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Introduction: According to the literature on anterior circulation, comorbid atrial fibrillation (AF) is not associated with a worse functional outcome, lower reperfusion rates, or higher rates of intracranial hemorrhage after mechanical thrombectomy (MT) compared to intravenous thrombolysis (IVT) or treatment with supportive care. However, data are limited for the effect of comorbid AF on procedural and clinical outcomes of acute basilar artery occlusion (ABAO) after MT. This study aimed to investigate the effect of atrial fibrillation on outcomes after MT and long-term ischemic recurrence in patients with ABAO.

Methods: We performed a registered study of the Endovascular Treatment for Acute Basilar Artery Occlusion Study (BASILAR, which is registered in the Chinese Clinical Trial Registry, http://www.chictr.org.cn; ChiCTR1800014759) from January 2014 to May 2019, which included 647 patients who underwent MT for ABAO, 136 of whom had comorbid AF. Prospectively defined baseline characteristics, procedural outcomes, and clinical outcomes were reported and compared.

Results: On multivariate analysis, AF predicted a shorter puncture-to-recanalization time, higher first-pass effect rate, and lower incidence of angioplasty and/or stenting (p < 0.01). AF had no effect on intracranial hemorrhage incidence [adjusted odds ratio (aOR), 1.093; 95% confidence interval (CI), 0.451–2.652], 90-day functional outcomes (adjusted common odds ratio, 0.915; 95% CI, 0.588–1.424), or mortality (aOR, 0.851; 95% CI, 0.491–1.475) after MT. The main findings were robust in the subgroup and 1-year follow-up analyses. Comorbid AF was the remaining predictor of ischemic recurrence (aOR, 4.076; 95% CI, 1.137–14.612).

Conclusions: The study revealed no significant difference in the safety and efficacy of MT for ABAO regardless of whether patients had comorbid AF. However, a higher proportion of patients with AF experienced ischemic recurrence within 1 year after MT.
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Introduction

Stroke remained the second leading cause of death worldwide in 2019 and is associated with the highest disability-adjusted life years lost to any disease in China (1, 2). Atrial fibrillation (AF) is an important contributor to ischemic stroke. The proportion of cardioembolic stroke in China (about 10%) remains lower than in high-income countries (about 30%) (3), which is apparently due to the underdiagnosis of AF. Considering the aging population and the high proportion of undertreated patients in clinical practice, AF has remained an important and common risk factor for acute ischemic stroke for a long time (4).

Large registry studies (Canada, 2013; Japan, 2005; Austria, 2004) and a retrospective study (America, 2011) have demonstrated that comorbid AF is an independent predictor of poor functional outcomes and increased mortality after an ischemic stroke after intravenous thrombolysis (IVT) (5–8), and one study (Turkey, 2016) has demonstrated that AF-associated acute ischemic stroke is related to a higher risk of unfavorable functional outcomes and a higher proportion of complications after mechanical thrombectomy (MT) (9). However, a recent retrospective (America, 2021) analysis showed that MT influences the effects of AF in ischemic stroke (10). Remarkably, these data were mainly from patients with either an anterior circulation stroke or unselected stroke, and studies of posterior circulation stroke have not been reported.

We speculate whether comorbid AF would have different effects on patients with acute basilar artery occlusion (ABAO) after MT, based on factors such as blood supply territory, heterogeneity of ischemic tolerance, and high variation in clinical manifestation as well as the presence of potentially rich collateral circulation, which might exert an impact on the neurological outcome (11, 12).

Additionally, AF remains a common high-risk condition for recurrent ischemic stroke. Anticoagulation is generally recommended in patients with AF and stroke or transient ischemic attack. Perioperative antithrombotic therapies are also associated with the risk of intracranial hemorrhage and recurrent ischemic events (13). Although we have observed this phenomenon in long-term follow-ups of patients, studies on real-world data emphasizing the characteristics, clinical outcomes, and ischemic recurrence of ABAO with AF are rare.

We, therefore, aimed to identify the relevant treatment profiles of MT in the Endovascular Treatment for Acute Basilar Artery Occlusion Study (BASILAR) registry; demonstrate differences in procedural efficiency, functional outcomes, and complications in patients who had AF and underwent MT for ABAO; and explore the potential risk factors for long-term ischemic recurrence.



Materials and methods


Study design and population

Patient data were drawn from the BASILAR registry, which was registered with the Chinese Clinical Trial Registry (http://www.chictr.org.cn; ChiCTR1800014759). Briefly, this nationwide, multicenter, prospective, investigator-initiated registry study was designed to investigate the efficacy and safety of endovascular treatment in patients with ABAO. For the present analysis, among 829 patients in the full registry cohort, we included 647 patients who underwent MT for ABAO at 45 comprehensive stroke sites between January 2014 and May 2019. Among the 647 patients, 136 had AF and 511 did not have AF. Only patients with available information on AF status before the stroke episode or during the hospital stay were included and followed up for 1 year. Further details of the BASILAR registry have been published previously (14).

Acute basilar artery occlusion was confirmed using computed tomographic angiography, magnetic resonance angiography, or digital subtraction angiography within 24 h of the estimated occlusion time. AF was diagnosed at the discretion of appropriately trained personnel at each site, usually based on the detection of different findings from routine electrocardiogram monitoring and 24-h Holter recording, per the current standard practice (15). Patients were, regardless of AF pattern or burden, divided into the AF group if they had a known or new diagnosis of AF or the non-AF group (16). Neurological deficit was quantified using the National Institutes of Health Stroke Scale (NIHSS) to assess stroke functional severity (17). Ischemic changes were quantified using the posterior circulation Alberta Stroke Program Early Computed Tomography Score (pc-ASPECTS, range 0–10, with scores of ≥8 being correlated with a favorable outcome) (18). The presumed stroke causative mechanism was assessed based on the Trial of ORG 10,172 in Acute Stroke Treatment (TOAST) classification (19).



Mechanical thrombectomy

Patient selection for MT was left to the discretion of each operator or his/her consultation and discussion with patient representatives, and this was performed independent of the present study. The frontline thrombectomy approach used was based on the operator's preference and included a stent retriever or, in a few cases, thromboaspiration, balloon angioplasty, stenting, or a combination of these approaches. The procedural outcome of MT was assessed using the modified thrombolysis in cerebral infarction (mTICI) scale (20). Successful recanalization was defined as an mTICI score of 2b or 3 at the end of the procedure, as confirmed by imaging core laboratory results according to individual angiography data. The first-pass effect (FPE), defined as achieving complete recanalization after a single thrombectomy device, was used without rescue therapy (21). Procedural notes were reviewed for technological complications, such as the type of arterial perforation, dissection, embolization in a new territory, vasospasm, and vascular rupture during the interventional procedures.



Follow-up and outcome measures

Clinical outcomes were assessed using modified Rankin Scale (mRS) scores by trained stroke neurologists at each site, during an outpatient visit, at 90 days (± 2 weeks), and at 12 months (± 4 weeks) after treatment either in the outpatient clinic or via telephone interviews if patients were unable to visit the outpatient clinic. Due to the incomplete follow-up data of stroke recurrence within 90 days, we obtained recurrence data from 90 days to 1 year.

Outcome measures at the 90-day follow-up were as follows: (1) the primary outcome was a shift in the mRS score [ordinal, adjusted common odds ratio (acOR), per point increase], which was estimated using ordinal logistic regression analysis (shift analysis). The mRS assesses the level of disability ranked between 0 and 6, with 0–3 indicating moderate functional outcome, 4–5 indicating an increased level of disability, and 6 indicating death (22). (2) Moderate functional outcome defined as an mRS score of 0–3 was also evaluated in the sensitivity analysis. (3) Symptomatic intracranial hemorrhage (sICH) within 48 h after MT was assessed using the Heidelberg Bleeding Classification (23). (4) Lastly, all-cause mortality was evaluated.

Outcome measures at the 1-year follow-up were as follows: (1) proportions of long-term moderate functional outcomes, (2) all-cause mortality, and (3) 1-year ischemic recurrence, defined as a composite of recurrent stroke, transient ischemic attack, and symptomatic systemic embolism. Although our definition of recurrent ischemic stroke was not identical to that in published literatures, it followed the definition used in cardiological practice, which corresponds to an acute focal neurologic deficit, presumably due to ischemia that either resulted in clinical symptoms lasting ≥ 24 h or was associated with evidence of relevant infarction on cerebral imaging (24).



Statistical analysis

Univariate comparisons of prospectively defined baseline characteristics, treatment profiles, and clinical outcomes between patients presenting with and without AF were summarized using the Mann–Whitney U test for independent numerical variables (all of which followed a non-normal distribution) or ordinally scaled variables, and the Pearson χ2 test or Fisher exact test for categorical variables.

To investigate whether the AF status was an independent predictor of the treatment profiles, a logistic regression model was used to assess the categorical outcomes [e.g., FPE and use of percutaneous transluminal angioplasty and/or stenting (PTA/PTAS)], and a linear regression model was used to evaluate continuous outcomes (e.g., procedure time), with adjustment of the following confounders: age (continuous), sex (categorical), diabetes mellitus (DM, categorical), dyslipidemia (categorical), the admission NIHSS score (continuous), admission pc-ASPECTS (continuous), location of ABAO (categorical; contrast type: comparator; indicator: distal third segment), intravenous thrombolysis (IVT, categorical), and time from symptom onset to vessel puncture (OTP, continuous).

Predictors were identified using two models for clinical outcomes and ischemic recurrence: (1) for the interventional model, the association of comorbid AF with all of the previously listed outcome measures was assessed using multivariable ordinal and binary logistic regression analyses adjusted for the following confounders: age, DM, the admission NIHSS score, admission pc-ASPECTS, location of the occlusion, IVT, time from groin puncture to vessel recanalization (PTR, continuous), and an mTICI score of 0–2a vs. a TICI score of 2b−3 (categorical). (2) To address the issue of ischemic recurrence, we added potential risk factors such as age, systolic blood pressure (continuous), glycated hemoglobin A1c level (continuous), and cigarette smoking (categorical) to the risk factor model.

Subgroup analyses were also performed to investigate the consistency of the AF conclusions of the primary analysis among different subpopulations based on various dichotomizations of baseline characteristics of patients with MT. Given center-to-center variability in patient demographics that may have introduced bias into the comparison of outcomes between cohorts, we sought to determine whether this variability affected the conclusions by including the treating centers [categorical, contrast type: comparator; indicator: largest center (n = 69)] as a variable in the multivariate analysis.

All analyses were based on the intention-to-treat principle. The rationale for the aforementioned models was the combination of prespecified variables of outcome following MT and some baseline variables (p < 0.05) in univariate testing (14). The enter method of logistic regression analysis was used in the multivariate analysis. The rates of missingness for key baseline variables and outcomes in this study were low [e.g., admission pc-ASPECTS and anticoagulation, 4/647 (0.6%); PTR, 3/647 (0.5%); sICH, 11/647 (1.7%); loss to follow-up at 1-year, 32/647 (4.9%)]; missing values for select key variables were analyzed with complete cases. All statistical significance values were set at p < 0.05, and all p-values were two-sided. All statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY).




Results


Baseline characteristics

Of the 647 patients [74.7% male, median age 64 years (range, 56–73)], 136 patients who had comorbid AF were more likely to be older and female, had vascular and valvular heart disease, and lower rates of dyslipidemia (p < 0.05) than the 511 patients without AF. The data also showed that patients with comorbid AF had a higher incidence of a maximum neurological deficit from the onset and more severe symptoms on admission than the 511 patients without AF, and the occlusion tended to occur in the distal basilar artery. A non-significantly shorter OTP and a significantly shorter PTR were found in the AF cohort than in the non-AF cohort (shown in Table 1).


TABLE 1 Baseline characteristics and treatment profiles according to AF status.
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Treatment profiles

Although there was a shorter OTP, shorter PTR, and lesser use of PTA/PTAS in the AF cohort than in the non-AF cohort, MT was similarly effective in both cohorts, with the achievement of an mTICI score of ≥ 2b in 81.6% and 80.4% of patients, respectively (p = 0.850). The proportion of FPE in the AF cohort was higher than that in the non-AF cohort (41.9% vs. 24.9%, p = 0.004) (shown in Table 1).

To better determine whether AF status was an independent predictor of treatment profiles, we performed multivariate analyses adjusted for age, sex, DM, dyslipidemia, the admission NIHSS score, admission pc-ASPECTS, location of ABAO, IVT, and OTP. Multivariate linear regression analysis showed that comorbid AF was significantly associated with shorter PTR (adjusted coefficient, −2.257; 95% CI, −19.442 to 14.929; p = 0.796) (shown in Figure 1A). In addition, comorbid AF was significantly associated with a less use of PTA/PTAS [adjusted odds ratio (aOR), 0.192; 95% CI, 0.091–0.406; p < 0.001] (shown in Figure 1B) but not with FPE (aOR, 0.565; 95% CI, 0.249–1.284; p = 0.173) (shown in Figure 1C). Other predictors of treatment profiles are presented in Figure 1.
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FIGURE 1
 Results of multivariate regression analyses of predictors of procedure time. (A) maneuver-pass count, (B) and first-pass effect, (C) the coefficients and adjusted ORs and their estimates are shown, with error bars representing 95% CIs. Significant estimates (p < 0.05) are highlighted in red. AF, atrial fibrillation; DM, diabetes mellitus; NIHSS, National Institutes of Health Stroke Scale; pc-ASPECTS, posterior circulation Alberta Stroke Program Early Computed Tomography Score; VA-V4, vertebral artery-V4 segment; IVT, intravenous thrombolysis; OTP, time from symptom onset to vessel puncture; PTA/PTAS, percutaneous transluminal angioplasty and/or stenting; OR, odds ratio; CI, confidence interval.




Ninety-day follow-up outcomes

All patients completed 90 days of follow-up. The univariate analysis showed that the AF cohort had similar efficacy outcomes to the non-AF cohort. The median [interquartile range (IQR)] values of the mRS score in the AF and non-AF cohorts were both 5 (2–6) (p = 0.902) in the univariate analysis (shown in Table 2). Likewise, the proportions of patients with moderate outcomes (35.3 and 31.1%, respectively; p = 0.409) and death (47.8 and 45.8%, respectively; p = 0.749) were comparable (shown in Figure 2). After adjustments were made in the interventional model, we observed an acOR for any improvement in the distribution of the mRS score (acOR, 0.915; 95% CI, 0.588–1.424, p = 0.694), favoring neither the AF nor the non-AF cohort. There were no significant differences in the moderate functional outcome (aOR, 1.093; 95% CI, 0.608–1.965, p = 0.765), mortality (aOR, 0.851; 95% CI, 0.491–1.475, p = 0.565), or sICH (aOR, 1.093; 95% CI, 0.451–2.652, p = 0.844) between the cohorts (shown in Table 2). After additionally adjusting the model for the treating centers, the main results showed no difference (acOR, 0.898; 95% CI, 0.563–1.433, p = 0.653) (reference: the largest center). Predictors associated with the improvement of the mRS score according to the shift analysis in patients with MT (n = 647) included age, DM, the admission NIHSS score, admission pc-ASPECTS, PTR, and an mTICI score of ≥ 2b, and age was no longer a predictor of functional outcome in the AF cohort (n = 136) (shown in Table 3).


TABLE 2 90-day and 1-year follow-up outcomes of AF on univariate and multivariate analysis.
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FIGURE 2
 Distribution of modified Rankin scale scores at 90 days in patients with MT. The distribution shows that there was no statistically significant difference in moderate outcomes and mortality between the AF and non-AF cohorts. AF, atrial fibrillation; MT, mechanical thrombectomy.



TABLE 3 Multivariate analysis for predictors of improvement in 90-day mRS in the full cohort and in the AF cohort.
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In almost all subgroups, including those based on age, sex, the admission NIHSS, admission pc-ASPECTS, location of ABAO, IVT, OTP, FPE, and geographic regions (to avoid bias of centric maldistribution: categorical, Eastern China [largest region] vs. other regions), subgroup analyses showed that no more information was extracted, but the remaining consistency of the primary analysis showed that comorbid AF did not affect the shift in the distribution of the mRS score; however, AF with moderate to severe ischemic change (admission pc-ASPECTS, −7) approached significance for increasing the odds of worse outcomes (acOR, 0.452; 95% CI, 0.191–1.071, p = 0.071) (shown in Figure 3).
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FIGURE 3
 Subgroup analyses of the effect of AF on functional outcome. The forest plot shows that the differences in the improvement of 1 point on the mRS at 90 days, analyzed with the ordinal logistic regression analysis, favored neither patients with AF nor patients without AF across all prespecified subgroups; however, AF with moderate to severe ischemic change (admission pc-ASPECTS, 0–7) approached significance for increasing the odds of worse outcomes. The thresholds for the baseline NIHSS score and baseline pc-ASPECTS were chosen at the median, and the thresholds for age were chosen at the 75th percentile. Regions were categorized into five regions: Eastern, Central, Southern, Southwestern, and Northeastern China. AF, atrial fibrillation; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; pc-ASPECTS, posterior circulation Alberta Stroke Program Early Computed Tomography Score; ABAO, acute basilar artery occlusion; VA-V4, vertebral artery-V4 segment; IVT, intravenous thrombolysis; FPE, first-pass effect.




One-year follow-up outcomes

Of the 647 patients, 615 (95%) completed the 1-year follow-up visits and evaluations. No significant differences were found in moderate functional outcome (aOR, 0.908; 95% CI, 0.504–1.636, p = 0.747) or mortality between the AF and non-AF cohorts at 1 year (shown in Table 2). When adjusting for age, hypertension, DM, and cigarette smoking, we found that only ischemic recurrence was associated with long-term functional outcomes (aOR, 0.412; 95% CI, 0.193–0.876, p = 0.021).

During this follow-up period, only 316 cases remained after excluding 299 deaths within 90 days and 32 patients who were lost to follow-up at 1 year. Of these, 32 (10.1%) patients experienced ischemic recurrence, including 12 (17.6%) with AF and 20 (8.1%) without AF (shown in Table 2). Univariate comparisons of patients according to ischemic recurrence are presented in Table 4. The proportion of AF (37.5% vs. 19.7%, p = 0.024) and median age (72 vs. 63 years, p = 0.001) were significantly different between the AF and non-AF cohorts, and both comorbid AF and older age were associated with ischemic recurrence. However, after adjusting for baseline age and risk factors, we found that older age was not significantly associated with recurrence (aOR, 1.049; 95% CI, 0.991–1.111, p = 0.096). Among the risk factors, comorbid AF was the remaining predictor of ischemic recurrence (aOR, 4.076; 95% CI, 1.137–14.612, p = 0.031).


TABLE 4 Univariate and multivariate analysis of the demographics and risk factors in the cohort of ischemic recurrence (n = 316).
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Discussion

Contrary to the observations of increased hemorrhage rates and worse functional outcomes in patients with AF-associated stroke who underwent supportive care and/or IVT during the pre-endovascular era, when MT was not yet widely available (5–7), comorbid AF was associated with faster procedural time and increased rates of first-pass success without the increased risk of intracranial hemorrhage or worse functional outcomes for anterior circulation ischemic stroke treated with MT. However, whether these associations exist in posterior circulation ischemic stroke remains unclear.

Here, we found no significant difference in the safety and efficacy of MT for ABAO, regardless of whether patients had comorbid AF. Moreover, patients with AF had a higher rate of ischemic recurrence within 1 year after MT.

Despite a higher admission NIHSS score or pc-ASPECTS and a higher incidence of a maximum neurological deficit from the onset, there were not much worse functional outcomes for ABAO treated with MT. Surprisingly, patients with AF were more likely to have an intracranial hemorrhage, but we found that comorbid AF did not increase the rate of intracranial hemorrhage in patients undergoing MT, which is consistent with the results of the abovementioned studies on anterior circulation ischemic stroke. This is contrary to the common viewpoint in the pre-endovascular era that AF was a predictor of intracranial hemorrhage (25).

Specifically, in our study, the high odds of ischemic recurrence between the AF and non-AF cohorts were 17.6 and 8.1%, respectively (p = 0.020). In the univariate and multivariate analyses, AF status was significantly associated with recurrence. A previous study showed that medication for secondary prevention was insufficiently administered to eligible patients (26). Another study showed that anticoagulants could reduce the risks of ischemic stroke events in patients with ischemic stroke and AF (27). According to a review of stroke in China, only 30% of patients with ischemic stroke and AF received oral anticoagulants at discharge, and 10% received oral anticoagulants 1 year after stroke (2). Aside from the concern over bleeding risk among patients, the poor chronic disease management by both doctors and patients, inconvenient monitoring of vitamin K antagonists, ineffective warfarin dosing, and high costs might have also contributed to the unsatisfactory maintenance of medication for 1 year. This suggests that some developing countries or countries with a serious aging population should pay greater attention to the quality of AF management and secondary prevention of AF-associated stroke to prevent more serious clinical outcomes caused by recurrence.

The strengths of our study include leveraging real-world data from a large multicenter database with > 600 thrombectomies for ABAO, which is a rare intracerebral vascular disease. Moreover, to our knowledge, this is the first report on comorbid AF as a predictor of ischemic recurrence, and our findings stressed the importance of managing secondary prevention in relation to AF.

However, certain limitations should be considered. First, our study has all the inherent limitations of a non-randomized study. The reasons for clinicians to select a specific treatment option are more complex than can be met by the scope of a prospective observational study. Multivariable analyses can never adjust completely for systematic differences between AF and non-AF cohorts. Second, due to the rare occurrence of basilar artery occlusion, there was a large difference in the number of patients enrolled between the AF and non-AF cohorts. Nevertheless, there was an adequate number of cases to perform a statistical analysis and obtain a credible result. Third, due to the poor compliance of patients, we did not have available data on the anticoagulant strategies or detailed information on the dosages of anticoagulants after discharge. Therefore, we were not able to analyze ischemic recurrence simultaneously. Despite these limitations, our findings still constitute one of the best available data for ischemic stroke in patients with ABAO and comorbid AF.



Conclusions

Our findings revealed no significant difference in the safety and efficacy of MT for ABAO, regardless of whether patients had comorbid AF. However, patients with AF had a higher rate of ischemic recurrence within 1 year after MT. Reducing the recurrence rate of stroke by providing ongoing secondary prevention measures may be the crucial strategy to improve long-term outcomes for patients with ABAO.
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