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Bleeding Complications after Basilar Artery Fibrinolysis

with Tissue Plasminogen Activator

DeWitte T. Cross, |11, Colin P Derdeyn, and Christopher J. Moran

BACKGROUND AND PURPOSE: Fibrinolysis with local intraarterial urokinase infusion for
basilar artery thrombosis has been associated with a low rate of spontaneous symptomatic
cerebral hemorrhage, even when patients have been treated late in the course of symptoms.
Because urokinase is presently unavailable in the United States, this study was undertaken to
determine the frequency of spontaneous cerebral hemorrhage in basilar artery fibrinolysis
performed with tissue plasminogen activator (tPA).

METHODS: In a retrospective review of our initial experience with cerebral fibrinolysis for
acute stroke using intraarterial tPA, four cases of basilar thrombosis were identified. Doses of
the fibrinolytic agent and heparin, angiographic findings, clinical courses, and bleeding com-
plications for these patients were determined. These results were compared with those from a
prior study of 20 similar consecutive patients treated with urokinase.

RESULTS: Symptom duration before treatment was unlimited. Intraarterial doses of tPA
were 20 to 50 mg. Patientsreceived full systemic anticoagulation with heparin. Complete basilar
artery recanalization was achieved in 75% of patients. Two patients treated with tPA had
angioplasty and stent placement for related high-grade stenosis. Spontaneous symptomatic ce-
rebral hemorrhage occurred in three (75%) of the four tPA-treated patientsand in three (15%)

of the 20 urokinase-treated patients.

CONCLUSION: The cerebral hemorrhage complication ratefor intraarterial fibrinolysiswith
tPA was very high in cases of basilar artery thrombosis at the doses we used. Protocol adjust-

ments should be considered.

Basilar artery thrombosis has been treated in our
center and in many other centers with intraarterial
urokinase (Abbokinase, Abbott Laboratories, N
Chicago, IL) (1-8). Despite delays in diagnosis and
treatment common in this condition, fibrinolysis
with urokinase has had an acceptable safety profile,
especially in view of the high mortality rate asso-
ciated with conservative treatment. Spontaneous
symptomatic cerebral hemorrhages occurred in
15% of our basilar thrombosis patients treated with
intraarterial urokinase (6). Survival and neurologic
outcomes for these patients appeared to improve
relative to historical control subjects treated
conservatively.

In 1999, production of urokinase was suspended
by the United States Food and Drug Administration
(FDA) (9, 10). At the time, there was limited ex-
perience using fibrinolytic agents other than uro-
kinase for local intraarterial fibrinolysis in cases of
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basilar thrombosis or acute thromboembolic stroke
(11-19). Previous experience with tissue plasmin-
ogen activator (tPA) (ateplase, Activase, Genen-
tech, S San Francisco, CA) in patients with acute
stroke was primarily with intravenous administra-
tion of the drug (20—22). Efficacy of administering
tPA in the setting of acute stroke was demonstrated
in one prospective study only when the drug was
given intravenously within the first 3 hours of
symptom onset (21). Hemorrhagic complications
occurred more frequently when tPA was given after
the first 3 hours (22).

Most patients with basilar artery thrombosis pre-
sent and are referred for treatment after the 3-hour
time window for delivery of intravenous tPA has
expired. Furthermore, the data reveal better efficacy
for recanalization of clotsin proximal cerebral ves-
sels using local intraarterial rather than systemic
intravenous administration of fibrinolytic agents
(13). Thrombolytic therapy for basilar thrombosis
is, for these reasons, generally performed using lo-
cal intraarterial delivery of the drug. On the basis
of the available previously published data on local
intraarterial tPA infusions for acute thromboem-
bolic stroke, we substituted tPA for urokinase for
the treatment of basilar artery thrombosis after uro-
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kinase supplies were exhausted. After noting a pos-
sible increase in hemorrhagic complications in our
initial experience with tPA, we compared outcomes
and complications to determine whether protocol
adjustments were required.

Methods

Beginning in April 1999, tPA was substituted for urokinase
for intraarterial fibrinolysis in cases of acute thromboembolic
stroke. The protocol specified a maximum infusion of 25 mg
tPA per hour and 50 mg per treatment. The drug was mixed
in normal saline to achieve a concentration of 0.2 mg tPA/mL,
the lowest concentration recommended by the manufacturer.
Other aspects of the protocol previously in place specifying
urokinase as the fibrinolytic agent remained unchanged, in-
cluding concomitant intravenous delivery of heparin and no
exclusion of angioplasty and stent placement for related high-
grade stenosis (6). There were no strict time limits for inclu-
sion based on symptom duration in cases of basilar artery
thrombosis. Preexisting intracranial hemorrhage remained an
exclusion criterion.

After 9 months of using tPA in place of urokinase, a ret-
rospective review of cases in which tPA had been used for
local cerebral fibrinolysis was performed under approval grant-
ed by the Human Studies Committee. Symptom duration be-
fore treatment, tPA dose administered, heparin dose adminis-
tered, any other related interventional procedure performed,
degree of recanadlization achieved, CT evidence of postproce-
dura intracranial hemorrhage, and in-hospital clinical course
were recorded for each case. Data for these tPA-treated patients
were compared with data for 20 previously reported cases of
basilar artery thrombosis treated with intraarterial urokinase

(6).

Results

Four patients with basilar artery thrombosis were
treated with intraarterial tPA (Table 1). Symptom
duration before treatment ranged from 15 to 67
hours (mean, 38 hours). Total tPA doses ranged
from 20 to 50 mg. Intravenous heparin was admin-
istered to al patients. Initial heparin boluses ranged
from 3000 to 5000 units and subsequent heparin
doses during the procedure ranged from 500 to
5000 units, generaly to achieve an activated clot-
ting time of two times baseline. Complete basilar
artery recanalization was achieved in 75% of pa-
tients. Two of four patients had stents placed to
augment vertebrobasilar flow at the time of fibri-
nolysis and one had vertebral artery angioplasty
performed elsewhere the day before fibrinolysis.
Spontaneous intracranial bleeding complications
occurred in three (75%) of four patients treated
with tPA. All hemorrhages were larger than 1 cm
in diameter. The two patients who had stents placed
had parenchymal intracranial hemorrhages remote
from the stent locations. The patient with vertebral
artery angioplasty without stent placement treated
with tPA did not have a hemorrhage. All patients
treated with tPA who had intracranial hemorrhages
died.

In the 20 prior cases of basilar thrombosis treated
with intraarterial urokinase, symptom duration be-
fore treatment ranged from 1 to 79 hours (mean,
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21 hours). Urokinase doses ranged from 250,000 to
1,750,000 units. Intravenous heparin was adminis-
tered to al patients, with activated clotting times
titrated to 1.5 to 2 times baseline during the pro-
cedure. Complete basilar artery recanalization was
achieved in 50% of patients. No patient had a stent
placed. One patient had basilar artery angioplasty.
Intracranial bleeding complications occurred in five
patients. Of those, two were iatrogenic subarach-
noid hemorrhages related to vessel rupture or per-
foration from microcatheter or angioplasty balloon
manipulation, and three (15%) were spontaneous
intracerebral hemorrhages no larger than 1 cm in
diameter. All patients treated with urokinase who
had intracranial hemorrhages died.

Discussion

We observed a significantly higher rate of spon-
taneous cerebral hemorrhage after tPA was infused
than after urokinase was infused (Table 2). In ad-
dition, in those cases in which there was parenchy-
mal brain hemorrhage after treatment, the extent of
hemorrhage observed was greater after treatment
with tPA than after treatment with urokinase. Spon-
taneous cerebral hemorrhages after urokinase treat-
ment tended to be small and were often punctate,
whereas hemorrhages after tPA treatment tended to
be large or to involve multiple brain stem structures
(Fig 1). The increased bleeding observed after
treatment with tPA could be attributed to a number
of factors.

One factor to consider is the dose of tPA used
in our series. In the study by Zeumer et a (3) com-
paring tPA and urokinase for intraarterial fibrino-
lysisin the setting of acute thromboembolic stroke,
a dose of 20 mg tPA was compared with a dose of
750,000 units urokinase administered over a 2-hour
time period in 59 patients, 28 of whom had verte-
brobasilar clots. There was no time limit for ex-
cluding patients with basilar artery thrombosis
from treatment, but data on symptom duration be-
fore treatment were not reported. All the patients
in this series received 5000 units of heparin ini-
tidly, followed by 1000 units per hour during the
procedure. Clot lysis was as effective with tPA as
it was with urokinase, and there were no reported
symptomatic intracerebral hemorrhages (3). At the
time we substituted tPA for urokinase, manufactur-
ers were unable to provide data demonstrating in
vivo dose equivalency for tPA and urokinase for
intraarterial fibrinolysis for acute thromboembolic
stroke or for other intraarterial applications. The
National Institute of Neurological Disorders and
Stroke (NINDYS) trial specified a 0.9 mg/kg dose of
tPA (maximum, 100 mg) to be given intravenously
for acute stroke (21). It was logical to deliver a
dose of tPA locally (intraarterially) that was lower
than the dose delivered systemically (intravenous-
ly) for stroke, but the lowest efficacious intraarte-
rial dose was not known. We substituted tPA for
urokinase at approximately the same ratio used in
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TABLE 1: Data for four patients treated for basilar artery thrombosis with intraarterial tPA infusion
Symptom Concomitant
Duration Intervention in
Case Age Before tPA Dose  Vetebrobasilar Angiographic Hemorrhage Clinical
No. (y)/Sex Treatment (h) Clot Location (mg) Circulation Result on Brain CT Outcome
1 42/M 67 Distal basilar artery 30 None; angioplasty Complete basilar a- None Survived
of proximal L tery recanaiza-
vertebral artery 1 tion
day before fibri-
nolysis
2 56/M 25 Proximal basilar a- 50 Stent placed at L Complete basilar ar- Pontine hematoma,  Died
tery vertebrobasilar tery recanaiza- 4 cm
junction tion
3 TUF 48 Proximal basilar ar- 40 Stent placed at ori- Reocclusion, distal  Pontine and mid- Died
tery gin of L vertebral basilar artery brain hemor-
artery rhage, subarach-
noid hemorrhage
4 67/F 15 Distal basilar artery 20 None Complete basilar a- Hemorrhage in mid- Died

brain, both thala-
mi, both cerebral
peduncles

tery recanaiza-
tion

TABLE 2: Comparison of spontaneous intracerebral hemorrhages
after local intraarterial fibrinolysis with urokinase and tPA for
basilar artery thrombosis.

No. of No. of No
Spontaneous Spontaneous
Intracerebral Intracerebral
Hemorrhages =~ Hemorrhages
Fibrinolysis with urokinase 3 17
Fibrinolysis with tPA 3 1

the comparison study by Zeumer et a (3). Since
we had previously delivered up to 1,750,000 units
of urokinase over 2 hours for basilar thrombosis
rather than the 750,000 units over 2 hours delivered
by Zeumer’'s group, we set our maximum 2-hour

intraarterial tPA dose at 50 mg rather than 20 mg.
This tPA dose was probably too high. Some inves-
tigators suggest that a 10-fold or greater reduction
in the doses we used is as efficacious as our doses
in achieving clot lysis when tPA is administered
intraarterially at the clot surface in peripheral ves
sels (23).

Another factor to consider is the difference in
the mechanisms of action between fibrinolytic
agents. For tPA to activate plasminogen, fibrin
must be present, but fibrin-bound tPA greatly en-
hances plasminogen activation. Urokinase activates
plasminogen in plasma at a rate similar to activat-
ing plasminogen in clot, lacking tPA's fibrin spec-
ificity (24). In addition, the molecular weights of
the drugs are different (73Da for tPA and 54Da for
urokinase), their locations on human genes are dif-

Fic 1.

Representative noncontrast brain CT scans in tPA-treated patients with basilar artery thrombosis who had intracerebral hem-
orrhage after fibrinolysis.
A-C, Case 2 (A), case 3 (B), case 4 (C).
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ferent (chromosome 8 for tPA and chromosome 10
for urokinase), and their precursors characteristics
are different (active for tPA and inactive for uro-
kinase) (25). While the two drugs are similar in that
they both promote fibrinolysis of intraarterial clots,
the differences between them may help to account
for the differences in bleeding complication rates
observed after fibrinolysis for basilar artery
thrombosis.

Of the fibrinolytic agents that are currently avail-
able for use, perhaps tPA is not the best choice in
this clinical situation. Reteplase (Retevase, Cento-
cor, Inc, Malvern, PA) has a dlightly different
chemical structure and different binding and half-
life characteristics than tPA. The difference be-
tween intracranial bleeding complication rates be-
tween these two drugs when used for intraarterial
cerebral fibrinolysis is unknown, but there may be
an advantage for one drug over the other. Strepto-
kinase (Streptase, Astra Pharmaceutical, Westbor-
ough, MA) and anistreplase (Eminase, Robbins,
Richmond, VA), the only other currently available
agents, are susceptible to antistreptokinase antibod-
ies after their initial administration and have not
generally been used for treatment of acute stroke
(26).

Variables other than the fibrinolytic agent must
be considered as potentia influences on bleeding
rates. The small number of cases in the tPA group
could certainly introduce a sampling error, but the
exceedingly high rate and extent of intracerebral
bleeding in these first few tPA-treated patients is
dramatic. Using Fisher's exact test, the rate of
spontaneous intracerebral hemorrhage in these two
treatment populations is significantly different (P
= .035). It would not be prudent to continue using
the same protocol and fail to address these initial
safety concerns while assuming that the difference
in hemorrhagic rates is simply a sampling error or
the result of a nonrandomized comparison.

The greater recanadization achieved and the
greater use of concomitant vertebrobasilar angio-
plasty and stent placement in the tPA group relative
to the urokinase group could also have had an in-
fluence on the hemorrhagic complication and sur-
vival rates in the two groups. Improving flow may
actually have both positive and negative effects.
Because the urokinase group of patients predated
the more recent application of coronary microstent
technology in the vertebrobasilar system, no patient
receiving urokinase had concurrent stent place-
ment. One patient treated with urokinase who re-
peatedly rethrombosed on plague underwent basilar
artery angioplasty without stent placement using
older balloon technology. That patient did not have
spontaneous parenchymal hemorrhagic transfor-
mation but bled into the subarachnoid space be-
cause the vessel ruptured. Another patient in the
urokinase group not treated with angioplasty had
repeat thrombosis on stenotic plaque and died of
the ischemic process, so failure to perform angio-
plasty to augment flow was also associated with
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high mortality under certain circumstances. Two
patients treated with tPA underwent vertebral ar-
tery stent placement and subsequently bled into the
brain parenchyma. One patient treated with tPA
who underwent vertebral artery angioplasty the day
before fibrinolysis had no stent placed, but had no
residual stenosis, and did not bleed intracranially.
It is possible that concomitant stent placement in
the vertebrobasilar system during fibrinolysis for
basilar artery thrombosis and successful recanali-
zation further predispose patients to reperfusion
hemorrhage in the ischemic territories. On the other
hand, basilar artery occlusion does not favor sur-
vival. Fibrinolytic agents and heparin together do
not always result in recanalization in cases of
thrombosis on stenctic plague. There are new data
to suggest that ReoPro (Lilly, Indianapolis, IN), an
intravenous antiplatelet drug, at least when given
aone in the setting of acute stroke, does not in-
crease the rate of intracranial hemorrhage (27). Per-
haps this drug or similar antiplatelet agents should
be used rather than stents or additional infusions of
a fibrinolytic agent when repeated rethrombosis on
plaque during basilar artery fibrinolysis occurs.
This issue can only be addressed with further ex-
perience treating basilar artery thrombosis.

Systemic heparin anticoagulation was in effect
for both groups of patients, and although heparin
doses were fairly high and in some cases higher
than those used by Zeumer et a (3), heparin anti-
coagulation was not significantly different in our
two groups of patients. Though the heparin doses
were similar for our urokinase and tPA groups, it
may be that the combined effect of the drugs (hep-
arin and the fibrinolytic agent) is dissimilar. In the
data from the first Prolyse in Acute Cerebral
Thromboembolism (PROACT) study of intraarte-
rial fibrinolysis for acute middle cerebral artery
stroke, heparin facilitated fibrinolysis but increased
the hemorrhagic complication rate when given with
pro-urokinase, a new fibrinolytic agent not yet ap-
proved by the FDA. The heparin bolus dose was
adjusted downward from 10,000 units to 2000 units
and the maintenance dose was set at 500 units per
hour for 2 hours in the second PROACT study. The
hemorrhagic rate declined (28, 29). These lower
heparin doses may be a reasonable starting point
for intraarterial fibrinolysis with tPA.

Symptom duration before treatment was unlim-
ited for both groups and is unlikely to be the major
cause of the difference in intracerebral bleeding
rates; however, the assumption that unlimited
symptom duration before intraarterial fibrinolysis
for basilar artery thrombosisis as allowable for tPA
treatment as it is for urokinase treatment may be
incorrect. Mean symptom duration before treatment
was longer for all patients treated with tPA (38
hours) than for al patients treated with urokinase
(21 hours), but further examination of the data
failed to show that longer symptom duration led to
increased intracerebral bleeding. The single tPA-
treated patient who did not bleed had a symptom
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duration of 67 hours, longer than the other tPA-
treated patients. The urokinase-treated patients who
bled had a mean symptom duration of 7.6 hours,
shorter than the mean symptom duration for all
urokinase-treated patients. Of the variables that
could be altered to lower the risk of hemorrhage
after fibrinolysis with tPA, symptom duration is the
least desirable to change. Patients with basilar
thrombosis often have a delayed diagnosis or pre-
sent for care relatively late in the course of stroke.
Excluding latecomers from treatment for basilar
thrombosis leaves such patients a 0% to 20%
chance for survival. Every other variable should be
investigated further before changes in the protocol
are made to exclude patients with basilar artery
thrombosis who present outside the 6-hour time
frame from treatment.

Our data should caution practitioners that sub-
stituting tPA for urokinase at the doses we used is
probably not optimal in this clinical situation. We
have adjusted our tPA doses considerably down-
ward (to 1.5-15 mg/h) and have further modified
the protocol so that reteplase (0.1-1.0 U/h) can be
substituted for tPA. These doses were thought to
be the most appropriate for further study at a recent
meeting (Consensus Conference on Current Strat-
egies for Intracerebral Fibrinolysis for Acute
Stroke, Memphis, TN, January 2000). We have also
lowered our dose of heparin to that recommended
in the PROACT Il study (2000-unit bolus plus 500
U/h for 2 hours). We are exercising caution in plac-
ing stents to augment vertebrobasilar flow at the
same time fibrinolysis for basilar thrombosisis per-
formed, as this may further predispose the ischemic
tissues to reperfusion injury. Finaly, if the above
measures fail to reduce the rate of intracranial
bleeding with the available fibrinolytic agents after
treatment for basilar thrombosis, some closing of
the time window from symptom onset to treatment
may be required until urokinase or a drug with a
similar safety profile is available.

Conclusion

The cerebral hemorrhage complication rate for
intraarterial fibrinolysis with tPA was very high in
cases of basilar artery thrombosis at the doses we
used. Protocol adjustments should be considered.

References

1. Hacke W, Ringelstein EB. Local intraarterial thrombolysis in
vertebrobasilar thromboembolic disease. AINR Am J Neuro-
radiol 1983;4:401-404

2. Hacke W, Zeumer H, Ferbert A, Bruckmann H, del Zoppo GJ.
Intra-arterial thrombolytic therapy improves outcome in pa-
tients with acute vertebrobasilar occlusive disease. Stroke 1988;
19:1216-1222

3. Zeumer H, Freitag HJ, Zanella F, Thie A, Arning C. Local intra-
arterial fibrinolytic therapy in patients with stroke: urokinase
versus recombinant tissue plasminogen activator (r-TPA).
Neuroradiology 1993;35:159-162

4. Becker KJ, Monsein LH, Ulatowski J, et al. Intraarterial throm-
bolysis in vertebrobasilar occlusion. AINR Am J Neuroradiol
1996;17:255-262

10.
11.
12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

BASILAR ARTERY FIBRINOLYSIS 525

. Brandt T, von Kummer R, Muller-Kuppers M, Hacke W. Throm-

bolytic therapy of acute basilar artery occlusion: variables af-
fecting recanalization and outcome. Stroke 1996;27:875-881

. Cross DT, Moran CJ, Akins PT, Angtuaco EE, Diringer MN. Re-

lationship between clot location and outcome after basilar ar-
tery thrombolysis. AJINR Am J Neuroradiol 1997;18:1221-1228

. Cross DT, Moran CJ, Akins PT, Angtuaco EE, Derdeyn CR, Di-

ringer MN. Collateral circulation and outcome after basilar
artery thrombolysis. AINR Am J Neuroradiol 1998;:1557-1563

. Wijdicks EFM, Nichols DA, Thiden KR, et a. Intra-arterial

thrombolysis in acute basilar artery thromboembolism: the ini-
tial Mayo Clinic experience. Mayo Clin Proc 1997;72:1005-1013

. United States Food and Drug Administration. Letter to Healthcare

Providers. Washington, DC: Food and Drug Administration; Jan-
uary 25, 1999

Abbott Laboratories. Letter to Abbokinase Customers. N Chicago,
IL: Abbott Laboratories; April 5, 1999

Henze T, Boeer A, Terbe U, Romatowski J. Lysis of basilar artery
occlusion with tissue plasminogen activator. Lancet 1987;2:1391
Overgaard K, Pedersen H, Boesen J, et al. Thrombolytic therapy
of cerebral arterial occlusion with recombinant tissue plas-
minogen activator. Neurol Res 1990;12:78-80

Wolpert S, Bruckmann H, Greenlee R, et a. Neurological evaluation
of patients with acute stroke treated with recombinant tissue plas-
minogen activator. AINR Am J Neuroradiol 1993;35:159-162
Terada T, Yokote H, Tsuura M, et a. Tissue plasminogen acti-
vator thrombolysis and transluminal angioplasty in the treat-
ment of basilar artery thrombosis: case report. Surg Neurol
1994;41:358-361

Jansen O, von Kummer R, Forsting M, et a. Thrombolytic ther-
apy in acute occlusion of the intracranial internal carotid ar-
tery bifurcation. AJINR Am J Neuroradiol 1995;16:1977-1986
Oezbek C, Heisel A, Voelk M, et al. Management of stroke com-
plicating cardiac catheterization with recombinant tissue-type
plasminogen activator. Am J Cardiol 1995;76:733-738

von Kummer R, Holle R, Rosen L, et a. Does arterial recana-
lization improve outcome in carotid territory stroke? Stroke
1995;26:581-587

Sandoval A, Laufer N. Thromboembolic stroke complicating
coronary intervention: acute evaluation and management in
the cardiac catheterization laboratory. Cathet Cardiovasc Diag
1998;44:412-414

Lewandowski CA, Frankel M, Tomsick TA, et al. Combined in-
travenous and intra-arterial r-TPA versus intra-arterial ther-
apy of acute stroke. Stroke 1999;30:2598-2605

Hacke W, Kaste M, Fieschi C, et a. Intravenous thrombolysis
with recombinant tissue plasminogen activator for acute hemi-
spheric stroke: the European Cooper ative Acute Stroke Study
(ECASS). JAMA 1995;274:1017-1025

The NINDS rt-PA Stroke Study Group. Tissue plasminogen acti-
vator for acute ischemic stroke. N Engl J Med 1995;333:1581-1587
Clark WM, Wissman S, Albers GW, Jhamandas JH, Madden KR,
Hamilton S. Recombinant tissue-type plasminogen activator
(alteplase) for ischemic stroke 3 to 5 hours after symptom on-
set. The ATLANTIS study, a randomized controlled trial: al-
teplase thrombolysis for acute noninterventional therapy in
acute stroke. JAMA 1999;282:2019-2026

Working Party on Thrombolysis in the Management of Limb Is-
chemia. Thrombolysis in the management of lower limb pe-
ripheral arterial occlusion: a consensus document. Am J Car-
diol 1998;81:207-218

Collen D, DeCock F, Demarsin E, Lijnen HR, Stump DC. Ab-
sence of synergism between tissue-type plasminogen activator
(t-PA), single-chain urokinase type plasminogen activator (scu-
PA) and urokinase on clot lysis in a plasma milieu in vitro.
Thromb Haemost 1986;56:35-39

Duffy MJ. Urokinase-type plasminogen activator and malig-
nancy. Fibrinolysis 1993;7:295-302

Physicians' Desk Reference.53rd ed. Medica Economics Com-
pany; Montvale, NJ: 1999

Adams HP, Bogousslavsky J, Polzer J, Barnathan E, Leclerc JR.
A dose escalation study of abciximab in acute ischemic stroke.
Presented at the 72nd scientific session of the American Heart
Association, Atlanta, Georgia, November 1999.

del Zoppo GJ, Higashida RT, Furlan AJ, Pessin MS, Rowley HA,
Gent M. PROACT: aphasell randomized trial of recombinant
pro-urokinase by direct arterial delivery in acute middle ce-
rebral artery stroke. Stroke 1998;29:4-11

Furlan A, Higashida R, Wechsler L, et a. Intra-arterial prou-
rokinase for acute ischemic stroke: the PROACT 11 study, a
randomized controlled trial. JAMA 1999;282:2003-2011



