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Abstract

Objective: To evaluate the magnetic susceptibility of Cerebral Microbleeds (CMBs) in patients with
Essential Hypertension (EH) by Quantitative Susceptibility Mapping (QSM) sequence and to explore the
application value of QSM sequence in CMBs of EH patients.
Materials and methods: A total of 33 EH patients with CMBs were enrolled in this study. The routine
scan and QSM sequence were performed using the 3.0T Discovery750 Superconducting Magnetic
Resonance Scanner. The distribution of CMBs in the spatial space was analyzed statistically. The
relationship between the magnetic susceptibility of CMBs and the baseline data of EH patients was
analyzed.
Results: 178 CMBs were observed with QSM sequence, which was significantly more than those of the
conventional sequences. The number of CMBs was the largest in the basal ganglia-thalamus region,
followed by the cortical-subcortical region. The magnetic susceptibility of CMBs was in the range of
0.112-0.494 and the mean value was 0.267, which was statistically different between the risk
stratification groups. The susceptibility of basal ganglia-thalamus lesion was associated with risk
stratification, systolic blood pressure, diastolic blood pressure, age and course of disease in EH patients.
There was a positive correlation between the area of the QSM original image and the magnetic
susceptibility value of the lesion in each region.
Conclusion: The QSM sequence can measure CMBs better than the conventional sequences. The CMBs
of EH patients have the best incidence in the basal ganglia and the thalamus region, followed by the
cortical-cortical area. The QSM sequence can provide favourable information for scientific studies and
clinical applications in EH patients. And it can provide more imaging basis to understand the impact of
hypertension on cerebral blood vessels and the occurrence of CMBs lesions, development, etc.
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Introduction
Cerebral Microbleeds (CMBs) are small chronic brain
hemorrhages occurring in space around the small vessels of the
brain, and may be caused by structural abnormalities of the
small vessels [1]. With the progress of histopathology in
CMBs, it has been found that CMBs are the aggregation of
blood degradation products in the perivascular space. It is also
believed that local magnetic field changes, which results from
the transformation of blood exuded in the perivascular space to
hemosiderin deposition, form the basis of imaging, and that
hemolysin can be retained for a long time in macrophages
locally exuded from the lesions [2,3]. Due to the local
magnetic field changes caused by paramagnetic degradation
products in the blood within the lesions, CMBs appear as
small, quasi-circular low-signal-intensity areas, without
surrounding edema, on MRI gradient echo sequence. Extensive
studies demonstrate that the presence of CMBs are evidence of
pathological changes in the vessel wall and that iron deposition

levels may suggest the nature and severity of vascular lesions
[2,4-6]. Quantitative Susceptibility Imaging (QSM) provides a
simple method for the quantitative analysis of iron deposition
in CMBs. Therefore, this study provides a reference for
understanding the relationship between CMBs and
hypertension by determining the quantitative and spatial
distribution of CMBs in hypertensive patients, as well as
through quantitative analysis of iron deposition [3].

This study attempts to measure the number of CMBs in
patients with Essential Hypertension (EH) by QSM and
quantitatively analyze the iron deposition in the lesions. On
this basis, it seeks to determine the pattern of magnetic
susceptibility values and common sites of CMBs in EH
patients, to compare the magnetic susceptibility of CMBs
among the regions and between hypertension risk stratification
groups, and to investigate the correlation between the baseline
data. Finally, the correlation between the area of CMBs and its
susceptibility value in each region is analyzed.
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Materials and Methods

Subjects
Thirty-three patients with essential hypertension and CMBs,
who were treated in the Department of Cardiology and
Neurology of our hospital from November 2015 to January
2017, were enrolled. There were 19 males and 14 females, with
an average age of 66.4 ± 6.3 y. All patients met diagnostic
criteria specified in 2010 Guidelines for prevention and
treatment of hypertension in China. After consent was obtained
from the patient and their family, and MRI contraindications
were ruled out, conventional brain MRI, including axial T2
Weighted Imaging (T2WI), T1 Weighted Imaging (T1WI),
Diffusion Weighted Imaging (DWI), sagittal T1WI and
Enhanced Susceptibility-Weighted Angiography (ESWAN),
was performed and followed by QSM. In addition, the patients
were divided into low/moderate-risk and high/very high-risk
groups according to the classification criteria specified in 2013
ESH/ESC Hypertension Guidelines. Subjects with secondary
hypertension, central nervous system infectious diseases, brain
tumors, Alzheimer’s disease, Parkinson’s disease, brain
trauma, epilepsy, a history of central nervous system surgery,
and severe organ failure were excluded.

MRI protocol
Conventional MRI: A 3.0T Discovery 750 superconducting
magnetic resonance scanner (GE Healthcare, USA), equipped
with 8-channel NV coil, was used. 1WI parameters: TR/TE:
2133.2/24.0, FOV: 240 × 240 mm, matrix: 320 × 256, slice
thickness: 5.0 mm, slice gap: 1.5 mm, number of excitations: 1,
bandwidth: 41.67. 2WI parameters: TR/TE: 9638.0/93.0, FOV:
240 × 240 mm, matrix: 320 × 256, slice thickness: 5.0 mm,
slice gap: 1.5 mm, number of excitations: 1, bandwidth:
83.333. ESWAN parameters: TR/TE=88 ms/8 ms, FOV: 24
cm, matrix: 256 × 256, slice thickness: 3 mm.

QSM parameters: TR/TE: 54.4/3.0, flip angle: 12 degrees,
slice thickness/gap: 1.0/0.0 mm, matrix: 220 × 220, bandwidth:
62.50, number of echoes: 16, phase-encoded FOV: 1,
acquisition time: 9 min 49 s.

Imaging diagnosis
CMBs appeared as circular high-signal-intensity areas with a
diameter of ≤ 10.0 mm on QSM. As the QSM sequence has not
been widely used in clinical practice, the ESWAN sequence,
which has long been applied, was still used for qualitative
diagnosis of CMBs in this study. The observed lesions were
analyzed by 2 deputy chief physicians. Cavernous
hemangioma, venule and perivascular space were excluded
based on plain scan images. According to the CMB grouping
criteria (Charlotte et al.), the number of lesions was determined
and the lesions were divided into cortical-subcortical, basal
ganglia-thalamus and infratentorial regions. In event of
disagreement, consensus was reached after discussion. Regions
of interest were drawn for CMBs in each region to measure the
lesion area. Magnetic susceptibility of the lesions was

measured three times on the QSM magnetic susceptibility map,
and average values were calculated. Care was taken to avoid
metal artifacts and partial volume effect of cerebrospinal fluid
when measuring magnetic susceptibility. The GADW 4.6
FuncTool software (GE Healthcare, USA) was used. At the
QSM post-processing interface, 0.04 was selected for Threhold
(0-1) option and 14 15 16 for Echonumber by clicking the
QSM key. Next, calculation was performed by clicking the
Compute key to obtain Susceptibility and Phase images.
Magnetic susceptibility values were recorded on the
susceptibility images.

Statistical analysis
Data were analyzed using SPSS 21 software. The rank sum test
was used to compare the magnetic susceptibility of CMBs
among the regions and between hypertension risk stratification
groups. The Kruskal-Wallis test was used for pairwise
comparison of the three groups of data. Spearman’s rank
correlation coefficient was used for correlations between the
magnetic susceptibility of CMBs and blood pressure, gender,
age and disease duration in EH patients, and between the area
of CMBs on the original QSM images and the magnetic
susceptibility. Enumeration data were analyzed by chi-square
test. P<0.05 was considered statistically significant.

Results
1. Detection of CMBs with QSM and conventional MRI:
For the 33 patients with EH, a total of 178 CMBs were
detected with QSM, while 25 CMBs were detected with
convention MRI in 9 of the patients. The QSM was
significantly superior to conventional MRI in CMB detection
(Figure 1).

Figure 1. CMBs in the right thalamus revealed by conventional MRI,
ESWAN, and QSM. CMBs appeared on ESWAN as circular or quasi-
circular low-signal-intensity or signal loss areas with diameters less
than 10 mm, without surrounding edema. They were visualized as
high-signal-intensity areas on QSM.
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2. Differences in magnetic susceptibility of CMBs between
the brain regions of EH patients: In this study, 33 EH
patients with CMBs were analyzed retrospectively. The brain
was divided into cortical-subcortical, basal ganglia-thalamus,
and infratentorial regions.

The magnetic susceptibility values of CMBs were measured to
be 0.112 to 0.494. The rank sum test indicated significant
differences in the magnetic susceptibility of CMBs among the
three regions (P=0.000).

Pairwise comparison using the Kruskal-Wallis test revealed a
significant difference in the magnetic susceptibility of CMBs
between the basal ganglia-thalamus and cortical-subcortical
regions (P=0.000) and between the basal ganglia-thalamus and
infratentorial regions (P=0.008) but not between the cortical-
subcortical and infratentorial regions (Table 1).

Table 1. Difference in CMB magnetic susceptibility among regions.

Region n M ± Q P25 P75 Z P

Cortical-subcortical 40 0.210 ± 0.084# 0.163 0.247 35.598 0

Basal ganglia-
thalamus

117 0.282 ± 0.088#^ 0.232 0.32   

Infratentorial 21 0.247 ± 0.131^ 0.169 0.3   

Total 178 0.260 ± 0.110 0.19 0.3   

Note: n is the number of CMBs, M is the median, Q is the interquartile range;
P<0.05 represents a statistically significant difference; #Denotes a significant
difference between the basal ganglia-thalamus and cortical-subcortical regions;
^Denotes a significant difference between the basal ganglia-thalamus and
infratentorial regions.

3. Correlation between CMB area on the original QSM
images and magnetic susceptibility in each region of EH
patients: The maximum area of CMBs was measured on the
original QSM images, and the magnetic susceptibility of the
corresponding CMBs was measured on the susceptibility maps.
The Spearman test was used to analyze the correlation between
the magnetic susceptibility of CMBs and their area in the
cortical-subcortical, basal ganglia-thalamus, and infratentorial
regions. The magnetic susceptibility was found to increase
with the area in all the three regions (r=671, P=0.021 for
cortical-subcortical region; (r=0.734, P=0.000 for basal
ganglia-thalamus region; r=0.752, P=0.031 for infratentorial
region). It can be seen that the magnetic susceptibility values
of CMBs increased with the lesion diameter in all regions. The
results are shown in Table 2.

Table 2. Correlation between the area of the CMBs on the QSM
original image and the magnetic susceptibility.

CMB a Cortical-
subcortical
magnetic
susceptibility 

Basal ganglia-
thalamus magnetic
susceptibility 

Infratentorial
magnetic
susceptibility 

r P r P r P

Area 0.671 0.021 0.734 0 0.752 0.031

Note: P<0.05 represents a statistically significant difference. 

Discussion
1. Clinical significance of CMB magnetic susceptibility
measurement with QSM: Recently, with continuous
improvement of calculation method, QSM has been more and
more widely applied in the measurement of iron content in the
brain [4]. However, QSM has been infrequently used to
measure iron content in CMBs. That is what this study
attempts to do. Patients with hypertension have higher iron
content in the brain than normal people. Magnetic
susceptibility is a characteristic of tissues. QSM provides
quantitative information about the distribution of magnetic
susceptibility in various brain regions [5]. Iron content in
tissues has the greatest effect on the magnetic susceptibility
value of the tissues. The magnetic susceptibility information
obtained by QSM can accurately reflect the total iron
concentration in tissues and provide important specific
information for disease development and progression. A study
compared the QSM findings with the actual iron concentrations
determined by autopsy and found that the magnetic
susceptibility values determined by QSM had a high specificity
for the total iron concentrations in tissues, especially for Fe3+

[6]. Iron ions are present in the form of Fe3+ in hemosiderin
within CMBs. This is the theoretical basis for detecting
magnetic susceptibility of CMBs with QSM. There is a
constant iron content in normal tissues [7]. The body has a
poor ability to remove the abnormal deposition of iron ions.
Abnormal iron content will cause histopathological changes of
the tissue. The free radicals produced under the influence of
iron ions can lead to destruction of the blood-brain barrier and
thereby cause gradual neuronal apoptosis. In patients with
Intracranial Hemorrhage (ICH), iron ions are significantly
increased in the brain tissue and cerebrospinal fluid, and the
expression of ferritin is also increased [8]. Iron ions in CMBs
may play a vital role in pathological changes of the
cerebrovascular wall. Therefore, the iron content in CMBs
should be quantitatively analyzed, and iron load quantified [9].

2. CMB distribution characteristics in EH patients: In this
study, CMBs were found to be mostly distributed in the basal
ganglia-thalamus region of EH patients, followed by the
cortical-subcortical region, and lastly the infratentorial region.
This is consistent with previous studies. It indicates that the
concentrated distribution of CMBs in deep brain of EH patients
may be due to the fact that vascular pathological changes
involved in hypertension mainly occur in deep perforating
arteries [10].

Some scholar reported that hypertensive intracerebral
hemorrhage typically occurred in thalamus, putamen, pons, and
cerebellum [11]. The lack of collagen IV results in
fragmentation of the vascular wall. As the most common type
of vascular wall injury, hypertension-induced hyaline
degeneration can lead to loosening of the cerebrovascular wall,
which in turn results in CMBs. Extensive deposition of β-
amyloid in the small vessel wall has been considered to be
another important reason for increased vascular fragility [12].
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Both types of vascular disease significantly affect the strength
of the vessel wall. Histological changes, such as local
aggregation of macrophages and leukocytes, and lacunar state
in basal ganglia, are often observed for collagen abnormalities
around CMBs in patients with ICH. Moreover, such changes
indicate a high risk of cerebral hemorrhage [13]. In addition,
the common sites of CMBs observed in this study are the same
as those of ICH. The occurrence of ICH may be closely related
to CMBs. Many studies also suggest that the presence of
CMBs is an independent risk factor for spontaneous
intracerebral hemorrhage. CMBs in the cortical-subcortical
region are associated with smoking, APOEε4, and low
cholesterol levels [14]. Cerebral amyloid angiopathy also
commonly occurs in the cortical-subcortical region.

3. Magnetic susceptibility values of CMBs in each region:
The magnetic susceptibility value of CMBs in the basal
ganglia-thalamus region were shown to be significantly
different from those in the basal ganglia-thalamus and
infratentorial regions. The possible reason is the different
degree of pathological changes of involved vessels among each
region. Cerebral vessels involved in hypertension are mainly in
the basal ganglia, thalamus, pons, brain stem, and cerebellar
hemisphere. The pathological changes of the blood vessel wall
in the basal ganglia-thalamus region were more severe than
those in other regions, which led to more exudation of blood
components in this region, thus resulting in increased iron
deposition in CMBs. Therefore, the determination of magnetic
susceptibility in CMBs can provide some reference for the
pathogenesis and development of cerebrovascular pathological
changes caused by hypertension.

4. Relationship between the CMB area on original QSM
images and the magnetic susceptibility value: Owing to the
blooming effect, the lesion area on the magnetic susceptibility
map is larger than the actual area, which may lead to inaccurate
results. The measurement of CMB area using the original QSM
images can accurately reflect the actual area. CMBs appeared
as low-signal-intensity areas with a clear boundary. The
measurement was based on the maximum area on the original
axial images. The magnetic susceptibility values of CMBs in
EH patients were found to be increased with the area in all the
three regions. It suggests that the iron content in CMBs of EH
patients increases with the area. This finding demonstrates that
the total iron content in CMBs of EH patients is positively
correlated with the area. It may mean that the increased iron
content promotes the vascular wall injury in the region, which
increases the CMB diameter in the basal ganglia-thalamus
region and thus further affects the occurrence of ICH [15,16].

Conclusion
QSM can well reflect tissue susceptibility. The magnetic
susceptibility of CMBs in EH patients follow a certain spatial
pattern: It is higher in the basal ganglia region than in the basal
ganglia-thalamus and infratentorial regions. This can better
detect and diagnose CMBs and provide quantitative analysis of
CMBs, in order to provide more useful information for clinical
practice.
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