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ABSTRACT
A silent brain infarct (SBI) is defined as imaging or neuropathological evidence of brain 
infarction without a history of acute neurological dysfunction attributable to the lesion. 
The number of patients with SBIs is estimated as several-fold higher than the number 
with clinical stroke. In addition, SBIs have important clinical implications. The presence 
of SBIs more than doubles the risk of subsequent stroke and dementia. Although most 
SBIs are lacunes, for which hypertensive small vessel disease is thought to be the main 
cause, some of them could be embolic in origin. The pathological mechanisms of SBIs 
and most effective strategies for prevention of future stroke may differ depending on 
the cause of the SBI. The literature reviewed and cases presented herein underscore the 
need for application of appropriate workups and therapeutic strategies in patients with 
SBIs. In this review, the definition, causes, and clinical impact of SBIs are discussed, to-
gether with the questions that remain open and recent advances (e.g., machine learn-
ing techniques) in the study of SBIs. 
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INTRODUCTION: DO I HAVE A SILENT STROKE?
Nowadays, the role of imaging in stroke diagnosis is increasing and magnetic resonance imag-
ing (MRI) is becoming more widely available. Three healthy-appearing women in their 60s visit-
ed an outpatient clinic with brain MRI scans taken as part of a health checkup. All of them were 
concerned about abnormal findings on their MRIs, and asked whether they had brain infarcts. 
The first woman (case A), with no vascular risk factors such as hypertension or diabetes, had a 
fluid-attenuated inversion recovery (FLAIR) scan showing small spots in the white matter. How-
ever, no signal changes were observed in T1- and T2-weighted images, and she was reassured 
that the MRI findings were unidentified bright objects (UBOs), indicating nonspecific white 
matter changes (Fig. 1A). The second woman (case B), who had hypertension, showed leuko-
araiosis in the periventricular white matter and deep brain areas, which are often seen in the 
normal elderly but are also seen in association with vascular risk factors or in the context of 
cognitive impairment (Fig. 1B) [1]. The third woman (case C) showed silent brain infarctions 
(SBIs) in deep brain areas on FLAIR (Fig. 1C). Unlike UBO, these SBIs appeared hyperintense on 
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T2- and hypointense on T1-weighted images. The magnetic 
resonance (MR) angiography showed normal findings, sug-
gesting that SBI was caused by microangiopathy. 

Patients may have silent but acute brain infarcts that can be 
embolic in origin. A 62-year-old apparently healthy woman 
(case D) with a history of migraine headache underwent 

Fig. 1. Subclinical brain lesions: (A) unidentified bright objects, (B) leukoaraiosis, and (C) silent brain infarct.

A B C

Case A Case B Case C

Fig. 2. Silent acute and chronic brain infarcts caused by (A) paradoxical and (B) aortogenic embolism. See details on the text. FLAIR, fluid-
attenuated inversion recovery; DWI, diffusion-weighted imaging; CTA, computed tomographic angiogram; TCD, transcranial Doppler. 
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brain MRI for her chronic headaches. MRI showed silent small 
cortical infarcts on FLAIR imaging and also multiple silent but 
acute small cortical infarcts on diffusion-weighted imaging 
(DWI) (Fig. 2A). Coronary computed tomographic angiogram 
(CTA) showed a contrast agent jet from the left atrium to the 
right atrium toward the inferior vena cava, suggesting that 
her chronic and acute SBI was caused by paradoxical embo-
lism (arrow in left lower image, Fig. 2A). Agitated saline tran-
scranial Duplex monitoring diagnosed paradoxical embolism 
based on the intracranial detection of intravenously injected 
microemboli (right lower image, Fig. 2A). A 72-year-old man 
(case E) with a history of hypertension and current smoking 
underwent brain MRI for progressive visual disturbance. MRI 
showed multiple chronic infarcts in bilateral cortical border 
zones on FLAIR and acute small cortical infarcts on DWI (Fig. 
2B). Coronary CTA showed protruding ulcerative plaques on 
the aortic arch (arrow in lower image, Fig. 2B). Antiplatelet 
agents and a high-intensity statin were started to prevent 
aortoembolism.

The cases presented above demonstrate that not all brain 
lesions are SBIs (case A and B), and that the causes of SBIs 
could be lacunar (case C) or embolic (cases D and E).

DEFINITION AND EPIDEMIOLOGY OF SBI

SBI is defined as imaging or neuropathological evidence of 
brain infarction without a history of acute neurological dys-
function attributable to the lesion [2]. MRI-defined SBIs are 
detected in 20% of healthy elderly people and up to 50% of 

patients in selected series [2,3]. Patients with acute stroke or 
coronary artery disease show a high prevalence of SBI [2,3].

The sizes of SBIs are variable, but they are usually smaller 
than clinical stroke infarcts. Beside the size, other factors 
may also determine the presence or absence of clinical 
symptoms at the time of brain infarct, including location of 
the infarct within the primary motor, sensory, or language 
areas of the brain, the severity of ischemic injury, and the 
presence of preexisting brain injury. For example, cortical le-
sions in posterior border zones may be asymptomatic, 
whereas smaller cortical lesions in the hand knob area of the 
motor cortex could cause severe hand weakness. Likewise, a 
small new SBI could be symptomatic if patients had preexist-
ing leukoaraiosis or stroke. 

The MRI diagnostic criteria for SBI remain to be settled. A re-
view of MRI diagnostic criteria for SBI found substantial vari-
ability among 45 studies of this issue [4]. According to that re-
view, the majority used a size threshold of ≥3 mm, with ex-
cellent reliability. SBIs should be differentiated from white 
matter hyperintensities or leukoaraiosis, which are often con-
sidered to be secondary to ischemia, but may also reflect 
non-ischemic pathology, including edema, inflammation, de-
myelination, and gliosis [2]. Proposed criteria for SBI include 
the presence of three types of lesions on MRI: (1) a focus 
demonstrating restricted diffusion (DWI-positive), (2) a cavi-
tary lesion, or (3) T2 hyperintense/T1 hypointense lesions [5]. 
Unlike SBIs, white matter hyperintensities show isointensity 
on T1-weighted images. Recent American Stroke/Heart Asso-
ciation guidelines suggest minimum MRI acquisition stan-

Fig. 3. Schematic overview of silent to clinically apparent cerebral infarcts. SBI, silent brain infarct; WM, white matter; FLAIR, fluid-
attenuated inversion recovery; DTI, diffusion tensor image. a)To demonstrate the blood-brain barrier disruption.
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dards for the diagnosis of SBIs [6]. However, recent neuro-
pathological studies and serial MRI studies showed that SBIs 
could underlie the development of leukoaraiosis and white 
matter hyperintensity, suggesting that clear differentiation of 
white matter changes from SBI may not be possible [7-9]. Fig. 
3 shows the overview of silent to clinical apparent cerebral in-
farcts. Clinical stroke is only the emerging part of the iceberg. 
SBI and more recently introduced the normal appearing 
white matter are the hidden part of the iceberg. The normal 
appearing white matter is associated with subtle, reversible 
brain injury but may progress to severe white matter hyperin-
tensity and silent infarcts [10]. Advanced MRI techniques, 
such as diffusion tensor image or texture analysis, are re-
quired to detect this type of brain damage [11,12].

CLINICAL IMPACT OF SBI

The presence of SBI increases the risk of subsequent stroke 
and dementia. Large observational population-based studies 
and meta-analyses showed that SBI is associated with an ap-
proximately two-fold increase in risk of subsequent stroke 
and dementia [2,13-15]. One meta-analysis showed that the 
prevalence of SBI in patients with stroke who were followed 
up for stroke recurrence was 27.5%, and that the presence of 
SBI increased the risk of stroke recurrence (adjusted hazard 
ratio, 2.00; P=0.03) [13]. Similarly, silent DWI lesions were ob-
served in 3.8% to 5% of elderly individuals without stroke, 
and such DWI lesions were estimated to be associated with 
an annual incidence of hundreds of new SBI [16]. These find-
ings suggest that SBI is common in both stroke-free and 
stroke patients, and that SBIs have similar impact on future 
stroke occurrence in both groups. A prospective serial fol-
low-up MRI study showed that new SBIs after stroke were 
found in 24.4% of patients on day 5 MRI and in an additional 
7.4% on day 30 MRI [17]. For these reasons, recent clinical tri-
als of antiplatelets (TOSS-2 trial, clinicaltrials.gov identifier 
NCT00130039) [18], statins (EUREKA trial, NCT01364220) [19], 
and neuroprotective agents (ESCAPE-NA1 trial, NCT02930018) 
have increasingly used the SBIs detected by DWI as a surro-
gate marker in stroke patients.

More studies are needed to test whether the distribution 
and burden of SBIs influence the development of cognitive 
or neuropsychiatric disorders. A population-based follow-up 
study showed that patients with SBIs decline faster in cogni-
tion and have an increased risk of dementia compared to 
those free of SBI [20]. In that study, SBIs located in subcorti-
cal areas contributed more than those located in cortical and 

cerebellar areas, suggesting that SBIs of small vessel disease 
origin contribute more to the development of dementia than 
SBIs of embolic origin.

Careful examination for covert symptoms and subtle but 
clinically detectable neurological abnormalities is needed in 
patients presumed to have SBIs. Although SBIs, by definition, 
lack clinically overt symptoms, they are associated with sub-
tle deficits in brain functions that commonly go unnoticed. 
Whether SBIs are truly asymptomatic is still a subject of de-
bate [21]. Elderly individuals and their family often are not 
aware that the symptoms they have experienced were 
caused by a cerebral infarct, whereas careful history taking 
and examination including neurological examination and 
neuropsychological testing may reveal these subclinical defi-
cits. Recent clinical studies showed that covert neurological 
symptoms (unrecognized or unreported but clinically detect-
able stroke-like symptoms) were associated with the preva-
lence of SBIs and also with cognitive and functional decline 
in midlife adults or the elderly [22-24].

ETIOPATHOLOGIC SUBTYPES OF SBI

To identify the mechanism of stroke and prevent recurrent 
vascular events, stroke subtyping using a validated etiologi-
cal classification system (e.g., TOAST and A-S-C-O) is import-
ant in patients with acute ischemic cerebrovascular disease 
[25-28]. Specifically, patients with cortical infarcts due to ath-
eroembolism often have recurrent stroke with cortical in-
farcts within the same arterial system, whereas patients with 
deep infarcts caused by branch occlusive disease develop re-
current branch occlusion. Similarly, patients with small ar-
tery occlusion show recurring lacunar stroke, whereas those 
with cardioembolic stroke show recurrence manifesting as 
large cortical infarcts, regardless of the presence of asymp-
tomatic stenosis in the cerebrovascular system. 

Such stroke subtyping could also be applied in patients 
with SBIs. Most SBIs are lacunes, for which hypertensive 
small vessel disease is thought to be the main cause. In pop-
ulation studies, >90% of SBIs correspond to lacunar infarcts, 
defined as small subcortical infarcts of 3 to 15 mm, whereas 
the remaining 10% correspond to larger subcortical infarcts 
or cortical infarcts [29]. Age and hypertension are the most 
widely accepted risk factors for SBI [3]. However, the impor-
tance of SBIs caused by small embolisms from the heart or 
aorta is increasingly recognized. SBIs have been associated 
with various cardiac diseases (e.g., atrial fibrillation, left ven-
tricular thrombus, cardiomyopathy, and patent foramen 
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ovale [PFO]) and procedures (e.g., transcatheter aortic valve 
implantation, coronary artery bypass graft surgery, and left 
heart catheterization) [21]. Because cardioembolic stroke is 
one of the common subtypes of stroke, cardioembolism 
could be an important mechanism of SBI. In the Framingham 
Offspring study, a population-based study, 2,040 patients 
free of clinical stroke underwent volumetric brain MRI [30]. 
The risk factors previously associated with clinical stroke 
were also found to be associated with SBIs, and included hy-
pertension, carotid stenosis, and atrial fibrillation, suggesting 
a role of arterial and cardiogenic embolism in the develop-
ment of SBIs. Among stroke-free patients, those with atrial 
fibrillation had a higher prevalence and number of SBIs and 
worse cognitive performance than those with sinus rhythm 
[31]. In patients with first-ever stroke, the presence of cardio-
embolic sources (e.g., atrial fibrillation) was associated with 
unrecognized cerebral infarcts involving multiple territories 
on FLAIR [32]. In our study of 1,103 healthy individual who 
underwent MRI, 31% had one or more superficially located 
SBIs, and the prevalence of right-to-left shunt was increased 
in those patients [33]. However, stroke subtypes or etiologic 
mechanisms of SBI are not well studied, and it remains to be 
determined which etiologic mechanisms are associated with 
SBI more than with clinical stroke. More studies are needed 
in patients with SBI to see if specific FLAIR patterns associat-
ed with SBI may guide appropriate selection of patients for 
specific diagnostic tests. Recent American Stroke/Heart As-
sociation guidelines recommended investigations for pa-
tients with SBIs, including carotid imaging when SBI appear 
in the carotid territory, echocardiography when there is an 
embolic-appearing pattern, and vascular imaging when large 
(>1.0 cm) silent hemorrhage is observed [6]. 

There have been no randomized controlled trials targeted 
specifically to prevention of stroke in participants with SBIs. A 
longitudinal study suggested a yearly incidence of 3% to 4% 
among the elderly (aged >60 years) [34]. The annual inci-
dence of new SBIs may differ depending on the definition of 
an SBI as well as the age of the population. Further prospec-
tive studies are needed to evaluate changes in the number of 
SBIs in serial MRI studies, and changes in subtle brain func-
tions, including cognitive impairments, depending on the dis-
tribution of SBIs and their underlying pathological mecha-
nisms. Similarly, the prevention of paradoxical embolism by 
PFO closure and aortogenic embolism with aggressive medi-
cal management (including statins) deserves further study. 
For example, SBIs could be a surrogate marker of the possibil-
ity of preventing strokes by control of hypertension, the most 

widely accepted risk factor for SBI. A recent randomized con-
trolled trial of PFO closure used SBIs on follow-up images as a 
surrogate marker to test whether PFO closure in patients with 
cryptogenic embolic stroke prevents recurrent stroke [35].

Should we classify SBIs as prior strokes? Or should we treat 
patients based on the presumed mechanism causing SBIs? 
Further studies are needed to justify treating SBIs as prior 
strokes and treating individuals for secondary prevention as 
aggressively as patients with clearly symptomatic infarcts. It 
is not clear whether anticoagulation is indicated in subjects 
with atrial fibrillation and SBIs and whether asymptomatic 
subjects with carotid stenosis and SBIs should be considered 
to have a higher benefit from carotid intervention than those 
without SBIs [2]. Recent American Stroke/Heart Association 
guidelines recommend that primary stroke prevention is in-
dicated in patients with SBIs, white matter hyperintensities, 
or microbleeds [6]. These guidelines state that the effective-
ness of aspirin to prevent stroke has not been studied, and 
the role of SBIs in deciding on anticoagulation for atrial fibril-
lation and revascularization for carotid stenosis have not 
been studied in randomized controlled trials.

RECENT ADVANCES: MACHINE  
LEARNING TECHNIQUES

Machine learning is a branch of artificial intelligence. Appli-
cations of artificial intelligence to stroke are increasing, and 
include diagnosis of acute ischemic stroke [36], prediction of 
stroke [37], predicting outcome after endovascular therapy 
[38], and pervasive health monitoring using smart monitor-
ing devices [39]. Several studies of machine learning tech-
niques to measure the severity of subclinical white matter 
changes have recently been reported [40], such as automat-
ed white matter segmentation algorithms to measure the se-
verity of white matter hyperintensities in lacunar stroke 
[41,42], support vector machine techniques to classify the 
burden of perivascular space in the basal ganglia region [43], 
and cortical and subcortical volumetric segmentation of dif-
fusion tensor imaging feature vectors [44].

Machine learning techniques can be particularly helpful in 
patients with SBIs, for the following reasons. First, it may not 
be necessary to have a human interface, because machine 
learning techniques use imaging features that are most pre-
dictive for SBI rather than detecting clinical features. To dis-
tinguish lacunar (microangiopathic-origin) SBI from embolic 
SBI, the software does not need to consider clinical features 
such as stroke symptoms and vascular risk factors, and does 
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only need to classify imaging features such as the location 
and size of SBIs. Second, machine learning may help physi-
cian to lower the clinical burden of interpretation of MRIs in 
patients with possible SBIs. The number of patients with SBIs 
is estimated as several-fold higher than the number with 
clinical stroke. Third, to define SBI, not only FLAIR images, 
but also T1- and T2-weighted image information should be 
evaluated. Machine learning techniques help to merge infor-
mation from various MR sequences. Lastly, as for clinical 
stroke [45,46], patterns in the size and distribution of abnor-
mal signals may help in identifying the underlying mecha-
nisms of SBIs, such as lacunar or embolic pathology. We are 
currently developing machine learning-based automated 
identification and etiopathological classification systems for 
SBIs. However, machine learning techniques also has limita-
tions. Their sensitivity and specificity are still suboptimal, 
and any of currently reported machine learning-based seg-
mentation techniques has not been validated among differ-
ent disease population and MR settings. Before validated, it 
should be used under the setting (target population and MR 
acquisition matrix) prespecified in the original study.

CONCLUSIONS

The proportion of patients diagnosed with SBI is high. Howev-
er, SBI is an area of uncertainty (Fig. 4). Although clinicians 
view the prognostic significance of SBI as similar to that of clin-

ical stroke, diagnostic and prognostic uncertainty has discour-
aged disclosure of imaging findings to patients, and therapeu-
tic uncertainty has been common [47]. Continuous efforts are 
needed to improve interrater agreement in the diagnosis of 
SBI and to reduce the misclassification bias, i.e., classification 
of subtle ischemic changes as SBI. In addition, appropriate 
treatment of underlying risk factors and etiologic disease may 
be useful in preventing subsequent stroke and dementia. Our 
review of the literature, as well as cases presented within this 
article, suggests the need for application of appropriate work-
ups and therapeutic agents in patients with SBI. 
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Fig. 4. Major areas of uncertainty for silent brain infarcts (SBIs) and future directions of research.
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