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Background and Purpose—Based on neuroprotective efficacy in animal models, we evaluated theN-methyl D-aspartate
antagonist Selfotel in patients with ischemic stroke, after doses up to 1.5 mg/kg were shown to be safe in phase 1 and
phase 2a studies.

Methods—Two pivotal phase 3 ischemic stroke trials tested the hypothesis, by double-blind, randomized, placebo-
controlled parallel design, that a single intravenous 1.5 mg/kg dose of Selfotel, administered within 6 hours of stroke
onset, would improve functional outcome at 90 days, defined as the proportion of patients achieving a Barthel Index
score of$60. The trials were performed in patients aged 40 to 85 years with acute ischemic hemispheric stroke and a
motor deficit.

Results—The 2 trials were suspended on advice of the independent Data Safety Monitoring Board because of an imbalance
in mortality after a total enrollment of 567 patients. The groups were well matched for initial stroke severity and time
from stroke onset to therapy. There was no difference in the 90-day mortality rate, with 62 deaths (22%) in the Selfotel
group and 49 (17%) in the placebo-treated group (RR51.3; 95% CI 0.92 to 1.83;P50.15). However, early mortality
was higher in the Selfotel-treated patients (day 30: 54 of 280 versus 37 of 286;P50.05). In patients with severe stroke,
mortality imbalance was significant throughout the trial (P50.05).

Conclusions—Selfotel was not an effective treatment for acute ischemic stroke. Furthermore, a trend toward increased
mortality, particularly within the first 30 days and in patients with severe stroke, suggests that the drug might have a
neurotoxic effect in brain ischemia.(Stroke. 2000;31:347-354.)
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The development of theN-methyl D-aspartate (NMDA)
antagonists was based on the finding that an ischemic

brain injury produces elevated levels of the excitatory neuro-
transmitter glutamate, which leads to excessive stimulation of
the NMDA receptor.1 In the excitotoxic ischemic environ-
ment, NMDA receptor activation leads to neuronal injury,
firstly due to an influx of sodium and water into the cells and
secondly due to the accumulation of intracellular calcium.
Rising intracellular calcium levels induce activation of pro-
teases, phospholipases and protein kinases with eventual lysis
of intracellular elements and cell death. Both competitive and
noncompetitive NMDA antagonists have been developed.
Selfotel (CGS 19755) is a competitive NMDA receptor
antagonist that binds directly to the NMDA site of the
glutamate receptor, inhibiting the action of glutamate in the
excitotoxic environment of acute ischemia.2,3

The development of potentially effective neuroprotective
agents such as the NMDA antagonists has particular appeal in

acute stroke, because these compounds are not associated
with an increased risk of hemorrhage and can therefore be
administered without a screening CT scan. Selfotel was
selected as a neuroprotective candidate because it was found
to limit neuronal damage in a variety of animal stroke
models.4–9 On the basis of dose escalation and safety studies
in healthy volunteers, it was found that doses.1.5 mg/kg
produced transient neurological symptoms, including seda-
tion, dizziness, and disorientation, without focal neurological
abnormalities on examination.2 A phase 2A study involved
dose escalation, placebo-controlled studies in stroke patients
and led to the conclusion that an intravenous bolus dose of 1.5
mg/kg administered within 6 hours of onset of acute ischemic
stroke appeared to be safe and possibly effective.3 Adverse
experiences related to the central nervous system (chiefly,
agitation, hallucinations, and confusion) occurred at higher
doses of Selfotel.
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Based on the animal, phase 1 and phase 2 data, a single
dose of 1.5 mg/kg was selected to be tested in 2 concurrent,
pivotal phase 3 ischemic stroke trials. In parallel with these
stroke trials, 2 phase 3 trials were conducted in patients with
traumatic brain injury. These trials were also terminated
prematurely on the advice of the independent Data Safety
Monitoring Board (DSMB), based on an overall mortality
imbalance consistent with, although less impressive than, the
stroke trial results. The Selfotel head injury trials will be
reported separately.

Subjects and Methods
The primary objective of the trials was to determine the efficacy and
safety of a single 1.5-mg/kg dose of Selfotel compared with placebo
in acute ischemic stroke by evaluating the proportion of patients who
achieved a reasonable level of functional independence at 90 days
after stroke onset. This was defined as the proportion who achieved
a Barthel Index score of$60.10 The secondary objectives were to
determine whether Selfotel improved the 30-day and 90-day neuro-
logical outcomes, through use of the National Institutes of Health
Stroke Scale (NIHSS)11 and the Scandinavian Stroke Scale (SSS)12

scores, and to determine whether Selfotel, compared with placebo,
reduced mortality from acute ischemic stroke.

The 2 trials had very similar protocols. One was conducted in
Europe, Australia, Argentina, and Canada (protocol 10) and the other
in the United States and Israel (protocol 07). These were called the
ASSIST Trials (Acute Stroke Trials Involving Selfotel Treatment).
The trials involved a multicenter, randomized, double-blind,
placebo-controlled, parallel design that investigated the efficacy and
safety of a single dose of Selfotel (1.5 mg/kg) in patients hospitalized
for acute ischemic stroke, in which the drug was administered
intravenously within 6 hours of the onset of symptoms (Appendix 2).
It was planned that each trial enroll approximately 920 patients to
obtain the 820 required patients (410 per treatment arm). In addition
to the blinded monitoring by the staff involved in conducting the
trials, the data were reviewed by an independent DSMB, consisting
of qualified specialists (Appendix 1), who had unlimited access to
the data on an ongoing basis. The treatment assignment was provided
as A and B to the DSMB. The DSMB provided their assessments to
a Steering Committee composed of representatives of the investiga-
tors and sponsor (Appendix 1).

The ASSIST trials enrolled patients aged 40 to 85 years with a
clinical diagnosis of hemispheric acute ischemic stroke. Baseline
neurological symptoms were documented with the SSS12 and the
NIHSS scores.11 The duration between symptom onset and initiation
of treatment with trial drug was to be of no more than 6 hours. In
patients waking from sleep with neurological symptoms, the onset of
symptoms was taken from the time that they were last seen to be
neurologically normal. Patients were required to be ambulatory and
functionally independent (Barthel Index score of.95)10 before the
onset of the stroke and had to be hospitalized for the study. They
were required to have significant motor deficit, demonstrated by a
score of $2 (some effort against gravity) in any limb on the
NIHSS.11 Patients were classified using the Prognostic score of the
SSS12 as having severe stroke (SSS,16) or mild to moderate stroke
(SSS$16). Although CT scanning was not mandated before therapy,
CT had to be performed within 24 hours of stroke onset.

Patients were excluded if there were clinical signs of brain stem
dysfunction or brain herniation, coma, seizures between the time of
stroke onset and trial drug administration, a stroke syndrome related
to a systemic condition (eg, vasculitis), or a history of any debilitat-
ing somatic or psychiatric condition that could interfere with
neurological or functional assessment. Other exclusion criteria in-
cluded a computed CT scan (if performed before dosing) that showed
either hemorrhage or a noncerebrovascular brain disorder, concur-
rent enrollment in other investigational drug trials, the requirement
for treatment with thrombolytic therapy or nimodipine, and finally,
patients considered unlikely to be available for follow-up assess-
ments. Patients with hemorrhagic stroke or noncerebrovascular

pathology, treated before the CT scan, were included in the intention-
to-treat (ITT) analysis.

Patients or next-of-kin had to be able to provide informed consent
according to local or national legal requirements and institutional
ethics committees. The trials involved males or nonpregnant females.
A negative pregnancy test was required for females of childbearing
potential before drug trial administration.

Eligible, consenting patients were then randomized to 1.5 mg/kg
Selfotel or matching placebo in a 1:1 ratio. A single intravenous dose
of trial drug was given over 2 to 5 minutes. If possible, patients were
weighed in emergency departments or their weight was estimated on
the basis of history and body nomogram. The great majority of
patients were treated in stroke units in experienced stroke centers
(Appendix 2).

After trial drug administration, patients were monitored for safety,
neurological function, and functional status for 8 days, including a
minimum of 4 hospitalization days. A second CT scan was to be
performed at days 4 to 8 to confirm the final diagnosis. Surviving
patients were then seen in clinic visits or in institutions on trial days
30 and 90. Efficacy was measured using the Barthel Index,10 the
NIHSS,11 and the SSS12 by an evaluator not involved in the patients
acute monitoring phase, to prevent potential unblinding due to
possible Selfotel-associated adverse events. Investigators were
trained in the administration of the scales used in the protocol.

All adverse experiences were reported during the acute monitoring
phase of the trial (days 1 through 8). Serious adverse experiences
were recorded continuously throughout the duration of the trial (until
day 90). Adverse experiences considered to be part of the acute
stroke process were not recorded unless the patients deteriorated
after trial drug administration or required therapy. Physical exami-
nation, ECG, routine hematology, and blood chemistry were per-
formed at baseline and during the monitoring and follow-up periods.

Statistical Methods
Efficacy analyses were performed on the ITT data set, which
consisted of all randomized patients who received trial drug and had
at least 1 postbaseline Barthel Index score or died within the 90-day
period. The proportion of patients with a Barthel score$60 was
analyzed at 3 months (observed cases) and 3 months with last
observation carried forward (LOCF) for all ITT patients. Mortality
was analyzed at days 8, 30, and 90 for all ITT patients and for the 2
subgroups based on baseline stroke severity (mild to moderate and
severe). Each analysis was performed by combining the results from
the 2 trials with the Cochran-Mantel-Haenszel test.13

Analyses were also performed to calculate the probability of
success for each trial, based on the proportion of patients with a
Barthel score$60.10 This was defined as the likelihood of Selfotel
demonstrating efficacy at the 0.05 significance level had the trial
completed enrollment. Based on the observed rates, a Bayesian
approach was used to generate, through simulations, hypothetical
end point rates for the Selfotel and placebo groups. These hypothet-
ical rates were then used to generate random outcomes for the
remainder of the trial. In each case, these simulated outcomes were
combined with the observed results to determine whether there was
a significant outcome in favor of Selfotel.

Among the 5000 cases contained in the simulation, the proportion
which yielded a significant difference in favor of Selfotel was
calculated, and this was the estimated probability of success.13

Results
As previously reported,14 the independent DSMB raised con-
cerns based on the analysis of data on 476 patients. The present
report includes the complete data from the 567 patients who had
been enrolled in the ASSIST trials when the trials were termi-
nated on the advice of the Steering Committee (Table 1).

Distribution of Patients and Demographic
Characteristics by Treatment Group
In the 2 pivotal trials, 567 patients in total were enrolled at 94
centers worldwide. In all, 281 patients received 1.5 mg/kg
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Selfotel and 286 received matching placebo. Randomization
of patients, the proportions discontinuing drug prematurely
and the numbers of patients evaluated in ITT and safety
analyses are shown in Table 1.

The groups were well matched with regard to demographic
variables. There were no notable differences at randomization
between the groups (Table 2) for age, gender, weight, and
mean time from stroke onset to treatment (4.5 hours in each
treatment group). Of the 567 patients, 13% were treated
within 3 hours, a similar proportion in both groups. Baseline
neurological severity was comparable in the Selfotel and
placebo-treated groups with a mean NIH Stroke Scale score
of 14.2 (Selfotel) and 13.9 (placebo). Approximately one third
of each group were classified as having mild to moderate
stroke severity and two thirds were categorized as having had
a severe stroke, based on the prognostic score of the SSS12

(Table 2). The proportion of patients with a normal baseline
CT scan was the same in both groups (Table 2).

The groups were well matched for prior medical condi-
tions,with risk factors evenly distributed between the treatment
groups. These included hypertension (Selfotel 60.7%, placebo
60.4%), atrial fibrillation (Selfotel 32.9%, placebo 24.1%), prior
transient ischemic attack or stroke (Selfotel 27.9%, placebo
31.7%), diabetes (Selfotel 20.7%, placebo 16.9%), and myocar-
dial infarction (Selfotel 16.0%, placebo 23.4%).

Adverse Experiences
Most adverse experiences were neurological in type and more
common in the Selfotel-treated group (Table 3). Significantly
higher proportions of Selfotel-treated patients experienced
agitation, hallucinations or confusion. There were similar
proportions of patients with neurological adverse experiences
in those who died in the Selfotel- and placebo-treated groups.

The term “cerebrovascular disorder” (Table 3) included
patients who demonstrated neurological progression after
treatment with study drug and those who exhibited a further

depression of conscious state with the development of stupor
or coma. Overall, the proportion of patients with neurological
progression or depressed conscious state was higher in the
Selfotel-treated than placebo-treated patients. For stupor and
coma alone, a total of nearly 10% of Selfotel patients were
affected, compared with 2% of placebo-treated patients
(P,0.001).

Posttreatment Investigations
A similar proportion of patients (82% Selfotel, 87% placebo)
had evidence (days 7 to 10) of an acute stroke lesion on the
posttreatment CT scan. There were 8% primary cerebral
hemorrhages in the Selfotel and 7% in the placebo-treated
group. The remainder were ischemic lesions, most commonly
involving the middle cerebral territory (Selfotel 72%, placebo
81%). A similar proportion of patients had evidence of mass
effect on the postdosing CT scan (Selfotel 53%, placebo
54%). Both at baseline (22% Selfotel, 15% placebo and at
subsequent recordings (24% Selfotel, 17% placebo) there was
a greater incidence of atrial fibrillation in the Selfotel-treated
patients (P,0.05). There was no significant change in hema-
tology or blood chemistry posttreatment.

Minor differences in postdosing medications were noted
between the 2 groups. Notably, more Selfotel-treated patients
received sedative medications (Selfotel 39%, placebo 17%;
P,0.01). The most commonly used sedative drugs were
haloperidol and lorazepam.

TABLE 1. Distribution of Patients by Treatment Group

No. of Patients Selfotel Placebo Total

Randomized 281 286 567

Completed 211 232 443

Discontinued prematurely

Total 70 54 124

Due to death 62 49 111

Other 8 5 13

In efficacy analyses

Intent-to-treat analysis 280 286 566

In safety analyses

All treated patients 281 286 567

TABLE 2. Demographic and Entry Characteristics of Study Population

Mean
Age, y

Gender,
% Male

Mean
Weight, kg

Mean Time to
Treatment, h

Mean NIH
Score

Proportion
Severe

Stroke, %
Proportion Mild

Stroke, %

Normal
Baseline CT

Scan, %

Selfotel 70 57 74 4.5 14.2 66 34 61

Placebo 68 57 75 4.5 13.9 66 34 61

TABLE 3. Summary of the Most Frequency Occurring Adverse
Experiences by Treatment Group

Adverse Experience

Treatment Group

P*Selfotel Placebo

Agitation 101 (36) 39 (1) 0.001

Hallucination 59 (21) 13 (5) 0.001

Fever 52 (19) 53 (19) z z z

Hypertension 47 (17) 28 (10) 0.015

Confusion 46 (16) 16 (6) 0.001

Constipation 37 (13) 55 (19) 0.052

Headache 35 (13) 55 (19) z z z

Somnolence 30 (11) 29 (10) z z z

Cerebrovascular disorder 29 (10) 13 (5) 0.009

Urinary tract infection 29 (10) 36 (13) z z z

Vomiting 19 (7) 30 (11) z z z

Coma 15 (5.3) 7 (2.4) 0.075

Stupor 12 (4.3) 0 0.001

Values are number of patients (%) with adverse experiences.
*Adverse experiences were reported by $10% of patients treated with

Selfotel or placebo; by univariate analysis.
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Efficacy

Primary Outcome Analysis
The trials were terminated prematurely based on the advice of
the independent DSMB. Hence, the analyses reflect data from
31% of the planned patient enrollment. An additional analysis
that was not prespecified was conducted to estimate the proba-
bility of success of the trials had enrollment been completed.

Results based on the ITT data from the 2 trials were pooled
for analysis of the primary outcome variable, the proportion of
patients with a total Barthel Index score of$60. There were no
statistically significant differences in the primary outcome mea-
sure between the treatment groups in either the ITT population
or in the analyses of sub-groups by stroke severity (Table 4).
Separate analyses of the patients with 3-month outcome data and
3-month last observation carried forward (LOCF), by stroke
severity, also showed no statistically significant differences
between the treatment groups (Table 4).

Secondary Outcome Analysis
Neurological outcomes at days 30 and 90 (ITT) included the
total NIHSS score and the standardized percent changes from
baseline NIHSS score, the total SSS score and the standard-
ized percent changes from the baseline SSS score. No
significant differences were evident in 30- or 90-day neuro-
logical outcomes.

There were 111 deaths in the 567 patients, an overall
mortality rate of 20%. A nonsignificant increase in deaths

occurred in the Selfotel treated patients (22%) compared with
the placebo-treated patients (17%) over the whole trial
(RR51.3; 95% CI 0.92 to 1.81;P50.14). However, statisti-
cally significant differences between the treatment groups
were evident, with higher mortality evident in the Selfotel-
treated patients at both day 8 (P50.02) and day 30 (P50.05),
although these analyses were conducted post hoc and not
prespecified (Table 5).

Analysis of Kaplan-Meier survival curves (Figure 1) sug-
gested an early trend toward separation between the Selfotel-
and placebo-treated patients that commenced within 24 hours
of randomization and appeared to persist for 2 to 3 weeks.
However, this trend toward greater early mortality in the
Selfotel group was not significant by log-rank test (P50.17).

As expected, the mortality was higher in patients with
severe stroke than in patients with mild/moderate stroke
(Table 5). However, this difference was more pronounced in
Selfotel-treated patients (57/187, 30%) than the placebo-
treated patients (40/185, 22%);P50.05. This difference was
larger at the end of the first week of the trial (day 8): Selfotel
17%, placebo 9%;P50.03. These analyses were also not
prespecified and were conducted post hoc.

Kaplan-Meier plot of survival curves over the 90-day follow-up
period for Selfotel- and placebo-treated patients, from
ITT analysis.

TABLE 4. Primary Outcome: Proportion of Patients With Total
Barthel Index Score of >60

Stroke Severity Selfotel, % Placebo, % P*

3 mo

Mild/moderate 83 83 0.981

Severe 48 43 0.352

All patients 61 58 0.490

3 mo LOCF

Mild/moderate 79 78 0.852

Severe 35 35 0.981

All patients 50 50 0.853

LOCF indicates last observation carried forward.
*By pooled protocols and intent-to-treat analysis.

TABLE 5. Relative Risk of Mortality for Stroke Patients Receiving Selfotel Versus
Placebo, by Stroke Severity

Indication
Selfotel, %

(n/N)
Placebo, %

(n/N)
Relative

Risk CI

All deaths

All patients 22.1 (62/280)* 17.1 (49/286) 1.292 (0.923, 1.809)

Severe patients 30.5 (57/187) 21.6 (40/185) 1.410 (0.994, 1.999)

Mild/moderate patients 4.3 (4/92) 8.9 (9/101) 0.488 (0.156, 1.531)

Deaths by day 8

All patients 11.4 (32/280)* 5.9 (17/286) 1.923 (1.093, 3.382)

Severe patients 16.6 (31/187) 9.2 (17/185) 1.804 (1.035, 3.144)

Mild/moderate patients 0.6 (0/92) 0.0 (0/101) z z z z z z

*Includes one Selfotel patient (Patient 402 in Protocol 10) who had no baseline stroke severity
score and died on day 2.
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Probability of Success
Analysis of the probability of success was conducted inde-
pendently for each protocol based on the proportion of
patients with a Barthel Index score of$60. Based on the
observed data, protocol 07 had a 32% chance and protocol 10
had a,1% chance of demonstrating efficacy had the trials
completed enrollment. This apparent difference might be
explained by the much smaller sample size of the protocol 07
trial when enrollment to the trial was terminated.

Discussion
The ASSIST trials were terminated by the Steering Commit-
tee on the advice of the independent DSMB after approxi-
mately 30% of patients had been enrolled and followed up for
90 days.14 Although the overall mortality difference between
the groups did not achieve formal statistical significance,
there was a trend toward increased mortality in the Selfotel
group at day 90. Of greater concern, significantly increased
mortality was evident in the patients with severe stroke,
particularly at days 8 and 30, although this subgroup analysis
was not prespecified. Furthermore, the probability of demon-
strating efficacy in the individual trials, had they proceeded to
completion, was exceedingly small. This was particularly
apparent on review of the data from protocol 10, in which the
majority of patients (389) had been entered.

The Selfotel-treated and placebo-treated patients were well
matched at baseline. The ASSIST trials showed no difference
between the treatment groups in the proportion of patients
who achieved a Barthel Index score of$60 at 90 days, this
level of function being correlated with the ability to manage
most activities of daily living independently.10

These results indicate that 1.5 mg/kg Selfotel administered
intravenously within 6 hours of onset of acute ischemic stroke
is not beneficial. Furthermore, a potentially harmful effect,
particularly in patients with severe stroke, is indicated by the
data. Most of the excess deaths in the Selfotel-treated group
occurred within the first 8 days of stroke onset, raising the
possibility of a pharmacologically adverse effect. In addition,
the neurological adverse experiences thought to be drug
related were more common in the Selfotel-treated patients, as
was also evident in the phase 2a randomized trial.3 No firm
conclusions can be drawn about an association between these
adverse experiences and the apparent increase in mortality in
Selfotel-treated patients in the first few days after stroke,
particularly in patients with severe ischemia. However, these
observations raise the possibility that the drug might be
neurotoxic in human brain ischemia.

Alternatively, the psychological and sedative adverse effects
of Selfotel may have mimicked stroke progression to coma and
adversely influenced clinical management and outcome during
the crucial early days. The development of various degrees of
depression of conscious state was much more common in the
Selfotel-treated group. Future stroke trials involving sedative
compounds should include specific measures to ensure that any
such confounding effect is prevented.

Because of their theoretical role in the attenuation of neuro-
toxicity in acute brain ischemia and their promise based on
animal results, a number of other phase 2 and phase 3 NMDA
antagonist clinical trials have recently been conducted. The

noncompetitive NMDA antagonist dextrorphan was evaluated in
a pilot study within 48 hours of the onset of hemispheric
infarction. Neurological side effects were similar to those seen in
the ASSIST trials.15 The noncompetitive NMDA antagonist
aptiganel appeared promising on the basis of studies with
diffusion-weighted MRI16 and a phase 2 trial.17–19However, the
phase 3 trial was prematurely terminated. Two phase 3 trials of
another NMDA antagonist, eliprodil, were also terminated
because of lack of efficacy.20 Detailed examination of the
combined results of these trials may shed light on the true
risk-benefit ratio of NMDA antagonists. This will be the subject
of a Cochrane Collaboration review.

These negative results of trials of a range of NMDA antago-
nists have raised doubts about the clinical role for this class of
acute stroke drug.21 It is puzzling that a number of NMDA
antagonists, including Selfotel, appear to be attractive candidates
for neuroprotection in animal models but have been convinc-
ingly shown to be ineffective in adequately powered and
well-designed clinical trials. A variety of explanations have been
suggested. It has been proposed that the injurious effect of
NMDA antagonists could outweigh the theoretical benefits of
glutamate blockade and modification of the excitotoxic stroke
environment.21,22 Other possible explanations include the prob-
lems in translating the animal stroke models to human brain
ischemia23 and the poor penetration of neuroprotective drugs
into the critically impaired perfusion of the ischemic penum-
bra.24 A recent animal study25 suggested that brain ischemia
might in fact enhance the adverse effects of NMDA antagonists.
Stroke in humans is more complex and heterogeneous than in
animal infarct models. Variability of stroke subtypes; the influ-
ence of important physiological variables such as blood pressure,
temperature, and oxygenation; and the dosage limitations in
humans due to adverse effects are all possible explanations for
the difficulty in translating positive animal studies to clinical trial
results.26

The precise time windows for neuroprotective strategies
are unknown. Most of the animal models that demonstrate
attenuation of infarct size with NMDA antagonists have used
treatment thresholds of minutes up to a couple of hours.5–8 In
contrast, most of the clinical stroke trials have tested patients
up to 6 hours, which may be too long. With a time window of
6 hours, there is a tendency for patients to cluster up to the
deadline time. Only 13% of patients in the ASSIST trials
were treated within 3 hours, and this small number did not
allow a meaningful analysis of any possible effect of earlier
treatment. The only clearly positive stroke trials to date with
intravenous therapy used reperfusion strategies with either
tPA27 or ancrod,28 both with a 3-hour time window. Grotta29

recently suggested that a 3-hour time window may be the
therapeutic limit for either neuroprotection or reperfusion
strategies, based on animal models utilizing a wide range of
acute interventional approaches. Hence, neuroprotective trials
with a 3-hour threshold are warranted.

Finally, recent experimental evidence suggests that neuro-
protection, as a single acute stroke treatment strategy, may be
unlikely to succeed without concomitant reperfusion therapy.
Heiss et al30 used positron-emission tomography to measure
initial cerebral blood flow within 3 hours of stroke onset and
MRI to measure morphological outcome in a series of stroke
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patients. They concluded that most of the brain tissue in-
farcted was attributable to severe initial ischemia and that
secondary mechanisms, such as excitotoxicity, had a rela-
tively minor effect on infarct size. Hence, modest attenuation
of infarct size by a neuroprotective agent may not translate
into a clinically significant difference in functional outcome.
Combinations of thrombolytic and neuroprotective therapies
appear to be an attractive strategy.29 First, neuroprotective
drugs may extend the therapeutic window for thrombolysis.
Second, thrombolysis, which promotes acute reperfusion, is
likely to facilitate higher concentrations of a neuroprotective
agent in the critically underperfused penumbral region. Large
trials that test combination therapies, however, are likely to
first depend on the confirmation in humans of an effective
neuroprotective agent.
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nue, Montre´al, Québec H3G 1A4; R. Duke, Hamilton General
Hospital, 237 Barton St E, Hamilton, Ontario L8L 2X2;V. Hachin-
ski,Dept of Clinical Neurological Sciences, University Hospital, 339
Windemere Rd, London, Ontario N6A 5A5;D. Howse,Division of
Neurology, Kingston General Hospital, Queen’s University, 76
Stuart St, Kingston, Ontario K7L 2V7;K.M. Hoyte,Dept of Clinical
Neuroscience, University of Calgary,Calgary General Hospital,
201–803 1st Ave NE, Calgary, Alberta T2E 7C5;J.W. Norris,Stroke
Research Unit E-426, Sunnybrook Health Science Center, 2075 Bay-
view Ave, Toronto, Ontario M4N 3M5;F. Silver,The Toronto Hospital,
Western Division, 399 Bathurst St, Toronto, Ontario M5T 2S8;Ph.
Teal, Division of Neurology, Vancouver General Hospital, 215-2775
Heather St, Vancouver, Br Columbia V5J 3J5.

Germany
H.C. Diener,Universitaetsklinikum Essen, Neurologische Universi-
taetsklinikum und Poliklinik, Hufelandstrasse 55, 45147 Essen;A.
Haass, Univ-Nervenklinik, Abteilung Neurologie, Oscar-Orth-
Strasse, 66421 Homburg/Saar;W. Christe, Virchow-Klinikum,
Medizinische Fakultaet der Humboldt-Universitaet zu Berlin, Neu-
rologisches Abteilung, Augustenburger Platz 1, 13353 Berlin;C.
Kessler,Klinik und Poliklinik für Neurologie der Univ Greifwald
Ellernholzstrasse 1–2, 17489 Greifswald;R. Haberl, Klinikum
Grosshadern, Neurologische Abteilung, Marchioninistrasse 15,
81377 Muenchen;B. Ringelstein,Klinik und Poliklinik für Neurolo-
gie der Univ Rueuster Albert-Schweitzer-Str 33, 48129 Muenster;
K.M. Einhaeupel, Univ-Klinikum Charité, Med Fakultaet der
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