
DOI 10.1212/WNL.57.6.1100
2001;57;1100-1103 Neurology 

D.L. Tirschwell, W.M. Coplin, K.J. Becker, et al. 
associated with complications

Intra-arterial urokinase for acute ischemic stroke: Factors

This information is current as of September 25, 2001

 http://www.neurology.org/content/57/6/1100.full.html
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

0028-3878. Online ISSN: 1526-632X.
since 1951, it is now a weekly with 48 issues per year. Copyright . All rights reserved. Print ISSN: 

® is the official journal of the American Academy of Neurology. Published continuouslyNeurology 

http://www.neurology.org/content/57/6/1100.full.html
http://www.neurology.org/content/57/6/1100.full.html


8. McCarron MO, Hoffmann KL, DeLong DM, Gray L, Saunders
AM, Alberts MJ. Intracerebral haemorrhage outcome: apoli-
poprotein E genotype, hematoma and edema volumes. Neurol-
ogy 1999;53:2176–2178.

9. McCarron MO, Nicoll JAR. High frequency of apolipoprotein E
�2 allele is specific for patients with cerebral amyloid

angiopathy-related haemorrhage. Neurosci Lett 1998;247:
45–48.

10. Gerdes LU, Gerdes C, Kervinen K, et al. The apolipoprotein �4
allele determines prognosis and the effect on prognosis of sim-
vastatin in survivors of myocardial infarction. Circulation
2000;101:1366–1371.

Intra-arterial
urokinase for acute

ischemic stroke:
Factors associated
with complications

Article abstract—The authors abstracted the records of 43 patients treated
with intra-arterial urokinase for acute ischemic stroke to identify predictors
of serious complications. Sixteen (37%) had such a complication. Higher
urokinase dose (	1.5 
 106 U), higher mean arterial blood pressure before
treatment (	130 mm Hg), basilar occlusive strokes, and severe strokes were
most predictive of these complications. Although urokinase is no longer man-
ufactured, these findings identify patients at risk for complications from
other intra-arterial thrombolytics.
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A randomized trial is necessary to establish the effi-
cacy of an acute intervention. However, predictors of
complications of therapy can be identified by evalu-
ating a series of patients treated with intra-arterial
(IA) thrombolysis for acute ischemic stroke. Such
predictors might identify patients for whom the high
risk of IA thrombolysis makes a beneficial effect un-
likely. This patient series, initially gathered as a
quality assurance study, was analyzed to identify
such predictors of complications.

Methods. All patients at two university-affiliated hospi-
tals and one community hospital in which IA urokinase
(UK, a drug no longer manufactured) was used for the
treatment of acute cerebral arterial occlusion between
June 1992 and April 1997 were identified and their medi-
cal records abstracted for information about complications
and their possible predictors. The protocols for the use of
UK were similar across hospitals. A time limit of 6 hours
was set for the start of therapy in the anterior circulation,
but not in the posterior circulation. Noncontrast head CT
scan ruled out hemorrhage. Angiography confirmed the
occluded artery. UK was then injected in 250,000-unit in-
crements into the proximal end of the thrombus. Angiogra-
phy was repeated between doses. Therapy was terminated
one dose greater than necessary to achieve at least partial
reperfusion of the vessel. Manual pressure was applied to

the arterial puncture site for 15 minutes after catheter
removal.

Functional status was rated using a modification of the
Glasgow Outcome Scale (GOS), briefly summarized as: 1 �
brain death or death; 2 � coma; 3 � awake, severe deficits;
4 � awake, moderate deficits; 5 � awake, mild deficits;
and 6 � normal.1 Complications were dichotomized as se-
rious or not. Serious ones required surgery or blood prod-
ucts, were life threatening or led to death, or led to
worsening clinical condition.

Statistical analyses included standard bivariate analy-
ses using nonparametric methods and recursive partition-
ing as a nonparametric form of multivariate analysis.2

Significance was set at two-sided p � 0.05. Analyses were
performed using STATA (version 6, STATA Corporation,
College Station, TX) and CART (version 3.5, Salford Sys-
tems, San Diego, CA). The Human Subjects Committee at
the University of Washington and the Swedish Medical
Center Providence Campus approved the study.

Results. Forty-three patients were identified. Their me-
dian age was 65 years (range 18 to 84). Sixty-seven percent
were men, 19% were treated for stroke as a complication of
angiography, and 28% had basilar artery occlusions. Prior
to IA therapy, 16% of patients were comatose (GOS � 2)
and 40% had severe deficits (GOS � 3). Mean arterial
blood pressure (MAP) was 116 mm Hg (range 83 to 159),
and 24% of the 34 available CT reports described ischemic
changes. Of the 35 cases with time data available, median
time to IA therapy was 5.2 hours (range 0.3 to 56). The
median UK dose was 0.75 
 106 U (range 0.23 to 2.0).
Sixteen of 43 patients (37%) had a serious complication
(SC), including 3 of 8 patients (38%) treated for occlusive
complications of diagnostic angiography. SC were associ-
ated with worse outcomes (median GOS � 3 versus GOS �
4, p � 0.002) and are described in the table.

Patients with SC compared with those without were
more likely to have basilar occlusion (8/12 versus 8/31, p �

From the Departments of Neurology (Drs. Tirschwell, Becker, and Long-
streth), Neuroradiology (Drs. Eskridge, Haynor, and Cohen), Neurological
Surgery (Drs. Becker, Eskridge, Newell, and Winn), and Epidemiology (Dr.
Longstreth), University of Washington, Seattle; Seattle Radiologists (Dr.
Vogelzang); and the Departments of Neurology and Neurosurgery (Dr. Cop-
lin), Wayne State University, Detroit, MI.
Received October 25, 2000. Accepted in final form May 22, 2001.
Address correspondence and reprint requests to Dr. David Tirschwell, 325
Ninth Ave., Box 359775, Seattle, WA 98104-2499; e-mail: tirsch@u.
washington.edu

1100 Copyright © 2001 by AAN Enterprises, Inc.



0.03), severe deficits prior to angiography (median GOS �
2 versus 3, p � 0.03), higher MAP (median mm Hg 128
versus 112, p � 0.05), and higher doses of UK (median U
1.25 
 106 versus 0.5 
 106, p � 0.004) (figure 1). Al-
though patients with basilar occlusions were treated with
higher median doses of UK (median U 1.13 
 106 versus
0.75 
 106, p � 0.04), the association between higher UK
dose and SC remained even after stratification by basilar
versus nonbasilar occlusion (p � 0.04).

Recursive partitioning analysis was performed twice,
first using characteristics available before angiography
started as well as arterial distribution, function before IA
therapy, and MAP (figure 2A), and the second time using
the same variables plus UK dose (figure 2B).

Ten of the 16 SC were symptomatic intracerebral hem-
orrhages (ICH), for a rate of 10/43 (23%). The ICH rate was
5/12 (42%) for patients with basilar occlusion versus 5/31
(16%) for the others. Seven of the 10 patients with symp-
tomatic ICH died in the hospital. Neither pretreatment CT
ischemic changes (present in 8 of 34 available scans) nor
post-treatment heparin use (in 33 of 43 cases) were associ-
ated with SC.

Discussion. In this study, more serious complica-
tions from IA UK occurred in patients with basilar
artery occlusion, severe strokes, higher MAP before
treatment, and higher IA UK dose. These findings

Figure 1. Relationship between intra-arterial dose of uroki-
nase and occurrence of a serious complication of therapy.
Within each symbol (nonbasilar [ �] and basilar [�] cases)
is the patient’s outcome at hospital discharge, as scored by a
modification of the Glasgow Outcome Scale: 1 � brain death
or death; 2 � brainstem function but not awake (coma); 3 �
awake, severe deficits, dependent for activities of daily living
(ADL); 4 � awake, moderate deficits, dependent for ADL;
5 � awake, mild deficits, independent for ADL; and 6 � no
gross neurologic dysfunction.1

Table Serious complications and their outcomes

Patient no. Clinical scenario
Dose of UK,

106 U
Hospital
outcome Complication

1 ICA angiographic complication 1.25 Mild disability Neck hematoma at site of recent surgery

2 MCA angiographic
complication

0.5 Severe disability Large hemorrhagic conversion of left brain infarct;
died in nursing home 4 days after discharge

3 MCA angiographic
complication

1.0 Died Large right MCA distribution hematoma, also
subdural and subarachnoid blood

4 ICA stroke 1.0 Severe disability Left basal ganglia hemorrhage with extension into
ventricles and subarachnoid space

5 MCA stroke 0.375 Mild disability Hypotensive (SBP � 63) and bradycardic (HR � 34)
during thrombolysis procedure

6 MCA stroke 0.75 Died Left MCA distribution hemorrhagic infarct

7 MCA stroke 2.25 Moderate
disability

Retroperitoneal hematoma

8 MCA stroke 2.25 Died Right basal ganglia and temporal lobe hemorrhage
with extension into the ventricle and
subarachnoid space

9 Basilar stroke 0.45 Died Pontine hemorrhage

10 Basilar stroke 0.5 Severe disability Epistaxis and groin bleeding

11 Basilar stroke 1.25 Moderate
disability

Right thalamic hemorrhage with extension into left
lateral ventricle and subarachnoid space

12 Basilar stroke 2.0 Died Intra/retroperitoneal hematoma requiring
exploratory surgery

13 Basilar stroke 2.0 Died Left subdural hematoma requiring evacuation

14 Basilar stroke 2.25 Died Left temporal and occipital, right cerebellar, and
pontine-midbrain-thalamic hemorrhage

15 Basilar stroke 2.5 Died Pontine and midbrain hemorrhage

16 Basilar stroke 3.0 Died Pontine and midbrain hemorrhage

ICA � internal carotid artery; MCA � middle cerebral artery; UK � urokinase.
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are supported by the literature. In one study, ICH
was noted in 4/22 (18%) of cases treated with 	0.9
mg/kg of t-PA versus 1/72 (1%) of patients treated
with less (exact p � 0.02); the five patients who
developed hematoma had significantly higher dia-
stolic and mean blood pressures.3 In another series of
26 patients, the average dose of IA UK in the 10/26
patients found to have ICH on follow-up scans was
higher (0.84 
 106 versus 0.59 
 106 U, p � 0.08).4

Higher serum glucose has also been associated with
ICH after IA thrombolysis.5,6

In December 1999, the PROACT-II randomized
trial reported a 15% absolute increase in good out-
comes for patients with proximal middle cerebral ar-
tery occlusions treated within 6 hours with IA
recombinant prourokinase (r-proUK). ICH with neu-
rologic deterioration occurred within 24 hours in 9%
(10/108) of thrombolysis patients versus 4% (2/54) of
controls (p � 0.06).7 This 9% symptomatic ICH rate
is similar to the 16% (5/31) rate in our nonbasilar
cases and the 18% (4/22) rate in our patients with
MCA disease. Unfortunately, r-proUK may not be
approved by the FDA,8 and UK is no longer manufac-
tured. How well conclusions about one agent can be
applied to another is uncertain.9

The major limitations of this study are the small
number of highly selected patients and the retrospec-
tive design. As such, conclusions about which patient
characteristics are associated with SC should be in-
terpreted with caution. The small number of patients
limits our power to identify significant predictors,
and the number of comparisons we performed in-
creases the possibility of finding a spurious associa-
tion. Also, because UK is no longer manufactured,
the inferences based on our findings are less robust
and in need of confirmation with the agents cur-
rently available.

Only one randomized trial has shown IA throm-
bolysis for acute ischemic stroke to be an effective
therapy. Whether these results translate to other
thrombolytic agents and arterial territories is un-
known. These issues raise the question of whether
IA thrombolysis for acute ischemic stroke should be
used outside the clinical trial setting. Our findings
and those in the literature argue, at least, for an
artery-specific set of protocols enumerating time
window, thrombolytic agent, and maximum dose and
specifying blood pressure control. Such protocols
should undergo institutional review and should in-
volve written informed consent. If clinical informa-
tion and outcomes could be gathered on a larger
cohort of such treated patients, analyses such as
those performed in this study might allow for identi-
fication of characteristics that would stratify risk of
serious complications. This knowledge might allow
rational choice of patients for IA thrombolytic treat-
ment, avoiding those with the highest risk of compli-
cations, and might also be important in the planning
of future clinical trials.

References
1. Jennett B, Snoek J, Bond MR, Brooks N. Disability after severe

head injury: observations on the use of the Glasgow Outcome
Scale. J Neurol Neurosurg Psychiatry 1981;44:285–293.

2. Cook EF, Goldman L. Empiric comparison of multivariate ana-
lytic techniques: advantages and disadvantages of recursive
partitioning analysis [published erratum appears in J Chronic
Dis 1986;39:157]. J Chronic Dis 1984;37:721–731.

3. Levy DE, Brott TG, Haley EC Jr., et al. Factors related to
intracranial hematoma formation in patients receiving tissue-

Figure 2. (A) Recursive partition tree identifies patients
with serious complications using those variables where
p � 0.1 by univariate analysis and available before intra-
arterial therapy was started; (B) recursive partition tree
identifies patients with serious complications using those
variables in part A plus intra-arterial urokinase dose.

1102 NEUROLOGY 57 September (2 of 2) 2001



type plasminogen activator for acute ischemic stroke. Stroke
1994;25:291–297.

4. Jahan R, Duckwiler GR, Kidwell CS, et al. Intraarterial throm-
bolysis for treatment of acute stroke: experience in 26 patients
with long-term follow-up [see comments]. AJNR Am J Neurora-
diol 1999;20:1291–1299.

5. Suarez JI, Sunshine JL, Tarr R, et al. Predictors of clinical
improvement, angiographic recanalization, and intracranial
hemorrhage after intraarterial thrombolysis for acute ischemic
stroke. Stroke 1999;30:2094–2100.

6. Kase CS, Furlan AJ, Wechsler LR, et al. Symptomatic intracra-
nial hemorrhage after intraarterial thrombolysis with recombi-

nant prourokinase in acute ischemic stroke. Neurology 2000;
54(suppl 3):A260–A261.

7. Furlan A, Higashida R, Wechsler L, et al. Intra-arterial
prourokinase for acute ischemic stroke. The PROACT II study:
a randomized controlled trial. Prolyse in acute cerebral throm-
boembolism [see comment]. JAMA 1999;282:2003–2011.

8. Furlan AJ. CVA: reducing the risk of a confused vascular anal-
ysis: The Feinberg Lecture. Stroke 2000;31:1451–1456.

9. Gurewich V, Pannell R. A comparative study of the efficacy and
specificity of tissue plasminogen activator and pro-urokinase:
demonstration of synergism and of different thresholds of non-
selectivity. Thromb Res 1986;44:217–228.

CME Drop attacks in
older patients

secondary to an
otologic cause

Article abstract—The clinical features and treatment of seven patients with
drop attacks attributable to inner ear disease presenting after age 65 are
described. A neurologic or cardiovascular cause of drop attacks was initially
suspected. Audiovestibular testing documented a unilateral inner ear disor-
der. The salient clinical features of these cases are discussed. The patients
underwent ablative vestibular surgery, and all compensated well and were
free of vertigo and falls up to 10 years postoperatively.
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Drop attacks, that is, sudden falls without loss of
consciousness, may account for a significant propor-
tion of potentially dangerous falls in older people.
Such attacks are particularly disabling because of
the abrupt onset and lack of warning. Sheldon1 re-
ported that drop attacks accounted for 125 of 500
consecutive falls in older patients. Meissner et al.2
evaluated the records of 108 patients with drop at-
tacks; 64% were idiopathic. Drop attacks and recur-
rent vertigo can originate from neurologic conditions
such as vertebrobasilar insufficiency, but many neu-
rologists are unaware of the association with inner
ear disease. Although Meniere’s syndrome is primar-
ily a disease of middle age, patients can present with
initial symptoms after age 65. In patients who are
older at the onset of vertigo or drop attacks, an oto-
logic cause is oftentimes not suspected. Drop attacks
secondary to an otologic cause in the older patient
are important to recognize because in intractable
cases, vestibular ablative surgery is curative of this
dangerous and disabling condition.3

Case material. Patients with drop attacks after age 65
attributable to an inner ear pathology who underwent ab-
lative surgery were included. There were 22 patients (6.7%
of patients with Meniere’s disease over age 65), of whom 7
underwent surgery: 3 men and 4 women with an average

age of 72 years. All patients underwent quantitative audio-
vestibular testing and neurologic examination.

Exemplary case report (Patient 5). A 70-year-old man
presented with drop attacks in which he instantaneously
collapsed to the ground. He subjectively felt as if pushed to
the left. There was no loss of consciousness, no associated
focal neurologic symptoms, no warning, and no residual
weakness. He had four falls over a 1-year period. He had a
2-year history of recurrent vertigo spells several times a
week, lasting 10 minutes to several hours. There was no
fluctuation in hearing, ear fullness, or increase in tinnitus
associated with the vertigo. Eight years beforehand, he
suffered a profound right-sided hearing loss. Neurologic
examination and review of systems were negative. Brain
MRI with gadolinium, carotid ultrasound, and multiple
EEG were normal. A neurologist diagnosed drop attack
seizures, but the falls occurred despite phenytoin. At the
onset, audiovestibular testing revealed a profound right
sensorineural hearing loss (figure) and 100% right caloric
paresis. Because he continued to suffer drop attacks de-
spite low-salt diet and diuretics, he underwent right trans-
mastoid labyrinthectomy. By day 2, he was ambulating
with a cane; he returned to work within 2 weeks and was
able to drive and walk unassisted by 3 weeks. He has had
no dysequilibrium, vertigo spells, or drop attacks in 3
years after surgery.

Results. Summary of clinical characteristics. Falls. All
patients had multiple drop attacks over 9 months to 3
years (see table 1). In all cases, patients reported the sub-
jective sensation of being “pushed,” without warning, and
no loss of consciousness.

Vertigo spells. All patients reported recurrent episodic
vertigo lasting for 10 minutes to 1 day. Patients 2 and 3

From the Department of Neurology (Drs. G. Ishiyama and Baloh and K.
Jacobson) and Division of Head and Neck Surgery (Drs. A. Ishiyama and
Baloh), UCLA School of Medicine, Los Angeles, CA.
Received December 12, 2000. Accepted in final form May 12, 2001.
Address correspondence and reprint requests to Dr. R.W. Baloh, Depart-
ment of Neurology, Box 951769, 10833 Le Conte Ave., Los Angeles, CA
90095; e-mail rwbaloh@ucla.edu

Copyright © 2001 by AAN Enterprises, Inc. 1103



DOI 10.1212/WNL.57.6.1100
2001;57;1100-1103 Neurology 

D.L. Tirschwell, W.M. Coplin, K.J. Becker, et al. 
complications

Intra-arterial urokinase for acute ischemic stroke: Factors associated with

This information is current as of September 25, 2001

Services
Updated Information &

 http://www.neurology.org/content/57/6/1100.full.html
including high resolution figures, can be found at:

References

 -1
http://www.neurology.org/content/57/6/1100.full.html##ref-list
at: 
This article cites 8 articles, 5 of which you can access for free

Citations

 ticles
http://www.neurology.org/content/57/6/1100.full.html##otherar
This article has been cited by 3 HighWire-hosted articles: 

Subspecialty Collections

 http://www.neurology.org//cgi/collection/infarction
Infarction

 ational_study_cohort_case_control
http://www.neurology.org//cgi/collection/clinical_trials_observ
Clinical trials Observational study (Cohort, Case control)

 http://www.neurology.org//cgi/collection/all_clinical_trials
All Clinical trials
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/misc/about.xhtml#permissions
(figures,tables) or in its entirety can be found online at:
Information about reproducing this article in parts

  
Reprints

 http://www.neurology.org/misc/addir.xhtml#reprintsus
Information about ordering reprints can be found online:

http://www.neurology.org/content/57/6/1100.full.html
http://www.neurology.org/content/57/6/1100.full.html
http://www.neurology.org/content/57/6/1100.full.html##ref-list-1
http://www.neurology.org/content/57/6/1100.full.html##ref-list-1
http://www.neurology.org/content/57/6/1100.full.html##ref-list-1
http://www.neurology.org/content/57/6/1100.full.html##otherarticles
http://www.neurology.org/content/57/6/1100.full.html##otherarticles
http://www.neurology.org/content/57/6/1100.full.html##otherarticles
http://www.neurology.org//cgi/collection/all_clinical_trials
http://www.neurology.org//cgi/collection/all_clinical_trials
http://www.neurology.org//cgi/collection/clinical_trials_observational_study_cohort_case_control
http://www.neurology.org//cgi/collection/clinical_trials_observational_study_cohort_case_control
http://www.neurology.org//cgi/collection/clinical_trials_observational_study_cohort_case_control
http://www.neurology.org//cgi/collection/infarction
http://www.neurology.org//cgi/collection/infarction
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/about.xhtml#permissions
http://www.neurology.org/misc/addir.xhtml#reprintsus
http://www.neurology.org/misc/addir.xhtml#reprintsus

