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INVITED REVIEW

Thrombolytic Therapy for Acute Ischemic Stroke

Marc Fisher
Department of Neurology University of Massachusetts Medical School

The NINDS rtPA trial was the first acute ischemic stroke trial to unequivocally demonstrate that this
disorder could be benefited by any therapeutic intervention”’ . In this trial, 624 carefully selected pa-
tients were randomly and blindly assigned to therapy with rtPA (0.9mg/kg) or placebo within 3 hours of
stroke onset. Half of the patients were treated within 90 minutes of onset, a truly remarkable accomplish-
ment by the investigators participating in the trial. The rtPA treated patients had an absolute improvement
rate of 11-13% at 90 days when compared to the placebo patients on various outcome measures that eval-
uated both neurological and functional status. The rtPA treated patients had a symptomatic intracerebral
hemorrhage rate of 6.4% (almost 1/2 fatal) within 36 hours of onset, while the rate was only 0.6% in
the placebo group. Despite this early hemorrhagic risk, the 90-day mortality was 17% in the tPA group
and 21% in the placebo group. Subsequent analysis of the study data demonstrated that early CT demon-
stration of extensive edema or hypodensity, history of diabetes mellitus, and elevated baseline National
Institute of Health Stroke Scale Score ( NIHSS) were predictors of poor outcome'” . The use of rtPA was
associated with improved outcome in all stroke subtypes included in the study, in patients across the
broad range of baseline stroke severity, and in all age groups. The initial analysis of the study data did
not distinguish a difference in benefit of rtPA related to time of treatment initiation. However, in a subse-
quent analysis that adjusted for baseline severity of the neurological impairment an earlier time to initiation
of therapy was associated with a more favorable outcome, demonstrating an inverse linear relationship be-
tween time to treat and the odds ratio of a favorable outcome'®’ . The confidence interval for a favorable
outcome crossed 1 in patients treated beyond 2 hours and 40 minutes after stroke onset, suggesting that
treatment initiated beyond this time point may not be of proven efficacy.

Several post-marketing studies of i.v. rtPA are now available™" . Patients were included in these
studies using the general guidelines for treatment employed in the NINDS trial . The most important inclu-
sion criteria were initiation of therapy within 3 hours of stroke onset. Most of the studies encompassed rel-
atively small numbers of patients, ranging from 14-75. However several larger studies are available, in-
cluding the study reported by Grond et al of 100 patients'"'’ and the STARS study of 296 patients "’ . The
median time from stroke onset to initiation of rtPA therapy ranged from 124 minutes in the Grond study to
165 minutes in the STARS study. The percentage of patients achieving a modified Rankin Score of 0-1,
the results defined as a favorable outcome in the NINDS trial, ranged from 34% to 57 % although, in
several of the reports day 90 data were not provided .

On the surface the rates of favorable functional outcome demonstrated in these post — marketing stud-
ies appears to be quite good, surpassing in some studies the 39% 0-1 Rankin rate at 90 days seen in the
NINDS trial. These results must be interpreted cautiously because the baseline severity of the patients
treated in these post-marketing studies was not as severe as in the NINDS trial. For example in the two
largest post-marketing studies, the Grond study and the STARS study the median baseline NIHSS scores
were 12 and 13, while in the NINDS trial the median baseline NIHSS score in the placebo group was 14
in part 1 and 15 in part 2. In other acute stroke trials where the baseline NIHSS score was 11 , the per-
centage of patients achieving a Rankin score of 0-1 approximates 37% "™ and when the baseline NIHSS
'score was 13, 29% achieved this outcome'**? . Comparing the outcomes in the Grond and STARS studies
to a placebo group with a similar degree of baseline severity demonstrates an absolute improvement rate of
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3-6% , not the approximately 12% absolute rate of improvement observed with rtPA treatment in the
NINDS trial. The post-marketing studies do however provide some encouraging data about the rate of
symptomalic intracerebral hemorrhage. The percentage of patients experiencing this serious complication
of thrombolysis ranged from 0-19% with only two studies observing double-digit rates of intracerebral
hemorrhage. In the two largest studies, the intracerebral hemorrhage rates were only 4-5% . It therefore
appears that expanding i.v. itPA use into general practice is not associated with a substantially increased
risk of intracerebral hemorrhage, if the guidelines for patient selection employed in the NINDS trial are
followed .

Studies evaluating the efficacy of i.v. ntPA beyond the 3-hour time window were conducted. The
first clinical trial to evaluate i.v. rtPA up to 6 hours after stroke onset was the European Cooperative
Acute Stroke Study (ECASS-1)""*) . Patients were randomly and blindly assigned to rtPA (1.1 mg/kg) or
placebo within the 6-hour time period after acute stroke onset in the middle cerebral artery territory. Pre-
defined exclusion criteria included evidence of CT hypodensity or sulcal effacement involving more than
1/3 of the middle cerebral artery territory on the pretreatment CT scan. The overall results as analyzed in
the intention to treat analysis of the trial were negative, but when protocol violators were excluded several
outcome measures were better in the tPA group. CT exclusion criteria ( > 1/3 of the MCA territory show-
ing early infarct signs) occurred in 63 of 109 protocol violators and these patients had a very high risk of
symptomatic often-fatal intracerebral hemorrhages when they received rtPA. A second ECASS study was
performed using the NINDS dose of rtPA, 0.9mg/kg and in this study the study investigators received bet-
ter CT training to identify hyperacute CT changes indicative of early infarction'™” . Patients were again
randomized up to 6 hours after stroke onset. In ECASS-2, the primary endpoint was the % of patients in
the two treatment groups achieving a Rankin score of 0-1 and this outcome was observed in 40.3% of the
rtPA treated group and 36.6% of the placebo group, a nonsignificant difference . Interestingly, the medi-
an baseline NIHSS scores were only 11 in the two groups. Therefore, the baseline severity of the stroke
patients included in ECASS-2 was less than in the first ECASS study or the NINDS study, likely explain-
ing in part the better outcome observed in the placebo group of this trial than in the other two i.v. throm-
bolysis trials. A post-hoc analysis of the ECASS-2 data demonstrated a significant difference between the
tPA treated group and the placebo group when the Rankin score was dichotomized into 0-2 and > 2. In
this analysis, 54.3% of the rtPA patients achieved a 90-day outcome of 0-2, while only 46% of placebo
patients had a 90-day Rankin score of 0-2. The difference between a score of 1 or 2 on the Rankin scale
is not great and this result speaks to the inherent difficulties in determining the best outcome measure to
employ in acute stroke studies. One other large i.v. nPA study evaluating therapy initiated from 3-5
hours after stroke onset is available. In this study, Alteplase Thrombolysis for Acute Non-Interventional
Therapy in Ischemic Stroke (ATLANTIS), the patients received 0.9 mg/kg of rtPA i.v. and the primary
outcome measure was the % of patients achieving an NIHSS score of 0-1 at 90 days;'“ . The study in-
cluded 547 patients and the primary endpoint was almost identical in the two groups . The median baseline
NIHSS score was 11 in the two groups and a day 90 modified Rankin of 0-1 was achieved in 42% of the
tPA group and 40% of the placebo patients. One positive result from the ECASS-2 and ATLANTIS trials
was that the rate of symptomatic intracerebral hemorrhage was 8.8% and 7.0% respectively, not greatly
increased from the 6.4% rate seen with tPA in the 3-hour window NINDS trial .

There is a 0-6 hour thrombolysis trial that does demonstrate a significant treatment effect. This
study, the i.a. PROACT-2 study, used recombinant prourokinase (r-proUK) delivered locally into an
angiographically’ documented proximal middle cerebral artery thrombus with low-dose i.v. heparin®’ . In
both the active treatment and placebo groups, the median time to treat in PROACT-2 was 5.3 hours and
the median baseline NIHSS score was 17. The trial included 180 patients randomized 2:1 to r-proUK or
placebo. At day 90, 40% of the r-proUk treated patients achieved the primary outcome measure of a
Rankin score of 0-2, while only 25% of the placebo patients achieved this favorable outcome, P =0.04.
Secondary outcome measures also tended to be better in the r-proUK group. Symptomatic intracerebral
hemorrhage within 24 hours occurred in 10.2% of the r-proUK group and 1.9% of control patients. De-
spite the carly risk of symptomatic intracerebral hemorrhage, the 90-day mortality was almost identical in
the two groups, 25% in the r-proUk group and 27% in controls. The PROACT-2 study demonstrates that
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thrombolvtic therapy can be effective when initiated up to 6 hours after stroke onset in carefully selected

patients and should initiate additional attempts to successfully expand the time window for i.v. thromboly-
sis in acute ischemic stroke.

(=]

References

The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group. Tissue plasminogen activator for zente ischemic
stroke. N Kngl J Med, 1995,333:1581-1587

Furlan AJ. Higashida R. Wechsler L, et al. PROACT 1I: Recombinant prourokinase (r-ProUK) in acute cerebral thromboemholism
initial trial results. Stroke. 1999,30:234 (Abstract)

Sherman DG for the STAT Writers Group. Defibrinogenation with Viprinex (Anerod) for the treatment of acute ischemic stroke . Stroke.
1999,30:234 ( Abstract)

Fisher M. Neuroprotection of acute ischemic stroke: where are we? Neuroscientist, 1999,6:392-401

Generalized efficacy of -PA for acute stroke. Subgroup analysis of the NINDS 1-PA Stroke Trial. Stroke, 1997.28:2119-2125

Marler JR, Tilley BC, Lu M, et al. Earlier treatment associated with better outcome in the NINDS TPA Stroke Study. Stroke. 1999,
30:244 (Abstract)

Chin D, Krieger D, Villar-Cordova C, et al. Intravenous tissue plasminogen activator for acute ischemic stroke: feasibility, safety, and
efficacy in the first year of clinical practice. Stroke, 1998,29:18-22

Egan R Lutsep HL, Clark WR, et o/. Open label tissue plasminogen activator for stroke: The Oregon experience. J Stroke Cerebro-
vase Dis, 1999,8:298-290

Tanne D, Manshach HH, Verro P, et al. Intravenous rtPA therapy for stroke in clinical practice: a multicenter evaluation of outcome .
Stroke, 1998,29:288 ( Abstract)

Wang D7, Mclean JM, Rose JA, et al. The outcome of administering intravenous tPA for acute ischemic strokes at OSF Comprehens-
ive Stroke Center. Neurology, 1998,50:A436 ( Abstract)

Grond M, Stenzel C, Schmulling S, et al. Early intravenous thrombolysis for acute ischemic stroke in a community-based approach.
Stroke, 1998 ,29 : 1544-1549

Albers GW, Bates VE, Clark WM, et al. Intravenous tissue-type plasminogen activator for treatment of acute stroke: The Standard
Treatment with Activase to Reverse Stroke (STARS) Study. JAMA. 2000.283:1145-1150

Hacke W, Kaste M, Fieschi C, et al. Randomized double-blind placebo-controlled trial of thrombolytic therapy with intravenous alte-
plase in acute ischaemic stroke (ECASS 11) . Second Furopean-Australasian Acute Stroke Study Investigators. Lancet, 1998,352:1245.
1251

Hacke W, Kaste M, Fieschi C, et al. Intravenous thrombolysis with recombinant tissue plasminogen activator for acute hemispheric
stroke . The European Cooperative Acute Stroke Study (ECASS). JAMA, 1995,274:1017-1025

Clark WM, Wissman S, Albers GW, et al. Recombinant tissue-type plasminogenactivator (Alteplase) for ischemic stroke 3 to 5 hours
after symptom onset. The ATLANTIS Trial: a randomized controlled trial. JAMA, 1999,282:2019-2026




-4 - fon iy AR R BAR S RTR

INVITED REVIEW

Neuroprotection

Marc Fisher
Department of Neurology University of Massachusetts Medical School

The premise of neuroprotective therapy for acute tschemic stroke is based upon the possibility to in-
terfere with the cellular consequences of focal brain ischemia, i.e. the ischemic cascade. Neuroprotective
therapy alone is dependent upon the delivery of such drugs to the ischemic penumbra where there is some
residual blood flow. In animal stroke models, a wide variety of neuroprotective drugs demonstrated signif-
icant effects upon the ischemic tissue with the significant reduction of ischemic lesion volume. The main
approaches to neuroprotection are: presynaptic inhibition of excitatory amino-acid release, inhibition of
upstream portions of the ischemic cascade and finally inhibition of more distal aspects of the ischemic cas-
cade . Synergistic activity has been observed when these various approaches are combined. So far, none of
the neuroprotective drugs evaluated in clinical trials have shown significant efficacy . The potential reasons
for this lack of efficacy will be discussed and future approaches to increase the likelihood of success in
clinical trials with neuroprotective drugs outlined. Specifically, diffusion-perfusion MRI can be used to
identify patients with the most appropriate ischemic lesion for inclusion in a clinical trial and to eliminate
patients not appropriate, i.e. lacunar stroke patients. Additionally, evidence is emerging that diffusion-
perfusion MRI may be able to identify the existence and extent of the ischemic penumbra and therefore
lead to clinical trials targeted at patients who are most likely to respond to treatment. The use of MRI to
target patients who can still respond to therapy will help to extend the therapeutic time window. Another
way to use neuroprotection, in combination with thrombolysis will be discussed. Neuroprotection may be
useful with thrombolysis to provide another way to extend the time window for successful therapy and to
ameliorate the consequences of secondary injury associated with reperfusion. Past experiences with neuro-
protection have been disappointing for a variety of reasons, but hopefully the future will be brighter, if we
learn from past mistakes and adopt new approaches such as those afforded by diffusion-perfusion MRI.
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Growth Factors and Stem Cells in the Treatment
of Cerebral Ischemia

Seth P. Finklestein

CNS Growth Factor Research Laboratory , Department of Neurology , Massachusetts General Hospital
Harvard Medical School, Boston, MA 02114 .

Stroke remains a major cause of morbidity and mortality in the US and worldwide. It causes deficits
of motor, cognitive, language and visual function. Some degree of functional recovery occurs after stroke,
although often incomplete. Such recovery is likely due to functional and structural reorganization of the
remaining intact brain.

We have investigated the role of growth factors in animal models of focal cerebral infarction, espe-
cially basic fibroblast growth factor (bFGF), a factor that supports neuronal survival and axonal out-
growth, and osteogenic protein-1 (OP-1, BMP-7), a factor that supports dendritic outgrowth. The endog-
enous expression of both of these factors is increased in brain after focal stroke. Moreover, if recombinant
bFGF is administered exogenously (intracerebrally or intravenously) within a few hours after the onset of
ischemia, infarct size is reducedl,2, presumably due to protection of cells at the borders of infarcts. On
the other hand, if bFGF or OP-1 is administered intracerebrally (intracisternally) at later times ( > 24
hours) after stroke, infarct size is not reduced, but neurological recovery is enhanced2-8, presumably
due to stimulation of new neuronal sprouting and synapse formation in the remaining intact brain.

Recently, we have tested the ability of transplanted neural stem cells (NSCs), obtained from the neo-
natal mouse brain, to enhance stroke recovery in the same animal model. NSCs were given intracisternally or
directly into the per-infarct striatum with and without simultaneous administration of bFGF intracisternally .
Both bFGF alone and NSCs alone showed significant benefit compared to the control group. The best result was
seen with the combination of NSCs and bFGF9. Intracisternally administered mouse NSCs had migrated to peri-
infarct tissue and possibly differentiated into both neurons and glia. The combination of NSCs and bFGF may
enhance sensorimotor recovery through stimulation of endogenous recovery mechanisms and/or establishment of
new connections in the post-stroke brain. More recently, we have obtained similar result using human umbili-
cal cord blood stem cells.

In summary, growth factors and stem cells have promise as treatments to enhance functional recovery
after stroke.
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Beyond DWI
Novel MRI Sequences for Studying Ischemic Brain Injury

Chung Y. Hsu, Katie Vo, Jin-Moo Lee, Victor Song, Weili Lin

The Stroke Center and Mallinckrodt Institute of Radiology Washington University! Barnes- Jewish Hospital
Department of Radiology University of North Carolina at Chapel Hill

Diffusion weighted imaging (DWI) has been widely used to study patients with acute ischemic
stroke. While DWI is highly sensitive in depicting an acute ischemic lesion, its value in predicting final
infarct volume has been called into question in the acute stage. However, when coupled with perfusion
weighted imaging (PWI), a mismatch has been suggested to delineate reversible ischemic lesions that
may be amenable to therapeutic interventions. A number of clinical trials of neuroprotective agents are on-
going in the US and other countries applying DWI/PWI in the selection of patients with salvageable brain
tissue. However, the lack of quantitative measurements for the perfusion-weighted images, the definitions
of the ischemic lesions are somewhat subjective, making it difficult to consistently determine the ischemic
lesions . At the Washington University/Bames-Jewish Hospital, the Stroke Management and Rehabilitation
Team (SMART) has been applying a number of novel MR techniques to aid in the delineation of the dy-
namic pathophysiology of brain injury following ischemia. Novel MR sequences based on the BOLD mech-
anism are useful in the assessment of the extent of deoxygenation in ischemic tissue and adjacent areas to
derive the oxygen extraction fraction (OEF) . In addition, an absolute measurement of CBF was also ob-
tained for each patient. By combining both MR measured CBF and OEF, CMRO, may also be estimated .
Using this MR-CMRO, method, we noted significant difference between core lesions that went on to be-
come infracted vs penumbra with viable brain tissues. Further advances in the development of MR-
CMRO, may obviate the need of PET scanners to measure CBF, OEF, and CMRO, , and may permit se-
rial imaging to delineate the dynamic pathophysiology of brain ischemia. These MR-derived parameters
may also supplement DWI/PWI in predicting the fate of acute ischemic lesions.

The visualization of water diffusion anisotropy in cerebral white matters has made diffusion tensor im-
aging (DTI) a promising tool for non-invasive in vivo neuronal fiber tract mapping. This technique has
been applied in human and animal brains for neuronal fiber tracking in three dimensions. DTI may be
used to assess the extent of myelin formation or degradation. It may also differentiate demyelination from
the axonal injury. The DTI method has been used at the Mallinckrodt Institute of Radiology to assess my-
elin abnormalities in mice with genetic defects in myelination including twitcher, shiverer, AD and pa-
tients with multiple sclerosis and AD. We have also applied DTI to evaluate animal models of ischemic
brain and traumatic spinal cord injury. DTI has greater sensitivity than conventional MR sequences in
identifying acute or chronic white matter lesions, and is likely to be useful in the future to monitor the

resolution or progression of white matter lesions caused by ischemia, trauma, or chronic neurodegenerative
diseases .
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Co-Administration of Neural Stem Cells and
Basic Fibroblast Growth Factor Enhances
Functional Recovery after Focal Cerebral Ischemia in Rats

JM Ren'?, BA Tate™'
D Sietsma', FM Ozdag'”’, A Marciniak®
EY Snyder’*and SP Finklestein'"

CNS Growth Factor Research Laboratory', Department of Neurology , Massachusetts General Hospital ,
and Division of Neuroscience’ Department of Neurology, The Children’ s Hospital Harvard Medical
School® , Boston, MA 02114.

In previous studies, we showed that intracistemal injection of basic fibroblast growth factor ( bFGF)
enhances the recovery of sensorimotor function of the contralateral limbs following focal stroke in ratsl, 2.
In the current studies, we tested the effect of bFGF ( administered intracisternally) in combination with
neural stem cells (NSCs), obtained from the neonatal mouse brain, administered intracisternally or di-
rectly into the peri-infarct striatum at 1 (or) and 3 days after the onset of the cerebral ischemia in rats.

Right cerebral infarcts were made in the dorsolateral cerebral cortex and underlying striatum by elec-
trocoagulation of the proximal middle cerebral artery (MCA) . The animals then received injections of (1)
vehicle, (2) bFGF alone (0.5 pg), (3) NSCs alone (10°) or (4) bFGF(0.5 ¢g) plus NSCs(10°) at 1
(or) and 3 days after stroke. Behavioral tests were carried out for 21 to 45 days. Histology and immuno-
histochemical staining of brain tissue then followed. For the behavioral tests, we used limb placing tests
to examine sensorimotor recovery, the cylinder test which monitors spontaneous forelimb use, the body
swing test which shows side preferences, and the reaching test which measures reaching ability of the
forelimbs. We found that, treatment with bFGF alone or NSCs alone enhanced recovery compared to the
vehicle group. Among all the groups, the animals that received bFGF plus NSCs performed the best in all
tests over time. Infarct volume analysis showed no difference among groups.

Immunohistochemistry showed engraffment of mouse donor cells in peri-infarct regions of rat brain.
Some of these cells appeared to have differentiated into glial cells and perhaps neurons as well. The
mechanism by which bFGF and NSCs enhances functional recovery in this model maybe due to new axonal
growth in the intact contralateral hemisphere and/or newly generated glia and neurons.
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