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ABSTRACT 

Objectives:  Using Fazekas and Micro-bleed Anatomical Rating Scales (MARS) to assess the inter-relationship 

of MB(C) and leukoaraiosis based on magnetic resonance imaging (MRI). 

Materials and Methods:  Cross-sectional observational research was carried out at the radiology department 

of RYK Hospital Rahim Yar Khan, Pakistan. The study involved 70 participants who had MRI brain scans and 

were discovered to have micro-bleeds. The Micro-bleed Anatomical Rating scale (MARS) was used to grade 

micro-bleeds and Fazeka’s scale was implied for grading leukoaraiosis. The relationship between MARS and 

Fazeka’s scale was ascertained by Spearman's correlation. 

Results:  The patient's mean age was 65 years and 2 months, with male to female gender ratio of 1.8:1. A 

significant correlation (p<0.001) was observed between micro-bleeds grading of MARS and Fazekas grades, 

with a significant correlation coefficient of 1. Cerebral micro-bleeds also correlated with coexisting diseases, 

notably hypertension (84.28%), diabetes (60.00%), and smoking (55.71%). MRI analysis showed micro-bleeds 

were most frequently in variable locations (44.6%), followed by lobar regions (27.7%), deeper areas (18.5%), 

and basal nuclei (9.2%). 

Conclusion:  Leukoaraiosis (LA) and MB(C) have a strong correlation that suggests micro-blood vessel 

ischemia and hemorrhage as ultimate outcomes. 
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INTRODUCTION 

Tiny haemosiderin accumulations in the cerebrum 

signifying hemorrhagic episodes are called micro-

bleeds of the cerebrum or MB(C). Understanding 

the site of hemorrhage can help understand the 

etiology of micro-bleeds. Whereas MB(C) found in 

deeper areas of the cerebrum are prone to be 

linked to angio-pathies of uncontrolled blood 

pressure, others present in distant lobar sites are 

frequently linked to angio-pathies caused by 

cerebral amyloid. Leukoaraiosis shares risk factors 

with micro-bleeds and hypertension and also has 

been connected to detrimental cognitive 

functions and is correlated with the severity of 

MB(C). 

 Small, clearly defined low signal patches in the 

lobar or deep cerebral areas that are seen on 

Magnetic Resonance Imaging (MRI)cerebral 

investigations are known as micro-bleeds of 

cerebrum MB(C). These bleeding episodes are 

linked to Small Vessel Disease (SVD) of the 

cerebrum and manifest like tiny haemosiderin 

accumulations around blood vessels in the 

cerebrum, typically contained within 

macrophages.1,2 

 Bleeding disorders, uncontrolled high blood 

pressure, vascular malformations, a history of 

stroke (ischemic and hemorrhagic), white matter 

abnormalities/leukoaraiosis (LA), and lacunar-

shaped infarctions are risk factors linked to 

MB(C).3 It has also been suggested that alcohol 

consumption, cigarette, and respiratory diseases 

of chronic duration like (COPD) are linked with 

MB(C)significantly. Chronic kidney diseases (CKD) 

and impaired kidney function are linked to 

MB(C).4 Parkinson's, Alzheimer’s, and multiple 

sclerosis as well as a few autoimmune diseases 

are a few more recently identified correlations.5 

Genetics also to some extent play an important 

role in the development of micro-bleeds of the 

cerebrum, it has been proved by many studies of 

the past that blood-associated genetic 

abnormalities that lead to bleeding disorders are 

also a risk factor for cerebral microbleeds.6The 

underlying etiology of MB(C) may be revealed by 

their location; MB(C) in deep cerebral locations 

are connected to pathologies of blood vessels 

associated with hypertension, while those in 

distant lobar areas are more closely linked with 

pathologies of cerebral amyloid.7 

 FLAIR and T2WI sequences identified 

locations of high signal, which are observed 

around ventricles and in white matter, are 

referred to as Ton magnetic resonance imaging 

(MRI), changes of white matter, or LA. They may 

be brought on by ischemia, decreased blood flow, 

or perivascular space dilatation around healthy 

arterioles.8 Previous research has linked the 

presence of LA to poor cognitive functioning and 

has been linked to risk factors for both micro-

bleeds and hypertension. It is also connected to 

how severe micro-bleeds of cerebrum MB(C)) 

are.9 If there is a relationship between the MARS 

scale of MB(C) and the Fazekas grading, it has 

only been established through a small number of 

studies. There haven't been any attempts to 

quantitatively correlate white matter changes with 

the intensity of micro-bleeds in these studies. The 

aims and objective of the study were to 

quantitatively correlate white matter changes 

(Fazekas grading) with the intensity of cerebral 

micro-bleeds (MARS scale) and explore their 

shared risk factors, etiologies, and potential 

cognitive implications. 

 

MATERIALS AND METHODS 

Study design and setting 

Between December 2021 and July 2023, 

observational cross-sectional research was carried 

out in the Radiology and Anatomy Disciplines of 

the RYK Hospital& Medical College, Rahim Yar 

Khan, Pakistan. The Ethics Committee approved 

the study (IERC RYKMC/H-2021/06219) and 

participants informed consent was obtained from 

all before the commencement of the study. 

Subjects diagnosed with MB(C) based on 



Raja Faisal, et al: Micro-bleedings of Cerebrum and Leukoaraiosis: Magnetic Resonance Imaging-Based Correlation Analysis 

 

http//www.pakjns.org         Pak. J. of Neurol. Surg. – 2025 – 29 (1): 9-16.        11   
 

magnetic resonance imaging (MRI) made up the 

sample population. 

 

Sample Size 

Based on the prior work of Yamada S et al, found 

a 0.48 correlation between MB(C) and 

periventricular hyperintensities, the sample size 

was determined.10 Given an alpha error of 1% and 

the power of the study was 90% in the current 

investigation, a minimum sample size of 48 

subjects was established. 

 

Inclusion Criteria 

Among the patients were those who had 

magnetic resonance imaging (MRI) and displayed 

signs of MB(C). There was no age limit or gender 

restrictions. 

 

Exclusion Criteria 

Patients with cerebral vasculitis, vascular 

anomalies, hematologic disorders, intracranial 

space-occupying lesions, neo-plastic diseases 

history of head trauma, and a history of cerebral 

parenchymal surgery or imaging evidence of such 

surgery are all considered excluded. 

 

Study Procedure 

There were 70 patients in the study. A thorough 

clinical history was acquired, which included 

information about the patient's admission, signs 

and symptoms, drug treatment regimen, results 

of different hematologic tests, and additional 

radiographic data. 1.5 Tesla, Matrix Coil Magnetic 

Resonance (MR) scanner, 18 channels (German 

made) were utilized to obtain the MRI images. All 

patients underwent Diffusion-Weighted Imaging 

(DWI), T1, and T2as well as Fluid Attenuation 

Inversion Recovery (FLAIR) and Susceptibility 

Weighted Imaging (SWI) sequences; a subset of 

patients also underwent MR Time of Flight (TOF) 

venography and angiography. The diagnosis of 

MB(C) was confirmed by SWI and for grading 

three observers independently implied the Micro-

bleed Anatomical Rating Scale (MARS), while the 

Fazekas scale was used to grade the white matter 

pathologies based on Fluid Attenuation Inversion 

Recovery (FLAIR) images. The Fazekas scale and 

MARS severity correlation were performed 

afterward. Patient’s signs and symptoms, co-

morbidities, and lab investigations were all 

correlated with the outcomes. 

 

Statistical Analysis 

For the categorical data, proportions, and 

frequencies were displayed. The correlation 

between the two variables was ascertained using 

Spearman's correlation. Assuming compliance 

with all statistical test regulations, a p-value of 

0.05 or less than 0.05 was considered statistically 

significant. Data analysis was performed by 

Microsoft Excel (2007) and Statistical Package for 

Social Sciences (SPSS) version-20 by (IBM).11 

 
RESULTS 

Patient’s Demographics 

The largest age group was 56 to 65 years with 34 

(48.75%) subjects. There was a total of 45 

(64.28%) men and 25 (35.71%) women and a 

gender distribution of 1.8:1 respectively. The 

mean age of the patients was 61 years and 2 

months (Table 1). 

 
Coexisting diseases and cerebral micro-

bleeds (locations) 

Most of the patients had coexisting diseases such 

as, 59 (84.28%) were confirmed patients of 

uncontrolled blood pressure or known 

hypertensive, 42 (60.00%) were Diabetes Mellitus 

(DM) positive, 39 (55.71%) were smokers, 20 

(28.57%) were having positive history of previous 

myocardial infarction, 11 (15.71%) were being 

treated for chronic liver diseases (CLD) and 09 

(12.85%) had positive history of stroke/Transient 
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ischemic Attack. (Table 2 & Figure 1). 

 
Table 1:  Age groups and gender distribution 

Patient’s age Count Percentage % 

35 to 44 years   5 7.14% 

45 to 55 years   7 10.00% 

56 to 65 years 34 48.57% 

66 to 75 years 18 25.71% 

76to 85years   6 8.57% 

Total 70 100% 

Patient’s gender Count Percentage % 

Male 45 64.28% 

Female 25 35.71% 

Total 70 100.0% 

 

 
 

Figure 1:  Association of comorbidities/systemic disease and 

microbleeds of the cerebrum (showing number of patients). 

 
 The Magnetic resonance imaging (MRI) based 

study of micro-bleeds revealed 6 (9.2%) were 

found in basal nuclei, 12 (18.5%) were in further 

deeper areas, 18 (27.7%) were located in the lobar 

area and 29 (44.6%) were of variable locations 

(Table -2). 

 

MARS and Fazekas Consensuses 

According to our findings, the majority of patients 

having MARS Grade1 were ranked grade 2 at 
 

Table 2:  systemic diseases/co-morbidities, location of 

micro-bleeds in the cerebrum 

Co-morbidities or 

Systemic diseases 

No of 

Patients 

Percentage 

% 

Chronic liver disease (CLD) 11 15.71% 

Smoker 39 55.71% 

Positive history of 

myocardial infarction 
20 28.57% 

Positive previous history of 

TIA/Stroke 
09 12.85% 

Diabetes mellitus 42 60.00% 

Hypertension 59 84.28% 

Cerebral locations of micro-bleeds 

Location 
No of 

Patients 
Percentage 

Mixed 36 51.42% 

Lobar 13 18.57% 

Deep 11 15.71% 

Basal Ganglia 10 14.28% 

Total 70 100.0% 

 
Table 3:  Grading of patients according to Fazekas grades 

(1-6). 

Fazekas Grades Count Percentage % 

1   5 7.14% 

2 20 28.57% 

3   5 7.14% 

4 18 25.71% 

5   8 11.42% 

6 14 20.00% 

Sum up 70 100.0% 

 
Fazekas grading 13 (50.00%); while grade -2 of 

MARS were classified as grade 4 of Fazekas 10 

(55.55%) and graded as 3 on MARS scale were 

graded as 6th grade on Fazekas grading scale 12 

(46.15%) (Table 4). 

 

Statistical analysis (Spearman’s 

correlation & Kappa) 

A Spearman’s correlation statistical test was 

conducted to evaluate the relationship between 

MARS and Fazekas, significant direct relationship 

between MARS and Fazekas was observed with a 

p = < 0.001, i.e., a rise in MARS grading resulted 

in an increase to Fazekas and a decline in MARS 

11

39

20

942

59

Chronic liver diseases

(CLD)

Smoker

Positive history of

myocardial infarction

Positive previous

history of TIA/Stroke

Diabetes mellitus

Hypertension
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grading resulted in a 

decrease in Fazekas 

grading. Inter-rater 

reliability was evaluated 

and was found 

acceptable with a (Kappa 

value=0.84) among all 

three observers. 

 

Table 4: MARS and Fazekas consensuses. 

Fazekas 

Grade 

MARS Grade-1 MARS Grade-2 MARS Grade-3 

Count % Count % Count % 

Fazekas 1 2 7.69% 2 11.11% 1 3.84% 

Fazekas 2 13 50.00% 2 11.11% 5 19.23% 

Fazekas 3 1 3.84% 1 5.55% 3 11.53% 

Fazekas 4 6 23.07% 10 55.55% 2 7.69% 

Fazekas 5 3 11.53% 2 11.11% 3 11.53% 

Fazekas 6 1 3.84% 1 5.55% 12 46.15% 

Total 26 100.0% 18 100.0% 26 100.0% 

 
Table 5:  MARS and Fazekas correlation. 

Spearman’s 

RHO 
 MARS Fazekas 

MARS 

Correlation 

coefficient 
1.000 0.398 

S (2-tailed) - <0.001* 

N 70 70 

*significant value. 

 
DISCUSSION 

The sample was male dominant with 45 

(64.82%)out of a total of 70 patients and the 

mean age of the patients was 61 years 2 months. 

1289 consecutive patients were screened in 

previous research by Yang et al, on stroke 

outpatients. These patients were 60.49 years old 

on average; with 53.7% of them being male. This 

implies that cerebral micro-bleeds have age and 

gender as risk factors. In this study, 09 (12.85%) 

had previously experienced a transient ischemic 

attack (TIA)/stroke, mostly of the ischemic variety. 

Similar findings were reported previously in a 

study by Yang et al, research who reported that 

14.6% of stroke outpatients who were screened 

had micro-bleeds.12 

 A previous study by Samanvitha et al, while 

describing the locations of micro-bleeds in the 

cerebrum reported that 44.6% were mixed types 

of cerebral micro-bleeds and were found on 

variable locations, 27.7 were located at lobar, 

18.5% were infra-tentorial and 9.2% were present 

in basal ganglia. Our study demonstrated that 

mixed was 51.42%, the lobar location was second 

most affected with 18.57% of cases, 

deep/infratentorial were 15.71% and those of 

basal ganglia were 14.28%. Both the studies 

revealed results in agreement majority of micro-

bleeds locations which was of mixed type as well 

as found a correlation between micro-bleeds and 

leukoariosis.13 

 Hypertension is a major risk factor for micro-

bleeds of cerebrum MB(C). According to earlier 

research findings by Haller S et al, 59 participants 

(84.28%) in the current study had hypertension.14 

Work of Liu W et al, found that systolic 

hypertension has a direct link with infra-tentorial 

and deeper MB(C) intensity, on the other hand, 

the changes in diastolic hypertension were found 

to be exclusively related to deeper MB(C).15 

Pinping et al, the study also reported similar 

results Among 196 young and middle-aged 

patients with hypertension, 84 (42.9%) patients 

had CMBs. CMBs were more likely to occur in the 

deep brain tissue regions (41.8%), followed by the 

lobar or infratentorial region.16 Micro-bleeds are 

more common in patients with lacunar infarction 

than in those with other subtypes of ischemic 

stroke. MB(C) rates are higher in patients with 

recurrent ICH. The importance of MB(C) for 

cognition has drawn more attention in recent 

years. According to the Rotterdam research, 

cerebral amyloid angiopathy has long been 

associated with lobar intra-cerebral hemorrhage 
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(ICH) and MB(C).17 

 Thirteen (18.57%) of the 19 patients in the 

current study who had strictly lobar cerebral 

micro-bleeds MB(C) had cognitive dysfunction, 

according to the analysis of cognitive dysfunction. 

The research work of Valenti R et al documented 

a relationship between the sum of MB(C) with the 

awareness/administrative and rhythm territories. 

Additionally, based on the sites, it was discovered 

that lobar MB(C) demonstrated a remarkable 

association with rhythm territories, while deep 

MB(C) and the attention/executive domain had a 

significant correlation.18 

 Research by Charidimou et al, revealed that 

micro-bleeds are more commonly linked to intra-

cerebral hemorrhage.19 Liu et al, in their study 

which had 982 MB(C) participants examined by 

Diffusion Tensor Imaging (DTI) reported that the 

internal capsule along with the corpus callosum 

of the patients showed increased mean diffusivity, 

reduced anisotropy (fractional) and increased 

diffusiveness (radial), suggesting that presence of 

MB(C) affected the degradation of micro-

structural integrity of white matter, a finding 

similar to our study.20 

 

Limitations 

A relationship between anticoagulants and anti-

platelets as a risk factor for the occurrence of 

micro-bleeds in cerebrum MB(C) could not be 

demonstrated because the temporal evolution of 

the MB(C) was not assessed in this study. Minor 

variations in scoring among the observers may 

have resulted from inconsistent counting-based 

grading on the MARS scale. Since many acute 

stroke patients failed to accomplish extensive 

brain study based on MRI in compliance with the 

protocol of SWI, so those patients were expelled 

from the study. Therefore, the sample size does 

not represent all individuals with unintentional 

micro-bleeds of the cerebrum. 

 

CONCLUSION 

The outcomes of small vessel ischemia and 

bleeding are reflected in the strong correlation 

between leukoaraiosis (LA) and micro-bleeds of 

cerebrum MB(C). When the severity of cerebral 

micro-bleeds increases, so do the pathological 

anomalies in white matter. Again, a sign of SVD, 

lacunar infarction is most frequently linked to 

MB(C). The correlation between MB(C) and stroke, 

hypertension, and advanced age emphasizes how 

crucial it is to detect and report MB(C) as soon as 

possible. Diagnostic hints are provided by the 

correlation between deep, infratentorial MB(C) 

and uncontrolled blood pressure and the 

preponderance of MB(C)in the lobar territory with 

analytical disorder. 

 Future studies should focus on developing 

predictive models, refining diagnostic tools, and 

exploring targeted therapies for early detection 

and management of MB(C) and associated white 

matter anomalies. Additionally, longitudinal 

research on the progression of SVD and its 

impact on cognitive decline, along with 

population-specific studies, could provide deeper 

insights into its prevention and treatment. 
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