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Background: Clinically ineffective reperfusion (CIR) refers to the discrepancy between successful reperfusion and a favorable functional outcome in patients with large vessel occlusion (LVO) stroke after endovascular treatment (EVT). The Improving Neuroprotective Strategy for Ischemic Stroke with Sufficient Recanalization after Thrombectomy by Intra-arterial Cocktail Therapy (INSIST-CT) trial aimed to explore the safety, feasibility, and efficacy of intra-arterial cocktail therapy using argatroban, dexamethasone, and edaravone in patients who achieved sufficient reperfusion after EVT.

Methods: In this prospective, single-arm, pilot study, eligible patients with anterior circulation LVO who achieved sufficient reperfusion after EVT were enrolled in the INSIST-CT trial. Consecutive patients who met the inclusion/exclusion criteria were included in the control group retrospectively. In the INSIST-CT group, argatroban, dexamethasone, and edaravone were continuously administered for 30 min into the culprit artery after sufficient recanalization. The primary endpoint was the proportion of favorable functional outcome, defined as a modified Rankin Scale (mRS) score of 0–2 at 90 days. The primary safety outcome was symptomatic intracranial hemorrhage (sICH). Propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) analyses were performed to account for multiple confounders.

Results: A total of 30 patients were included in the INSIST-CT group, and 261 patients were included in the control group. The proportion of the patients with the primary endpoint was 60% in the INSIST-CT group and 55.9% in the control group (unadjusted odds ratio [OR] 1.18, 95% CI 0.55–2.61, p = 0.67; adjusted OR 1.42, 95% CI 0.62–3.26, p = 0.41). No significant difference in sICH at 48 h after treatment was observed between the two groups (unadjusted OR 0.96, 95% CI 0.15–3.56, p = 0.96; adjusted OR 0.82 95% CI 0.17–3.97, p = 0.809). Similar results were observed after the PSM and IPTW analyses.

Conclusion: In anterior circulation, LVO patients who achieved sufficient reperfusion after EVT, bridging intra-arterial cocktail therapy with argatroban, dexamethasone, and edaravone may be safe and feasible. However, it did not improve the 90-day functional outcomes. A numerically higher probability of a favorable outcome in the INSIST-CT group suggests the potential promise of this cocktail therapy in reducing clinically ineffective reperfusion.

Clinical trial registration: ClinicalTrials.gov, NCT04202549.
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Introduction

Endovascular treatment (EVT) is the most effective treatment for acute ischemic stroke (AIS) patients with large vessel occlusion (LVO). Although the proportion of LVO patients who achieve sufficient recanalization after EVT is more than 80%, nearly half of them remain disabled. This is defined as clinically ineffective reperfusion (CIR) (1). The mechanisms underlying CIR include the evolution of the infarction by the time of angiographic reperfusion, vessel re-occlusion, hemorrhagic transformation after EVT, and the no re-flow phenomenon in the cerebral microcirculation (1). Among these mechanisms, the no re-flow phenomenon may be a major contributor to CIR and is estimated to occur in one-third of ischemic stroke patients who undergo reperfusion (2). Previous studies have shown that multiple mechanisms contribute to the no-reflow phenomenon, including endothelial swelling, pericyte constriction, microthrombus formation, neuroinflammation, oxidative stress, and disruption of the blood–brain barrier (3, 4).

Argatroban, a selective thrombin inhibitor, directly inhibits both free and clot-associated thrombin, along with thrombin-induced events, and is widely used to treat AIS, particularly in Asian countries such as China and Japan (5–7). Several studies have demonstrated the neuroprotective effect of glucocorticoids on ischemic brain damage through anti-inflammatory mechanisms (8). Edaravone has been recommended for AIS therapy due to its ability to scavenge free radicals and prevent neuronal and endothelial cell injury caused by excessive Ca2+ influx and reactive oxygen species (9–11).

Given the differing mechanisms of action of argatroban, dexamethasone, and edaravone, their combination treatment may be more effective in improving no-reflow than any of these drugs used alone. Importantly, these drugs have been used to treat acute ischemic stroke in previous trials before the advent of EVT, while in preclinical studies, they have been shown to exert neuroprotective effects, typically using an ischemia/reperfusion injury model (12–14). Furthermore, we contended that intra-arterial administration of these drugs may offer benefits in improving no-reflow, thereby leading to an improvement in CIR. In this context, the Improving Neuroprotective Strategy for Ischemic Stroke with Sufficient Recanalization after Thrombectomy by Intra-arterial Cocktail Therapy (INSIST-CT) trial aimed to explore the safety, feasibility, and possible efficacy of intra-arterial cocktail therapy using this combination of agents after sufficient recanalization in AIS-LVO patients who received EVT.



Methods


Study design and participants

The INSIST-CT trial was a prospective, single-arm, pilot study conducted in China from May 2020 to June 2022. It aimed to determine the safety, feasibility, and possible efficacy of intra-arterial cocktail compounds containing argatroban, dexamethasone, and edaravone, in anterior circulation AIS-LVO patients who underwent EVT. The study protocol is available in Appendix 1. During the same period, consecutive patients with anterior circulation AIS-LVO who underwent EVT were retrospectively screened as controls. Patients with a pre-stroke modified Rankin Scale (mRS) score of 0–2 and occlusion in the internal carotid artery or proximal middle cerebral artery (M1 or M2 segment) were included. The trial flowchart is shown in Figure 1. Eligible participants in the study were those with anterior circulation AIS-LVO who underwent EVT according to the AHA/ASA guidelines (15) and achieved sufficient reperfusion [modified Treatment in Cerebral Ischemia (mTICI) 2b-3] within 7 h of stroke onset. The key exclusion criteria were as follows: hemorrhagic transformation (PH2) detected on non-contrast computed tomography (NCCT) performed immediately after the procedure, severe hepatic or renal dysfunction, and severe uncontrolled hypertension (systolic blood pressure over 200 mmHg or diastolic blood pressure over 110 mmHg). The detailed inclusion and exclusion criteria are listed in Appendix 1. The INSIST-CT trial was registered on clinicaltrials.gov (NCT04202549). The protocol and data collection for the trial were approved by the ethics committee of the General Hospital of the Northern Theater Command. All patient representatives provided written informed consent before being included in the trial.
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FIGURE 1
 Screening and follow-up of patients.




Procedure

Once successful angiographic reperfusion (mTICI 2b-3) was achieved, intra-arterial administration of a mixture containing argatroban (0.3 mg/min), dexamethasone (0.1 mg/min), and edaravone (0.3 mg/min) was performed continuously for 30 min through a supporting catheter in the culprit artery. All patients received standard perioperative treatment according to current guidelines (15).



Outcomes

The primary outcome was a favorable functional outcome, defined as a modified Rankin Scale (mRS) score of 0–2 at 90 days. The secondary outcomes included an excellent functional outcome (mRS 0–1) at 90 days and early neurological improvement (ENI), defined as a decrease of more than 4 points in the NIHSS score at 48 h after the treatment. The primary safety outcome was symptomatic intracranial hemorrhage (sICH), defined as an increase of ≥4 points in the NIHSS score as a result of intracranial hemorrhage, according to the ECASS-3 study (16).

As a post hoc analysis, the 90-day mRS distribution and the changes in the NIHSS score at 48 h and 10 days or upon discharge were examined as secondary outcomes; any instance of ICH within 48 h and mortality within 90 days were evaluated as safety outcomes.



Follow-up procedure

Study visits were made at 48 ± 12 h, 10 ± 2 days, and 90 ± 7 days after randomization. Data regarding patient demographic characteristics, baseline NIHSS, routine laboratory tests, and neuroimaging were collected. The last known normal-to-puncture time, door-to-puncture time, puncture-to-reperfusion time, onset-to-reperfusion time, location of arterial occlusion on angiography, retrieval and recanalization techniques, number of passes, reperfusion status, and neuroimaging findings were recorded. To reduce bias, the follow-up NIHSS scores were determined by the same neurologist. The 90-day clinical assessments, including the mRS, were evaluated by a qualified individual blinded to the treatment allocation, according to a standardized procedure manual. The primary endpoint was evaluated in person or by telephone interview if an in-person evaluation was not possible. Concomitant medications and any adverse events within 90 days after randomization were recorded in detail by the investigators and adjudicated by certified assessors. In addition, continuous ECG monitoring was performed on all patients who received EVT in our intensive care unit. After transfer from the intensive care unit, 24-h Holter monitoring was routinely performed to rule out paroxysmal silent AF.



Statistical analysis

The data were presented as mean ± standard deviation, median (IQR), or number (percentage,) as appropriate. Student’s t-test or Mann–Whitney U test were performed to compare continuous variables based on their normality, and Pearson’s χ2 test was performed for categorical variables. The primary and secondary outcomes, such as excellent functional outcome, early neurological improvement, and sICH within 48 h, were estimated using binary logistic regression adjusted for age, sex, diabetes mellitus, atrial fibrillation (AF), pre-stroke mRS, pre-treatment with IVT, and onset-to-reperfusion time (ORT).

In post hoc analysis, we used ordinal logistic regression to evaluate the 90-day mRS distribution, a general linear model for the changes in the NIHSS score at 48 h and 10 days or upon discharge, binary logistic regression for any ICH within 48 h, and the Cox regression model for mortality within 90 days.

As for sensitivity analyses, we performed propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) analyses, accounting for multiple confounders (17, 18). The propensity score (PS) was calculated using a logistic regression model adjusted for age, baseline NIHSS, pre-treatment with IVT, mechanical thrombectomy (MT) passes, and occlusion location. This analysis was performed with 1:1 PSM based on nearest-neighbor matching with a caliper width of 0.2 times the standard deviation of the PS. We estimated the IPTW based on the PS to create a synthetic sample with baseline characteristics independent of treatment assignment and further conducted the IPTW analysis.

All statistical analyses were performed using SPSS software (version 25.0) and R software (version 4.3.2), and a two-sided test with p < 0.05 was considered statistically significant.




Results


Trial population

Between May 2020 and June 2022, 30 eligible patients with AIS-LVO who met the inclusion criteria were enrolled in the INSIST-CT trial after excluding 11 patients (Figure 1). During the same period, 420 AIS-LVO patients who received EVT were consecutively screened, and 261 patients who met the inclusion/exclusion criteria were enrolled as controls (Figure 1). The majority of the baseline demographic, clinical, imaging, and interventional characteristics were compared between the INSIST-CT and control groups, except for median age [69 (58–77) vs. 64 (56–71), p = 0.032], sex (male, 56.7% vs. 78.9%, p = 0.008), and history of atrial fibrillation (63.3% vs. 41.0%, p = 0.019) (Table 1). The median time from the onset to reperfusion was 339 (240–525) min in the INSIST-CT group compared to 430 (310–569) min in the control group (p = 0.073). A total of four patients (13.3%) in the INSIST-CT group and 80 patients (30.7%) in the control group received intravenous alteplase before EVT. All patients were treated with EVT under local anesthesia. The baseline characteristics after propensity score matching are shown in Supplementary Table S1 (Appendix 2). The baseline characteristics were well balanced after the inverse probability of treatment weighting adjusted for age, pre-treatment with IVT, baseline NIHSS, MT passes, and occlusion location (Supplementary Table S2; Appendix 2).



TABLE 1 Baseline characteristics.
[image: Table1]



Primary outcome

For the primary outcome, the proportion of the patients with an mRS score of 0–2 at 90 days was 60% (18/30) in the INSIST-CT group vs. 55.9% (146/261) in the control group [unadjusted odds ratio [OR] 1.18 (0.55–2.61), p = 0.67; adjusted OR [aOR] 1.42 (0.62–3.26), p = 0.411; Table 2; Figure 2]. After the PSM, the proportion of the patients with an mRS score of 0–2 at 90 days was 60.0% (18/30) in the INSIST-CT group vs. 50.0% (15/30) in the control group [OR 1.50 (0.54–4.23), p = 0.44; Table 3; Figure 3A]. After the IPTW, the proportion of the patients with an mRS score of 0–2 at 90 days was 70.3% (200/285) in the INSIST-CT group vs. 55.4% (161/291) in the control group [OR 1.91 (0.83–4.42), p = 0.13; Table 4; Figure 3B].



TABLE 2 Primary and secondary outcomes.
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FIGURE 2
 Distribution of the modified Rankin Scale (mRS) at 90 days.




TABLE 3 Primary and secondary outcomes after propensity score matching.
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FIGURE 3
 Distribution of the modified Rankin Scale (mRS) at 90 days after propensity score matching (A) and inverse probability of treatment weighting (B).




TABLE 4 Primary and secondary outcomes after inverse probability of treatment weighting.
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Secondary outcomes

Similar to the primary outcome, no significant differences were observed in the secondary outcomes between the two groups, including the proportion of the patients with an mRS score of 0–1 at 90 days, and early neurological improvement. As for the exploratory secondary outcomes, no significant differences between the two groups were observed, including the mRS distribution at 90 days, the proportion of patients with an mRS score of 0–3 at 90 days, and the changes in NIHSS score compared to the baseline at 48 h and 10 days or upon earlier discharge (Tables 2–4; Figures 2, 3).



Safety outcomes

As for the safety outcomes, no significant differences were observed in both the unadjusted and adjusted analyses of sICH at 48 h after EVT between the two groups. For the exploratory safety outcomes, including any ICH within 48 h and mortality within 90 days, no significant difference was observed between the two groups (Tables 2–4).




Discussion

This prospective, single-arm, pilot study conducted in China explored the safety, feasibility, and efficacy of sufficient EVT reperfusion followed by an intra-arterial cocktail therapy in patients with anterior circulation AIS-LVO. The results showed that intra-arterial administration of argatroban, dexamethasone, and edaravone may be safe and feasible, but it did not improve the clinical outcomes in the population of this study compared to the controls. A numerically higher probability of a favorable outcome and a numerically lower risk of SICH were observed in the INSIST-CT group compared to the control group, which was similar to the results of propensity score matching and inverse probability of treatment weighting.

Despite improvements in EVT techniques and a high rate of reperfusion, CIR remains a serious clinical problem in approximately half of AIS-LVO patients after EVT (19–21). Factors prior to EVT, including large infarct volume, poor collateral circulation, female sex, comorbidities, admission systolic blood pressure, occlusion site, and non-bridging therapy, have been reported to be associated with CIR (22–24). After EVT, no-reflow is closely associated with CIR due to the production of harmful free radicals, aggravation of inflammation, and microthrombi (1). In this trial, an intra-arterial mixture of argatroban, dexamethasone, and edaravone was administered after successful EVT reperfusion to address the mechanisms underlying no-reflow, including the anti-inflammatory effect of dexamethasone, the inhibitory effect of argatroban on microthrombi, and the free radical scavenging effect of edaravone. These agents have shown promising results in their respective clinical trials in ischemic stroke patients. The MARVEL randomized trial found that intravenous methylprednisolone as an adjunct to EVT in patients with AIS-LVO significantly reduced the occurrence of sICH within 48 h and mortality at 90 days; however, it did not reduce 90-day disability (25). In patients with AIS with early neurological deterioration, treatment with argatroban and antiplatelet therapy resulted in better functional outcomes at 90 days (26). Our ARAIS trial showed that, among patients with acute ischemic stroke, treatment with argatroban and intravenous alteplase, compared to alteplase alone, was safe but did not improve the functional outcomes at 90 days (7). The TASTE and TASTE-SL trials found that intravenous or sublingual ED administration resulted in better 90-day functional outcomes (mRS 0–1) in AIS patients who did not receive thrombolysis or EVT and were presented within 48 h of symptom onset (27, 28). In contrast to these studies, we chose an intra-arterial cocktail strategy containing argatroban, dexamethasone, and edaravone, given the potentially better effect of intra-arterial delivery and their mechanisms to target the no-reflow phenomenon. Compared to the controls, the cocktail therapy resulted in a numerically higher probability of a favorable outcome and a numerically lower risk of sICH, suggesting the potential benefit. This finding is also in agreement with the CHOICE trial, which indicated that the use of adjunct intra-arterial alteplase improved clinical outcomes among AIS-LVO patients who had successful reperfusion following thrombectomy (29). Unlike patients who achieved successful recanalization, other studies have indicated that anti-platelet drug treatments, such as arterial and intravenous tirofiban, may benefit many patients after unsuccessful mechanical thrombectomy (30–32). Collectively, the promising results further support the bridging therapeutic strategies targeting multiple mechanisms of reperfusion injury and no-reflow in AIS-LVO patients who have had sufficient reperfusion to improve clinical outcomes.

Although, to the best of our knowledge, the INSIST-CT trial is the first attempt to improve CIR with intra-arterial cocktail therapy, it has several limitations. First, this was a single-arm trial where a concurrent control arm was used, which could have introduced potential bias and confounding effects. This single-arm design also made it impossible for the control group to receive an intra-arterial injection of saline in the same amount. Second, this was a single-center study with a small sample size, which may make our findings inconclusive. Third, the dose of each component used was subjective and empirical, and their mechanisms of action together as a cocktail were unclear, which may have affected the efficacy and safety of this cocktail treatment. In addition, the treatment procedure also prolonged the operation time. Finally, due to the retrospective nature of the control group, data on pre-stroke therapies were unavailable. Given the influence of pre-stroke therapies on safety outcomes, particularly anticoagulants, antiplatelets, antihypertensive medications, and statins, they should be considered in future studies.



Conclusion

Intra-arterial administration of argatroban, dexamethasone, and edaravone following successful EVT reperfusion may be safe and feasible, but it did not improve the 90-day functional outcomes in anterior circulation AIS-LVO patients. However, the numerically higher probability of a favorable outcome and safety in the INSIST-CT group suggests that this cocktail therapy, targeting multiple pathophysiological processes after successful reperfusion, may be a promising strategy. A prospective multicenter randomized trial is warranted.



Data availability statement

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



Ethics statement

The studies involving humans were approved by the ethics committee of the General Hospital of the Northern Theater Command. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

Z-AZ: Data curation, Formal analysis, Investigation, Writing – original draft. H-ZH: Data curation, Formal analysis, Writing – original draft. WL: Writing – original draft, Investigation. JQ: Investigation, Writing – original draft. Y-GZ: Investigation, Writing – original draft. TN: Writing – review & editing. H-SC: Writing – review & editing, Conceptualization, Funding acquisition, Supervision.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by grants from the Science and Technology Project Plan of Liao Ning Province (2022JH2/101500020).



Conflict of interest

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

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Author disclaimer

TN discloses Associate Editor of Stroke; advisory board of Brainomix, Aruna Bio.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1450156/full#supplementary-material



References

 1. Nie, X, Leng, X, Miao, Z, Fisher, M, and Liu, L. Clinically ineffective reperfusion after endovascular therapy in acute ischemic stroke. Stroke. (2023) 54:873–81. doi: 10.1161/STROKEAHA.122.038466 

 2. Mujanovic, A, Ng, F, Meinel, TR, Dobrocky, T, Piechowiak, EI, Kurmann, CC , et al. No-reflow phenomenon in stroke patients: A systematic literature review and meta-analysis of clinical data. Int J Stroke. (2024) 19:58–67. doi: 10.1177/17474930231180434 

 3. Sperring, CP, Savage, WM, Argenziano, MG, Leifer, VP, Alexander, J, Echlov, N , et al. No-Reflow Post-Recanalization in Acute Ischemic Stroke: Mechanisms, Measurements, and Molecular Markers. Stroke. (2023) 54:2472–80. doi: 10.1161/STROKEAHA.123.044240 

 4. Kloner, RA, King, KS, and Harrington, MG. No-reflow phenomenon in the heart and brain. Am J Physiol Heart Circ Physiol. (2018) 315:H550–62. doi: 10.1152/ajpheart.00183.2018 

 5. Chen, L, Cao, S, and Yang, J. Argatroban plus aspirin versus aspirin in acute ischemic stroke. Neurol Res. (2018) 40:862–7. doi: 10.1080/01616412.2018.1495882 

 6. Hosomi, N, Naya, T, Kohno, M, Kobayashi, S, and Koziol, JA. Efficacy of anti-coagulant treatment with argatroban on cardioembolic stroke. J Neurol. (2007) 254:605–12. doi: 10.1007/s00415-006-0365-y 

 7. Chen, HS, Cui, Y, Zhou, ZH, Dai, YJ, Li, GH, Peng, ZL , et al. Effect of Argatroban Plus Intravenous Alteplase vs Intravenous Alteplase Alone on Neurologic Function in Patients With Acute Ischemic Stroke: The ARAIS Randomized Clinical Trial. JAMA. (2023) 329:640–50. doi: 10.1001/jama.2023.0550 

 8. Sun, WH, He, F, Zhang, NN, Zhao, ZA, and Chen, HS. Time dependent neuroprotection of dexamethasone in experimental focal cerebral ischemia: The involvement of NF-kappa B pathways. Brain Res. (2018) 1701:237–45. doi: 10.1016/j.brainres.2018.09.029 

 9. Cheng, B, Guo, Y, Li, C, Ji, B, Pan, Y, Chen, J , et al. Edaravone protected PC12 cells against MPP(+)-cytoxicity via inhibiting oxidative stress and up-regulating heme oxygenase-1 expression. J Neurol Sci. (2014) 343:115–9. doi: 10.1016/j.jns.2014.05.051 

 10. Zhang, N, Komine-Kobayashi, M, Tanaka, R, Liu, M, Mizuno, Y, and Urabe, T. Edaravone reduces early accumulation of oxidative products and sequential inflammatory responses after transient focal ischemia in mice brain. Stroke. (2005) 36:2220–5. doi: 10.1161/01.STR.0000182241.07096.06 

 11. Mizuno, A, Umemura, K, and Nakashima, M. Inhibitory effect of MCI-186, a free radical scavenger, on cerebral ischemia following rat middle cerebral artery occlusion. Gen Pharmacol. (1998) 30:575–8. doi: 10.1016/S0306-3623(97)00311-X 

 12. de la Rosa, X, Cervera, A, Kristoffersen, AK, Valdés, CP, Varma, HM, Justicia, C , et al. Mannose-binding lectin promotes local microvascular thrombosis after transient brain ischemia in mice. Stroke. (2014) 45:1453–9. doi: 10.1161/STROKEAHA.113.004111 

 13. Espinosa, A, Meneses, G, Chavarria, A, Mancilla, R, Pedraza-Chaverri, J, Fleury, A , et al. Intranasal Dexamethasone Reduces Mortality and Brain Damage in a Mouse Experimental Ischemic Stroke Model. Neurotherap J Am Soc Exp Neuro Therap. (2020) 17:1907–18. doi: 10.1007/s13311-020-00884-9 

 14. Kikuchi, K, Tancharoen, S, Takeshige, N, Yoshitomi, M, Morioka, M, Murai, Y , et al. The efficacy of edaravone (radicut), a free radical scavenger, for cardiovascular disease. Int J Mol Sci. (2013) 14:13909–30. doi: 10.3390/ijms140713909 

 15. Powers, WJ, Rabinstein, AA, Ackerson, T, Adeoye, OM, Bambakidis, NC, Becker, K , et al. Guidelines for the Early Management of Patients With Acute Ischemic Stroke: 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke: A Guideline for Healthcare Professionals From the American Heart Association/American Stroke Association. Stroke. (2019) 50:e344–418. doi: 10.1161/STR.0000000000000211 

 16. Hacke, W, Kaste, M, Bluhmki, E, Brozman, M, Dávalos, A, Guidetti, D , et al. Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med. (2008) 359:1317–29. doi: 10.1056/NEJMoa0804656

 17. Austin, PC, and Stuart, EA. Moving towards best practice when using inverse probability of treatment weighting (IPTW) using the propensity score to estimate causal treatment effects in observational studies. Stat Med. (2015) 34:3661–79. doi: 10.1002/sim.6607 

 18. Austin, PC. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding in Observational Studies. Multivar Behav Res. (2011) 46:399–424. doi: 10.1080/00273171.2011.568786 

 19. Jovin, TG, Nogueira, RG, Lansberg, MG, Demchuk, AM, Martins, SO, Mocco, J , et al. Thrombectomy for anterior circulation stroke beyond 6 h from time last known well (AURORA): a systematic review and individual patient data meta-analysis. Lancet. (2022) 399:249–58. doi: 10.1016/S0140-6736(21)01341-6

 20. Goyal, M, Menon, BK, van Zwam, WH, Dippel, DW, Mitchell, PJ, Demchuk, AM , et al. Endovascular thrombectomy after large-vessel ischaemic stroke: a meta-analysis of individual patient data from five randomised trials. Lancet. (2016) 387:1723–31. doi: 10.1016/S0140-6736(16)00163-X 

 21. Haussen, DC, Al-Bayati, AR, Mohammaden, MH, Sheth, SA, Salazar‐Marioni, S, Linfante, I , et al. The society of vascular and interventional neurology (SVIN) mechanical thrombectomy registry: methods and primary results. stroke: vascular and interventional. Neurology. (2022) 2:e000234. doi: 10.1161/SVIN.121.000254

 22. Deng, G, Xiao, J, Yu, H, Chen, M, Shang, K, Qin, C , et al. Predictors of futile recanalization after endovascular treatment in acute ischemic stroke: a meta-analysis. J Neurointerv Surg. (2022) 14:881–5. doi: 10.1136/neurintsurg-2021-017963 

 23. Zeng, W, Li, W, Huang, K, Lin, Z, Dai, H, He, Z , et al. Predicting futile recanalization, malignant cerebral edema, and cerebral herniation using intelligible ensemble machine learning following mechanical thrombectomy for acute ischemic stroke. Front Neurol. (2022) 13:982783. doi: 10.3389/fneur.2022.982783 

 24. Nie, X, Pu, Y, Zhang, Z, Liu, X, Duan, W, and Liu, L. Futile recanalization after endovascular therapy in acute ischemic stroke. BioMed Res Int. (2018) 2018:1–5. doi: 10.1155/2018/5879548

 25. Yang, Q, Guo, C, Yue, C, Song, J, Yang, J, Peng, Z , et al. Methylprednisolone as adjunct to endovascular thrombectomy for large-vessel occlusion stroke: the MARVEL randomized clinical trial. JAMA. (2024) 331:840–849. doi: 10.1001/jama.2024.0626

 26. Zhang, X, Zhong, W, Xue, R, Jin, H, Gong, X, Huang, Y , et al. Argatroban in patients with acute ischemic stroke with early neurological deterioration: a randomized clinical trial. JAMA Neurol. (2024) 81:118–25. doi: 10.1001/jamaneurol.2023.5093 

 27. Xu, J, Wang, A, Meng, X, Yalkun, G, Xu, A, Gao, Z , et al. Edaravone dexborneol versus edaravone alone for the treatment of acute ischemic stroke: a phase III, randomized, double-blind comparative trial. Stroke. (2021) 52:772–80. doi: 10.1161/STROKEAHA.120.031197 

 28. Fu, Y, Wang, A, Tang, R, Li, S, Tian, X, Xia, X , et al. Sublingual edaravone dexborneol for the treatment of acute ischemic stroke: The TASTE-SL randomized clinical trial. JAMA Neurol. (2024) 81:319–26. doi: 10.1001/jamaneurol.2023.5716 

 29. Renu, A, Millan, M, San Roman, L, Blasco, J, Martí-Fàbregas, J, Terceño, M , et al. Effect of Intra-arterial Alteplase vs Placebo Following Successful Thrombectomy on Functional Outcomes in Patients With Large Vessel Occlusion Acute Ischemic Stroke: The CHOICE Randomized Clinical Trial. JAMA. (2022) 327:826–35. doi: 10.1001/jama.2022.1645 

 30. Sang, H, Xie, D, Tian, Y, Nguyen, TN, Saver, JL, Nogueira, RG , et al. Association of tirofiban with functional outcomes after thrombectomy in acute ischemic stroke due to intracranial atherosclerotic disease. Neurology. (2023) 100:e1996–2006. doi: 10.1212/WNL.0000000000207194 

 31. Zhang, S, Hao, Y, Tian, X, Zi, W, Wang, H, Yang, D , et al. Safety of intra-arterial tirofiban administration in ischemic stroke patients after unsuccessful mechanical thrombectomy. J Vasc Intervent Radiol. (2019) 30:141–147.e1. doi: 10.1016/j.jvir.2018.08.021 

 32. Yang, M, Huo, X, Gao, F, Wang, A, Ma, N, Shi, H , et al. Low-dose rescue tirofiban in mechanical thrombectomy for acute cerebral large-artery occlusion. Eur J Neurol. (2020) 27:1056–61. doi: 10.1111/ene.14170 


Copyright
 © 2024 Zhao, Hu, Li, Qiu, Zhao, Nguyen and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-15-1450156-t002.jpg
Outcomes INSIST-CT Control group Unadjusted model Adjusted model *
group (n = 30) (n = 261)

OR/GMR/HR p value OR/GMR/HR p value
(95% CI) (95% CI)

Primary outcome

90-day mRS 0-2 18 (60.0) 146 (55.9) 118 (055-2.61) 067 142(0:62-3.26) 041
Secondary outcomes

90-day mRS 0-1 13(433) 118 (45.2) 093(043-199) 085 118 (0.52-2.68) 070
90-day mRS distribution * 20(10-48) 20(1.0-40) 1,02 (054-1.98) 095 1.31(0:66-2.60) 0.4
ENI 17(56.7) 116 (44.4) 164 (0.76-3.50) 020 1.62(0.73-3.59) 024

Change in NIHSS ©
atash' 45(00-7.0) 30(00-7.0) 1.00 (0.90-1.13) 095 100 (0.89-1.12) 098
at 10 days or discharge’ 65(1.0-10.8) 50/(0.0-10.0) 1.02(0.89-1.18) 074 102 0.89-1.17) 079

Safety outcomes

SICH within 48 h 2(67) 18(6.9) 0.96 (0.15-3.59) 0.96 0.82(0.17-3.97) 0.81
Any ICH within 48 h 9(30.0) 86(33.0) 0.87(0.37-1.93) 074 112 (0.46-2.73) 0.80
Mortality within 90 days * 4(13.3) 43(165) 0.7 (0.28-2.14) 0.61 0.54 (0.18-1.58) 0.26

Data were expressed as 1 (%) or median (IQR). CI, Confidence interval; OR, Odds ratio; GMR, Geometric mean ratio; HR, Hazard ratio; mRS, Modified Rankin Scale; ENI, Early neurological
improvement; NIHSS, National Institute of Health Stroke Scale; SICH, Symptomatic intracranial hemorrhage: ICH, Intracranial hemorrhage.

“Adjusted for age, sex,diabetes mellitus, atial fbrilltion, pre-stroke mRS, and pre-treatment with IV'T and ORT, which was based on the baseline characteristics ata p < 0.1 level.

‘Calculated using ordinal regression analysis.

“The log (NIHSS + 1) was analyzed using a generalized linear model.

‘Calculated using the Cox regression model.

11 missing data.

'19 missing data.
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OR/GMR/HR
(n =30) (n=30) (95% CI)

INSIST-CT group Control group

Outcomes p value

Primary outcome
90-day mRS 0-2 18 (60.0) 15 (50.0) 1,50 (0.54-4.23) 044

Secondary outcomes

90-day mRS 0-1 13(433) 13(433) 100 (0.36-2.79) 100
90-day mRS distribution * 20(1.0-48) 25(02-6.0) 1423 (0.58-3.54) 044
ENI 17(56.7) 14 (467) 1495 (0.54-4.20) 0.44
Change in NIHSS *

atash 45 (0.0-7.0) 30(00-7.0) 103 (0.90-1.18) 064
at 10 days or discharge” 65(10-10.8) 45(-121092) 107 (0.89-1.28) 047

Safety outcomes

SICH within 48 h 2(67) 3(10.0) 0.64 (0.08-4.17) 0.64
Any ICH within 48 h 9(30.0) 9(30.0) 1,00 (0.33-3.05) 1.00
Mortality within 90 days © 4(133) 9(30.0) 040 (0.12-1.29) 013

Data were expressed as (%) or median (IQR). C1, Confidence interval; OR, Odds ratio; GMR, Geometric mean ratio; HR, Hazard ratio; mRS, Modified Rankin Scales ENI, Early neurological
improvement; NIHSS, National Institute of Health Stroke Scale; SICH, Symptomatic intracranial hemorthages ICH, Intracranial hemorrhage.

Used 1:1 propensity score matching with a caliper width of 0.2, matching for age, baseline NIHSS, pre-treatment with IVT, MT passes, and occlusion location.

Calculated using ordinal regression analysis.

“The log (NIHSS + 1) was analyzed using a generalized linear model.

Calculated using the Cox regression model.

“Two missing data.
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\ELELIES Total (n = 291) INSIST-CT group Control group p value

(n = 30) (n = 261)
Age, years 65(56-72) 69 (58-77) 64(56-71) 0032
Male patients 222(763) 17(56.7) 205 (78.9) 0.008
Medical history
Hypertension 155 (533) 20(66.7) 135(517) 0120
Diabetes mellitus 78(26.8) 12(40.0) 66(25.3) 0.085
Hyperlipidemia* 64(22.5) 5067) 59(232) 0416
Coronary heart disease 56(192) 8(267) 4818.4) 0276
Atial fibrillation’ 126 (433) 19.(63.3) 107 (41.0) 0019
History of stroke 63(21.6) 7(233) 56 (21.5) 0813
Cigarette smoking 160 (55.0) 13(433) 147 (56.3) 0176
Alcohol use 152(522) 13(433) 139(533) 0303
Pre-stroke mRS 0.074
0 267 (91.8) 25(83.3) 242(92.7)
1 16(5.5) 30100) 13(5.0)
2 8(27) 2(67) 6(23)
Baseline NIHSS. 15 (12-18) 16 (12-19) 14(12-17) 0176
Baseline ASPECTS 9(8-10) 9(8-10) 9(8-10) 0387
Pre-treatment with IVT 84(28.9) 40133) 80(30.7) 0077

Duration, min

ot 355 (240-500) 287 (183-483) 360 (243-503) 0132
PRT 51 (40-68) 50 (43-59) 52(39-81) 0213
ORT 420 (305-565) 339 (240-525) 430 (310-569) 0073
EVT
Stent retriever 286(983) 30/(100.0) 256 (98.1) 0982
Aspiration 30(10.3) 3(10.0) 27(10.3) 50,999
Balloon angioplasty 72(24.7) 6(200) 66(253) 0525
Stenting angioplasty 21(72) 163) 20(7.7) 0620
MT passes, n 10-2) 101-2) 10-2) 0546
Cause of vessel occlusion 0136
Atherosclerosis 114(392) 7(23.3) 107 (41.0)
Cardioembolism 121 (416) 17(56.7) 104(39.8)
Other or unknown etiology 56(19.2) 6(200) 50(19.2)
Occlusion location 0978
MCA-M1 214(73.5) 22(73.3) 192(736)
IcA 77(26.5) 8(267) 69 (26.4)

Data were expressed as (%) or median (IQR). NIHSS, National Institute of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; IV, Intravenous thrombolysis; OPT,
Onset to puncture time; PRT, Puncture to recanalization time; ORT, Onset to recanalization time; EV'T, Endovascular treatment; MT, Mechanical thrombectomy; MCA, Middle cerebral artery:
ICA, Internal carotid artery.

“Seven missing data.

“Two patients with AF were classified as having an undetermined cause due to the presence of large-artery atherosclerosis.

17 missing data.
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INSIST-CT group Control group OR/GMR/HR

Outcomes p value

(n = 285) (n=291) (95% CI)

Primary outcome
90-day mRS 0-2 200(70.3) 161 (55.4) 191 (083-4.42) 013

Secondary outcomes

90-day mRS 0-1 150 (52.6) 131(44.9) 1.36 (0.58-3.23) 048
90-day mRS distribution * 10(0.0-3.4) 20(1.0-50) 130 (0.98-1.73) 007
ENI 161 (56.4) 129 (44.4) 1.67 (0.68-3.83) 027
Change in NIHSS *

atagh 5.1(0.0-7.0) 30(00-7.0) 1.03 (0.93-1.14) 055
at 10 days or discharge 70(10-9.7) 50/(0.0-10.0) 1,08 (0.95-1.24) 025
Safety outcomes

SICH within 48 h 12(43) 20(6.8) 0,62 (0.13-293) 054
Any ICH within 48 h 106 (37.4) 95(327) 123 (048-3.12) 067
Mortality within 90 days © 25(8.9) 49(16.8) 0.48 (0.16-1.48) 020

Data were expressed as (%) or median (IQR). CI, Confidence interval OR, Odds ratio; GMR, Geometric mean ratio; HR, Hazard ratio; mRS, Modified Rankin Scales ENI, Early neurological
provement; NIHSS, National Insitute of Health Stroke Scale; SICH, Symptomatic intracranial hemorrhage; ICH, Intracranial hemorrhage.

Weighted by age, baseline NIHSS, pre-treatment with IV'T, MT passes, and occlusion location.

‘Calculated using ordinal regression analysis.

“The log (NIHSS + 1) was analyzed using a generalized linear model.

‘Calculated using the Cox regression model.
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