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Key Points: 115 

Question Among patients with acute ischemic stroke caused by large vessel occlusion 116 

within 24 hours, does intra-arterial thrombolysis by urokinase administered after near-117 

complete to complete reperfusion by thrombectomy improve clinical outcomes? 118 

  119 

Findings In this randomized clinical trial that included 534 patients, proportion of 120 

survival without disability measured by the modified Rankin scale score of 0 or 1 at 90 121 

days was 45.1% in the intra-arterial urokinase group, and 40.2% in the control group, 122 

with an adjusted risk ratio of 1.13. 123 

 124 

Meaning Adjunctive intra-arterial urokinase to endovascular thrombectomy for acute 125 

ischemic stroke did not significantly improve the proportion of survival without 126 

disability. 127 

 128 

 129 

 130 

 131 

 132 

 133 

 134 

 135 

 136 

 137 

 138 
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ABSTRACT 140 

IMPORTANCE Persisting or new thrombi in the distal arteries and the 141 

microcirculation have been reported to limit the benefits of successful thrombectomy 142 

for acute ischemic stroke patients. It remains uncertain whether intra-arterial 143 

thrombolysis by urokinase following near-complete to complete reperfusion by 144 

thrombectomy improves outcomes among patients with ischemic stroke due to large-145 

vessel occlusion (LVO). 146 

OBJECTIVE To assess the efficacy and adverse events of intra-arterial urokinase after 147 

near-complete to complete reperfusion by thrombectomy for acute ischemic stroke 148 

patients with LVO.  149 

DESIGN, SETTING, AND PARTICIPANTS This investigator-initiated, randomized, 150 

open-label, blinded-endpoint trial was implemented at 35 hospitals in China, enrolling 151 

534 patients with proximal intracranial LVO presenting within 24 hours of time last 152 

known well without intravenous thrombolysis after achieving near-complete or 153 

complete reperfusion by endovascular thrombectomy. Recruitment took place between 154 

November 15, 2022, and March 29, 2024, with final follow-up on July 4, 2024. 155 

INTERVENTIONS Eligible patients were randomly assigned to intra-arterial 156 

urokinase group (a single dose of intra-arterial 100,000 IU urokinase injected in the 157 

initial target territory, n=267) or control group (without intra-arterial thrombolysis, 158 

n=267). 159 

MAIN OUTCOMES AND MEASURES The primary efficacy outcome was the 160 

proportion of patients achieving survival without disability (modified Rankin scale 161 

score of 0 or 1) at 90 days. The primary safety outcomes were mortality at 90 days and 162 

incidence of symptomatic intracranial hemorrhage within 48 hours. 163 

RESULTS A total of 534 patients were enrolled (median age, 69; 223(41.8%) female), 164 

and 532(99.6%) completed the trial. The percentage of patients with survival without 165 

disability at 90 days was 45.1% (120/266) in the intra-arterial urokinase group and 40.2% 166 

(107/266) in control group (adjusted risk ratio, 1.13 [95%CI, 0.94-1.36], P = .19). The 167 

mortality (18.4% vs. 17.3%, adjusted hazard ratio 1.06 [95%CI, 0.71-1.59], P = .77) 168 
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and incidence of symptomatic intracranial hemorrhage (4.1% vs. 4.1%, adjusted risk 169 

ratio 1.05 [95%CI 0.45-2.44], P = .91) were not significantly different between groups.  170 

CONCLUSIONS AND RELEVANCE Among patients with acute ischemic stroke 171 

due to LVO, adjunct intra-arterial urokinase after near-complete to complete 172 

reperfusion by thrombectomy did not significantly increase the likelihood of survival 173 

without disability at 90 days.  174 

TRIAL REGISTRATION ChiCTR.org.cn Identifier: ChiCTR2200065617  175 

  176 
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Introduction 177 

In the endovascular era, effectively restoring blood flow for occluded large vessels with 178 

endovascular thrombectomy has profoundly transformed the treatment algorithm for 179 

affected patients with acute ischemic stroke.1 However, despite near-complete to 180 

complete reperfusion (expanded Thrombolysis In Cerebral Infarction [eTICI] scale 2c-181 

3, indicating 90-100% reperfusion of visible vessels) with thrombectomy, less than half 182 

of stroke patients are disability-free at 90 days.2 Angiographic recanalization of a 183 

proximal intracranial large vessel by thrombectomy may not translate to effective 184 

reperfusion of the microvascular circulation.3 Persisting or new visible thrombi in distal 185 

arteries and nonvisible thrombi in the microcirculation can impair perfusion of the 186 

cerebral tissue, promote infarct growth after intervention, and reduce the likelihood of 187 

neurological recovery4,5. Targeting these thrombi, the Chemical Optimization of 188 

Cerebral Embolectomy (CHOICE) phase IIb trial suggested that intra-arterial infusion 189 

of a thrombolytic agent after successful endovascular thrombectomy may be a 190 

promising adjuvant strategy to improve the chances of a patient to achieve survival 191 

without disability. However, the CHOICE trial terminated prematurely with a limited 192 

sample size, which may result in increased variance in the estimation of the treatment 193 

effect.   194 

Urokinase is an affordable and accessible thrombolytic drug that is widely used in 195 

low- and middle-income countries.6 Intra-arterial urokinase was applied as a reasonable 196 

adjunct to unsuccessful thrombectomy in previous trials and current Chinese guidelines 197 

7-9 Recently, a number of pilot or retrospective studies evaluated intra-arterial urokinase 198 

as an adjunctive treatment in large vessel occlusion stroke but had conflicting results.10-199 

12 The efficacy and safety of intra-arterial urokinase in acute ischemic stroke after 200 

successful endovascular thrombectomy remains unknown. 201 

We initiated the Adjunctive Intra-arterial Urokinase after Near-complete to 202 

Complete Reperfusion for Acute Ischemic Stroke (POST-UK) trial to investigate the 203 

efficacy and safety of intra-arterial low-dose urokinase among patients with acute 204 

ischemic stroke due to large-vessel occlusion stroke following near-complete to 205 
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complete reperfusion by endovascular thrombectomy within 24 hours of last known 206 

well time. 207 

 208 

Methods 209 

Trial Design and Oversight 210 

The trial of Adjunctive Intra-arterial Urokinase after Near-complete to Complete 211 

Reperfusion for Acute Ischemic Stroke (POST-UK) was an investigator-initiated, 212 

multicenter, prospective, randomized, open-label, blinded end-point (PROBE) trial, 213 

conducted in 35 comprehensive stroke centers across China. Trial centers, investigators, 214 

and committee members are listed in the Supplement 3. This trial had the approval by 215 

the Human Research Ethics Committee of the coordinating medical center, and the 216 

ethics board at each site before enrollment. Signed informed consent was obtained from 217 

the patient or their legally authorized representative before randomization. A condensed 218 

study protocol has been published13 and the full text is available in Supplement 1. The 219 

statistical analysis plan is available in Supplement 2.  220 

The trial was designed and conducted by a steering committee composed of 221 

independent academic investigators. The trial was monitored by an independent data 222 

and safety monitoring board (DSMB). All data analyses and outcomes adjudications 223 

were performed by an independent clinical events committee. The trial was conducted 224 

according to the Declaration of Helsinki Harmonization Guidelines. This study adhered 225 

to the Consolidated Standards of Reporting Trials (CONSORT) reporting guidelines. 226 

 227 

Participants 228 

Eligible patients were aged 18 years or older, diagnosed with an occlusion of the 229 

intracranial segment of the internal carotid artery, the first segment of the middle 230 

cerebral artery (M1), or the second segment of the middle cerebral artery (M2), with 231 

baseline National Institutes of Health Stroke Scale (NIHSS, range, 0 to 42, with higher 232 

scores indicating greater stroke severity) 25 or less, who had been able to complete 233 

usual activities in daily life without support before the stroke (modified Rankin Scale 234 
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[mRS] score <2; the mRS score ranges from 0 [no symptoms] to 6 [death] for the 235 

evaluation of neurologic functional disability), without prior intravenous thrombolysis, 236 

and were enrolled up to 24 hours from symptom onset, defined as time last known well. 237 

Patients were eligible if they had a small to moderate ischemic core (Baseline Alberta 238 

Stroke Program Early CT Score (ASPECTS) ≥ 6 based on non-contrast computed 239 

tomography (NCCT) if obtained within 6 hours; or ASPECTS ≥ 7 or met the 240 

Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke (DEFUSE 241 

3)14 study criteria or the DWI or CTP Assessment with Clinical Mismatch in the Triage 242 

of Wake-Up and Late Presenting Strokes Undergoing Neurointervention with Trevo 243 

(DAWN)15 study criteria between 6-24 hours) and had achieved an eTICI grade ≥ 2c 244 

by endovascular thrombectomy. Detailed inclusion and exclusion criteria are provided 245 

in eMethod 1 in Supplement 3. 246 

 247 

Randomization 248 

Eligible patients were randomly assigned in a 1:1 ratio to the intra-arterial urokinase 249 

group or the control group. Randomization was performed via a web-based mobile 250 

phone app or computer using a permuted block randomization method with randomly 251 

selected block sizes of 2, 4, or 6. The assessment of the trial outcomes was performed 252 

by qualified physicians, who were blinded to the treatment assignments.  253 

 254 

Interventions 255 

Endovascular treatment was carried out according to the usual practice of each center. 256 

Patients in the intra-arterial urokinase group received a single dose of intra-arterial 257 

urokinase (100,000 IU), which was reconstituted with 10 ml of 0.9% sterile normal 258 

saline for 10 to 15 minutes through a distal access catheter or microcatheter positioned 259 

proximal to the initially occluded artery. Patients in the control group terminated their 260 

procedures without intra-arterial adjunctive thrombolysis therapy. Medical centers 261 

participating in this research were expected to adhere to stroke national practice 262 

guidelines for concomitant medical therapy.16 263 
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 264 

Outcome Measures 265 

The primary efficacy outcome was survival without disability (score of 0 or 1 on mRS) 266 

at 90 days after randomization.17 The score assessment was based on central evaluation 267 

by video or audio by certified evaluators who were unaware of the treatment assignment. 268 

The mRS score assessors received additional training and were authorized in the 269 

adjudication of the mRS.18,19 If video or audio recordings were unavailable, outcomes 270 

were determined in-person by local investigators, who were also unaware of the 271 

treatment assignment. The secondary efficacy outcomes included functional 272 

independence (mRS score 0 to 2) at 90 days, the level of disability (shift analysis of 273 

mRS score) at 90 days, the change of the NIHSS score from baseline to 5-7 days or 274 

discharge if earlier, and health-related quality of life measured with the European 275 

Quality of Life 5-Dimension 5-Level questionnaire (EQ-5D-5L; range, -0.39 to 1 with 276 

higher scores denoting better quality of life) at 90 days.  277 

The primary safety outcomes were death from any cause within 90 days and 278 

symptomatic intracranial hemorrhage defined by the modified Heidelberg Bleeding 279 

Classification within 48 hours of thrombectomy.20 Other prespecified safety measures 280 

included any intracranial hemorrhage within 48 hours, and systemic bleeding event 281 

evaluated by the Global Utilization of Streptokinase and Tissue Plasminogen Activator 282 

for Occluded Coronary Arteries criteria (GUSTO) within 90 days.21 Other adverse 283 

events and serious adverse events were also recorded. 284 

 285 

Sample Size Calculation 286 

Based on our preceding Endovascular Treatment With vs Without Tirofiban for Patients 287 

with Large Vessel Occlusion Stroke (RESCUE BT) trial, we assumed that the 288 

proportion of patients with survival without disability (mRS 0-1) would be 32.8% in 289 

the control group with an eTICI of 2c-322. Compared to an 18.6% absolute difference 290 

of the mRS 0-1 in the CHOICE trial, we assumed conservatively a 13% difference 291 

between the control group and the treatment group, where the proportion of mRS 0-1 292 
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in the treatment group would be 45.8%22,23. To demonstrate a 13% absolute difference 293 

with a type-1 error alpha of 0.05 (two-tailed) with a power of 83%, a sample size of 294 

472 patients would be needed (236 patients per group). Taking into account a 5% 295 

attrition rate, a total of 498 patients (249 per group) was required. When enrollment 296 

proceeded briskly and additional study agent was available, the sample size was 297 

increased to more than 498 to increase study power with the approval of the DSMB. 298 

 299 

Statistical Analysis 300 

The primary outcome was based on a complete case analysis of the primary analysis 301 

set, which included patients according to their randomization assignment, with a valid 302 

assessment of mRS at day 90 (eMethod 2 in Supplement 3). The primary efficacy 303 

outcome of mRS 0-1 and other dichotomized outcomes were analyzed by fitting the 304 

modified Poisson regression models, and compared using a risk ratio (RR). The post-305 

hoc risk difference (RD) was also calculated from analysis of the dichotomized 306 

outcomes using a generalized linear model. The score on the modified Rankin scale 307 

was compared using the generalized odds ratio (GenOR).24,25 The change of NIHSS 308 

score from baseline to 5-7 days or at early discharge, and EQ-5D-5L at 90 days were 309 

compared using the win ratios.25 The time to event outcome of 90-day mortality was 310 

compared using a hazard ratio from a Cox regression model. Both unadjusted and 311 

adjusted treatment effects were estimated in terms of point estimates and their 95% 312 

confidence intervals (CI). The adjusted analyses of binary outcomes and mortality were 313 

performed by adjusting for the following prespecified covariates in the modified 314 

Poisson models and Cox models, respectively: age, baseline NIHSS scores, baseline 315 

ASPECTS, occlusion site, and time from last known well to randomization. For the 316 

adjusted GenOR and win ratio analyses, the inverse-probability of treatment weighting 317 

method was employed. Both the crude and adjusted treatment effects and their 95% CIs 318 

were reported.25 319 

We also performed sensitivity analyses of the primary analysis, including per-320 

protocol analysis, imputation of missing primary outcome under different scenarios, 321 
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multiple imputation, and a generalized estimating equation model to control for 322 

possible center effect (eMethod 3 in Supplement 3). Patients who had received the 323 

randomized treatment but with major protocol violations were not included in the per-324 

protocol analysis. Analyses of adverse events were based on the safety population, 325 

which consisted of all randomized participants who received any study treatment. 326 

Testing for modification of the treatment effect on the primary efficacy and safety 327 

events was conducted in nine subgroups: age, sex, baseline NIHSS score, prestroke 328 

mRS, baseline ASPECTS, time from last known well to randomization, stroke etiology, 329 

occlusion location, and eTICI grade. Interactions of treatment effect with each of the 330 

subgroup variables were explored by adding interactions of the subgroup variables with 331 

treatment to the modified Poisson regression. 332 

For all outcomes, a 2-sided P value of less than 0.05 was considered to indicate 333 

statistical significance. All analyses of safety outcomes and secondary outcomes were 334 

considered exploratory and performed without adjustment for multiplicity. All 335 

statistical analyses were performed with the use of SAS software version 9.4 (SAS 336 

Institute) and R software version 4.3.0 (R Development Core Team; http://www.r-337 

project.org).   338 

 339 

Results 340 

Characteristics of the Patients 341 

Between November 15, 2022, and March 29, 2024, a total of 535 patients were enrolled. 342 

One patient immediately withdrew consent after randomization, leaving 267 patients 343 

assigned to the intra-arterial urokinase group and 267 to the control group (Figure 1, 344 

eFigures 1-2 in Supplement 3). There was no patient crossover to the other treatment 345 

group. Two patients (one in each assignment group) were lost to follow-up at 90 days.  346 

The demographic and clinical characteristics of the patients at baseline were 347 

similar in the two trial groups (Table 1, and eTable 1 in Supplement 3). The median 348 

baseline NIHSS score was 15 (IQR, 11 to 19) in the intra-arterial urokinase group and 349 

15 (IQR, 10 to 19) in the control group, respectively. The median ASPECTS was 8 350 

(IQR, 7 to 9) in both groups. The median last known well time to randomization was 351 

http://www.r-project.org/
http://www.r-project.org/
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523 minutes (IQR, 312 to 779) in the intra-arterial urokinase group and 524 minutes 352 

(IQR, 318 to 817) in the control group.  353 

 354 

Primary Efficacy Outcome  355 

In the primary analysis, survival without disability (score of 0 or 1 on the modified 356 

Rankin scale) occurred in 120 of 266 patients (45.1%) in the intra-arterial urokinase 357 

group and 107 of 266 patients (40.2%) in the control group, yielding an unadjusted RD 358 

of 4.89% (95% CI, -3.51% to 13.28%) and an adjusted RR of 1.13 (95% CI, 0.94-1.36; 359 

P = .19) (Table 2 and Figure 2). The per-protocol analyses yielded similar results 360 

(eTable 2 and eFigure 3 in Supplement 3). Mode of assessment of the primary outcome 361 

was central rater analysis of recorded video in 58 patients, central rater analysis of 362 

recorded audio in 409, local investigator assessment in 7, known fatal outcome in 58. 363 

 364 

Secondary Efficacy Outcomes 365 

Functional independence (mRS score of 0 to 2) at 90 days occurred in 143 of 266 366 

patients (53.8%) in the intra-arterial urokinase group and 139 of 266 (52.3%) patients 367 

in the control group (adjusted RR 1.04 [95% CI, 0.89-1.20]; P = .64). The median 90-368 

day mRS score was 2 (IQR, 0-5) in the intra-arterial urokinase group vs 2 (IQR, 1-4) in 369 

the control group, a favorable shift in mRS distribution showing an adjusted GenOR 370 

1.07 (95%CI, 0.84 to 1.35; P = .59). There were no significant differences of other 371 

prespecified secondary efficacy outcomes between the two groups (Table 2). 372 

 373 

Adverse Events 374 

Death occurred in 49 of 266 patients (18.4%) in the intra-arterial urokinase group and 375 

46 of 266 patients (17.3%) in the control group (adjusted hazard ratio, 1.06 [95% CI, 376 

0.71-1.59]; P = .77). Symptomatic intracranial hemorrhage occurred in 11 (4.1%) 377 

patients in the intra-arterial urokinase group and 11 patients (4.1%) in the control group 378 

(adjusted RR, 1.05 [95% CI, 0.45-2.44]; P = .91). The incidence of any radiologic 379 

intracranial hemorrhage was 69 (25.8%) in the intra-arterial urokinase group and 66 380 
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patients (24.7%) in the control group (adjusted RR, 1.10 [95% CI, 0.82-1.47]; P = .52). 381 

The observed incidence of systemic bleeding, adverse events and serious adverse events 382 

did not differ between the groups (Table 2; eTables 4-5 and eFigure 4 in Supplement 383 

3). 384 

 385 

Subgroup and Sensitivity Analyses of Primary Outcome 386 

The results of subgroup analyses are exhibited in Figure 3. The sensitivity analyses 387 

were consistent to the primary analysis, but no definite conclusions can be drawn from 388 

sensitivity analyses and subgroup analysis (eTable 3 in Supplement 3). 389 

 390 

Discussion 391 

In this multicenter randomized clinical trial, intra-arterial urokinase administered after 392 

near-complete to complete reperfusion by thrombectomy did not significantly improve 393 

the likelihood of survival without disabilitys among patients with acute ischemic stroke 394 

caused by anterior circulation large vessel occlusion. The incidence of symptomatic 395 

intracranial hemorrhage, mortality, any intracranial hemorrhage, and systemic bleeding 396 

did not differ significantly between two groups. 397 

There are several potential explanations for non-positive results with respect to 398 

intra-arterial urokinase. First, the baseline characteristics of enrolled patients in this trial 399 

differed from those enrolled in the CHOICE trial, including the lower proportion of M2 400 

occlusion, higher baseline NIHSS, lower ASPECTS, and higher proportion of 401 

intracranial atherosclerosis, which might have led to the different outcomes in this 402 

trial.26-28 Although the sample size of this trial was over four times as large as the sample 403 

size in the CHOICE trial, we still failed to show the benefit of adjunct intra-arterial 404 

urokinase. Second, the prevalence of microcirculatory impairment in cerebral tissues 405 

has been reported to be approximately 30% after successful angiographic reperfusion.3 406 

This study administered intra-arterial urokinase to all eligible patients, which might 407 

have diluted a potential treatment effect by the inclusion of patients who have complete 408 

tissue reperfusion. Performing a perfusion study after successful angiographic 409 
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reperfusion might have informed enrollment.29 However flat panel perfusion imaging 410 

is not available in most angiography suites and transporting patients to CT perfusion 411 

with a sheath in place would have been logistically challenging.30 Even so, safety or 412 

adverse events were not worse in the urokinase group. Third, there may be no genuine 413 

benefit of urokinase for this indication. 414 

Although the primary efficacy outcome in this trial did not show a statistically 415 

significant result, the confidence intervals do not exclude a clinically meaningful 416 

benefit of therapy. The treatment effect that the trial sample size was powered to detect 417 

was selected based on applying a realistic/pragmatic treatment difference approach to 418 

prior trial data.31 However, for the similarly valued health state transition for mRS 0-2 419 

to 3-6 as the analyzed transition from mRS 0-1 to 2-6 the minimal clinically important 420 

difference to change practice per clinician stakeholders and the minimal clinically 421 

important difference of value to patients are lower than the effect size that we used to 422 

power this trial.32-35 In addition, non-survival without disability (mRS 2-6) rates were 423 

substantially lower in the control group of the current trial than the control groups of 424 

the pivotal endovascular thrombectomy trials, about 59% vs 73%, probably due to 425 

inclusion of only patients with near complete to complete reperfusion in this study.36 426 

As a result, fewer control patients in the current study provided an opportunity to 427 

contribute to treatment effect detection of patients achieved survival without disability. 428 

Studies seeking to advance endovascular thrombectomy care are now subject to the 429 

challenge of diminishing control failure rates to trial conduct.37,38  430 

For the safety outcomes, no significant difference in symptomatic intracranial 431 

hemorrhage or radiographic intracranial hemorrhage was observed between the two 432 

groups in this trial. As the neutral results but the significantly higher rates of 433 

radiographic intracranial hemorrhage in the Intra-arterial Tenecteplase after 434 

Endovascular Therapy in Acute Posterior Circulation Arterial Occlusion (ATTENTION 435 

IA) trial and the Adjunctive Intra-arterial Tenecteplase Following Near-Complete to 436 

Complete Reperfusion for Large-Vessel Occlusion Stroke (POST-TNK) trials 437 

compared to their control groups, urokinase did not significantly increase the rate of 438 
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intracranial hemorrhage and safety events.39,40 439 

Limitations 440 

This trial has several limitations. First, the trial was open-label, though outcomes were 441 

assessed by clinicians who were unaware of the treatment assignments. Second, 442 

multiple testing of secondary, safety outcome and subgroup analysis were not corrected 443 

for. Therefore, for these outcomes, differences and P values should be interpreted with 444 

caution. Third, we did not require cerebral angiography after study drug treatment due 445 

to the difficulties in identifying microcirculation disturbance from a normal cerebral 446 

angiogram after mechanical thrombectomy. Forth, to mitigate hemorrhage risk with 447 

additional intra-arterial thrombolysis, patients who received intravenous thrombolysis 448 

before intervention were excluded in this trial, which might alter the outcomes in both 449 

groups. Fifth, since the trial was conducted in China, where intracranial atherosclerosis 450 

is more prevalent, the generalizability of the trial results will require further exploration 451 

in other populations. 452 

Conclusion 453 

Among patients with large vessel occlusion acute ischemic stroke achieving near-454 

complete to complete reperfusion, adjunctive intra-arterial urokinase after endovascular 455 

thrombectomy did not result in a significant difference in the proportion of survival 456 

without disability at 90 days.  457 

  458 



 19 

Acknowledgement 459 

Author Contributions:  460 

Drs. Chang Liu, Changwei Guo, Fengli Li, Wenjie Zi, Nizhen Yu Contributed equally 461 

as co-first authors. Drs. Qingwu Yang and Yangmei Chen had full access to all of the 462 

data in the study and take responsibility for the integrity of the data and the accuracy of 463 

the data analysis. Concept and design: Qingwu Yang, Yangmei Chen, Chang Liu, 464 

Changwei Guo, Wenjie Zi, Acquisition, analysis, or interpretation of data: All authors. 465 

Drafting of the manuscript: All authors. Critical revision of the manuscript for 466 

important intellectual content: Qingwu Yang, Yangmei Chen, Chang Liu, Changwei 467 

Guo, Fengli Li, Wenjie Zi, Nizhen Yu, Johannes Kaesmacher, Thanh N. Nguyen, Raul 468 

G. Nogueira, and Jeffrey L. Saver. Statistical analysis: Duolao Wang, Changwei Guo 469 

Obtained funding: Qingwu Yang, Yangmei Chen, Wenjie Zi, Chang Liu. Administrative, 470 

technical, or material support: All authors. Supervision: Qingwu Yang, Yangmei Chen.  471 

 472 

Disclaimer: 473 

Dr. Jeffrey Saver is an Associate Editor at JAMA but was not involved in any of the 474 

decisions regarding review of the manuscript or its acceptance.  475 

 476 

Conflict of Interest Disclosures:  477 

Dr Saver reports consulting fees for advising on rigorous and safe clinical trial design 478 

and conduct from Biogen, Boehringer Ingelheim, Genentech, Johnson&Johnson, 479 

Phenox, Phillips, Rapid Medical, and Roche. Dr. Nogueira reports consulting fees for 480 

advisory roles with Anaconda, Biogen, Cerenovus, Genentech, Philips, Hybernia, 481 

Imperative Care, Medtronic, Phenox, Philips, Prolong Pharmaceuticals, Stryker 482 

Neurovascular, Shanghai Wallaby, Synchron, and stock options for advisory roles with 483 

Astrocyte, Brainomix, Cerebrotech, Ceretrieve, Corindus Vascular Robotics, Vesalio, 484 

Viz-AI, RapidPulse and Perfuze.Dr. Nogueira reports consulting fees for advisory roles 485 

with Anaconda, Biogen, Cerenovus, Genentech, Philips, Hybernia, Hyperfine, 486 

Imperative Care, Medtronic, Phenox, Philips, Prolong Pharmaceuticals, Stryker 487 



 20 

Neurovascular, Shanghai Wallaby, Synchron, and stock options for advisory roles with 488 

Astrocyte, Brainomix, Cerebrotech, Ceretrieve, Corindus Vascular Robotics, 489 

CrestecBio Inc., Euphrates Vascular, Inc., Vesalio, Viz-AI, RapidPulse and Perfuze. Dr. 490 

Nogueira is one of the Principal Investigators of ENDOLOW trial. Funding for this 491 

project is provided by Cerenovus. Dr. Nogueira is the Principal Investigator of the 492 

DUSK trial. Funding for this project is provided by Stryker Neurovascular. Dr. 493 

Nogueira is an investor in Viz-AI, Perfuze, Cerebrotech, Reist/Q’Apel Medical, Truvic, 494 

Tulavi Therapeutics, Vastrax, Piraeus Medical, Brain4Care, Quantanosis AI, and 495 

Viseon. Dr. Nguyen discloses Associate Editor of Stroke, advisory board of Aruna Bio 496 

and Brainomix speaker for Genentech and Kaneka. Dr. Johannes Kaesmacher receives 497 

research grant from the Swiss National Science Foundation and Le Studium Loire 498 

Valley Institute for Advanced Studies, and he is part of the Editorial Board of Clinical 499 

Neuroradiology and SVIN. No other potential conflict of interest relevant to this article 500 

was reported. 501 

  502 

Funding/Support: 503 

Supported by the National Natural Science Foundation of China (No. 82425021; No. 504 

82001264; No. 82271349), Natural Science Foundation of Chongqing (No. 505 

CSTB2024NSCQ-MSX0359), Chongqing Technology Innovation and Application 506 

Development Project (No. CSTB2022TIAD-KPX0160), the National Natural Science 507 

Foundation of China Major Program (No. 82090040) and China Postdoctoral Science 508 

Foundation (No. 2023M740444). The study drug was provided by Wuhan Humanwell 509 

Pharmaceutical Co., Ltd., Wuhan, China. 510 

 511 

Role of the Funder/Sponsor: 512 

The funders/sponsors had no role in the design and conduct of the study; collection, 513 

management, analysis, and interpretation of the data; preparation, review, or approval 514 

of the manuscript; and decision to submit the manuscript for publication. 515 

  516 



 21 

Data Sharing Statement:  517 

See Supplement 4. 518 

  519 



 22 

REFERENCE: 520 

1. Yogendrakumar V, Vandelanotte S, Mistry EA, et al. Emerging Adjuvant Thrombolytic 521 

Therapies for Acute Ischemic Stroke Reperfusion. Stroke. 2024. 2024;55(10):2536-2546. 522 

2. Seker F, Qureshi MM, Mohlenbruch MA, et al. Reperfusion Without Functional Independence 523 

in Late Presentation of Stroke With Large Vessel Occlusion. Stroke. 2022;53(12):3594-3604. 524 

3. Ng FC, Churilov L, Yassi N, et al. Prevalence and Significance of Impaired Microvascular 525 

Tissue Reperfusion Despite Macrovascular Angiographic Reperfusion (No-Reflow). 526 

Neurology. 2022;98(8):e790-e801. 527 

4. Mujanovic A, Jungi N, Kurmann CC, et al. Importance of Delayed Reperfusions in Patients 528 

With Incomplete Thrombectomy. Stroke. 2022;53(11):3350-3358. 529 

5. Elmadhoun A, Wang H, Ding Y. Impacts of futile reperfusion and reperfusion injury in acute 530 

ischemic stroke. Brain Circ. 2024;10(1):1-4. 531 

6. Kharel S, Nepal G, Joshi PR, Yadav JK, Shrestha TM. Safety and efficacy of low-cost 532 

alternative urokinase in acute ischemic stroke: A systematic review and meta-analysis. J Clin 533 

Neurosci. 2022;106:103-109. 534 

7. Ogawa A, Mori E, Minematsu K, et al. Randomized trial of intraarterial infusion of urokinase 535 

within 6 hours of middle cerebral artery stroke: the middle cerebral artery embolism local 536 

fibrinolytic intervention trial (MELT) Japan. Stroke. 2007;38(10):2633-2639. 537 

8. Collette SL, Bokkers RPH, Mazuri A, et al. Intra-arterial thrombolytics during endovascular 538 

thrombectomy for acute ischaemic stroke in the MR CLEAN Registry. Stroke Vasc Neurol. 539 

2023;8(1):17-25. 540 

9. Lee M, Hong KS, Saver JL. Efficacy of intra-arterial fibrinolysis for acute ischemic stroke: 541 

meta-analysis of randomized controlled trials. Stroke. 2010;41(5):932-937. 542 

10. Kaesmacher J, Bellwald S, Dobrocky T, et al. Safety and Efficacy of Intra-arterial Urokinase 543 

After Failed, Unsuccessful, or Incomplete Mechanical Thrombectomy in Anterior Circulation 544 

Large-Vessel Occlusion Stroke. JAMA Neurol. 2020;77(3):318-326. 545 

11. Kaesmacher J, Abdullayev N, Maamari B, et al. Safety and Angiographic Efficacy of Intra-546 

Arterial Fibrinolytics as Adjunct to Mechanical Thrombectomy: Results from the INFINITY 547 

Registry. J Stroke. 2021;23(1):91-102. 548 

12. Diprose WK, Wang MTM, Ghate K, et al. Adjunctive Intra-arterial Thrombolysis in 549 

Endovascular Thrombectomy: A Systematic Review and Meta-analysis. Neurology. 550 

2021;96(24):1135-1143. 551 

13. Liu C, Li F, Song J, et al. Adjunctive Intra-arterial Urokinase after Successful Endovascular 552 

Thrombectomy in Patients with Large Vessel Occlusion Stroke (POST-UK): Study protocol of 553 

a multicenter, prospective, randomized, open-label, blinded-endpoint trial. medRxiv. 554 

2024:2024.2008.2005.24311528 (Accepted by Stroke: Vascular and Interventional 555 

Neurology). 556 

14. Albers GW, Marks MP, Kemp S, et al. Thrombectomy for Stroke at 6 to 16 Hours with 557 

Selection by Perfusion Imaging. N Engl J Med. 2018;378(8):708-718. 558 

15. Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to 24 Hours after Stroke with a 559 

Mismatch between Deficit and Infarct. N Engl J Med. 2018;378(1):11-21. 560 

16. Liu L, Li Z, Zhou H, et al. Chinese Stroke Association guidelines for clinical management of 561 

ischaemic cerebrovascular diseases: executive summary and 2023 update. Stroke Vasc Neurol. 562 

2023;8(6):e3. 563 



 23 

17. Patel N, Rao VA, Heilman-Espinoza ER, Lai R, Quesada RA, Flint AC. Simple and reliable 564 

determination of the modified rankin scale score in neurosurgical and neurological patients: 565 

the mRS-9Q. Neurosurgery. 2012;71(5):971-975; discussion 975. 566 

18. Yuan J, Wang Y, Hu W, Bruno A. The reliability and validity of a novel Chinese version 567 

simplified modified Rankin scale questionnaire (2011). BMC Neurol. 2020;20(1):127. 568 

19. Bruno A, Akinwuntan AE, Lin C, et al. Simplified modified rankin scale questionnaire: 569 

reproducibility over the telephone and validation with quality of life. Stroke. 2011;42(8):2276-570 

2279. 571 

20. von Kummer R, Broderick JP, Campbell BC, et al. The Heidelberg Bleeding Classification: 572 

Classification of Bleeding Events After Ischemic Stroke and Reperfusion Therapy. Stroke. 573 

2015;46(10):2981-2986. 574 

21. investigators G. An international randomized trial comparing four thrombolytic strategies for 575 

acute myocardial infarction. N Engl J Med. 1993;329(10):673-682. 576 

22. Investigators RBT, Qiu Z, Li F, et al. Effect of Intravenous Tirofiban vs Placebo Before 577 

Endovascular Thrombectomy on Functional Outcomes in Large Vessel Occlusion Stroke: The 578 

RESCUE BT Randomized Clinical Trial. JAMA. 2022;328(6):543-553. 579 

23. Renu A, Millan M, San Roman L, et al. Effect of Intra-arterial Alteplase vs Placebo Following 580 

Successful Thrombectomy on Functional Outcomes in Patients With Large Vessel Occlusion 581 

Acute Ischemic Stroke: The CHOICE Randomized Clinical Trial. JAMA. 2022;327(9):826-582 

835. 583 

24. Churilov L, Arnup S, Johns H, et al. An improved method for simple, assumption-free ordinal 584 

analysis of the modified Rankin Scale using generalized odds ratios. International Journal of 585 

Stroke. 2014;9(8):999-1005. 586 

25. Wang D, Zheng S, Cui Y, He N, Chen T, Huang B. Adjusted win ratio using the inverse 587 

probability of treatment weighting. J Biopharm Stat. 2023:1-16. 588 

26. Bernsen MLE, Goldhoorn RB, Lingsma HF, et al. Importance of Occlusion Site for 589 

Thrombectomy Technique in Stroke: Comparison Between Aspiration and Stent Retriever. 590 

Stroke. 2021;52(1):80-90. 591 

27. Liebeskind DS, Saber H, Bhuva P, et al. Serial ASPECTS in the DAWN Trial: Infarct 592 

Evolution and Clinical Impact. Stroke. 2021;52(10):3318-3324. 593 

28. Mujanovic A, Strbian D, Demeestere J, et al. Safety and clinical outcomes of endovascular 594 

therapy versus medical management in late presentation of large ischemic stroke. Eur Stroke 595 

J. 2024:23969873241249406. 596 

29. Mujanovic A, Kurmann CC, Manhart M, et al. Value of Immediate Flat Panel Perfusion 597 

Imaging after Endovascular Therapy (AFTERMATH): A Proof of Concept Study. AJNR Am J 598 

Neuroradiol. 2024;45(2):163-170. 599 

30. Bai X, Yu F, Tian Q, et al. Clinical Significance and Influencing Factors of Microvascular 600 

Tissue Reperfusion After Macrovascular Recanalization. Transl Stroke Res. 2023;14(4):446-601 

454. 602 

31. Cook JA, Julious SA, Sones W, et al. DELTA(2) guidance on choosing the target difference 603 

and undertaking and reporting the sample size calculation for a randomised controlled trial. 604 

Trials. 2018;19(1):606. 605 

32. Cranston JS, Kaplan BD, Saver JL. Minimal Clinically Important Difference for Safe and 606 

Simple Novel Acute Ischemic Stroke Therapies. Stroke. 2017;48(11):2946-2951. 607 



 24 

33. Turc G, Tsivgoulis G, Audebert HJ, et al. European Stroke Organisation (ESO)-European 608 

Society for Minimally Invasive Neurological Therapy (ESMINT) expedited recommendation 609 

on indication for intravenous thrombolysis before mechanical thrombectomy in patients with 610 

acute ischemic stroke and anterior circulation large vessel occlusion. J Neurointerv Surg. 611 

2022;14(3):209. 612 

34. Liao NC, Bahr Hosseini M, Saver JL. Clinically important effect sizes for clinical trials using 613 

infarct growth reduction as the primary outcome: a systematic review. J Neurointerv Surg. 614 

2023. 615 

35. Rebchuk AD, O'Neill ZR, Szefer EK, Hill MD, Field TS. Health Utility Weighting of the 616 

Modified Rankin Scale: A Systematic Review and Meta-analysis. JAMA Netw Open. 617 

2020;3(4):e203767. 618 

36. Goyal M, Menon BK, van Zwam WH, et al. Endovascular thrombectomy after large-vessel 619 

ischaemic stroke: a meta-analysis of individual patient data from five randomised trials. 620 

Lancet. 2016;387(10029):1723-1731. 621 

37. Kent DM, Trikalinos TA. Therapeutic innovations, diminishing returns, and control rate 622 

preservation. JAMA. 2009;302(20):2254-2256. 623 

38. Hong KS, Yegiaian S, Lee M, Lee J, Saver JL. Declining stroke and vascular event recurrence 624 

rates in secondary prevention trials over the past 50 years and consequences for current trial 625 

design. Circulation. 2011;123(19):2111-2119. 626 

39. Tao C, Li R, Sun J, et al. Intra-arterial tenecteplase following endovascular therapy in patients 627 

with acute posterior circulation arterial occlusion: study protocol and rationale. J Neurointerv 628 

Surg. 2023. 629 

40.     The citation for POST-TNK 630 

  631 



 25 

Figure legends: 632 

Figure 1. Flow Chart of Patients Through the POST-UK Trial 633 

a Baseline Alberta Stroke Program Early CT Score (ASPECTS) ≥6 based on non-634 

contrast computed tomography (NCCT) if the onset time is within 6 hours; ASPECTS 635 

≥ 7 or meets the Endovascular Therapy Following Imaging Evaluation for Ischemic 636 

Stroke (DEFUSE 3) study criteria or meets the DWI or CTP Assessment with Clinical 637 

Mismatch in the Triage of Wake-Up and Late Presenting Strokes Undergoing 638 

Neurointervention with Trevo (DAWN) study criteria.  639 

b eFigure 1 in Supplement 3 provides detailed explanations of protocol violations. 640 

 641 

Figure 2. Distribution of Scores on the Modified Rankin Scale at 90 Days 642 

Shown are the scores on the modified Rankin scale of all included patients with 643 

available 90-day follow-up data. The primary analysis set included all the patients who 644 

provided consent, and patients were included in the analysis according to their assigned 645 

trial group. Scores range from 0 to 6, with 0 indicating no symptoms or disability after 646 

stroke, 1 no clinically relevant disability, 2 slight disability, 3 moderate disability, 4 647 

moderate-to-severe disability, 5 severe disability (complete dependence on daily care), 648 

and 6 death. Percentages not total 100 because of rounding. Treatment with intra-649 

arterial urokinase was associated with an adjusted risk ratio of 1.13 (95% CI, 0.94-1.36; 650 

P = .19) for survival without disability. Data was missing for 1 patient in the intra-651 

arterial urokinase group and 1 patient in the control group. 652 

 653 

Figure 3. Subgroup analyses.  654 

Forest plot showed the pre-specified subgroup analyses for the risk ratio of survival 655 

without disability (defined as a score on the modified Rankin scale of 0 to 1) at 90 days. 656 

The widths of the confidence intervals were not adjusted for multiple comparisons, and 657 

the reported confidence intervals should not be used for hypothesis testing. Numbers 658 

are patients per group. NIHSS denotes National Institutes of Health Stroke Scale, mRS 659 

modified Rankin Scale score, ASPECTS Alberta Stroke Program Early Computed 660 
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Tomography Score, LKW last known well, ICA internal carotid artery terminus, M1 661 

and M2 the first and second middle cerebral artery segments, eTICI expanded 662 

Thrombolysis In Cerebral Infarction. 1 patient in the control group and 1 patient in the 663 

intra-arterial urokinase group without valid assessment due to loss of follow-up were 664 

not included in the chart. The age, baseline NIHSS, baseline ASPECTS, time from last 665 

known well to randomization were divided at median of the whole population as 666 

prespecified in the statistical analysis plan. The sizes of the boxes in the plot correspond 667 

to the number of patients in each subgroup. The arrow indicates that the 95% CI was 668 

beyond the scale. 669 

a Scores on the NIHSS range from 0 to 42, with higher scores indicating worse 670 

neurologic deficits. 671 

b Scores on the mRS of functional disability range from 0 (no symptoms) to 6 672 

(death). Four patients had a modified Rankin Scale score higher than 1 prior to 673 

enrollment, including one patient who was lost to follow-up, who were not shown in 674 

the chart. 675 

c ASPECTS range from 0 to 10, with lower values indicating larger infarction. 676 

d The TOAST classification system is a widely used method for classifying ischemic 677 

stroke and transient ischemic attack (TIA). It divides ischemic stroke and TIA into 5 678 

subtypes based on their likely causes: large artery atherosclerosis, cardioembolism, 679 

small-artery occlusion, other determined etiology, and undetermined etiology. 680 

e Five patients with an eTICI grade lower than 2c, including one patient who was lost 681 

to follow-up, were not shown in the chart. 682 

  683 
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline. 684 

 
No. (%)  

Characteristics 

Intra-arterial urokinase  

(N=267) 

Control  

(N=267) 

Age, median (IQR), y 69 (59–77) 68 (58–76) 

Sex a   

Female 105 (39.3) 118 (44.2) 

Male 162 (60.7) 149 (55.8) 

Medical history b   

Hypertension 169 (63.3) 163 (61.0) 

Atrial fibrillation 97 (36.3) 102 (38.2) 

Hyperlipidemia 58 (21.7) 66 (24.7) 

Stroke 57 (21.3) 52 (19.5) 

Diabetes mellitus 55 (20.6) 62 (23.2) 

Smoking c 68 (25.5) 56 (21.0) 

Prestroke modified Rankin Scale score d   

0 256 (95.9) 254 (95.1) 

1 9 (3.4) 11 (4.1) 

Baseline NIHSS score, median (IQR) e 15 (11–19) 15 (10–19) 

Baseline ASPECTS, median (IQR) f 8 (7–9) 8 (7–9) 

Systolic blood pressure at hospital arrival median (IQR), mm Hg 144 (131–168) 143 (128–160) 

Blood glucose level at hospital arrival median (IQR), mmol/L g 7.1 (6.1–8.7) [N = 239] 6.9 (6.1–8.6) [N = 229] 

TOAST etiology h   

Cardioembolism 103 (38.6) 106 (39.7) 

Large artery atherosclerosis 136 (50.9) 131 (49.1) 

Other/Unknown 28 (10.4) 30(11.3) 

Occlusion site   

Internal carotid artery 57 (21.3) 68 (25.5) 

M1 segment 161 (60.3) 148 (55.4) 

M2 segment 49 (18.4) 51 (19.1) 

Angiographic eTICI scores i   

2c 96 (36.0) 90 (33.7) 

3 168 (62.9) 175 (65.5) 

Time from last known well, median (IQR), min   

To start of EVT procedure 462 (260–730) 465 (255–753) 

To randomization 523 (312–779)  524 (318–817) 

To study treatment j 529 (322–787)  — 

Abbreviation: ASPECTS, Alberta Stroke Program Early CT Score; NIHSS, National Institutes of Health Stroke 685 

Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment; eTICI, The expanded Thrombolysis In Cerebral 686 

Infarction; SI conversion factor: To convert glucose to mg/dL, divide by 0.0555. 687 
a Sex reported by the patient and verified by identification card. 688 
b Comorbidities based on family or patient report. 689 
c Current or within the prior 5 years 690 
d Scores on the modified Rankin Scale score of functional disability range from 0 (no symptoms) to 6 (death). Two 691 

patients in the Intra-arterial urokinase group and two patients in the Control group had a prestroke score on the 692 

modified Rankin Scale of 2 or more. 693 
e Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating 694 

more severe neurological deficits. 695 
f The Alberta Stroke Program Early Computed Tomography Score (ASPECTS) is an imaging measure of the extent 696 

of ischemic stroke. Scores range from 0 to 10, with higher scores indicating a smaller infarct core. Listed are values 697 
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for the core laboratory assessment. 698 
g Data on glucose at baseline were missing for 28 patients in the intra-arterial urokinase group and 38 patients in the 699 

control group. 700 
h The TOAST classification system is a widely used method for classifying ischemic stroke and transient ischemic 701 

attack (TIA). It divides ischemic stroke and TIA into 5 subtypes based on their likely causes: large artery 702 

atherosclerosis, cardioembolism, small-artery occlusion, other determined etiology, and undetermined etiology. 703 
i The expanded Thrombolysis In Cerebral Infarction (eTICI) scale is a reperfusion measure based on digital 704 

subtraction angiography, which ranges from 0 (no reperfusion) to 3 (complete reperfusion). 3 patients in the Intra-705 

arterial urokinase group and 2 patients in the Control group had an eTICI grade of less than 2c. 706 
j Study treatment refers to the application of intra-arterial urokinase therapy. 707 

 708 
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Table 2. Study Outcomes. 709 

 No./total (%)     

Outcome 
Intra-arterial urokinase  

(N=266) 

Control  

(N=266) 

Unadjusted Risk 

Difference (95% CI) 

Unadjusted Value 

(95% CI) 

Adjusted Value 

(95% CI) a P value 

Primary outcome       

mRS score of 0 to 1 at 90 days b 120 (45.1) 107 (40.2) 4.89% (-3.51% to 13.28%) RR: 1.12 (0.92 to 1.37) RR: 1.13 (0.94 to 1.36) 0.19 

       

Secondary outcomes       

mRS score of 0 to 2 at 90 days 143 (53.8) 139 (52.3) 1.50% (-6.98% to 9.99%) RR: 1.03 (0.88 to 1.21) RR: 1.04 (0.89 to 1.20) 0.64 

mRS score at 90 days, no. of wins/total no. of pairs (%) c 
30466/70756 (43.1) 28619/70756 (40.5) 

 
GenOR: 1.06 (0.84 to 1.34) 

GenOR:1.07 (0.84 to 

1.35) 
0.59 

mRS score at 90 days, median (IQR) 2 (0 - 5) 2 (1 - 4)     

Change in NIHSS score at 5-7 days or discharge if earlier, 

from baseline, no. of wins/total no. of pairs (%) d, e 

37252/71289 (52.3) 31138/71289 (43.7)  WR: 1.20 (0.97 to 1.47) WR: 1.17 (0.95 to 1.45) 0.13 

Change of NIHSS score at 5-7 days or discharge if earlier, 

from baseline, median (IQR) d 

-5 (-10 to -2) -5 (-9 to -1)   
  

EQ-5D-5L score at 90 days, no. of wins/total no. of pairs (%) 

f 
30923/70756 (43.7) 27899/70756 (39.4) 

 
WR: 1.11 (0.88 to 1.40) WR: 1.11 (0.88 to 1.40) 0.38 

EQ-5D-5L score at 90 days, median (IQR) 0.7 (-0.3 to 1.0) 0.6 (-0.2 to 1.0)     

Primary safety outcomes       

Death within 90 days 49 (18.4) 46 (17.3)  HR: 1.07 (0.71 to 1.60) HR: 1.06 (0.71 to 1.59) 0.77 

Symptomatic intracranial hemorrhage within 48h d, g 11 (4.1) 11 (4.1) 0% (-3.37% to 3.37%) RR: 1.00 (0.44 to 2.27) RR: 1.05 (0.45 to 2.44) 0.91 

Secondary safety outcomes       

Any radiologic intracranial hemorrhage within 48h d 69 (25.8) 66 (24.7) 1.12% (-6.25% to 8.50%) RR: 1.05 (0.78 to 1.40) RR: 1.10 (0.82 to 1.47) 0.52 

Systemic Bleeding d, h      0.25 i 
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Mild 35 (13.1) 25 (9.4)     

Moderate 0 (0.0) 2 (0.7)     

Severe 72 (27.0) 69 (25.8)     

 710 

Abbreviations: mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; EQ-5D-5L, European Quality of Life Five-Dimension Five-Level scale. RR, risk ratio; RD, risk difference; GenOR, 711 

generalized odds ratio; WR, win ratio. 712 
a Adjusted values were adjusted for age, baseline NIHSS score, baseline ASPECTS score, occlusion site, and time from last known to be well to randomization. The GenOR and win ratio were adjusted using the inverse 713 

probability treatment weighting method. Post hoc analyses were performed to calculate the risk difference using the generalized linear model. 714 
b The modified Rankin Scale of functional disability ranges from 0 (no symptoms) to 6 (death). Data was missing for 1 patient in the control group and 1 patient in intra-arterial urokinase group. 715 
c The Win proportion was calculated by the number of wins in the intra-arterial urokinase group over the control group in mRS among all possible pairs of mRS taking one patient from the intra-arterial urokinase group 716 

and one patient from the control group divided by the total number of pairs. The results were adjusted using the inverse probability treatment weighting method. The GenOR indicated the probability of modified Rankin 717 

Scale score was lower than the other group. Data for modified Rankin Scale score was missing for 1 patient in the control group and 1 patient in intra-arterial urokinase group. 718 
d All outcomes assessed within the first 7 days are analyzed in 267 patients in each treatment group, including the 1 patient in each group who was lost to follow-up between 1 week and 90 days 719 
e Scores on the NIHSS range from 0 to 42, with higher values reflecting more severe neurologic impairment.  720 
f The EQ-5D-5L is a continuous scale measure of self-reported quality of life. Scores range from -0.39 to 1, with lower scores indicating a worse quality of life. Data was missing for 1 patient in the control group and 1 721 

patient in intra-arterial urokinase group. 722 

g Symptomatic intracranial hemorrhage was defined according to the modified Heidelberg bleeding classification (an increase in the NIHSS score of ≥4 points or an increase in the score for an NIHSS subcategory of ≥2 723 

points with any intracranial hemorrhage on imaging).  724 
h Bleeding events were defined according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries criteria as follows: severe bleeding was defined as fatal or intracranial 725 

hemorrhage or other hemorrhage causing hemodynamic compromise that required blood or fluid replacement, inotropic support, or surgical intervention; moderate bleeding as bleeding that required transfusion of blood 726 

but did not lead to hemodynamic compromise requiring intervention; and mild bleeding as bleeding not requiring transfusion and not causing hemodynamic compromise (e.g., subcutaneous bleeding, mild hematomas, 727 

and oozing from puncture sites).  728 
i Chi-square Test. 729 

 730 



 

 

 

 

 

 

 

 

 

756 Adults with acute stroke reported  

by local investigators 

221 Excluded 

  203 Did not meet inclusion criteria 

      58 Occlusion site not intracranial internal carotid artery 

or first or second segment of the middle cerebral 

artery 

      40 Reperfusion level (eTICI) < 2c 

      29 Received intravenous thrombolysis            

      28 Not meet the CT/CTP/MRI imaging profile criteria
a
  

      16 Procedure time > 90 min 

      16 Vessel rupture, dissection, or contrast extravasation 

during the procedure 

       8 More than 3 passes of thrombectomy device 

       5 Intracranial aneurysm or arteriovenous malformation 

       2 Pre stroke mRS > 1 

       1 Not meet requirement of laboratory tests            

  18 Declined to participate 

 

535 Randomized 

267 Randomized to control group 

267 Terminated procedure without  

intra-arterial thrombolysis 

 

268 Randomized to intra-arterial urokinase group 

  267 Received intra-arterial urokinase 

    1 Withdrew consent immediately  

after randomization 

 

266 Included in the primary as randomized
b
 

analysis 

249 Included in the per-protocol analysis 

 17 Excluded for protocol violations
c
 

249 Included in the per-protocol analysis 

17 Excluded for protocol violations
c
 

 

266 Included in the primary as randomized
b
 

analysis 
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Intra-arterial urokinase 
    group (N=266) 
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    (N=266) 

s, %

No symptom Death

Modified Rankin Scale score at 90 d



Subgroup

Overall
Age, y

Intra-arterial 
Urokinase

 69

Control

> 69
Sex

   Adjusted RR
       (95% CI)

   Female

P Value for
Interaction

   Male
Baseline NIHSS score

 15
> 15

Prestroke mRS score
   0
   1
Baseline ASPECTS

8
> 8

Time from LKW to randomization, min
524

> 524
Stroke Etiology

   Other and Unknown
Occlusion site 
   ICA
   M1
   M2
eTICI
   2c
   3

120/266 (45.1)

68/135 (50.4)
52/131 (39.7)

49/105 (46.7)
71/161 (44.1)

81/144 (56.3)
39/122 (32.0)

118/255 (46.3)
2/9 (22.2)

62/163 (38.0)
58/103 (56.3)

60/134 (44.8)
60/132 (45.5)

59/135 (43.7)
48/103 (46.6)
13/28 (46.4)

22/57 (38.6)
71/160 (44.4)
27/49 (55.1)

43/96 (44.8)
76/168 (45.2)

107/266 (40.2)

69/147 (46.9)
38/119 (31.9)

38/118 (32.2)
69/148 (46.6)

77/145 (53.1)
30/121 (24.8)

105/254 (41.3)
2/11 (18.2)

61/162 (37.7)
46/104 (44.2)

49/133 (36.8)
58/133 (43.6)

60/130 (46.2)
34/106 (32.1)
13/30 (43.3)

26/67 (38.8)
56/148 (37.8)
25/51 (49.0)

33/90 (36.7)
73/174 (42.0)

     0.91

     0.06

     0.45

     0.82

     0.40

     0.51

     0.10

     0.77

     0.77

0.25 0.5 1 2 4

Control Better   Intra-arterial Urokinase Better

no. with mRS score of 0 or 1 at 90 days/total no. (%)


	Article File
	Flow Chart of Patients Through the POST-UK Trial
	Distribution of Scores on the Modified Rankin Scale at 90 Days
	Subgroup analyses.

