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Background and purpose—A subset of ischemic stroke patients with atrial fibrillation (AF) 

have ischemic stroke despite anticoagulation. We sought to determine the association between 

pre-stroke anticoagulant therapy and recurrent ischemic events and symptomatic intracranial 

hemorrhage (sICH).

Methods—We included consecutive patients with acute ischemic stroke and AF from the 

Initiation of Anticoagulation after Cardioembolic stroke (IAC) study from 8 comprehensive stroke 

centers in the United States. We compared recurrent ischemic events and delayed sICH risk using 

adjusted cox-regression analyses between patients who were prescribed anticoagulation (ACp) 

versus patients who were naïve to anticoagulation therapy prior to the ischemic stroke (ACn).

Results—Among 2084 patients in IAC, 1518 had prior anticoagulation status recorded and were 

followed for 90 days. In adjusted Cox hazard models, ACp was associated with a non-significantly 

higher risk of 90-day recurrent ischemic events only in the fully adjusted model (adjusted HR 1.50 

95% CI 0.99 – 2.28, p = 0.058) but not increased risk of 90-day sICH (adjusted HR 1.08 95% 

CI 0.46 – 2.51, p = 0.862). In addition, switching anticoagulation class was not associated with 

reduced risk of recurrent ischemic events (adjusted HR 0.41 95% CI 0.12 – 1.33, p = 0.136) nor 

sICH (adjusted HR 1.47 95% CI 0.29 – 7.50, p = 0.641).

Conclusion—AF patients with ischemic stroke despite anticoagulation may be higher risk for 

recurrent ischemic events compared to anticoagulation-naïve patients. This may suggest differing 

underlying stroke pathomechanisms requiring different stroke prevention measures and identifying 

these specific mechanisms may improve secondary stroke prevention strategies.
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Introduction

Atrial fibrillation (AF) is associated with increased ischemic stroke risk and studies 

have shown that oral anticoagulation therapy is associated with reduced risk of ischemic 

stroke.1 The risk of ischemic stroke in patients with AF, however, remains elevated despite 

anticoagulation therapy. A patient-level data meta-analysis of the SPAF trials showed that 

the overall risk of ischemic stroke on warfarin was 2 per 100 patient-years. Importantly, this 

risk was almost double (nearly 4 per 100 patient-years) in patients with previous stroke or 

TIA.2 More recent studies comparing direct oral anticoagulants (DOACs) to warfarin3–5 and 

aspirin6 found a similar trend in that the rate of ischemic stroke/systemic embolism was up 

to 1.5% per year in patients treated with DOACs and up to 2.5% per year in patients with 

prior stroke/TIA.

Several potential explanations for this phenomenon have been suggested, including 

interruption of anticoagulation therapy, inappropriate anticoagulation dosing, atrial 

enlargement, presence of additional vascular risk factors as assessed by the CHA2DS2Vasc 

score, non-paroxysmal (versus paroxysmal) AF, as well as non-cardioembolic (versus 

cardioembolic) stroke mechanisms.7–9 Notably, switching to a different anticoagulant class10 

did not mitigate the risk of stroke recurrence, suggesting that pharmacokinetic and dosing 

considerations insufficiently explain the persistent risk increase.10, 11 Yet, these studies did 
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not adjust for important biomarkers of atrial disease as well as the presence/absence of a 

competing large artery atherosclerotic mechanism that portends a high risk of recurrence.12

In this study, we sought to assess the short-term risk of stroke recurrence to extend these 

findings in a large multicenter study by accounting for cardiac biomarkers as well as 

a competing large artery atherosclerotic stroke mechanism. Our primary hypothesis was 

that AF patients who were on anticoagulation prior to their ischemic stroke would be at 

higher risk of recurrence even in short-term when compared to anticoagulant naïve patients, 

regardless of post stroke preventive management.

Methods

De-identified data may be shared upon reasonable request to the corresponding author.

Patient population—The Initiation of Anticoagulation (IAC) study is a multi-center 

retrospective study that pooled ischemic stroke registry data from consecutive patients 

with acute ischemic stroke in the setting of AF treated at 8 comprehensive stroke centers 

in the United States within the years 2015 and 2018. Methodological details have been 

previously described in detail.13–15 For the purpose of this study, we included all patients 

with information about anticoagulation treatment status at the time of index stroke as well 

those who survived and were followed during the first 90-days. Institutional Review Board 

approval was obtained from each of the participating centers.

Primary predictor—Data on home medication use were collected by the sites. These 

included treatment with antiplatelets, statins, warfarin, and DOACs. The primary predictor 

was home anticoagulation or anticoagulation prior to stroke (ACp) defined as being on a 

DOAC or warfarin at the time of the ischemic stroke.

Primary outcomes—The co-primary outcomes were recurrent ischemic events and 

symptomatic intracranial hemorrhage (sICH) as defined in prior studies.13–15 All outcomes 

were abstracted from medical records by the study site research assistant and confirmed by 

the site principal investigator.

Co-variates

Demographic factors: Age at the time of admission and sex.

Clinical variables: Stroke risk factors (history of hypertension, history of diabetes, history 

of hyperlipidemia, history of prior stroke or TIA, active smoking), CHA2DS2Vasc score, and 

NIHSS score.

Medications prior to admission: Antiplatelet agent and statin therapy.

Neuroimaging and vascular imaging variables: Largest ischemic stroke lesion 

volume measured using the a*b*c/2 formula16 as well as the presence of intracranial or 

extracranial stenosis atherosclerosis with ≥ 50% luminal narrowing in the territory of the 
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stroke abstracted from the vascular imaging report (ipsilateral atherosclerosis). The choice of 

brain imaging at baseline (CT vs. MRI) was at the discretion of the treating physician.

Echocardiographic variables: Echocardiographic variables were abstracted by a 

transthoracic echocardiogram performed within 3 months from the ischemic stroke. For this 

analysis, we included left ventricular ejection fraction and left atrial enlargement determined 

by left atrial diameter or volume measruements.17

In-hospital treatments: Intravenous alteplase, mechanical thrombectomy, bridging with 

heparin or low molecular weight heparin, and initiation or resumption of anticoagulation.

Analytical plan

Patients were divided into two groups: Treatment with anticoagulation prior to the index 

stroke (ACp) and anticoagulation naïve (ACn). We compared clinical characteristics, in

hospital treatments, and outcomes at 90-days between the two groups. To determine 

association between ACp and recurrent ischemic events, we built a priori determined 

Cox regression models adjusting for the following factors based on prior studies: 

model 1: adjusting for the CHA2DS2-Vasc score18, model 2 adjusting for the CHA2DS2

Vasc, presence of a small (< 10 mL) versus large (≥ 10mL) infarct18, and ipsilateral 

atherosclerosis19, and model 3 adjusting for variables in model 2 in addition to 

anticoagulation initiated. To determine the possible association between ACp and sICH, we 

built a priori determined Cox regression models adjusting for the following factors, model 1 

adjusted for age sex, and small infarct size13, 18; model 2 adjusted for model 1 and bridging 

with low molecular weight heparin (LMWH)/heparin14; model 3 adjusted for model 2 plus 

anticoagulation initiated. Analyses were done using SPSS version 25 (IBM, Chicago, IL) 

and a two-sided p < 0.05 was considered statistically significant.

Results

Among 2084 patients included in the IAC study, 1518 subjects met the inclusion criteria. 

The reasons for exclusion were as follows: 195 patients were lost to follow up at 90 days, 

369 patients had a non-outcome related death within 90 days, and 2 patients had missing 

information on anticoagulation treatment prior to stroke. The baseline demographics, 

median CHA2DS2Vasc score, and anticoagulation status prior to index stroke were not 

significantly different between those with vs. without follow-up were not significantly 

different between those with vs. without lost to follow up within 90-days.

Among included patients, the mean age was 76.2 ± 11.7 years and 49.9% (757/1518) were 

men; 546 patients (36.0%) were on anticoagulation at home (ACp) [278 (50.9%) were on 

a DOAC] and 972 patients (64.0%) were not on home anticoagulation (ACn). After the 

ischemic stroke, 92 patients were switched to a different anticoagulant class: DOAC to 

warfarin (n = 81 patients) and warfarin to DOAC (n = 11 patients). In addition, 16.4% 

(245/1492) had evidence of atherosclerosis with 50% or more luminal narrowing in a vessel 

supplying the territory of the infarct.
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Univariate analyses

Table 1 summarizes the patient characteristics stratified according to pre-stroke 

anticoagulant status. In brief, when compared to patients in the ACn group, patients in 

the ACp group had a lower admission NIHSS score (median 6 vs. 9, p = 0.001), were more 

likely to have diabetes (39.7% vs. 30.2%, p < 0.001), hyperlipidemia (59.9% vs. 54.0%, p 

= 0.027), prior stroke or TIA (39.6% vs. 26.8%, p < 0.001), congestive heart failure (29.7% 

vs. 22.0%, p = 0.001), coronary artery disease (38.1% vs. 27.5%, p, 0.001), severe left atrial 

enlargement (43.9% vs. 34.9%, p = 0.002), and were more frequently on a statin at home 

(64.7% vs. 49.5%, p < 0.001), placed on anticoagulation after the ischemic stroke (95.6% vs. 

80.2%, p < 0.001), and less likely on antiplatelet medication at home (32.1% vs. 58.9%, p < 

0.001).

Association between anticoagulation prior to the index stroke and 90-day outcomes

Recurrent ischemic events occurred in 104 patients (6.9%): recurrent stroke in 91 patients, 

recurrent TIA in 6 patients, and recurrent symptomatic systemic embolism in 9 patients. 

Furthermore, 23 subjects had a sICH, with 91.3% (21/23) occurring after initiation of 

anticoagulation. Predictors of ischemic recurrence and hemorrhagic events in the IAC study 

were previously reported.13

Association between anticoagulation prior and recurrent ischemic events

In minimally adjusted pre-specified models (models 1 and 2), associations between ACp 

and recurrent ischemic events were not statistically significant (Table 2). In the fully 

adjusted model (model 3) adjusting for pre-specified potential confounders including 

initiation of anticoagulation and CHA2DS2-Vasc score, Cox-regression analyses indicated 

a non-significantly higher risk for recurrent ischemic events among subjects with ACp 

(adjusted HR 1.50 95% CI 0.99 – 2.28, p = 0.058) (Table 2) (Figure 1).

Association between anticoagulation prior and sICH

There was no association between ACp and sICH on unadjusted (HR 1.15 95% CI 0.50 – 

2.66, p = 0.744) and adjusted Cox-regression (adjusted HR 1.08 95% CI 0.46 – 2.51, p = 

0.862) (Table 2) (Figure 1).

Sensitivity analysis

We performed additional analyses restricted to patients with ACp, to determine whether 

switching anticoagulation had an impact on early recurrence and major bleeding in 

patients with ACp. In Cox regression analyses, there was no association between switching 

anticoagulant class and sICH unadjusted (HR 1.40 95% CI 0.29 – 6.75, p = 0.674) and after 

adjusting for potential confounders (HR 1.47 95% CI 0.29 – 7.50, p = 0.641). In addition, 

switching anticoagulation class was associated with non-significantly lower risk of early 

recurrent ischemic events in unadjusted models (HR 0.35 95% CI 0.11 – 1.13, p = 0.079) but 

this association was not significant after adjusting for potential confounders (adjusted HR 

0.41 95% CI 0.12 – 1.33, p = 0.136).
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In addition, we performed a sensitivity analysis including patients with non-outcome related 

and when the exact time of death was not recorded, the time of death was imputed as 

day 90. In these analyses and if the fully adjusted models ACp was associated with a 

non-significantly lower risk of recurrent ischemic events persisted (adjusted HR 1.46 95%CI 

0.96–2.21, p = 0.076) with a similar risk of sICH (adjusted HR 1.08 95% CI 0.47–2.52, p = 

0.857).

Furthermore, to account for patient clustering by study site, we fit mixed-effects logistic 

regression models to our outcomes and our findings were not meaningfully different; in 

full adjusted models, ACp was associated with a non-significantly higher risk of recurrent 

ischemic events (adjusted OR 1.42 95% CI 0.93 – 2.19, p = 0.106) but no increased risk of 

sICH (adjusted OR 1.05 95% CI 0.49 – 2.25, p = 0.809).

Discussion

The results gained from our real-world study is in line with prior multi-center studies.10, 11 

We found that AF patients with ischemic stroke on anticoagulation therapy had a heightened 

risk of recurrent ischemic stroke even after adjustment for pertinent confounders. Switching 

anticoagulation class in AF patients who had an ischemic stroke while using anticoagulation 

was not associated with reduced risk of recurrent ischemic events, again a finding reported 

in a previous large multicenter study.11 Contrary to prior studies, our findings did not 

achieve statistical significance likely due to lower events rates, shorter follow up duration, as 

well as small sample size than that in prior studies.

Possible reasons for ischemic stroke recurrence despite anticoagulation therapy might 

include suboptimal medication adherence, anticoagulation interruption, and inappropriate 

dosing. Concomitant stroke mechanisms such as small vessel disease, large artery 

atherosclerosis, and cancer related hypercoagulability in patients with AF may augment 

recurrent stroke risk despite anticoagulation therapy. For many of these non-AF related 

stroke mechanisms, anticoagulation is not superior to aspirin. For instance, the Warfarin 

Aspirin Recurrent Stroke Study (WARSS) showed no benefit of warfarin over aspirin in 

patients with non-cardioembolic stroke.20 This was also shown in the Warfarin Aspirin 

Symptomatic intracranial Disease (WASID) trial where warfarin was not superior to 

aspirin in secondary stroke prevention in patients with intracranial atherosclerosis.21 In 

addition, symptomatic large artery atherosclerosis and cancer related hypercoagulability are 

associated with increased risk of early recurrence regardless of antithrombotic regimen.12, 22 

Furthermore, patients who have more vascular risk factors, more severe atrial disease, and 

higher AF burden, remain at an increased risk of stroke despite anticoagulation therapy.7 

Consistent with this notion, we found that in our study these patients with stroke recurrence 

despite oral anticoagulant therapy had a higher CHA2DS2Vasc scores and more frequently 

had a history of prior stroke, underlying coronary artery disease, and diabetes.

It is noteworthy that 19.6% of patients who were not on anticoagulation prior to the index 

event were not started on anticoagulation in the 90-days following the index event as 

compared to 4.4% of those who were on anticoagulation prior to the index event. There 

are several reasons that could account for this difference including more severe strokes in 
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the ACn group or those who were not on anticoagulation prior to the index event having 

a contraindication to anticoagulation. In addition, it is also important to note that the 

percentage of patients on DOACs was higher than that reported in prior studies10 and may 

at least partially explain the relatively low bleeding complication events, line with a prior 

study.23

Our findings have several therapeutic implications. It suggests that anticoagulation therapy 

alone may not be sufficient in reducing stroke risk in patients with AF thus highlighting 

the importance of improving stroke prevention beyond anticoagulation therapy.24 First, risk 

factor and lifestyle modification are the corner stone for prevention. Indeed, in patients 

with AF, risk factors such as hypertension and diabetes have been associated with increased 

stroke risk,25 thus controlling modifiable risk factors is an essential step in reducing the 

residual risk of ischemic stroke in patients with AF started on anticoagulation. Second, AF 

frequently co-exists with cerebrovascular atherosclerotic disease19, 26, 27 and small vessel 

disease28 and thus in patients with ischemic stroke despite anticoagulation, it is essential 

to assess for a competing non-cardioembolic mechanism and ensure that stroke prevention 

strategies are targeted. For instance, finding severe carotid stenosis in a patients whose 

infarct is in its territory may lead to carotid revascularization, which has been shown to 

reduce the risk of recurrent stroke.29 Third, left atrial appendage occlusion has recently 

emerged as a stroke prevention strategy in patients with AF and an alternative to long-term 

anticoagulation.30 The Novel Anticoagulation Agents in Atrial Fibrillation (PRAGUE-17) 

trial compared left atrial appendage occlusion to DOACs and showed that left atrial 

appendage occlusion is non-inferior to DOACs in reducing the risk of stroke and systemic 

embolism in patients with AF.31 The risk of ischemic stroke however was 2% in each 

group suggesting that left atrial appendage occlusion may not superior to DOAC therapy 

in reducing the risk of ischemic stroke31 and may not be effective by itself in reducing 

the residual risk of recurrence in patients with breakthrough strokes despite anticoagulation. 

Whether combining left atrial appendage occlusion with anticoagulation would reduce risk 

more than either alone is uncertain and has not yet been tested in trials.

Our study has several important limitations. First, our study is a multicenter retrospective 

study of comprehensive stroke centers which introduces bias and limits generalizability. 

Second, we lack data on anticoagulation adherence and risk factor control prior to 

presentation and therefore it is possible that some of the strokes occurred in the setting 

of poor risk factor control or non-compliance with anticoagulation. Third, nearly 9% 

of patients were lost to follow up within 90 days. Fourth, while we collected data on 

infarct size and competing large artery atherosclerotic mechanisms, we lack data on other 

mechanisms such as dissection, small vessel disease, and hypercoagulability from cancer. 

Fifth, we lack data on the imaging characteristics and stroke subtyping of recurrent events 

which in some cases could have been related to a competing non-cardioembolic stroke 

mechanism. Sixth, our study is an observational study and thus subject to treatment by 

indication bias. Seventh, we lack information on whether patients who were in the ACn 

whether they had new AF or known AF but not on anticoagulation although we suspect that 

most patients had known AF and were not prescribed anticoagulation as as evidenced by a) 

much higher antiplatelet use despite no difference in coronary artery disease and b) 20% of 

these patient were still not anticoagulated at 90 days. Finally, the follow up period in our 
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study is only 90-days and thus it is unclear if the risk of recurrence remains elevated beyond 

the first 90-days as other studies suggested.

Notable strengths of our study include being a large multicenter study, collecting a wide 

range of variables and outcomes, and providing real world data on the risk of early 

recurrence in patients with AF.

Conclusion

AF patients with ischemic stroke on anticoagulation may be at higher risk for recurrent 

stroke compared to anticoagulation-naïve patients, even after adjusting for estimated risk 

and switching the anticoagulant type does not decrease such recurrent stroke risk. This raises 

the possibility that pathologic mechanisms either not amenable to anticoagulation or not 

covered by anticoagulation alone are at play in these patients. Future research should seek to 

identify these mechanisms and test additional prevention strategies.
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Figure 1. 
Figure 1 A. Kaplan-Meyer survival analysis showing the risk of recurrent ischemic events 

within 90-days stratified by home anticoagulation status: anticoagulation prior (ACp) vs. 

anticoagulation naïve (ACn).

Figure 1 B. Kaplan-Meyer survival analysis showing the risk of symptomatic intracranial 

hemorrhage within 90-days stratified by home anticoagulation status: anticoagulation prior 

(ACp) vs. anticoagulation naïve (ACn). sICH, symptomaticintracranial haemorrhage.
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Table 1.

Baseline characteristics and outcomes of patients stratified by anticoagulation treatment status prior to the 

stroke.

Anticoagulation at time of index stroke 
(n = 546)

No anticoagulation prior to index 
stroke (n = 972)

Age (median, interquartile range) 77 (68 – 84) 78 (69 – 86)

Sex (% men) 51.6% (282) 48.9% (475)

Hypertension (%) 84.4% (461) 81.8% (95)

Diabetes (%) 39.7% (217) 30.2% (293/971)

Hyperlipidemia (%) 59.9% (327) 54.0% (525)

Prior Stroke or TIA (%) 39.6% (216) 26.8% (260)

Congestive Heart Failure (%) 29.7% (159/535) 22.1% (212/961)

Coronary Artery Disease (%) 38.1% (208) 27.5% (267)

CHADS2 Vasc score (median, interquartile range) 5 (4 – 6) 4 (3 – 6)

CHADS2Vasc 0–1 (%) 3.8% (21) 6.0% (58)

Antiplatelet use (%) 32.1% (175) 58.8% (572)

Statin use (%) 64.7% (353) 49.5% (481)

Ipsilateral atherosclerosis ≥ 50% (%) 18.0% (97/538) 15.5% (148/954)

Ischemic lesion size > 10 mL (%) 57.0% (286/502) 60.0% (540/900)

NIHSS score (median, interquartile range) 6 (2 – 14) 9 (3 – 16)

Ejection fraction (median, interquartile range) 55 (50 – 65) 60 (50 – 65)

Severe left atrial enlargement (%) 43.9% (189/431) 34.9% (279/800)

Alteplase treatment (%) 14.7% (80) 36.7% (357)

Mechanical thrombectomy (%) 22.5% (123) 26.7% (261)

Anticoagulation not initiated within 90 days (%) 4.4% (24) 19.6% (192)

Symptomatic intracranial hemorrhage at 90 days (%) 1.6% (9) 1.3% (13)

Recurrent ischemic event at 90 days (%) 8.1% (44) 6.2% (60/972)
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Table 2.

Cox regression models showing associations between anticoagulation status before the stroke and recurrent 

ischemic events and symptomatic intracranial hemorrhage

Recurrent ischemic event Symptomatic intracranial hemorrhage

Unadjusted 1.31 (0.89 – 1.94)
p = 0.171

1.15 (0.50 – 2.66)
p = 0.744

Model 1 1.29 (0.87 – 1.90)
p = 0.208

1.16 (0.50 – 2.68)
p = 0.731

Model 2 1.41 (0.94 – 2.11)
p = 0.102

1.14 (0.50 – 2.65)
p = 0.748

Model 3 1.50 (0.99 – 2.28)
p = 0.058

1.08 (0.46 – 2.51)
P = 0.862

Recurrent ischemic event: model 1 adjusted for CHADS2Vasc and model 2 adjusted for CHADS2Vasc, ipsilateral large artery disease with 50% or 
more luminal narrowing, and ischemic lesion < 10 mL, model 3 adjusted for model 2 plus anticoagulation initiated or continued (vs. not)

sICH: model 1 adjusted for age, sex, and ischemic lesion < 10 mL; model 2 adjusted for model 1 and bridging with LMWH/heparin; model 3 
adjusted for model 2 plus anticoagulation initiated; LMWH, low-molecular-weight heparin; sICH, symptomatic intracranial haemorrhage.
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