperdense artery sign

Technically adequate
CT
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The baseline ASPECTS score was predictive of the 24-hour ASPECTS
score[Table 15]. 97.9% of patients had equal or worse ASPECTS scores at followup[Table 16].

Figure 20— ATLANTIS-13

-

Relationship between baseline CT ASPECTS and 24h

CT ASPECTS
ZASPTP

24h CT ASPECTS

10

-

T

5-

T

0
I

Table 16— ATLANTIS-13

3

-

Baseline CT ASPECTS

7

Change in ASPECTS score

Change in Score

N(%)

<-1

11(2.1)

-1

26(5.0)
201 (39.0)
90 ( 17.4)
188 (36.4)
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Figure 21
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Figure 22— ATLANTIS-B. ROC curve showing discriminative validity of ASPECTS
in the placebo group.
Area under ROC curve

=

0.6422

0.50
I Specificity
-

J. Discussion: ASPECTS
ASPECTS is aprognostic variable with anear linear relationship with clinical
outcome.

It predicts the appearance of the acute DWI-MRI scan and the follow-up

CT scan, DWI-MRI, FLAIR-MRI scans. Importantly, this relationship is heavily
influenced by time such that the longer time between scans reduces agreement
between the two modalities. These factors establish that ASPECTS is measuring
cerebral ischemia.
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The reliability of ASPECTS is excellent. Among five trained observers the
reliability co-efficient both between and within raters is in the excellent range. The
allowable range of error between observers is one ASPECTS point.
ASPECTS detects change. The difference between baseline and follow-up
scans is clear. A small proportion of patients had anegative change in score
between baseline and follow-up CT scans. This implies either that the baseline
scan was "over-called" or that this area of ischemia reversed with treatment or
spontaneous reperfusion. This observation is an intriguing one since it has been
assumed by many that ischemic change on the baseline CT indicated irreversible
infarction. In some proportion of patients, early ischemic change seen on CT may
be reversible.
ASPECTS is an important variable that can be reliably and reproducibly
measured and should become the standard tool for use in assessments of clinical
stroke patients.
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IX.

Chapter 5: Prognostication
Clinicians are called upon to predict outcome daily. There is value in

prognostication, intrinsically for the patient and clinician as well as economically for
the health system. Prognostic estimates allow the patient to adjust his/her
expectations and respond appropriately. The physician may guide further
investigations or therapy based upon the expected prognosis. Models to predict
outcome are best understood as clinical prediction rules.
Such models are derived from logistic regression or other multivariable
techniques. These models can be used to evaluate atreatment or technique, to
design randomized trials according to important risk factors or to choose therapy
based upon expected response or survival. In short, particularly in the absence of
agood randomized trial comparing two treatment options, the predicted outcome
may be acritical piece of information for the treating physician.
One well-known area of research in clinical prediction rules addressing the
risk of cardiac co-morbidity prior to undergoing surgery. Goldman first addressed
this issue using acohort of patients with subsequent validation 80 .Detsky modified
the index81

82

and more recently, Lee further simplified it83 .These models have

been used for predicting the risk of pen-operative cardiac events and relied upon to
make appropriate pre-operative interventions. This kind of analysis was important
in the design of arandomized trial that assessed the role beta-blockers
immediately pre-operatively in reducing the risk of cardiac adverse events.
The development of such models is difficult and labour intensive. Several
review articles have assessed and made recommendations regarding model
development. 84

85

The key issue is model development is validation on asecond

cohort of patients to assess generalizability, something which will not be possible
with the current data set. In acute stroke care, multiple models exist but few have
been validated on independent cohorts of patients.86
future project.

87

This will be atarget for a
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A. Development of aClinical Prediction Rule for patients treated with
Alteplase for Acute lschemic Stroke
The CASES study recorded complete information on 1105 patients.
Predictors of outcome using amultivariable logistic regression model will be
developed. A priori, the following seven variables will be tested in the model as
predictors or outcome: baseline NIHSS score, baseline ASPECT score, age,
baseline serum glucose, baseline mean arterial pressure, onset-to-treatment time,
on-protocol treatment (appropriateness). A univariate analysis of all baseline
variables as predictors of outcome will be conducted. For maximum sensitivity,
any variable that is significant at a < 0.5 will be additionally considered for inclusion
in the final model. A backwards elimination approach will be used to produce the
final parsimonious model. Only main effects variables which reach conventional
significance at a≤0.05 will be retained in the final model.
This cohort will be randomly divided into 2groups. The validation set will
consist of one third of the patient population, randomly selected using arandom
number generation. The derivation set will consist of the other two thirds of the
patient population. A logistic regression model will be developed using apriori
variables as described above. The model will then be tested against the second
sample as ameasure of the predictive value of the model. The receiver-operator
characteristics of the model will be described.
If possible asimple prediction rule or scoring tool will be empirically
developed based upon the derivation set and tested for validity against the test set.
Use of apoint system assigned according to the magnitude of the odds ratio (0of
OR

<

1.2, 1for OR 1.2-1.5, 2for OR 1.5-2.5, 3for OR 2.5-3.5) will allow ascore to

be assigned to each patient.
Other methods of validation have been used previously. It has been
suggested that simple data-splitting is prone to random error, because the data is
only split once, and wastes data because the entire cohort is not being used to
generate the final logistic regression model. One way to deal with the first concern
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is repeatedly split that data and average the "accuracy"

-

atechnique called cross-

validation. However, this has been suggested to be inefficient and lead to alarger
variance in the estimated accuracy88 .An alternate method is bootstrapping.
These methods will not be tested here.
All of these methods represent techniques for internal validation. The
external validity of such amodel can only be determined by comparison to a
second cohort of patients. As an exploratory analysis, the derived points system
will be tested against the treated group from the ATLANTIS-13 study.
The results are presented in two sections. The first is an exploration of the
data with preliminary analysis to provide insight into relationships within the data.
This is followed by modelling analyses focused on the development of an internally
valid prognostication tool that is simple and clinically relevant. Finally, this model is
tested on asecond dataset for validation.
In addition to models for clinical outcome, we also assess multivariable
predictors of symptomatic ICH.

B. Multivariable Analysis (CASES) and aClinical Prediction Rule for
Prognosis
Using the entire cohort amultivariable model was developed. The starting
model was pre-defined (as discussed above in the methods section) based upon
important variables defined from the literature. The model was constructed
manually with assessment for confounding and interaction at each step.
Confounding was defined as a10% change in the fl coefficient89 .This 10%
change was assessed on any of the variables in the current model. Two way
multiplicative interactions were assessed using the likelihood ratio test. The choice
of 2x2 interactions was based upon past literature and clinical knowledge, an nxn
correlation matrix of all pre-defined variables plus variables shown to potentially
important (p<0.10) in univariable analysis[Table 17]. Interaction terms were
included at alower threshold of a ≤ 0.10 compared to a≤ 0.05 for single variables.
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The reasons for this are because the ability to discern multiplicative interaction
terms is limited by the sample size and is generally of lower power than single
variable effects. Using a 10% threshold reduces the chance of atype II error when
assessing the multiplicative interaction. This approach has been previously used
in the stroke literature 25 .A parsimonious model was sought[Table 18].

Table 17

-

CASES univariable analysis of predictors of good outcome (entire cohort)

Demographic

RR for good outcome (95% Cl)

Age

0.97 (0.960 .98)*

Age> 70

0.62 (0.54-0.73)

Gender (male)

1.03 (0.88-1.20)

Ethnic group (Caucasian)

1.02 (0.77-1.35)

Historical
Previous stroke or TIA

1.04 (0.87-1.25)

Hypertension

0.87 (0.74-1.01)

Atrial fibrillation

0.73 (0.59-0.91)

Diabetes mellitus

0.78 (0.61-0.99)

Hypercholesterolemia

1.12 (0.93-1.35)

lschemic heart disease

1.02 (0.85-1.22)

Congestive heart failure

1.00 (0.73-1.06)

Valvular heart disease

1.17 (0.81-1.69)

Dementia

0.38 (0.13-1.08)

History of cancer

0.77 (0.54-1.10)

Baseline Clinical Variables
NIHSS score

0.88 (0 .860 .90)*

NIHSS> 15

0.39 (0.32-0.48)

ASPECTS score

1.22 (1 .121 .32)*

ASPECTS

1.57 (1.26-1.94)

>

7

Glucose (mM)

0.87 (0 .820 .92)*

Glucose> 8mM

0.69 (0.56-0.84)
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Admission MAP (mm Hg)

1.00 (0.991.00)*

Admission MAP> 100

0.92 (0.78-1.08)

OCSP stroke type
POCS

I (reference)

TACS

0.58 (0.27-1.22)

PACS

1.55 (0.76-3.16)

LACS

1.70 (
0.72-4.00)

Process Measures
Onset to treatment time (mm)

1.00 (0.998-1.005)*

Onset to treatment time

0.94 (0.77-1.14)

<

120 minutes

Protocol violation

1.08 (0.87-1.34)

High volume centre

0.95 (0.81-1.11)

*Odd s ratios (not risk ratios) because the independent variabl ewas continuous or categorical

Table 18

-

CASES multivariable model

-

Entire cohort

-

pre-specified model

Variable

OR

95%Cl

P

Baseline NIHSS

0.90

0.87-0.93

<0.001

Age

0.98

0.97-0.99

0.001

Glucose

0.88

0.82-0.95

0.001

ASPECTS

1.17

1.06-1.29

0.002

MAP

0.99

0.97-1.00

0.74

Onset to treatment time

1.00

0.996-1.007

0.53

Protocol violation

0.99

0.55-1.76

0.97

This model represents apre-defined model based up on variables thought to be important from published literature.
This plan for this model was pre-published.
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Table 19

-

CASES Multivariable model (entire cohort)

-

Parsimonious model

Variable

OR

95%CI

P

Age

0.98

0.97-0.99

0.019

Glucose

0.86

0.79-0.94

ASPECTS

1.16

1.05-1.29

0.004

MAP

0.99

0.97-0.999

0.039

Atrial fibrillation

0.60

0.36-0.97

0.038

bNlHSS*

1.03

0.89-1.18

0.686

Onset-to-treatment tim e*

1.01

0.99-1.03

0.057

Protocol violati on *

3.92

0.70-22.0

0.120

bNIHSS xtime to treatment

0.99

0.99-1.00

0.092

bNIHSS xprotocol violation

0.89

0.79-1.01

0.093

<0.001

This model was built using manual backwards elimination. All variables were included in asaturated model and then
non-significant variables were eliminated sequentially. At the end of this procedure, 2x2 interaction terms were
developed and tested within the model.
*m ai
n effects variables that should only be interpreted within their interaction terms. The individual OR are not
meaningful here because of the multiplicative nteraction effect.

The expected culprit variables were important independent predictors of outcome.
The most intriguing observations were the presence of two multiplicative
interactions involving the stroke severity and protocol violations and stroke severity
and time-to-treatment. The direction of change, however, was opposite to what
one would expect. With increasing time from onset to treatment, outcome was
slightly improved. Similarly, with increasing time from onset to treatment, patients
with protocol violations had abetter odds of good outcome.
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Figure 23

CASES Paradoxical relationship between time-to-treatment and
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The explanation for both of these observations is in the nature of the
interaction term. The NIHSS score is tightly related to the time to presentation and
therefore to the time from onset to treatment[Figure 15]. This effect is also shown
in the regression model [Table 20], where time can be shown to interact with the
baseline stroke severity. Thus, patients treated at late time points tended to be
those with milder stroke severity which is amore important predictor of outcome
that any delay from onset to treatment.
Similarly, alarge majority of protocol violations were time violations.
Therefore, protocol violations are also related to the NIHSS score and a
paradoxical effect is observed.
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Figure 24

-

CASES

-

Relationship between stroke severity and time to treatment
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This figure[Figure 24] demonstrates the relationship between onset-totreatment time and stroke severity. Patients with more severe stroke tend to be
treated at earlier time points. This effect can be shown to be both due to faster
treatment of severe stroke (shorter door-to-needle time) and earlier arrival of
patients with more severe stroke to the ER (short onset-to-ER time). Clinically this
makes sense since patients with more severe stroke are both obvious candidates
for paramedics transport to the ER and more obvious candidates for thrombolysis
exactly because of the severity of their deficits.
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Table 20- CASES

-

interaction between time and NIHSS

• logit goodoutc bnihss glucose Onsetndl
f sample == 0, or

f_baspects pretxmap age

i_nihxtime i

>

Iteration 0:

log likelihood

=

-284.61952

Iteration 1:

log likelihood

=

-246.58075

Iteration 2:

log likelihood

=

-245.33466

Iteration 3:

log likelihood

=

-245.3225

Iteration 4:

log likelihood

=

-245.3225

Logit estimates

Number of obs

=

438

LR chi2(7)

=

78.59

Prob
Log likelihood = - 245.3225

goodoutc

Odds Ratio

>

chi2

0.0000

Pseudo R2

Std.

Err.

z

P>lzJ

0.1381

[95

Conf.

Interval]

+

bnihss
glucosem
Onsetndl
f_baspects

1.107545 . 0892671
.8771248 . 0379608
1.026333 . 0087803
1.158762 . 0736056

1.27

0.205

. 9457046

- 3.03

0.002

. 8057912

3.04
2.32

0.002
0.020

1.297083
. 9547733

1.009267
1.023116

1.043687
1.312391
1.008516

pretxmap

.9929019 . 0079047

- 0.89

0.371

. 9775293

age

.9856575 . 0078666

- 1.81

0.070

. 9703592

i_nihxt ime

.9986362 . 000529

- 2.58

0.010

. 9976

1.001197
. 9996735

bnihss = baseline NIHSS score; glucosem = glucose (mM); Onsetndl = stroke onset-to-treatment time;
f_baspects = baseline ASPECTS score; pretxmap = baseline mean arterial blood pressure; age = age in years;
L.nihxtime= multiplicative interaction term: age by stroke onset-to-treatment time

Symptomatic ICH is the most important complication of thrombolytic treatment for
stroke. A backwards elimination model for predictors of symptomatic intracerebral
hemorrhage is shown in Table 21. No first order multiplicative interactions were
observed.

Table 21

-

CASES

-

predictors of symptomatic ICH. Final model from backwards

elimination logistic regression.
Symptomatic ICH

OR

95% Cl

Glucose ( per 5mMt)

1.64

1.15-2.32

Stroke onset-to-treatment time (per 30 min delay)

1.25

1.03-1.52
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This model was only moderately predictive of symptomatic ICH with ac-statistic of
0.64. This model was derived from the entire data set. The lack of good
predictability for symptomatic lCH suggests that asignificant proportion of the
instances of sICH are random in nature (or at least, currently unexplainable).
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Buildinq aprediction rule
To develop aclinical prediction rule, repeat modelling was performed on the
derivation sample beginning with all variables [Table 22] and using abackwards
elimination technique[Table 23]. This model included amultiplicative interaction
term.
Table 22
• xi:

-

CASES

-

Derivation Set

-

logit goodoutc bnihss glucose

Model 1 All variables (saturated model)
-

f_baspects

f_asign pretxmap age gender et

>

hnic_binary priortia htn af lb diabetes highchol

>

n Onsetndl protviol hivolcen

i.ocspstroketype

ihd chf vhd dementia histca
if

sample

==

0

i.ocspstroket-.e _ Iocspstrok_l-4 ( naturally coded; _Iocspstrok_4 omitted)
Iteration 0;

log likelihood = - 271.82444

Iteration 1:

log likelihood

=

-228.96382

Iteration 2:

log likelihood

=

-226.55117

Iteration 3:

log likelihood

=

-226.49113

Iteration 4:
log likelihood
Logit estimates

=

-226.49106

Log likelihood

-226.49106

=

Number of obs

=

417

Li?. chi2(24)

=

90.67

Prob

=

0.0000

=

0.1668

z

P>lzl

.1070433 . 0244348

- 4.38

0.000

-.1700441 . 0562396

- 3.02

0.002

goodoutc

Coef.

>

ch12

Pseudo R2

Std.

Err.

[95% Conf.

Interval]

+

bnihss
glucosem

-

f_baspects
f_asign
pretxmap
age

.0933635 . 0704388
-

-

-

gender
ethnic _bin-y

-

-

priortia

0.185

- 0.59

0.554

.0088068 . 0087795
.0184339 . 0094617

- 1.00
- 1.95

0.316
0.051

.304091 . 2489248

- 1.22

0.222

.0077673 . 4278385

- 0.02

0.986

1.96
1.11

0.050
0.268

.5522496 . 2818677
.2836875 . 2562754

htn
af lb

1.33

.1846749 . 3121055

-

.5540535 . 3072353

- 1.80

0.071

.1549346

-

-

.0591521

-. 2802718 -. 0598165
-

-

-

-

-

-

.0446939

. 2314209

.7963904

. 4270406

.0260143
.0369784

. 0084007
. 0001106

.7919747

. 1837927

.8463153

. 8307807

.0002009
.218603

-

-

1.1047
. 785978

- 1.156224

. 0481166

.737828

. 8415439

.5604976
.4590717

. 6671911
. 6869464

diabetes

.0518579 . 4029084

0.13

0.898

highchol
ihd_cad

.0533468 . 3131917
.1139374 . 2923569

0.17
0.39

0.865
0.697

chf

.8622639 . 5271277

1.64

0.102

.1708875

1.895415

vhd

.0690897 . 6733394

0.10

0.918

- 1.250631

1.388811

- 0.79

0.428

- 2.594285

1.100844

dementia

-

hist_can

.4883442 . 4230307
.0046672 . 0035351

Onsetndl
protviol
hivolcen

.7467202 . 9426523

.1158706 . 3843437
-

.0051463 . 2489398

1.15
1.32

0.248
0.187

0.30

0.763

- 0.02

0.984

-

-

-

-

-

-

-

-

.3407807
.0022616

1.317469
. 0115959

.6374293

. 8691705

.4930593

. 4827667

Iocspstro-1

.7674776 . 8285263

0.93

0.354

.8564041

2.391359

Iocspstro-2

1.138513 . 7918097
.1919175 . 9269601

1.44
0.21

0.150
0.836

.4134056
- 1.624891

2.690432
2.008726

1.09

0.276

- 1.493231

5.23309

_Iocspstro-3
cons

1.86993

1.71593

-

-
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Table 23

-

CASES

-

Derivation Set

-

Final Backwards Elimination Model

• logit goodoutc f_baspects bnihss Onsetndl
=
0, or

i_nihxtime glucose age if

sample

=

>

Iteration 0:
Iteration 1:

log likelihood = - 297.86652
log likelihood = -260.03305

Iteration 2:
Iteration 3:

log likelihood
log likelihood

=

-258.76233
-258.74926

Iteration 4:

log likelihood

=

-258.74926

=

Logit estimates

Log likelihood

goodoutc

=

f_baspects
bnihss
Onsetndl
i_nihxtime
glucose
age

=

456

LR chi2(6)

=

78.23

=

0.1313

Prob

-258.74926

I Odds Ratio

Number of obs
>

chi2

Pseudo R2

Std.

Err.

z

P>lzl

1.132025 . 0691176

2.03

0.042

1.135365 . 0879648

1.64

0.101

1.028433

3.36

0.001

. 008573

0.0000

[95% Conf.
1.004349

Interval]
1.275932

. 9754091

1.321552

1.011767

1.045374

.9984999 . 0005097

- 2.94

0.003

. 9975014

. 9994994

.8767223 . 0369613

- 3.12

0.002

. 8071917

. 9522422

.9855155 . 0077351

- 1.86

0.063

. 9704711

1.000793

The baseline age is included in this model because it is aconfounder on ASPECTS.
bnihss = baseline NIHSS score; glucosem = glucose (mM); Onsetndl = stroke onset-to-treatment time;
f_baspects = baseline ASPECTS score; age = age in years; l_nihxtime= multiplicative interaction term: age by
stroke onset-to-treatment time

Modelling using "good outcome" proves to be clinically more difficult to interpret
because the OR are less than one. Using the opposite outcome (bad outcome:
adjusted mRS

> 2)

provides amore intuitive method to develop apoint score to

predict outcome. The use of poor outcome as the primary outcome has been
previously suggested9°

91 92

The basis for this has been proposed as an ethical

one; poor outcome is more important for patients. Mathematically, the results are
identical. Therefore, for convenience in presenting odds ratios greater than one,
the development of the clinical prediction rule uses outcome that has simply been
reversed.
To deal with the multiplicative interaction term (bNlHSS xtime) to make it
more amenable to inclusion in apredictive model, binary additive interaction
variables were defined: bad stroke as bNlHSS> 15 and late treatment time as
stroke onset-to-treatment time> 120 minutes. These terms were then included
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within the final model as additive interaction terms in lieu of the main effects for the
baseline NIHSS score and time variables as suggested by Rothman 93 .To allow for
interpretation of baseline serum glucose, baseline NIHSS score and baseline mean
arterial blood pressure, these variables were categorized (inducing linearity) and
allowing interpretation of the odds ratio by category[rable 25].

Table 24- Model #1. Derivation set. Primary variables from the parsimonious
model.
logit goodoutc
0, or

f_baspects bnihss Onsetndl

Iteration 0:

log likelihood = - 297.86652

Iteration 1:

log likelihood

=

-260.03305

Iteration 2:

log likelihood

=

-258.76233

Iteration 3:

log likelihood = - 258.74926

Iteration 4:

log likelihood

=

i_nihxtime glucose age if

-258.74926

Logit estimates

Log likelihood

goodoutc

=

-258.74926

IOdds

Ratio

Std. Err.

Number of obs

=

456

LR chi2(6)
Prob > chi2

=
=

78.23
0.0000

Pseudo R2

=

0.1313

Z

P>IzI

f_baspects

1.132025 . 0691176

2.03

0.042

bnihss

1.135365 . 0879648

1.64

0.101

1.028433

3.36

0.001

Onsetndl
i_nihxtime
glucose
age

sample

. 008573

[95t Conf.

Interval]

1.004349

1.275932

. 9754091

1.321552

1.011767

1,045374

. 9984999 . 0005097

- 2.94

0.003

. 9975014

. 9994994

. 8767223 . 0369613

- 3.12

0.002

. 8071917

. 9522422

. 9855155 . 0077351

- 1.86

0.063

. 9704711

1.000793

bnihss = baseline NIHSS score; glucosem = glucose (mM); Onsetndl = stroke onset-to-treatment time;
f_baspects = baseline ASPECTS score; age = age in years; l_nihxtime= multiplicative interaction term: age by
stroke onset-to-treatment time
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Table 25

-

Model 2. Derivative set. Main effects model using categorized

covariates.
• logit badoutc f_baspects7 bn1h15 0tt20cat glc8
Iteration 0:
log likelihood =
-301.9928
Iteration 1:
Iteration 2:

log likelihood
log likelihood

=
=

-274.22727
-273.61598

Iteration 3:

log likelihood

=

-273.6141

Logit estimates

Log likelihood

=

badoutc

-273.6141

Odds Ratio

age70

if

sample

==

Err.

or

Number of obs

=

464

LR chi2(5)

=

56.76

Prob

=

0.0000

=

0.0940

>

chi2

Pseudo R2

Std.

0,

P>Izl

[95% Conf.

Interval]

+

fbaspects7

.6966346

.1529506

-1.65

0.100

.453 0209

1.071252

bnihl5

2.781155

.6256791

4.55

0.000

1.789491

4.322359

ott20cat

.930628

.0485995

-1.38

0.169

.8400872

1.030927

g1c8

2.31475

.5883478

3.30

0.001

1.406538

3.809403

age70

1.671195

.3489379

2.46

0.014

1.109941

2.516252

bnihl5 = baseline NIHSS score> 15; g1c8 = glucose > 8mM; 0tt20cat stroke onset-to-treatment time
minutes; f_baspects7 = baseline ASPECTS score > 7; age70 = age I> 70 years

Table 26

-

>

120

Model 3. Derivative set. Model using cateogorized variables and

constructed binary additive interaction terms.

>

logit badoutc
or

f_baspects7 g1c8 age70

BSlate BSearly GSlate if

Iteration 0:

log likelihood

=

-301.9928

Iteration 1:

log likelihood

=

-274.02359

Iteration 2:

log likelihood

=

-273.43009

Iteration 3:

log likelihood

=

-273.42832

Logit estimates

Log likelihood

badoutc

=

-273.42832

I Odds

f_baspects7

Ratio

sample

Err.

Z

0,

Number of obs

=

464

LR chi2(6)

=

57.13

Prob

=

0.0000

=

0.0946

>

chi2

Pseudo R2

Std.

==

P>Izl

[95% Conf.

Interval]

. 6638614

.1458644

-1.86

0.062

.4315692

1.021185

g1c8

2.301396

.5850971

3.28

0.001

1.398252

3.787889

age70
BSlate

1.636445
2.007361

.3430864

2.35

0.019

1.085036

2.468078

.8009584

1.75

0.081

.9183053

4.387973

BSearly

1.584127

.7375305

0.99

0.323

.6360506

3.945377

. 6101523

.219379

-1.37

0.169

.3015716

1.234486

GSlate
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Figure 26

ROC curve for derivation set using Model 3.

-

Area under ROC curve
1.00

0.75

C:
U)

0.50

=

0.7030

-

-

-

C,)

0.25

0.00

-

-

0.00

0.25

0.50
I Specificity

0.75

1.00

-

The ROC curve above demonstrates the predictive value of model 3, which
includes categorized main effects variables and additive binary interaction terms.
This curve represents an assessment of the internal validity on the derivation set.
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Figure 27

-

ROC curve for validation set using Model 3.

The ROC curve [Figure 27] shows the predictive value of Model 3on the
test set.
One important issue that arose was when reducing the data to binary variables is
that power was lost and terms lost statistical sign ificance[Table 26]. In developing
the final models and subsequent prediction rule, this was ignored. The rationale
for this is that it is important for clinical prediction rules to be simple and to have
clinical relevance. We have shown that the variables in question are statistically
important. It remains clinically useful to maintain them in the model, in their
simplified form, despite the loss of power.
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Table 27— Point score method
Points Assigned

Variable

I

ASPECTS ≤7

I

Glucose

I

Age >70

I

Bad stroke (bNlHSS> 15) and late treatment (oft > 120 mm)

I

Bad stroke (bNlHSS> 15) and early treatment (
ott ≤ 120 mm)

-1

Good stroke (bNlHSS

Table 28

-

>

8mM

<=

15) and late treatment (ott> 120 mm)

Point score derived from Model 3.

Points

% mRS

-1

35.4

25.1-46.7

0

53.1

45.4-60.6

I

63.6

53.6-71.9

2

72.8

65.3-79.5

3

85.4

78.1-91.0

4

95.7

78.1-99.9

>

2 (poor outcome)

95%Cl

A second point scoring method was considered using the relative values of the OR
within Model 3. This point system was then applied to the validation set[Figure 29].
Finally the main point system ( 1point for each variable) was tested against the
treated group of the ATLANTIS-B data set[Figure 30].
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Figure 30

-

ROC curve for points Model 3applied to ATLANTIS-B dataset (treated

group)
Area under curve

=

0.7061 se(area)

I

I

0

.25

=

0.0342
I

.5
I Specificity

.75

-

C Modelling: Discussion
The development of prognostic models in stroke thrombolysis is useful for the
practicing clinician in counselling family members or friends and if the patient is
competent, the patient him/herself about the immediate prognosis. Reassurance
may be helpful in reducing pen-treatment blood pressure, aprobable factor in the
occurrence of thrombolysis related hemorrhage.
The use of an interaction term in the final model was deliberate, with
knowledge that this presents significant difficulty in generating auseful tool for
clinicians. The term encompasses the relationship between stroke severity and
time. Time has been previously shown to be critical to the treatment effect and it is
therefore important that this variable be included within the model. The counter-
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intuitive relationship among outcome, stroke severity and time (vide supra) reveals
acomplex relationship among the prognostic variables.
The final model using binary additive interaction terms and categorized main
effects variables shows similar validity internally on the derivation set, internally on
the test set and finally externally on asecond dataset, the ATLANTIS-B data.
The model shows areasonably good test-retest internal validity using the
split sample technique. For this model to be truly validated, it should be tested
against asecond cohort of patients treated with tPA for stroke under 3hours.
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X.

Chapter 6: Synthesis

The purposes of this project can be thought of as twofold: a) to provide evidence
of "effectiveness" of stroke thrombolysis in the community; b) to validate ascoring
tool (ASPECTS) for the baseline CT scan as acritical variable in the prognosis of
acute stroke patients. CASES has demonstrated that tPA can be given safely in
the community with acceptable complication rates. The combination of three data
sets has demonstrated the content validity, reproducibility, reliability and sensitivity
to change of ASPECTS.
CASES was an observational registry. Without a "community" control group
of untreated patients it is impossible to be definitive about the effectiveness of
stroke thrombolysis. Comparison with other observational studies suggests similar
rates of "cure" or excellent functional outcome.
The rate of symptomatic ICH was slightly lower than that reported in
randomized trials, but similar to the rate reported from other observational studies.
Examination of the funnel plot demonstrates one study as an outlier46 .
Interestingly, recent data from Cleveland has shown that stroke education in the
city has dramatically reduced the rate of protocol violations and cut the
symptomatic ICH rate by two-thirds 54 .
CASES also reported the incidence of orolingual angioedema at 1.4%. This
rate is higher than that seen in thrombolysis for myocardial infarction. During the
study, this observation and communication with Health Canada, Hoffmann-La
Roche Canada Ltd, Genentech Inc., and the Food and Drug Administration
resulted in achange in package labelling for alteplase (ActivaseTM).
CASES provides data from the "real world". However, such data has
recognized limitations compared to the carefully controlled clinical trial situation.
Data were largely provided voluntarily; unfortunately, this meant that the data were
incomplete, particularly the CT dataset. Both adverse events and outcomes were
adjudicated by the investigators on-site and not by independent or blinded
observers. This means that observations requiring judgement may be biased,
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including the determination of symptomatic vs. asymptomatic hemorrhage. The
data were not gathered at every hospital in Canada; however, hospitals that were
involved provided complete sequential data. Therefore, case acquisition was
incomplete nationwide and it is expected that more adverse events occurred in
non-participating hospitals compared to participating hospitals. A telephone survey
of all hospitals with CT scanners conducted half-way through the study estimated
that CASES was collecting 75% of patients treated with tPA for stroke in Canada.
It is likely therefore, that the rate of symptomatic lCH is an underestimate of the
true rate on apopulation basis.
ASPECTS has been shown to be reliable and reproducible scale to
measure the extent of ischemia on the baseline CT scan, It correlates extremely
well to the DWI-MRl, predicts the follow-up CT scan appearance but has aweaker
predictive value for outcome.
The development of stroke thrombolysis is in its infancy. Much refinement is
necessary to both reduce the risk of therapy and increase the chance of benefit.
Some aspects of this study are novel. A prospective assessment of effectiveness
was planned apriori and should provide new data of stroke thrombolysis in North
America. The use of ASPECTS, while first published in 2000, has yet to firmly
adopted by other stroke neurologists. Further definition of both its strong
clinimetric properties and predictive should allow it to be used further for
randomized clinical trials. Moreover, prognostic models will serve to allow
stratification of patient risk and provide atool that can be tested in future clinical
trials. Risk factors or predictive factors identified in such amodel are natural
candidates for prospective testing.
The prognostic model developed using ASPECTS and CASES data shows
reasonably strong ability to predict poor outcome. It may not be able to
discriminate those who have alow probability of poor outcome; presumably other
factors are important here. However, human outcomes after illness, particularly
stroke, are highly heterogenous. It may not be further possible to improve upon
the statistical properties of this prognostication rule. The results are encouraging
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and could be put to immediate use in practice for clinicians as they counsel families
of stroke victims in the immediate aftermath of thrombolytic treatment.
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