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Abstract. - OBJECTIVE: The aim of this study
was to evaluate the safety and efficacy of intra-ar-
terial thrombolysis (IAT) using urokinase (UK) in
acute stroke patients without angiographical-
ly-documented occlusion, and to define predictors
of clinical outcome.

PATIENTS AND METHODS: We analyzed clini-
cal and radiological data of acute ischemic stroke
patients whose angiography did not show an arte-
rial occlusion within six hours of symptom onset
and who were further treated with IAT using UK.
The primary outcome was a modified Rankin Scale
(mRS) score =2 at90 days’ post procedure.

RESULTS:Inathrombolysis database 0f263 pa-
tients, we identified 51 patients without angio-
graphically-documented arterial occlusion who
received IAT with UK within six hours of symptom
onset. The median baseline NIH stroke scale mea-
surement was 11 (range: 8-20). From symptom on-
set, the mean time to treatment was 4.1 +1.3 h (me-
dian: 4.5 h; range: 1.5-6.0 h). Inmediate and dra-
matically clinical improvement was seen in 29/51
(56.9%) patients. One patient (2.0%) developed a
symptomatic intracranial hemorrhage. At three
months, 38/51 (74.5%) patients were independent
(mRS =2), 13/51 (25.5%) patients were dependent
(mRS > 3), and no patients died. No predictors of
clinical outcome were identified.

CONCLUSIONS: IAT using UK can be a safe and
efficacious therapy for the treatment of acute isch-
emic stroke in patients without angiographic oc-
clusion. Approximately 75% of these patientshad a
favorable clinical outcome and thrombolysis-re-
lated symptomatic hemorrhage was low.
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Introduction

Approximately 20-30% of acute ischemic
stroke patients with clinical deficits do not show an
arterial occlusion on a cerebral angiography when
performed within six hours of symptom onset'.
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About treatment decision, these patients pose a
clinical dilemma. According to most protocols,
intra-arterial thrombolysis (IAT) is not admin-
istered in the absence of a visible arterial occlu-
sion”*. However, recent studies®” suggested that
the outcomes following ischemic stroke in pa-
tients without angiographically-documented oc-
clusion are not uniformly good, so more aggres-
sive treatment strategies are warranted.

In the intravenous National Institute of Neuro-
logical Disorders and Stroke (NINDS) trial?, a clini-
cal benefit was shown in all stroke subgroups of pa-
tients, including patients with small artery disease.
However, whether ischemic stroke patients with no
visible occlusion on angiography would benefit from
IAT is unknown. For this reason, we analyzed acute
ischemic stroke patients without angiographical-
ly-documented occlusion who had been treated with
intra-arterial urokinase (UK) thrombolysis. The aim
of this study was to evaluate the safety and efficacy
of IAT using UK in acute stroke patients without an-
giographically-documented occlusion and to identi-
fy clinical and stroke risk factors associated with
their clinical course.

Patients and Methods

Patients

This is a retrospective study of acute ischemic
stroke patients who presented to our institution, the
First Bethune Hospital of Jilin University, from June
2004 to December 2011. The eligible population
consisted of patients who underwent cerebral angi-
ography immediately after a clinical evaluation and
subsequently received a computerized tomography
(CT) scan with the intention to perform [AT.

IAT was indicated for 18-to 80-year-old patients
experiencing an acute ischemic stroke, within six
hours of symptom onset, and with an initial Nation-
al Institute of Health Stroke Scale (NIHSS) score
from 8 to 25. Patients also must have had a normal
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head CT scan. Exclusion criteria were: neurologic
symptoms caused by subarachnoid hemorrhage,
neoplasm, septic embolism, moyamoya disease,
or vasculitis; seizure at onset; rapidly improving
neurologic signs at any point before IAT; history of
stroke within the previous four weeks (except tran-
sient ischemic attacks or lacunar infarction); recent
major surgery in the past two weeks; active or re-
cent hemorrhage within two weeks; baseline inter-
national normalized ratio of 1.5 or greater; platelet
count of <10x10°/L; uncontrolled hypertension de-
fined by systolic blood pressure >180 mmHg and
diastolic blood pressure >110 mmHg.

Our cohort was populated with patients who
had a final diagnosis of stroke, received IAT with
UK within six hours of symptom onset, and had
no visible arterial occlusion on digital subtraction
angiography (DSA).

This retrospective study was approved by the
Institutional Review Board and the need for in-
formed consent was waived.

Endovascular Therapy

In all cases, a diagnostic four-vessel intra-arterial
DSA was performed by an experienced endovascu-
lar neurologist using a 5-French (Fr) catheter and a
transfemoral approach. Angiographic images were
reviewed at the time of angiography and intra-arterial
low-dose UK was administered to the vascular ter-
ritory appropriate for symptoms, even if the patient
did not show evidence of occlusion. If the suspected
distribution of ischemia was referable to anterior cir-
culation, thrombolytic agents were infused into the
internal carotid artery appropriate for symptoms. If
the suspected distribution of ischemia was referable
to posterior circulation, thrombolytic agents were in-
fused into the dominant vertebral artery. The max-
imum dose administered was 1,000,000 U, infused
manually at a rate of 10,000 U per minute.

Patients were supervised at the Intensive Care
Unit. All patients underwent a CT scan immedi-
ately following thrombolytic therapy. A follow-up
CT or magnetic resonance imaging (MRI) was
routinely carried out within three days after IAT.
The neuroimaging studies were reviewed to iden-
tify the presence of new infarction and/or intra-
cranial hemorrhage.

Outcome Measures

All patients were screened for NIHSS score at
admission. Outcomes were determined by the use
of the modified Rankin score (mRS) at 90 days
after the procedure. Favorable clinical outcomes
were defined as a mRS score <2.
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Statistical Analysis

All data were analyzed using the SPSS 17.0
software package (SPSS Inc., Chicago, IL, USA).
Continuous and categorical variables were pre-
sented as means with standard deviations and
frequencies, respectively. Comparisons of clini-
cal and radiological characteristics and outcomes
were performed using the Fisher’s exact test or
t-test. A two-sided p-value of <0.05 was consid-
ered to be statistically significant.

Results

In a database of 263 patients who had received
IAT for acute ischemic stroke, we identified 55 pa-
tients (20.9%) with no visible arterial occlusion on
digital subtraction angiography (DSA). Of these pa-
tients, 51 patients had received IAT with UK with-
in six hours of symptom onset. A final diagnosis of
stroke was made in all of these patients. Data collect-
ed from these 51 patients are the subject of this study.

The mean age of our patient cohort was 55.2
+ 10.8 years and the majority (74.5%) were men.
The following risk factors were noted: hyperten-
sion (74.5%), diabetes mellitus (37.3%), hypercho-
lesterolemia (35.3%), smoking (51.0%), alcoholism
(31.4%), atrial fibrillation (5.9%), and past history
of strokes/TTAs (35.3%). Presumed causes of stroke
included cardiac embolism in 5/51 patients (9.8%),
small-vessel disease in 34/51 patients (66.6%), and
undetermined cause in 12/51 patients (23.5%).

The mean baseline NIHSS on admission was 11.1
+2.7 (range: 8-20). The mean time to treatment from
symptom onset was 4.1 + 1.3 h (range: 1.5-6.0 h).
Thirty-six lesions (70.6%) were located in the anteri-
or circulation and fifteen lesions (29.4%) were in the
posterior circulation. The mean dosage of UK was
50.9 £ 22.0x10* U (range: 20-100x10* U). A dramat-
ic and immediate clinical improvement (as defined
by a >4 point reduction in NIHSS score) was seen
in 29/51 patients (56.9%). However, in 8 of these pa-
tients, their neurological status did not return to the
pre-treatment level until 24 h. Of note, all of these
slower-responding patients had lesions that were lo-
cated in the anterior circulation. Furthermore, 3/51
patients (5.9%) developed asymptomatic intracere-
bral hemorrhage (hemorrhagic transformation 1)
and 1/51 patient (2.0%), who developed symptom-
atic intracerebral hemorrhage (sICH), survived and
had a mRS score of 2 at a 90-day evaluation.

All patients had a follow-up CT or MRI within
three days of the procedure. This analysis showed
that 3/51 patients (5.9%) had normal scans, 22/51
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patients (43.1%) had a single penetrating artery
infarct, 21/51 patients (41.2%) had multiple pen-
etrating artery infarcts, 2/51 patients (3.9%) had
a single cortical infarct, and 5/51 patients (9.8%)
had multiple cortical infarcts.

At three months post-treatment, 38/51 patients
(74.5%) were independent (mRS < 2), 13/51 pa-
tients (25.5%) were dependent (mRS > 3), and no
patients died. A more detailed analysis indicated
that 13/51 patients (25.5%) had a mRS score of 0,
10/51 patients (19.6%) had a mRS score of 1, 15/51
patients (29.4%) had a mRS score of 2, and 13/51
patients (25.5%) had a mRS score between 3-4.

We performed univariate analyses to look for
any associations between patient characteristics
and clinical outcome (a good outcome was de-
fined as mRS < 2). Age, sex, vascular risk factors,
baseline NIHSS score, the dosage of UK, treat-
ment time, and finding on follow-up imaging all
failed to predict clinical outcome (Table I).

Discussion

The rates of favorable outcomes in acute
ischemic stroke patients without angiographical-
ly-visible occlusion ranged from 33% to 75% in
various previous studies®™'". One of the studies

that documented a favorable outcome for 75% of
its patients had a cohort with a lower median base-
line NIHSS of 7 (range: 4-25)°, compared with
the higher median baseline NIHSS of 11 (range:
8-20) in the current study. Although outcomes are
better for ischemic stroke in patients with arterial
occlusion, acute ischemic stroke without angio-
graphically-documented occlusion is not benign;
death or disability is observed in at least one-third
of the patients®”’. There are only a few reports®!2
describing the outcomes of these patients who
are subsequently treated with thrombolysis. In a
small series including five stroke patients without
visible clot on arteriography who had been treat-
ed with IAT, four of the five patients continued
to have a good outcome out to three months post
treatment'?. In another series of 99 stroke patients
without intracranial occlusions on Computed To-
mography Angiography (CTA), 50/99 (50.5%)
of the patients received thrombolysis. The mean
baseline NIHSS for this cohort was 10 (range:
7-14). Intravenous tissue plasminogen activator
(tPA) was administered in 49 of the patients and 1
patient received IAT. Dramatically, early clinical
improvement was seen in 17/49 patients (34.0%).
Only 1 patient developed sICH®. Therefore, the
use of thrombolytic therapies in this patient popu-
lation appears safe and justified.

Table I. Univariate analysis of the association between clinical, demographic, and radiologic features and three-month clinical

outcome.
mRS <2 mRS >2 p-value
(n=38) (n=13)
Age (yr), mean + SD 547 +£11.3 56.6+94 0.589
Male, n (%) 29 (76.3%) 9 (69.2%) 0.716
Posterior circulation, n (%) 14 (36.8%) 1 (7.7%) 0.076
Hypertension, n (%) 28 (73.7%) 10 (76.9%) 1.000
Diabetes mellitus, n (%) 13 (34.2%) 6 (46.2%) 0.515
Hypercholesterolemia, n (%) 12 (31.6%) 6 (46.2%) 0.502
Current smoker, n (%) 18 (47.4%) 8 (61.5%) 0.523
Alcohol, n (%) 12 (31.6%) 4 (30.8%) 1.000
Atrial fibrillation, n (%) 3 (7.9%) 0 (0%) 0.561
Previous stroke/TIA history, n (%) 12 (31.6%) 6 (46.2%) 0.502
Baseline NIHSS, mean + SD 11.1+2.9 11.5+1.9 0.640
UK dose (x104 U), mean + SD 50.0+21.7 53.5423.4 0.629
Treatment time (hrs), mean + SD 4.1+14 4.3+1.3 0.521
Single PAI, n (%) 18 (47.4%) 4 (30.8%) 0.348
Multiple PAIL n (%) 13 (34.2%) 8 (61.5%) 0.109
Single CI, n (%) 2 (5.3%) 0 (0%) 1.000
Multiple CI, n (%) 4 (10.5%) 1 (7.7%) 1.000
Normal follow-up scan, n (%) 3 (7.9%) 0 (0%) 0.561

NIHSS indicates National Institutes of Health Stroke Scale; mRS, modified Rankin Scale score; TIA, transient ischemic attack;
PALI, penetrating artery infarct; CI, cortical infarct; NS, not significant.
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The present work investigated 51 acute ischemic
stroke patients without angiographically-document-
ed arterial occlusion who received IAT with UK
within six hours of symptom onset. A marked and
immediate clinical improvement (as defined by a >4
point reduction in NIHSS score) was noted for 29/51
(56.9%) of the patients. By three months, a favorable
outcome was seen in 41/51 patients (74.5%), 14/51
patients (25.5%) were dependent (mRS > 3), and no
patients had died. In our cases, the majority (74.5%)
had a favorable clinical outcome, despite the fact
that most were in poor condition at the initiation of
IAT. Only one patient (2.0%) developed sICH. The
lower incidence of [AT-related sICH in our study
could also be explained by the lower dose of UK that
was used (median: 50x10* U; range: 20-100x10* U).

There are several potential mechanisms that
could contribute to the incidence of acute ischemic
stroke in the absence of demonstrable arterial occlu-
sion. The two most likely reasons are small vessel
occlusion in a nonvisible artery or spontaneous lysis
of an occluding thrombus. Several authors have pre-
viously argued that a lysis of the occluding throm-
bus would have already occurred in stroke patients
who have a clinical deficit but do not have an angi-
ographically-documented arterial occlusion. In this
setting, thrombolytic therapy presents a risk of intra-
cerebral hemorrhage without any added benefit* '+
15, However, a percentage of patients with complete
large vessel spontaneous recanalization may have
distal occlusions that are not visible on DSA, and
who may suffer a high rate of symptomatic ischemic
stroke and/or disability without any treatment. In-
deed, in the NINDS trial®, the benefit of intravenous
thrombolysis was observed in patients with small
vessel disease. On the other hand, our data suggest
that thrombolysis-related symptomatic hemorrhage
was low in our population. Thus, it is unjustified to
prevent all stroke patients that do not have an angi-
ographically-revealed artery occlusion from receiv-
ing thrombolytic therapy.

Conclusions

The present retrospective work showed that
IAT using UK is a safe and efficacious treatment
for acute ischemic stroke patients without an angi-
ographically-revealed artery occlusion. Nearly 75%
of these patients had a favorable clinical outcome
and thrombolysis-related symptomatic hemorrhage
was low. Further studies are needed in this popula-
tion to confirm the results of the present study and to
define parameters associated with clinical outcome.

1512

Conflict of Interest

The authors declare no conflicts of interest.

References

1) Kassem-Moussa H, Grarragnino C. Nonocclusion
and spontaneous recanalization rates in acute
ischemic stroke: a review of cerebral angiography
studies. Arch Neurol 2002; 59: 1870-1873.

2) peL Zorro GJ, HigasHIDA RT, FurLaN AJ, Pessin MS,
RowLey HA, Gent M. Proact: a phase Il randomized
trial of recombinant pro-urokinase by direct arteri-
al delivery in acute middle cerebral artery stroke.
Proact Investigators. Prolyse in acute cerebral
thromboembolism. Stroke 1998; 29: 4-11.

3) FurtaN A, HiGAsHIDA R, WEcHsLER L, GENT M, RowLEy
H, Kase C, PessiIN M, AHuiA A, CALLAHAN F, CLARK WM,
Siwver F, Rivera F. Intra-arterial prourokinase for
acute ischemic stroke. The proact Il study: a ran-
domized controlled trial. Prolyse in acute cerebral
thromboembolism. JAMA 1999; 282: 2003-2011.

4) Suarez JI, SunsHiNE JL, TARR R, Zaipar O, SELmaN WR,
KernicH C, Lanpis DM. Predictors of clinical improve-
ment, angiographic recanalization, and intracrani-
al hemorrhage after intra-arterial thrombolysis for
acute ischemic stroke. Stroke 1999; 30: 2094-2100.

5) SHoBHA N, BHATIA R, Boyko M, TymcHUK S, KUMARPILLAI
G, SmitH E, DemcHuk AM. Outcomes in acute isch-
emic strokes presenting with disabling neurologic
deficits without intracranial vascular occlusion. Int
J Stroke 2011; 6: 392-397.

6) SHAH QA, ZeesHAN MemoN M, VAazauez G, Suri MF,
Hussein HM, MoHAammAD YM, QurestHi Al. Clinical and
radiological outcomes of acute ischemic stroke
patients without angiographic occlusion on digital
subtraction angiogram. A pooled analysis of case
series. Neuroradiology 2008; 50: 963-968.

7) QuresHi Al, Kirmani JF, Sipbiaut AM, HaNeL RA, Kim SH,
Horxins LN. Outcomes in acute ischemic stroke pa-
tients without angiographically documented arterial
occlusion. Jd Neuroimaging 2005; 15: 37-42.

8) Tissue plasminogen activator for acute ischemic
stroke. The national institute of neurological disor-
ders and stroke rt-PA stroke study group. N Engl J
Med 1995; 333: 1581-1587.

9) ArnoLp M, NepertcHev K, BrRekenred C, FiscHER U, Re-
MONDA L, ScHroTH G, MarTie H. Outcome of acute
stroke patients without visible occlusion on early
arteriography. Stroke 2004; 35: 1135-1138.

10) Derex L, Tomsick TA, Brott TG, Lewanpowski CA, FRANKEL
MR, CLark W/, STARKMAN 'S, SPILKER J, UDsTEN GJ, KHOURY J,
Grot1a JC, Broberick JP; EMS Bripaing TriAL. Outcome
of stroke patients without angiographically revealed
arterial occlusion within four hours of symptom onset.
AJNR Am J Neuroradiol 2001; 22: 685-690.

11) Suvka AP, CHrisToFORIDIS GA, Bourekas EC, CALENDINE
PE, Notestine MA. Clinical and imaging outcomes
after stroke with normal angiograms. AJNR Am J
Neuroradiol 2005; 26: 242-245.

12) ScHumAcHER M, YiN L, KuscH J, Hetzer A. Local in-
tra-arterial fibrinolysis without arterial occlusion?
Neuroradiology 1999; 41: 530-536.



Thrombolysis in acute stroke without angiographically documented occlusion

13)

14)

Mori E, TasucH M, YosHipa T, Yamapori A. Intracarot-
id urokinase with thromboembolic occlusion of the
middle cerebral artery. Stroke 1988; 19: 802-812.

pDEL Zorro GJ, Poeck K, Pessin MS, WoLPerT SM, Fur-
LAN AJ, FERBERT A, ALBERTS MJ, ZiviN JA, WECHSLER L,
Busse O, GREENLEE R JRr, Brass L, MoHR JP, FELDMANN
E, Hacke W, Kase CS, BiLLer J, Gress D, Otis SM. Re-
combinant tissue plasminogen activator in acute

15)

thrombotic and embolic stroke. Ann Neurol 1992;
32: 78-86.

Worpert SM, BRrRUcKMANN H, GREENLEE R, WWECHSLER
L, Pessin MS, peL Zorro GJ. Neuroradiologic eval-
uation of patients with acute stroke treated with
recombinant tissue plasminogen activator. The
rt-PA acute stroke study group. AUNR Am J Neu-
roradiol 1993; 14: 3-13.

1513



