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Abstract: 

 

Background and Purpose: Cortical microinfarcts (CMI) are a common post-mortem finding associated 

with vascular risk factors, cognitive decline and dementia. Recently, CMI identified in vivo on 7 Tesla MRI 

also proved retraceable on 3 Tesla (3T) MRI.  

Methods: We evaluated CMI on 3T MRI in a population-based cohort of 194 non-demented older 

persons (72-80 years) with systolic hypertension. Using a case-control design, participants with and 

without CMI were compared regarding age, sex, cardiovascular risk factors and white matter 

hyperintensity (WMH) volume.  

Results: We identified 23 CMI in 12 participants (6%). CMI were associated with older age, higher 

diastolic blood pressure, and a history of recent stroke. There was a trend for a higher WMH volume in 

participants with CMI. 

Conclusions: We found an association of CMI with clinical parameters including age and cardiovascular 

risk factors. Although the prevalence of CMI is relatively low, our results suggest the study of CMI in 

larger clinical studies is possible using 3T MRI. This opens the possibility of large-scale prospective 

investigation of the clinical relevance of CMI in older people.  
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Introduction 

Cortical microinfarcts (CMI) are a common post-mortem finding in the older general population at 

autopsy. They range in size from 50 μm to approximately 5 mm, and are associated with cardiovascular 

risk factors, cognitive decline and dementia.1,2 In vivo detection of CMI is possible using 7 Tesla (7T) field 

strength MRI.3 Moreover, CMI detected using 7T MRI have been proven retraceable on 3 Tesla (3T).3  

Since 7T MRI technology is not widely available, in vivo detection of CMI on 3T MRI would facilitate 

large scale, prospective investigation of their clinical relevance. The aim of this study was to examine the 

prevalence of CMI detected on high resolution 3T MRI in a population-based cohort of older people 

with hypertension and their association with markers and risk factors for cerebrovascular disease.  

 

Methods 

Participants 

We studied a population based cohort of 195 non-demented older people (72-80 years) with systolic 

hypertension (>140 mmHg), recruited from the Prevention of Dementia by Intensive Vascular care 

(PreDIVA) trial.4 Medical history and cardiovascular risk factors were obtained from clinical assessment 

and general practitioners’ medical records. All participants provided written informed consent.  

 

MRI 

Imaging included 3D T1-weighted (1.1x1.1x1.2 mm3), 3D FLAIR (1.1x1.1x1.2 mm3), and 3D 

susceptibility weighted imaging (SWI) (1.0x1.0x1.2 mm3) sequences, performed on 3T with a SENSE-8-

channel head coil (Intera, Philips Healthcare, the Netherlands). 

CMI were defined as small, hypointense lesions on the T1-weighted sequence, hyper- or isointense on 

FLAIR, and not appearing as an artery or vein on the SWI.3 The lesion had to be detectable on sagittal, 

coronal and axial views, <5 mm in diameter, and restricted to the cortex (Fig. 1). One rater (ES) sensitively 

screened all scans for any lesions possibly qualifying as CMI. These potential CMI were subsequently 

evaluated by two additional raters (SV and JWD) in a consensus meeting. If consensus could not be 

reached, lesions were labeled “uncertain”. 

White matter hyperintensities (WMH) were segmented automatically.5 Total brain (TBV) and intra 

crianial (ICV) volumes were obtained using SPM 8 (Wellcome Trust Center for Neuroimaging, University 

College London, UK) in Matlab 7.12.0 (MathWorks, MA, USA). To correct for brain volume, WMH 

load was calculated as the ratio of WMH volume/TBV. 

We compared participants with and without CMI regarding age, sex, history of stroke or TIA, history of 

other cardiovascular disease (angina pectoris, myocardial infarction, peripheral arterial disease), diabetes, 

body mass index (BMI), smoking status, systolic and diastolic blood pressure and WMH volume.1 
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Statistical analysis 

We dichotomized into participants with any vs. no CMI. The small CMI sample size precluded parametric 

testing. We used two-tailed Mann-Whitney U tests to compare continuous variables and chi-square tests 

to compare proportions of binary variables. Analyses were performed with SPSS version 20 (IBM, 

Armonk, NY).  

 

Results 

One scan was excluded due to insufficient quality, leaving 194 participants for evaluation. Screening 

identified 92 potential CMI. In the consensus meeting, 26 lesions in 14 (7%) participants were rated as 

definite (23) or uncertain (3) CMI. The 23 definite CMI in 12 participants (6%) were used for analyses. 

One participant had six CMI, three participants three CMI, and eight participants one CMI. 

Comparisons between participants with and without CMI are presented in table 1. Participants with CMI 

were older (79 vs 77 years, p=0.02) and had a higher diastolic (86 vs 80 mmHg, p=0.04) but not systolic 

blood pressure (166 vs 148, p=0.38). Stroke within 2 years prior to MRI was more common in 

participants with than in participants without CMI (17% vs 3%, p=0.02).  There was a trend for more a 

higher WMH load (9.9 vs 5.2 mm3, p=0.06) in patients with CMI.  

 

Discussion 

We identified CMI on 3T MRI in 6% of our population of community-dwelling older people with 

hypertension. Persons with CMI are older, have higher blood pressure, more often suffered a recent 

stroke, and have a higher white matter hyperintensity load.  

The detected prevalence is relatively low compared to the 30-40% reported in vivo in general older 

populations at 7T MRI,3,6 and the 25% reported for cerebral microinfarcts in post-mortem studies.2 This 

could be explained by previous findings which suggest that only 25% of CMI identified on 7T are 

detectable on 3T MRI.3 The association between CMI and recent stroke fits in with previous reports.1,2 

The association of CMI with older age has been reported inconsistently,1,2 and not been established in 

vivo before.3,6 The association between CMI and diastolic blood pressure is novel. CMI and high blood 

pressure have not been associated in vivo before.6 Post-mortem studies have reported associations with a 

history of high systolic blood pressure.1,2 Possibly, the absence of an association with systolic blood 

pressure in our study is related to systolic hypertension being an inclusion criterion. CMI and higher 

WMH volume have been associated previously,1,2 although recent studies, both at autopsy and on 7T 

MRI, could not consistently reproduce this association.6–8 
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CCharacteristic (n=194)  NNo CMI (n=1822)      pp--vvalue  

Age (years) 77 (75-79)  79 (78-80) 0.02 
Female, n (%) 100 (55)  4 (33) 0.15 
Stroke, n (%) 18 (10)  3 (25) 0.11 
 - recent (<2 years), n (%) 6 (3)  2 (17) 0.02 
Cardiovascular disease, n (%) 42 (23)  2 (16) 0.56 
Diabetes Mellitus, n (%) 19 (10)  1 (8) 0.82 
Body Mass Index (kg/m2) 26 (24-28)  25 (24-27) 0.76 
Smoking status       
 - never, n (%) 85 (47)  4 (33) 0.37 
 - former, n (%) 86 (47)  7 (58) 0.46 
 - current, n (%) 11 (6)  1 (8) 0.75 
RR systolic (mmHg) 148 (138-162)  166 (140-176) 0.38 
RR diastolic (mmHg) 80 (74-89)  86 (80-96) 0.04 
WMH volume (mm3/cm3) 5.2 (2.8-9.2)  9.9 (4.1-14.6) 0.07 

Table 1. General characteristics of participants with and without cortical micro infarcts. Reported are medians and 
inter quartile ranges unless stated otherwise, CMI: cortical micro infarcts, n (%): number and percentage, RR: blood 
pressure, WMH volume: white matter hyperintensity volume in mm3 per cm3 of total brain volume 
 

This study has some limitations. The sensitivity of 1 mm3 3T MRI is limited and small CMI may be left 

undetected. Nevertheless, the subset of individuals in whom CMI were identified differed on several 

clinical features from those without, suggesting this “tip of the iceberg” has a clinically meaningful signal. 

Moreover, developments in 3T MRI technology now allow scanning at even higher, sub-millimeter 

resolutions, probably improving the relatively low sensitivity compared to 7T MRI. The stepped rating 

procedure with a consensus panel judgment is likely to have produced specific CMI ratings (i.e. few false 

positives) but the sensitivity of the initial single rater may have impacted the detection rate. The low 

prevalence of CMI reduced the statistical power of our study. This precluded multivariate analysis of the 

inter-relation between variables. Also, the multiple comparisons between the small subset of individuals 

with CMI and those without may have led to type I and II errors. 

To our knowledge, this study is the first to report that CMI can be detected on 3T MRI in a population-

based cohort of older persons. Reproduction in larger cohorts could provide more conclusive data 

regarding their clinical and radiological correlates. The laborious visual detection of CMI would benefit 

from development of (semi-)automatic segmentation techniques. In vivo detection of CMI using 3T opens 

the possibility to study CMI on a substantially larger scale and in clinical settings, allowing for prospective 

research into the clinical relevance of CMI in older persons, including their role in the development of 

cognitive impairment. 
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Figure 1. Cortical microinfarct in a 78 year old woman, defined as a cortical lesion, hypointense on T1, hyperintense on 
FLAIR, <5 mm, visible on sagittal, coronal and axial planes, not appearing as an artery or vein on SWI. The scale bar 
indicates 5 mm. 
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