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topics

-  acute plasminogen activator intervention:  
ECASS-III and extension of the 3-hour window

-  secondary prevention following ischemic 
stroke

-  nonvascular plasminogen activator 
participation in cerebral ischemia
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etiology of focal cerebral ischemia

source frequency

ischemic stroke
atherothrombotic events 40 – 57%

thromboembolism 16 – 23%

lacunae         14%

hemorrhagic stroke
intracerebral hemorrhage     4 – 18%

subarachnoid hemorrhage 10 – 19%

treatment approaches

1. neuroprotectant  
target:  neurons  
approaches:  

Ca+2 channel regulation  
neurotransmitters  
cell demise pathways

2. anti-thrombotic agents  
target:  vascular-dependent processes  

approaches:  
plasminogen activators  
anticoagulation
anti-platelet agents
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targets of injury

microvessel astrocyte neuron axon

the “neurovascular unit”

-  conceptual framework which links microvessel and
neuron function, and their responses to injury

-  structural arrangement which links microvessel
components with neurons via common 

astrocytes
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the “neurovascular unit”

microvessel astrocyte neuron axon

acute plasminogen activator intervention
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unresolved issues

-  patient selection

-  maximizing acute intervention

-  hemostasis within the ischemic territory

-  mechanisms of hemorrhage

-  minimizing hemorrhagic risk

-  neuron protection

-  interaction of microvessels and neurons:   
the neurovascular unit

unresolved issues

-  patient selection

-  maximizing acute intervention

-  hemostasis within the ischemic territory

-  mechanisms of hemorrhage

-  minimizing hemorrhagic risk

-  neuron protection

-  interaction of microvessels and neurons:   
the neurovascular unit
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recent events

-  clinical trials 
ECASS-3 
ancrod 
rt-PA + integrilin

-  strategies to limit the impact of PH following 
thrombus lysis

-  the normal participation of plasminogen in the
NVU to maintain communication, and  

respond to focal ischemia

-  patient selection (use of perfusion/diffusion 
characteristics)

carotid territory
ischemic stroke

3+ hr post-symptom onset 1 hr after local u-PA

del zoppo gj et al stroke 19:
307-313 (1988)
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intrinsic collateral protection
myocardial and cerebral microvascular beds

myocardial bed cerebral vascular bed
subcortex

astrocytes

matrix

after k-j zülch

anti-thrombotic intervention
phase III trials of plasminogen activators

NINDS-sponsored acute stroke trial

ECASS

ECASS-II

ECASS-III

PROACT

PROACT-2
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anti-thrombotic intervention
positive phase III trials of plasminogen

activators

NINDS-sponsored acute stroke trial

ECASS

ECASS-II

ECASS-III

PROACT

PROACT-2

anti-thrombotic intervention
neutral phase III trials of plasminogen

activators

NINDS-sponsored acute stroke trial

ECASS

ECASS-II

ECASS-III

PROACT

PROACT-2
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death or dependency

plasminogen activators in acute
thrombotic stroke

study

carotid territory:  intra-arterial delivery*
del Zoppo et al
Mori et al
Matsumoto et al

carotid territory:  intravenous delivery**
Yamaguchi et al
von Kummer et al
del Zoppo et al
Mori et al

Yamaguchi et al

agent

SK/u-PA
u-PA
u-PA

rt-PA
rt-PA
rt-PA
rt-PA
   C
rt-PA
   C

Δ(t-o)
(hr)

1-24
<7

1-24

<6
<6
<8
<6

<6

n

20
22
40

52
22
93
19
12
47
46

(104)

(51)
(47)

recanalization
%

90.0
45.5
60.0

38.5
59.1
34.4
47.4
16.7
21.3
4.4

hemorrhage
%

20.0
18.2
32.5

28.6
36.4
30.8
52.6
41.7
47.1
46.8

* 1988-90          ** 1990-93
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rt-PA in acute ischemic stroke

study

NINDS

ECASS

ECASS II

agent

rt-PA
C

rt-PA
C

rt-PA
C

Δ(t-o)

3.0 hr

6.0 hr

6.0 hr

n

312
312

313
307

409
391

dose

0.9 mg/kg

1.1 mg/kg

0.9 mg/kg

NINDS new engl j med 333:1581-1587 (1995)
hacke w et al, JAMA 274:1017-1025 (1995)
hacke w et al, lancet 352:1245-1251 (1998)

rt-PA in acute ischemic stroke
prescribed analysis

NINDS

ECASS

ECASS II

rt-PA
C

rt-PA
C

rt-PA
C

Δbenefit

39%
26%

3
3

40.4%
36.6%

modified Rankin

0 - 1

median

0 - 1

13%

0

3.8%

*

study agent outcome



delZoJMEMppt1c101702pm

conditions of beneficial outcome

NINDS-sponsored trial

licensure of rt-PA for ischemic stroke
Europe

1. provisional approval for < 3.0 hours based on
NINDS data

2. EMEA-required registry of patient treatment
SITS-MOST 

SITS-ISTR

3. EMEA-required successful performance of 
prospective double blinded placebo-controlled

trial in 3.0 - 4.0 (4.5)-hour window

4. basis for approval for the < 3.0-hour window
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rt-PA in acute ischemic stroke

study

NINDS

ECASS

ECASS II

agent

rt-PA
C

rt-PA
C

rt-PA
C

rt-PA
C

Δ(t-o)

3.0 hr

6.0 hr

6.0 hr

n

312
312

313
307

409
391

418
403

dose

0.9 mg/kg

1.1 mg/kg

0.9 mg/kg

          
0.9 mg/kgECASS III 3.0 - 4.5 hr

hacke w et al new engl j med 359: 1317-1328 (2008)

ECASS III

aim:  randomized trial to be conducted in which 
“therapeutic window” was extended beyond 3 hours

design: prospective randomized double blinded 
placebo-controlled trial, 3.0 – 4.5 hours from 

symptom onset

primary outcome:  disability (mRS = 0 –1) at 90 days

secondary outcome:  global outcome measure

safety outcomes:  overall mortality at 90 days, any 
intracranial hemorrhage, symptomatic intracranial 
hemorrhage, symptomatic edema
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ECASS III

0 20 40 60 80 100

mRS 0 1 2 3 4 5 6

mRS 0 1 2 3 4 5 6

intention-to-treat population

per-protocol population

rt-PA

placebo

rt-PA

placebo

% patients

0 - 1

52.4%

45.1%

55.0%

45.4%

ECASS III
hemorrhagic transformation

OR padverse events rt-PA
n = 416

placebo
n = 403

any ICH

symptomatic ICH
ECASS III definition
ECASS II definition
SITS-MOST definition
NINDS definition

113

-
10
22
8

33

71

-
1
9
1

14

27.0

-
2.4
5.3
1.9
7.9

17.6

-
0.2
2.2
0.2
3.5

1.73

-
9.85
2.43
7.84
2.38

0.001

-
0.008
0.02
0.02
0.006
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rt-PA in acute ischemic stroke
prescribed analysis

NINDS

ECASS

ECASS II
-

ECASS III

rt-PA
C

rt-PA
C

rt-PA
C

rt-PA
C

Δbenefit

39%
26%

3
3

40.4%
36.6%

52.4%
45.2%

modified Rankin

0 - 1

median

0 - 1
-

0 - 1

study agent outcome

13%

0

3.8%
-

7.2%

*

*

rt-PA in acute ischemic stroke
hemorrhagic transformation

NINDS

ECASS

ECASS II

ECASS III

rt-PA
C

rt-PA
C

rt-PA
C

rt-PA
C

nil

278
301

179
184

219
238

study agent hemorrhage
HI

14
9

72
93

142
141

PH

20
2

62
30

48
12

22
9

(%)

(6.4)
(0.6)

(19.8)
(6.5)

(11.7)
(3.1)

(5.3)
(2.2)

*

*

*
-

* +
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ECASS III                                       additional
exclusion criteria

-  patients older than 80 years

-  patients taking oral anticoagulants with an INR ≤ 1.7

-  baseline NIHSS score  ≥ 25

-  patients with a history of stroke and diabetes

hacke w et al new engl j med 359: 1317-1329 (2008)
del zoppo gj et al stroke 40: 2945-2948 (2009)

symptomatic hemorrhage
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hemorrhagic transformation

time from symptom onset

diastolic hypertension

low body mass

age

atrial fibrillation

“early signs” of Ischemia

rt-PA

factors

rt-PA (d)

rt-PA

rt-PA

rt-PA

rt-PA

rt-PA
rscu-PA

rt-PA

agent

5

10

15

20

2.5 5.0 7.5

+

+

+

o

o

)
))

% PH, control

%
 P

H
, i

nt
er

ve
nt

io
n

10.0

+ ∇  rt-PA

o     rscu-PA

)    anticoagulant

hemorrhagic risk depends on patient
population
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5

10

15

20

2.5 5.0 7.5

+

+

+

o

o

)
))

% PH, control

%
 P

H
, i

nt
er

ve
nt

io
n

10.0

+ ∇  rt-PA

o     rscu-PA

)    anticoagulant

hemorrhagic risk depends on patient
population and definition

∇

∇

∇

∇

risk of hemorrhage

dependent upon

the time from the onset of ischemia

the depth of ischemic injury

patient population

definition of hemorrhage
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studies with plasminogen activators

study agent type outcome

rt-PA

rDS-PA
rDS-PA
rDS-PA
rDS-PA

rt-PA
rt-PA

TNK

ECASS-3

DIAS
DEDAS
DIAS-2
DIAS-3

DEFUSE
DEFUSE-2

phase III

phase I
phase II
phase III
phase III

phase III
phase III

phase III

benefit/safety

dose-finding safety
dose-finding safety (MR)
benefit/safety
benefit/safety

benefit/safety (MR)
benefit/safety (MR)

benefit/safety

reperfusion
desmoteplase, rDS-PA

DIAS
hacke w et al stroke 36: 66-73 (2005)

phase II blinded placebo dose-finding efficacy trial
n = 104 in two parts (part 1 = 47; part 2 = 57)
treatment 3-9 hr MR PWI/DWI mismatch
part 1 37.5/50 mg rDS-PA (n = 13)** 

25 mg rDS-PA (n = 17) 
placebo (n = 16)

part 2 62.5 µg/kg rDS-PA (n = 15) 
90 µg/kg rDS-PA (n = 15) 
125 µg/kg rDS-PA (n = 15) 
placebo (n = 11)

primary outcome:  symptomatic ICH 
co-primary outcomes:  reperfusion, NIHSS 0 or 1, Δ >

8
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reperfusion
desmoteplase, rDS-PA

DIAS
dose hemorrhage recanalizationn

37.5/50 mg

25 mg

placebo

62.5 µg/kg

90 µg/kg

125 µg/kg

placebo

13

17

16

15

15

15

11

4

4

0

0

1

0

0

30.8

23.5

0.0

0.0

6.7

0.0

0.0

6

9

3

3

7

10

2

46.2

56.3

18.8

23.1

46.7

71.4

20.0

*

*

*

* **

part 1

part 2

reperfusion
desmoteplase, rDS-PA

DEDAS
furlan aj et al stroke 37: 1227-1231 (2006)

phase II blinded placebo dose-finding efficacy trial
n = 37

treatment 3-9 hr MR PWI/DWI mismatch
90 µg/kg rDS-PA (n = 14) 
125 µg/kg rDS-PA (n = 15) 
placebo (n = 8)      

primary outcome:  symptomatic ICH co-
primary outcomes:  

reperfusion at 4-8 hr
NIHSS 0 or 1,mRS 0-2, BI 75-100 at 90 days

*prior to unblinding, MR target population defined
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reperfusion
desmoteplase, rDS-PA

DEDAS
dose hemorrhage recanalizationn

90 µg/kg

125 µg/kg

placebo

14

15

8

0

0

0

0.0

0.0

0.0

2

8

3

18.2

53.3

37.5

ITT

outcome

4

9

2

28.6

60.0

25.0

reperfusion
desmoteplase, rDS-PA

DEDAS
dose hemorrhage recanalizationn

90 µg/kg

125 µg/kg

placebo

14

15

8

0

0

0

0.0

0.0

0.0

2

8

3

18.2

53.3

37.5

ITT

outcome

4

9

2

28.6

60.0

25.0

target population:  improvement in 90 d “good outcome” with 125 µg/kg 
dose (p = 0.022)
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reperfusion
desmoteplase, rDS-PA

DIAS-2
PAION/Forest press release (31 may, 2007)

phase III blinded placebo-controlled efficacy trial with
dose-finding efficacy trial

n = 186 in two groups
treatment 3-9 hr, rt-PA allowed

90 µg/kg rDS-PA (n = 57) 
125 µg/kg rDS-PA (n = 66) 
placebo (n = 57)  primary

outcome:  difference between rDS-PA and 
placebo in per cent composite responders.

no efficacy compared to placebo

reperfusion
desmoteplase, rDS-PA

DIAS-3
Lundbeck

phase III blinded placebo-controlled efficacy trial with
dose-finding efficacy trial

CTA instead of MR



delZoJMEMppt1c101702pm

studies with plasminogen activators

study agent type outcome

rt-PA

rDS-PA
rDS-PA
rDS-PA
rDS-PA

rt-PA
rt-PA

TNK

ECASS-3

DIAS
DEDAS
DIAS-2
DIAS-3

DEFUSE
DEFUSE-2

phase III

phase I
phase II
phase III
phase III

phase III
phase III

phase III

benefit/safety

dose-finding safety
dose-finding safety (MR)
benefit/safety
benefit/safety

benefit/safety (MR)
benefit/safety (MR)

benefit/safety

ann neurology 60: 508-517 (2006)

potential role of perfusion defect and
territory of focal injury (diffusion)
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DEFUSE

3 – 6 hrs

rt–PA
bolus

symptom 
onset

3 – 6 hrs after rt–PA

30 d
rt–PA 

infusion 90 d

2nd MRI
and

NIHSS

1st MRI
and

NIHSS

3rd MRI
and

NIHSS, mRS

NIHSS,
mRS,

Barthel

-  prospective pilot study (n = 74)
-  identify MRI patterns (of PWI and DWI) that 
describe the clinical response to early reperfusion

before rt–PA

NIHSS = 16

4.5 hours
after rt–PA

NIHSS = 5

 95 ml ↓ M2 flow3 ml

 6 ml recanalization0 ml

mismatch following reperfusion
good outcome

DWI PWI
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215 ml M1 occlusion 105 ml

before
rt–PA

> 100 ml M1 reperfusion77 ml

4.0 hours
after rt–PA

mismatch following reperfusion
“malignant mismatch”

optimal PWI/DWI mismatch ratio > 2.6

PWI/DWI mismatch ratio

fa
vo

ra
bl

e 
cl

in
ic

al
 re

sp
on

se
 (%

) with early reperfusion

without early reperfusion

0

10

20

30

40

50

60

70

80

90

100

 ≥ 1.0   ≥ 1.2  ≥ 1.4  ≥ 1.6  ≥ 1.8  ≥ 2.0  ≥ 2.2  ≥ 2.4  ≥ 2.6  ≥ 2.8  ≥ 3.0  ≥ 3.2  ≥ 3.4  ≥ 3.6  ≥ 3.8  ≥ 4.0
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summary

-  small lesions have a uniformly favorable outcome

-  PWI/DWI mismatch ratio > 2.6 appropriate threshold
(conventional ratio threshold > 1.2)

-  large DWI lesion volume and early reperfusion 
associated with symptomatic hemorrhagic 
transformation (ICH)

-  refining characteristics of patients with favorable clinical
outcome following early recanalization within 6-

hour time window

ancrod (ASP-I and ASP-II)
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studies with plasminogen activators

study agent type outcome

rt-PA

rDS-PA
rDS-PA
rDS-PA
rDS-PA

rt-PA
rt-PA

rt-PA +

ECASS-3

DIAS
DEDAS
DIAS-2
DIAS-3

DEFUSE
DEFUSE II

CLEAR

phase III

phase I
phase II
phase III
phase III

phase III
phase III

phase II/III

benefit/safety

dose-finding safety
dose-finding safety (MR)
benefit/safety
benefit/safety

benefit/safety (MR)
benefit/safety (MR)

benefit/safety

secondary prevention
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Prevention Regimen for Effectively Avoiding
Second Strokes (PRoFESS)

European Stroke Prevention Study 2
(ESPS 2)

European Stroke Prevention Study 2 (ESPS 2)

aim:  compare the relative efficacy and safety of ASA (25
mg), ERDP (200 mg), ASA + ERDP, or placebo
among 6,000 patients with recent ischemic stroke

design: multicenter, randomized, double-blind, placebo-
controlled with a 2 x 2 factorial distribution

primary outcome: fatal/non-fatal stroke, any cause 
mortality, stroke and/or mortality

secondary outcome: TIA, MI, vascular events (APT 
definition), other vascular events

safety outcomes:  major/minor hemorrhagic events, 
intracerebral hemorrhage

ESPS 2 group. j neurol sci 151:S1-S77 (1997)
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ESPS 2

n = 6,602

placebo ERDP
200 mg bid

ASA
25 mg bid

ASA/ERDP
25 mg ASA/

200 mg ER-DP
bid

ESPS 2 group. j neurol sci 151:S1-S77 (1997)

(n = 1,649) (n = 1,649) (n = 1,654) (n = 1,650)

ESPS 2
stroke survival

all patients

1.000

0.950

0.900

0.850

0.800

0.750

su
rv

iv
al

 p
ro

ba
bi

lit
y

0 6 12 18 24
time (months)

ASA/ERDP
ERDP
ASA
placebo

diener hc et al j neurol sci 143:1-13 (1996)
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ESPS 2
effects on stroke

ESPS 2 group. j neurol sci 151:S1-S77 (1997)

37.0%
p < 0.001

16.3%
p = 0.039

18.1%
p = 0.013

23.1%
p = 0.006

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

40.0%

relative risk reduction

ASA/ERDP vs placebo 

ERDP vs placebo 

ASA vs placebo

ASA/ER-DP  vs  ASA 

pairwise comparisons

ESPS 2: secondary outcome
stroke, MI, vascular death

ASA/ER-DP
 vs placebo 

p < 0.001

0

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

re
la

tiv
e 

ris
k 

re
du

ct
io

n

ASA/ER-DP
 vs ASA

p = 0.0104

20.0%

32.4%

ASA/ER-DP vs placebo 

ASA/ER-DP vs ASA



delZoJMEMppt1c101702pm

ESPS 2: adverse events

treatment group dyspepsia GI hem headache

ASA/ERDP

placebo

ASA

ERDP

18.4

16.7

18.1

17.4

4.1

2.1

3.2

2.2

39.2

32.9

33.8

38.3

* not statistically different from aspirin

* %

ESPS 2: safety
 severe or fatal hemorrhage

ASA

20

(1.2%)

ERDP

6

(0.4%)

ERDP + ASA

27

(1.6%)

placebo

7

(0.4%)

n.s.

ESPS 2 group. j neurol sci 151:S1-S77 (1997)
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Prevention Regimen for Effectively Avoiding Second
Strokes (PRoFESS)

aim:  compare the relative efficacy and safety of 
ASA/ERDP with clopidogrel among patients with 
recent ischemic stroke

design: prospective 2 x 2 factorial randomized blinded
placebo controlled trial        

ASA (20 mg)/ERDP (200 mg) clopidogrel 75 mg daily

primary outcome:  recurrent stroke of any type

secondary outcome:  composite of stroke, MI, mortality

safety outcomes:  major/minor hemorrhagic events, 
intracerebral hemorrhage

sacco rl et al new engl j med 359: 1238-1251 (2008)

Prevention Regimen for Effectively Avoiding Second
Strokes (PRoFESS)

sacco rl et al new engl j med 359: 1238-1251 (2008)
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Prevention Regimen for Effectively Avoiding Second
Strokes (PRoFESS)

ASA/ERDP clopidogrel HR

primary outcome

secondary outcome

tertiary outcome
first ischemic stroke

major hemorrhage

minor/major hemorrhage

ICH
fatal
nonfatal

916

1333

789

419

535

 90
28
62

898

1333

807

365

494

55
29
26

1.01 (0.92-1.11)

0.99 (0.92-1.07)

0.97 (0.88-1.07)

1.15 (1.00-1.32)

1.08 (0.96-1.22)

1.42 (1.11-1.83)

9.0

13.1

7.7

4.1

5.3

0.9
0.3
0.6

8.8

13.1

7.9

3.6

4.9

0.5
0.3
0.3

*

Prevention Regimen for Effectively Avoiding Second
Strokes (PRoFESS)

“The trial did not meet the predefined criteria for
noninferiority but showed similar rates of
recurrent stroke with ASA-ERDP and with
clopidogrel.  There is no evidence that 

either of the two treatments was superior to the
other in the prevention of recurrent stroke.”

sacco rl et al new engl j med 359: 1238-1251 (2008)



delZoJMEMppt1c101702pm

nonvascular plasminogen activator effects

plasminogen activators
nonvascular effects in CNS

hemostasis in the CNS

plasminogen activation and CNS 
function

responses to focal ischemia

rt-PA and neuron survival

comments
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cerebral microvessel responses

cell
adhesion,
obstruction

matrix
degradation

loss of the
permeability

barrier

distribution maps of plasminogen activator expression
by microvessels

d-I chang et al j cereb blood flow metab 23: 1408-1419 (2003)

t-PA

PAI-1

u-PA*

u-PAR*

~

* microvessel and neuron 
expression
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plasminogen activators
nonvascular effects in CNS

rt-PA stimulates excitotoxicity and shortens
neuron survival 
nicole o et al nature med 7: 59-64 (2001)      

traynelis sf, lipton sa nature med 7: 17-18 (2001)

rDS-PA vs rt-PA and neuron survival
lopez-atalya jp et al j cereb blood flow metab 28:

1212-1221 (2008)

dose dependency of rt-PA effects
del zoppo gj, ransom b, nedergaard m (2008-2009)
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Lysis of Pulmonary Emboli1

2 3

Dogs infused with high dose M5 +/- plasma
C1 inhibitor (C1Inh) administered prior to M5.
1 Shows rapid clot lysis undiminished by the

C1Inh. 2 Shows that C1Inh prevented the destruction
fibrinogen (& clotting factors V, VIII) by plasmin.
3  Shows that C1Inh prevented bleeding comp-

lications from high dose M5.
Conclusions:  Fibrinolytic drugs, given in doses 

at which they are most effective, cause severe bleeding.
With the fibrinolytic M5, this complication is averted
by C1Inh, making fibrinolytic treatment uniquely safe

and effective; especially well suited for ischemic stroke
and heart attack.  


