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    Abstract
Background Endovascular therapy (EVT) is effective and safe in patients with tandem occlusion. The benefit of intravenous thrombolysis (IVT) prior to EVT in acute tandem occlusion is debatable.

Objective To compare EVT alone with EVT plus IVT in patients with acute ischemic stroke due to anterior circulation tandem occlusions.

Methods This is an individual patient pooled analysis of the Thrombectomy In TANdem lesions (TITAN) and Endovascular Treatment in Ischemic Stroke (ETIS) Registries. Patients were divided into two groups based on prior IVT treatment: (1) IVT+ group, which included patients who received IVT prior to EVT, (2) IVT− group, which included patients who did not receive IVT prior to EVT. Propensity score (inverse probability of treatment weighting (IPTW)) was used to reduce baseline between-group differences. The primary outcome was favorable outcome—that is, modified Rankin Scale (mRS) score 0 to 2 at 90 days.

Results Overall, 602 consecutive patients with an acute stroke with tandem occlusion were included (380 and 222 in the bridging therapy and EVT alone groups, respectively). Onset to imaging time was shorter in the IVT+ group (median 103 vs 140 min). In contrast, imaging to puncture time was longer in the IVT+ group (median 107 vs 91 min). In IPTW analysis, the IVT+ group had higher odds of favorable outcome, excellent outcome (90-day mRS score 0–1), and successful reperfusion (modified Thrombolysis in Cerebral Infarction score 2b/3 at the end of EVT). There was no difference in the risk of significant hemorrhagic complications between groups. In secondary analysis of patients treated with acute cervical internal carotid artery stenting, bridging therapy was associated with higher odds of favorable outcome and lower odds of mortality at 90 days.

Conclusions Our results suggest that bridging therapy in patients with acute ischemic stroke due to anterior tandem occlusion is safe and may improve functional outcome, even in the setting of acute cervical internal carotid artery stenting during EVT.
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Data availability statement
The data that support the findings of this study are available from the corresponding author upon reasonable request.
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Introduction
Anterior circulation tandem occlusions accounts for 15–20% of large vessel occlusion strokes.1 2 Endovascular treatment (EVT) is effective and safe treatment for tandem occlusion and provides a high rate of successful reperfusion and functional independence.3 The benefit of intravenous thrombolysis (IVT) prior to EVT in tandem occlusion is debatable because of the large clot burden and the potential need for periprocedural antiplatelet therapy in cases of acute carotid artery stenting.2–4 Multiple studies evaluated the benefit of IVT prior to EVT and reported conflicting results.5–9 Two randomized trial demonstrated the non-inferiority of EVT alone compared with bridging therapy,10 11 but another failed to demonstrate similar findings.12 Tandem occlusion was either under-represented or excluded from previous studies.10–12

In view of a lack of sufficient evidence for the benefit and safety of bridging therapy in tandem occlusions, we aimed in this study to compare the functional and safety outcomes of patients with tandem occlusion treated with bridging therapy with those treated with EVT alone, using data from two large stroke multicenter registries.

Methods
Study cohort
This is a pooled analysis of the Thrombectomy In TANdem lesions (TITAN) and Endovascular Treatment in Ischemic Stroke (ETIS) Registries. Details of the TITAN3 13–15 and ETIS16 Registries have been reported previously. In brief, ETIS (NCT03776877) is an ongoing prospective multicenter observational registry that enrolls patients treated with EVT at six comprehensive stroke centers in France. TITAN pooled individual patients’ data for patients with tandem occlusions treated with EVT at 18 comprehensive stroke centers across Europe and the United States. In the TITAN Registry, tandem occlusion was defined as a proximal intracranial occlusion (distal intracranial carotid artery or M1-M2 segments of the middle cerebral artery) and a cervical internal carotid artery (ICA) lesion (complete occlusion or stenosis ≥90% North American Symptomatic Carotid Endarterectomy Trial). In the ETIS Registry, tandem occlusion was defined as a proximal intracranial occlusion (distal intracranial carotid artery or M1-M2 segments of the middle cerebral artery) and a cervical ICA steno-occlusion (complete occlusion or >0.70% stenosis). All patients received EVT for the intracranial lesion with and without cervical ICA lesion treatment. Cervical ICA lesion treatment options included carotid artery stenting with and without angioplasty, angioplasty alone, or no intervention. The choice of cervical ICA lesion treatment was left to the operators’ preference. Eligible patients received IVT according to the American Heart Association/American Stroke Association guidelines. Patients were divided into two groups based on IVT treatment: (1) IVT+ group, which included patients who received IVT prior to EVT, (2) IVT− group, which included patients who did not receive IVT prior to EVT. There was no standardized selection protocol for EVT treatment and patients were selected for EVT based on the participating center’s protocol.

Outcomes
The primary result for the study is favorable outcome, which is defined as 90-day modified Rankin scale (mRS) score 0–2. Ninety days after the acute event, functional outcome was assessed by a board-certified vascular neurologist during a routinely scheduled clinical visit or by a nurse certified in administering the mRS during a standardized telephone interview if the patient was unable to attend.
The secondary results include excellent outcome (90-day mRS score 0–1), angiographic outcomes, safety outcomes, National Institute of Health Stroke Scale (NIHSS) score shift, and infarct extension. Safety outcomes include 90-day mortality (mRS score 6), parenchymal hemorrhage type 2 (PH2), and symptomatic intracranial hemorrhage (sICH). PH2 and sICH are defined according to European Collaborative Acute Stroke Study (ECASS) criteria.17 Angiographic outcomes include successful reperfusion (modified Thrombolysis in Cerebral Infarction (mTICI) 2b/3) and complete reperfusion (mTICI 3). To assess infarct extension, we calculated the change in the Alberta Stroke Program Early CT Score (ASPECTS) during the first 24 hours (24-hour ASPECTS minus admission ASPECTS).
All outcomes were reported by participating centers with no central adjudication. Data collection and analyses were approved by local institutional review boards.

Statistical analysis
Quantitative variables are reported as means (SD) for normally distributed variables or medians (IQR). Shapiro-Wilk test and histograms were used to assess normality of distributions. Patients were divided into two groups according to use or not of IVT before EVT. Baseline characteristics were described according to study groups, and the magnitude of between-group differences was assessed by calculating the absolute standardized difference; an absolute standardized difference >10% was interpreted as a meaningful difference.18 The main clinical outcomes between the study groups were compared using univariable logistic regression models and ORs were calculated for the IVT+ group compared with IVT− group as effect sizes. To reduce the effects of potential confounders in the between-group comparisons,these comparisons were done by taking into account the potential confounding factors using the inverse probability of treatment weighting (IPTW) propensity score method. IPTW was estimated using stabilized inverse propensity score as weighty in logistic regression models).19 We estimated the propensity score using a non-parsimonious multivariable logistic regression model considering study groups as dependent variable and all the variables in table 1 as covariates. Absolute standardized differences were calculated in the IPTW-adjusted cohort. Effect sizes were estimated after performing multiple imputation to handle missing data. Multiple imputation was performed using a regression switching approach (chained equations with m=10 imputations obtained) and under the missing at random assumption taking into account all variables in table 1 (including study groups and outcomes in the imputation model).20 We estimated the propensity score in each imputed dataset then calculated the IPTW-adjusted effect sizes, which were later combined using Rubin’s rules.21
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Table 1 Baseline characteristics according to the use of intravenous thrombolysis in overall cohort (main analysis), and in patients treated with carotid artery stenting (secondary analysis)



The main analysis included all patients, and we further performed a secondary analysis including only patients treated with carotid artery stenting during EVT. Finally, in the main analysis, to assess the heterogeneity of effect size for favorable outcome across key subgroups, we introduced a multiplicative term into the IPTW-logistic regression models. Statistical analyses were conducted using the SAS software version 9.3 (SAS Institute, Cary, North Carolina, USA) and at the two-tailed α level of 0.05.


Results
A total of 602 patients were included in the study, of whom 380 received IVT prior to EVT (IVT+) and 222 did not (IVT–). Between-group differences significantly improved with IPTW analysis (figure 1).
[image: Figure 1]
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Figure 1 Baseline characteristics according to intravenous thrombolysis use in overall (A) and in patients with carotid stenting (secondary analysis) (B) before and after inverse probability of treatment weighting. ASD, absolute standardized difference; ASPECTS, Alberta Stroke Program Early CT Score; CAS, carotid artery stenting; IPTW, inverse probability of treatment weighting; MT, mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale.



Primary analysis
In the primary analysis, all patients were included. Baseline characteristics of both groups are depicted in table 1 and online supplemental table e–1. In comparison with the IVT– group, patients in the IVT+ group were younger (mean age 62.1 vs 64.3 years), and had higher ASPECTS score (median 8 vs 7), shorter onset to imaging time (median 103 vs 140 min), and longer imaging to puncture time (median 107 vs 91 min). Stroke severity was similar between both groups (median NIHSS score 16). More patients presented within 6 hours in the IVT+ group (91.1%) than the IVT– group (69.3%). The proportion of patients with intracranial ICA occlusion was 51.3% and 47.7% in the IVT+ and IVT– groups, respectively. Cervical ICA stenting was performed in 214 (56.3%) and 126 (56.8%) patients in the IVT+ and IVT– groups, respectively. Median puncture to recanalization (or end of procedure if EVT failed) was 65 (44–91 min) and 71 (49–105 min) in the IVT+ and IVT– groups, respectively.
Supplemental material
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After adjusting for baseline characteristics using IPTW propensity analyses, the IVT+ group had higher odds of favorable outcome (OR=1.1; 95% CI 1.02 to 1.20) and excellent outcome (OR=1.10; 95% CI 1.02 to 1.19) (table 2). Similarly, the IVT+ group had higher odds of successful reperfusion (OR=1.11; 95% CI 1.03 to 1.19). With respect to safety outcomes, there was no difference in the risk of sICH (OR=0.99; 95% CI 0.95 to 1.04), PH2 (OR=0.98; 95% CI 0.95 to 1.02), 90-day mortality (OR=0.96; 95% CI 0.90 to 1.01), or procedural complications (OR=0.99; 95% CI 0.94 to 1.05) between groups (table 2). There was evidence of heterogeneity according to stroke severity (NIHSS score <10 vs≥10) and the benefit of IVT was stronger in patients with moderate-severe stroke (NIHSS ≥10) (P heterogeneity =0.03) (figure 2). Outcomes before handling missing data are provided in supplemental data (online supplemental table e–2).
[image: Figure 2]
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Figure 2 Comparisons of favorable outcome (90-day modified Rankin Scale score 0–2) rate according to intravenous thrombolysis use and key subgroups before and after inverse probability of treatment weighting. ORs were calculated after multiple imputation to handle missing values for variables included in the propensity score, The propensity score was calculated taking into account all variables in table 1. ASPECTS, Alberta Stroke Program Early CT Score; IPTW, inverse probability of treatment weighting; IVT, intravenous thrombolysis; NIHSS, National Institutes of Health Stroke Scale; p-het, P value of heterogeneity.
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Table 2 Comparisons of clinical and procedural outcomes according to intravenous thrombolysis use before and after inverse probability of treatment weighting in overall study sample (main analysis)




Secondary analysis
Secondary analysis included only patients treated with carotid artery stenting during EVT. Baseline characteristics are detailed in table 1. Similar to the primary analysis, patients in the IVT+ group had higher odds of favorable outcome (table 3). There was no difference in the risk of PH2 or sICH between the two groups. Also, there was no difference in the odds of successful reperfusion or excellent reperfusion between the two groups.
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Table 3 Comparisons of clinical and procedural outcomes according to intravenous thrombolysis use in patients treated with carotid artery stenting (secondary analysis) before and after inverse probability of treatment weighting





Discussion
In this pooled analysis of the TITAN and ETIS Registries, we compared bridging therapy with EVT alone in patients with acute ischemic stroke due to anterior circulation tandem occlusion. The main finding of this study is that bridging therapy led to higher odds of favorable functional outcome without increasing the risk of significant hemorrhagic complications, even in patients treated with acute carotid artery stenting during the endovascular procedure.
Previous observational studies comparing bridging therapy with EVT alone reported conflicting results, which created a state of uncertainty about the benefit of IVT before EVT.5–9 This clinical equipoise has led to multiple randomized controlled trials in an attempt to prove the non-inferiority of EVT alone compared with bridging therapy.10 Three of the randomized trials have already been completed and reported conflicting results. The DIRECT-MT (direct intra-arterial thrombectomy in order to revascularize acute ischemic stroke patients with large vessel occlusion efficiently in Chinese tertiary hospitals: a multicenter randomized clinical trial) trial10 compared bridging therapy with EVT alone and demonstrated that EVT alone was non-inferior to the bridging therapy for functional outcome (assessed using 90-day mRS score).10 Similar results were reported in the DEVT (direct endovascular thrombectomy vs combined IVT and endovascular thrombectomy for patients with acute large vessel occlusion in the anterior circulation) trial.11 In contrast to the previous trials, SKIP (the randomized study of endovascular therapy with vs without intravenous tissue plasminogen activator in acute stroke with ICA and M1 occlusion) trial failed to demonstrate non-inferiority of EVT alone compared with bridging therapy.12 The reason for the inconsistency in the results among the three trials is unclear, especially as the three trials had similar inclusion criteria. Tandem occlusion was under-represented in the aforementioned trials.
Tandem occlusion is a well-known predictor of poor recanalization after IVT, probably because most tandem occlusions are due to underlying atherosclerosis with a large clot burden.1 22 Moreover, carotid artery stenting is commonly performed during EVT for patients with tandem occlusions, which in turn requires acute antiplatelet therapy. For these reasons, it might be argued that IVT should be withheld in this subgroup of patients. However, pretreatment with IVT has several potential advantages, such as softening the clot and recanalizing thrombi in small distal intracranial arteries and in the microvasculature. In our study, we observed higher odds of successful reperfusion in the bridging therapy group than in the EVT alone group. The higher recanalization rate also translated to a higher rate of functional independence, and less infarct extension. The results were overall similar in a secondary analysis restricted to patients treated with carotid artery stenting. However, the difference in the successful recanalization was not significant in the secondary analysis. Our results are in line with previous analysis of the TITAN Registry, which demonstrated an association between IVT and successful reperfusion.23

One of the main concerns with the bridging approach is the risk of hemorrhagic complications. There is accumulating evidence suggesting the safety of IVT prior to EVT in large vessel occlusion strokes. In the DIRECT-MT trial, the rate of symptomatic hemorrhage was similar between the two groups. Moreover, in previous analysis of the TITAN Registry, IVT was not a predictor of parenchymal hemorrhage after EVT.24 In our study, there was no significant difference in the rate of parenchymal hemorrhage or symptomatic hemorrhage between the two groups, adding more evidence that IVT prior to EVT is safe in tandem occlusion.
Many factors might affect the response to IVT including, but not limited to, stroke etiology, stroke severity, age, and initial infarct volume. Even though, there was no evidence of heterogeneity according to stroke etiology, the effect of IVT on functional outcome was stronger in patients with extracranial carotid dissection than in patients with atherosclerosis. Procedural antiplatelets (any antiplatelets vs no antiplatelets), initial infarct volume (measured by ASPECTS), and age did not modify the effect of IVT on the functional outcome. Interestingly, there was evidence of heterogeneity according to stroke clinical severity (measured by NIHSS score), and the effect of IVT was significant only in patients with moderate-severe stroke (NIHSS score >10). This finding might be due to imbalance in the sample size between the two groups (NIHSS score ≤10, n=97 vs NIHSS score >10, n=505). Another possible explanation is that patients with a low NIHSS score and tandem occlusion have chronic occlusion with good collateral circulation and are less likely to respond to IVT.
Another important finding of this study that should be highlighted is the difference in the imaging to puncture time between the two groups; the IVT+ group had longer imaging to puncture time than the IVT− group. This is not surprising giving the time needed to initiate IVT treatment, which could delay EVT. This finding highlights the importance of taking all measures to minimize the time for IVT initiation and to shorten imaging to puncture time.
Taking all the results together, our study suggests that IVT prior to EVT is safe and potentially beneficial in tandem occlusion. However, a randomized clinical trial is needed to confirm our findings.
Limitations
This study has a number of limitations, inherent to its non-randomized observational design. First, despite the use of propensity analyses to balance the differences in baseline characteristics between the studied groups, there is still a potential risk of confounding by measured or unmeasured variables. Second, although missing data were handled using multiple imputations, it could still introduce a risk of bias in an unpredictable manner. Third, all outcomes were reported by local operators without central adjudication, which could have resulted in reporting bias. Notably, in the ETIS Registry, imaging outcomes were assessed by one senior neuroradiologist. Finally, information about periprocedural, or post-procedural antiplatelet drugs is not available in the ETIS Registry, therefore, we cannot comment on the interaction between the type, dosing, or number of antiplatelet drugs with the risk of hemorrhage after IVT.


Conclusion
Treatment with IVT before EVT for anterior circulation tandem occlusions was associated with a higher rate of functional independence and successful reperfusion without increasing the risk of hemorrhagic complications.

Data availability statement
The data that support the findings of this study are available from the corresponding author upon reasonable request.
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