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Abstract: Objective: The goal of this study was to evaluate the diagnostic value of high-resolution susceptibility-
weighted imaging (SWI) for cerebrovascular amyloidosis with cerebral microbleeds (CACM). Patients and methods: A
total of 50 patients with CACM were enrolled and received the conventional magnetic resonance imaging (MRI) and
high-resolution SWI (HR-SWI) examinations. The sensitivity, detection rate, and image quality of the two examination
methods were compared. Results: A total of 105 lesions were diagnosed. The sensitivity of HR-SWI was 69.52%
(73/105) and the detection rate was 96.00% (48/50), which were significantly higher than those of MRI [30.48%
(32/105) and 68.00% (34/50), respectively] (P < 0.05). Furthermore, the total pass rate in the HR-SWI examina-
tion (90.00%) was significantly higher than that in MRI examination (64.00%) (P < 0.05). HR-SWI examination con-
tributed to significantly higher ratio of high signals around the lesions [58.00% (29/50)] and lower mixed signals
[6.00% (3/50)] than MRI group [4.00% (2/50) and [76.00% (38/50) respectively] (P < 0.05). HR-SWI sequences
showed multiple low-signal areas with clear edges, or spot-like lesions. In MRI, T1-weighted images (T1WIs) were
low signals and equisignals, which were relatively mixed, and some were manifested as ringlike, flake, and dotted
T1 signals. T2WIs were mainly low and high signals, which were mixed. Conclusion: Compared with MRI, HR-SWI
presented high detection rate and sensitivity in the diagnosis of CACM, and it is characterized with clear lesions as
well as relatively high diagnostic value.
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Introduction

As one of the cerebrovascular diseases, cere-
brovascular amyloidosis frequently occurs in
people aged over 60 years old, and its inci-
dence rate is directly associated with the pa-
tient’s age [1]. The disease in most patients is
often diagnosed under the circumstance of ce-
rebral hemorrhage. Its clinical manifestations
lack specific performance, which are often ac-
companied by dementia and neuropsychiatric
disorders. Additionally, the patients’ life and
health will be severely threatened in case of
delayed treatment or intervention [2]. The ba-
sic characteristics of cerebrovascular amyloi-
dosis with cerebral microbleeds (CACM) are
multiple hemorrhages with no edema symp-
toms in peripheral brain tissues. The disease
is difficult to be diagnosed and treated, and
clinical application of the conventional magnet-

ic resonance imaging (MRI) examination cannot
fully identify the multiple strokes of the disea-
se [3]. With improvement of imaging diagnosti-
techniques, high-resolution susceptibility-wei-
ghted imaging (HR-SWI) has been widely used
to identify and diagnose central nervous disor-
ders [4]. However, its role in the diagnosis of
CACM remains poorly understood. In this stu-
dy, 50 patients with CACM were recruited and
comparative analyses of the features of the
conventional MRI and HR-SWI examinations
were performed, aiming to provide a scienti-
fic imaging basis for the clinical treatment of
CACM.

Patients and methods
Patients

A total of 50 patients with CACM who were
treated in our hospital from February 2016 to
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October 2017 were selected, including 32 ma-
les and 18 females aged 51-87 years old, with
an average age of (67.95 + 7.42) years old. The
following symptoms were observed at admis-
sion: headache (n = 50), meningeal irritation (n
= 28), vomiting (n = 19) and dementia (n = 15).
Among them, there were 21 cases with a his-
tory of hypertension. The study was approved
by the Ethics Committee of our hospital and
informed consents were obtained from all par-
ticipants. The cohort of 50 patients received
conventional MRI examination and High-reso-
lution SWI (HR-SWI) examination.

Inclusion criteria

1) Patients aged > 18 years old, 2) Patients
definitely diagnosed with cerebrovascular amy-
loidosis with cerebral microbleeds by surgery,
pathology and clinical examinations [5], 3)
Patients who tolerated high-resolution SWI and
MRI, and 4) Patients who were informed of the
study content and methods, and voluntarily
signed the informed consent.

Exclusion criteria

1) Patients with poor compliance to examina-
tions, 2) Patients definitely diagnosed with in-
tracranial space-occupying or other vascular
diseases by surgery and pathology [6], 3)
Patients with vascular malformations or hema-
tological system diseases, 4) Patients who co-
uld not cooperative with examinations due to
coma, 5) Patients with cerebral hemorrhage
due to other causes in the past, or 6) Patients
complicated with other severely impaired func-
tions in multiple organs.

Conventional MRI examination

The superconducting MRI detection system
[Signa 3.0T type, produced by General Electric
(GE)] (Little Chalfont, England) was selected.
Fluid attenuation inversion recovery sequence,
spin echo T1-weighted images (T1WIs), and sp-
in echo T2WIs were used for all patients. Sa-
gittal and axial T1-fluid attenuation inversion
recovery sequences: echo time (TE) was set to
23.4 ms, repetition time (TR) to 2632.6 ms,
the interval to 1 mm, and the layer thickness
to 6 mm. Axial T2WI: TE was set to 110.8 ms,
TR to 4600.0 ms, interval to 1 mm, and the
layer thickness to 6 mm. GE advantage 4.2
workstation was applied to process the inten-
sity and phase images obtained during exami-
nations.
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High-resolution SWI (HR-SWI) examination

SWI parameters were set as follows: TE (25.8
ms), TR (41.5 ms), matrix (448 x 384), layer
thickness (6 mm), field of view (FOV) (22 cm x
22 cm), and interval (1 mm). The image trans-
mission workstation (GE advantage 4.2) (Little
Chalfont, England) was used for processing,
the phase images were obtained. Phase masks
of phase images, low-pass filtering, and inten-
sity projection were used for obtaining SWI.

Pathology analysis

Brain fiber surgery was used to remove the he-
matoma part. Cerebral hematoma tissues and
the corresponding blood vessels were collect-
ed, and then sent to the Pathology Department
in our hospital for histopathological analysis.

Observation indicators

The radiological images were analyzed by a
deputy chief physician and a senior MRI physi-
cian. In cases of discrepancy, discussion was
conducted until their opinions were consistent
[7]. Evaluation content mainly included the
lesion detection rate, sensitivity, image quality,
and imaging features of HR-SWI and MRI ex-
aminations. According to the Likert scale, the
image quality was classified into 5 grades,
grade 5 (1 point for very poor image quality),
grade 4 (2 points for general image quality),
grade 3 (3 points for satisfying image quality),
grade 2 (4 points for clear images), and grade 1
(5 points for very clear images). Grade 1-3 rep-
resented that the image quality was conformed
to requirements [8, 9].

Statistical analysis

Statistical Product and Service Solutions (SP-
SS) 21.0 software was used to analyze data.
Count data are expressed as case (n) and per-
centage (%), and detected via x? test. Mea-
surement data are expressed as mean + stan-
dard deviation (SD). Student t-test was used for
intergroup comparisons. P < 0.05 represented
that the difference was statistically significant.

Results

Comparisons of the sensitivity and detection
rate

Atotal of 105 lesions were detected. The lesion
sensitivity of HR-SWI was 69.52% (73/105) and
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Table 1. Comparison of the sensitivity and detection rates (n = 50)

Group Sensitivity Detection rate

The number of lesions Sensitivity Detected cases Detection rate
MRI 32 30.48 (32/105) 34 68.00 (34/50)
High-resolution SWI 73 69.52 (73/105) 48 96.00 (48/50)
X2 32.109 13.279
p <0.001 <0.001

Table 2. Comparison of the Likert scale classification [n (%)]

Generally

Extremely  Total pass

Group Very clear Qualified Poor

clear poor rate
MRI (n = 50) 7 (14.00) 12 (24.00) 13(26.00) 12(24.00) 6(12.00) 32 (64.00)
High-resolution SWI (n =50) 12 (24.00) 18 (36.00) 15 (30.00) 4 (8.00) 1(2.00) 45 (90.00)
X2 9.543
p <0.001

Table 3. Signal features of the two examination methods [n

varied, including 24 cases with fla-

(%)] ke signals, 13 cases with irregular-

- - ) ) - ly shaped signals, 19 cases with
Group High signal Low signal Mixed signal (g/val or‘pcirculgr signals, and 6 cas-
MRI (n = 50 2(4.00) 10(20.00) 38(76.00) es with lobulated sigrywals. Among
High-resolution SWI (n = 50) 29 (58.00) 18 (36.00) 3 (6.00) them, two more forms of hematoma
X2 37.072 23.721 44.211 were found in 12 patients (Figures

the detection rate was 96.00% (48/50), which
were significantly higher than those of MRI
[30.48% (32/105), 68.00% (34/50)] (P < 0.05)
(Table 1).

Comparison of the Likert scale classification

The total Likert scale classification pass rate
was compared between the two groups. The
result revealed that the total pass rate of HR-
SWI examination (90.00%) was significantly hi-
gher than that of MRI examination (64.00%)
(P < 0.05) (Table 2).

Signal features of the two examination meth-
ods

HR-SWI examination showed significantly hi-
gher ratio of high signals around the lesions
[58.00% (29/50)] and lower mixed signals
[6.00% (3/50)], which was higher than that by
MRI [4.00% (2/50) and 76.00% (38/50)], re-
spectively (P < 0.05) (Table 3).

Analysis of HR-SWI features

HR-SWI sequence indicated that the edge of
low-signal areas was clear, and bleeding lesions
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1, 2).

Analysis of MRI features

On MRI examination, TAWI performance data
exhibited images that were mostly accompa-
nied with low signals and mixed equisignals,
and ringlike, flake, or dotted T1 signal diagr-
ams. T2WI performance: Images were mostly
low and high signals, which were mixed (Figures
3, 4).

Discussion

Cerebrovascular amyloidosis with cerebral mi-
crobleeds is usually diagnosed due to intrac-
ranial hemorrhage. In most cases, no obvious
symptoms and manifestations have been fo-
und in patients. Despite the differences in the
size, site and the number of lesions, they are
characterized by high recurrence rate and mul-
tiple strokes [10]. A previous study has report-
ed that hematoma tissues oppressed the con-
tralateral hemisphere of patients, which af-
fected their awareness in combination with
intracranial hypertension, and the decline de-
gree was closely related to the site and size of
intracerebral hematoma [11]. The main patho-
logical basis of the disease is amyloid proteins
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Figure 1. SWI of cerebrovascular amyloidosis with
cerebral microbleeds.

Figure 2. SWI of the venous vascular structure.

which are deposited in the patient’s cerebro-
vascular adventitia and middle layer. It thickens
the intracranial vascular basement membrane.
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The patient’s intracranial elastic layer rupture
or stenosis will further result in micro-aneu-
rysms and fibrinoid-like necrosis, thus leading
to cerebrovascular amyloidosis with cerebral
microbleeds [12]. At present, the clinical gold
standard for the diagnosis of cerebrovascular
amyloidosis with cerebral microbleeds is patho-
logic autopsy, but it is relatively difficult to per-
form clinically. Therefore, early and accurate
diagnosis of the disease is of particular impor-
tance for treatment regimens in the later
period.

High-resolution SWI is one of the new magnetic
resonance contrast enhancement techniques,
which can be used to obtain images by taking
advantage of tissues with different magnetic
susceptibilities, and its sensitivities to the de-
position of iron and calcium, hemorrhage and
veins with slower blood flow are comparatively
high. In recent years, high-resolution SWI has
been gradually applied in neurological exami-
nations of cerebrovascular malformations, br-
ain tumors, micro-cerebral hemorrhagic foci
and brain tissue degeneration [13, 14]. In the
present study, there were a total of 105 lesions
detected by high-resolution SWI and conven-
tional MRI, and the detection sensitivity of the
former (69.52%) was significantly higher than
that of the latter (30.48%), suggesting that
compared with conventional MRI technique,
high-resolution SWI presented a higher clinical
sensitivity in cerebrovascular amyloidosis with
cerebral microbleeds. Based on analysis, the
reason might be that the pathology of the dis-
ease can be manifested as microbleed sites
with the diameter < 5 mm which is formed by
local plasma extravasation, and there are a
certain amount of paramagnetic substances in
the lesion, such as heme and deoxyhemog-
lobin, thus causing the inhomogeneity of lo-
cal magnetic fields in intracranial lesions [15].
The main shortcoming of MRI is that its sensi-
tivity to inhomogeneity is low without obvious
signal characteristic, and the multiple strokes
of cerebrovascular amyloidosis with cerebral
microbleeds are difficult to be identified by it.
Therefore, certain rates of misdiagnosis and
missed diagnosis exist in clinical diagnosis of
this disease [16]. However, high-resolution SWI
can effectively reduce the negative impact of
magnetic field inhomogeneity on the phase
through high resolution, three-dimensional ac-
quisition and the wave-layer reconstruction of
gradient echo sequences, as well as post-pro-
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Figure 3. TAWI performance in MRI.

Figure 4. T2WI performance in MRI.

cessing of system images. It further facilitates
to reduce or avoid the low sensitivity of conven-
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tional MRI technique to some extent [17]. In
addition, the application of minimal signal in-
tensity projection and assistive techniques for
the three-dimensional reconstruction such as
phase-weighted technique can effectively com-
pensate for the deficiency of conventional MRI
technique in detecting microbleed lesions.

In addition, this study also revealed that the
Likert scale pass rate of high-resolution SWI
reached as high as 90.00%, which was signifi-
cantly higher than that of MRI (64.00%). As for
imaging features, high-resolution SWI sequenc-
es showed multiple low-signal areas with clear
edges, or spot-like lesions. In MRI, TIWIs were
mostly profiled with low signals and equisig-
nals, which were relatively mixed, and some
were manifested as ringlike, flake, and dotted
T1 signals. T2WIs were mainly mixed signals
with poor image quality. As such, compared
with conventional MRI, high-resolution SWI is
conducive to improve the image quality, and
clearly shows the site and severity of the le-
sion. It thus provides accurate imaging data
for reference in the clinical diagnosis, which is
analyzed to be related to the high-resolution
three-dimensional gradient echo imaging tech-
nique of high-resolution SWI. This technique
can achieve poor flow in three directions, ef-
fectively differentiating microbleed low-signal
venous cross sections from cerebral ones, and
uses the obtained phase images to distinguish
cerebral calcified lesions in patients. Therefore
the diagnostic accuracy and sensitivity of this
technique have been improved [18].

Conclusion

In summary, compared with the conventional
MRI examination, high-resolution SWI presents
a high lesion detection rate and sensitivity in
the diagnosis of cerebrovascular amyloidosis
with cerebral microbleeds, which provides po-
tential in the clinical diagnosis.
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