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ABSTRACT

Introduction and objectives: Persistent microvascular obstruction and incomplete myocardial reperfusion remain major challenges
in ST-segment elevation myocardial infarction (STEMI) despite timely primary percutaneous coronary intervention (pPCI). Adjunc-
tive intracoronary fibrinolysis has re-emerged as a potential strategy to improve tissue-level reperfusion, but the effect of low-dose
prourokinase remains uncertain.

Methods: We performed a systematic review and meta-analysis of randomized controlled trials evaluating adjunctive intracoronary
low-dose prourokinase during pPCI in adults with STEMI. CENTRAL, LILACS, MEDLINE/PubMed, trial registries, and citation
sources were searched from inception through 12 January 2026. Risk of bias was assessed using RoB 2. Random-effects meta-analyses
were conducted using risk ratios (RRs) or mean differences (MDs) with 95% confidence intervals (95%Cls).

Results: Six randomized trials including 1328 patients were eligible. Compared with control, adjunctive intracoronary low-dose
prourokinase significantly improved complete ST-segment resolution (RR, 1.28; 95%CI, 1.12-1.46; P < .001) and final TIMI grade
3 flow (RR, 1.08; 95%CI, 1.03-1.14; P = .002). Furthermore, it was associated with a lower corrected TIMI frame count and reduced
peak cardiac biomarker levels. No clear difference was observed in 30-day major adverse cardiovascular events (MACE), although
a signal toward lower 6-month MACE was observed in 3 trials (RR, 0.59; 95%CI, 0.38-0.92; P = .02). Safety evidence for major
bleeding was limited to 2 trials and remained imprecise.

Conclusions: Adjunctive intracoronary low-dose prourokinase appears to improve myocardial reperfusion. However, current
evidence is insufficient to confirm clinical benefit or exclude a clinically meaningful increase in major bleeding; larger contemporary
trials are needed to determine whether these benefits translate into meaningful clinical advantages.
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Prourocinasa intracoronaria a dosis bajas durante la ICP primaria
para IAMCEST: revision sistematica y metaanalisis de ensayos

RESUMEN

Introduccion y objetivos: La obstruccién microvascular persistente y la reperfusiéon miocardica incompleta plantean desafios
importantes en el infarto agudo de miocardio con elevacién del segmento ST (IAMCEST), pese a la intervencién coronaria percutanea
(ICP) primaria oportuna. La fibrinolisis intracoronaria adyuvante ha resurgido como estrategia potencial para mejorar la reperfusién
tisular, pero el efecto de la prourocinasa a dosis bajas sigue siendo incierto.

Métodos: Se realiz6 una revisién sistemdatica y metanélisis de ensayos aleatorizados controlados sobre prourocinasa intracoronaria
adyuvante a dosis bajas durante la ICP primaria en adultos con JAMCEST. Se buscé6 en CENTRAL, LILACS, MEDLINE/PubMed,
registros de ensayos y fuentes de citacion desde su inicio hasta el 12 de enero de 2026 (riesgo de sesgo: RoB 2). Se realizaron
metanalisis de efectos aleatorios con riesgos relativos (RR), diferencias de medias e intervalos de confianza del 95% (IC95%).
Resultados: Fueron elegibles 6 ensayos aleatorizados controlados con 1.328 pacientes. Frente al control, esta intervencién mejoré
significativamente la resolucién completa del segmento ST (RR = 1,28; IC95%, 1,12-1,46; p < 0,001) y el grado final de flujo TIMI
3 (RR = 1,08; IC95%, 1,03-1,14; p = 0,002), y se asocid con menor recuento de fotogramas TIMI corregido y menores picos de
biomarcadores cardiacos. No hubo diferencia clara en eventos cardiovasculares adversos mayores a 30 dias, aunque 3 ensayos
sefialaron una menor incidencia de estos a 6 meses (RR = 0,59; IC95%, 0,38-0,92; p = 0,02). La evidencia de seguridad para sangrado
mayor se limité a 2 ensayos y fue imprecisa.
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Conclusiones: La intervencién parece mejorar la reperfusion miocéardica. Sin embargo, la evidencia actual s insuficiente para
confirmar un beneficio clinico o excluir un aumento clinicamente relevante de sangrado mayor. Se necesitan ensayos contempora-
neos de mayor tamafio para determinar si estos beneficios se traducen en una ventaja clinica significativa.

Palabras clave: IAMCEST. Intervencién coronaria percutdnea primaria. Prourocinasa intracoronaria. Reperfusién microvascular. Fenémeno

de no reflujo.

Abbreviations

MACE: major adverse cardiovascular events. pPCI: primary percutaneous coronary intervention. STEMI: ST-segment elevation

myocardial infarction. TIMI: Thrombolysis in Myocardial Infarction.

INTRODUCTION

ST-segment elevation myocardial infarction (STEMI) remains a
major cause of morbidity and mortality. Primary PCI (pPCI) restores
epicardial patency and improves outcomes, yet adequate myocar-
dial tissue reperfusion is not always achieved despite an open
infarct-related artery.'”

A major mechanism is microvascular obstruction, clinically
expressed as no-reflow or slow-flow. Distal embolization, ischemia-
reperfusion injury, endothelial swelling, inflammation, and platelet-
leukocyte aggregation may all impair microvascular perfusion after
pPCI and are associated with larger infarcts, poorer left ventricular
recovery, and worse outcomes.®

Adjunctive intracoronary fibrinolysis with low-dose prourokinase
has therefore been proposed to dissolve residual thrombus and
distal emboli and improve tissue-level reperfusion beyond mechan-
ical reperfusion alone. However, available randomized clinical trials
have been small, have reported heterogeneous outcomes, and have
focused largely on surrogate endpoints, leaving efficacy and bleeding
risk uncertain.!0-1

We performed a narrower, prespecified systematic review and
meta-analysis restricted to randomized trials of adjunctive intracor-
onary low-dose prourokinase during primary PCI vs control without
intracoronary fibrinolysis, focusing on predefined reperfusion,
clinical, and safety outcomes.

METHODS
Protocol, registration, and reporting framework

This review was prospectively planned, registered in PROSPERO
(CRD420261284192), and reported according to PRISMA.'® Because
only previously published deidentified data were used, patient
consent and institutional review board approval were not required.

Eligibility criteria

Parallel-group randomized controlled trials enrolling adults aged
>18 years with acute STEMI treated with pPCI were included.
Trials enriched for high thrombus burden were considered eligible.
High thrombus burden was used as a descriptive trial-level charac-
teristic based on each study’s eligibility criteria. Studies involving
patients aged <18 years, non-STEMI populations, and studies not
conducted in the setting of pPCI were excluded.

The intervention of interest was adjunctive intracoronary low-dose
(10-20 mg) prourokinase administered during pPCI using any catheter-
based delivery method, before or after stent deployment according
to the trial protocol, with background antithrombotic therapy as
defined by each study. The comparator was pPCI without intracor-
onary fibrinolytic therapy, including intracoronary placebo/normal
saline administration or standard care. For multiarm trials, only the
arms corresponding to the prespecified comparison were extracted
and analyzed. Thus, in the 3-arm trial by Huang et al.,'! only the
prourokinase and placebo arms were included; the tirofiban arm
(n=117) was excluded because it represented an active intracoronary
nonfibrinolytic comparator outside the scope of this review.

Studies in which prourokinase was not administered intracoronarily
during primary PCI, in which groups differed only by delivery
technique, or in which the experimental strategy included addi-
tional active cointerventions that were not matched in the control
arm were excluded.

Information sources and search strategy

The Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE/PubMed, Literatura Latinoamericana y del Caribe en
Ciencias de la Salud (LILACS), ClinicalTrials.gov, and the World Health
Organization International Clinical Trials Registry Platform (WHO
ICTRP) were searched from inception through 12 January 2026,
without language or date restrictions. Searches combined controlled
vocabulary and free-text terms for STEMI, pPClI, intracoronary prou-
rokinase, and randomized clinical trials. Backward and forward cita-
tion searches of included studies were also performed using Google
Scholar. Full search strategies are provided in tables S1-S3.

Selection process

Records were imported into Rayyan for deduplication and
screening.'® Two reviewers (G.A. Reartes and J.E. Robledo Almon-
acid) independently screened titles and abstracts and subsequently
assessed full-text articles. Disagreements were resolved by discus-
sion or, when necessary, arbitration by a third reviewer (V.P.
Carlini). Reasons for full-text exclusion were documented (table S4),
and the selection process was summarized in a PRISMA flow
diagram (figure 1; tables S5-S6).

Data collection process

Data were extracted by 1 reviewer (G.A. Reartes) and independently
verified by a second reviewer (J.E. Robledo Almonacid). Extracted
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Identification of new studies via databases and registers

Identification of new studies via other methods
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o
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Figure 1. PRISMA 2020 flow diagram summarizing study identification, screening, eligibility assessment, and inclusion. NA: not available.

items included study, participant, procedural, intervention, compar-
ator, follow-up, and outcome data. Data were taken directly from
published tables and text; no imputation or statistical conversion
of summary data was performed.

Data items and endpoints

The primary endpoint was complete ST-segment resolution (STR),
prespecified and strictly defined as a > 70% reduction in ST-segment
elevation. An additional secondary analysis pooled all trials reporting
complete STR, including an additional trial that used a > 50% threshold,
to assess the robustness of the finding.

Secondary endpoints included measures of microvascular and
angiographic reperfusion (final TIMI grade 3 flow, no-reflow/slow-
flow, myocardial perfusion grades [TMPG/MBG], corrected TIMI
frame count [cTFC], and index of microcirculatory resistance
[IMR]); infarct-size surrogates (peak or area-under-the-curve CK-MB
and troponin); left ventricular ejection fraction (LVEF) at prespec-
ified time points; clinical outcomes (major adverse cardiovascular
events [MACE] as defined by each trial and extracted according to
follow-up duration); and safety endpoints such as major bleeding
(preferentially TIMI major bleeding or Bleeding Academic Research
Consortium [BARC] grade >3).

Study risk-of-bias assessment

Risk of bias was assessed at the outcome level using RoB 2 by
a reviewer (G.A. Reartes) and verified by a second reviewer

(J.E. Robledo Almonacid). Overall judgments were derived across
the 5 domains using the RoB 2 algorithm, with disagreements
resolved by consensus.!” Full RoB 2 information is provided in the
supplementary data (Risk of Bias in Studies [Full Domain-Level
Assessments]| section).

Data synthesis and statistical analysis

Meta-analyses were performed using R version 4.5.2 and the meta
package (version 8.2-1). When at least 2 clinically comparable trials
reported the same outcome, dichotomous data were pooled as risk
ratios (RRs) and continuous data as mean differences (MDs), or
standardized mean differences (SMDs) when measurement scales
differed, each with 95% confidence intervals (95%Cis). Random-
effects models used restricted maximum likelihood estimation
(REML). Heterogeneity was assessed using I and 2. Outcomes with
differing definitions or time points were analyzed separately, and
nonpooled results were summarized narratively. Sensitivity analyses
were not prespecified in the protocol. When substantial heteroge-
neity was identified, exploratory post hoc leave-one-out influence
analyses were conducted to assess the robustness of the pooled
estimates.

Certainty assessment

Certainty of evidence was assessed using GRADE for critical and
important outcomes. For randomized trials, certainty was initially
rated as high and was downgraded for risk of bias, inconsistency,
indirectness, imprecision, and publication bias. Summary-of-findings
tables were generated using GRADEpro.**
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Study Year Country Design Registry Enrollment  Randomized/ Symptom Enriched for  Key exclusions Funding
analyzed window high thrombus  (brief)
burden
Cao 2022  China Prospective single- ChiCTR1900022290 2015-2018 390/378 <12h Yes (modified  CABG, shock, liver/renal None
etal’”® center RCT TIMI grade failure, pregnancy reported
4-5 flow)
Geng 2018  China Prospective single- ChiCTR-INR-16009135 2015-2016 230/230 <12h No ICH/stroke, aortic Public
etal.'” center RCT dissection, severe HTN,
major surgery
Huang 2021 China Multicenter, NCT02131220 2015-2017 345/345 <12h No?® Bailout PCI, shock, stroke, Public
etal'? placebo-controlled, surgery, liver/kidney failure
single-blind RCT
Jiang 2021  China Prospective SZXJ2018009-20170202  2017-2019 260/260 <12 h No ICH/stroke, dissection, Public
etal'® single-center RCT bleeding, severe HTN
Wang 2020 China  Single-center None reported 2017-2018 182/182 <12h Yes (modified  Bailout PCI, CABG, liver/ None
et al.? randomized study TIMI grade renal failure, bleeding, reported
3-5 flow) small IRA
Wu 2020 China  Single-center ChiCTR1800016207 2017 50/50 <6h No® Shock, dissection, ICH/ None
etal.'2b controlled stroke, recent trauma/ reported

randomized study

surgery

CABG, coronary artery bypass grafting; ChiCTR, Chinese Clinical Trial Registry; HTN, hypertension; ICH, intracranial hemorrhage; IRA, infarct-related artery; NCT, ClinicalTrials.gov
identifier; PCI, percutaneous coronary intervention; RCT, randomized controlled trial; TIMI, Thrombolysis in Myocardial Infarction.

2 Huang et al."" did not formally select patients for high thrombus burden, although a large proportion had a high thrombus load. The original 3-arm trial included prourokinase,
tirofiban, and placebo groups. Only the prourokinase and placebo arms were included in the quantitative syntheses; the tirofiban arm (n = 117) was excluded because it represented
an active intracoronary nonfibrinolytic comparator outside the prespecified review question.'"'?

®\Wu et al."” did not explicitly enrich for TIMI grade 4-5 flow but excluded patients without evident thrombus.

RESULTS
Study selection

Database and registry searches identified a total of 146 records.
After deduplication, 109 records were screened and 27 full-text
articles were assessed for eligibility; 21 were excluded (table S4).
Six randomized trials were included (figure 1 and table 1).10-13.19.20
Citation searching identified no additional eligible trials (tables S2-S3).

Study characteristics

Table 1 and table 2 summarize the study characteristics. All 6 trials
were randomized studies conducted in China; most were single-
center studies, and 1 was multicenter, placebo-controlled, and
single-blind. Sample sizes ranged from 50 to 390 participants. Five
trials enrolled patients within 12 hours of symptom onset and 1
within 6 hours; 2 specifically targeted patients with high thrombus
burden according to their trial-level eligibility criteria. Funding was
mainly public or was not reported.

Risk of bias in studies

Risk of bias was assessed at the outcome level using RoB 2. The
main concerns involved the randomization process and selection of
the reported result; missing outcome data were generally not a
major concern. Objective outcomes such as peak CK-MB were less
vulnerable to measurement bias than visually interpreted angio-
graphic outcomes. Cao et al. (2022) and Huang et al. (2021) had the
lowest overall concerns, whereas Jiang et al. (2021) was rated as
having a high risk of bias for final TIMI grade 3 flow because
assessment was performed by unblinded operators.'®!!!9 Full
domain-level assessments are provided in the supplementary data.

Results of individual studies and synthesis

Complete ST-segment resolution (STR): primary and secondary
analyses

Five trials (n = 1041) reported complete STR using a > 70% threshold.
In this prespecified primary analysis, intracoronary prourokinase
significantly increased the rate of complete STR (n = 380/523;
72.7%) compared with control (n = 296/518; 57.1%; RR, 1.28;
95%CI, 1.12-1.46; P < .001; I? = 46.5%) (figure 2 and figure 3). In
the secondary analysis, which included an additional trial using a
> 50% threshold (total n = 1301), the pooled effect remained
consistent (RR, 1.22; 95%CI, 1.11-1.35; P < .001; I? = 43.3%; figure S1),
with no significant interaction between STR definitions (P for inter-
action = .13).

Major adverse cardiovascular events (MACE)

MACE at 30 days

Three trials (n = 788) reported 30-day MACE. Intracoronary prou-
rokinase was not associated with a significant difference in the risk
of MACE (n = 27/393; 6.9%) compared with control (n = 35/395;
8.9%; RR, 0.76; 95%CI, 0.47-1.23; P = .26; I? = 0.0%) (figure S2).

MACE at 6 months

Three trials (n = 672) reported 6-month MACE. Intracoronary prou-
rokinase significantly reduced the risk of MACE (n = 28/335; 8.4%)
compared with control (n =47/337; 13.9%; RR, 0.59; 95%CI, 0.38-0.92;
P =.02; I = 0.0%) (figure 2 and figure 3).

Major bleeding at 6 months
Two trials (n = 412) reported TIMI-defined major bleeding at 6
months. There was no significant difference in the risk of major
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Table 2. Baseline and procedural characteristics of included populations

Characteristic

Cao et al. 2022

Geng et al. 2018

Huang et al. 2021""*

Jiang et al. 2021"°

Wang et al. 2020

Wau et al. 2020"

Age, years (I vs C)

58.2; SD, 10.4 vs

53.5; SD, 11.4 vs

59.4; SD, 10.1 vs 60.6;

53.9; SD, 6.6 vs 55.1;

61.1; SD, 11.3 vs

59.5; SD, 14.4 vs 61.0;

59.1; SD, 10.0 55.2; SD, 10.4 SD,9.7vs 585, SD,99  SD,6.8 58.8; SD, 11.0 SD, 12.6

Female, n (%) (I vs C) 42/190 (22.1) vs 41/118 (34.7) vs 9.9-13.7% 48/125 (38.4) vs 16/92 (17.4) vs 4/25 (16.0) vs
44/188 (23.4) 42/112 (37.5) 47/135 (34.8) 17/90 (18.9) 3/25 (12.0)

Diabetes, n (%) (I vs C) 40 (21.1) vs 26 (22.0) vs 18.0-23.1% 32 (25.6) vs 35 (25.9) 20 (21.7) vs 8 (32.0) vs 6 (24.0)
37(19.7) 22 (19.6) 22 (24.4)

Hypertension, n (%) (I vs C) 101 (53.2) vs 84 (71.2) vs 46.8-53.0% 62 (49.6) vs 69 (51.1) 54 (58.7) vs 46 (51.1) 17 (68.0) vs 19 (76.0)
95 (50.5) 69 (61.6)

Smokers, n (%) (I vs C) 112 (58.9) vs 50 (42.4) vs 55.6-64.1% 69 (55.2) vs 77 (57.0) 51 (55.4) vs 55 (61.1) 12 (48.0) vs 13 (52.0)
105 (55.9) 58 (51.8)

Prior MI, n (%) (I vs C) 28 (14.7) vs NR 0.9-4.5% NR 8(8.7) vs 5 (5.6) NR
25 (13.3)

Killip class 22, n (%) (Ivs C) 59 (31.1) vs 40 (33.9) vs NR 60 (48.0) vs 61 (45.2) 22 (23.9) vs 18 (20.0) 15 (60.0) vs 11 (44.0)
55 (29.3) 38(33.9)

Symptom-to-balloon time 415vs 412 h 406 vs 4.15h 3.9-43h 510 vs 478 h 203.6 vs 193.8 min NR

(Ivs C)

Initial TIMI grade 0-1 flow, 173 (91.1) vs NR 88.0-94.9% NR NR NR

n (%) (I vs C) 173 (92.0)

High thrombus grade, n (%) 190 (100) vs NR 87.2-94.9% NR 92 (100) vs 90 (100) 21 (84.0) vs 21 (84.0)

(lvs C) 188 (100)

C, control group; I, intervention group; MI, myocardial infarction; NR, not reported; SD, standard deviation; TIMI, Thrombolysis in Myocardial Infarction. Data are presented as

intervention group vs control group unless otherwise specified.

* For Huang et al.,"" values are summarized across the 3 study arms and are therefore presented either as the 3 individual values or as the range across arms.

bleeding between the prourokinase and control groups (RR, 0.84;
95%CI, 0.23-3.03; P = .80; I? = 6.4%). One trial reporting major
bleeding at 30 days was excluded from the meta-analysis because
of the differing follow-up duration (figure 2 and figure 3).

Angiographic reperfusion (final TIMI grade 3 flow)

Six trials (n = 1328) reported final TIMI grade 3 flow immediately
after PCI. Intracoronary prourokinase significantly increased the
likelihood of achieving TIMI grade 3 flow (n = 611/661; 92.4%)
compared with control (n = 563/667; 84.4%; RR, 1.08; 95%CI,
1.03-1.14; P = .002; 12 = 43.7%) (figure 2 and figure 3).

Peak CK-MB

Six trials (n = 1328) reported in-hospital peak CK-MB levels. Intra-
coronary prourokinase significantly reduced peak CK-MB levels
compared with control (SMD, -0.45; 95%CI, -0.61 to -0.30; P < .001;
12 = 45.3%) (figure S3). Standardized mean differences were used
to account for differing measurement units across the included
trials.

Corrected TIMI frame count

Four trials (n = 838) reported cTFC immediately after PCI. Intra-
coronary prourokinase significantly reduced cTFC compared with
control (MD, -4.85 frames; 95%CI, -7.05 to -2.64; P < .001; I? = 44.9%)
(figure S4).

Index of microcirculatory resistance

One trial (n = 50) reported IMR immediately after PCI. IMR was
lower in the prourokinase group than in the control group (34.56;
SD, 7.48 vs 49.00; SD, 8.98; n = 25 per group; P < .001). No
meta-analysis was performed for this outcome.

Left ventricular ejection fraction

Follow-up at 30 days

Three trials (n = 836) reported 30-day LVEF. Intracoronary prouro-
kinase increased LVEF compared with control (MD, 2.26 percentage
points; 95%CI, 0.54-3.98; P = .01; I? = 71.9%). Because heteroge-
neity was substantial for 30-day LVEF (I> = 71.9%), a post hoc
leave-one-out sensitivity analysis was performed. Exclusion of Geng
et al. eliminated heterogeneity (I> = 0%) and yielded a larger pooled
effect (MD, 3.22 percentage points; 95%CI, 2.11-4.33), suggesting
that this study was the main contributor to between-study hetero-
geneity. In contrast, exclusion of Cao et al. or Huang et al. reduced
precision, and the confidence interval crossed the null. Overall, the
direction of effect remained favorable, but the statistical robustness
of the 30-day LVEF estimate was limited (figure S5).10.1311

Follow-up at 3-months
One study reported LVEF at 3 months, but quantitative synthesis
was not possible because measures of dispersion were unavailable.

Follow-up at 6-months

Two trials (n = 442) reported 6-month LVEF. Intracoronary prou-
rokinase increased LVEF compared with control (MD, 1.89
percentage points; 95%CI, 0.69-3.09; P = .002; 12 = 0%) (figure S6).
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A) Complete ST-segment resolution = 70%

Experimental Control
Study Events Total Events Total Risk ratio RR 95%CIl Weight
Cao et al. 2022 135 190 111 188 —l— 1.20 [1.04;1.40] 27.3%
Geng et al. 2017 105 118 89 112 —— 1.12 [1.00; 1.25] 32.2%
Huang et al. 2021 64 98 45 103 ——B—— 149 [1.15,1.94] 15.6%
Wang et al. 2020 52 92 35 90 ——8——— 145 [1.06;1.99] 12.2%
Wu et al. 2020 24 25 16 25 ——@—— 1.50 [1.11;2.03] 12.8%
Random effects model 523 518 e 1.28 [1.12; 1.46] 100.0%
[ 1

Heterogeneity: /> = 46.5%, t° = 0.0103, P = .1129
05 1 2

Favors control  Favors prourokinase
Risk Ratio (RR)

B) MACE at 6-months.

Experimental Control
Study Events Total Events Total Risk ratio RR 95%Cl Weight
Geng et al. 2017 10 118 14 112 ——— 0.68 [0.31;1.46] 33.0%
Jiang et al. 2021 8 125 13 135 B 0.66 [0.29; 1.55] 27.3%
Wang et al. 2020 10 92 20 90 —H-H+— 0.49 [0.24;0.99] 39.7%
Random effects model 335 337 i 0.59 [0.38; 0.92] 100.0%
Heterogeneity: 1*=0.0%,t>=0, P = .7883
0.5 1 2

Favors prourokinase Favors control
Risk Ratio (RR)

C) Major bleeding at 6-months.
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Figure 2. Adjunctive intracoronary low-dose prourokinase in STEMI: pooled effects on reperfusion and clinical outcomes. A: Complete ST-segment resolution
> 70%. B: 6-month major adverse cardiovascular events. C: 6-month major bleeding. D: Final TIMI grade 3 flow after pPCI. All comparisons are between
adjunctive intracoronary low-dose prourokinase and control. The references cited in this figure correspond to Cao et al.,'* Geng et al,'” Huang et al.,"!
Wu et al.,'? Jiang et al.,'” and Wang et al.?
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Figure 3. Central illustration. Study design, proposed mechanism, and key findings of adjunctive intracoronary prourokinase in STEMI. During pPCI for STEMI,
adjunctive intracoronary low-dose prourokinase is hypothesized to dissolve residual distal thrombus and improve tissue-level reperfusion. Compared with
control, prourokinase was associated with higher rates of complete ST-segment resolution (RR, 1.28; 95%Cl, 1.12-1.46), final TIMI grade 3 flow (RR, 1.08; 95%Cl,
1.03-1.14), and lower 6-month MACE (RR, 0.59; 95%Cl, 0.38-0.92). Evidence regarding major bleeding was sparse and insufficient to confirm or exclude clinically
meaningful harm (RR, 0.84; 95%Cl, 0.23-3.03). MACE, major adverse cardiovascular events; NS, nonsignificant; pPCl, primary percutaneous coronary interven-
tion; RR, risk ratio; STEMI, ST-segment elevation myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

Myocardial blood flow

One trial (n = 230) reported 7-day myocardial blood flow (MBF)
measured by myocardial contrast echocardiography. MBF was
higher in the intervention group compared with the control group
(34.13; SD, 15.59 vs 14.28; SD, 9.44 mL/min/g; P < .001). No
meta-analysis was performed for this outcome.

NT-proBNP

One trial (n = 378) reported 30-day N-terminal pro-B-type natri-
uretic peptide (NT-proBNP). NT-proBNP levels were lower in the
intervention group than in the control group (452.3; SD, 259.4 vs
632.7; SD, 278.3 ng/L; P < .001). No meta-analysis was performed
for this outcome.

Peak troponin

Five trials (n = 1100) reported in-hospital peak troponin levels.
Intracoronary prourokinase significantly reduced peak troponin
levels compared with control (SMD, -0.37; 95%CI, -0.49 to -0.25;

P < .001; I?=0.0%) (figure S7). Standardized mean differences were
used to account for differing measurement units and assay scales
across trials.

Reporting biases

As prespecified, we planned to evaluate publication bias using
funnel plots for outcomes with > 10 studies. Because all syntheses
included no more than 6 trials, these analyses could not be
performed. Risk of bias due to selective reporting was evaluated
within RoB 2 Domain 5.

Certainty of evidence

The certainty of evidence for each outcome was assessed using the
GRADE approach (table S7). Certainty was rated as moderate for
peak CK-MB and cTFC and was downgraded once because of the
use of surrogate endpoints (indirectness). Evidence for complete
STR, final TIMI grade 3 flow, and 6-month MACE was of low
certainty, reflecting methodological limitations (risk of bias) and
indirectness or imprecision. The certainty of evidence for 6-month
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major bleeding and LVEF was rated as very low because of critical
imprecision, limited sample sizes, and study-level risks of bias.
Detailed assessments and justifications for downgrading are
provided in the Summary of Findings table (table S7).

DISCUSSION
General interpretation of findings

In this systematic review and meta-analysis, adjunctive intracoro-
nary low-dose prourokinase during pPCI consistently improved
reperfusion-related surrogate outcomes in STEMI. Compared with
control, it increased complete ST-segment resolution and final TIMI
grade 3 flow while reducing cTFC, peak CK-MB, and peak troponin
levels, suggesting benefits at both the epicardial and tissue levels.
However, evidence for patient-important outcomes was less consis-
tent. Therefore, the overall interpretation should give greater
weight to the consistency of the reperfusion-related effects than to
findings for clinical endpoints, which were based on fewer studies,
modest sample sizes, and heterogeneous follow-up definitions.

This pattern is consistent with prior meta-analyses showing that
adjunctive intracoronary therapies, including fibrinolytics, may
improve reperfusion surrogates without clearly reducing major
clinical outcomes or bleeding.?’** A plausible explanation is that,
despite restoration of epicardial patency, tissue perfusion remains
impaired by microvascular obstruction or no-reflow caused by
distal embolization, endothelial injury, inflammation, and micro-
vascular spasm.?*?® Intracoronary fibrinolysis may therefore act
primarily at the microcirculatory level by dissolving residual throm-
botic material and distal emboli, an interpretation supported in our
review by lower IMR and higher myocardial blood flow reported
in individual studies.?°

Despite these favorable reperfusion effects, evidence for hard clin-
ical outcomes remained limited. There was no clear difference in
30-day MACE, although a signal toward lower 6-month MACE was
observed with prourokinase. Safety evidence was sparse and impre-
cise, and current data are insufficient to confirm or exclude a
clinically meaningful increase in major bleeding. LVEF also
improved modestly at 30 days and 6 months, consistent with lower
30-day NT-proBNP levels in 1 trial, but the clinical relevance of
these changes remains uncertain. The 30-day LVEF analysis showed
substantial heterogeneity. In leave-one-out analyses, Geng et al.
appeared to be the principal contributor to between-study hetero-
geneity, whereas omission of Cao et al. or Huang et al. reduced
precision and rendered the pooled estimate nonsignificant. Accord-
ingly, although the overall direction of effect favored intracoronary
prourokinase, the short-term LVEF finding should be interpreted
cautiously.!013.11

This pattern likely reflects limited statistical power, short follow-up,
and the common dissociation between reperfusion surrogates and
clinical endpoints in small randomized clinical trials.

Limitations of the included evidence

The evidence base has important limitations. Only 6 randomized
trials were eligible, many analyses relied on small samples, and
several favorable findings were based on surrogate rather than
patient-important outcomes. Certainty ranged from moderate to
very low across key outcomes. Accordingly, the apparent consis-
tency of reperfusion benefits should not be interpreted as definitive
evidence of improved clinical prognosis. Concerns regarding risk
of bias recurred in the randomization process and selection of the
reported result, and some angiographic and longer-term outcomes

G. Andrés Reartes et al. REC Interv Cardiol. 20XX;XX(X):XX-XX

were especially vulnerable when blinded assessment or indepen-
dent adjudication was unclear. Moreover, heterogeneity in patient
selection, outcome definitions, and follow-up windows, together
with the fact that all trials were conducted in China and most were
single-center studies, may limit generalizability as well. However,
the direction of effect for reperfusion outcomes was generally
consistent across trials. Translation to European STEMI networks
should consider differences in prourokinase availability, back-
ground antithrombotic therapy, reperfusion logistics, and intracor-
onary delivery practices.

Limitations of the review process

Furthermore, the resent review has process-level limitations. Some
eligible unpublished or inadequately indexed studies may have
been missed, particularly because no formal search was conducted
in Chinese or other Asian-specific biomedical databases, despite all
included trials having been conducted in China. In addition, the
small number of trials and their geographic concentration precluded
reliable formal assessment of publication bias, and the use of aggregate
rather than individual participant data limited subgroup analyses
and uniform readjudication of endpoints.

Implications for practice, policy, and research

Although adjunctive intracoronary low-dose prourokinase appears
promising for improving reperfusion during pPCI in STEMI, current
evidence is insufficient to support routine adoption because the
apparent benefit is driven mainly by surrogate outcomes and
certainty remains limited for major clinical and safety endpoints.
From a practical perspective, the 10-20 mg range reflects the low-dose
intracoronary prourokinase regimen evaluated across the available
randomized trials, although these studies were not designed to define
an optimal dose or dose-response relationship. Additionally, clinical
translation may be influenced by background antithrombotic therapy,
including P2Y,, inhibitor selection, heparin use, and variable glyco-
protein IIb/IIla inhibitor administration, as well as by thrombus
aspiration, timing of infusion, and catheter-based delivery technique.
The focus on prourokinase reflects the agent-specific randomized
evidence available for this strategy and should be interpreted as a
dedicated synthesis of this approach, not as evidence of superiority
over other intracoronary fibrinolytics such as urokinase or alteplase.
Adequately powered multicenter trials across contemporary STEMI
networks, using standardized endpoints, blinded core laboratory
angiographic adjudication, contemporary bleeding criteria, and
longer follow-up, are needed to clarify whether these reperfusion
gains translate into meaningful reductions in mortality, recurrent
ischemic events, heart failure, or long-term functional impairment
and to define the optimal dose, timing, delivery strategy, background
antithrombotic regimen, and target population.

CONCLUSIONS

Adjunctive intracoronary low-dose prourokinase during pPCI could
improve myocardial reperfusion, as reflected by better ST-segment
resolution, TIMI grade flow, and infarct-size surrogates. However,
these physiological benefits do not yet translate into clear and
consistent improvements in patient-important clinical outcomes,
underscoring the need for adequately powered trials to determine
whether targeting the microcirculation can meaningfully improve
prognosis in STEMI across contemporary STEMI networks and
different geographic settings. Current evidence is also insufficient
to confirm or exclude a clinically meaningful increase in major
bleeding.
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WHAT IS KNOWN ABOUT THE TOPIC?

— Although pPCl restores epicardial patency in STEMI,
microvascular obstruction and no-reflow may persist,
contributing to larger infarcts and worse outcomes.

— Low-dose intracoronary prourokinase has been proposed
as an adjunct to dissolve distal thrombus and micro-
thrombi, but prior trials were small and largely focused on
surrogate endpoints.

WHAT DOES THIS STUDY ADD?

— This focused systematic review and meta-analysis of
low-dose (10-20 mg) intracoronary prourokinase during
pPCl, with evidence through January 2026, shows
improved ST-segment resolution, TIMI grade flow, and
infarct-size surrogates.

— However, safety evidence for major bleeding was sparse
and very imprecise, and the study highlights the persistent
gap between improved reperfusion metrics and clear
patient-important clinical benefit.

SUPPLEMENTARY DATA

in the online version available at https://doi.org/10.24875/

G Supplementary data associated with this article can be found
RECICE.M26000621.
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