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Background: Intravenous thrombolysis with alteplase benefits eligible patients with
acute ischemic stroke. However, in some countries such as China, alteplase may be too
expensive for low-income patients, and also for regions with low economic development.
Urokinase is much less expensive than alteplase. This study aimed to assess the
outcomes and treatment complications of urokinase in acute ischemic stroke patients,
which are poorly understood.

Methods: This multicenter retrospective study included acute ischemic stroke patients
who received intravenous urokinase or alteplase from January 2014 to January 2018 at
21 centers in China. Outcomes and treatment complications were analyzed by univariate
and multivariate analyses.

Results: Among the 618 patients included in this study, 489 were treated with urokinase
and 129 were treated with alteplase. Functional independence, no/minimal disability,
mortality, intracranial hemorrhage (ICH), and symptomatic ICH did not significantly differ
between the urokinase and alteplase groups in the univariate and multivariate analyses.
However, the patients who received alteplase had a lower odds ratio (OR) of extracranial
bleeding in the univariate analysis and a lower adjusted OR (aOR) in the multivariate
analysis than the patients who received urokinase (OR = 0.410 [95% ClI, 0.172-0.977],
p = 0.038; aOR = 0.350 [95% ClI, 0.144-0.854], p = 0.021). Furthermore, in patients
treated with urokinase, the patients who received high-dose urokinase had a higher
OR of extracranial bleeding in the univariate analysis and a higher aOR of extracranial
bleeding in the multivariate analysis than patients who received low-dose urokinase (OR
= 3.046 [95% ClI, 1.696-5.470], p < 0.001; aOR = 3.074 [95% ClI, 1.627-5.807], p =
0.001). Moreover, patients who received low-dose urokinase had similar outcomes and
complications compared to patients treated with alteplase.

Conclusions: Patients treated with urokinase had similar outcomes but a higher risk of
extracranial bleeding compared to patients treated with alteplase. The risk of extracranial
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bleeding was higher in the patients treated with high-dose urokinase than in the patients
treated with low-dose urokinase. Patients who received low-dose urokinase had similar
outcomes and complications compared to patients treated with alteplase. In countries
such as China where some acute ischemic stroke patients cannot afford alteplase,
urokinase may be a good alternative to alteplase for intravenous thrombolysis.

Keywords: urokinase, alteplase, thrombolysis, ischemic stroke, treatment complications, outcomes

INTRODUCTION

Ischemic stroke is a leading cause of death and disability
worldwide. Theoretically, intravenous thrombolysis in the early
hours after symptom onset can improve the chance of good
recovery from ischemic stroke. Alteplase is the only intravenous
thrombolytic drug that has been widely confirmed to improve
functional outcomes for patients with acute ischemic stroke
(1, 2). However, for low-income patients and those from regions
with low economic development, alteplase is very expensive,
resulting in heavy burdens on patients’ families and society;
the expense negatively impacts the enthusiasm for thrombolysis.
Therefore, there is a pressing need to identify another safe and
effective intravenous thrombolytic drug that is less expensive
than alteplase.

Like alteplase, urokinase is a plasminogen activator. Urokinase
has been approved by the China Food and Drug Administration
and recommended in the latest Chinese stroke guidelines to use
for intravenous thrombolysis in acute ischemic stroke patients
(3). Supported by evidence from two trials with small samples
(4, 5), the current Chinese stroke guidelines suggest that eligible
acute ischemic stroke patients who are within 6h of symptom
onset can receive 1,000,000-1,500,000 IU intravenous urokinase
thrombolysis. Urokinase is much less expensive than alteplase, at
less than one-tenth the price. It is widely used in China, especially
in regions with low economic development (6). However, the
outcomes and treatment complications of intravenous urokinase
thrombolysis in stroke patients remain unclear, given the small
sample sizes and lack of an alteplase control group in previous
urokinase studies (4, 5).

The objectives of this study were to characterize the
outcomes and treatment complications in patients with acute
ischemic stroke treated with intravenous urokinase within 6 h of
symptom onset. We first compared the outcomes and treatment
complications of urokinase and alteplase in acute ischemic stroke
patients. Furthermore, we investigated the effect of the urokinase
dose on outcomes and treatment complications.

METHODS
Study Design and Patients

This multicenter retrospective study included patients from 21
participating centers (Supplementary Table 1) in China. Fifteen
of these centers are located in regions with low economic
development. All the centers have a neurology department;
accordingly, these centers have certificated neurologists and
neurology nurse specialists.

Supplementary Figure 1 shows a flow diagram of patient
selection. The study population comprised patients with a final
diagnosis of acute ischemic stroke who received intravenous
urokinase or alteplase from January 2014 to January 2018.
We excluded patients who did not have a complete medical
history, those who were missing a National Institute of Health
Stroke Scale (NIHSS) score before thrombolysis, those who were
missing a modified Rankin Scale (mRS) score at 3 months,
those with an onset-to-treatment time that was longer than
6h or missing in the urokinase group, those with an onset-
to-treatment time that was longer than 4.5h or missing in
the alteplase group, those with a dose that was other than 0.9
mg/kg or missing in the alteplase group, and those with a dose
that was other than 1,000,000-1,500,000 IU or missing in the
urokinase group.

Measurements

The study population was described with respect to baseline
demographics, vascular risk factors, NIHSS score before
thrombolysis, and onset-to-treatment time. The outcomes
were functional independence at 3 months (defined as an
mRS score of 0-2 at 3 months), no/minimal disability at 3
months (defined as an mRS score of 0-1 at 3 months), and
death within 3 months. The treatment complications analyzed
comprised intracranial hemorrhage (ICH), symptomatic ICH,
and extracranial bleeding. ICH was defined as any ICH on
computed tomography (CT) scans between baseline and 7 days.
Symptomatic ICH was defined according to the National Institute
of Neurological Disorders and Stroke (NINDS) criteria as any
ICH on CT scans combined with any decline in neurologic
status (as measured by the NIHSS) between baseline and
7 days (7). According to the site of bleeding, extracranial
bleeding was divided into gastrointestinal bleeding, subcutaneous
hemorrhage, gingival bleeding, and other extracranial bleeding.
Other extracranial bleeding included hematuria, subconjunctival
hemorrhage, epistaxis, and subconjunctival hemorrhage. Major
bleeding was defined as per the International Society of
Thrombosis and Haemostasis as a decrease in hemoglobin
level of 2 g/dL or requiring 2 or more units of packed
red blood cells (8). All evaluations of imaging results and
neurologic status were performed according to routine clinical
practice at the local sites. The 3-month evaluations were
conducted as outpatient consultations by clinicians who were
highly experienced in outcome assessment. They were instructed
not to access the medical records of the patient before
the evaluation.
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Statistical Analysis

Firstly, patient characteristics were summarized. The variables
are presented as count, percentage, or median (interquartile
range [IQR]) as appropriate. We used the Mann-Whitney
test to compare median data between the groups. Categorical
variables were evaluated using the %2 test. Secondly, univariable
and multivariable logistic regression (Logit [Probability(C)]
~ Treatment + Covariates) was used to detect associations
between treatment and outcomes/complications. In the equation,
C represented outcomes/complications after treatment, and
covariates included age, sex, previous transient ischemic
attack or stroke, hypertension, diabetes mellitus, dyslipidemia,
atrial fibrillation, history of smoking, and NIHSS score. The
influencing factor of interest was the treatment, including
intravenous urokinase and alteplase. Odds ratios (ORs) and
corresponding 95% confidence intervals (CIs) were estimated
accordingly, with patients who received urokinase being the
reference group. Thirdly, subgroup analyses were performed.
We focused on patients who received different urokinase
dose (1,000,000 IU vs. 1,200,000-1,500,000 IU) using logistic
regression above, with patients who received low-dose urokinase
(1,000,000 IU) is the reference group. Besides, we focused on
patients who received low-dose urokinase or alteplase using
logistic regression above, with patients who received low-dose
urokinase (1,000,000 IU) is the reference group. All analyses
were performed using SAS v.9.4 (SAS Institute, Cary, NC, USA).
Values of p < 0.05 were regarded as statistically significant.

RESULTS

Across the 21 participating centers, 597 patients with acute
ischemic stroke received intravenous urokinase and 150 received
intravenous alteplase between January 2014 and January
2018. Among these patients, 489 treated with urokinase
and 129 treated with alteplase met the inclusion criteria
(Supplementary Figure 1). The baseline clinical characteristics
of the patients are described in Table 1. The onset-to-treatment
time differed between the urokinase and alteplase groups (222 vs.
162 min, p < 0.001). Otherwise, the two groups were balanced.
In Table2, outcomes and treatment complications are
compared between the urokinase and alteplase groups. The
rates of functional independence and no/minimal disability
were similar between the two groups in the univariate and
multivariate analyses. Figure 1 shows the distributions of mRS
scores at 3 months by thrombolytic drug. Similarly, mortality,
ICH, and symptomatic ICH did not significantly differ between
the urokinase and alteplase groups in the univariate and
multivariate analyses. However, compared to patients who
received urokinase, patients who received alteplase had a lower
OR of extracranial bleeding in the univariate analysis (OR =
0.410 [95% CI, 0.172-0.977], p = 0.038) and a lower adjusted
OR (aOR) in the multivariate analysis (aOR= 0.350 [95% CI,
0.144-0.854], p = 0.021). We further analyzed the extracranial
bleeding according to the site of bleeding. Gastrointestinal
bleeding, subcutaneous hemorrhage, gingival bleeding, and other
extracranial bleeding did not significantly differ between the

urokinase and alteplase groups in the univariate and multivariate
analyses. Moreover, regarding major extracranial bleeding, there
was also no significant difference between the two groups.

Furthermore, we investigated the effect of urokinase dose
on outcomes and treatment complications in patients treated
with urokinase. Regarding the urokinase dose, 355 (72.6%)
patients were administered 1,000,000 IU (low-dose group), and
134 (27.4%) patients were administered 1,200,000-1,500,000 IU
(high-dose group). No patients received 1,000,001-1,199,999 IU
urokinase in our study. Outcomes and treatment complications
were compared between the low- and high-dose urokinase
groups (Table 3). The rates of functional independence and
no/minimal disability were similar between the two groups in the
univariate and multivariate analyses. Similarly, mortality, ICH,
and symptomatic ICH did not differ significantly between the
low- and high-dose groups in the univariate and multivariate
analyses. However, in comparison to low-dose urokinase,
patients who received high-dose urokinase were more likely to
have extracranial bleeding (7.3 vs. 19.4%; OR = 3.046 [95% CI,
1.696-5.470], p < 0.001; aOR = 3.074 [95% CI, 1.627-5.807],
p = 0.001). Regarding the site of extracranial bleeding, rates of
gastrointestinal bleeding (2.8 vs. 8.2%; OR = 3.085 [95% CI,
1.279-7.444], p = 0.009; aOR = 4.020 [95% CI, 1.484-10.892],
p = 0.006) and subcutaneous hemorrhage (2.0 vs. 8.2%; OR =
4.446 [95% CI, 1.686-11.724], p = 0.003; aOR = 3.612 [95%
CI, 1.278-10.208], p = 0.015) were significantly increased in the
high-dose group. Furthermore, patients who received high-dose
urokinase had a similar rate of major extracranial bleeding in the
univariate analysis but a higher aOR in the multivariate analysis
compared to patients who received low-dose urokinase (0.8 vs.
3.0%; OR = 3.610 [95% CI, 0.797-16.349], p = 0.177; aOR =
9.739 [95% CI, 1.650-57.468], p = 0.012).

Moreover, we conducted a subgroup analysis of low-dose
urokinase and alteplase. Outcomes and treatment complications
were compared between the low-dose urokinase group and the
alteplase group (Table 4). Functional independence, no/minimal
disability, mortality, ICH, symptomatic ICH, and extracranial
bleeding were similar between the two groups in the univariate
and multivariate analyses.

DISCUSSION

To the best of our knowledge, the present study is the first to
compare the outcomes and treatment complications associated
with 1,000,000-1,500,000 IU urokinase administered within
6h from stroke onset and 0.9 mg/kg alteplase administered
within 4.5h from stroke onset in acute ischemic stroke patients.
Furthermore, this is also the largest report of ischemic stroke
patients treated with intravenous urokinase. We showed that
patients treated with urokinase had similar outcomes but a
higher risk of extracranial bleeding compared to patients treated
with alteplase. Furthermore, patients treated with low-dose
urokinase (1,000,000 IU) had a similar functional outcome
but a lower risk of extracranial bleeding compared to patients
treated with high-dose urokinase (1,200,000-1,500,000 IU).
Moreover, patients received low-dose urokinase had similar

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 685454


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhang et al. Intravenous Urokinase Thrombolysis in Stroke

TABLE 1 | Baseline clinical characteristics of patients treated with urokinase or alteplase.

Variable Urokinase (n = 489) Alteplase (n = 129) P-value
Age, year, median (IQR) 69 (61-77) 71 (60-76.5) 0.717
Female, n (%) 205 (41.9) 56 (43.4) 0.761
Previous TIA or stroke, n (%) 97 (19.8) 32 (24.8) 0.217
Hypertension, n (%) 253 (561.7) 68 (52.7) 0.844
Diabetes mellitus, n (%) 98 (20.0) 28 (21.7) 0.676
Dyslipidemia, n (%) 102 (20.9) 33 (25.6) 0.248
Atrial fibrillation, n (%) 131 (26.8) 31(24.0) 0.526
Any history of smoking, n (%) 167 (34.2) 48 (37.2) 0.517
Pre-thrombolysis systolic blood pressure, mm Hg, median (IQR) 155 (138-166) 157 (138-173) 0.082
Pre-thrombolysis diastolic blood pressure, mm Hg, median (IQR) 85 (78-93) 87 (79-93) 0.4683
Pre-thrombolysis blood glucose, mmol/L, median (IQR) 7.4 (6.1-10.5) 7.3 (6.2-10.9) 0.791
NIHSS score, median (IQR) 10 (5-15) 10 (6-15) 0.943
Onset-to-treatment time, min, median (IQR) 222 (162-294) 162 (123-207) <0.001
IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; and TIA, transient ischemic attack.
TABLE 2 | Outcomes and treatment complications in patients treated with urokinase or alteplase.
Outcome Urokinase (n = 489)  Alteplase (n = 129) OR? (95% CI) P-value aORP (95% Cl) P-value
Functional independence at 3 months, n (%) 295 (60.3) 78 (60.5) 1.006 (0.676-1.496) 0.977 1.012 (0.634-1.616 0.960
No/minimal disability at 3 months, n (%) 238 (48.7) 55 (42.6) 0.784 (0.530-1.159) 0.222 0.726 (0.456-1.154, 0.176
Death within 3 months, n (%) 96 (19.6) 20 (156.5) 0.751 (0.444-1.272) 0.285 0.656 (0.356-1.209 0.176
ICH, n (%) 47 (9.6) 11(8.5) 0.877 (0.441-1.743) 0.707 0.778 (0.366-1.653 0.513
Symptomatic ICH, n (%) 20 (4.1) 6 (4.7) 1.144 (0.450-2.910) 0.778 0.730 (0.243-2.191 0.575
Extracranial bleeding, n (%) 52 (10.6) 6 (4.7) 0.410 (0.172-0.977) 0.038 0.350 (0.144-0.854, 0.021
Gastrointestinal bleeding, n (%) 21 (4.3 2(1.6) 0.351 (0.081-1.517) 0.229 0.245 (0.054-1.120 0.070
Subcutaneous hemorrhage, n (%) 18(3.7) 2(1.6) 0.412 (0.094-1.799) 0.349 0.363 (0.081-1.634 0.187
Gingival bleeding, n (%) 15(3.1) 2(1.6) 0.498 (0.112-2.204) 0.526 0.485 (0.107-2.191 0.347
Other extracranial bleeding, n (%) 6(1.2) 1(0.8) 0.629 (0.075-5.271) 1.000 0.480 (0.054-4.245 0.509
Major extracranial bleeding, n (%) 7(1.4) 1(0.8) 0.538 (0.066-4.412) 0.882 0.459 (0.046-4.614, 0.508

aOR, adjusted odds ratio; ICH, intracerebral hemorrhage; and OR, odds ratio.

aUrokinase is the reference group. © Urokinase is the reference group. Multivariate analysis was adjusted for age, sex, previous transient ischemic attack or stroke, hypertension, diabetes

mellitus, dyslipidemia, atrial fibrillation, history of smoking, and National Institutes of Health Stroke Scale (NIHSS) score.
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FIGURE 1 | Distribution of mRS scores at 3 months by thrombolytic drug. mRS, modified Rankin Scale.

outcomes and complications compared to patients treated using 0.9 mg/kg alteplase administered within 4.5h from
with alteplase. symptom onset has been widely confirmed to benefit eligible

In recent decades, thrombolytic therapy for acute ischemic  patients with acute ischemic stroke and recommended by the
stroke has been extensively explored. Intravenous thrombolysis  latest international stroke guidelines (2, 3). Unlike patients

Frontiers in Neurology | www.frontiersin.org 4 July 2021 | Volume 12 | Article 685454


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhang et al.

Intravenous Urokinase Thrombolysis in Stroke

TABLE 3 | Outcomes and treatment complications by urokinase dose.

Outcome Urokinase dose OR? (95% CI) P-value aORP (95% ClI) P-value
1,000,000 IU,n =355  1,200,000-1,500,000
IU,n =134
Functional independence at 3 months, n (%) 212 (69.7) 83 (61.9) 1.098 (0.730-1.651) 0.654 0.885 (0.534-1.464) 0.634
No/minimal disability at 3 months, n (%) 169 (47.6) 69 (51.5) 1.168 (0.785-1.739)  0.443  1.079 (0.647-1.799)  0.771
Death, n (%) 72 (20.3) 24 (17.9) 0.858 (0.514-1.431) 0.556 1.175 (0.638-2.164) 0.604
Symptomatic ICH, n (%) 14 (3.9) 6 (4.5) 1.142 (0.429-3.035) 0.790 1.818 (0.554-5.969) 0.324
ICH, n (%) 35 (9.9) 12 (9.0) 0.899 (0.452-1.789) 0.762 1.132 (0.516-2.487) 0.757
Extracranial bleeding, n (%) 26 (7.3) 26 (19.4) 3.046 (1.696-5.470)  <0.001  3.074 (1.627-5.807) 0.001
Gastrointestinal bleeding, n (%) 10(2.8) 118.2) 3.085 (1.279-7.444) 0.009  4.020 (1.484-10.892)  0.006
Subcutaneous hemorrhage, n (%) 7 (2.0) 118.2) 4.446 (1.686-11.724)  0.003  3.612(1.278-10.208)  0.015
Gingival bleeding, n (%) 9(2.5) 6 (4.5) 1.802 (0.629-5.164) 0.414 2.262 (0.723-7.074) 0.161
Other extracranial bleeding, n (%) 4(1.1) 2(1.5) 1.330 (0.241-7.345) 1.000 1.761(0.255-12.150)  0.566
Major extracranial bleeding, n (%) 3(0.8) 4(3.0) 3.610(0.797-16.349)  0.177  9.739 (1.650-57.468)  0.012

aOR, adjusted odds ratio; ClI, confidence interval; ICH, intracerebral hemorrhage; and OR, odds ratio.
al ow-dose (1,000,000 IU) is the reference group. PLow-dose (1,000,000 IU) is the reference group. Multivariate analysis was adjusted for age, sex, previous transient ischemic attack
or stroke, hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, history of smoking, and National Institutes of Health Stroke Scale (NIHSS) score.

TABLE 4 | Subgroup analysis of low-dose urokinase and alteplase.

Outcome Low-dose urokinase  Alteplase (n = 129) OR? (95% CI) P-value aORP (95% Cl) P-value
(n = 355)

Functional independence at 3 months, n (%) 212 (59.7) 78 (60.5) 1.032 (0.683-1.557) 0.882 1.002 (0.612-1.639) 0.995

No/minimal disability at 3 months, n (%) 169 (47.6) 55 (42.6) 0.818 (0.545-1.228) 0.332 0.714 (0.438-1.165) 0177

Death within 3 months, n (%) 72 (20.9) 20 (15.5) 0.721 (0.419-1.241) 0.236 0.666 (0.353-1.257) 0.209

ICH, n (%) 35 (9.9) 11(8.5) 0.852 (0.419-1.733) 0.659 0.765 (0.346-1.693) 0.509

Symptomatic ICH, n (%) 14 (3.9) 6 (4.7) 1.188 (0.447-3.161) 0.730 0.912 (0.281-2.959) 0.878
Extracranial bleeding, n (%) 26 (7.3) 4.7) 0.617 (0.248-1.536) 0.295 0.564 (0.220-1.444) 0.232
Gastrointestinal bleeding, n (%) 10(2.8) (1.6) 0.543 (0.117-2.513) 0.644 0.589 (0.119-2.908) 0.516
Subcutaneous hemorrhage, n (%) 7 (2.0) (1.6) 0.783 (0.161-3.818) 1.000 0.758 (0.148-3.893) 0.740
Gingival bleeding, n (%) 9(2.5) (1.6) 0.605 (0.129-2.840) 0.766 0.572 (0.117-2.799) 0.490
Other extracranial bleeding, n (%) 4(1.1) 0.8) 0.686 (0.076-6.191) 1.000 0.526 (0.054-5.145) 0.581
Major extracranial bleeding, n (%) 3(0.8) (0.8 0.917 (0.094-8.892) 1.000 0.972 (0.063-15.047) 0.984

aOR, adjusted odds ratio; Cl, confidence interval; ICH, intracerebral hemorrhage; and OR, odds ratio.
a] ow-dose urokinase is the reference group. Low-dose urokinase is the reference group. Multivariate analysis was adjusted for age, sex, previous transient ischemic attack or stroke,
hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, history of smoking, and National Institutes of Health Stroke Scale (NIHSS) score.

treated with alteplase, patients treated with streptokinase,
another thrombolytic drug, have a high mortality and
symptomatic ICH rate. In patients treated with streptokinase in
the Australian Streptokinase (ASK) Trial (9) and Multicenter
Acute Stroke Trial-Europe (MAST-E) (10), the mortality was
33.6% to 44.9% and the symptomatic ICH rate was 19.0% to
21.2%. Furthermore, desmoteplase did not improve functional
outcomes in the Desmoteplase in Acute Ischemic Stroke 2
(DIAS-2) (11) or Desmoteplase in Acute Ischemic Stroke 3
(DIAS-3) trials (12), with 51.3% of patients who received
desmoteplase and 49.8% of patients who received placebo
achieving functional independence at 3 months in DIAS-3 (12).
Although reliable clinical evidence is limited, urokinase has
been widely used in China and recommended in the Chinese
stroke guidelines (3). Chinese stroke guidelines recommend

1,000,000-1,500,000 IU urokinase thrombolysis based on the
results of two trials with small samples conducted two decades
ago (4, 5). The first study was an open-label pilot clinical
trial. All of the 409 enrolled ischemic stroke patients received
50,000-1,500,000 IU urokinase. In this trial, 46.6% of patients
had European Stroke Scale (ESS) scores > 95 at 3 months after
stroke onset and 3.9% had symptomatic ICH (4). The second
study was a multicenter, double-blind, placebo-controlled
randomized clinical trial (RCT). The trial enrolled 465 ischemic
stroke patients, of whom 155 were randomly assigned to the
1,500,000 IU urokinase group, 162 to the 1,000,000 IU urokinase
group, and 148 to the placebo group. At 3 months after stroke
onset, the mRS scores were significantly lower in the 1,500,000
and 1,000,000 IU urokinase group than the placebo group. The
symptomatic ICH rates were similar among the three groups (5).
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Recently, several comparative studies on the efficacy and safety
of alteplase and urokinase for treating acute ischemic stroke
have been conducted (13-15). These studies all demonstrated
that urokinase and alteplase have similar therapeutic effects.
However, the bleeding risks were different. Sun et al. reported
that the ICH risk of alteplase was lower than urokinase (14).
Bao et al. found that patients treated with urokinase had a lower
frequency of bleeding (13). Wang et al. reported that the rates
of subcutaneous ecchymosis, gingival bleeding, and ICH were
similar between urokinase and alteplase (15). It should be noted
that in these studies, the onset-to-treatment time for alteplase
was not 4.5 h from symptom onset or the alteplase dose was not
0.9 mg/kg. Furthermore, the sample sizes in these studies were
small, and the clinical data collected were limited, i.e., lack of
mRS scores.

Among acute ischemic stroke patients treated with
intravenous alteplase thrombolysis in the Norwegian
Tenecteplase Stroke Trial (NOR-TEST) (16), NINDS (7),
European Cooperative Acute Stroke Study III (ECASS
II) (17), and Enhanced Control of Hypertension and
Thrombolysis Stroke Study (ENCHANTED) (18), 39.2-
62.6% had no/minimal disability at 3 months (7, 16-18),
and 57.3-78.4% had functional independence at 3 months
(16-18). In patients treated with urokinase in the prior
RCT urokinase study, the rate of no/minimal disability at
3 months was 44.9% in the 1,500,000 IU urokinase group
and 45.5% in the 1,000,000 IU urokinase group, while the
no/minimal disability rate in the placebo group was 31.9%
(5). In the present study, 48.7 and 42.6% of the patients who
received urokinase and alteplase, respectively, had no/minimal
disability at 3 months. The rates of functional independence
at 3 months were 60.3 and 60.5% in patients who received
urokinase and alteplase, respectively. Thus, 1,000,000-1,500,000
IU wurokinase administered within 6h from stroke onset
appeared to be at least as effective in achieving a good
clinical outcome as 0.9 mg/kg alteplase administered within
4.5h.

In prior alteplase clinical trials, the mortality of patients
who received alteplase was 4.7% to 18.8% (7, 16-18). In prior
urokinase trials, the mortality of patients who received urokinase
was 10.7-12.2% (4, 5). In the current study, the mortality rate
was 19.6% in the urokinase group and 15.5% in the alteplase
group, with no significant difference between the two groups.
Furthermore, we also did not detect a difference in ICH or
symptomatic ICH rates between the urokinase and alteplase
groups. Symptomatic ICH was noted in 4.2% of patients in
our urokinase group according to the NINDS criteria (7).
In the prior urokinase RCT, the rate of symptomatic ICH
among patients who received urokinase (1,000,000 or 1,500,000
IU) was 3.8%, which is similar to our study; however, the
definition of symptomatic ICH used in the prior RCT was
unclear (5). In our study, compared to patients treated with
alteplase, patients treated with urokinase exhibited an increased
risk of extracranial bleeding. Unlike alteplase, which activates
plasminogen only around the thrombus to lyse it with minimal
activation of the circulating plasminogen, urokinase activates
plasminogen both around the clot and in the circulating

plasma, which results in an increased risk of extracranial
bleeding (19).

The Chinese stroke guidelines recommend 1,000,000
1,500,000 IU wurokinase for thrombolytic therapy as safe
and effective (3). However, the guidelines do not state how
to determine the patient-specific dose within 1,000,000
1,500,000 IU. Therefore, the specific urokinase dose of each
patient was determined by the patients’ treating doctors. The
decision is typically based on each patient’s weight and risk
of bleeding. Given the lack of evidence on the bleeding risk
of urokinase thrombolysis, the doctors assessed the bleeding
risk in accordance with the bleeding risk assessment related
to alteplase thrombolysis. In the current study, there were
no significant differences in the rates of good outcomes,
mortality, symptomatic ICH, or any ICH between the low-
(1,000,000 1U) and high-dose (1,200,000-1,500,000 IU)
urokinase groups. These findings are consistent with the prior
RCT in which the outcome and complication rates were similar
between the patients who received 1,000,000 or 1,500,000
IU urokinase (5). However, in our study, compared to the
low-dose group, patients treated with high-dose urokinase
had an increased risk of extracranial bleeding, which was not
investigated in the prior RCT. Furthermore, we conducted
a subgroup analysis of low-dose urokinase and alteplase.
Outcomes and treatment complications were similar between
the two groups.

Our study has several limitations. An important limitation is
the retrospective design. The 3-month evaluations were not truly
measured by blinded assessors; instead, treating physicians were
relied upon to not access patient data before the assessments.
Furthermore, the number of patients who received alteplase
was lower than the number of patients who received urokinase.
Most of our participating centers are located in regions with
low economic development, where a large proportion of patients
could not afford alteplase or the required onset-to-treatment
time for alteplase treatment was exceeded. Furthermore, the
patient records were much less complete than we expected. As
a result, the information we were able to analyze in our study
was limited. For instance, we could not analyze urokinase dose
based on patient weight as many of the patient records did not
include weight.

In conclusion, our findings indicate that patients treated
with urokinase have similar outcomes but an increased risk
of extracranial bleeding compared to patients treated with
alteplase. Furthermore, the risk of extracranial bleeding was
increased in patients treated with high-dose urokinase compared
to patients treated with low-dose urokinase. Moreover, patients
who received low-dose urokinase had similar outcomes and
complications compared to patients treated with alteplase. For
acute ischemic stroke patients who cannot afford alteplase,
urokinase may be a good choice for intravenous thrombolysis.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 685454


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Zhang et al.

Intravenous Urokinase Thrombolysis in Stroke

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of the First Affiliated
Hospital of Chongqing Medical University. Written informed
consent was obtained from all participants for their participation
in this study.

AUTHOR CONTRIBUTIONS

XQ, RZ, and HW conceptualized this work. HW, YR, YW, LZ,
and YH collected the data. YL and RZ performed the statistical
analysis. XQ supervised the study. RZ and XQ prepared the
manuscript. JF and PM revised the manuscript. All authors have
read and approved the manuscript.

REFERENCES

1. Wardlaw JM, Koumellis P, Liu M. Thrombolysis (different doses, routes of
administration and agents) for acute ischaemic stroke. Cochrane Database Syst
Rev. (2013) 2013:CD000514. doi: 10.1002/14651858.CD000514.pub3

2. Powers W], Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, et al. Guidelines for the early management of patients with acute
ischemic stroke: 2019 update to the 2018 guidelines for the early management
of acute ischemic stroke: a guideline for healthcare professionals from
the american heart association/American stroke association. Stroke. (2019)
50:¢344-418. doi: 10.1161/STR.0000000000000211

3. Chinese Society of Neurology, Chinese Stroke Society. Chinese guidelines for
diagnosis and treatment of acute ischemic stroke 2018. Chin J Neurol. (2018)
51:666-82. doi: 10.3760/cma.j.issn.1006-7876.2018.09.004

4. The Ninth 5-year Project
thrombolysis with urokinase for acute cerebral infarctions (within
6h from symptom onset). J Apoplexy Nerv Dis. (2001) 18:259-61.
doi: 10.3969/j.issn.1003-2754.2001.05.001

5. The Ninth 5-year National Project Collaboration. Intravenous thrombolysis
with urokinase for acute cerebral infarctions. Chin J Neurol. (2002) 35:210-3.
doi: 10.3760/j.issn:1006-7876.2002.04.007

6. Yuan Z, Wang B, Li E Wang J, Zhi ], Luo E, et al. Intravenous thrombolysis
guided by a telemedicine consultation system for acute ischaemic stroke
patients in China: the protocol of a multicentre historically controlled study.
BM]J Open. (2015) 5:e006704. doi: 10.1136/bmjopen-2014-006704

7. The National Institute of Neurological Disorders and Stroke RT-PA Stroke
Study Group. Tissue plasminogen activator for acute ischemic stroke. N Engl
J Med. (1995) 333:1581-7. doi: 10.1056/NEJM199512143332401

8. Schulman S, Kearon C. Definition of major bleeding in clinical investigations
of antihemostatic medicinal products in non-surgical patients. ] Thromb
Haemost. (2005) 3:692-4. doi: 10.1111/j.1538-7836.2005.01204.x

9. Donnan GA, Davis SM, Chambers BR, Gates PC, Hankey GJ, McNeil JJ,
et al. Streptokinase for acute ischemic stroke with relationship to time of
administration: Australian streptokinase (ASK) trial study group. JAMA.
(1996) 276:961-6. doi: 10.1001/jama.276.12.961

10. Hommel M, Cornu C, Boutitie F, Boissel JP. Thrombolytic therapy with
streptokinase in acute ischemic stroke. N Engl ] Med. (1996) 335:145-
50. doi: 10.1056/NEJM199607183350301

11. Hacke W, Furlan AJ, Al-Rawi Y, Davalos A, Fiebach JB, Gruber F et al.
Intravenous desmoteplase in patients with acute ischaemic stroke selected
by MRI perfusion-diffusion weighted imaging or perfusion CT (DIAS-2):
a prospective, randomised, double-blind, placebo-controlled study. Lancet
Neurol. (2009) 8:141-50. doi: 10.1016/S1474-4422(08)70267-9

National Collaboration.  Intravenous

FUNDING

This research was funded by the National Natural Science
Foundation of China (81771275).

ACKNOWLEDGMENTS

The authors would like to acknowledge the medical staff at the 21
participating centers for their assistance.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.685454/full#supplementary-material

12. Albers GW, von Kummer R, Truelsen T, Jensen JK, Ravn GM, Grenning
BA, et al. Safety and efficacy of desmoteplase given 3-9h after ischaemic
stroke in patients with occlusion or high-grade stenosis in major cerebral
arteries (DIAS-3): a double-blind, randomised, placebo-controlled phase 3
trial. Lancet Neurol. (2015) 14:575-84. doi: 10.1016/S1474-4422(15)00047-2

13. Bao H, Gao HR, Pan ML, Zhao L, Sun HB. Comparative study on the
efficacy and safety of alteplase and urokinase in the treatment of acute
cerebral infarction. Technol Health Care. (2020) 29:85-90. doi: 10.3233/THC-
202382

14. Sun E Liu H, Fu HX, Zhang S, Qian XD, Li JJ, et al. Comparative
study of intravenous thrombolysis with rt-PA and urokinase for
patients with acute cerebral infarction. ] Int Med Res. (2020)
48:300060519895352. doi: 10.1177/0300060519895352

15. Wang L, Jia CJ, Zhang Y. The comparative study on therapeutic effects of
intravenous alteplase thrombolysis, intravenous urokinase thrombolysis and
interventional urokinase thrombolysis for acute ischemic stroke. Int J Clin Exp
Med. (2017) 10:13646-52.

16. Logallo N, Novotny V, Assmus ], Kvistad CE, Alteheld L, Ronning
OM, et al. Tenecteplase versus alteplase for management of acute
ischaemic stroke (NOR-TEST): a phase 3, randomised, open-label, blinded
endpoint trial. Lancet Neurol. (2017) 16:781-8. doi: 10.1016/S1474-4422(17)
30253-3

17. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D,
et al. Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic
stroke. N Engl ] Med. (2008) 359:1317-29. doi: 10.1056/NEJMoa08
04656

18. Anderson CS, Robinson T, Lindley RI, Arima H, Lavados PM, Lee TH, et al.
Low-dose versus standard-dose intravenous alteplase in acute ischemic stroke.
N Engl ] Med. (2016) 374:2313-23. doi: 10.1056/NEJMoal515510

19. Bivard A, Lin L, Parsonsb MW. Review of stroke thrombolytics. J Stroke.
(2013) 15:90-8. doi: 10.5853/j0s.2013.15.2.90

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zhang, Wei, Ren, Wu, Luo, Zhang, Huo, Feng, Monnier and Qin.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 685454


https://www.frontiersin.org/articles/10.3389/fneur.2021.685454/full#supplementary-material
https://doi.org/10.1002/14651858.CD000514.pub3
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.3760/cma.j.issn.1006-7876.2018.09.004
https://doi.org/10.3969/j.issn.1003-2754.2001.05.001
https://doi.org/10.3760/j.issn:1006-7876.2002.04.007
https://doi.org/10.1136/bmjopen-2014-006704
https://doi.org/10.1056/NEJM199512143332401
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1001/jama.276.12.961
https://doi.org/10.1056/NEJM199607183350301
https://doi.org/10.1016/S1474-4422(08)70267-9
https://doi.org/10.1016/S1474-4422(15)00047-2
https://doi.org/10.3233/THC-202382
https://doi.org/10.1177/0300060519895352
https://doi.org/10.1016/S1474-4422(17)30253-3
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1056/NEJMoa1515510
https://doi.org/10.5853/jos.2013.15.2.90
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Outcomes and Treatment Complications of Intravenous Urokinase Thrombolysis in Acute Ischemic Stroke in China
	Introduction
	Methods
	Study Design and Patients
	Measurements
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


