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Introduction: Despite advances in acute ischemic stroke (AIS)
treatment, reperfusion remains suboptimal. This study evaluates the
efficacy and safety of low-dose intra-arterial prourokinase as an adjunct
to standard therapy. 
Methods: A systematic search of PubMed and Embase was conducted
up to January 18, 2025, to identify randomized controlled trials (RCTs)
comparing low-dose intra-arterial prourokinase plus standard treatment
versus standard treatment in adults with AIS. Primary outcomes
included hemorrhages with clinical deterioration, overall hemorrhagic
complications, and mortality. Secondary outcomes assessed functional
recovery—using the modified Rankin Scale (mRS 0–1), Barthel Index
(≥90), and NIHSS response—as well as complete and partial
recanalization at 2 hours. Meta-analyses were performed using a
random-effects model, with heterogeneity assessed via the I² statistic.
Results: Two RCTs were included. Prourokinase significantly increased
the likelihood of complete recanalization (OR 5.523; 95% CI: 1.449–
21.052; p = 0.012) and partial recanalization (OR 5.214; 95% CI: 2.382–
11.411; p < 0.001), both with low heterogeneity. No significant
differences were observed for mortality (RD 0.522; 95% CI: 0.271–1.007;
p = 0.053) or hemorrhages with clinical deterioration (OR 1.954; 95% CI:
0.599–6.371; p = 0.267). Functional outcomes favored prourokinase
without statistical significance: mRS 0–1 (OR 1.675; p = 0.151), Barthel
Index ≥90 (OR 1.450; p = 0.216), and NIHSS response (OR 1.804; p =
0.172). 
Conclusions: Low-dose intra-arterial prourokinase enhances early
recanalization in AIS and suggests potential functional benefit without
increasing adverse outcomes.
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Introduction: Apesar dos avanços no tratamento do acidente vascular
cerebral isquêmico (AVCi) agudo, a reperfusão continua insatisfatória.
Este estudo avalia a eficácia e segurança da prouroquinase de baixa
dose intra-arterial como um complemento à terapia padrão. 
Methods: Uma busca sistemática no PubMed e Embase foi realizada
até 18 de janeiro de 2025, para identificar ensaios clínicos controlados
randomizados comparando a prouroquinase intra-arterial de baixa
dose associado ao tratamento padrão versus tratamento padrão em
adultos com AVCi. Os desfechos primários incluíram hemorragias com
deterioração clínica, complicações hemorrágicas gerais e mortalidade.
Os desfechos secundários avaliaram a recuperação funcional — usando
a Escala de Rankin modificada (mRS 0–1), Índice de Barthel (≥90) e
resposta NIHSS — assim como a recanalização completa e parcial em 2
horas. Metanálises foram realizadas usando um modelo de efeitos
aleatórios, com heterogeneidade avaliada pelo teste estatístico I².  
Results: Dois estudos controlados randomizados foram incluídos. A
prouroquinase aumentou significativamente a probabilidade de
recanalização completa (OR 5,523; IC 95%: 1,449–21,052; p = 0,012) e
recanalização parcial (OR 5,214; IC 95%: 2,382–11,411; p < 0,001), ambos
com baixa heterogeneidade. Não foram observadas diferenças
significativas para mortalidade (RD 0,522; IC 95%: 0,271–1,007; p = 0,053)
ou hemorragias com deterioração clínica (OR 1,954; IC 95%: 0,599–6,371;
p = 0,267). Os desfechos funcionais favoreceram o prouroquinase sem
significância estatística: mRS 0–1 (OR 1,675; p = 0,151), Índice de Barthel
≥90 (OR 1,450; p = 0,216), e resposta NIHSS (OR 1,804; p = 0,172). 
Conclusions: A prouroquinase intra-arterial em baixa dose melhora a
recanalização precoce no AVCi agudo e com benefício funcional
potencial sem aumentar os desfechos adversos.
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INTRODUCTION
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         Acute ischemic stroke (AIS) is a leading cause of
morbidity and mortality. Although standard treatments—
such as intravenous thrombolysis with recombinant tissue
plasminogen activator (rt-PA) and mechanical
thrombectomy—have improved outcomes, a significant
proportion of patients still do not achieve adequate
reperfusion or functional recovery . This underscores the
need to explore adjunctive strategies that could enhance
current therapies without increasing adverse events .
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                Low-dose  prourokinase,  a  fibrinolytic  agent  with 
high fibrin specificity, has been studied for its intra-arterial
use, particularly in combination with heparin-based
protocols. However, its role remains underexplored in the
contemporary context of stroke care. To our knowledge, no
meta-analysis has specifically evaluated low-dose intra-
arterial prourokinase as an adjunct to conventional
treatment strategies . In this review, "standard therapy"
refers exclusively to heparin-based regimens, as both
included randomized controlled trials (RCTs) assessed the
effect of intra-arterial prourokinase added to heparin and
supportive care.

6-10

                This  systematic  review  and  meta-analysis  aim to 
assess the efficacy and safety of low-dose intra-arterial
prourokinase in AIS by analyzing its effects on vessel
recanalization, functional outcomes, and hemorrhagic
complications. The findings provide preliminary evidence
for its potential value and reinforce the need for further
studies, especially evaluating its combination with modern
reperfusion strategies such as rt-PA or mechanical
thrombectomy.
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               Eligible studies included RCTs enrolling adults with
AIS, comparing low-dose intra-arterial prourokinase as an
adjunct to standard treatment (e.g., intravenous
thrombolysis or mechanical thrombectomy) versus
standard treatment alone, with sufficient data on
predefined primary and secondary outcomes. Exclusion
criteria included non-randomized studies, animal research,
and studies lacking adequate data for analysis.
              Titles and abstracts were screened independently
by two reviewers, followed by a full-text review for
potentially relevant studies. Any disagreements were
resolved through discussion or, if necessary, consultation
with a third reviewer.

METHODS

Protocol and Registration

                 This  systematic   review   and   meta-analysis   was 
conducted following the guidelines outlined in the Cochrane
Handbook for Systematic Reviews of Interventions and
reported in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement. The study protocol was registered on the
International Prospective Register of Systematic Reviews
(PROSPERO) under the identifier CRD420251002408.

Search Strategy Search Strategy and Eligibility Criteria

            A thorough search was performed in the PubMed
and Embase databases to identify relevant studies
published up to January 18, 2025. The search strategy
utilized a combination of keywords and Medical Subject
Headings (MeSH) terms, such as "Prourokinase", "Stroke"
and "Randomized Controlled Trial". Additionally, reference
lists and discussion sections of relevant articles and reviews
were manually screened to ensure no eligible studies were
overlooked.

Search Strategy Search Strategy and Eligibility Criteria

               Two reviewers independently extracted data using
a standardized form in Microsoft Excel, and a third reviewer
verified the extracted information to ensure consistency
and accuracy. Collected data included study characteristics
(e.g., author, publication year, sample size, and intervention
details), participant demographics (e.g., age, sex, and
cardiovascular risk factors), and outcomes.
                 Primary  outcomes   included   hemorrhages   with 
clinical deterioration, mortality, and all hemorrhagic
complications. Functional recovery was assessed using the
Modified Rankin Scale (mRS) scores of 0 or 1, the Barthel
Index scores of 90 or 100, and NIHSS scores. Secondary
outcomes focused on recanalization metrics, including
complete recanalization at 2 hours and partial
recanalization at 2 hours.
       Odds Ratios (ORs) were used for dichotomous
outcomes, including mRS scores of 0–1, all intracranial
hemorrhages, and SAEs. Mean Differences (MDs) were
calculated for continuous outcomes, such as changes in
NIHSS scores at specified time points. Risk Differences (RDs)
were used for mortality due to the absence of events in one
of the comparison groups. Results were presented with 95%
confidence intervals (CIs).
             Heterogeneity was evaluated using the I² statistic,
with values above 50% indicating substantial variability. A
random-effects model using the Hartung–Knapp–Sidik–
Jonkman method was applied to account for between-study
differences, complemented by a fixed-effects model for
sensitivity analyses. Statistical analyses were performed
using the “meta” package in R Software (version 4.4.2, R
Foundation for Statistical Computing, Austria). Statistical
significance was set at a two-tailed p-value <0.05.

Risk of Bias Assessment

                The Cochrane Collaboration’s tool for assessing the
risk of bias was used to evaluate potential biases in
selection, performance, detection, attrition, and reporting
domains . Given the limited number of included studies
(<10), publication bias was not assessed.
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                 As  shown  in  Figure 1,  two RCTs were included in 
the analysis . The study characteristics and demographic
data of the included RCTs are summarized in Table 1.

12,13
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Efficacy Outcomes

                Intra-arterial low-dose prourokinase demonstrated
a significant benefit in early recanalization outcomes.
Complete recanalization at 2 hours was achieved in 24 of
134 patients treated with prourokinase versus 2 of 64 in the
heparin-treated control group, resulting in a pooled odds
ratio (OR) of 5.523 (95% CI: 1.449–21.052; p = 0.012), with no
heterogeneity (I² = 0.0%; Figure 2). Partial recanalization at 2
hours occurred in 62 of 134 patients in the intervention
group compared to 9 of 64 heparin controls, with a pooled
OR of 5.214 (95% CI: 2.382–11.411; p < 0.001; I² = 0.0%;
Figure 2). Functional outcomes showed a favorable trend
with prourokinase, although not statistically significant. mRS
scores of 0 or 1 were reported in 39 of 147 patients in the
prourokinase group versus 13 of 73 in the heparin control
group (OR 1.675; 95% CI: 0.829–3.386; p = 0.151; I² = 0.0%;
Figure 2). Barthel Index scores of 90 or 100 were observed
in 61 of 147 prourokinase-treated patients and 24 of 73
heparin-treated controls (OR 1.450; 95% CI: 0.805–2.612; p =
0.216; I² = 0.0%; Figure 2). NIHSS improvement occurred in
27 of 147 patients in the prourokinase arm versus 8 of 73 in
the heparin arm (OR 1.804; 95% CI: 0.773–4.210; p = 0.172; I²
= 0.0%; Figure 2).

RESULTS

Search Results

Table 1. Studies Characteristics and Demographic Data

Legend: † , mean (SD) or median (IQR); rpro-UK, Recombinant Pro-Urokinase; RCT,
Randomized Controlled Trial; n, number; y, year; NIHSS, National Institutes of Health
Stroke Scale; ICA, Internal Carotid Artery; h, hours; N/A, Not Available

Figure 1. Prisma Flow Diagram

Legend: Diagram illustrating the study selection process, including the number of records
identified, screened, assessed for eligibility, and included in the final systematic review and
meta-analysis.

Figure 2. Forest Plots of Efficacy Outcomes

Legend: Figure 2A shows complete recanalization at 2 hours; Figure 2B displays partial
recanalization at 2 hours; Figure 2C presents the proportion of patients with a modified
Rankin Scale (mRS) score of 0 or 1; Figure 2D shows the proportion of patients with a
Barthel Index score of 90 or 100; and Figure 2E illustrates NIHSS improvement.
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           In terms of safety, no significant differences were
identified between groups. Hemorrhages with clinical
deterioration were reported in 15 of 134 patients receiving
intra-arterial prourokinase and in 4 of 68 in the control
group, with a pooled OR of 1.954 (95% CI: 0.599–6.371; p =
0.267; I² = 0.0%; Figure 3A). All hemorrhagic complications
occurred in 86 of 134 patients in the prourokinase group
compared to 36 of 68 in the control group, with a pooled
risk difference of 1.596 (95% CI: 0.875–2.911; p = 0.128; I² =
0.0%; Figure 3B). Mortality was recorded in 27 of 147
patients who received prourokinase and in 22 of 73 control
patients, resulting in a pooled risk difference of 0.522 (95%
CI: 0.271–1.007; p = 0.053; I² = 0.0%; Figure 3C), showing no
significant increase in death risk.
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                This systematic review and meta-analysis provides
a focused synthesis of available randomized evidence on
the use of low-dose intra-arterial prourokinase as an
adjunct to standard care, defined in this review as heparin
and supportive management, in patients with AIS. The
findings suggest that this strategy offers a meaningful
improvement in early recanalization rates without
significantly increasing the risk of hemorrhagic
complications or mortality. Although functional recovery
outcomes trended favorably toward prourokinase, they did
not reach statistical significance in the pooled analysis.
These results support the potential of intra-arterial
prourokinase to enhance early reperfusion and possibly
improve long-term outcomes in selected AIS patients.
              In terms of efficacy, the observed improvement in
both complete and partial recanalization rates reinforces
the thrombolytic capacity of prourokinase when delivered
intra-arterially¹⁴ ¹⁷. Compared to intravenous alteplase—
currently the standard pharmacologic reperfusion strategy
—prourokinase via intra-arterial route may offer greater
fibrin-specific thrombolysis directly at the clot site,
facilitating rapid vessel reopening⁹ ¹⁸⁻²⁰. Mechanical
thrombectomy has revolutionized AIS care, but is limited by
access, operator dependency, and incomplete
recanalization in a subset of cases²¹ ²⁵. In this context,
pharmacologic augmentation with intra-arterial agents such
as prourokinase becomes particularly attractive. The trends
toward improved scores on mRS, Barthel Index, and NIHSS
suggest possible downstream functional benefits, although
underpowered to confirm superiority in these domains.

-

,

-

                 Given   that   both    included    studies     evaluated 
prourokinase in combination with heparin rather than
modern reperfusion therapies, the findings suggest that
intra-arterial low-dose prourokinase may provide additional
benefit in AIS patients managed with heparin alone. This
highlights its potential as an adjunct in contexts where rt-PA
or mechanical thrombectomy are unavailable or
contraindicated. Regarding safety, the findings are
reassuring. Despite increased rates of total hemorrhagic
events numerically, there were no statistically significant
differences in clinically relevant hemorrhages or mortality
between groups. This is important when evaluating any
fibrinolytic agent, particularly one delivered intra-arterially,
which may raise concerns about local vessel damage or
hemorrhagic transformation²⁶ ³². Compared to historical
data from the PROACT II trial—which used higher doses of
intra-arterial prourokinase with increased bleeding risks—
this meta-analysis indicates that low-dose administration
may balance efficacy and safety more favorably¹³ ³³ ³⁵.

-

, -

        From a physiopathological and pharmacological
standpoint, prourokinase is a proenzyme converted to
urokinase at the thrombus site, promoting targeted
fibrinolysis with high affinity for fibrin-bound
plasminogen⁶ ³⁶ ³⁹.    In   AIS,   where   rapid    restoration    of , -

Safety Outcomes

Figure 3. Forest Plots of Safety Outcomes

Legend: Figure 3A presents the occurrence of hemorrhages with clinical deterioration;
Figure 3B shows the total number of hemorrhagic complications; and Figure 3C displays
all-cause mortality.

             The overall risk of bias assessment indicated some
concerns for both included studies. Figure 4 details the
evaluation across the assessed domains.

Risk of Bias Assessment

Figure 4. Risk of Bias Assessment

Legend: Summary of the risk of bias judgments across five domains for the two included
randomized controlled trials. D1: bias arising from the randomization process; D2: bias
due to deviations from intended intervention; D3: bias due to missing outcome data; D4:
bias in measurement of the outcome; D5: bias in selection of the reported result.
Judgments are indicated as “Low” or “Some concerns”. 

DISCUSSION



perfusion is essential to minimize infarct core expansion
and preserve penumbral tissue, intra-arterial delivery
ensures high local concentration while minimizing systemic
exposure⁴⁰ ⁶. This mechanism aligns with the pathobiology
of AIS, where clot composition and location determine
recanalization success⁴⁷ ⁵³. By acting directly within the
occluded vessel, intra-arterial prourokinase potentially
circumvents some limitations of systemic thrombolytics,
especially in large-vessel occlusions. Nonetheless, intra-
arterial administration presents inherent limitations,
including the need for specialized infrastructure, longer
preparation and procedural times, and higher technical
complexity. These factors may restrict its applicability to
high-resource settings or delay time-to-treatment in
emergency contexts.

-4

-

                 Despite   the   favorable  findings,   this   study   has 
limitations that must be acknowledged. The inclusion of only
two RCTs restricts the robustness of the evidence and limits
the ability to explore heterogeneity or perform subgroup
analyses . The relatively small sample sizes reduce the
statistical power to detect differences in functional
outcomes and safety endpoints, especially those that are
less frequent, such as symptomatic hemorrhages or
mortality. Additionally, variation in treatment protocols may
have introduced clinical heterogeneity, potentially
influencing the magnitude of the observed effects. The
functional outcomes assessed, although relevant, were
secondary endpoints in the original trials and may not have
been adequately powered or uniformly measured across
studies, limiting the confidence in conclusions regarding
long-term recovery. Additionally, both included RCTs are
from previous decades, reflecting an earlier era of AIS
management. These factors suggest that while the current
data are promising, they should be interpreted as
exploratory and hypothesis-generating rather than
definitive. 
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                Future research should focus on larger, multicenter
RCTs evaluating low-dose intra-arterial prourokinase in
combination with contemporary endovascular techniques.
Subgroup analyses stratifying patients by occlusion site,
stroke severity, time to treatment, and imaging profiles (e.g.,
perfusion mismatch) could help refine candidate selection.
Additionally, head-to-head comparisons with other intra-
arterial fibrinolytics or direct comparison with tenecteplase-
based regimens would further inform clinical decision-
making. Investigation into the optimal dosing strategy and
timing relative to thrombectomy would also be valuable.
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CONCLUSION

      This study suggests that low-dose intra-arterial
prourokinase enhances recanalization rates in AIS but does
not significantly improve functional recovery or mortality
while increasing hemorrhagic risks. These findings are
based on trials  in  which  the  control  groups  received  only 
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heparin and supportive care, and highlight the need for
further research to optimize the balance between efficacy
and safety in thrombolytic strategies for acute ischemic
stroke. Future trials should aim to refine patient selection
criteria and dosing strategies to maximize clinical benefits
while mitigating hemorrhagic complications.
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