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HIGHLIGHTS
•  Cortical cerebral microinfarcts (CMIs) are commonly found in the elderly and stroke 

patient.
• CMIs affect on poor functional outcome after stroke.
• Even after adjusting for confounders including age, the impact of CMI still remained.
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ABSTRACT

The present study examined cortical cerebral microinfarcts (CMIs) on a 3T magnetic 
resonance imaging and investigated the impact of CMIs on the comprehensive functional 
outcomes during the post-stroke rehabilitation period. Patients with acute phase of first-
ever ischemic stroke were retrospectively recruited (n = 62) and divided into 2 groups with 
and without CMIs. Clinical parameters including age, sex, stroke lesion laterality, location, 
the National Institutes of Health Stroke Scale score, as well as history of hypertension, 
dyslipidemia, diabetes mellitus, and smoking were obtained. Functional outcomes were 
assessed twice at baseline and one month later with the Korean version of the Mini-
Mental State Examination, the Berg balance scale (BBS), and the functional independence 
measure. Partial correlation and multiple linear regression analyses were used to examine 
the relationship between the presence of CMIs and the change in functional outcomes. At 
least one CMI was reported in 27 patients, who were older (p = 0.043). The presence of CMIs 
was significantly associated with functional impairment in all 3 functional outcomes, after 
controlling for confounding factors (p < 0.05). CMIs might contribute to poor functional 
outcomes during the post-stroke rehabilitation period. These results suggest that CMIs should 
be considered when establishing rehabilitation treatment strategies or making a prognosis.
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INTRODUCTION

Cortical cerebral microinfarcts (CMIs) are small intracortical ischemic lesions that were 
usually detected by autopsy or neuropathologic examination [1,2]. As the quality of brain 
imaging improves, CMIs can be found on a 3T or 7T magnetic resonance imaging (MRI). 
Based on 3T MRI, the prevalence of CMIs ranged from 14.7% to 52.3% in patients with 
ischemic stroke [3-7].

Cerebral small vessel diseases, microembolism, and hypoperfusion have been suggested as 
major causes of CMIs in a review [1]. In another large cohort study, possible risk factors of 
CMIs were age, hypertension, diabetes, dyslipidemia, atrial fibrillation, and other vascular 
markers such as white matter hyperintensity and cerebral microbleeds [5]. Even when only a 
few CMIs are identified by naked eye, many more lesions of invisible size may exist. They can 
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cause perilesional brain atrophy and may disrupt sophisticated neural connections especially 
concerning executive and visuospatial functions, as well as language processing [4,5,8]. 
However, the exact underlying mechanism remains unknown.

Previous studies revealed that CMIs are associated with cognitive impairment in elderly 
with or without dementia or other cerebrovascular diseases [2,9-11], However, despite the 
common vascular conditions or other risk factors, there are few studies about CMIs in stroke 
patients. Those limited studies have primarily focused on cognitive outcomes only, but not 
on motor function or daily activity performance [7,11,12].

To address this gap, the present study aimed to examine CMIs on a 3T MRI in the 
patients with acute phase of ischemic stroke, and to investigate the impact of CMIs on a 
comprehensive range of functional outcomes during the post-stroke rehabilitation period.

MATERIALS AND METHODS

Subjects
We retrospectively recruited 62 patients from April 2018 to December 2021 who met the 
following inclusion criteria: (1) first-ever ischemic stroke; (2) age > 18 years old; (3) had 
undergone 3T brain MRI within 1 week of hospital admission; (4) admitted to a neurology or 
neurosurgery unit and transferred to a rehabilitation unit within 6 months of onset. Patients 
with other neurological comorbidities such as pre-stroke dementia or Parkinson’s disease 
were excluded. Cases of suboptimal imaging quality or contraindication to MRI were also 
excluded from the analysis. The study protocol was approved by the Institutional Review 
Board (IRB No.2022-03-005) of the authors’ institution, and informed consent was waived 
due to the retrospective study design.

Methods
Data on demographics and clinical characteristics were obtained from the medical records 
upon admission. A consensus was reached between neuroradiologist, neurologist, and 
neurosurgeon regarding the diagnosis, type, location, and laterality of stroke lesions. Initial 
stroke severity was assessed by the National Institutes of Health Stroke Scale (NIHSS). 
The presence of vascular risk factors (i.e., history of hypertension, dyslipidemia, diabetes 
mellitus, and current smoking) was determined by questionnaires, drug prescriptions, and 
laboratory tests in line with the previous studies [5,11,12].

Enrolled patients underwent brain MRI at baseline (PHILIPS Ingenia MRI 3T scanner; 
Philips, Amsterdam, The Netherlands) according to the following sequences: diffusion-
weighted imaging, 3-dimensional T1-weighted imaging, T2-weighted imaging, and 
3-dimensional fluid attenuated inversion recovery (FLAIR) sequences. Among them, the last 
3 sequences were used to identify CMIs. CMIs were defined as intracortical lesions, < 5 mm 
in diameter, perpendicular to the cortex, hypointense on T1-weighted, and hyperintense or 
isointense on T2 weighted and FLAIR images (Fig. 1) [1,2,4,5,7]. Two experienced observers, 
unaware of the clinical data, counted CMIs independently and screened out cerebral 
microbleeds, enlarged perivascular space, blood vessel, lacunar infarct, and white matter 
hyperintensity according to the neuroimaging standards for research [13]. Lesions within 
1cm around the acute large infarct were not considered in this study. In case of disagreement, 
consensus was reached through discussion. After the completion of all 3 MRI sequences and 
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the identification of CMIs, the patients were divided into 2 groups according to the presence 
of CMI lesion.

All patients completed the 3 following assessment tools twice, at the time they were 
transferred to a rehabilitation unit (baseline) and 1 month later: the Korean version of 
the Mini-Mental State Examination (K-MMSE), the Berg balance scale (BBS), and the 
functional independence measure (FIM) score. The K-MMSE is a screening tool for cognitive 
impairment. It consists of orientation, memory, attention, calculation, language, and visual 
construction domains. The total available score is 30 [14]. The BBS is a widely used scale 
to assess one’s ability to maintain balance based on 14 tasks: sitting to standing, standing 
unsupported, sitting unsupported, standing to sitting, transfers, standing with eye closed, 
standing with feet together, reaching forward with outstretched arm, retrieving object from 
floor, turning to look behind, turning 360 degrees, placing the foot alternately on a step, 
standing with 1 foot in front, and standing on one foot. The total available score is 56 and 
it helps predict the risk of falls, length of hospitalization, and assistive device dependency 
for ambulation [15]. The FIM is a measure of motor and cognitive functioning based on 18 
items about self-care, sphincter control, mobility, locomotion, communication, and social 
cognition. The total score ranges from 18 to 126 [16].

Statistical analysis
Two groups with and without CMIs were compared using the χ2 test or Fisher exact test 
for categorical variables, and independent t-test for continuous variables. Multiple logistic 
regression was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for the 
associations between the vascular risk factors and the presence of CMIs. For the correlations 
between the change in functional outcomes (i.e., △K-MMSE = K-MMSE score at 1 month 
− K-MMSE score at baseline) and CMIs, partial correlation and multiple linear regression 
analyses were conducted, adjusting for age, sex, NIHSS score, lesion location, and lesion 
laterality. Inter-rater reliability in CMI identification was calculated with Cohen κ statistic. 

https://doi.org/10.12786/bn.2022.15.e30

Cortical Microinfarcts and Functional Outcomes

Axial T1 Axial FLAIR

Fig. 1. Example of CMIs on a 3T brain magnetic resonance imaging. The CMIs (arrow) were shown as a hypointense 
on T1-weighted image and as a hyperintense on FLAIR image. 
CMI, cortical cerebral microinfarct; FLAIR, fluid attenuated inversion recovery.
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Statistical analyses were performed using SPSS v18.0 for Windows (SPSS, Chicago, IL, USA) 
and p < 0.05 was considered statistically significant.

RESULTS

Demographic and clinical characteristics of the groups with and without CMIs were 
compared in Table 1. Among 62 patients who had first-ever ischemic stroke and underwent 
the 3 sequences of brain 3T MRI, 27 patients had one or more CMIs. Patients with CMIs were 
older (74.7 ± 12.96 vs. 68.22 ± 11.58; p = 0.043), but did not differ in sex (p = 0.177), days from 
onset (p = 0.305), lesion laterality (p = 0.244), lesion location (p = 0.849), and the presence 
of vascular risk factor (p = 0.879 for hypertension; p = 0.874 for dyslipidemia; p = 0.535 for 
diabetes mellitus; p = 0.167 for current smoking).

The functional outcomes at baseline and at 1 month were presented in Table 2. There was no 
baseline difference in the NIHSS score at admission (6.62 ± 5.06 vs. 6.65 ± 4.39; p = 0.982), 
the K-MMSE (18.88 ± 8.43 vs. 20.45 ± 7.61; p = 0.446), BBS (21.92 ± 22.97 vs. 21.77 ± 19.21; 
p = 0.978), and FIM score (59.29 ± 28.8 vs. 64.68 ± 19.92; p = 0.410) between the 2 groups. 
Compared to group without CMIs, group with CMIs showed significant changes at 1 month 
in the K-MMSE (2.0 ± 2.11 vs. 3.37 ± 2.61; p = 0.03), BBS (3.62 ± 5.62 vs. 18.82 ± 12.67; p < 
0.001), and FIM score (9.14 ± 7.95 vs. 22.17 ± 13.72; p < 0.001).

In the multiple logistic regression model, none of the risk factors were significantly 
associated with CMIs (OR, 1.218; 95% CI, 0.386–3.847; p = 0.737 for hypertension; OR, 1.287; 
95% CI, 0.373–4.445; p = 0.689 for dyslipidemia; OR, 0.650; 95% CI, 0.184–2.298; p=0.503 
for diabetes mellitus; OR, 0.482; 95% CI, 0.160–1.449; p = 0.194 for current smoking). After 
adjusting for potential confounders including age, sex, and NIHSS score, these findings 
remained unchanged.

https://doi.org/10.12786/bn.2022.15.e30
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Table 1. Demographic and clinical characteristics of groups with and without CMIs (n = 62)
Variable With CMIs (n = 27) Without CMIs (n = 35) p value
Age (yr) 74.70 ± 12.96 68.22 ± 11.58 0.043*
Sex 0.177

Male 10 (37) 19 (54.3)
Female 17 (63) 16 (45.7)

Days from onset 36.48 ± 36.51 27.80 ± 29.56 0.305
Ischemic stroke 27 (100) 35 (100)
Lesion laterality 0.244

Left 13 (48.1) 18 (51.4)
Right 14 (51.9) 14 (40.0)
Bilateral 0 3 (8.6)

Lesion location 0.849
Anterior cerebral artery 0 0
Middle cerebral artery 17 (63.0) 20 (57.1)
Posterior cerebral artery 6 (22.2) 10 (28.6)
Multiple locations 4 (14.8) 5 (14.3)

Vascular risk factor
Hypertension 19 (70.4) 24 (68.6) 0.879
Dyslipidemia 9 (33.3) 11 (31.4) 0.874
Diabetes mellitus 8 (29.6) 13 (37.1) 0.535
Current smoking 7 (25.9) 15 (42.9) 0.167

Values are presented as mean ± standard deviation or number (%).
CMI, cortical cerebral microinfarct.
*p < 0.05.
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In partial correlation and multiple linear regression analyses, the presence of CMIs was 
significantly associated with the changes in all 3 functional outcomes at the time of transfer 
to the rehabilitation unit and after 1 month (i.e., △K-MMSE, △BBS, and △FIM). This result 
remained consistent after controlling for age, sex, NIHSS score, lesion location, and lesion 
laterality (Table 3). The BBS score showed the strongest association with the presence of 
CMIs (β = −0.467; p < 0.001). Scores on the K-MMSE and the FIM were also significantly 
associated with the presence of CMIs (β = −0.206; p = 0.038 for K-MMSE; β = −0.255; p = 
0.023 for FIM). Inter-rater reliability in CMI identification was κ = 0.81 (p < 0.05).

DISCUSSION

The present study demonstrated that CMIs might contribute to the compromised functional 
outcomes during the rehabilitation period in patients with ischemic stroke. Cognitive decline 
in people with CMIs has been previously reported, but this study showed that it may also 
affect a broad spectrum of functioning in terms of balance, postural stability, ambulatory 
function, and ability to perform daily activities.

The mechanism of CMIs has not been clearly elucidated. Although being limited, several 
findings offer clues to the potential mechanism of how CMIs can affect functional outcomes. 
Histologically, microinfarcts show cystic, glial changes, or inflammatory response, and 
neuronal loss including axonal damage occurs in adjacent tissues. It also alters sensitivity to 
protease involved in apoptosis, making brain tissues more susceptible to ischemic injury and 
all of these processes can jointly disrupt neural connection [17]. Neuronal death and blood-
brain barrier breakdown ultimately contributed to overall cortical atrophy [8].

https://doi.org/10.12786/bn.2022.15.e30
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Table 2. Functional outcomes measured at the 2 time points in groups with and without CMIs
Variable With CMIs (n = 27) Without CMIs (n = 35) p value
NIHSS at admission 6.62 ± 5.06 6.65 ± 4.39 0.982
K-MMSE at baseline 18.88 ± 8.43 20.45 ± 7.61 0.446
K-MMSE at 1 mon 21.18 ± 7.47 23.45 ± 6.55 0.208

△K-MMSE 2.00 ± 2.11 3.37 ± 2.61 0.030*
BBS at baseline 21.92 ± 22.97 21.77 ± 19.21 0.978
BBS at 1 mon 25.11 ± 23.40 40.60 ± 13.10 0.004†

△BBS 3.62 ± 5.62 18.82 ± 12.67 < 0.001†

FIM at baseline 59.29 ± 28.80 64.68 ± 19.92 0.410
FIM at 1 mon 67.70 ± 29.89 86.85 ± 22.54 0.008†

△FIM 9.14 ± 7.95 22.17 ± 13.72 < 0.001†

Values are presented as mean ± standard deviation.
CMI, cortical cerebral microinfarct; NIHSS, National Institutes of Health Stroke Scale; K-MMSE, Korean version of 
Mini-Mental State Examination; BBS, Berg balance scale; FIM, functional independence measure.
*p < 0.05, †p < 0.01.

Table 3. Partial correlation and multiple linear regression analyses: associations between the presence of cortical 
cerebral microinfarcts and the changes in functional outcomes
Variable Partial correlation Multiple linear regression

r p value β p value
△K-MMSE −0.266 0.045* −0.206 0.038*
△BBS −0.605 < 0.001† −0.467 < 0.001†

△FIM −0.450 < 0.001† −0.255 0.023*

Adjusted for age, sex, National Institutes of Health Stroke Scale score, lesion location, and lesion laterality.
K-MMSE, Korean version of Mini-Mental State Examination; BBS, Berg balance scale; FIM, functional 
independence measure; r, partial correlation coefficient; β, standardized beta coefficient.
*p < 0.05, †p < 0.01.
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An animal model study by Summers et al. [18] reported that neural activities were 
significantly reduced in the areas that were of 12-times larger volume than that of the 
microinfarct core. Also, a blockade of motor output occurred due to damaged cortical and 
subcortical circuit. Additionally, even the white matter tracts of the remote brain region 
connected to CMIs were affected and the communication between local and remote brain 
areas via white matter pathways became difficult [19].

CMIs are commonly found in the frontal and parietal cortex. The cognitive domains primarily 
affected by CMIs are visuospatial function, verbal and visual memory, executive function, and 
processing speed, which are also important for gross motor function and performance in 
daily activities [2,5,11,12]. Reorganization and plasticity are pivotal in the post-stroke period, 
and the microvascular burden such as CMIs may decrease the efficiency and connectivity of 
the spared brain regions and negatively affect functional outcomes [20].

Thus far, research has disproportionately focused on cognitive outcomes of CMIs because 
they concern the cortical areas of the brain. However, the cortex is not only pertinent to 
cognitive domain, but also to other domains including movement, sensation, and language. 
Therefore, CMIs can affect a broad spectrum of functional outcomes above and beyond 
cognitive ability. This view is bolstered by the present study’s finding that CMIs are not only 
significantly associated with the K-MMSE score, but also with the BBS and the FIM scores. 
The effect sizes of the relationships were compatible.

The size of CMIs varies from 50 µm to 5 mm and can be detected differently depending on the 
resolution of the MRI. In the 3T MRI used in this study, most CMIs are 2–3 mm [4]. Even when 
only a few CMIs are observed by naked eye, there are more actual lesions of invisible size [5]. 
Therefore, few studies have addressed a linear association between the number or size of the 
CMIs and functional decline. A prospective memory clinic study suggested that patients with > 
2 CMIs had greater cognitive decline than patients with ≤ 2 CMIs [2]. As mentioned above, so 
far, it is difficult to reflect the actual number and size of CMIs accurately. Further studies with 
higher resolution of MRI are needed to identify these linear relationships.

CMIs were observed in 43% of the subjects and it was within the range of the prevalence 
statistics from previous studies. In fact, the reported prevalence statistics are notably 
heterogeneous and the following causes are suggested: (1) MRI has only been recently used 
while most of the studies on CMIs were based on autopsy and the sample sizes were small 
[1,2]. (2) Microscope and paraffin sections were used for histopathological studies and the 
reference diameters varied from 50 μm to 5 mm before a consensus was reached [21]. (3) The 
inclusion criteria for each study were different. (4) As the resolution of MRI has significantly 
improved, previously undetected lesions have become increasingly more identifiable.

When clinical characteristics were compared, subjects with CMIs were older. Microinfarcts 
are very common in elderly, and CMIs were found in 33% of the elderly sample of Sonnen et 
al. [22] who had normal cognitive function. The main mechanisms of CMIs might be also 
age-related; cerebral small vessel disease, microembolism, and decreased cerebral perfusion 
[23]. Age itself can be a significant predictor of good functional outcome after stroke [24]. 
However, we adjusted for confounders including age when partial correlation and multiple 
linear regression analyses were conducted and there was no difference in the NIHSS score at 
admission, the K-MMSE, BBS, and FIM score at baseline between the 2 groups. Therefore, it 
is unlikely that differences due to age affected the results.

https://doi.org/10.12786/bn.2022.15.e30
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Various risk factors related to CMIs have been reported. In one study on memory clinic 
patients, history of hyperlipidemia, stroke, and cardiovascular disease were associated with 
CMIs, while smoking, hypertension, and diabetes mellitus were not [4]. Being male, current 
smoking, history of heart disease, and history of stroke were related to CMIs in another 
population-based prospective cohort study [25]. An additional study found that CMIs were 
only associated with previous stroke but not with any other vascular risk factors [26].

In the present study, ORs for vascular risk factors contributing to CMIs were computed. 
Among the 4 vascular risk factors (i.e., hypertension, dyslipidemia, diabetes mellitus, and 
current smoking), none was significantly associated with the CMIs. Shown in Table 1, this 
may be because there was little difference in risk factors between the 2 groups, except for the 
presence of CMI. The results of previous studies to identify the risk factors for CMIs were all 
heterogeneous depending on the study settings.

Smoking is a widely known risk factor for ischemic stroke. It accelerates the development 
of atherosclerosis, which can interfere with oxygen and blood supply to tissues [27]. The 
exposure to smoking induces platelet aggregation, impaired fibrinolysis, slow blood flow, and 
vasoconstriction contributing to lacunar infarct [28]. In a meta-analysis, a dose-dependent 
relationship between smoking and the risk of stroke was found. Smoking 5 more cigarettes 
per day increased the risk of stroke by 12% [29]. Further studies with larger sample sizes are 
needed to verify a clear contribution of smoking to CMIs.

In the current study, all subjects were ischemic stroke patients and previous stroke history 
was excluded from the vascular risk factor analysis by study design. Diabetes mellitus can 
play an important role in vascular disease. However, if blood sugar is under proper control, 
it does not necessarily increase the risk of cerebral microvascular lesions [30]. The cortical 
watershed areas are where microinfarcts are often found, and a decrease in cerebral perfusion 
leads to CMIs, as previously mentioned [31]. So, low blood pressure, rather than high blood 
pressure, is likely to be one of the contributing factors to CMIs.

Hilal et al. [32] revealed the associations between cardiac biomarkers and cardiac disease 
with CMIs. Hypertension was a common trend in the CMI group but was not an independent 
risk factor of CMIs. Higher level of N-terminal pro-brain natriuretic peptide, atrial 
fibrillation, ischemic heart disease, and congestive heart failure were significantly associated 
with CMIs. Future studies need to focus on these clinical data.

The present study is the first one verifying the relationship between CMIs and a 
comprehensive range of functional outcomes in stroke patients, but there are some 
limitations. First, the subjects were patients with ischemic stroke only and the study findings’ 
generalizability is limited. To enhance the generalizability, large scale comparative studies 
including hemorrhagic lesions would be promising. Second, it was not possible to calculate 
the volume of primary infarct. Instead, we used data on lesion location, laterality, and 
the NIHSS score to indirectly correct for the effect of a primary infarct on the functional 
outcomes. In several studies, NIHSS score was significantly correlated with the volume 
of an infarct based on quantitative analyses of brain MRI such as diffusion-weighted and 
perfusion-weighted imaging in acute ischemic stroke. Contrary to popular belief, a larger 
infarct volume was not always associated with worsened clinical symptoms, and even a small 
subcortical infarct was associated with serious symptoms [33,34]. Therefore, the NIHSS score 
might be more suitable for the evaluation of functional outcomes than the volume of infarct.

https://doi.org/10.12786/bn.2022.15.e30
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CONCLUSION

CMIs might contribute to poor functional outcomes during the post-stroke rehabilitation 
period. In this study, it was shown that CMIs can affect a broad spectrum of functional 
outcomes encompassing cognitive functions, gross motor functions, and performance in 
daily activities. These results suggest that CMIs should be considered when establishing 
rehabilitation treatment strategies or making a prognosis.

REFERENCES

 1. van Veluw SJ, Shih AY, Smith EE, Chen C, Schneider JA, Wardlaw JM, Greenberg SM, Biessels GJ. 
Detection, risk factors, and functional consequences of cerebral microinfarcts. Lancet Neurol 
2017;16:730-740. 
PUBMED | CROSSREF

 2. Hilal S, Tan CS, van Veluw SJ, Xu X, Vrooman H, Tan BY, Venketasubramanian N, Biessels GJ, Chen C. 
Cortical cerebral microinfarcts predict cognitive decline in memory clinic patients. J Cereb Blood Flow 
Metab 2020;40:44-53. 
PUBMED | CROSSREF

 3. van Veluw SJ, Zwanenburg JJ, Engelen-Lee J, Spliet WG, Hendrikse J, Luijten PR, Biessels GJ. In vivo 
detection of cerebral cortical microinfarcts with high-resolution 7T MRI. J Cereb Blood Flow Metab 
2013;33:322-329. 
PUBMED | CROSSREF

 4. van Veluw SJ, Hilal S, Kuijf HJ, Ikram MK, Xin X, Yeow TB, Venketasubramanian N, Biessels GJ, Chen 
C. Cortical microinfarcts on 3T MRI: clinical correlates in memory-clinic patients. Alzheimers Dement 
2015;11:1500-1509. 
PUBMED | CROSSREF

 5. Hilal S, Sikking E, Shaik MA, Chan QL, van Veluw SJ, Vrooman H, Cheng CY, Sabanayagam C, Cheung CY, 
Wong TY, Venketasubramanian N, Biessels GJ, Chen C, Ikram MK. Cortical cerebral microinfarcts on 3T 
MRI: a novel marker of cerebrovascular disease. Neurology 2016;87:1583-1590. 
PUBMED | CROSSREF

 6. van Rooden S, Goos JD, van Opstal AM, Versluis MJ, Webb AG, Blauw GJ, van der Flier WM, Scheltens P, 
Barkhof F, van Buchem MA, van der Grond J. Increased number of microinfarcts in Alzheimer disease at 
7-T MR imaging. Radiology 2014;270:205-211. 
PUBMED | CROSSREF

 7. Wei Y, Pu Y, Pan Y, Nie X, Duan W, Liu D, Yan H, Lu Q, Zhang Z, Yang Z, Wen M, Gu W, Hou X, Ma N, 
Leng X, Miao Z, Liu L, Wang N, Chen S, Zhang M, Li W, Zhang X, Ke K, Niu X, Sun B, Zhang X, Du 
H, Li H, Wu J, Wang C, Xiong Y, Liu Y, Yang J, Wu G, Song X; Co-Investigators. Cortical microinfarcts 
associated with worse outcomes in patients with acute ischemic stroke receiving endovascular treatment. 
Stroke 2020;51:2742-2751. 
PUBMED | CROSSREF

 8. Ferro DA, Kuijf HJ, Hilal S, van Veluw SJ, van Veldhuizen D, Venketasubramanian N, Tan BY, Biessels GJ, 
Chen C. Association between cerebral cortical microinfarcts and perilesional cortical atrophy on 3T MRI. 
Neurology 2022;98:e612-e622. 
PUBMED | CROSSREF

 9. Arvanitakis Z, Leurgans SE, Barnes LL, Bennett DA, Schneider JA. Microinfarct pathology, dementia, and 
cognitive systems. Stroke 2011;42:722-727. 
PUBMED | CROSSREF

 10. Smith EE, Schneider JA, Wardlaw JM, Greenberg SM. Cerebral microinfarcts: the invisible lesions. Lancet 
Neurol 2012;11:272-282. 
PUBMED | CROSSREF

 11. Sagnier S, Okubo G, Catheline G, Munsch F, Bigourdan A, Debruxelles S, Poli M, Olindo S, Renou P, 
Rouanet F, Dousset V, Tourdias T, Sibon I. Chronic cortical cerebral microinfarcts slow down cognitive 
recovery after acute ischemic stroke. Stroke 2019;50:1430-1436. 
PUBMED | CROSSREF

 12. Wang Z, van Veluw SJ, Wong A, Liu W, Shi L, Yang J, Xiong Y, Lau A, Biessels GJ, Mok VC. Risk factors 
and cognitive relevance of cortical cerebral microinfarcts in patients with ischemic stroke or transient 
ischemic attack. Stroke 2016;47:2450-2455. 
PUBMED | CROSSREF

https://doi.org/10.12786/bn.2022.15.e30

Cortical Microinfarcts and Functional Outcomes

https://e-bnr.org
http://www.ncbi.nlm.nih.gov/pubmed/28716371
https://doi.org/10.1016/S1474-4422(17)30196-5
http://www.ncbi.nlm.nih.gov/pubmed/30890075
https://doi.org/10.1177/0271678X19835565
http://www.ncbi.nlm.nih.gov/pubmed/23250109
https://doi.org/10.1038/jcbfm.2012.196
http://www.ncbi.nlm.nih.gov/pubmed/25956990
https://doi.org/10.1016/j.jalz.2014.12.010
http://www.ncbi.nlm.nih.gov/pubmed/27590296
https://doi.org/10.1212/WNL.0000000000003110
http://www.ncbi.nlm.nih.gov/pubmed/24029643
https://doi.org/10.1148/radiol.13130743
http://www.ncbi.nlm.nih.gov/pubmed/32811382
https://doi.org/10.1161/STROKEAHA.120.030895
http://www.ncbi.nlm.nih.gov/pubmed/34862322
https://doi.org/10.1212/WNL.0000000000013140
http://www.ncbi.nlm.nih.gov/pubmed/21212395
https://doi.org/10.1161/STROKEAHA.110.595082
http://www.ncbi.nlm.nih.gov/pubmed/22341035
https://doi.org/10.1016/S1474-4422(11)70307-6
http://www.ncbi.nlm.nih.gov/pubmed/31084336
https://doi.org/10.1161/STROKEAHA.118.024672
http://www.ncbi.nlm.nih.gov/pubmed/27539302
https://doi.org/10.1161/STROKEAHA.115.012278


9/10

Brain & NeuroRehabilitation

02

https://e-bnr.org

 13. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F, Frayne R, Lindley RI, O’Brien JT, Barkhof F, 
Benavente OR, Black SE, Brayne C, Breteler M, Chabriat H, Decarli C, de Leeuw FE, Doubal F, Duering M, 
Fox NC, Greenberg S, Hachinski V, Kilimann I, Mok V, Oostenbrugge R, Pantoni L, Speck O, Stephan BC, 
Teipel S, Viswanathan A, Werring D, Chen C, Smith C, van Buchem M, Norrving B, Gorelick PB, Dichgans 
M; STandards for ReportIng Vascular changes on nEuroimaging (STRIVE v1). Neuroimaging standards 
for research into small vessel disease and its contribution to ageing and neurodegeneration. Lancet 
Neurol 2013;12:822-838. 
PUBMED | CROSSREF

 14. Louie DR, Eng JJ. Berg balance scale score at admission can predict walking suitable for community 
ambulation at discharge from inpatient stroke rehabilitation. J Rehabil Med 2018;50:37-44. 
PUBMED | CROSSREF

 15. Blum L, Korner-Bitensky N. Usefulness of the Berg balance scale in stroke rehabilitation: a systematic 
review. Phys Ther 2008;88:559-566. 
PUBMED | CROSSREF

 16. Maritz R, Tennant A, Fellinghauer C, Stucki G, Prodinger B. The functional independence measure 
18-item version can be reported as a unidimensional interval-scaled metric: internal construct validity 
revisited. J Rehabil Med 2019;51:193-200. 
PUBMED | CROSSREF

 17. Coban H, Tung S, Yoo B, Vinters HV, Hinman JD. Molecular disorganization of axons adjacent to human 
cortical microinfarcts. Front Neurol 2017;8:405. 
PUBMED | CROSSREF

 18. Summers PM, Hartmann DA, Hui ES, Nie X, Deardorff RL, McKinnon ET, Helpern JA, Jensen JH, Shih AY. 
Functional deficits induced by cortical microinfarcts. J Cereb Blood Flow Metab 2017;37:3599-3614. 
PUBMED | CROSSREF

 19. Zhang L, Biessels GJ, Hilal S, Chong JS, Liu S, Shim HY, Xu X, Chong EJ, Wong ZX, Loke YM, 
Venketasubramanian N, Yeow TB, Chen CL, Zhou JH. Cerebral microinfarcts affect brain structural 
network topology in cognitively impaired patients. J Cereb Blood Flow Metab 2021;41:105-115. 
PUBMED | CROSSREF

 20. Varkanitsa M, Peñaloza C, Charidimou A, Caplan D, Kiran S. White matter hyperintensities predict 
response to language treatment in poststroke aphasia. Neurorehabil Neural Repair 2020;34:945-953. 
PUBMED | CROSSREF

 21. van Veluw SJ, Zwanenburg JJ, Rozemuller AJ, Luijten PR, Spliet WG, Biessels GJ. The spectrum of MR 
detectable cortical microinfarcts: a classification study with 7-tesla postmortem MRI and histopathology. 
J Cereb Blood Flow Metab 2015;35:676-683. 
PUBMED | CROSSREF

 22. Sonnen JA, Santa Cruz K, Hemmy LS, Woltjer R, Leverenz JB, Montine KS, Jack CR, Kaye J, Lim K, Larson 
EB, White L, Montine TJ. Ecology of the aging human brain. Arch Neurol 2011;68:1049-1056. 
PUBMED | CROSSREF

 23. Oliveira-Filho J, Ay H, Shoamanesh A, Park KY, Avery R, Sorgun M, Kim GM, Cougo PT, Greenberg SM, 
Gurol ME. Incidence and etiology of microinfarcts in patients with ischemic stroke. J Neuroimaging 
2018;28:406-411. 
PUBMED | CROSSREF

 24. Knoflach M, Matosevic B, Rücker M, Furtner M, Mair A, Wille G, Zangerle A, Werner P, Ferrari J, 
Schmidauer C, Seyfang L, Kiechl S, Willeit J; Austrian Stroke Unit Registry Collaborators. Functional 
recovery after ischemic stroke--a matter of age: data from the Austrian Stroke Unit Registry. Neurology 
2012;78:279-285. 
PUBMED | CROSSREF

 25. Hilal S, Doolabi A, Vrooman H, Ikram MK, Ikram MA, Vernooij MW. Clinical relevance of cortical cerebral 
microinfarcts on 1.5T magnetic resonance imaging in the late-adult population. Stroke 2021;52:922-930. 
PUBMED | CROSSREF

 26. Takasugi J, Miwa K, Watanabe Y, Okazaki S, Todo K, Sasaki T, Sakaguchi M, Mochizuki H. Cortical 
cerebral microinfarcts on 3T magnetic resonance imaging in patients with carotid artery stenosis. Stroke 
2019;50:639-644. 
PUBMED | CROSSREF

 27. Weng WC, Huang WY, Chien YY, Wu CL, Su FC, Hsu HJ, Lee TH, Peng TI. The impact of smoking on the 
severity of acute ischemic stroke. J Neurol Sci 2011;308:94-97. 
PUBMED | CROSSREF

 28. Shah RS, Cole JW. Smoking and stroke: the more you smoke the more you stroke. Expert Rev Cardiovasc 
Ther 2010;8:917-932. 
PUBMED | CROSSREF

https://doi.org/10.12786/bn.2022.15.e30

Cortical Microinfarcts and Functional Outcomes

https://e-bnr.org
http://www.ncbi.nlm.nih.gov/pubmed/23867200
https://doi.org/10.1016/S1474-4422(13)70124-8
http://www.ncbi.nlm.nih.gov/pubmed/29068037
https://doi.org/10.2340/16501977-2280
http://www.ncbi.nlm.nih.gov/pubmed/18292215
https://doi.org/10.2522/ptj.20070205
http://www.ncbi.nlm.nih.gov/pubmed/30843597
https://doi.org/10.2340/16501977-2525
http://www.ncbi.nlm.nih.gov/pubmed/28861035
https://doi.org/10.3389/fneur.2017.00405
http://www.ncbi.nlm.nih.gov/pubmed/28090802
https://doi.org/10.1177/0271678X16685573
http://www.ncbi.nlm.nih.gov/pubmed/31986957
https://doi.org/10.1177/0271678X20902187
http://www.ncbi.nlm.nih.gov/pubmed/32924765
https://doi.org/10.1177/1545968320952809
http://www.ncbi.nlm.nih.gov/pubmed/25605293
https://doi.org/10.1038/jcbfm.2014.258
http://www.ncbi.nlm.nih.gov/pubmed/21825242
https://doi.org/10.1001/archneurol.2011.157
http://www.ncbi.nlm.nih.gov/pubmed/29607570
https://doi.org/10.1111/jon.12512
http://www.ncbi.nlm.nih.gov/pubmed/22238419
https://doi.org/10.1212/WNL.0b013e31824367ab
http://www.ncbi.nlm.nih.gov/pubmed/33535785
https://doi.org/10.1161/STROKEAHA.120.032085
http://www.ncbi.nlm.nih.gov/pubmed/30744544
https://doi.org/10.1161/STROKEAHA.118.023781
http://www.ncbi.nlm.nih.gov/pubmed/21665225
https://doi.org/10.1016/j.jns.2011.05.046
http://www.ncbi.nlm.nih.gov/pubmed/20602553
https://doi.org/10.1586/erc.10.56


10/10

Brain & NeuroRehabilitation

02

https://e-bnr.org

 29. Pan B, Jin X, Jun L, Qiu S, Zheng Q, Pan M. The relationship between smoking and stroke: a meta-
analysis. Medicine (Baltimore) 2019;98:e14872. 
PUBMED | CROSSREF

 30. Brundel M, Reijmer YD, van Veluw SJ, Kuijf HJ, Luijten PR, Kappelle LJ, Biessels GJ; Utrecht Vascular 
Cognitive Impairment Study Group. Cerebral microvascular lesions on high-resolution 7-Tesla MRI in 
patients with type 2 diabetes. Diabetes 2014;63:3523-3529. 
PUBMED | CROSSREF

 31. Ferro DA, Mutsaerts HJ, Hilal S, Kuijf HJ, Petersen ET, Petr J, van Veluw SJ, Venketasubramanian N, Yeow 
TB, Biessels GJ, Chen C. Cortical microinfarcts in memory clinic patients are associated with reduced 
cerebral perfusion. J Cereb Blood Flow Metab 2020;40:1869-1878. 
PUBMED | CROSSREF

 32. Hilal S, Chai YL, van Veluw S, Shaik MA, Ikram MK, Venketasubramanian N, Richards AM, Biessels GJ, 
Chen C. Association between subclinical cardiac biomarkers and clinically manifest cardiac diseases with 
cortical cerebral microinfarcts. JAMA Neurol 2017;74:403-410. 
PUBMED | CROSSREF

 33. Yaghi S, Herber C, Boehme AK, Andrews H, Willey JZ, Rostanski SK, Siket M, Jayaraman MV, McTaggart 
RA, Furie KL, Marshall RS, Lazar RM, Boden-Albala B. The association between diffusion MRI-defined 
infarct volume and NIHSS score in patients with minor acute stroke. J Neuroimaging 2017;27:388-391. 
PUBMED | CROSSREF

 34. Tong DC, Yenari MA, Albers GW, O’Brien M, Marks MP, Moseley ME. Correlation of perfusion- and 
diffusion-weighted MRI with NIHSS score in acute (<6.5 hour) ischemic stroke. Neurology 1998;50:864-870. 
PUBMED | CROSSREF

https://doi.org/10.12786/bn.2022.15.e30

Cortical Microinfarcts and Functional Outcomes

https://e-bnr.org
http://www.ncbi.nlm.nih.gov/pubmed/30896633
https://doi.org/10.1097/MD.0000000000014872
http://www.ncbi.nlm.nih.gov/pubmed/24760137
https://doi.org/10.2337/db14-0122
http://www.ncbi.nlm.nih.gov/pubmed/31558107
https://doi.org/10.1177/0271678X19877403
http://www.ncbi.nlm.nih.gov/pubmed/28166312
https://doi.org/10.1001/jamaneurol.2016.5335
http://www.ncbi.nlm.nih.gov/pubmed/28066971
https://doi.org/10.1111/jon.12423
http://www.ncbi.nlm.nih.gov/pubmed/9566364
https://doi.org/10.1212/WNL.50.4.864

	The Impact of Cortical Cerebral Microinfarcts on Functional Outcomes in Patients With Ischemic Stroke
	INTRODUCTION
	MATERIALS AND METHODS
	Methods
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES

	bn-15-e30-flyer.pdf
	The Impact of Cortical Cerebral Microinfarcts on Functional Outcomes in Patients With Ischemic Stroke


