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67 Abstract

68

69 Introduction

70 Patients with cardioembolic ischemic stroke are commonly prescribed direct oral anticoagulants 

71 (DOACs), such as dabigatran (a direct thrombin inhibitor) and factor Xa inhibitors (e.g., apixaban 

72 and rivaroxaban), or warfarin to reduce the risk of recurrent stroke. A major concern in 

73 anticoagulant therapy is the risk of intracerebral hemorrhage, which is associated with a high 

74 mortality rate. Cerebral microbleeds (MBs), small asymptomatic brain hemorrhages detectable by 

75 susceptibility-weighted imaging (SWI) on MRI, are associated with increased hemorrhagic stroke

76 risk.

77 Aim

78 This study evaluated the incidence of new MBs during one year of anticoagulation therapy in 

79 patients after cardioembolic stroke.

80 Materials and Methods

81 Patients indicated for anticoagulant therapy after cardioembolic stroke and monitored in the 

82 cerebrovascular outpatient clinic of our department underwent brain MRI at baseline and after one 

83 year of therapy. The occurrence of new MBs was assessed using susceptibility-weighted imaging 

84 (SWI) sequences. MBs were categorized based on location into three groups: deep (dMBs), lobar 

85 (lMBs), and infratentorial (iMBs).

86 Results

87 A total of 79 patients were included, 53 of whom were male (67.1%), with a median age of 71 years 

88 (IQR 64–76). The majority of patients (n = 50, 63.3%) were treated with apixaban, 16 patients 

89 (20.3%) with dabigatran, and 13 patients (16.5%) with warfarin. Baseline MRI revealed MBs in 17 

90 patients (21.5%), including dMBs in 2, lMBs in 16, and iMBs in 2 patients. Follow-up MRI showed

91 new MBs in 8 patients (10.1%), with new dMBs in 1, lMBs in 5, and iMBs in 4 patients. No 

92 statistically significant differences were observed in MBs the incidence of new MBs between 

93 anticoagulant groups (p = 0.912).

94 Conclusion

95 Over one year of anticoagulant therapy, new MBs were detected in 10.1% of patients, 

96 predominantly in lobar and infratentorial regions. No differences in the incidence of new MBs were 

97 identified between the different anticoagulant groups.

98

99 Key Words:  stroke; microbleeds; anticoagulation
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100 Introduction

101 Patients who have experienced cardioembolic ischemic stroke are predominantly prescribed direct 

102 oral anticoagulants (DOACs), such as dabigatran (a direct thrombin inhibitor) and factor Xa 

103 inhibitors (such as apixaban and rivaroxaban),  as part of secondary prevention, in accordance with 

104 current clinical guidelines to minimize the risk of recurrent stroke 1. One of the major concerns in 

105 anticoagulant therapy is the increased risk of intracerebral haemorrhage, a complication that carries 

106 a high mortality rate 2. Increasing evidence suggests that the presence of small, asymptomatic 

107 microbleeds (MBs) detectable by magnetic resonance imaging (MRI), particularly in susceptibility-

108 weighted imaging (SWI) sequences, is associated with an increased risk of subsequent 

109 haemorrhagic stroke 3–6. Cerebral microbleeds are often associated with small vessel pathology7 and

110 their prevalence increases with age, rising from 6.5% in patients aged 45-50 years to 28.9% in those

111 aged 70-798. Furthermore, the risk of haemorrhagic stroke correlates with the number of MBs 9,10. 

112 Numerous studies have examined factors influencing the incidence of new MBs11, particularly the 

113 role of anticoagulants. Findings indicate that both warfarin and DOAC therapy can lead to the 

114 development of new MBs, with warfarin generally associated with a higher incidence. For instance, 

115 Zhuang et al. reported new MBs in 20.9% of warfarin treated patients compared to 3.4% of those on

116 DOACs12, while Saito et al. (2015) observed a similar disparity, with 23.8% of warfarin-treated 

117 patients developing new MBs compared to none in the DOAC group 13.

118 Research specifically evaluating individual DOACs remains limited. The AVERROES-MRI 

119 assessment substudy evaluated 931 patients with atrial fibrillation over a median follow-up of one 

120 year and reported baseline MBs in 10.5% of patients treated with apixaban, with 7% developing 

121 new MBs on follow-up MRI. 14 Data for dabigatran come from a much smaller sample. For 

122 dabigatran, the DECISIVE trial, observed new MBs in 4% of the 57 patients who underwent 

123 follow-up MRI 15.

124

125 Aim

126 The primary aim of this study was to evaluate the the incidence of new MBs over one year of 

127 anticoagulation therapy in patients with a history of cardioembolic ischemic stroke. Furthermore, 

128 we sought to determine whether the incidence of new MBs differed based on the type of 

129 anticoagulant used and to analyse the distribution of newly developed MBs within specific brain 

130 regions.

131

132
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133 Material and Methods

134 This prospective study was conducted at the comprehensive stroke centre affiliated with the 

135 Department of Neurology, 2nd Faculty of Medicine, Charles University, and Motol University 

136 Hospital in Prague, Czech Republic, between November 2015 and March 2020, with approval from 

137 the Institutional Review Board. The study adheres to the STROBE guidelines. Participants were 

138 recruited from a consecutive series of consenting cardioembolic ischemic stroke patients, and 

139 informed consent was obtained from all individuals before entering the study. The choice of 

140 anticoagulant therapy was determined by the attending physician. Warfarin therapy was iniated 

141 using a dose calculated through a pharmacogenetic algorithm16. Patients identified as having a 

142 genotype associated with an increased bleeding risk during warfarin treatment (i.e., three or more 

143 variant alleles of CYP2C9 or VKORC1) were instead prescribed a direct oral anticoagulant 

144 (DOAC)17.

145

146 Clinical data

147 Data were collected from inpatient and outpatient medical records as well as directly from patients 

148 during their hospital stay and regular follow-up visits, with a particular focus on ischemic and 

149 bleeding complications. Baseline clinical and medical history information included elevated systolic

150 blood pressure, a detailed history of vascular, renal, and hepatic diseases, diabetes mellitus, and 

151 concomitant medications. Patients underwent a comprehensive range of diagnostic evaluations, 

152 including ultrasound of extracranial and intracranial cerebral vessels, CT angiography, brain MRI, 

153 transesophageal echocardiography, and ECG monitoring for at least 72 hours. The aetiology of 

154 ischemic stroke was determined using the Trial of ORG 10172 in Acute Stroke Treatment (TOAST)

155 classification system. 18

156

157 Brain MRI acquisition

158 MRI imaging was performed using a Philips Ingenia 1.5T machine (Philips Medical Systems, 

159 Netherlands). The protocol included the following sequences with specified parameters: 3D T2-

160 weighted (repetition time (TR)/ echo time (TE) = 3200/263ms), FLAIR (TR/TE = 4800/342ms), 

161 DWI (TR/TE = 3751/93ms, slice thickness 5mm), SWI (TR/TE = 35/50ms, slice thickness 2mm), 

162 3D T1-weighted (TR/TE = 25/4.6ms) and post-contrast 3D T1-weighted, which used the same 

163 parameters as the initial 3D T1-weighted sequence. The total scan duration ranged from 25 to 30 

164 minutes. MRI scans were performed 7 to 12 days after symptom onset. Follow-up MRI 

165 examinations were conducted 12 months after the ischemic event using the same imaging protocol.
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166

167 MRI evaluation

168 The severity of white matter lesions was evaluated using the Fazekas scale 19. The presence and 

169 location of MBs were assessed on SWI sequences by a trained radiologist who was blinded to both 

170 laboratory and clinical data. MBs were classified according to their location as deep (basal ganglia, 

171 thalamus, internal or external capsule), lobar (cortex, subcortical white matter), or infratentorial 

172 (brainstem, cerebellum) 20–22.  New MBs were identified by comparing MRI findings between 

173 baseline and follow-up scans.

174

175 Statistical analysis

176 The study cohort was divided into three groups based on the oral anticoagulant used: direct factor 

177 Xa inhibitors (apixaban or rivaroxaban), direct thrombin inhibitors (dabigatran), and vitamin K 

178 antagonists (warfarin). Baseline characteristics were compared between the patient groups using χ2 

179 -tests for categorical variables and independent samples Kruskal-Wallis test for continuous 

180 variables as appropriate. Logistic regression was used to assess categorical outcomes. A two-sided 

181 P value <0.05 was considered statistically significant. All of the statistical analysis were done using 

182 IBM SPSS Statistics 27 for Windows (IBM, USA) software.

183

184 Results

185 Of the 300 consenting patients with recent ischemic stroke screened for the study, 108 were eligible

186 for oral anticoagulation therapy. Among these, 21 patients did not attend the follow-up MRI after 

187 12 months, and 10 were excluded due to changes in anticoagulant medication during the study 

188 period. Ultimately, 79 patients were included in the final analysis.

189 The cohort comprised 53 men (67.1%) with a median age of 71 years (IQR 64–76). The majority of 

190 patients (n = 50, 63.3%) were treated with apixaban, while 16 patients (20.3%) received dabigatran 

191 and 13 patients (16.5%) were on warfarin. Basic demographic and clinical characteristics are 

192 summarized in Table 1.

193 At baseline, microbleeds (MBs) were detected in 17 patients (21.5%): 1 in the warfarin group, 12 in

194 the apixaban group and 4 in the dabigatran group. Among these, 2 patients had deep MBs, 16 

195 patients presented with lobar MBs, and 2 patients exhibited infratentorial MBs. Among patients in 

196 the warfarin group, no deep or infratentorial MBs were observed, while 1 patient had lobar MBs. In 

197 the apixaban group, 2 patients had deep MBs, 11 had lobar MBs, and 1 had infratentorial MBs. In 
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198 the dabigatran group, no deep MBs were detected, while 4 patients had lobar MBs and 1 patient had

199 infratentorial MBs.

200 After one year of treatment, an increase in the number of MBs was observed in 8 patients (10.1%). 

201 This included 1 patient (7.7%) in the warfarin group, 5 patients (10%) in the apixaban group, and 2 

202 patients (12.5%) in the dabigatran group. Of these, only 2 patients (on apixaban and 1 on 

203 dabigatran) had MBs at baseline. Specifically, one patient on apixaban developed a new deep MB, 

204 while five patients developed new lobar MBs (1 on warfarin, 2 on apixaban, and 2 on dabigatran). 

205 Additionally, four patients developed new infratentorial MBs (1 on warfarin, 2 on apixaban, and 1 

206 on dabigatran). The maximum increase was observed in a patient on dabigatran, who developed 5 

207 new MBs (4 lobar and 1 infratentorial). Another patient on warfarin developed 2 new MBs (1 lobar 

208 and 1 infratentorial), while 6 other patients developed 1 new MB each.

209 Logistic regression analysis identified the Fazekas score as the only statistically significant risk 

210 factor for development of new MBs, with an odds ratio of 3.66 (95% CI 1.18–11.37, p = 0.025), 

211 especially for scores ≥2 (OR 16.36, 95% CI 2.92–91.8, p = 0.001). Neither the presence of baseline 

212 MBs (p = 0.801) nor the type of oral anticoagulant (p = 0.912) reached statistical significance, 

213 indicating that the choice of anticoagulant did not significantly influence the development of MBs 

214 during the study period (Table 2).

215 New ischaemic lesions were detected in 2 patients in the apixaban group and 1 patient in the 

216 dabigatran group, with none observed in the warfarin group. Importantly, no clinically significant 

217 intracerebral haemorrhages occurred during the study period. The only bleeding complication was a

218 bilateral subdural hematoma in a 71-year-old male on warfarin, an incidental finding identified on 

219 follow-up MRI.  The patient reported experiencing mild intermittent headaches only after the MRI 

220 was conducted.

221

222 Discussion

223 Anticoagulation therapy is a cornerstone in preventing recurrent ischemic strokes in patients with 

224 cardioembolic origins. However, its use is accompanied by a recognized risk of haemorrhagic 

225 complications, including intracerebral haemorrhages. Cerebral microbleeds (MBs), though often 

226 clinically silent, represent subclinical haemorrhagic events and potential predictors of future 

227 symptomatic haemorrhages. 4,5

228 In this study, cerebral MBs were detected in 17 patients (21.5%), consistent with the prevalence 

229 reported in the Rotterdam study, which identified MBs in 16.8% of patients aged 60–69 years and 

230 28.9% of those aged 70–79 years. 8
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231 In our cohort, 10.1% of patients experienced an increase in MBs after one year of anticoagulation 

232 therapy. This rate is lower than the 22.2% reported by Umemura et al.  23, likely due to differences 

233 in follow-up duration (12 months in our study compared to a median interval of 34 months in their 

234 work). Conversely, Orken et al. 24 reported a 10% rate of new MBs in ischemic stroke patients on 

235 warfarin therapy over a two-year follow-up, a finding that closely mirrors our results.

236 Yokoyama et al. 25 evaluated ischemic stroke patients with nonvalvular atrial fibrillation who had at 

237 least one baseline MB, reporting that 28.6% of patients on NOACs and 66.7% of those on warfarin 

238 developed new MBs after 12 months of treatment. Our findings, which demonstrate lower 

239 progression rates, may reflect differences inclusion criteria and ethnic origin of the patients, as both 

240 MBs and hemorrhagic stroke are more frequent in patients of Asian origin 26,27. Similarly, Zhuang et

241 al. 12 observed a trend toward a higher prevalence of new MBs after one year of anticoagulant 

242 treatment in the warfarin group compared to the NOAC group (20.9% vs. 3.4%, respectively; p = 

243 0.08). However, it is noteworthy that Zhuang et al.'s cohort included all patients with atrial 

244 fibrillation, not exclusively stroke survivors. Unlike our findings, their study identified baseline 

245 MBs as a strong predictor of development of new MBS (p = 0.03, OR 6.37, 95% CI 1.15–35.36).

246 Concerning the incidence of new microbleeds in patients on DOACs, we observed higher incidence 

247 in the dabigatran group than previously reported – 12.5% vs 4% 15  and 10% incidence in the 

248 apixaban group, consistent with the findings of the AVERROES-MRI assessment sub-study 14.

249 In our cohort, new MBs were most commonly observed in lobar and infratentorial regions, 

250 consistent with findings from the meta-analysis by Cheng et al. 28, which associated anticoagulant 

251 use with a higher prevalence of strictly lobar MBs.

252 The main limitations of our study include a limited sample size and a monocentric design, which 

253 focused exclusively on patients of Caucasian descent. As a result, the findings may not be 

254 generalizable to individuals of other ethnic backgrounds.

255

256 Conclusion

257 After one year of anticoagulation therapy in patients with prior cardioembolic ischemic stroke, 

258 10.1% showed new MBs, primarily in lobar and infratentorial regions, without any clinically 

259 significant haemorrhagic events. No significant differences the incidence of new MBs were 

260 observed between patients treated with warfarin, apixaban, or dabigatran.

261 Warfarin-treated patients were preselected based on pharmacogenetic profiles, excluding those with

262 high bleeding risk genotypes. This may explain the comparable safety of warfarin to DOACs in this
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263 study. These results suggest that pharmacogenetically guided warfarin therapy can align with 

264 DOACs in safety regarding the development of new MBs.

265

266
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