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BACKGROUND: We aimed to evaluate covert brain infarction (CBI), frequently encountered during the diagnostic work-up of 
acute ischemic stroke, as a risk factor for stroke recurrence in patients with atrial fibrillation (AF).

METHODS: For this prospective cohort study, from patients with acute ischemic stroke hospitalized at 14 centers between 2017 
and 2019, we enrolled AF patients without history of stroke or transient ischemic attack and divided them into the CBI (+) and 
CBI (−) groups. The 2 groups were compared regarding the 1-year cumulative incidence of recurrent ischemic stroke and all-
cause mortality using the Fine and Gray subdistribution hazard model with nonstroke death as a competing risk and the Cox 
frailty model, respectively. Each CBI lesion was also categorized into either embolic-appearing (EA) or non-EA pattern CBI. 
Adjusted hazard ratios and 95% CIs of any CBI, EA pattern CBI only, non-EA pattern CBI only, and both CBIs were estimated.

RESULTS: Among 1383 first-ever stroke patients with AF, 578 patients (41.8%) had CBI. Of these 578 with CBI, EA pattern 
CBI only, non-EA pattern CBI only, and both CBIs were 61.8% (n=357), 21.8% (n=126), and 16.4% (n=95), respectively. 
The estimated 1-year cumulative incidence of recurrent ischemic stroke was 5.2% and 1.9% in the CBI (+) and CBI (−) 
groups, respectively (P=0.001 by Gray test). CBI increased the risk of recurrent ischemic stroke (adjusted hazard ratio [95% 
CI], 2.91 [1.44–5.88]) but did not the risk of all-cause mortality (1.32 [0.97–1.80]). The EA pattern CBI only and both CBIs 
elevated the risk of recurrent ischemic stroke (2.76 [1.32–5.77] and 5.39 [2.25–12.91], respectively), while the non-EA 
pattern only did not (1.44 [0.40–5.16]).

CONCLUSIONS: Our study suggests that AF patients with CBI might have increased risk of recurrent stroke. CBI could be 
considered when estimating the stroke risk in patients with AF.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Risk stratification tools to predict stroke in patients 
with atrial fibrillation (AF) have been developed 
and are widely used in clinical practice.1,2 However, 

these tools, which are based on usual clinical informa-
tion, have limited applicability in identifying patients at 
high risk of recurrent ischemic stroke among patients 
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with AF presenting with acute ischemic stroke (AIS).3 
Detailed stroke-related information, including neuroim-
aging, might help to build a more robust and precise risk 
prediction tool for AIS patients with AF.

Covert brain infarction (CBI), a chronic cerebral infarc-
tion detected by neuroimaging in patients without history 
of stroke or transient ischemic attack (TIA), increased the 
risk of stroke ≈2-fold in meta-analysis.4 Although previ-
ously considered,5 CBI in the AF patients has not been 
used as a component of a risk stratification tool. CBI is 
highly prevalent (15%–50%) among patients with AF.6 
Furthermore, the lesion patterns of CBIs vary among 
general population and patients with AF: an EA pattern 
CBI is more frequently observed in patients with AF,7 
whereas a lacunar CBI is more frequent in the general 
population.8 Stroke guidelines recommend investigation 
of a cardioembolic source when the EA pattern of CBI 
is observed.8

However, data on the predictive value of CBI for 
stroke recurrence in patients with AF is scarce. A sub-
study of the EAFT (European Atrial Fibrillation Trial), the 
only study in literature regarding this topic, reported that 
CBI increased the risk of recurrence by 1.7×.9 EAFT is a 
study conducted decades ago before the advent of the 
new oral anticoagulants (NOACs) and brain magnetic 
resonance imaging (MRI).

Under the hypothesis that AF patients with CBI might 
have increased risk of recurrent stroke, this study aimed 
to describe the frequency and features of CBI on brain 
MRI in patients with AF presenting with AIS and having 
no prior history of stroke or TIA and determine whether 
CBI increases the risk of recurrent stroke. This study also 
investigated whether this risk may differ according to the 

patterns of CBI, an embolic-appearing (EA) pattern or a 
non-EA pattern.

METHODS
Study Participants
The data analyzed in this study are available from the corre-
sponding author upon reasonable request. This study included 
patients who were enrolled in the EAST-AF (East Asian 
Ischemic Stroke Patients with Atrial Fibrillation Study)-Part 
II. The EAST-AF-part II was a prospective multicenter cohort 
study consisting of patients with AIS hospitalized at 14 stroke 
centers in South Korea since October 2017. Patients who were 
registered into the Clinical Research Collaboration for Stroke in 
Korea–National Institutes of Health (CRCS-K-NIH) registry10 
and had nonvalvular AF, were enrolled in the EAST-AF-Part II. 
Patients with AF that was known before or diagnosed after 
stroke by routine electrocardiography (ECG), automated ECG 
monitoring in the stroke unit, or Holter monitoring during the 
admission were enrolled. Institutional review boards of the par-
ticipating centers approved the study protocols.

Among 14 832 patients with AIS, 2397 nonvalvular AF 
patients were admitted at EAST-AF centers between October 
26, 2017, and October 31, 2019, and 2028 patients gave a 
written informed consent. Among these 2028, 1971 patients 
(97.2%) underwent an MRI scan as a routine clinical practice 
during hospitalization. After excluding patients whose MRI scan 
had poor quality (n=80), who had missing data on essential 
clinical information (n=6), who withdrew the study consent 
(n=1), and who had prior stroke or TIA (n=501), 1383 first-
ever stroke patients were analyzed in this study (Figure 1).

Data Collection and Outcome Assessment
Information on age, sex, vascular risk factors (hypertension, dia-
betes, dyslipidemia, current smoking, coronary heart disease, 
and congestive heart failure), CHA2DS2-VASc score, stroke 
characteristics (initial National Institutes of Health Stroke Scale 
and symptomatic steno-occlusion of relevant major cerebral 
arteries [>50%]),11 initial blood pressure, initial blood glucose, 
and treatments (intravenous thrombolysis, endovascular recan-
alization therapy, and antithrombotics and statins at discharge) 
were obtained from the registry database.

The primary outcome was recurrent ischemic stroke, and 
secondary outcome was all-cause mortality. Outcome events 
were collected at the clinical office visits and through struc-
tured telephone interviews and review of medical records at 3 
months and 1 year after index stroke by trained study coordi-
nators at the participating centers. The detailed protocols for 
outcome collection were previously described.10 The events col-
lected during the first year after the index stroke were analyzed.

Imaging Assessments
MRI scans were obtained using a 1.5T or 3T MRI scanner 
including diffusion-weighted imaging, T1, and T2 or T2 fluid-
attenuated inversion recovery sequences. Chronic infarction 
was defined as a focal lesion with T1 hypointensity and T2/T2 
fluid-attenuated inversion recovery hyperintensity representing 
tissue destruction or cavitation with negative diffusion-weighted 

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation
AIS acute ischemic stroke
CBI covert brain infarction
CRCS-K-NIH  Clinical Research Collaboration for 

Stroke in Korea–National Institutes 
of Health

EA embolic-appearing
EAFT European Atrial Fibrillation Trial
EAST-AF  East Asian Ischemic Stroke Patients 

With Atrial Fibrillation Study
HR hazard ratio
MRI magnetic resonance imaging
NOACs new oral anticoagulants
NT-proBNP  N-terminal pro-B-type natriuretic 

peptide
TIA transient ischemic attack
WMH white matter hyperintensity
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imaging.12 Chronic infarction was differentiated from the peri-
vascular space by a size larger than 3 mm and ovoid or irregular 
margins instead of a linear shape, and from white matter hyper-
intensities (WMHs) by the presence of tissue destruction or a 
cavitated tissue signal intensity consistent with cerebrospinal 
fluid on all of the sequences according to the previously pub-
lished guidelines.13 Individual chronic infarctions were mapped 
according to the anatomical location and categorized into either 
EA pattern or non-EA pattern: Supratentorial cortical, cortico-
subcortical, subcortical (out of penetrating artery territory), and 
cerebellar infarctions were classified as the EA pattern, and 
supratentorial deep lacunar, deep large subcortical (in pene-
trating artery territory), and brainstem infarctions as the non-EA 
pattern. A single patient could have the EA pattern, the non-EA 
pattern, or both. Chronic infarction observed in patients without 
prior stroke or TIA was defined as CBI.

Other features of chronic infarction including vascular terri-
tory (single territory versus multiple territories) and the number 

and size of lesions (largest diameter ≥20 mm versus <20 mm) 
for the EA pattern, and the number of lesions for the non-EA 
pattern, were also examined. An operational definition of each 
feature is elaborated in Figure S1.

Imaging analysis was performed by 2 vascular neurologists 
(D.Y.K. and H.-G.J.) blinded to the clinical data and the interob-
server agreement for detection of chronic infarction and distin-
guishing the EA pattern from the non-EA pattern was 0.91 and 
0.92 by Cohen Kappa coefficient, respectively.

Statistical Analysis
Complete case analysis without imputation was adopted in 
this study. Patients with missing information were excluded 
from the analysis when selecting the study subjects. Enrolled 
subjects were divided into those with CBI, CBI (+) group, and 
without CBI, CBI (−) group. Comparison of baseline charac-
teristics between the CBI (+) and CBI (−) groups was made 

Figure 1. Flow chart of the study population.
CBI indicates covert brain infarction; EAST-AF, East Asian Ischemic Stroke Patients With Atrial Fibrillation Study; MRI, magnetic resonance 
imaging; and TIA, transient ischemic attack.
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using χ2 test for categorical variables and Student t test or 
Wilcoxon rank sum test for continuous variables as appropriate. 
According to the presence of the EA and non-EA pattern CBIs 
in an individual patient, the CBI (+) group was divided into the 
3 subgroups: EA pattern CBI only, non-EA pattern CBI only, 
and both CBIs.

Thirty-day and 1-year cumulative incidence functions for 
recurrent ischemic stroke were estimated with nonstroke death 
as a competing event and compared between the 2 groups using 
Gray test, while Kaplan-Meier survival curves for all-cause mortal-
ity were compared using the log-rank test. In multivariable analy-
sis, the Fine and Gray subdistribution hazard model was used for 
recurrent ischemic stroke to account for competing nonstroke 
death, while the Cox frailty model with random intercepts was 
used for all-cause mortality to adjust for clustering within centers. 
Center effect was not considered in the Fine and Gray model 
since an appropriate statistical approach is unavailable. Instead, 
to account for center effect, we applied the Cox frailty model with 
random intercepts for recurrent ischemic stroke as a sensitivity 
analysis. The proportionality assumption was examined by includ-
ing interaction terms between CBI and time. Two models were 
constructed: in model 1, hazard ratios (HRs) and 95% CIs of CBI 
(+) were estimated with CBI (−) as a reference. In model 2, HRs 
with 95% CIs of the 3 subgroups of the CBI (+) were estimated, 
respectively, with CBI (−) as a reference.

To avoid model overfitting, variables for adjustment were 
selected according to the predetermined following criteria: (1) 
for recurrent ischemic stroke, among established risk factors 
of stroke recurrence,3,11,14–17 variables with a P<0.15 in bivari-
ate analysis were chosen; (2) for the all-cause mortality, initial 
National Institutes of Health Stroke Scale score,3 and initial 
systolic blood pressure3 were chosen additionally; (3) discharge 
antithrombotics were predetermined as covariates for both of 
recurrent ischemic stroke and all-cause death; (4) CHA2DS2-
VASc score was selected to adjust possible imbalances by 
risk factors not included in the models. Multicollinearity among 
covariates was examined by variance inflation factor.

Individual model performance was measured by the con-
cordance index. Whether the addition of CBI to the CHA2DS2-
VASc score could improve the performance of predicting 
recurrent ischemic stroke was examined by comparing the 
concordance index of the 2 models: CHA2DS2-VASc score only 
versus CHA2DS2-VASc score plus CBI. CIs were estimated 
based on the percentile bootstrap method with 1000 replica-
tions and its P value was obtained by testing the difference 
between 2 correlated overall C-indices.

Data were analyzed using SAS 9.4 (SAS Institute, Cary, 
NC) and a P<0.05 was considered statistically significant. This 
article follows the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) reporting guideline.18

RESULTS
Among 1383 first-ever stroke patients (male, 54%; mean 
age, 74.4 years), CBI was found in 41.8% (n=578). Com-
pared with the CBI (−) group, the CBI (+) group were 
more likely to be older, be on antiplatelets at discharge, 
have moderate to severe WMHs, and higher CHA2DS2-
VASc score, systolic blood pressure and initial National 
Institutes of Health Stroke Scale score (Table 1). NOAC 

was the predominant anticoagulant at discharge; 95.7%, 
1101 of 1150 patients with anticoagulants at discharge.

Covert Brain Infarctions
A total of 1020 CBIs including 696 EA pattern CBIs and 
324 non-EA pattern CBIs were observed in 578 patients. 
Among this CBI (+) group, 357 patients (61.8%) had EA pat-
tern CBI only, 126 (21.8%) had non-EA pattern CBI only, and 
95 (16.4%) had both CBIs (Table 2). Among those with EA 
pattern CBIs, 116 (25.7%) had CBIs in multiple vascular ter-
ritory and 155 (34.3%) had multiple CBIs; whereas, among 
those with non-EA pattern CBIs, 207 (93.7%) had supra-
tentorial lacunes and 65 (29.4%) had multiple CBIs. Other 
details on the constituents of CBIs are presented in Table 2.

Outcomes
During the median follow-up of 366 days (interquartile 
range, 348–377), 44 ischemic strokes and 173 deaths 
were observed. The 30-day and 1-year cumulative inci-
dence was 2.0% and 3.2% for recurrent ischemic stroke 
and 3.5% and 12.5% for all-cause mortality, respectively.

CBI and Outcomes
The estimated 1-year cumulative incidence of ischemic 
stroke and all-cause mortality differed between the CBI 
(+) and CBI (−) groups (5.2% versus 1.9%, P=0.001 
by Gray test; 16.8% versus 10.3%, P<0.001 by log-rank 
test, respectively; Figure 2, Table 3). CBI increased the 
risk of recurrent ischemic stroke in the subdistribution 
model (adjusted HR [95% CI], 2.91 [1.44–5.88]) and 
tended to increase the risk of all-cause mortality in the 
Cox frailty model (1.32 [0.97–1.80]; model 1 of Table 4; 
Table S1). The sensitivity analysis with the Cox frailty 
model for recurrent ischemic stroke showed the simi-
lar results. The concordance index was about 0.67 for 
recurrent ischemic stroke and about 0.81 for all-cause 
mortality.

The patients with EA pattern CBI only had increased 
risk of recurrent ischemic stroke but had no significantly 
increased risk of all-cause mortality, whereas those with 
non-EA pattern only had increased risk of all-cause 
mortality but had no increased risk of recurrent isch-
emic stroke (model 2 of Table 4; Table S1). Those with 
both CBIs had increased risk of both recurrent ischemic 
stroke and all-cause mortality.

As post hoc analyses, we examined whether the effect 
of CBI on recurrent ischemic stroke differed according to 
discharge antithrombotics by including interaction terms 
between CBI and discharge antithrombotics (antico-
agulant and antiplatelet, respectively) in the model. The 
increased risk by CBI seemed to be reduced numerically 
in patients with discharge antithrombotics compared to 
those without. However, the interactions were not signifi-
cant (P>0.05; Table S2).
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The addition of CBI to the CHA2DS2-VASc score 
improved the concordance index from 0.49 (95% CI, 
0.46–0.60) to 0.63 (0.56–0.71) but the difference was 
not statistically significant (P=0.09).

DISCUSSION
This prospective cohort study investigated the signifi-
cance of CBI as a predictor of stroke recurrence in AIS 
patients with AF. Approximately 42% of the first-ever 
AIS patients with AF had CBI, and the presence of CBI 

increased the risk of recurrent ischemic stroke more 
than 2-fold. When classifying CBIs into the EA and non-
EA pattern CBIs, the patients with the EA pattern CBI 
only and both CBIs had significantly increased risk of 
recurrence while those with the non-EA pattern CBI 
only did not.

According to a recent meta-analysis,4 the stroke risk 
was increased 2-fold by CBI in stroke-free individuals 
recruited from the general population and patients with a 
history of stroke. However, the substudy of the PRoFESS 
trial (Prevention Regimen for Effectively Avoiding Second 

Table 1. Baseline Characteristics of Participants According to CBI

CBI(+; n=578) CBI(−; n=805) P value* 

Sex† 0.41

 Male, n (%) 305 (52.8) 443 (55.0)  

 Female, n (%) 273 (47.2) 362 (45.0)  

Age, mean±SD, y† 76.1±9.5 73.1±10.8 <0.001

Risk factors, n (%)

 Hypertension† 419 (72.5) 557 (69.2) 0.18

 Diabetes† 173 (29.9) 209 (26.0) 0.10

 Dyslipidemia† 135 (23.4) 195 (24.2) 0.71

 Current smoking† 66 (11.4) 117 (14.5) 0.09

 Coronary heart disease† 75 (13.0) 86 (10.7) 0.19

 Heart failure†‡ 47 (8.1) 74 (9.2) 0.49

AF diagnosis, n (%)† 0.50

 Known AF 264 (45.7) 353 (43.9)  

 AF diagnosed after stroke 314 (54.3) 452 (56.1)  

CHA2DS2-VASc score, median (IQR)† 5 (5-6) 5 (4-6) <0.001

Stroke characteristics

 Initial systolic BP, mean±SD, mm Hg 148.0±27.9 144.8±25.8 0.03

 Initial diastolic BP, mean±SD, mm Hg 83.1±17.4 83.1±16.3 0.97

 Initial glucose level, mean±SD, mg/dL 143.6±58.8 141.5±56.1 0.51

Initial NIHSS score, median (IQR) 7 (3-15) 5 (2-14) <0.001

Significant steno-occlusive lesion, n (%)† 345 (59.7) 474 (58.9) 0.76

White matter hyperintensities† <0.001

 None or mild 236 (40.8) 508 (63.1)  

 Moderate to severe 342 (59.2) 297 (36.9)  

Acute reperfusion therapy, n (%)

 Intravenous thrombolysis 133 (23.0) 190 (23.6) 0.80

 Endovascular treatment 136 (23.5) 203 (25.2) 0.47

Prior antithrombotics, n (%)

 Anticoagulant 105 (18.2) 134 (16.6) 0.46

 Antiplatelet 164 (28.4) 216 (26.8) 0.53

Discharge antithrombotics, n (%)

 Anticoagulant 473 (81.8) 677 (84.1) 0.27

 Antiplatelet 130 (22.5) 140 (17.4) 0.02

Discharge statin medication, n (%)† 494 (85.5) 688 (85.5) 1.00

A indicates atrial fibrillation; BP, blood pressure; CBI, covert brain infarction; IQR, interquartile range; and NIHSS, National 
Institutes for Health Stroke Scale.

*P value by Pearson χ2 test, Student t test, or Wilcoxon rank sum test as appropriate.
†Potential confounders related to being associated with stroke recurrence.
‡Congestive heart failure or dilated cardiomyopathy with ejection fraction <40%.
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Strokes) reported that, in patients with noncardioembolic 
stroke, CBI did not increase the risk of stroke recurrence.19 
In this substudy, more than two-thirds of CBIs were not 
cortical (lacunar, subcortical, or brainstem infarction). These 
results are contradictory to our study results whereby the 
risk of stroke recurrence was increased by CBI in AIS 
patients with AF and the EA pattern CBI was predominant.

The EAFT substudy also analyzed AIS patients with 
AF.9 Compared to it, our study had a higher detection 
rate of CBI (42% versus 14%), a higher proportion of 
the EA pattern CBI among those with CBI (78% versus 

46%), and a lower recurrence rate (4% versus 14% 
per year). These differences might be attributable to 
the differences in neuroimaging modalities and types of 
antithrombotic agents used: the high rate of MRI acqui-
sition (97%) was a strength of this study and 83% of 
our patients had oral anticoagulants (mostly NOAC) at 
discharge, whereas, in the EAFT study, brain computed 
tomography was used and ≈25% had oral anticoagulants 
and 40% had aspirin.20 This justifies the current study, 
which was performed 25 years after the publication of 
the EAFT substudy.9 In the current study, the patients 

Table 2. Constituents of EA and Non-EA Pattern CBIs

EA pattern CBI   Non-EA pattern CBI

No. of patients 
(n=452)*† 

No. of lesions 
(n=696) 

No. of patients 
(n=221)*‡ 

No. of lesions 
(n=324) 

Subtypes   Subtypes   

 Supratentorial cortical 296 395  Supratentorial deep lacune 207 296

  Supratentorial cortico-
subcortical

77 79   Supratentorial deep large 
subcortical

13 13

 Supratentorial subcortical 97 139  Brainstem 13 15

 Cerebellar 78 83    

Characteristics§   Characteristics§   

 Vascular territory    Number of infarction   

 Single 336    1 156  

 Multiple 116    2 46  

No. of infarction     ≥3 19  

 1 297     

 2 99     

 ≥3 56     

 Largest diameter      

 <20 mm 224     

 ≥20 mm 228     

CBI indicates covert brain infarction; and EA, embolic-appearing.
*Patients with a presence of subtypes or characteristics amongst patients.
†Patients with EA pattern CBI (n=452) included those with EA pattern CBI only (n=357) and both CBIs (n=95).
‡Patients with non-EA pattern CBI (n=221) included those with non-EA pattern CBI only (n=126) and both CBIs (n=95).
§Characteristics of CBI were defined for each individual.

Figure 2. Cumulative incidence curves of outcome events according to covert brain infarction (CBI): cumulative incidence 
functions for recurrent ischemic stroke and Kaplan-Meier estimates for all-cause mortality.
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with CBI were more likely to be older, have moderate 
to severe WMHs and have higher systolic blood pres-
sure, which were consistent with the previous study on 
the general elderly population with CBI.21

The apparently different risk between the EA and 
non-EA pattern CBIs might be explained by that the 
most of recurrent stroke among anticoagulated AIS 
patients with AF had an embolic pattern.22 The increased 
risk of all-cause mortality by the non-EA pattern CBI was 
also suggested before by the study that lacunar infarcts 
increased the risk of mortality in patients with athero-
sclerotic disease.23

The necessity of a risk stratification tool to predict 
stroke recurrence in AIS patients with AF is overt in 
various clinical settings including deciding when to start 
anticoagulation,24 and determining whether to adminis-
ter anticoagulants in patients with hemorrhages or cere-
bral microbleeds.25,26 However, we should acknowledge 

that the use of our extensive clinical database failed to 
improve the limited predictability of the convention risk 
prediction models for stroke recurrence in AF.3 Neuroim-
aging parameters other than CBI could be considered in 
estimating the risk of stroke recurrence in AIS patients 
with AF. Furthermore, as brain MRI is widely used in the 
elderly population without stroke for various purposes, 
the role of CBI in stroke risk estimation for AF in general 
population should be explored more extensively.

Limitations
This study has limitations: First, 7.2% of the patients 
who gave consent to the study were not analyzed owing 
to absence or poor quality of MRI scan. Many of those 
excluded from the analysis had severe neurologic deficits 
or serious other medical conditions (Table S3). Bias due to 
excluding critically ill patients could be possible. However, 

Table 3. Unadjusted Cumulative Incidence of Outcome Events

Outcomes/study groups 
No. of events/no. of 
patients 

Cumulative incidence,  
30 d, % (95% CI) 

Cumulative incidence,  
1 y, % (95% CI) 

Recurrent ischemic stroke*

CBI (+) 29/578 3.12 (1.92–4.77) 5.15 (3.53–7.20)

CBI (−) 15/805 1.24 (0.64–2.21) 1.89 (1.11–3.02)

All-cause mortality†

CBI (+) 93/578 3.99 (2.39–5.59) 16.80 (13.67–19.92)

CBI (−) 80/805 3.12 (1.91–4.32) 10.31 (8.16–12.45)

CBI indicates covert brain infarction; and CIF, cumulative incidence function.
*Based on the CIF with nonstroke death as a competing event.
†Based on the Kaplan-Meier method.

Table 4. Hazard Ratios of CBI and CBI Patterns for Recurrent Ischemic Stroke and All-Cause Mortality

Model 1 Model 2

CBI* EA pattern CBI only* 
Non-EA pattern CBI 
only* Both CBIs* 

Recurrent ischemic stroke (subdistribution model)†

 aHR (95% CI) 2.91 (1.44–5.88) 2.76 (1.32–5.77) 1.44 (0.40–5.16) 5.39 (2.25–12.91)

 P value for PH assumption 0.40 0.15 0.64 0.61

C-index (95% CI) ‡ 0.67 (0.63–0.77) 0.68 (0.63–0.79)

Recurrent ischemic stroke (Cox frailty model)†

 aHR (95% CI) 2.93 (1.53–5.58) 2.77 (1.37–5.60) 1.47 (0.42–5.15) 5.51 (2.37–12.80)

 P value for PH assumption 0.22 0.15 0.86 0.41

C-index (95% CI)‡ 0.67 (0.62–0.77) 0.67 (0.63–0.78)

All-cause mortality (Cox frailty model)§

 aHR (95% CI) 1.32 (0.97–1.80) 1.12 (0.77–1.61) 1.74 (1.09–2.78) 1.78 (1.08–2.93)

 P value for PH assumption 0.06 0.054 0.85 0.12

C-index (95% CI)‡ 0.81 (0.79–0.85) 0.82 (0.79–0.85)

aHR indicates adjusted hazard ratio; CBI, covert brain infarction; C-index, concordance index; EA, embolic-appearing; NIHSS, National 
Institutes for Health Stroke Scale; and PH, proportional hazards.

*With the CBI (−) group as a reference.
†Adjusted for age, diabetes, current smoking, discharge anticoagulant, discharge antiplatelet, white matter hyperintensities (moderate to 

severe), and CHA2DS2-VASc score.
‡CI estimation is based on the percentile bootstrap method with 1000 replications.
§Adjusted for initial NIHSS and initial systolic blood pressure in addition to covariates listed above.
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the 1-year cumulative incidence of recurrent stroke in the 
excluded patients was numerically lower compared to the 
analyzable population (2.4% versus 3.9%). Second, the 
cumulative incidence of recurrent stroke in the analyzable 
population was relatively low; 2.8% for stroke/TIA at 3 
months (data not shown). It was much lower than 7.6% 
for the recurrent ischemic event (ischemic stroke, TIA, 
and systemic embolism) in an international multicenter 
observational study.27 However, it was similar to 2.8% to 
3.1% for recurrent stroke or systemic embolism in the 
Japanese stroke cohort with AF.28 Intensive risk factor 
control and high rate of NOAC prescription in the par-
ticipating centers that were mostly university hospitals or 
regional stroke centers could explain the low recurrence 
rate. Third, center effect could not be adjusted in the Fine 
and Gray model. To examine the robustness of the results, 
the Cox frailty model with adjustment for center clustering 
was applied and reported similar hazards of CBI. Fourth, 
cerebral ischemic burdens including new CBI, WMH 
progression, and cognitive decline were not evaluated 
in this study, which calls for caution in interpretation.29 
Moreover, more detailed information relating to AF, such 
as patterns and types of AF, left atrial enlargement, and 
NT-proBNP (N-terminal pro-B-type natriuretic peptide) 
was not available. In addition, a possibility of overlapped 
stroke causes was undetermined.30 Lacunes in the corti-
cal medullary artery territory were classified into the EA 
pattern CBIs, based on the previous research31 that they 
had a higher chance of having proximal embolic sources 
than lacunes in the penetrating artery territory, but this 
classification may be debatable. Further research is war-
ranted. Lastly, the participating centers were university 
hospitals or regional stroke centers, and therefore, selec-
tion bias could be present. However, the risk of bias may 
have been minimized as the participating centers serve as 
regional stroke centers with high-density catchments for 
stroke admissions, and the age and sex distribution of our 
registry was nearly identical to that of a national report.32

In conclusion, our study suggests that in AIS patients 
with AF, a neuroimaging marker, CBI, is a familiar and 
useful marker for the prediction of stroke recurrence. 
These results warrant elucidation of the role of CBI in 
stroke risk estimation in stroke-free individuals with AF.
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