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This study aimed to compare the role of magnetic resonance imaging (MRI) and computed tomography (CT) images based on the
low-rank matrix (LRM) denoising (LRMD) algorithm in the diagnosis of cerebral aneurysms (CAs). By comparing the role of MRI
and CT in the diagnosis of CA, it would be helpful to formulate more reasonable diagnosis strategies and provide a solid
foundation for clinical treatment of patients. 80 patients with cerebral aneurysm admitted to hospital were selected as the research
objects. First, the LRMD algorithm was established and applied to the image denoising process of MRI and CT. Then, the diagnosis
rate of CA by MRI and CT before and after denoising was compared, and the diagnostic rates of the two methods for aneurysms of
different sizes were compared. Finally, the location, foci, and patient satisfaction of the aneurysm were compared. The results
showed that the MRI and CT images after denoising with LRM were clearer, and the secondary structures in the brain were more
obvious. It meant that LRMD had good image denoising effect. The diagnostic rate of denoised MRI and CT was improved.
Although the difference was not statistically notable, the diagnostic rate of CT was obviously higher in contrast to MRI (P < 0.05).
The diagnostic rate of CT for smaller aneurysms (<3 mm and 3-5mm) was also notably higher in contrast to MRI (P <0.05).
However, there was no difference in the diagnosis of tumor location between the two. The clarity of CT diagnostic images was
better than MRI (P < 0.05). Accordingly, patients were more satisfied with CT in contrast to MRI (P < 0.05). In summary, CT
images based on the LRMD algorithm were superior to MRI in the diagnosis of CA, and it could provide more accurate
diagnosis results.

1. Introduction

CA is an aneurysm-like protrusion caused by the destruction
of the elastic layer in the wall of the intracranial artery, which
results in the abnormal expansion of the lumen [1]. The
cause of the disease is mostly congenital dysplasia, and
others are disease interference factors, including hyper-
tension and arteriosclerosis. Cerebrovascular diseases often
occur in the middle-aged and elderly people. It is a common
neurological disease with a high fatality rate and disability
rate. Therefore, timely diagnosis and treatment are of great
significance to patients [2, 3]. MRI and CT technology are

two commonly used clinical detection techniques, which
include the detection of CA. MRI and CT detection have the
characteristics of noninvasive, fast, and accurate. Therefore,
they have gradually replaced the digital subtraction angi-
ography technique, which is the standard procedure for the
diagnosis and detection of CA [4].

The major limitation of MRI and CT imaging in diag-
nosis is the image quality. The various interferences en-
countered during image acquisition will cause noise in the
image, resulting in deviation or even error in the final ob-
tained information. Although the performance of equip-
ment is constantly improving, software-based image
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denoising can be independent of equipment, with wide
availability and high practicability. Image denoising algo-
rithms can be divided into three categories: spatial domain
denoising, transform domain denoising, and dictionary
learning-based denoising [5-7]. Spatial domain denoising is
divided into local filtering and nonlocal filtering. These
processes mainly apply the similarity between image pixels
or image blocks. The other two types of denoising project the
image into a specific space, where the transform coefficients
are filtered, and the processed coefficients are inversely
transformed. Then, they put it back into the original space to
complete the denoising [8]. Low-rank approximation and
low-rank representation have great advantages in signal
approximation and subspace segmentation and thus attract
the attention of scholars. LRMD has strong stability and is
widely used in artificial intelligence, image processing, and
other fields. The main principle is performing low-rank
decomposition of similar blocks to remove the noise in the
image [9, 10]. Generally speaking, there are more similar
parts in the image, so the correlation of each row or column
of the image matrix is relatively high. The rank of the matrix
is much smaller than the number of rows and columns of the
matrix, so the image matrix itself has low rank. The noise in
the image will destroy the correlation of the image matrix
and increase the rank of the image matrix. Therefore, the
low-rank matrix denoising algorithm achieves the purpose
of denoising by restricting the rank of the image matrix.

In summary, the LRMD algorithm was applied to MRI
and CT images to improve the quality of images and provide
better basis for clinical diagnosis. Based on that, the effects of
MRI and CT were compared in the diagnosis of CA.

2. Materials and Methods

2.1. Establishment and Adoption of LRMD Algorithm.
LRM restoration refers to a method that automatically recog-
nizes the damaged elements and restores the original matrix
when some elements of the matrix are severely damaged. The
premise of this algorithm is that the original matrix is low rank
or approximately low rank. It is assumed that the matrix A is a
LRM M which is destroyed by the noise matrix P, and P is a
sparse matrix, and then low-rank sparse matrix factorization
can be adopted to solve the problem. The LRM recovery is
described by the following optimization:

min rank (M) + A||P|l,,

(1)
st. M+P=A

In (1), IPllo is the M, norm of the sparse matrix, that is,
the number of nonzero elements in the matrix and A is the
weight function. It takes a series of changes to turn an
equation with multiple solutions into an equation that has a
unique solution and can be solved.

Similar images have similar image structures. In the
absence of pollution and defects, these similar structures
should be in low-dimensional subspaces. A matrix com-
posed of similar structures according to the same rule has a
lower rank. When the image is contaminated or partially
defective, the combined matrix will also be affected. These
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effects can be eliminated by LRM restoration processing. The
matrix constructed by similar blocks after the noisy image is
matched can be expressed as follows:

A=M+P. (2)

In (2), M is the LRM of pure similar blocks to be restored
and P is the sparse noise matrix. Therefore, the image
denoising is transformed into a LRM restoration problem.
After the similarity block matrix A with noise is recovered by
the LRM, the denoised similar block matrix M is obtained. M
is put back to the position of the similar block corre-
spondingly, and the denoised image will be obtained.

The denoising algorithm is made into an application and
installed on the computer connected to MRI and CT. The
image obtained from the instrument is preprocessed to make
the image clearer, and then the doctor’s diagnosis will be
more efficient and accurate.

2.2. Clinical Data. A total of 80 patients with cerebral an-
eurysm admitted to the hospital from September 2018 to
May 2020 were selected. All patients were diagnosed with
CA by digital silhouette angiography (DSA) or surgery.
There were 38 males and 42 females aged from 38 to 70 with
an average age of 51. The clinical features of the patient were
dizziness, headache, confusion, vomiting, and so on. In-
clusion criteria are as follows: patients with cerebral aneu-
rysm; patients went through the standard examination of the
hospital; and patients were informed and voluntarily join the
research. Exclusion criteria are as follows: patients with
severe mental illness; patients with serious liver or kidney
disease; and patients with incomplete information. All pa-
tients had signed informed consent forms, and the experi-
ment was approved by the Ethics Committee of the hospital.

2.3. Comparison of MRI and CT in the Diagnosis of Cerebral
Aneurysm. All patients received MRI and CT examinations.
The examination was carried out uniformly. All patients
were determined with CA by DSA or surgical examination.

MRI examination: the instrument was a super-
conducting magnetic resonance instrument produced in
Japan. The relevant parameters were set as TIW1: TR/
TE=760ms/14ms and 2000/47ms and T2WI1: TR/
TE =3900 ms/102 ms and 2000/100 ms. The scanning range
was from the intracranial segment of the internal carotid
artery to above the marginal corpus artery, and an image was
acquired every 19°.

CT inspection: the instrument was a 128-slice spiral CT
machine produced by Siemens, Germany. The scanning
parameters were set as follows: layer thickness of 1.25 mm, 8
layers per scan, tube voltage and tube current were 120 KV
and 330 mA, pitch was 0.625, matrix was 512 x 512, and rate
was 0.5s/turn. A high-pressure syringe was used to inject
80 mL of contrast agent at an injection rate of 3.5mL/s and a
delay of 20 second.

All obtained patient images were denoised by LRM, and
the diagnostic effects of MRI and CT on CA before and after
image denoising were compared. Other aspects of the
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experiment included the rate of diagnosis, the rate of di-
agnosis for tumors of different sizes, the location of the
tumor, the clarity of the lesion, and patient satisfaction. The
rate of diagnosis was the ratio of the number of aneurysms
detected to the total number of patients. The tumor size was
divided into four grades: less than 3 mm, 3-5 mm, 5-10 mm,
and more than 10 mm, and the number of confirmed pa-
tients at each grade was determined, respectively. The tumor
location referred to the distribution of the tumor in different
intracranial locations. The sharpness of the lesion was
compared between MRI and CT images for intracranial
imaging. A simple questionnaire survey was adopted to
investigate patients’ satisfaction with the examination, which
was divided into three grades: satisfied, general satisfied, and
dissatisfied.

2.4. Statistical Analysis. SPSS22.0 statistical software was
adopted for data analysis. The obtained count data were
represented by percentage, and the chi-square test was
adopted to compare the probabilities between the two
groups. P<0.05 was considered statistically significant.
Origin 9.0 was adopted to draw the images.

3. Results

3.1. Image Optimization. Figures 1 and 2 show that the
obtained aneurysm images were denoised by LRM.
Figure 1(a) shows the CT before treatment, while Figure 1(b)
shows the CT after treatment. Figure 2(a) is the MRI image
before denoising, while Figure 2(b) is the MRI image after
denoising. The images after noise reduction were clearer, the
brain secondary structure was more distinct, and the lesion
exposure was more obvious.

3.2. Contrast of the Diagnosis Rate of CA by Two Diagnostic
Methods. In Figure 3, in the diagnosis of 80 patients, the
diagnostic rate of CT for CA (about 100%) was remarkably
higher in contrast to MRI (about 85%), with notable dif-
ference and P < 0.05.

3.3. Contrast of the Diagnosis Rate of CA by MRI and CT before
and after Image Denoising. The quality of the image affected
the diagnosis result to a certain extent. In Figure 4, after
image denoising, the diagnosis rate of CA by CT and MRI
has been improved, but this difference was not particularly
notable (P > 0.05).

3.4. Contrast of the Diagnosis Rate of Different Sizes of CA by
Two Diagnostic Methods. In Table 1 and Figure 5, CT and
MRI both had lower detection rates for tumors with a
smaller diameter (less than 5mm) than those with a larger
diameter (more than 5mm). In tumors with a smaller di-
ameter (less than 5 mm), the detection rate of CT was higher
in contrast to MRI, and the difference was notable (P < 0.05).
In tumors with a larger diameter (more than 5mm), there
was no particularly notable difference in the detection rate of
the two methods (P > 0.05).

3.5. CT and MRI Diagnosis of Cerebral Aneurysm Location.
Table 2 shows the results of CT and MRI diagnosis of the
location of CA. The incidence in aneurysms in the middle
cerebral artery, anterior artery, and posterior artery was
higher in contrast to internal carotid artery, vertebral artery,
and basilar artery. The results showed that there was no
particularly obvious difference between CT and MRI in the
diagnosis of tumor location (P> 0.05).

3.6. Contrast between CT and MRI for Focal Definition of
Aneurysms. In Table 3, it compared the clarity of CT and
MRI images in diagnosing aneurysms. The results showed
that the clarity of CT images was particularly higher in
contrast to MR, and the unclarity of CT images was notably
lower in contrast to MRI, and P <0.05.

3.7. Contrast of Patients’ Satisfaction with CT and MRI
Examinations. Table 4 shows patients’ satisfaction with CT
and MRI tests. The satisfaction of patients with CT exam-
ination was remarkably higher in contrast to MRI exami-
nation, and the dissatisfaction was remarkably lower than it,
and P <0.05.

4. Discussion

The treatment of cerebral aneurysm is a very complicated
process, and accurate diagnosis of the patient is a critical step
[11]. The patient’s diagnosis rate is closely related to the
quality of the examination images. The quality of CT and
MRI images processed by the LRMD algorithm had been
improved, which provided further convenience for the di-
agnosis of patients. In the clinical experiment, the processed
images could improve the diagnosis rate of CA, but this
change was not particularly notable and had no statistical
significance. It may be because the accuracy of the detection
instrument itself was relatively high, and the image quality
was high, so it is not very dependent on the image denoising
means.

DSA is often adopted in the detection of CA. However,
since DSA has certain limitations in the diagnosis of the
spatial location of aneurysms, the cost of diagnosis is ex-
pensive and it is a traumatic examination, which limit its
clinical application and development [12]. Studies have
shown that MRI could more accurately measure the size of
aneurysms and clearly show the lesions at the base of the
skull. The advantages of CT images and MRI in the detection
of CA were also elegant. The study of Muthusami et al. [13]
also proved that CT was better than MRI in the diagnosis of
pediatric cerebrovascular diseases. The acceptance among
patients was also higher, which was consistent with the
findings of this study that the diagnosis rate of CT for pa-
tients was higher in contrast to MRI. Blokker et al. [14]
pointed that cerebral aneurysm was a disease that was ex-
tremely prone to death and disability. The main clinical
manifestation was subarachnoid hemorrhage. Effective di-
agnosis and timely treatment could help to reduce the pa-
tient’s risk of death. However, the MRI scan time was longer,
and the image quality would decrease due to the slight
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FiGure 2: Comparison of MRI images of cerebral aneurysm (a) before denoising and (b) after denoising by LRM.
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Ficure 3: Contrast of the diagnosis rate of the two diagnostic
methods. * indicates that P <0.05, and the difference is statistically
notable.
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F1GURE 4: Contrast of CT and MRI diagnosis rates of CA before and
after image denoising.

TasLE 1: Contrast of the diagnosis rate of different sizes of CA by
two diagnostic methods.

CT MRI ¥ P
<3mm (n=15) 13 (86.7%)  8(53.3%)  3.587 <0.05
3-5mm (n=28) 26 (92.8%) 19 (67.9%) 3127 <0.05

5-10mm (n=27)
>10mm (n=10)

27 (100.0%)
10 (100.0%)
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F1Gure 5: Contrast of the diagnostic rates of different sizes of CA by
the two diagnostic methods. * indicates that P <0.05, and the
difference is statistically notable.

movement of the patient. Therefore, this examination was
not suitable for patients with ruptured aneurysms and
bleeding. Cho et al. [15] and Ikawa et al. [16] suggested that
the lower detection rate of smaller tumors was also a

TaBLE 2: Contrast of CT and MRI diagnosis results of cerebral
aneurysm location.

Tumor location CT MRI ¥ p

Middle cerebral artery 28 (35.9%) 21 (31.3%) 0.067 0.819
Anterior cerebral artery 21 (26.9%) 20 (29.8%) 0.023 0.870
Posterior cerebral artery 11 (14.1%) 10 (14.9%) 0.019 0.905
Internal carotid artery 8 (10.3%) 6 (8.9%) 0.058 0.836
Vertebral artery 5 (6.4%) 5(7.4%) 0.002 0.962
Basilar artery 5 (6.4%) 5(7.4%) 0.004 0.987
Total 78 67 — —

TaBLE 3: Contrast of CT and MRI in diagnosis of aneurysms.

CT MRI X P
Clear 72 (90.0%) 65 (81.2%) 3.765 <0.05
Unclear 8 (10.0%) 15 (18.8%) 2.453 <0.05
Total 80 80 — —

TABLE 4: Patients’ satisfaction with CT and MRI examinations.

Satisfied General satisfied  Dissatisfied  Total
MRI 55 (68.8%) 15 (18.8%) 10 (12.5%) 80
CT 68 (85%) 7 (8.8%) 5 (6.3%) 80
Ie 3.238 2.698 2.034 —
P <0.05 <0.05 <0.05 —

drawback of MRI detection, which was consistent with this
finding that CT had a higher detection rate for smaller
tumors than MRI (P < 0.05). As a noninvasive examination,
the application value of CT has been fully affirmed. It has
gradually become a routine examination method for clinical
diagnosis of CA. In contrast to MRI, CT examination time
was short, and the image had three-dimensional charac-
teristics. It could clearly show the spatial relationship be-
tween aneurysms and adjacent tissues, which was conducive
to the formulation of surgical plans [17, 18]. In addition, it
was found that the sharpness of the lesion in CT examination
was also better in contrast to MRI (P <0.05), and the pa-
tients” satisfaction with CT examination was also higher in
contrast to MRI (P < 0.05). These results indicated that the
diagnostic effect of CT was obviously better in contrast to
MRI.

5. Conclusion

It analyzed and compared the role of MRI and CT images
based on the LRMD algorithm in the diagnosis of CA. The
results showed that CT imaging was superior to MRI im-
aging in the diagnosis of CA in all aspects, especially in the
diagnosis rate, the detection rate of tumor size, the definition
of the lesion, and the degree of patient satisfaction. The
influence of low-rank denoising on the diagnosis result was
not very notable. CT imaging could be taken as an effective
means to diagnose the occurrence of aneurysms. However,
due to the limited sample of this research and the single
research method, it cannot be concluded that image
denoising is not an effective step in the diagnosis of an-
eurysm. On the contrary, research efforts should be



increased to further verify the role of image denoising in the
diagnosis of aneurysm. By comparing the effects of MRI and
CT in the diagnosis of CA, the advantages of CT in the
diagnosis of aneurysms are highlighted, which will help
improve the accuracy and efliciency of clinical diagnosis of
CA. [19].
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