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Effect of concomitant usage of alteplase and mechanical thrombectomy for M1 middle cerebral artery occlusion on clinical outcome: a retrospective analysis of 457 patients from two centers
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Introduction: Endovascular thrombectomy (EVT) and concomitant usage of intravenous alteplase (alteplase) in large vessel occlusion stroke may produce unwanted excess intracerebral hemorrhage (ICH). Whether this applies specifically to isolated occlusion of the M1 segment of the middle cerebral artery (MCA) is unknown.

Methods: A retrospective study from two tertiary thrombectomy centers. ICH was determined according to Heidelberg Bleeding Classification (HBC). Factors associated with the occurrence of ICH in EVT alone vs. EVT with alteplase were evaluated using logistic regression analysis. Factors related to the clinical outcome as determined with a modified Rankin scale (mRS) were investigated with univariate and adjusted multivariate logistic regression analysis. The interaction between clinical variables and the usage of alteplase on the occurrence of ICH was evaluated.

Results: Any ICH occurred in 156/457 (34.1%) patients Class 1a bleeding in 37 (8.1%), type 2 in 45 (9.8%) Class 1c in 22 (4.8%), Class 2 in 25 (5.5%), and Class 3 (extraparenchymal) in 27 (5.9%). ICH occurred in similar frequency between alteplase-treated patients vs. EVT alone (85/262 [32%] vs. 71/195 [36%]; OR 1.19 (95% CI 0.81–1.76). After adjustment, odds for clinical outcome were lower in ICH patients (OR 0.44 [95% CI 0.25–0.74]), p = 0.002). Higher ICH rate was associated with more EVT steps (p for interaction −0.005), and usage of only stent-retriever (p for interaction =0.005).

Conclusion: Utilization of alteplase alongside EVT for MCA M1 occlusion did not result in excessive ICH occurrences or clinical deterioration.
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Introduction

Endovascular thrombectomy (EVT) is a widely used treatment for acute anterior circulation occlusion, particularly in carefully selected patients. The procedure may be performed up to 24 h after the onset of symptoms and can be effective even in patients with large areas of ischemic core (1–4). Nevertheless, when the treatment is administered in the extended time window, there is a greater likelihood of intracranial hemorrhage (ICH) occurring (4). In the early time window (up to 6 h from symptom onset to groin puncture), EVT has been shown to have a number needed to treat (NNT) of only two patients to achieve a good functional outcome (5). Among all intracranial vessels, solitary middle cerebral artery (MCA) M1 occlusion impacts patients mostly, and from all solitary vessel occlusions, it is found to be the most frequent (28%) (6).

In the appropriate time window, alteplase is recommended as the first-line treatment for acute anterior circulation occlusion and should be administered before EVT when possible (7, 8). Intracranial hemorrhage (ICH), and particularly symptomatic ICH (sICH) are significant concerns associated with the use of alteplase. In all ischemic stroke patients, irrelevant of the presence of visible occlusion or not, up to 7% of patients receiving alteplase may experience sICH, which can have a detrimental effect on clinical outcomes (9, 10). The reperfusion of the affected brain region following EVT or alteplase treatment can increase the risk of ICH. It was shown that some types of ICH, especially PH-1 (that is, hematoma within the infarcted tissue occupying <30% without substantive mass effect) are more frequent when alteplase and EVT are concomitantly used (11). However, the occurrence of ICH is a complex process that is influenced by multiple factors, including the biological effects of alteplase on the coagulation system, reperfusion injury, and the disruption of the blood–brain barrier (12).

Known predictors for ICH after concomitant alteplase and EVT administration are higher initial National Institutes of Health Stroke Score (NIHSS), higher initial systolic blood pressure, diabetes mellitus, poor collaterals, internal carotid artery occlusion, longer procedure time, and passes of retriever >3, and modified thrombolysis in cerebral infarction score ≥ 2b was associated with a decreased risk of sICH (13).

It should be noted that the data used in the analysis were pooled for all vessels in the anterior circulation, and it is unclear whether these results can be generalized to isolated MCA M1 occlusion. Further research is needed to clarify this issue (11).

The aim of this study was to explore the relationship between alteplase administration, the occurrence of ICH, and the clinical outcomes in a large cohort of patients who underwent EVT for emergent MCA M1 occlusion. Utilizing real-world data from two tertiary centers during the contemporary era of EVT, we specifically aimed to address the following research questions:

1. Does the use of alteplase correlate with an increased incidence of ICH, as classified by the Heidelberg Bleeding Classification, in cases of emergent MCA M1 occlusion?

2. Are the administration of alteplase and the presence of different types of ICH associated with clinical outcomes following mechanical thrombectomy for MCA M1 occlusion?



Methods


Study design

This retrospective study took place in two comprehensive stroke centers located in Austria, Europe. The study design received approval from the local ethics committees in both centers. Informed consent was not required because the study was conducted retrospectively. Both centers keep ongoing records of all patients who undergo endovascular therapy (EVT) at their respective locations.



Selection criteria

We recruited patients who underwent EVT for emergent solitary M1 occlusion of MCA as seen on the first non-invasive angiographic imaging without any specific exclusion criteria prior to EVT. Patients without follow-up imaging within the first 36 h after EVT were excluded from the study.



Data collection

Patient’s demographic and clinical history, National Institutes of Health Stroke Scale (NIHSS), blood glucose level at admission, time data points, and administration of thrombolytic therapy with related data points were collected in both registries. Specifically, every effort was made to collect relevant data on the recent (within 48 h) intake of oral anticoagulation. The sources of data included (1) the patient, (2) the relatives, and (3) the medical records. The medical records in both centers were cross-referenced with medication pickup data from the pharmacy along with the withdrawal date. This strategy was employed to minimize the occurrence of missing or false-positive data. Imaging data points were obtained from initial triage imaging, where a brain computed tomography (CT) scan with CT angiography was used. The Alberta Stroke Program Early CT Score (ASPECTS) was evaluated by a noninterventionist neuroradiologist for each patient, using a diffusion-weighted-imaging sequence or CT scan (14). Treatment was performed in a dedicated neuro angiography suite with up-to-date equipment under conscious sedation or general anesthesia (GA) based on local practice. The initial angiogram allowed for occlusion site and collateral status assessment using the American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology scoring system, where a score < 3 indicated poor collateral status (15). The EVT revascularization technique used either a stent retriever or a direct contact aspiration technique or a combination of both techniques, based on the discretion of the local operator. Recanalization results were evaluated using the modified Thrombolysis in Cerebral Ischemia (mTICI) score, where a score ≥ 2b at the end of the procedure indicated successful recanalization (15). Time from symptom onset to initiation of IV tPA (intravenous tissue-type plasminogen activator)/to groin puncture/to recanalization was recorded. Post-interventional imaging, primarily CT scans, conducted within 36 h was used to assess the presence of intracranial hemorrhage (ICH) with Heidelberg Bleeding Classification (HBC) (16). Any imaging performed after this 36-h window was not included in the evaluation. Per HBC, ICH is divided into three classes, comprising seven types: Class 1a = hemorrhagic infarction type 1 (HI-1), that is, scattered small petechiae, no mass effect; Class 1b = hemorrhagic infarction type 2 (HI-2), that is, confluent petechiae without mass effect; Class 1c = parenchymal hematoma type 1 (PH-1), that is, hematoma within the infarcted tissue occupying <30% without substantive mass effect; and HBC Class 2 = parenchymal hematoma type 2 (PH-2), that is, ICH within and beyond infarcted brain tissue occupying 30% or more of the infarcted tissue with obvious mass effect. ICH outside the infarcted brain tissue or intracranial-extracerebral hemorrhage was divided into parenchymal hematoma remote from infarcted brain tissue (HBC Class 3a), intraventricular hemorrhage (HBC Class 3b), subarachnoid hemorrhage (HBC Class 3c), and subdural hemorrhage (HBC Class 3d). After conducting a thorough examination (which included long-term monitoring available at each center, heart ultrasound in almost all patients, and vascular ultrasound), the stroke etiology was determined using the TOAST classification system (Trial of ORG 10172 in Acute Stroke Treatment) (17). A noninterventionist vascular neurologist or a clinical research associate with certified training in modified Rankin Scale (mRS) assessment conducted a clinical outcome assessment encounter at 90 days, which involved face-to-face interviews, and telephone conversations with the patient, their relatives, or their general practitioner. Poor clinical outcome was defined as an mRS score of ≥3.



Statistical methods

Categorical variables were presented as frequencies and percentages. Continuous variables were expressed as mean (standard deviation) or median (interquartile range [IQR]) for non-normally distributed data. The data distribution was assessed visually and through the Shapiro–Wilk test to determine if it was normally distributed. ICH presence was evaluated with Heidelberg bleeding classification and considered in total as “any ICH,” and grouped as symptomatic ICH (defined by the National Institute of Neurological Disorders and Stroke (NINDS) criteria) (18) vs. other types of ICH (Table 1). The association between baseline characteristics, such as demographics, medical history, and stroke event characteristics, with the occurrence of any intracranial hemorrhage was evaluated. Univariate analysis was performed using Fisher’s test or chi-squared test for binary and categorical data, and the Student’s t-test or Mann–Whitney test for continuous data. Variables with a value of p less than 0.10 were selected for the multivariable model. Age, anticoagulant use, prior use of alteplase, and history of diabetes mellitus were also included in the model based on prior hypotheses and biological plausibility.



TABLE 1 Intracerebral hemorrhage according to Heidelberg Bleeding Classification across treatment groups in the patients treated with endovascular thrombectomy for emergent M1 segment middle cerebral artery occlusion in two centers, N = 457.
[image: Table1]

To handle missing values in the predictors, a multivariable imputation technique known as the “chained equation” method was employed. Continuous variables were imputed using predictive mean-matching, binary variables were imputed using logistic regression, and categorical variables were not imputed. Since less than 10% of the data were missing, five imputed datasets were generated. All results presented are from the pooled dataset. We used variance inflation factor to detect multicollinearity in a regression model. The value >5 was considered problematic. A backward selection approach was used to develop the prediction model using the Akaike information criterion on each of the imputed datasets. Predictors that appeared in at least half of the models were selected for the final model. Statistical environment R v. 4.2.2 was used for analysis, and p < 0.05 was used as statistically significant (19).




Results

A total of 636 patients were treated due to large vessel occlusion (LVO) at the study center Linz in the period 2018–2020 (both inclusive). Of them, 219 were treated for MCA M1. At the Salzburg site, we included patients in the range 2015–2020 (both inclusive), where a total of 560 patients were treated with EVT due to LVO, of them 238 for MCA M1 occlusion, therefore, 457 patients were treated for isolated MCA M1 occlusion in both centers during the study periods (Supplemental Figure 1).


Clinical outcome

A total of 395 patients has available 90-day mRS assessment. Good clinical outcome (mRS 0–2) was observed in 192 (48.7%). One hundred sixty patients (41%) were male. The median age was 77 [interquartile range (IQR) 66–83] years.

Good outcome was associated with lower age (72 vs. 80 years of age, p < 0.001), absence of arterial hypertension (86/203 [42%] vs. 59/192 [31%], p = 0.016), absence of diabetes (93/192 [48%] vs. 132/203 [65%], p < 0.001), absence of atrial fibrillation (15/192 [7.8%] vs. 29/203 [14%], p = 0.041), absence of oral anticoagulation (OAC) intake prior to intervention (5/192 [2.6%] vs. 20/203 [9.9%], p = 0.003), lower glucose level at admission (118 vs. 126 mg/dL, p < 0.001), lower NIHSS at admission (15.0 vs. 18.0, p < 0.001), lower presence of symptoms at awakening (34/192 [18%], vs. 58/203 [29%]), lower procedure time (35 vs. 54 min, p < 0.001), higher ASPECTS (>6) (176/191 [92%] vs. 169/199 [85%], p = 0.026), good leptomeningeal collaterals (130/192 [68%], vs. 109/197 [55%], p = 0.012), higher frequency of aspiration only EVT device usage (99/179 [55%] vs. 69/178 [39%], p = 0.005), lower number of EVT steps (1 vs. 2, p < 0.001), better mTICI outcome (2b-3 vs. 0–2a) (180/92 [94%] vs. 157/203 [77%], p < 0.001), absence of HI-2 type of ICH (14/192 [7.3%] vs. 26/203 [13%], p = 0.015) and absence of any type of hemorrhage (146/192 [76%] vs. 120/203 [59%], p < 0.001), all comparisons for good vs. bad clinical outcome (Supplementary Table 1).

When the association of variables was examined with univariate logistic regression, the patients with ICH (N = 266) had a lower rate of a good outcome, 46/129 (35.6%) vs. 146/266 (54.8%), OR 0.46 (0.29–0.70), p < 0.001 (Figure 1). Among the ICH patients, symptomatic ICH had the worst clinical outcome; only 2 (1.1%), OR 0.19 (0.03–0.71) achieved a good outcome (Table 2).
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FIGURE 1
 The outcome measured by the modified Rankin Scale at 90 days after thrombectomy for M1 segment middle cerebral artery occlusion, stratified by the presence of any intracranial hemorrhage after 08–36 h, in 395 patients.




TABLE 2 Multivariate logistic regression analysis on 395 patients for good clinical outcome [assessed by modified Rankin Scale (mRS) at 3 months, good outcome: 0–2], treated with endovascular thrombectomy due to emergent M1 segment middle cerebral artery occlusion at two centers.
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After adjustments for age, OAC, glucosis per mg/dl increase, NIHSS at admission, per point increase, presence of known time for onset of symptoms, more than the score 6 on ASPECTS, number of EVT steps performed, and EVT outcome, any ICH was significantly associated with less odds for a good outcome, aOR 0.44 (0.25–0.74), p = 0.002 (Table 2).



Radiological outcome

ICH occurred in 156/457 (34%) of patients. PH-1 was significantly less present in patients with alteplase (6/262 [2.3%] vs. 16/195 [8.2%], p = 0.007, for those with alteplase vs. only EVT group). In univariate logistic regression analysis, odds for PH-1 were higher for patients taking OAC (OR 3.51 [0.96–10.2], p = 0.033), and with a higher number of EVT steps performed, (2 [IQR 1–3] vs. 1 [IQR 1–3] [no PH-1], OR 1.25 [1.00–1.52], p = 0.035).



Alteplase in MCA M1 occlusion

The alteplase was administered in 262 (57%) patients. The patients treated with alteplase were significantly younger (76 vs. 79, p = 0.004) and male (47% vs. 69%, p = 0.013). Atrial fibrillation (AFib) was present or detected in 170 (37%) of patients and more common in those not treated with alteplase (89/195 [46%] vs. 81/262 [31%], p = 0.001). Patients with AFib were more common in older individuals (80 vs. 73 years of age, p < 0.001) and in women (109/170 [64%] vs. 61/170 [36%], p = 0.041). They also exhibited a higher frequency of OAC and direct anticoagulation (DOAC) usage (25/170 [15%] vs. 5/287 [1.7%] and 44/170 [26%] vs. 2/287 [0.7%] for OAC vs. DOAC, respectively, p < 0.001 for both).

The patients with atrial fibrillation (AFib) also experienced a less favorable outcome at 3 months, with 41% (59 out of 145) compared to 53% (133 out of 250) in the non-AFib group (p = 0.016). The alteplase-treated group showed a higher frequency of a history of previous ischemic stroke (18% vs. 12%, p = 0.048). Additionally, the intake of OAC and DOAC was lower in the alteplase group, both for patients with a history of OAC (2.7% vs. 12%) and those with a history of DOAC (4.2% vs. 18%), both p < 0.001.

Despite these differences, the alteplase group demonstrated a better good outcome at 3 months (64% vs. 52%, p = 0.023). The presence of any intracranial hemorrhage (ICH) and parenchymal hematoma (PH-2) did not differ between the groups. However, there were numerically more hemorrhagic infarctions type 2 (HI-2) in alteplase-treated patients (11% vs. 7.7%).

Several factors were identified as interacting with alteplase, resulting in higher ICH rates in patients treated with both alteplase and endovascular therapy (EVT). These factors included a history of OAC intake (aOR 10.6 [2.09–70.9] vs. aOR 1.64 [0.59–4.39], p for interaction = 0.007), the number of EVT steps (aOR 1.30 [1.09–1.56] vs. aOR 1.24 [1.02–1.51], p for interaction = 0.005), and the usage of only stent-retriever (aOR 4.22 [1.46–8.62] vs. aOR 0.53 [0.16–1.60], p for interaction = 0.005; Supplementary Tables 1, 3).




Discussion

This two-center contemporary retrospective study shows that in the event of emergent solitary MCA M1 occlusion and after EVT treatment: (1) More than one-third of patients (34%) developed any ICH; (2) concomitant treatment with alteplase is not associated with overall ICH frequency; and (3) after adjustment for confounding factors, clinical outcome was worse in the event of ICH.

Several randomized and observational studies investigated whether alteplase with EVT conjures higher ICH risk.

The study by Hu et al. included 591 patients from the DIRECT-MT trial, and they reported intracranial hemorrhage (ICH) based on Heidelberg Bleeding Classification (HBC) (11). The MCA M1 segment was involved in about 51.7% of patients. The overall occurrence of ICH was 43.0%, with symptomatic ICH (sICH) accounting for 5.4%. In our population, the rate of ICH was smaller than in Hu et al.’s study. The frequency of hemorrhagic infarction and parenchymal hematoma was similar between the two studies, but the association with clinical outcomes differed. The use of alteplase in Hu et al.’s study showed a significant association with PH, unlike in our study where the absence of alteplase was associated with PH. Similar to our study presence of ICH and sICH was associated with less odds for a good outcome as measured by mRS (0–2); however in contrast with Hu et al. study, we did not found an association of HI or PH with clinical outcome.

The DEVT Randomized clinical trial, investigating alteplase simultaneously with EVT in 239 patients, found a similar occurrence of sICH in EVT alone vs. alteplase + EVT groups (20). The SKIP randomized trial (204 patients) compared alteplase + EVT with EVT alone, favoring EVT alone based on a lower rate of ICH (21).

Results from the MR CLEAN–NO IV trial and a randomized study by Fischer et al. favored alteplase + EVT (22, 23). Mitchell et al. reported that EVT + alteplase was non-inferior to EVT alone (24). Boisseau et al.’s multicenter registry (1,316 patients) found parenchymal hematoma to be associated with a lower rate of favorable outcomes and increased mortality (25). Zhang et al.’s observational study (629 patients) identified various predictors of sICH but did not find alteplase to be a significant predictor (26).

The referenced randomized trials showed in the majority non-inferiority of combination therapy and most of them reports no significantly higher frequency of ICH combination therapy. The differences regarding primary outcome – non-inferiority of EVT alone, between the studies are most likely explained by a combination of various factors, including ethnicity, sample size, prior use of antiplatelet or anticoagulation therapy, and the duration between onset of symptoms and intravenous alteplase administration.

Above mentioned reports have a variable frequency of MCA M1 occlusion in patients treated with EVT, ranging from 51% up to 83%. Most comparable to our results is, therefore DEVT study, where indeed sICH occurred in marginally smaller proportion to our results 6.1% vs. 3.6% for EVT alone and, 6.8% vs. 5.3% for EVT + alteplase (20). Frequency of sICH, when compared with other studies using HBC methodology, showed lower rates in comparison (DIRECT-MT 5.4%, DEVT 6.5%, and MR CLEAN–NO IV 5.6%) vs. 4.6% (11, 20, 22). The smaller number in our population is coming from the fact that we did not include ICA and M2 occlusions that could have more propensity for later hemorrhagic transformations. ICA occlusion alone or in combination with distal occlusions after EVT with and without alteplase is reported to have 8.5% sICH frequency, which is higher than any study reported above (27). M2 occlusion treated with EVT could have sICH rate of up to 10% (28, 29). Such high rates, as pointed by authors, probably arise due to technical issues during EVT in small-caliber vessels (29). This discrepancy could explain lower rate of ICH in our cohort.

Our study did not show a higher frequency of PH in the alteplase group, as in Hu et al., on the contrary, the absence of alteplase raised the frequency of PH, which can probably be explained by a higher number of patients treated with OAC and higher number of EVT steps in these cases.

According to results from our interaction analysis, in the event of a patient having a history of taking OAC, the alteplase usage is associated with the occurrence of ICH. These results could warrant caution of applying alteplase to patients having an OAC history, therefore, EVT alone should be the treatment of choice for these patients. However, our data is small in numbers and large in confidence intervals, therefore, no firm conclusion can be drawn. We could also not corroborate findings from previous interaction analysis where additional factors such are diabetes, hypertension, antiplatelet therapy, and statin administration were found to have interactions with alteplase leading to a higher frequency of ICH (Hu et al.). Again, as mentioned above, study type and different vessels probably contributed to significant discrepancies between our studies.

According to our experience, HBC is feasible to apply and could emerge as the preferred methodology in future studies, facilitating comparison between studies.

The limitations of our study are its retrospective design, however, we included patients from two centers in the contemporary period of EVT. Around 10% of patients were without information for 3-months outcome, limiting our prognostic conclusions.



Conclusion

Based on our results, considering all limitations, we can conclude that in the event of solitary MCA M1 occlusion, alteplase is not associated with ICH and may be safe to apply.
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