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Introduction: The optimal antithrombotic regimen for preventing recurrent stroke in patients who experience ischemic stroke due to atrial fibrillation (AF) and atherosclerotic large-vessel stenosis remains unclear. The present study aimed to evaluate the effect of multiple antithrombotic therapies on outcomes after ischemic stroke due to ≥ 2 causes.

Methods: Data from 632 patients at a single hospital, who experienced ischemic stroke due to AF and large-artery atherosclerosis. Patients were categorized into 3 groups according to antithrombotic therapy at discharge: antiplatelets (APT), oral anticoagulant(s) (OAC), and APT plus OAC. Study outcomes included recurrent ischemic stroke and composite outcomes for cardiovascular events, death and major bleeding. Propensity scores (PS) were used to balance APT and OAC groups.

Results: Among 632 patients, 158 (25.0%) were treated with APT, 447 (70.7%) with OAC, and 27 (4.3%) with both APT and OAC. After applying PS, only OAC had a significant beneficial effect on the composite outcome (hazard ratio [HR] 0.41 [95% confidence interval (CI) 0.19–0.83]; p = 0.01) and death (HR 0.12 [95% CI 0.01–1.0]; p = 0.05). However, there was no significant difference in one-year recurrent stroke events or risk for bleeding between the APT and OAC groups. Further analysis of the relationship between the dose of OAC and outcome revealed no significant difference between reduced and standard doses of OAC.

Conclusion: This study demonstrated that OAC monotherapy was associated with a lower risk for composite outcomes and death after ischemic stroke due to AF and atherosclerotic stenosis, although the OAC dose had no effect on clinical outcomes.
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1 Introduction

Atrial fibrillation (AF) is a leading cause of cardioembolic stroke, which is often fatal or disabling. Long-term oral anticoagulant(s) (OAC) therapy is usually recommended to reduce the recurrence of embolic events in patients diagnosed AF (1–5). However, the development of acute ischemic stroke (AIS) in patients with AF undergoing OAC treatment has become an increasingly important issue in clinical practice. One of the reasons for this is AF-unrelated stroke, since it has been estimated that one-third of the patients with ischemic stroke and AF may also have concomitant large-artery atherosclerosis (LAA) or small-vessel disease (SVD) (6–9). Emerging evidence suggests that AF and atherosclerosis exhibit a bidirectional pathophysiological interplay beyond shared traditional risk factors. Mechanistically, atherosclerotic lesions induce atrial electrical remodeling, thereby facilitating AF initiation and perpetuation. Conversely, AF exacerbates atherosclerosis via two key pathways: endothelial dysfunction and systemic inflammation. This positive feedback mechanism creates a vicious cycle, wherein AF and atherosclerosis mutually reinforce disease progression (10). Notably, the coexistence of atherosclerosis and AF confers a synergistic elevation in thromboembolic risk (11). Due to the lack of randomized clinical trials, there are no guidelines for antithrombotic treatment in patients with AIS and simultaneous AF and LAA. There are broadly 3 alternative antithrombotic regimens: monotherapy with OAC, monotherapy with an antiplatelet (APT) agent and combined OAC and APT agent. The present real-world study aimed to investigate and compare the therapeutic efficacy of AIS, AF, and LAA in patients, who experienced recurrent ischemic stroke over a period of 1 year.



2 Materials and methods


2.1 Study population

This retrospective study enrolled consecutive patients diagnosed with AIS, nonvalvular atrial fibrillation (NVAF) and LAA between January 2017 and December 2022 at The First affiliated Hospital of Wenzhou Medical University, Wenzhou, China. Data from patients diagnosed with AIS (within 7 days of symptom onset) between January 2017 and December 2022 due to ≥ 2 potential causes (NVAF and LAA > 50% in the relevant intracranial or extracranial vessels) according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification (12), were included. After excluding non-atherosclerotic etiologies, intracranial large artery atherosclerosis (LAA) with ≥ 50% luminal stenosis was confirmed by digital subtraction angiography (DSA), computed tomography angiography (CTA), or magnetic resonance angiography (MRA), consistent with the diagnostic criteria for atherosclerotic stenosis in relevant intracranial arteries. Patients who met the following criteria were excluded: non-AF/LAA causes, incomplete imaging/ECG data, poor follow-up feasibility, treatment conflicts (anticoagulation intolerance, prior revascularization), vascular malformations, pregnancy, or ambiguous findings (stenosis <50%, unverified AF episodes). In addition, discharge medications prescribed after stroke, documented in hospital records, were also analyzed.

The data involved in this study are anonymous retrospective data, which are exempted from ethical review after being reviewed by the Ethics Review Committee of the First Affiliated Hospital of Wenzhou Medical University. The research strictly follows the principles of Helsinki Declaration to protect the privacy of subjects. Requirements for informed consent were waived by the Institutional Review Board of the First Affiliated Hospital of Wenzhou Medical University due to the retrospective design of the study and the use of anonymized data.



2.2 Baseline characteristics and clinical information

Baseline characteristics analyzed included the following: age, sex, vascular risk factors (hypertension [HT], diabetes mellitus [DM], dyslipidemia [DL], coronary artery disease [CAD], AF, previous stroke/transient ischemic attack [TIA], and smoking). Clinical information for acute stroke management included the following: initial National Institutes of Health Stroke Scale (NIHSS) score (13); stroke mechanisms; thrombolytic therapy including intravenous (IV) thrombolysis, and endovascular recanalization therapy (EVT); hemorrhage transformation after stroke; length of hospitalization; CHA2DS2-Vasc (2 points for history of stroke or age > 75 years, and 1 point each for congestive heart failure, HT, DM, vascular disease, age 65 to 74 years, and female sex) and HAS-BLED (Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding History or Predisposition, Labile International Normalized Ratio [INR], Elderly, Drugs/Alcohol Concomitantly) score after the index ischemic stroke were calculated (14, 15). Information regarding discharge medications, including APT agents, OACs (warfarin and direct OAC) or both, was also collected. Patients were categorized into 3 groups according to the prescribed antithrombotic therapy at discharge: APT agents only; OACs only; and APT agents plus OACs. The APT group was selected as the reference group because it was expected to be the least effective treatment option among the 3 regimens. The doses of non-vitamin K antagonist OACs (NOACs) were recorded because low dose NOACs may be associated with high crude adverse event rates, particularly in patients who should have received standard NOAC dosing. Low dose dabigatran was considered to be labeled for elderly patients (age ≥ 80 years), patients with moderate renal impairment (creatinine clearance, 30–49 mL/min), and those with concomitant use of interacting drugs (eg, verapamil). Low dose rivaroxaban was considered to be labeled for patients with moderate or severe renal impairment (creatinine clearance, 15–49 mL/min) (16).



2.3 Outcomes

The primary outcomes were composite outcomes, including recurrent ischemic stroke, intracerebral hemorrhage (ICH), myocardial infarction (MI), and gastrointestinal bleeding (GI) and all-cause death 1 year after the index stroke. Secondary outcomes were major bleeding including ICH and GI. Patient status was assessed by telephone interview(s) or clinic visits, when possible.



2.4 Statistical analysis

Baseline characteristics are expressed as percentage (%), means with standard deviation (SD), and median with interquartile range. Continuous variables were analyzed using the Kruskal–Wallis test or one-way analysis of variance, as appropriate. Pearson’s χ2 test or Fisher’s exact test were used to analyze categorical variables in the 3 groups. A 1:1 propensity score (PS) matching method was used to minimize the effect of confounding factors for treatment comparisons on outcomes. The PS for each treatment group was developed using a logistic regression model with all covariates in the baseline characteristics (17). After 1:1 PS matching, the balance of covariates between the APT and OAC groups was assessed according to the absolute standardized mean differences (ASMD), with ASMD ≤ 0.1 considered to be an acceptable range of difference and was well-balanced in covariates between groups. The effect of treatment on outcomes was also evaluated using a weighted Cox proportional hazards regression model with PS matching. The cumulative incidence of outcomes was estimated using the adjusted Kaplan–Meier method (18). Differences with p < 0.05 were considered to be statistically significant. All statistical analyses were performed by professional medical statisticians using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).




3 Results


3.1 Baseline characteristics

The baseline characteristics of patients included in this study (n = 632) are summarized in Table 1. Of the 632 patients, 31.2% (n = 197) were female, with a median age of 77 years. OACs (70.7% [n = 447]) were the most frequently used antithrombotic treatment regimen, followed by APT agents (25.0% [n = 158]), and a combination of APT agents and OAC treatment (4.3% [n = 27]). Patients in the APT group were older and had higher CHA2DS2-VASc scores than those in the other groups. The APT group also had a higher hemorrhage transformation rate after ischemia and more deaths within 1 year after stroke compared to the other 2 groups (Table 1). More patients in the APT plus OAC group had a history of CAD and more than one-half of patients in this group were diagnosed cardioembolic stroke (Table 1). To adjust for imbalances in baseline characteristics between the APT and OAC treatment groups, PS matching was performed. Patients who received combined APT and OAC from the PS analysis were excluded due to the small sample size of this subgroup. After PS matching, the balance of baseline covariates between before and after PS in APT and OAC groups was acceptable (Supplementary material).



TABLE 1 Baseline characteristics of included patients.
[image: Table1]



3.2 Outcome

In the crude outcome analysis, the one-year composite outcome occurred in 19.8% of patients, including 10.9% with recurrent ischemic stroke and 3.3% with major bleeding (Table 1). Thirty-five (5.5%) patients died within first year, including 17 from major bleeding, 8 due to recurrent stroke and 10 cases of infection. A total of 105 (40.4%) patients with normal kidney function received a reduced, off-label dose of rivaroxaban.

In the adjusted Cox proportional hazards regression analysis before adjustment after PS matching, compared with the APT group as a reference, the OAC group exhibited a lower risk for the composite outcome (hazard ratio [HR] 0.28 [95% CI 0.1–0.8]; p = 0.02). The one-year risks for recurrent ischemic stroke and major bleeding rates were similar among the groups (Table 2). After adjustment for age, PS matching, hemorrhage transformation after stroke, TOAST classification, and CHA2DS2-VASc scores, the difference between the APT and OAC groups remained significant for the composite outcome (weighted HR 0.3741 [95% CI 0.19–0.83]; p = 0.01). For secondary outcomes, mortality at 1 year was lower in the OAC groups before and after adjustment (HR 0.11 [95% CI 0.01–0.92], p = 0.04; HR 0.12 [95% CI 0.01–1.0], p = 0.05) (Table 2; Figure 1).



TABLE 2 Primary and secondary outcomes in antiplatelet and anticoagulant groups after PS matching.
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FIGURE 1
 Kaplan–Meier analysis of primary and secondary outcomes in antiplatelet and anticoagulant groups. (A) Cumulative composite vascular outcome. (B) Cumulative ischemic stroke recurrence. (C) Cumulative major bleeding. (D) Cumulative incidence of death.


In OAC group, 393 (88.9%) patients were prescribed rivaroxaban, 51 (11.1%) were prescribed dabigatran, and 3 (0.7%) received warfarin therapy (Table 3). All patients received dabigatran (110 mg) twice per day and none received low-dose dabigatran. While in the rivaroxaban group, 223 (56.7%) patients received low-dose rivaroxaban (5 mg/day, n = 8; 10 mg/day, n = 215) (Table 3). Older age was associated with low doses of rivaroxaban (p < 0.001) (Table 3). A history of HT and kidney failure was higher in patients who received low-dose rivaroxaban than in those who did not (p < 0.001) (Table 3). Patients with high CHA2DS2-VASc scores and high HAS-BLED scores tended to receive lower doses of rivaroxaban (p < 0.001 and p = 0.003*, respectively) (Table 3). After PS matching, in the Cox proportional hazards regression analysis, the composite vascular events had no difference between standard and low dose of rivaroxaban groups (HR 0.96 [95% CI 0.5–1.83]; p = 0.9) (Table 4; Figure 2). No significant difference was found for ischemic stroke risk between the 2 groups (HR 1.1 [95% CI 0.52–2.41]; p = 0.77) (Table 4; Figure 2). There was also no difference between these 2 groups in terms of major bleeding events (HR 1.49 [95% CI 0.33–6.68]; p = 0.59) and death rate (HR 0.02 [95% CI 0–8.04]; p = 0.19) (Table 4; Figure 2).



TABLE 3 Baseline characteristics of patients received different dose of rivaroxaban.
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TABLE 4 Primary and secondary outcomes of standard and reduced dose of rivaroxaban after PS matching.
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FIGURE 2
 Kaplan–Meier analysis of primary and secondary outcomes in different dose of rivaroxaban. (A) Cumulative composite vascular outcome. (B) Cumulative ischemic stroke recurrence. (C) Cumulative major bleeding. (D) Cumulative incidence of death.





4 Discussion

The primary findings of the present study are as follows. First, among patients with AIS with NVAF and atherosclerotic narrowing (≥ 2 etiologies), monotherapy with OAC was the most common treatment, followed by APT monotherapy. Combination treatment with APT and OAC was used in only 4.3% of patients in this cohort. Second, in the OAC group, direct OACs were used in most patients, whereas < 1% of patients were prescribed warfarin. Third, low-dose rivaroxaban was prescribed to 56.7% of patients with old age, kidney failure, high CHA2DS2-VASc and high HAS-BLED scores. Fourth, more composite vascular events and deaths were observed in APT group than that in OAC group, whereas recurrence of ischemic stroke and major bleeding were not significantly different among the 3 groups.

In our investigation, treatment rates for OAC, APT, and combination OAC + APT were 70.7, 25.0, and 4.3%, respectively, compared with 47.0, 19.6, and 33.4%, respectively, in a previous study (19). Our OAC treatment rate was higher, while the combination treatment rate was lower, while the APT was similar. Except for the baseline variables of these 2 cohorts, the different therapeutic options may be due to the lack of guidelines for such situations with ≥ 2 etiologies of AIS and NVAF. Although it has been repeatedly confirmed that NVAF is the most important risk factor for cardioembolic stroke, ischemic stroke―despite the use of OACs―still occurrs in 1–2% of patients with NVAF in pivotal randomized controlled trials, and up to 30% of patients with NVAF who develop ischemic stroke are taking OACs at stroke onset (3, 20–22). Advanced age, HT, DM, renal dysfunction, and other vascular risk factors are common confounders for either NVAF or LAA and SVD. As such, patients with cerebrovascular events experienced stroke due to causes other than cardioembolism, such as LAA and SVD. Ischemic stroke in patients with NVAF is not exclusively cardiogenic in nature.

For patients with AIS with NVAF and LAA, the exact mechanism of stroke events and the presence of cortex-involved lesions with territorial distribution or confluent lesion (> 15mm) with additional lesions involving multiple vascular territories cannot be determined (23–25). Regarding biomarkers for ischemic stroke evaluation with NVAF, the CHA2DS2-VASc score is recommended by the most influential guidelines as the primary means of stratifying patients (26–28). However the CHA2DS2-VASc score ignores several potential clinical risk factors for AIS, such as hyperlipidemia and AF type, and has been confirmed to have limited predictive ability for stroke events (16, 29). In our study, due to the co-existence of NVAF and LAA, one-third of patients were diagnosed with an unknown type of AIS according to the TOAST classification. The uncertainty with the mechanism of stroke is an important factor that leads to variability in therapeutic decisions.

In our study, the combination of OAC and APT therapy tended to be prescribed to patients with a history of CAD. In patients with AF who required percutaneous coronary intervention(s) due to acute coronary syndrome, a combination of APT therapy using a P2Y12 inhibitor and OAC yielded a non-inferior number of ischemic events with fewer bleeding complications than triple antithrombotic therapy (dual APT therapy plus OAC) (2, 30, 31). However, caution should be exercised when extrapolating such results to ischemic stroke because it has been suggested that adjunct ATP therapy with OAC does not reduce―or even worsens―the risk for major cardiovascular events (32–34).

In the present study, composite vascular events and mortality were higher in the APT group than those in the OAC group. Because the composite vascular events included death and other vascular events, we suggest that the high composite vascular events recorded in the APT group mainly resulted from the high mortality rate in this group. Older age and more history of CAD may have contributed to the higher mortality in this group.

The present study had several limitations, the first of which was its retrospective design and the use of registry data. Therefore, the possibility of residual confounding factors, as well as uneven patient numbers in various treatment groups, cannot be ruled out. Second, this study analyzed the relationship between discharge treatment and outcomes after 1 year. Drug adherence and whether patients were maintained on the same antithrombotic regimen during the 1 year were unknown. Third, clinical events were captured up to only 1 year after the index stroke, which may have been insufficient and not fully reflect the sustained benefits or risks of treatment over time. However, the follow-up duration for comparing the effectiveness of antithrombotic regimens in most clinical trials is 3 to 12 months. Forth, the discrepancy in numbers as in the combined APT and OAC group only <5% patients were there limiting drawing of relevant conclusions. Fifth, historical imaging limitations such as low resolution or missing sequences may have affected classification accuracy.

According to 2021 AHA/ASA (20) and 2020 ESC guidelines (28), OACs and APT are standard for AF - related and atherosclerotic strokes respectively, but strategies for strokes with both AF and atherosclerosis are unclear. Our study found OAC monotherapy better than APT, potentially attributable to AF-driven cardioembolism dominating clinical phenotypes and pleiotropic OAC effects. Moreover, guideline - advised caution on combined OAC and APT use is echoed by our data showing no benefit of such combination for this stroke subtype.

While our real-world findings provide clinically relevant insights, they require validation through multicenter randomized controlled trials (RCTs) to address unmeasured confounding and generalize across diverse populations. Future multi-center studies will employ longer follow-up time, standardized protocols, stricter inclusion criteria, and harmonized data collection to minimize bias.

In conclusion, results of the present study demonstrated that OAC may reduce the risk for composite outcomes, including recurrent ischemic stroke, ICH, MI, and all-cause mortality, without significant differences in recurrent ischemic stroke 1 year after the index ischemic stroke due to ≥ 2 potential causes associated with AF. Moreover, combination treatment with APT agents and OAC significantly may be associated with a risk for major bleeding without any clinical benefit. Further large-scale clinical trials are required to confirm this association.



Author’s note

We declare that this article has been published as a PREPRINT (Version 1) available at Research Square [https://doi.org/10.21203/rs.3.rs-4297908/v1].



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: the containing information could compromise the privacy of research participants. Requests to access these datasets should be directed to Zheng Zhang, zhangzhengwz@126.com.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

JChen: Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. JCheng: Investigation, Methodology, Resources, Writing – original draft. QY: Investigation, Methodology, Resources, Writing – original draft. YL: Investigation, Methodology, Resources, Writing – original draft. YZ: Investigation, Methodology, Resources, Writing – original draft. ZZ: Conceptualization, Investigation, Methodology, Resources, Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1576250/full#supplementary-material



References

 1. Bang, OY, Park, KM, and Jeong, DS. Occurrence of ischemic stroke in patients with atrial fibrillation receiving non-vitamin K Oral anticoagulants: causes and prevention strategies. J Stroke. (2023) 25:199–213. doi: 10.5853/jos.2022.03552 

 2. Seiffge, DJ, De Marchis, GM, Koga, M, Paciaroni, M, Wilson, D, Cappellari, M , et al. Ischemic stroke despite Oral anticoagulant therapy in patients with atrial fibrillation. Ann Neurol. (2020) 87:677–87. doi: 10.1002/ana.25700 

 3. Stretz, C, Wu, TY, Wilson, D, Seiffge, DJ, Smith, EE, Gurol, ME , et al. Ischaemic stroke in anticoagulated patients with atrial fibrillation. J Neurol Neurosurg Psychiatry. (2021) 92:1164–72. doi: 10.1136/jnnp-2020-323963 

 4. Polymeris, AA, Meinel, TR, Oehler, H, Hölscher, K, Zietz, A, Scheitz, JF , et al. Aetiology, secondary prevention strategies and outcomes of Ischaemic stroke despite Oral anticoagulant therapy in patients with atrial fibrillation. J Neurol Neurosurg Psychiatry. (2022) 93:588–98. doi: 10.1136/jnnp-2021-328391 

 5. Granger, CB, Alexander, JH, McMurray, JJ, Lopes, RD, Hylek, EM, Hanna, M , et al. Apixaban versus warfarin in patients with atrial fibrillation. N Engl J Med. (2011) 365:981–92. doi: 10.1056/NEJMoa1107039 

 6. Weimar, C. Stroke of undetermined cause: workup and secondary prevention. Curr Opin Neurol. (2016) 29:4–8. doi: 10.1097/wco.0000000000000280 

 7. Katsi, V, Georgiopoulos, G, Skafida, A, Oikonomou, D, Klettas, D, Vemmos, K , et al. Noncardioembolic stroke in patients with atrial fibrillation. Angiology. (2019) 70:299–304. doi: 10.1177/0003319718791711 

 8. Wu, N, Wang, X, Jia, S, Cui, X, Wang, Y, Li, J , et al. Clinical features of ischemic stroke in patients with Nonvalvular atrial fibrillation combined with intracranial atherosclerotic stenosis. Brain Behav. (2023) 13:e3036. doi: 10.1002/brb3.3036 

 9. Batta, A, Hatwal, J, and Sharma, YP. Assessment of coronary artery disease in non-valvular atrial fibrillation: is this light at the end of the tunnel? Vasc Health Risk Manag. (2024) 20:493–9. doi: 10.2147/vhrm.S484638 

 10. Batta, A, Hatwal, J, Batta, A, Verma, S, and Sharma, YP. Atrial fibrillation and coronary artery disease: an integrative review focusing on therapeutic implications of this relationship. World J Cardiol. (2023) 15:229–43. doi: 10.4330/wjc.v15.i5.229 

 11. Abolbashari, M. Atherosclerosis and atrial fibrillation: double trouble. Curr Cardiol Rep. (2022) 24:67–73. doi: 10.1007/s11886-021-01625-w 

 12. Adams, HP Jr, Bendixen, BH, Kappelle, LJ, Biller, J, Love, BB, Gordon, DL , et al. Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical trial. Toast. Trial of org 10172 in acute stroke treatment. Stroke. (1993) 24:35–41. doi: 10.1161/01.str.24.1.35 

 13. Adams, HP, del Zoppo, G, Alberts, MJ, Bhatt, DL, Brass, L, Furlan, A , et al. Guidelines for the early management of adults with ischemic stroke - a guideline from the American Heart Association/American Stroke Association stroke council, clinical cardiology council, cardiovascular radiology and intervention council, and the atherosclerotic peripheral vascular disease and quality of care outcomes in research interdisciplinary working groups. Stroke. (2007) 38:1655–711. doi: 10.1161/strokeaha.107.181486

 14. Lane, DA, and Lip, GY. Use of the CHA(2)DS(2)-VASc and HAS-BLED scores to aid decision making for thromboprophylaxis in nonvalvular atrial fibrillation. Circulation. (2012) 126:860–5. doi: 10.1161/circulationaha.111.060061 

 15. Sulzgruber, P, Wassmann, S, Semb, AG, Doehner, W, Widimsky, P, Gremmel, T , et al. Oral anticoagulation in patients with non-valvular atrial fibrillation and a Cha2ds2-Vasc score of 1: a current opinion of the European Society of Cardiology Working Group on cardiovascular pharmacotherapy and European Society of Cardiology Council on stroke. Eur Heart J Cardiovasc Pharmacother. (2019) 5:171–80. doi: 10.1093/ehjcvp/pvz016 

 16. Paciaroni, M, Agnelli, G, Caso, V, Silvestrelli, G, Seiffge, DJ, Engelter, S , et al. Causes and risk factors of cerebral ischemic events in patients with atrial fibrillation treated with non-vitamin K antagonist Oral anticoagulants for stroke prevention. Stroke. (2019) 50:2168–74. doi: 10.1161/strokeaha.119.025350 

 17. McCaffrey, DF, Griffin, BA, Almirall, D, Slaughter, ME, Ramchand, R, and Burgette, LF. A tutorial on propensity score estimation for multiple treatments using generalized boosted models. Stat Med. (2013) 32:3388–414. doi: 10.1002/sim.5753 

 18. Xie, J, and Liu, C. Adjusted Kaplan-Meier estimator and log-rank test with inverse probability of treatment weighting for survival data. Stat Med. (2005) 24:3089–110. doi: 10.1002/sim.2174 

 19. Kim, TJ, Lee, JS, Yoon, JS, Oh, MS, Kim, JW, Park, SH , et al. Optimal use of antithrombotic agents in ischemic stroke with atrial fibrillation and large artery atherosclerosis. Int J Stroke. (2023) 18:812–20. doi: 10.1177/17474930231158211 

 20. Kleindorfer, DO, Towfighi, A, Chaturvedi, S, Cockroft, KM, Gutierrez, J, Lombardi-Hill, D , et al. 2021 guideline for the prevention of stroke in patients with stroke and transient ischemic attack: a guideline from the American Heart Association/American Stroke Association. Stroke. (2021) 52:e364–467. doi: 10.1161/str.0000000000000375

 21. Patel, MR, Mahaffey, KW, Garg, J, Pan, G, Singer, DE, Hacke, W , et al. Rivaroxaban versus warfarin in Nonvalvular atrial fibrillation. N Engl J Med. (2011) 365:883–91. doi: 10.1056/NEJMoa1009638 

 22. Paciaroni, M, Agnelli, G, Ageno, W, Caso, V, Corea, F, Lanari, A , et al. Risk factors for cerebral ischemic events in patients with atrial fibrillation on warfarin for stroke prevention. Atherosclerosis. (2010) 212:564–6. doi: 10.1016/j.atherosclerosis.2010.06.016 

 23. Pepi, M, Evangelista, A, Nihoyannopoulos, P, Flachskampf, FA, Athanassopoulos, G, Colonna, P , et al. Recommendations for echocardiography use in the diagnosis and Management of Cardiac Sources of embolism: European Association of Echocardiography (Eae) (a registered branch of the esc). Eur J Echocardiogr. (2010) 11:461–76. doi: 10.1093/ejechocard/jeq045 

 24. Jing, J, Meng, X, Zhao, X, Liu, L, Wang, A, Pan, Y , et al. Dual antiplatelet therapy in transient ischemic attack and minor stroke with different infarction patterns: subgroup analysis of the chance randomized clinical trial. JAMA Neurol. (2018) 75:711–9. doi: 10.1001/jamaneurol.2018.0247 

 25. Kang, DW, Chalela, JA, Ezzeddine, MA, and Warach, S. Association of Ischemic Lesion Patterns on early diffusion-weighted imaging with Toast stroke subtypes. Arch Neurol. (2003) 60:1730–4. doi: 10.1001/archneur.60.12.1730 

 26. Chiang, CE, Okumura, K, Zhang, S, Chao, TF, Siu, CW, Wei Lim, T , et al. 2017 consensus of the Asia Pacific Heart Rhythm Society on stroke prevention in atrial fibrillation. J Arrhythm. (2017) 33:345–67. doi: 10.1016/j.joa.2017.05.004 

 27. January, CT, Wann, LS, Calkins, H, Chen, LY, Cigarroa, JE, Cleveland, JC Jr , et al. Aha/Acc/Hrs focused update of the 2014 Aha/Acc/Hrs guideline for the management of patients with atrial fibrillation: a report of the American College of Cardiology/American Heart Association task force on clinical practice guidelines and the Heart Rhythm Society in collaboration with the Society of Thoracic Surgeons. Circulation. (2019) 140:e125–51. doi: 10.1161/cir.0000000000000665

 28. Hindricks, G, Potpara, T, Dagres, N, Arbelo, E, Bax, JJ, Blomström-Lundqvist, C , et al. 2020 ESC guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS). Eur Heart J. (2020) 42:373–498. doi: 10.1093/eurheartj/ehaa612 

 29. Borre, ED, Goode, A, Raitz, G, Shah, B, Lowenstern, A, Chatterjee, R , et al. Predicting thromboembolic and bleeding event risk in patients with non-valvular atrial fibrillation: a systematic review. Thromb Haemost. (2018) 118:2171–87. doi: 10.1055/s-0038-1675400 

 30. Alkindi, FA, and Rafie, IM. Anticoagulation in patients with atrial fibrillation and coronary artery disease. Heart Views. (2020) 21:32–6. doi: 10.4103/heartviews.Heartviews_138_19 

 31. Lopes, RD, Heizer, G, Aronson, R, Vora, AN, Massaro, T, Mehran, R , et al. Antithrombotic therapy after acute coronary syndrome or Pci in atrial fibrillation. N Engl J Med. (2019) 380:1509–24. doi: 10.1056/NEJMoa1817083 

 32. Ip, YMB, Lau, KK, Ko, H, Lau, L, Yao, A, Wong, GL , et al. Association of Alternative Anticoagulation Strategies and Outcomes in patients with ischemic stroke while taking a direct Oral anticoagulant. Neurology. (2023) 101:e358–69. doi: 10.1212/wnl.0000000000207422 

 33. Said, A, Keeney, S, Matka, M, Hafeez, A, George, J, and Halalau, A. Concomitant use of direct Oral anticoagulants and aspirin versus direct Oral anticoagulants alone in atrial fibrillation and flutter: a retrospective cohort. BMC Cardiovasc Disord. (2020) 20:263. doi: 10.1186/s12872-020-01509-x 

 34. Kumar, S, Danik, SB, Altman, RK, Barrett, CD, Lip, GY, Chatterjee, S , et al. Non-vitamin K antagonist oral anticoagulants and antiplatelet therapy for stroke prevention in patients with atrial fibrillation: a meta-analysis of randomized controlled trials. Cardiol Rev. (2016) 24:218–23. doi: 10.1097/crd.0000000000000088



Glossary

AF - Atrial fibrillation

AIS - Acute ischemic stroke

APT - Antiplatelet

ASMD - Absolute mean differences

CAD - Coronary artery disease

CHA2DS2-Vasc - 2 points for history of stroke or age >75 years and 1 point each for congestive heart failure, hypertension, diabetes mellitus, vascular disease, age between 65 and 74 years, and female sex

DL - Dyslipidemia

DM - Diabetes mellitus

EVT - Endovascular recanalization therapy

GI - Gastrointestinal bleeding

HAS-BLED - Hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile INR, elderly, drugs/alcohol concomitantly

HT - Hypertension

ICH - Intracerebral hemorrhage

IV - Intravenous

LAA - Large artery atherosclerosis

MI - Myocardial infarction

NIHSS - National Institutes of Health Stroke Scale score

NVAF - Non-valvular atrial fibrillation

OAC - Oral anticoagulants

PS - Propensity score

SD - Standard deviations

SVD - Small-vessel disease

HR - Hazard ratio

TOAST - Trial of Org 10172 in Acute Stroke Treatment
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