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INTRAVENOUS (IV) TISSUE-TYPE PLAS-
minogen activator (tPA) im-
proves outcomes after acute ische-
mic stroke but must be given within

3 hours of onset.1 Six randomized tri-
als have failed to show an overall ben-
efit for IV thrombolytic therapy initi-
ated within 6 hours of stroke onset.2-7

A number of factors have contributed
to this failure, but stroke heterogene-
ity has been cited as a main cause.8,9 A
focused trial of a homogeneous stroke
population provides an alternative to
the traditional large, randomized clini-
cal trial.9 Intra-arterial (IA) thromboly-
sis lends itself to such a design in se-
lected patients with acute ischemic
stroke.10-16

The recanalization efficacy and safety
of IA recombinant prourokinase
(r-proUK) in patients with acute ische-
mic stroke of less than 6 hours’ dura-

tion caused by middle cerebral artery
(MCA) occlusion were demonstrated in
the first Prolyse in Acute Cerebral
Thromboembolism (PROACT I) trial.17

Prolyse (nasaruplase beta) is a glyco-
solated 411–amino acid single-chain
proenzyme precursor of urokinase (UK)
derived from transfected murine SP2/0
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Context Intravenous tissue-type plasminogen activator can be beneficial to some pa-
tients when given within 3 hours of stroke onset, but many patients present later after
stroke onset and alternative treatments are needed.

Objective To determine the clinical efficacy and safety of intra-arterial (IA) recom-
binant prourokinase (r-proUK) in patients with acute stroke of less than 6 hours’ du-
ration caused by middle cerebral artery (MCA) occlusion.

Design PROACT II (Prolyse in Acute Cerebral Thromboembolism II), a randomized,
controlled, multicenter, open-label clinical trial with blinded follow-up conducted be-
tween February 1996 and August 1998.

Setting Fifty-four centers in the United States and Canada.

Patients A total of 180 patients with acute ischemic stroke of less than 6 hours’ du-
ration caused by angiographically proven occlusion of the MCA and without hemor-
rhage or major early infarction signs on computed tomographic scan.

Intervention Patients were randomized to receive 9 mg of IA r-proUK plus heparin
(n = 121) or heparin only (n = 59).

Main Outcome Measures The primary outcome, analyzed by intention-to-treat,
was based on the proportion of patients with slight or no neurological disability at 90
days as defined by a modified Rankin score of 2 or less. Secondary outcomes included
MCA recanalization, the frequency of intracranial hemorrhage with neurological de-
terioration, and mortality.

Results For the primary analysis, 40% of r-proUK patients and 25% of control pa-
tients had a modified Rankin score of 2 or less (P = .04). Mortality was 25% for the
r-proUK group and 27% for the control group. The recanalization rate was 66% for
the r-proUK group and 18% for the control group (P,.001). Intracranial hemorrhage
with neurological deterioration within 24 hours occurred in 10% of r-proUK patients
and 2% of control patients (P = .06).

Conclusion Despite an increased frequency of early symptomatic intracranial hem-
orrhage, treatment with IA r-proUK within 6 hours of the onset of acute ischemic stroke
caused by MCA occlusion significantly improved clinical outcome at 90 days.
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hybridoma cells.18 Single-chain r-proUK
is activated to 2-chain UK at the throm-
bus surface by fibrin-associated plas-
min.19 The thrombolytic effect of
r-proUK is augmented by heparin, pos-
sibly through thrombin neutralization
or by stimulating tPA release from the
endothelium.20,21

Based on PROACT I, we performed a
multicenter, randomized trial to deter-
mine the clinical efficacy and safety of IA
r-proUK in patients with acute ische-
mic stroke of less than 6 hours duration
caused by MCA occlusion. In PROACT
II, we increased the total dose of
r-proUK from 6 mg to 9 mg given over
2 hours while using the same low hep-
arin dose as in PROACT I in an attempt
to improve recanalization while limit-
ing symptomatic brain hemorrhages.

METHODS
Between February 1996 and August
1998, 54 North American centers
screened patients with suspected acute
stroke for the study. The study proto-
col and all amendments were ap-
proved by the institutional review board
at each center.

The clinical inclusion criteria were (1)
new focal neurological signs in the MCA
distribution allowing initiation of treat-
ment within 6 hours of the onset of
symptoms; (2) a minimum National In-
stitutes of Health Stroke Scale (NIHSS)22

score of 4, except for isolated aphasia or
hemianopia; and (3) age 18 through 85
years. Clinical exclusion criteria in-
cluded an NIHSS score greater than 30;
coma; rapidly improving neurological
signs at any point prior to administra-
tion of study drug; history of stroke
within the previous 6 weeks; seizures at
onset; clinical presentation suggestive of
subarachnoid hemorrhage; previous his-
tory of intracranial hemorrhage at any
time, neoplasm, or subarachnoid hem-
orrhage; septic embolism; suspected la-
cunar stroke; surgery, biopsy of a pa-
renchymal organ, trauma with internal
injuries or lumbar puncture within 30
days; head trauma within 90 days; ac-
tive or recent hemorrhage within 30
days; known hemorrhagic diathesis,
baseline international normalized ratio

greater than 1.7, activated partial throm-
boplastin time more than 1.5 times nor-
mal, or baseline platelet count less than
100 3 109/L (100 3 103/µL); known
contrast sensitivity; and uncontrolled hy-
pertension defined by a blood pressure
greater than 180 mm Hg systolic or
greater than or equal to 100 mm Hg di-
astolic on 3 separate occasions at least
10 minutes apart or requiring continu-
ous IV therapy.

Computed tomographic (CT) scan
exclusion criteria were intracranial tu-
mors except small meningioma, hem-
orrhage of any degree or location, sig-
nificant mass effect with midline shift,
and acute hypodense parenchymal le-
sion or effacement of cerebral sulci in
more than one third of the MCA terri-
tory (European Cooperative Acute
Stroke Study [ECASS] criteria2).

Patients who met all clinical and CT
scan criteria and for whom signed
informed consent was obtained under-
went diagnostic cerebral angiography
of the symptomatic MCA territory.
Angiographic inclusion criteria were
complete occlusion (TIMI [Throm-
bolysis in Myocardial Infaction] grade
0)23 or contrast penetration with mini-
mal perfusion (TIMI grade 1) of either
the M1 segment or an M2 division of
the MCA. Angiographic exclusion cri-
teria were arterial dissection, arterial
stenosis precluding safe passage of a
microcatheter into the MCA, nonath-
erosclerotic arteriopathy, no visible
occlusion, or occlusion of an artery
other than the M1 or M2 MCA. All
patients with an angiographic exclu-
sion were observed for 24 hours or
until an alternative stroke therapy was
initiated, whichever came first.

Eligible patients were randomized to
receive 9 mg total of IA r-proUK over
2 hours plus IV heparin or IV heparin
alone, in a ratio of 2:1. Randomized
treament was to be initiated within 6
hours of stroke onset. The randomiza-
tion was stratified by baseline stroke se-
verity into 3 NIHSS strata: (1) 4 through
10, (2) 11 through 20, and (3) 21
through 30. A blinded randomization
code was assigned via telephone inde-
pendent of the sponsor by Paragon Bio-

medical Inc, Irvine, Calif. A computer-
generated master randomization
schedule using a random block size
ranging from 3 to 12 was used. The
schedule was not stratified by clinical
center to preclude knowledge of the dis-
tribution of future treatment assign-
ments at a given center.

All randomized patients received a
2000 U bolus and a 500 U/hr infusion
of IV heparin for 4 hours beginning at
the time of angiography.17 Heparin flush
solutions for angiography contained 1
U/mL heparin in 0.9% sodium chlo-
ride and were infused at 60 mL/h. Oth-
erwise, antithrombotic agents were pro-
hibited for the first 24 hours.

An infusion microcatheter (,3.0 F)
with a single end hole was placed into
the proximal one third of the MCA
thrombus using a steerable micro-
guidewire. If intrathrombus position-
ing of the infusion catheter was not pos-
sible, the tip of the catheter was to be
placed as close to the proximal face of
the thrombus as possible for r-proUK
infusion. A superselective angiogram
was performed through the microcath-
eter to document catheter placement
(FIGURE 1). Mechanical disruption of
the clot was not permitted. Recombi-
nant prourokinase was infused at a rate
of 30 mL/h. After 1 hour of r-proUK in-
fusion (4.5 mg), another angiogram was
performed through the microcatheter.
If any of the proximal thrombus had
dissolved, the interventionalist ad-
vanced the microcatheter tip into the
proximal portion of any remaining clot
in the MCA. Even if complete lysis oc-
curred in the first hour, the remaining
4.5 mg of r-proUK was infused into the
proximal MCA over the subsequent 1
hour. Another diagnostic carotid an-
giogram was performed at 2 hours in
both r-proUK and control patients to
assess final vessel patency.

All CT scans and 2-hour angio-
grams were assessed by a neuroradi-
ologist at a core facility who was blinded
to treatment assignment and clinical sta-
tus. Computed tomographic scans were
obtained at baseline, 24 hours, and 7
to 10 days after initial treatment. Hem-
orrhagic infarction was defined as any
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area of petechial or small confluent
hemorrhages within larger regions of
hypodense ischemic injury. Parenchy-
matous hematoma was defined as more
homogeneous areas of hemorrhage,
with or without mass effect or intra-
ventricular extension. Complete re-
canalization was defined as complete
(TIMI 3) flow in both the M1 segment
and M2 divisions of the MCA. Partial re-
canalization was defined as partial
(TIMI 2) flow in either MCA segment.

Clinical efficacy was assessed at 7 to
10 days, 30 days, and 90 days follow-
ing initial treatment based on the modi-
fied Rankin scale, NIHSS score, and Bar-
thel index.24 Follow-up examinations

were standardized and blinded. All fol-
low-up examinations were to be per-
formed by the same board-certified or
eligible blinded neurologist. At the time
of randomization, centers were re-
quired to designate a neurologist who
was to remain blinded to treatment as-
signment and angiographic results for
the duration of the trial. The principal
investigator at each site was respon-
sible for ensuring the integrity of the
blinded follow-up examinations. All ex-
aminers were required to pass certify-
ing tests for both the NIHSS and Bar-
thel index. An NIHSS recertification
examination had to be passed after ap-
proximately 6 months.

The primary efficacy outcome was the
percentage of patients achieving a modi-
fied Rankin score of 2 or less at 90 days
following the initial therapy; this score
signifies slight or no disability. The in-
terobserver agreement for differences of
1 grade on the modified Rankin scale is
0.56 and for 2 grades, 0.91.25

Thesecondaryefficacyoutcomeswere
the percentage of patients reaching an
NIHSS score of 1 or less at 90 days and
the rate of angiographic recanalization.
Other preplanned analyses included the
percentage of patients achieving a 50%
orgreater reductionfrombaselineNIHSS
score at 90 days, and the percentage of
patients achieving a Barthel index score

Figure 1. Computed Tomographic (CT) Scans and Cerebral Angiography With Recombinant Prourokinase Infusion

A B C

D E F

Computed tomographic scans (A-C) and angiography (D-F) in an 80-year-old man with acute left hemiparesis. A, Baseline CT scan shows a suggestion of very early
edema in the posterior aspect of the right putamen and insular cortex (arrow). B, Follow-up CT at 24 hours shows a small amount of edema in the posterior putamen
only. C, By 8 days this has evolved to a small petechial hemorrhagic infarction. D, Angiography (frontal view, right carotid artery injection) confirms a proximal right M1

occlusion (arrow). E, A microcatheter is introduced (arrowheads), and clot is confirmed by hand contrast injection (arrow). Recombinant prourokinase infusion was
begun via microcatheter 4.8 hours after symptom onset. F, After 120 minutes, carotid artery injection shows complete clot lysis with normal distal flow.
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of 60 or greater and a Barthel index score
of 90 or greater at 90 days.

The primary and secondary clinical
efficacy analyses were performed on an
intent-to-treat basis. For living pa-
tients who missed the 90-day assess-
ment, the most recent assessment prior
to 90 days was used. The upper limit
for the 90-day visit data was prospec-
tively set at 120 days. For living pa-
tients with no data, the scale value cor-
responding to failure was imputed. The
principal analyses of the NIHSS and Bar-
thel index total scores were per-
formed with imputations for mortal-
ity of 42 for the NIHSS and 0 for the
Barthel index.

Modified Rankin score, Barthel in-
dex, and NIHSS score analyses were
performed using the Cochran-Mantel-
Haenszel method with baseline stroke
severity as the stratification factor. The
analysis for the primary end point,

stratified by center, revealed no signifi-
cant treatment by center interaction and
is not presented.

Procedural complications were ana-
lyzed for all randomized patients. All
other safety analyses were performed on
patients treated as randomized, ie,
r-proUK patients who received the drug
and control patients who did not receive
a thrombolytic agent.Theprimarysafety
outcome was hemorrhagic transforma-
tion causing neurological deteriora-
tion within 24 hours of treatment.
Guidelines for neurological deteriora-
tion were a 4-point or greater increase
in the NIHSS score or a 1-point dete-
rioration in level of consciousness. An
external safety committee was commis-
sioned to recommendterminationof the
trial if predefined rates of hemor-
rhagic transformation with neurologi-
cal deterioration were reached. The
percentage of patients experiencing

hemorrhagic transformation with neu-
rological deterioration within 24 hours
of treatment was compared between
treatment groups using the Fisher exact
test for 2 3 2 tables. Adverse events and
nonintracranial bleeding complica-
tions were analyzed using the Fisher
exact test for 2 3 2 tables.

Based on the results of PROACT I,17

100 r-proUK patients and 50 control pa-
tients provided a power of 80% at the
2-sided .05 a level for detecting a differ-
ence in the primary efficacy outcome be-
tween r-proUK and control. To adjust for
patients who were randomized but who
might not receive the study drug, ap-
proximately 120 r-proUK and 60 con-
trol patients needed to be enrolled.

Site management, data monitoring,
and data management were performed
independently of the sponsor by ClinTri-
als Research Inc, Cary, NC. A pre-
planned futility assessment was per-
formed after the first 75 patients
completed the 90-day follow-up. The fu-
tility assessment and the analyses in this
report were performed independently of
the sponsor by the Clinical Trials Meth-
odology Group, Hamilton Civic Hospi-
tals Research Centre, McMaster Univer-
sity, Hamilton, Ontario.

RESULTS
During the study, 12 323 patients with
acute stroke were screened, of whom
474 (4%) underwent diagnostic cere-
bral angiography at a median of 4.5
hours from stroke onset. There were an-
giographic exclusions in 294 patients.
The remaining 180 patients were ran-
domized (FIGURE 2).

The 121 r-proUK and 59 control pa-
tients were generally well-matched for
medical history (TABLE 1) and base-
line characteristics (TABLE 2). There
was an excess history of diabetes among
control patients and more ECASS CT
scan protocol violations among r-proUK
patients. A total of 20% (11/54) of con-
trol patients vs 8% (9/108) of r-proUK
patients received some heparin within
5 to 23 hours after the start of the ini-
tial protocol-specified 4-hour infu-
sion. The total rate of ECASS CT scan
protocol violations was 8% (14/177).

Figure 2. Patient Selection and Follow-up

Total Screened, N = 12 323

Clinically Eligible, n = 2095

Screening Angiogram, n = 474

Randomized, N = 180

Clinical Exclusions,∗ n = 10 893
Time >6 h, n = 4053
NIHSS <4, n = 1336
Rapidly Improving, n = 1084
Age >85 y, n = 696
Symptoms Inconsistent With Acute 

Ischemic Stroke, n = 536
All Other, n = 3188

CT Exclusions,∗ n = 1048
Other Exclusions,∗ n = 796

Angiogram Exclusions,∗ n = 365
No/Incomplete MCA

Occlusion, n = 142
Nonatherosclerotic 

Arteriopathy, n = 126
Non-MCA Occlusion, n = 61
All Other, n = 36

Received r-proUK, n = 5
Pharmacy Error, n = 2
Patient/Family 

Insistence, n = 3

Did Not Receive r-proUK, n = 13
No M1 or M2 Occlusion, n = 4
Not Initiated Within 6 h of 

Onset, n = 3
Technical Difficulties, n = 2
Other, n = 4

Control, n = 59
Received Treatment as Allocated, 
n = 54

90-Day Follow-up
Died or Completed Follow-up, 

n = 51
Carried Forward, n = 6
Imputed as Failure, n = 2

r-proUK, n = 121
Received Treatment as Allocated, 
n = 108

90-Day Follow-up
Died or Completed Follow-up, 

n = 111
Carried Forward, n = 9
Imputed as Failure, n = 1

Stroke patients were screened over a 30-month period resulting in exclusion based on protocol criteria: clinical
exclusion (83%), computed tomographic (CT) scan exclusion (8%), other exclusions (6%), and cerebral an-
giography exclusions (3%). Screening resulted in a randomized patient population of 180 (2% of screened
patients). Asterisk indicates number of exclusion reasons; because subjects could have multiple reasons for
exclusion, number of reasons is greater than total number of patients screened. NIHSS indicates National In-
stitutes of Health Stroke Scale; r-proUK, recombinant prourokinase; and MCA, middle cerebral artery.

INTRA-ARTERIAL PROUROKINASE FOR ACUTE ISCHEMIC STROKE (PROACT II)

2006 JAMA, December 1, 1999—Vol 282, No. 21 ©1999 American Medical Association. All rights reserved.



The median baseline NIHSS score was
17 in both groups. The median time to
initiation of r-proUK treatment was 5.3
hours.

For the primary efficacy analysis, 40%
of r-proUK patients and 25% of control
patients had a modified Rankin score of
2 or less at 90 days after stroke onset
(P = .04; absolute benefit, 15%; relative
benefit, 58%; number needed to treat to
benefit, 7 (TABLE 3 and FIGURE 3).

All secondary clinical outcome trends
favored r-proUK at all time points, al-
though there were no statistically sig-
nificant differences between treat-
ment groups at 90 days (TABLE 4).
Patients treated with r-proUK achieved
independence in activities of daily liv-
ing earlier as measured by a Barthel in-
dex score of 90 or higher at 7 to 10 days
(22% vs 10%, P = .04), although this dif-
ference did not maintain statistical sig-
nificance at 90 days (P = .24).

Among all randomized patients, 13
r-proUK patients did not receive any r-
proUK for the following reasons: no M1

or M2 occlusion (4); treatment not ini-
tiated within 6 hours of onset of symp-
toms (3); technical difficulties (2); and
agitation, neurological deterioration,
pharmacy error, and improper in-
formed consent (1 each). Five control
patients received thrombolytic agent (2
received r-proUK by pharmacy error;

3, at patient/family insistence), 3 of
whom experienced intracranial hem-
orrhage with neurological deteriora-
tion. If these 18 patients are removed
from the intention-to-treat analysis
there is still a 15% absolute benefit (42%
vs 27%, P = .053) for the primary out-
come in favor of r-proUK.

Procedural complications for ran-
domized patients in the r-proUK and
control groups included worsening of
neurological symptoms, 1% (1/121) vs
0%; anaphylaxis, 1% (1/121) vs 0%; and
systemic hemorrhage (primarily mi-
nor hemorrhages at the catheter site),
7% (9/121) vs 17% (4/59).

Among patients treated as random-
ized, intracranial hemorrhage within 24
hours occurred in 35% (38/108) of the
r-proUK patients and 13% (7/54) of
control patients (P = .003). By 10 days,
the rates for all intracranial hemor-
rhages were 68% (73/108) and 57% (31/
54), respectively (P = .23).

Intracranial hemorrhage with neu-
rological deterioration within 24 hours
occurred in 10% (11/108) of r-proUK
patients and 2% (1/54) of control pa-
tients (number needed to treat to harm,
12) (FIGURE 4). All symptomatic in-
tracranial hemorrhages occurred in pa-
tients with a baseline NIHSS score of
11 or higher (NIHSS 11-20, 11%; NIHSS
.20, 13%). The median activated par-
tial thromboplastin time at the end of
the 4-hour heparin infusion was 34.9
seconds for r-proUK patients and 36.5
seconds for control patients.

There was no difference in the NIHSS
stratum–adjusted 90-day mortality rate,
which was 25% for r-proUK patients
and 27% for control patients (intent-
to-treat analysis, Table 4, Figure 3).

For patients treated as randomized,
the NIHSS stratum–adjusted recanali-
zation rates (TIMI 2 + 3) on the 2-hour
angiogram were 66% in r-proUK pa-
tients and 18% in control patients

Table 1. Medical Histories of Randomized
Patients*

Variable

No. (%)

r-proUK
Group

(n = 121)
Control
(n = 59)

Cerebrovascular disease 24 (20) 8 (14)
Aspirin therapy 32 (26) 18 (31)
Diabetes 16 (13) 18 (31)
Blood glucose†

mmol/L 7.2 (2.5) 8.6 (4.0)
mg/dL 132 (45) 156 (73)

Hypertension 78 (64) 36 (61)
Myocardial infarction‡ 29 (24) 14 (24)
Arrhythmia‡ 50 (41) 24 (41)
Ischemic heart disease‡ 29 (24) 15 (25)
Congestive heart failure‡ 25 (21) 18 (31)
Valvular heart disease‡ 18 (15) 9 (15)
Cigarette smoking‡ 54 (45) 30 (51)
Cancer 11 (9) 9 (15)

*r-proUK indicates recombinant prourokinase.
†N = 114 for r-proUK group; 56 for control. Data are pre-

sented as mean (SD).
‡N = 120 for r-proUK group; 59 for control.

Table 2. Baseline Characteristics of Randomized Patients*

Characteristic
r-proUK Group

(n = 121)
Control
(n = 59)

Age, mean (SD), y 64 (14) 64 (14)

White, No. (%) 92 (76) 52 (88)

Women, No. (%) 51 (42) 23 (39)

Weight, mean (SD), kg† 79 (16) 81 (19)

NIHSS score, median (range) 17 (5-27) 17 (4-28)

Stroke subtype, No. (%)
Angiogram complication 1 (1) 2 (3)

Cardiogenic embolism 72 (60) 30 (51)

Carotid atheroembolism 11 (9) 7 (12)

Unknown 33 (27) 20 (34)

Other 4 (3) 0 (0)

Blood pressure, mean (SD), mm Hg
Systolic 150 (22) 144 (19)

Diastolic 78 (16) 78 (17)

Coagulation factor I, mean (SD), g/L‡ 3.4 (0.2) 3.4 (0.9)

M, MCA occlusion, No. (%) 74 (61) 37 (63)

Left hemisphere stroke, No. (%) 67 (55) 32 (54)

CT scan early infarction signs, No. (%)§ 88 (76) 37 (67)

ECASS violations, No. (%)\ 12 (10) 2 (4)

Hypodensity mean volume, mL\ 16.6 9.1

Hyperdense MCA, No. (%)¶ 40 (33) 20 (36)

Time from stroke onset to randomization, median
(interquartile range), h

4.7 (4.0-5.3) 5.1 (4.2-5.5)

*r-proUK indicates recombinant prourokinase; NIHSS, National Institutes of Health Stroke Scale; MCA, middle cere-
bral artery; CT, computed tomographic; and ECASS, European Cooperative Acute Stroke Study.

†N = 108 for r-proUK group; 53 for control.
‡N = 91 for r-proUK group; 41 for control.
§N = 116 for r-proUK group; 55 for control.
\N = 120 for r-proUK group; 57 for control.
¶N = 120 for r-proUK group; 55 for control.
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(P,.001). The 2-hour complete (TIMI
3) recanalization rates were 19% and
2%, respectively (P,.003) (FIGURE 5).

COMMENT
PROACT II is the first randomized mul-
ticenter trial to demonstrate the clini-
cal efficacy of IA thrombolysis in pa-
tients with acute stroke of less than 6
hours’ duration caused by MCA occlu-
sion. Compared with patients receiv-
ing low-dose IV heparin only, patients
with ischemic stroke caused by MCA oc-
clusion treated with 9 mg of IA r-proUK
plus low-dose heparin a median of 5.3
hours from symptom onset were 58%
more likely to have slight or no neuro-
logical disability at 90 days. The 15% ab-
solute increase in favorable outcome
with IA r-proUK (P = .04) means that,
on average, for every 7 patients treated
with IA r-proUK, 1 will benefit.

PROACT I and PROACT II are the
only randomized, multicenter stroke tri-
als to restrict patient selection to MCA
occlusion. We selected MCA occlusion
because of its poor natural history26 and
because the MCA is the most frequent
site of arterial occlusion in patients with

severe stroke of less than 6 hours’ du-
ration.27 To further increase homo-
geneity between the 2 study arms,
PROACT II prospectively stratified for
initial stroke severity. In contrast to the
National Institute of Neurological Dis-
orders and Stroke (NINDS) tPA trial,1

we chose slight or no neurological dis-
ability (modified Rankin score #2) as
the primary outcome measure rather
than complete recovery (modified
Rankin score #1) because of the antici-
pated high baseline stroke severity in pa-
tients with MCA occlusion. A modified
Rankin score of 2 or less has been used
as an indicator of functional indepen-
dence in other thrombolysis stroke
trials.4,5

Intra-arterial thrombolysis poses
other unique stroke trial design is-
sues.28,29 PROACT I used a double-
blind design; control patients re-
ceived IA saline placebo. In PROACT
II we changed to an open design with
blinded follow-up because of ethical
concerns about infusing a placebo into
the MCA through a microcatheter for
2 hours with little likelihood of any ben-
efit and to create a control group more

closely reflecting the natural history of
MCA occlusion.

We demonstrated a benefit with IA r-
proUK despite the use of a conserva-
tive interventional technique. To dem-
onstrate the pharmacological effect of
r-proUK and to standardize delivery
technique across centers, we prohib-
ited mechanical clot manipulation in
PROACT I and PROACT II. The low
TIMI 3 recanalization rate in PROACT
II indicates that residual thrombus was

Table 3. Modified Rankin Scale (mRs) Scores #2 at 90-Day Follow-up Assessment*

NIHSS
Strata

r-proUK Group Control

Absolute
Difference, %

Odds Ratio
(95% CI)No.

mRS #2
No. (%) No.

mRS #2
No. (%)

4-10 16 10 (63) 8 5 (63) 0 1.00 (0.17-5.77)

11-20 75 34 (45) 37 9 (24) 21 2.58 (1.07-6.21)

21-30 30 4 (13) 14 1 (7) 6 2.00 (0.20-19.75)

Total 121 (40)† 59 (25)† 15‡ 2.13 (1.02-4.42)

*The upper limit for the 90-day follow-up assessment was prospectively set at 120 days. NIHSS indicates National
Institutes of Health Stroke Scale22; r-proUK, recombinant prourokinase; mRS, modified Rankin scale; and CI, con-
fidence interval.

†NIHSS stratum adjusted.
‡P = .04 and is based on stratum-adjusted rates.

Table 4. Secondary Clinical Outcomes at 90-Day Follow-up Assessment*

Outcome (90-Day Follow-up)*
r-proUK Group
(n = 121), %†

Control
(n = 59), %†

Absolute
Difference, % P Value

mRs #1 26 17 9 .16

Barthel index $90 41 32 9 .24

Barthel index $60 54 47 7 .39

NIHSS score #1 18 12 6 .30

NIHSS score $50% decrease 50 44 6 .46

Mortality‡ 25 27 −2 .80

*The upper limit for the 90-day follow-up assessment was set prospectively at 120 days. r-proUK indicates recombi-
nant prourokinase; mRs, modified Rankin scale; and NIHSS, National Institutes of Health Stroke Scale.

†NIHSS stratum adjusted.
‡Two deaths in the r-proUK group occurred after 90 days but within 120 days.

Figure 3. Distribution of NIHSS-Stratum
Adjusted Modified Rankin Scores at 90-Day
Follow-up Assessment
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A score of #2 (yellow) on the modified Rankin scale
(mRS) indicates a favorable outcome of slight or no
disability. A score of 6 represents death. r-proUK in-
dicates recombinant prourokinase.

Figure 4. Intracranial Hemorrhage With
Neurological Deterioration in Patients
Treated as Randomized
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Data are based on adjudicated results by an external
safety committee blinded to treatment and clinical out-
come. Neurological deterioration was defined as a
4-point or more increase on the total National Insti-
tutes of Health Stroke Scale (NIHSS) score or a 1-point
increase in level of consciousness on the NIHSS. Time-
points were based on the onset of symptoms relative
to the initiation of randomized therapy. r-proUK in-
dicates recombinant prourokinase.
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frequently present 2 hours after IA
r-proUK thrombolyis. Advances in cath-
eter technology, imaging techniques,
mechanical clot removal, and thrombo-
lytic agents should lead to faster and
more complete recanalization and po-
tentially even better patient outcomes.

Although the treatment groups were
generally well-balanced, the small
sample size resulted in some differ-
ences in baseline variables by chance.
Two of these, baseline CT hypoden-
sity30,31 and diabetes,32 have been cor-
related with stroke outcome, but we
have limited our initial report to the pre-
specified analysis plan.

Thehigher r-proUKdose inPROACT
II improved recanalization efficacy by
26% compared with PROACT I, but the
symptomatic brain hemorrhage rate
also increased by 4%. It is not clear if
low-dose heparin contributed to the in-
tracranial hemorrhage risk in either
group. The median activated partial
thromboplastin times were not pro-
longed by low-dose heparin, and symp-
tomatic brain hemorrhage was not clini-
cally apparent until several hours after
it was discontinued.

Treatment with IA r-proUK was ben-
eficial despite an increased risk of early
intracranial hemorrhage with neuro-
logical deterioration. There was no sig-
nificant difference in the rates of total
intracranial hemorrhage by day 10. This
may reflect delayed recanalization in the
control group with hemorrhagic trans-
formation, whereas the higher early rate
with r-proUK reflected drug-induced
recanalization and reperfusion hemor-
rhage. The total intracranial hemor-
rhage rates were consistent with those
previously reported in patients with em-
bolic stroke.33-35 Most of these hemor-
rhages were small and clinically irrel-
evant and were detected only because
of the protocol-mandated CT scans.

The higher rate of intracranial hem-
orrhage with neurological deteriora-
tion with IA r-proUK (10.2%) com-
pared with IV tPA in NINDS (6.4%),1

Alteplase ThromboLysis for Acute Non-
interventional Therapy in Ischemic
Stroke (ATLANTIS) (7.2%),7 and ECASS
II (8.8)6 reflects the greater baseline

stroke severity and time to treatment in
PROACT II. Baseline stroke severity was
first associated with intracranial hem-
orrhage risk in ECASS I2 and NINDS.36

The patients in PROACT II had the
greatest baseline stroke severity of any
randomized acute stroke trial. The me-
dian baseline NIHSS score of 17 in
PROACT II contrasts with a median
NIHSS score of 11 in both ECASS II6 and
ATLANTIS,7 and 14 in the NINDS trial.1

Direct comparisons of hemorrhage
rates and clinical outcomes between
PROACT II and the IV thrombolysis tri-
als are difficult. Patients with acute is-
chemic stroke have a variety of arterial
occlusion sites despite similar clinical
presentations.37 Since neither the sites of
arterial occlusion nor the recanaliza-
tion rates are known in the IV throm-
bolysis trials, including NINDS, the ef-
ficacy of IV thrombolysis in patients with
MCA occlusion cannot be specifically de-
termined from those trials. While the
NINDS study supports the use of IV tPA
in a less than 3-hour window, limited
data suggest that IV tPA may be rela-
tively ineffective in the subset of pa-
tients with MCA occlusion. The Throm-
bolytic Therapy of Acute Thrombotic/
Thromboembolic Stroke Study
(TTATTS)38 suggests a recanalizationrate
of no more than 30% for large vessel oc-
clusion with 0.8 mg/kg or 1.0 mg/kg of
IV tPA. Tomsick et al39 reported that a
baseline NIHSS score greater than 10 and
a hyperdense MCA sign on CT scan (sig-
nifying MCA occlusion) predicted a poor
clinical outcome for patients treated with
IV tPA given less than 3 hours from
stroke onset.

Although MCA recanalization rates
may be superior with IA thromboly-
sis, there was an average 3-hour delay
between patient arrival at hospital and
initiation of the IA r-proUK infusion.
We treated only 1 patient with r-proUK
less than 3 hours from stroke onset.
When the 2-hour drug infusion time is
added, up to 5 hours elapsed in some
patients during which brain infarc-
tion continued. A door-to-drug time of
1 hour similar to that recommended for
IV tPA40 is more difficult to achieve with
IA thrombolysis but was met in a few

patients in PROACT II. It may also be
feasible to give IA thrombolysis to pa-
tients with persistent MCA occlusion
after IV tPA.41-43

There has been significant contro-
versy over the therapeutic window in
acute human ischemic stroke.44,45 Re-
cent diffusion and perfusion magnetic
resonance studies suggest that as many
as two thirds of patients with acute
MCA distribution stroke have brain tis-
sue at risk even 24 hours after stroke
onset, but the clinical relevance of these
observations is uncertain.46,47 PROACT
II has demonstrated that the therapeu-
tic window for a significant number of
patients with major stroke due to MCA
occlusion may extend to at least 6
hours. The challenge is to build on the
results of PROACT II and other throm-
bolysis trials by refining patient selec-
tion, reducing the risk of hemorrhage,
optimizing delivery techniques, and
combining treatment strategies to fur-
ther improve outcomes for patients with
acute stroke.
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Figure 5. Recanalization of Occluded
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Determination of 2-hour recanalization was made by
a neuroradiologist at a core facility who was blinded
to treatment and clinical outcome. One-hour recana-
lization was determined unblinded by the neuroradi-
ologist. TIMI indicates Thrombolysis in Myocardial In-
farction trial. TIMI 2 is partial flow in the middle cerebral
artery; TIMI 3 is complete flow in both the M1 and
M2 segments of the middle cerebral artery.

INTRA-ARTERIAL PROUROKINASE FOR ACUTE ISCHEMIC STROKE (PROACT II)

©1999 American Medical Association. All rights reserved. JAMA, December 1, 1999—Vol 282, No. 21 2009



radiology Core, University of California, San Fran-
cisco; Victor Marder, MD, and Julie Brown, Coagu-
lation Laboratory, University of Rochester, Rochester,
NY; Robin Roberts, MTech, Statistical Analyses, Mc-
Master University, Hamilton, Ontario; Susan Freder-
ick, MD, Medical Safety Officer; Marc Fischer, MD,
Ursula Anwer, MD, and Thomas Tomsick, MD, Pro-
tocol Adherence; Gaetano Molinari, MD, and Robert
Hart, MD, Safety Committee; Bruce Wallin, MD, Ger-
gory Schulz, and Mickí Hultquist, Abbott Laborato-
ries (sponsor).
Author Affiliations: Cerebrovascular Center, Depart-
ment of Neurology, Cleveland Clinic Foundation,
Cleveland, Ohio (Dr Furlan). Department of Neuro-
radiology, University of California, San Francisco (Drs
Higashida and Rowley); Stroke Institute, University of
Pittsburgh, Pittsburgh, Pa (Dr Wechsler); Depart-
ment of Clinical Epidemiology and Biostatistics,
McMaster University and Clinical Trials Methodol-
ogy Group, Hamilton Civic Hospital Research Cen-
ter, Hamilton, Ontario (Dr Gent); Department of Neu-
rology, Boston University School of Medicine (Dr Kase),
Department of Neurology, New England Medical Cen-
ter (Dr Pessin), Boston, Mass; Department of Neuro-
surgery, St Lukes’ Medical Center, Milwaukee, Wis (Dr
Ahuja); Neurologic Consultants PC, Centennial Medi-
cal Center, Nashville, Tenn (Dr Callahan); Depart-
ment of Neurology, Oregon Health Sciences Univer-
sity, Portland (Dr Clark); Department of Neurology,
The Toronto Hospital–Western Division, Toronto, On-
tario (Dr Silver); and Department of Vascular and In-
terventional Radiology, Baylor University Medical Cen-
ter, Dallas, Tex (Dr Rivera).
†Deceased.
PROACT II Investigators: The following persons and
institutions participated in the Prolyse in Acute Cere-
bral Thromboembolism II (PROACT II) trial. Sites are
listed in order of number of patients randomized.
Cleveland Clinic Foundation, Cleveland, Ohio: An-
thony Furlan, MD, Thomas Masaryk, MD, Brian Dyko,
RN, John Perl, MD, Cathy Sila, MD, Michelle Magda-
nec, RN, Judy Hinchey, MD, Irene Katzan, MD, Rob-
ert Wallace, MD, Natalie Rudd, RN, Joseph Hanna, MD.
St Luke’s Medical Center, Milwaukee, Wis: Arvind
Ahuja, MD, Varun Saxena, MD, Jane Parthum.
Centennial Medical Center, Nashville, Tenn: Alfred
Callahan III, MD, Brian Berger, MD, David Uska-
vitch, MD, Jeanne Sherrill, RN.
University of Pittsburgh Medical Center, Pitts-
burgh, Pa: Lawrence Wechsler, MD, Charles Jun-
greis, MD, Sharon DeCesare, RN, Laurie Knepper, MD,
Benjamin Eidelman, MD, Carol Barch, CRNP, Laurel
Yasko, RN, BSN, Lori Massaro, CRNP, Howard Yonas,
MD, Anthony Kaufmann, MD.
Baylor University Medical Center, Dallas, Tex: Frank
Rivera, MD, Alan Martin, MD, Stacy Baldridge, RN,
Joseph Hise, MD, Rance Boren, MD, N. Bruce Jenev-
ein, MD, Jorge Romero, MD, Gary Tunell, MD.
TorontoHospital—WesternDivision,Toronto,Ontario:
Frank Silver, MD, Cheryl Jaigobin, MD, Shelley Yan-
tha, RN, Barbara Farrell, BNSc, Walter Montanera, MD,
Karel TerBrugge, MD, Robert Willinsky, MD.
Oregon Health Sciences University, Portland: Wayne
Clark, MD, Stanley Barnwell, MD, Gary Nesbit, MD,
Helmi Lutsep, MD, Kathy Kearns, RN, Anne Doherty,
RN, Joseph Quinn, MD, Maurice Hourihane, MD, Su-
zanne Fisher, RN.
St Francis Medical Center, Peoria, Ill: Kenneth Fraser,
MD, David Wang, MD, David Vrabel.
University of Maryland Medical Center, Baltimore:
Marian LaMonte, MD, MSN, Michael Sloan, MD,
Gregg Zoarski, MD, Mary Jane Seipp, CRNP.
Ohio State University Hospitals, Columbus: An-
drew Slivka, MD, Margaret Notestine, Donald
Chakeres, MD, Dimetrios Spigos, MD, Eric Bourekas,
MD, Donald Higgins, Jr, MD, Laura Krietemeyer, MD,
Carol Ashman, MD, Elizabeth Walz, MD.
University of Kentucky Medical Center, Lexington:

L. Creed Pettigrew, MD, LaRoy Penix, MD, Stephen
Ryan, MD, Joann Short, RN, Barbara Blasko, RN, Anna
Rockich, MS, PharmD.
William Beaumont Hospital, Royal Oak, Mich: Ay-
Ming Wang, MD, John Gilroy, MD, Barbara Coslow,
RS, MS, Raymond Rudoni, MD.
Milton S. Hershey Medical Center, Hershey, Pa: John
Barr, MD, Stephen Powers, MD, Thomas Lemley,
MMS, MPAS, PA-C, Richard Tenser, MD, Raymond
Reichwein, MD, Richard McCann, RT R.
University of California, San Francisco: Randall
Higashida, MD, Daryl Gress, MD, Wade Smith, MD,
Lisa Hannegan, RN, Christopher Dowd, MD, Van Hal-
bach, MD, Clay Johnston, MD, Claude Hemphill, MD,
David Bonovich, MD, Chad Christine, MD.
Vancouver General Hospital, Vancouver, British Co-
lumbia: Philip Teal, MD, Douglas Graeb, MD, Claire
Johnston, RN, Deborah Synott, RN, Jeff Beckman, MD,
Thomas Marotta, MD, Robert Nugent, MD, Joce-
lyne LaPointe, MD, Andrew Woolfenden, MD.
University of Arkansas, Little Rock: Sami Harik, MD,
Edgardo Angtuaco, MD, Cindy Bradley, RN, James
Schmidley, MD, Rudy VanHemert, MD, Dennis Lucy,
Jr, MD, Bradley Boop, MD, Cerisse Harcourt, RN, Leta
Peterson, RN, Alexandras Pappas, MD.
Emory University Medical Center, Atlanta, Ga: Mi-
chael Frankel, MD, Robert Dawson, MD, Sharion Sailor,
RN, Barney Stern, MD, Janet Braiman, RN, David
Owens, MD, Owen Samuels, MD, Marc Chimowitz,
MD, Greg Joseph, MD, Harriett Howlet-Smith, RN.
Bromenn Medical Center, Normal, Ill: Kundan Gupta,
MD, Edward Pegg III, MD, Wayne Dornan, PhD, Ann
Stroink, MD, Keith Kattner, MD.
Yale University School of Medicine, New Haven,
Conn: Pierre Fayad, MD, John Chaloupka, MD, Bridget
Kennedy, RN, Lawrence Brass, MD, Joey Boiser, MD,
Daniel Huddle, DO, John Lynch, DO, Christopher Put-
man, MD, Michael Moussouttas, MD.
St Joseph Hospital, Orange, Calif: Wallace Peck, MD,
Richard Dauben, MD, Linda Pierog, RN, Suzanne
Maier, RN.
University of Texas Southwestern Medical Center,
Dallas: Ralph Greenlee, MD, Phillip Purdy, MD, Jen-
nifer Stanford, RN, D. Hal Unwin, MD, Rance Boren,
MD, Dion Graybeal, MD, Michael Horowitz, MD.
University of Utah Medical Center, Salt Lake City: John
Jacobs, MD, Gregory Call, MD, Judith Warner, MD,
Judy Cox, RN, Tiwanda Bronaugh.
UniversityofPennsylvaniaMedicalCenter,Philadelphia:
Eric Raps, MD, Robert Hurst, MD, Susan Unipan, RN.
UniversityofMississippiMedicalCenter, Jackson: David
Scalzo, MD, David Gordon, MD, Patrick Reynolds, MD,
A. Arturo Leis, MD, Gurmeet Dhilon, MD, Hartmut
Uschmann, MD, Kanil Jaffery, MD, Greta Keys, RN.
Millard Fillmore Hospital, Buffalo, NY: L. Nelson Hop-
kins, MD, Vernice Bates, MD, Mary Hartney.
St Vincent Hospital, Indianapolis, Ind: Jeffrey Hil-
burn, MD, Jamie Bales, MD, Frank Pistoia, MD, Mi-
chael Kuharick, MD, Michael DiGeorgio, MD, Mark
Janicki, MD, Gwendolyn Niebler, DO, Karen Rod-
man, MD, Jane Watson, RN.
St Louis University Health Science Center, St Louis,
Mo: Daryl Thompson, MD, Eve Holzemer, RN, Sal-
vador Cruz-Flores, MD, John Selhorst, MD, Christina
Burch, MD, Becky Jo Parks, MD, Christopher Brooks,
MD, Eric Awaad, MD, David Martin, MD.
Robert Wood Johnson University Hospital, New Brun-
swick, NJ: Irwin Keller, MD, Sue Fowler, RN, Roger
Behar, MD, Devin Friedlander, MD, Gerald Melnick,
MD, Steven Ryave, MD, Steven Schonfeld, MD, J. Kevin
DeMarco, MD, David Salo, MD, Dennis McGill, MD.
Medical College of Wisconsin, Milwaukee: Lloyd Hen-
drix, MD, Jeff Binder, MD, Dan O’Brien.
Lakewood Hospital, Lakewood, Ohio: Arthur Dick,
MD, Thomas Masaryk, MD, Robert Wallace, MD, Gef-
frey Ross, MD, John Perl, MD, Lori Mertz, RN.
George Washington University, Washington, DC:
Perry Richardson, MD, William Bank, MD.

Indiana University School of Medicine, Indianapo-
lis: Askiel Bruno, MD, Jose Biller, MD, Linda Chad-
wick, RN.
Jackson Memorial Hospital, Miami, Fla: Alejandro
Forteza, MD, Jeannette Arias, MD, Richard Latchaw,
MD, Donald Larsen, MD, José Romano, MD, Sebas-
tian Koch, MD, Kathy Hesse, RN.
University of Wisconsin, Madison: Robert Demp-
sey, MD, Douglas Dulli, MD, Ross Levine, MD, Charles
Strother, MD, Peggy Munson, BSN, Virgil Graves, MD.
West Jefferson Medical Center, Marrero, La: Walter
Truax, MD, Michael Puente, MD, Richard Warren, MD,
John Connors, MD, Mary Hill, LPN.
University of California Davis Medical Center, Sac-
ramento: Stephen Hecht, MD, Eun-Kyu Lee, MD, Pat
Newbury, RN, John Brock.
Methodist Hospital, Houston, Tex: Michel Mawad,
MD, David Chio, MD, Richard Klucznik, MD, Jason
Lee, RN, James Killian, MD.
New England Medical Center, Boston, Mass: Mi-
chael Pessin, MD, Louis Caplan, MD, Eddie Kwan, MD,
Thomas Scandera, RN.
Bowman Gray School of Medicine, Winston-Salem, NC:
Tony Bell, MD, James Toole, MD, Mary Veal, RN.
Alta Bates Medical Center, Berkeley, Calif: Brian
Richardson, MD, Todd Lempert, MD, Joanna Coo-
per, MD.
Swedish Medical Center, Englewood, Colo: Don Smith,
MD, Wayne Yakes, MD, Chris Schumann, RN.
London Health Sciences Centre, London, Ontario:
Vladimir Hachinski, MD, J. Spence, MD, A. Fox, MD,
D.Pelz,MD,D.Lee,MD,MaryMcTaggart,BSN,MHSc.
Beth Israel Hospital, Boston, Mass: John Dashe, MD,
Ducksoo Kim, MD, Loretta Barron, RN.
University of Virginia Health Sciences Center, Char-
lottesville: Mary Jensen, MD, E. Clarke Haley, Jr, MD,
Karen Ahem, RN.
Lutheran General Hospital, Park Ridge, Ill: Steven
Wolf, MD, Joseph Levy, MD, Cabrini Kernaghan.
Hoag Memorial Hospital, Newport Beach, Calif: Mi-
chael Brant-Zawadzki, MD, Lawrence Jacobs, MD, Kris
O’Neil.
Miami Cardiac and Vascular Institute, Baptist Hos-
pital of Miami, Miami, Fla: Ira Braun, MD, Michael
Aptman, MD, Leslie Goodwin.
Mayo Clinic, Rochester, Minn: Jimmy Fulgham, MD,
Douglas Nichols, MD, Lori Reese, RN.
Wills Eye Hospital, Philadelphia, Pa: Dara Jamieson,
MD, Robert Rosenwasser, MD, Michelle Hellstern, RN.
Henry Ford Hospital, Detroit, Mich: William Sand-
ers, MD, Chris Lewandowski, MD, Kelly Jones, RN.
Methodist Hospital of Indiana Inc, Indianapolis: John
Scott, MD, Robert Alonso, MD, Mary Ann Nix, RN.

Previous Presentation: Presented in part at the 24th
American Heart Association International Confer-
ence on Stroke and Cerebral Circulation, Nashville,
Tenn, February 4, 1999.

REFERENCES

1. The National Institute of Neurological Disorders and
Stroke rt-PA Stroke Study Group. Tissue plasmino-
gen activator for acute ischaemic stroke. N Engl J Med.
1995;333:1581-1587.
2. Hacke W, Kaste M, Fieschi C, et al. Intravenous
thrombolysis with recombinant tissue plasminogen ac-
tivator for acute hemispheric stroke: the European Co-
operative Acute Stroke Study (ECASS). JAMA. 1995;
274:1017-1025.
3. Donnan GA, Davis SM, Chambers BR, et al. Strep-
tokinase for acute ischemic stroke with relationship to
time of administration. JAMA. 1996;276:961-966.
4. The Multicenter Acute Stroke Trial—Europe Study
Group. Thrombolytic therapy with streptokinase in acute
ischemic stroke. N Engl J Med. 1996;335:145-150.
5. The Multicenter Acute Stroke Trial–Italy (MAST–I)
Group. Randomised controlled trial of streptokinase,

INTRA-ARTERIAL PROUROKINASE FOR ACUTE ISCHEMIC STROKE (PROACT II)

2010 JAMA, December 1, 1999—Vol 282, No. 21 ©1999 American Medical Association. All rights reserved.



aspirin and combination of both in treatment of acute
ischaemic stroke. Lancet. 1995;346:1509-1514.
6. Hacke W, Kaste M, Fieschi C, et al. Randomised
double-blind placebo-controlled trial of thrombolytic
therapy with intravenous alteplase in acute ischaemic
stroke (ECASS II). Lancet. 1998;352:1245-1251.
7. Clark WM, Albers GW, for the ATLANTIS Stroke In-
vestigators. The Atlantis rt-PA (Alteplase) Acute Stroke
Trial: final results [abstract]. Stroke. 1999;30:234.
8. Muir KW, Grosset DG. Neuroprotection for acute
stroke: making clinical trials work. Stroke. 1999;30:
180-182.
9. Sandercock P, Hennerici MG, Orgogozo JM, Davis
SM, Gorelick PB. Mega trials versus small trials in stroke.
In: Fisher M, Bogousslavsky J, eds. Current Review of
Cerebrovascular Disease. Boston, Mass: Butterworth-
Heinemann; 1999:217-222.
10. Gonner F, Remonda L, Mattle H, et al. Local intra-
arterial thrombolysis in acute ischemic stroke. Stroke.
1998;29:1894-1900.
11. del Zoppo GJ, Ferbert A, Otis S, et al. Local intra-
arterial fibrinolytic therapy in acute carotid territory
stroke: a pilot study. Stroke. 1988;19:307-313.
12. Theron J, Courtheoux P, Casasco A, et al. Local
intraarterial fibrinolysis in the carotid territory. AJNR
Am J Neuroradiol. 1989;10:753-765.
13. Mori E, Tabuchi M, Yoshida T, et al. Intracarotid
urokinase with thromboembolic occlusion of the middle
cerebral artery. Stroke. 1988;19:802-812.
14. Zeumer H, Freitag HJ, Zanella F, et al. Local intra-
arterial fibrinolytic therapy in patients with stroke: uro-
kinase versus recombinant tissue plasminogen acti-
vator (r-TPA). Neuroradiology. 1993;35:159-162.
15. Hacke W, Zeumer H, Ferbert A, et al. Intra-
arterial thrombolytic therapy improves outcome in pa-
tients with acute vertebrobasilar occlusive disease.
Stroke. 1988;19:1216-1222.
16. Pessin M, del Zoppo GJ, Furlan AJ. Thrombolytic
treatment in acute stroke: review and update of se-
lective topics. In: Moskowitz MA, Caplan LR, eds. Ce-
rebrovascular Diseases: Nineteenth Princeton Stroke
Confe rence . Bos ton , Mass : Bu t te rwor th-
Heinemann; 1995:409-418.
17. del Zoppo GJ, Higashida RT, Furlan AJ, et al.
PROACT: a phase II randomized trial of recombinant
pro-urokinase by direct arterial delivery in acute middle
cerebral artery stroke. Stroke. 1998;29:4-11.
18. Kasai S, Arimura H, Nishida M, Suyama T. Pri-
mary structure of single-chain pro-urokinase. J Biol
Chem. 1985;260:12382-12389.
19. Pannell R, Gurewich V. Pro-urokinase: a study of

its stability in plasma and of a mechanism for its se-
lective fibrinolytic effect. Blood. 1986;44:217-228.
20. Tebbe U, Windeler J, Boesl I, et al. Thrombolysis
with recombinant unglycosylated single-chain uroki-
nase-type plasminogen activator (saruplase) in acute
myocardial infarction: influence of heparin on early pat-
ency rate (LIMITS Study). J Am Coll Cardiol. 1995;
26:365-373.
21. Gurewich V, Liu J. Intra-arterial pro-urokinase in
ischemic stroke [letter]. Stroke. 1998;29:1255.
22. Brott T, Adams HP Jr, Olinger CP, et al. Measure-
ments of acute cerebral infarction: a clinical exami-
nation scale. Stroke. 1989;20:864-870.
23. TIMI Study group. Special report: the Thromboly-
sis in Myocardial Infarction (TIMI) trial. N Engl J Med.
1985;312:932-936.
24. Wolfe CD, Taub NA, Woodrow BA, Burney PG.
Assessment of scales of disability and handicap for
stroke patients. Stroke. 1991;22:1242-1244.
25. van Swieten JC, Koudstaal PJ, Visser MC, Schouten
HJA, van Gijn J. Interobserver agreement for the as-
sessment of handicap in stroke patients. Stroke. 1988;
19:604-607.
26. Furlan AJ. Natural history of atherothromboem-
bolic occlusion of cerebral arteries: carotid versus ver-
tebrobasilar territories. In: Hacke W, del Zoppo GJ, Hir-
schberg M, eds. Thrombolytic Therapy in Acute
Ischemic Stroke. New York, NY: Springer-Verlag; 1991:
71-76.
27. del Zoppo GJ, Poeck K, Pessin MS, et al. Recom-
binant tissue plasminogen activator in acute throm-
botic and embolic stroke. Ann Neurol. 1992;32:78-
86.
28. Ferguson RD, Ferguson JG. Cerebral intraarterial
thrombolysis at the crossroads: is a phase III trial ad-
visable at this time? AJNR Am J Neuroradiol. 1994;
15:1201-1216.
29. del Zoppo GJ, Higashida RT, Furlan AJ. The case
for a phase III trial of cerebral intraarterial fibrinolysis.
AJNR Am J Neuroradiol. 1994;15:1217-1222.
30. Moulin T, Cattin F, Crepin-Leblond T, et al. Early
CT signs in acute middle cerebral artery infarction: pre-
dictive value for subsequent infarct locations and out-
come. Neurology. 1996;47:366-375.
31. von Kummer R, Allen KL, Holle R, et al. Acute
stroke: usefulness of early CT findings before throm-
bolytic therapy. Radiology. 1997;205:327-333.
32. Toni D, De Michele M, Fiorelli M, et al. Influence
of hyperglycemia on infarct size and clinical outcome
of acute ischemic stroke patients with intracranial ar-
terial occlusion. J Neurol Sci. 1994;123:129-133.

33. Lodder J, Krijne-Kubat B, Broekman J. Cerebral
hemorrhagic infarction at autopsy: cardiac embolic
causes and the relationship to cause of death. Stroke.
1986;17:626-629.
34. Hornig CR, Dorndorf W, Agnoli AL. Hemor-
rhagic cerebral infarction—a prospective study. Stroke.
1986;17:179-185.
35. Okada Y, Yamaguchi T, Minematsu K, et al. Hem-
orrhagic transformation in cerebral embolism. Stroke.
1989;20:598-603.
36. The NINDS t-PA Stroke Study Group. Intracere-
bral hemorrhage after intravenous t-PA therapy for
ischemic stroke. Stroke. 1997;28:2109-2118.
37. Wolpert SM, Bruckmann H, Greenlee R, et al. Neu-
roradiology evaluation of patients with acute stroke
treated with recombinant tissue plasminogen activa-
tor. AJNR Am J Neuroradiol. 1993;14:3-13.
38. Genentech, applicant. Summary basis for ap-
proval: activaseTM for acute ischemic stroke. New Drug
Application. PLA96-0350.
39. Tomsick T, Brott T, Barsan W, et al. Prognostic value
of the hyperdense middle cerebral artery sign and stroke
scale score before ultraearly thrombolytic therapy.
AJNR Am J Neuroradiol. 1996;17:79-85.
40. Marler JR, Jones PW, Emr M, eds. Rapid Identi-
fication and Treatment of Acute Stroke: Proceedings
of a National Symposium. Bethesda, Md: National In-
stitutes of Health; 1997. NIH Publication 97-439.
41. Ueda T, Sakaki S, Nochide I, et al. Angioplasty af-
ter intra-arterial thrombolysis for acute occlusion of
intracranial arteries. Stroke. 1998;29:2568-2574.
42. Emergency Management of Stroke (EMS) Inves-
tigators. Combined intra-arterial and intravenous tPA
for stroke [abstract]. Stroke. 1997;28:273.
43. Pannell R, Black J, Gurewich V. The complemen-
tary modes of action of tissue plasminogen activator
(t-PA) and pro-urokinase (pro-UK) by which their syn-
ergistic effect on clot lysis may be explained. J Clin
Invest. 1988;81:853-859.
44. Fisher M, Garcia JH. Evolving stroke and the is-
chemic penumbra. Neurology. 1996;47:884-888.
45. Baron JC, von Kummer R, del Zoppo GJ. Treat-
ment of acute ischemic stroke—challenging the con-
cept of a rigid and universal time window. Stroke. 1995;
26:2219-2221.
46. Fisher M, Prichard JW, Warach S. New magnetic
resonance techniques for acute ischemic stroke. JAMA.
1995;274:908-911.
47. Staroselskaya IA, Baird AE, Linfante I, et al. Corre-
lations between MR diffusion-perfusion studies and MRA
in acute stroke. Neurology. 1999;52(suppl 2):455.

INTRA-ARTERIAL PROUROKINASE FOR ACUTE ISCHEMIC STROKE (PROACT II)

©1999 American Medical Association. All rights reserved. JAMA, December 1, 1999—Vol 282, No. 21 2011


