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BACKGROUND AND PURPOSE: ET is considered in selected patients with AIS with persistent arterial
occlusion after receiving IVT. Limited data exist on the safety of IA high doses of UK and RT for ET. We
investigated any correlation between IA doses of UK or RT and safety outcomes in patients who
underwent ET.

MATERIALS AND METHODS: We identified all patients from our stroke registry who received UK or RT
for ET from 1998 to 2008. Demographics, baseline National Institutes of Health Stroke Scale scores,
recanalization rates, rates of attempted MT, mortality, SICH, and discharge modified Rankin Scale
scores were collected.

RESULTS: Of 197 patients; 72 received UK and 125 received RT. More than 90% of patients in both
groups had received prior IVT. The median IA dose of UK was 200,000 U (range, 25,000–1,500,000 U)
and of RT was 2 mg (range, 1–8 mg). Concurrent MT was attempted in 59.7% of UK-treated patients
and 72.0% of RT-treated patients, with SICH rates of 4.2% and 8.0%, respectively. Logistic regression
adjusting for prior IVT and MT revealed no correlation between SICH and doses of UK (OR, 1.00; 95%
CI, 0.99–1.00; P � .94) or RT (OR, 0.803; 95% CI, 0.48–1.33; P � .39). There was no correlation
between mortality and doses of UK (OR, 1.00; 95% CI, 0.99–1.00; P � .51) or RT (OR, 1.048; 95% CI,
0.77–1.42; P � .75).

CONCLUSIONS: High IA doses of UK and RT may be safe when given with or without MT in patients
with AIS despite receiving a full dose of intravenous recombinant tissue plasminogen activator. These
results need prospective validation.

ABBREVIATIONS: AHA/ASA � American Heart Association/American Stroke Association; AIS �
acute ischemic stroke; CI � confidence interval; ET � endovascular therapy; FDA � US Food and
Drug Administration; IA � intra-arterial; ICA � internal carotid artery; IVT � intravenous tissue
plasminogen activator infusion; MCA � middle cerebral artery; MCD � mechanical clot disruption;
mRS � modified Rankin Scale; MT � mechanical thrombolysis; NIHSS � National Institutes of
Health Stroke Scale; OR � odds ratio; PROACT II � Prolyse in Acute Cerebral Thromboembolism
trial; SICH � symptomatic intracranial hemorrhage; RT � reteplase; rtPA� recombinant tissue
plasminogen activator; TICI � Thrombolysis in Cerebral Ischemia; UK � urokinase

ET is considered in selected patients with AIS who have
persistent arterial occlusion after receiving IVT. The ability

to achieve successful recanalization with reperfusion therapies
is the best predictor of good outcome in patients with large
artery occlusion.1 Given the low recanalization rates associ-
ated with IVT,2 a substantial number of patients with large
artery occlusions receive ET. After the PROACT II study, the
AHA/ASA guidelines concluded that IA prourokinase is an
option for the treatment of select patients with MCA occlusion
within 6 hours of onset, after treatment with the standard of
care IVT.3 The FDA did not approve prourokinase, and it is
not clinically available for use as an IA thrombolytic agent.3

Other agents that have been used in IA therapy include UK,

RT, rtPA, and tenecteplase. Prior small case series have dem-
onstrated that IA therapy with thrombolytic agents,4,5 MCD6

and a combination of IA thrombolytic agents with MCD7,8 are
safe and effective with and without prior full-dose IVT in re-
storing flow in acute large artery occlusions. A recent meta-
analysis concluded that prior full-dose IVT is superior to low-
dose IVT in achieving higher recanalization rates and better
outcomes when combined with ET.9 In a small case series, IA
thrombolysis with RT demonstrated a trend toward higher
rates of recanalization and SICH without prior IVT compared
with IA UK.10 The safety, however, of using high IA doses of
thrombolytic agents when used with multimodal ET is un-
clear. We performed a retrospective analysis investigating the
relationship between IA dosage of 2 commonly used throm-
bolytic agents (UK and RT) with SICH and mortality in pa-
tients with AIS who underwent ET for symptomatic arterial
occlusion.

Materials and Methods

Patients and Techniques
We identified 251 patients from our prospective stroke registry who

underwent ET for acute anterior circulation ischemic stroke between

1998 and 2008. The study protocol was approved by the institutional

review board before initiation. All patients were evaluated by an ex-

perienced stroke team made up of vascular neurologists and fellows at
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a Joint Commission on Accreditation of Healthcare Organizations-

certified comprehensive stroke center. A baseline CT head and vascu-

lar imaging (CT angiogram or transcranial Doppler) was performed

on all patients before undergoing ET. All patients received treatment

with full-dose IVT, if eligible as per AHA/ASA guidelines. The deci-

sion to proceed with IA therapy was jointly made by the stroke team in

consultation with an experienced neuroendovascular service com-

prising an interventional neurologist, an endovascular neurosurgeon,

or interventional neuroradiologists. The choice of the IA thrombo-

lytic agent was based on availability, and the dose used was at the

discretion of the interventionalist. UK was available from 1998 to

2000 and RT from 2001 to 2003. Then, both agents were available

from 2003 to 2006. RT was subsequently used after 2006 until 2008.

The agents were never used together or in combination with another

thrombolytic agent. No patient received IA UK or RT beyond 6 hours

from symptom onset or any glycoprotein IIb/IIIa inhibitors during

the procedure. All patients also received intravenous heparin infusion

to maintain activated clotting time twice the baseline value. MT in-

cluding MCD with microwire, snare, balloon angioplasty, and stent

placement were performed as deemed appropriate by the interven-

tionalist. Mechanical embolus retrieval was performed by using Merci

retriever (Concentric Medical, Mountain View, California) and Pen-

umbra System (Penumbra, Alameda, California) following FDA ap-

proval. Patients who underwent stent placement did receive anti-

platelet loading through a nasogastric tube during the procedure. The

choice of the antiplatelet agent was jointly made by the neuro-

interventionalist and the vascular neurologist considering the indi-

vidual patient’s prior antiplatelet medication use. All patients were

subsequently admitted to the neuroscience-intensive care unit or

stroke unit and were managed by the stroke team as per standard

guidelines.3 The interventional neuroradiologist analyzed all the an-

giograms by using TICI scale as described previously.6 Good recana-

lization was defined as the final TICI score �2b. CT or MR imaging

brain scans were performed 24 hours after treatment or in case of any

neurologic deterioration (defined as �2-point increase in the NIHSS)

and were evaluated by the neuroradiologist or the vascular neurolo-

gist. The NIHSS score was again determined at 24 hours. SICH was

defined as a �2-point increase in the NIHSS that could be attributed

to the intracranial hemorrhage. The baseline patient demographics,

stroke risk factors, presentation, 24-hour NIHSS scores, mortality,

and discharge mRS scores were extracted from the stroke registry. We

excluded patients who were enrolled in clinical trials from this study.

Statistical Analysis
Data are presented as median (range) and mean with SD where ap-

propriate. Multivariate analysis with logistic regression was per-

formed controlling for confounding factors to investigate association

and obtain ORs with 95% CIs. A P value of �.05 was used to deter-

mine statistical significance. The data were analyzed by using SAS,

version 9.2 (SAS Institute, Cary, North Carolina).

Results

Patient Demographics and Clinical Characteristics
We identified 197 patients who received IA reperfusion ther-
apy with pharmacologic agents; 72 received UK and 125 re-
ceived RT within 6 hours of the onset of symptoms. Both
groups had similar age, sex distribution, and stroke risk factors
(Table 1). The median NIHSS values at presentation were 16
(range, 3–27) in the UK group and 18 (range, 2–39) in the RT

group. One patient in each group presented with minor symp-
toms (NIHSS, 3 and 2 in the UK and RT group, respectively),
with subsequent neurologic worsening, and they were then
treated with IVT and ET. More than 90% of the patients in
both groups received prior IVT (90.3% in UK group and
93.6% in RT group).

Angiographic and Procedural Characteristics
The angiographic findings and procedural characteristics are
shown in Table 2. Emergent diagnostic angiography revealed
internal carotid artery occlusion in 22 (30.5%) patients in the
UK group and in 50 (40%) patients in the RT group. MCA
occlusion was seen in 50 (69.5%) and 75 (60%) patients in the
UK and RT group, respectively. The median IA dose of UK was
200,000 U (range, 25,000 –1,500,000 U) and of RT was 2 mg
(range, 1– 8 mg), respectively. MT was attempted in 59.7%
and 72.0% of the UK and RT group, respectively (Table 2).

Angiographic and Clinical Outcomes
Good recanalization (TICI �2b) was seen in 40 (55.5%) pa-
tients in the UK group and 77 (61.6%) patients in the RT
group. The median NIHSS values at 24 hours were 12 (range,
0 –34) in the UK group and 15 (range, 0 –39) in the RT group.

Table 1: Patient demographics and clinical characteristics

UK (n � 72) RT (n � 125)
Age (mean � SD), yr 58 � 15 61 � 13
Male 36 (50.0) 67 (53.6)
Female 36 (50.0) 58 (46.4)
Hypertension 43 (59.7) 78 (62.4)
Diabetes mellitus 14 (19.4) 20 (16.0)
Coronary artery disease 13 (18.0) 33 (26.4)
Atrial fibrillation 14 (19.4) 29 (23.2)
Tobacco use 11 (15.3) 26 (20.8)
Blood glucose (mean � SD), mg/dl 149.4 � 55 134.0 � 51
Presentation NIHSS median (range) 16 (3–27) 18 (2–39)
Prior IV rtPA treatment (n � 182) 65 (90.3) 117 (93.6)

Note:—Values in parentheses are percentages, except for Presentation NIHSS median.

Table 2: Angiographic and procedural characteristics

UK (n � 72) RT (n � 125)
ICA occlusion 22 (30.5) 50 (40.0)

Carotid-t
occlusion

8 (11.0) 23 (18.4)

MCA occlusion 50 (69.5) 75 (60.0)
M1 occlusion 32 (44.5) 45 (36.0)
M2 occlusion 18 (25.0) 30 (24.0)

IA thrombolytic dose
(median, range)

200,000 U (25,000–1,500,000 U) 2 mg (1–8 mg)

Mechanical
thrombolysis

43 (59.7) 90 (72.0)

Clot disruption
with microwire

18 37

Snare 2 3
Balloon 3 7
Balloon �stent 5 6
Merci 13 30
Penumbra 0 3
Merci �

Penumbra
0 3

Merci � balloon
� stent

2 1

Note:—Values in parentheses are percentages, except for IA thrombolytic dose.
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There was no difference in the 24-hour outcomes (change in
NIHSS score between preprocedure and at 24 hours) and dis-
charge functional outcomes (discharge mRS, 0 –3) or in mor-
tality in the 2 groups (Table 3). There was also no difference in
the recanalization rates and discharge outcomes by sites of
arterial occlusion in the 2 groups (Table 4).

SICH was seen in 3 (4.2%) and 10 (8.0%) patients in the
UK and RT group, respectively, but SICH was not statistically
significant. Logistic regression analysis adjusting for prior IVT
and MT revealed no correlation between SICH and dose of UK
(OR, 1.00; 95% CI, 0.99 –1.00; P � .94). There was also no
correlation between SICH and dose of RT (OR, 0.803; 95% CI,
0.48 –1.33; P � .39). The average dose of UK in patients who
developed SICH (295,000 � 212,896 U [range, 75,000 –
500,000 U]) was similar to those without SICH (286,533 �
312,256 U [range, 25,000 –1,500,000 U], P � .96). Patients
who developed SICH after IA therapy with RT also received
similar doses (2.4 � 1.71 mg [range, 1–7 mg]) compared with
those who did not develop SICH (2.81 � 1.53 mg [range, 1– 8
mg], P � .42). There was also no correlation between mortal-
ity and doses of UK (OR, 1.00; 95% CI, 0.99 –1.00; P � .51) or
RT (OR, 1.048; 95% CI, 0.77–1.42; P � .75). We also found no
correlation between discharge mRS of 0 –3 and doses of UK
(OR, 1.00; 95% CI, 0.99 –1.00; P � .15) or RT (OR, 1.12; 95%
CI, 0.88 –1.43; P � .36).

Discussion
MT in combination with IA pharmacologic thrombolysis has
been associated with higher rates of recanalization.11 Multi-
modality ET using evolving techniques including mechanical
embolus retrieval with newer FDA-approved devices such as
Merci and the Penumbra System is being increasingly used in
achieving recanalization in patients with persistent large artery
occlusion after standard IVT. Before FDA approval of these
devices, IA pharmacologic fibrinolysis was the mainstay of ET
in combination with MCD by using microwire, snare, or with

balloon angioplasty in very few patients. Full-dose IVT is more
efficacious than low-dose IVT when combined with ET in
achieving better recanalization rates and clinical outcomes.
Nine IA thrombolytic agents, when used in low doses, have
been found to be safe in conjunction with MCD.6-8 However,
in a series of 43 patients, an IA UK dose �1,500,000 U was
implicated as a predictor of serious complications.12 A series of
8 patients suggested that an IA rtPA dose up to 40 mg is safe,13

but these patients did not receive prior IVT. In a retrospective
study of 185 patients, combination of IVT and IA UK was
found to be associated with the development of parenchymal
hematomas after multimodal ET.14 However, this series had 4
patients receiving both IVT and IA UK and 10 patients receiv-
ing both IVT and any IA thrombolytic agent. We believe there
is a tendency to minimize the use of IA fibrinolytic agents after
systemic thrombolysis, more so if MT is being performed to
achieve recanalization, due to perceived risks of SICH.

Achieving complete recanalization being the eventual goal
of ET, MT by using FDA-approved devices will be increasingly
used to treat patients with large artery occlusions, given the
higher recanalization rates associated with this technique.1,11

However, the presence of residual clot in the distal smaller
vessels or dislodgement of partially fragmented clot after em-
bolus retrieval presents a challenge during the interventional
procedure. Mechanical embolus retrieval does recanalize the
occluded larger arteries without considering the status of the
distal smaller arteries. It also has been suggested that recanali-
zation of the primary arterial occlusive lesion does not neces-
sarily translate into reperfusion of ischemic tissue through the
distal capillaries.15 Other mechanical techniques, including
MCD by using microwire, could be unsafe when performed in
small distal arteries and are unlikely to be of any additional
benefit in restoring flow to the ischemic tissue. IA pharmaco-
logic fibrinolysis remains the only possible alternative in such
situations to ensure complete angiographic reperfusion to the
ischemic tissue. In our study, we found no correlation between
the dose of IA UK or RT and subsequent development of SICH
and mortality. The doses of these agents were also similar in
patients with or without SICH. Patients in our study who re-
ceived RT were also more likely to be treated with mechanical
embolus retrieval by using Merci and the Penumbra System.
This could be explained by the unavailability of UK after 2006
and the FDA-approved Merci in 2004 and Penumbra System
more recently in 2008. Given that systemic rtPA at a dose of 0.9
mg/kg remains the only proved therapy for treatment of acute
stroke,3 it is important to treat all eligible patients with IVT
before initiating ET in selected patients. In our study, �90%
patients receiving either UK or RT also received IVT, and prior
IVT was not associated with any increase in SICH or mortality.

Fibrinolytic agents have been used in thrombo-embolic
disorders other than ischemic stroke with variable efficacy.
UK, RT, and rtPA have demonstrated equivalent efficacy and
safety in catheter-directed thrombolysis for deep vein throm-
bosis, with UK being more expensive than RT and rtPA.16

There is also significant variability among various thrombo-
lytic agents in terms of safety and efficacy, depending on dos-
ing regimens when used in endovascular treatment of periph-
eral artery occlusions.17 In AIS studies, the Middle Cerebral
Artery Embolism Local Fibrinolytic Intervention Trial used IA
UK doses �1,000,000 U18 on the basis of a small case series of

Table 3: Angiographic and clinical outcome

UK (n � 72) RT (n � 125)
P

Value
� NIHSS in 24 hr (mean � SD) 3.2 � 7.8 2.0 � 6.8 .32
Final TICI �2b 40 (55.5) 77 (61.6) .45
Discharge mRS, 0–3 27 (37.5) 49 (39.2) .87
SICH 3 (4.2) 10 (8.0) .29
Death 11 (15.3) 20 (16.0) .89

Note:—Values in parentheses are percentages.

Table 4: Angiographic and clinical outcome by site of vascular
occlusion

UK (n � 72) RT (n � 125)
P

Value
ICA occlusions

Final TICI �2b 13 (59.1) 32 (64.0) .86
Discharge mRS, 0–3 5 (22.7) 12 (24) .98

M1 occlusions
Final TICI �2b 16 (50.0) 28 (62.2) .23
Discharge mRS, 0–3 12 (37.5) 21 (46.6) .37

M2 occlusions
Final TICI �2b 10 (55.5) 16 (53.3) .85
Discharge mRS, 0–3 10 (55.5) 13 (43.3) .46

Note:—Values in parentheses are percentages.
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patients with acute MCA occlusions treated long before the
availability of IVT.19 UK is no longer available for use in the
United States, and current ongoing clinical trials are using
rtPA. The ongoing Interventional Management of Stroke
(IMS) III trial limits the IA dose of rtPA to 22 mg.20 Further-
more, patients randomized to receive ET in the IMS III trial
receive two-thirds the standard FDA-approved dose of IVT.
The Mechanical Retrieval and Recanalization of Stroke Clots
Using Embolectomy trial also limits the IA dose of rtPA to a
maximum of 14 mg regardless of prior full-dose IVT.21 Our
study demonstrates that high IA doses of thrombolytic agents
are safe when used even in conjunction with prior full-dose
IVT. Investigators may want to take into consideration that
limiting the dose of IV rtPA before ET may not be necessary in
future clinical trials. Our data also support investigating the
efficacy of IA dose escalation regimens in conjunction with
MT in patients with symptomatic intracranial large artery oc-
clusions. Because there is no dose equivalence between differ-
ent thrombolytic agents, it is difficult to compare UK and RT.
However, in our study, we found no differences in angio-
graphic and clinical outcomes between UK and RT over a wide
dose range, regardless of the site of intracranial arterial
occlusion.

This study is limited by its retrospective design and the
results need prospective validation. Unlike a randomized clin-
ical trial, there is variability in the endovascular procedural
steps because the dose of IA thrombolytic agent and the selec-
tion of MT technique as well as choice of the embolectomy
device were at the discretion of the neurointerventionalist.
The study population includes patients treated from 1998 to
2008 and the angiograms were analyzed by the interventional
neuroradiologists through subsequent years, and this may
have introduced a bias. Furthermore, because �90% of the
patients in this study received prior IVT, only a few patients
received IA fibrinolysis alone, which limits drawing any clear
conclusions between UK and RT groups. Finally, there have
been significant advancements in endovascular technology
since the initial use of fibrinolytic agents; however, IA phar-
macologic thrombolysis remains an important modality for
achieving reperfusion in the distal vasculature inaccessible to
mechanical devices.

Conclusions
Although UK is no longer available, our study supports the
safety of high IA doses of 2 pharmacologic agents, UK and RT,
in conjunction with MT and prior full-dose IVT. Ongoing
prospective clinical trials should explore the role of high IA
doses of thrombolytic agents as a means of achieving adequate
reperfusion in conjunction with MT in patients with symp-
tomatic intracranial large artery occlusions after full-dose
IVT.
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