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Abstract: In recent years, Compressed Sense technology has emerged as a promising image 
reconstruction method, demonstrating great potential in reducing data acquisition time and improving 
image quality. This study aims to explore the application of compressed sense technology in cerebral 
magnetic resonance angiography (MRA), compare it with conventional vascular imaging techniques, 
and evaluate its advantages in clinical practice. The study utilized a Philips Ingenia 3.0T magnetic 
resonance imaging (MRI) system and included a certain number of normal subjects and patients with 
cerebral vascular lesions. Both conventional vascular imaging techniques and compressed sense 
technology were employed for scanning, and the differences between the two methods in terms of image 
quality, acquisition time, and other aspects were compared. Image quality assessment indicators 
included overall image quality, blood vessel display clarity, and blood vessel contrast, among others. 
Additionally, the application of both techniques in specific clinical cases was analyzed. The results 
showed that, compared to conventional vascular imaging techniques, compressed sense technology 
significantly shortened the scanning time while ensuring image quality. In the detection of certain 
diseases such as cerebral aneurysms and ischemic cerebrovascular lesions, compressed sense 
technology not only effectively improved the clarity and contrast of blood vessel display but also made 
the detection process more convenient and accurate. Moreover, for patients with severe movement 
disorders or those who cannot tolerate long scanning times, compressed sense technology is a more 
suitable choice. In conclusion, compressed sense technology exhibits significant advantages in cerebral 
MRA. It demonstrates clear advantages over conventional vascular imaging techniques in terms of 
image quality, acquisition time, and other aspects, and it has high application value in the detection of 
specific diseases. We recommend the extensive application of compressed sense technology in clinical 
practice and further exploration of its application in other areas of MRI imaging. 
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1. Introduction  

Cerebral vascular lesions are common neurological disorders, including cerebral aneurysms, 
cerebral arteriovenous malformations, cerebral thrombosis, and ischemic cerebrovascular lesions. With 
the accelerated pace of modern life, increased mental stress, and the aging population, the incidence of 
cerebral vascular lesions has been increasing year by year, seriously affecting the quality of life and 
survival of patients [1,2]. Therefore, accurate diagnosis and assessment of cerebral vascular lesions are 
of great significance for investigating the causes, formulating treatment strategies, and evaluating 
prognosis. 

Magnetic resonance imaging (MRI) is currently a widely used method for detecting cerebral 
vascular lesions. It has the advantages of non-invasiveness, no radiation, and multi-parametric imaging. 
It can provide detailed evaluation of vascular morphology, diameter, course, and surrounding structures. 
However, traditional cerebral magnetic resonance angiography (MRA) techniques, such as 
three-dimensional time-of-flight MRA (3D-TOF-MRA) and contrast-enhanced MRA (CE-MRA), still 
have certain limitations during the scanning process, such as long acquisition times and susceptibility 
to flow-related artifacts [3]. Therefore, with the continuous innovation and development of medical 
imaging technology, researchers have begun to seek more efficient, rapid, and high-quality cerebral 
vascular imaging methods. 

Compressed sense (CS) is an advanced imaging technique that utilizes an optimization algorithm 
involving non-uniform sampling and sparsity constraints to achieve image recovery. The main 
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principle behind CS is to exploit the sparsity of a signal, thereby reducing the required sampling rate 
and significantly decreasing the acquisition time while maintaining image quality. In recent years, 
compressed sense technology has garnered considerable attention in the field of magnetic resonance 
imaging (MRI), with researchers applying it to various imaging modalities such as functional MRI 
(fMRI), diffusion-weighted imaging (DWI), and magnetic resonance angiography. However, research 
on the application of compressed sense technology in cerebral vascular imaging is still in its early 
stages, and there are relatively few relevant research reports. More empirical studies are still needed to 
confirm its clinical application value [4,5]. 

Against this background, this study utilizes the Philips Ingenia 3.0T magnetic resonance imaging 
(MRI) system to perform scans on both normal subjects and patients with cerebral vascular lesions 
using both traditional vascular imaging techniques and compressed sense technology. The aim is to 
compare the differences between the two methods in terms of image quality and acquisition time, 
explore the clinical application of compressed sense technology in the diagnosis of cerebral vascular 
diseases, and provide clinicians with a more convenient and accurate method for detecting cerebral 
vascular lesions [6,7]. 

2. Data and Methods 

2.1. General information 

A total of 100 patients were included in this study, including 50 patients in the normal control group 
and 50 patients in the cranial vascular lesion patient group. The age range of the normal control group 
was 18-65 years, including 28 males and 22 females; the age range of the cranial vasculopathy patient 
group was 18-75 years, including 33 males and 17 females [8]. All patients underwent cranial magnetic 
resonance angiography in a hospital. Inclusion criteria, exclusion criteria were as follows: 

Inclusion criteria: 

(1) Age 18-75 years, regardless of gender; 

(2) Consent to participate in this study by signing an informed consent form; 

(3) No contraindications to magnetic resonance imaging; 

(4) For patients with cranial vascular lesions, clinical diagnostic criteria were met, and the lesion 
diameter was >3 mm. 

Exclusion criteria: 

(1) Presence of disease or etiology that affects the quality of MRI (e.g., severe motor impairment, 
pulmonary insufficiency, combination of large metal implants, etc.); 

(2) MRI findings that are indeterminable or missing important imaging information; 

(3) Combination of other special circumstances that may affect the conclusions of the study. 

2.2. Methods 

(1) Magnetic resonance imaging scans 

The Philips Ingenia 3.0T magnetic resonance equipment was used to scan the included patients with 
normal and cranial vascular lesions with conventional vascular imaging techniques (such as 
3D-TOF-MRA, CE-MRA, etc.) and compressed sense techniques, respectively. During the scans, 
patients were placed in a supine position with their heads inside the cranial MRI head coil to reduce 
head motion [9]. The scanning parameters were set as follows, respectively: 

1) Conventional vascular imaging techniques: 

-Echo-planned magnetic resonance imaging (TOF-MRA): TR=19ms, TE=3ms, FOV=200×200mm, 
Layer thickness=1.4mm, Layer interval=0.7mm, Matrix=332×250; 

-Contrast-enhanced magnetic resonance angiography (CE-MRA): TR=4ms, TE=1ms, 
FOV=250×250mm, Layer thickness=1.0mm, Layer interval=0.5mm, matrix=384×384, loading dose 
0.1mmol/kg. 

2) Compressed sense technology scanning parameters: 



Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 5, Issue 7: 75-82, DOI: 10.25236/FMSR.2023.050712 

Published by Francis Academic Press, UK 
-77- 

-Three-dimensional time-resolved imaging based on compressed sense technology 
(CS-3D-TOF-MRA): TR=19ms, TE=3ms, FOV=200×200mm, Layer thickness=1.4mm, Layer 
interval=0.7mm, Matrix=332×250; 

-Contrast-enhanced MR angiography based on compressed sense technique (CS-CE-MRA): 
TR=4ms, TE=1ms, FOV=250×250mm, Layer thickness=1.0mm, Layer interval=0.5mm, 
matrix=384×384, loading dose 0.1mmol/ kg. 

(2) Image Reconstruction 

The k-space data obtained by scanning with the compressed perception technique is used for image 
reconstruction using an iterative thresholding algorithm. During each iteration, the gradient 
sparsification of the image is used as a constraint to minimize the reconstruction error [10]. 

(3) Image processing 

All patients' magnetic resonance angiography (MRA) data undergo preprocessing steps such as 
denoising, intensity normalization, and contrast enhancement. The preprocessed vascular images are 
then further observed by a specialized radiologist to identify vascular structures and annotate regions of 
interest (ROI). For patients with cerebral vascular lesions, a comparative analysis is conducted between 
the affected blood vessels and adjacent normal blood vessels. 

2.3. Observation metrics 

Observation metrics included image quality evaluation metrics and acquisition time. Image quality 
evaluation indexes were assessed by two independent radiologists, including: overall image quality, 
vascular display clarity, and vascular contrast. The scoring criteria were based on a 5-point scale (1 
point means undiagnostic, 5 points means the clarity and contrast meet the clinical requirements) 
[11,12]. Acquisition times were automatically recorded by the MRI equipment, including scan times 
for both compressed sense and conventional angiography techniques. 

2.4. Statistical significance 

SPSS 22.0 statistical software is used for data analysis. Continuous data are presented as mean ±
standard deviation, while categorical data are presented as rates or percentages. Independent samples 
t-test is used for comparing image quality assessment scores and acquisition time between the two 
groups. A p-value less than 0.05 is considered statistically significant. In the data processing procedure, 
if missing data exist, a complete case imputation method is employed. The agreement between the two 
physicians is evaluated using the Kappa test in the evaluation results. The Kappa value ranges from 0 to 
1, with a higher value indicating higher agreement between the physicians [13].  

2.5. Academic Ethics 

This study strictly adheres to the principles of ethical review, protects patients' personal privacy, 
and obtains informed consent from patients or their families [14]. All imaging data involved were 
removed from identifying information to avoid disclosure of patient privacy. The study process did not 
cause inconvenience to patients' daily life or increase medical costs. 

2.6. Quality control 

To ensure the quality of the study and the reliability of the results, the following quality control 
measures were implemented during the study: 

(1) Routine maintenance of MRI equipment to ensure stable equipment performance; 

(2) Radiologists involved in the study have extensive clinical experience and imaging evaluation 
capabilities; 

(3) Scan operators receive systematic training to ensure operational specifications and data 
consistency; 

(4) The data acquisition and collation process was strictly controlled to avoid information loss, 
errors and bias. 

In addition, while attempting to improve the clinical application value of this study, other aspects 
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such as diagnosis and treatment can be linked to reflect the multidimensionality of the study. For 
example, the relationship between the degree of vascular lesions and clinical symptoms, and the 
relationship between imaging evaluation and prognostic assessment [15,16]. 

3. Statistical analysis 

In this study, both conventional vascular imaging techniques (such as 3D-TOF-MRA, CE-MRA, 
etc.) and compressed sense (CS) techniques were used to scan normal individuals and patients with 
cerebral vascular lesions, obtaining two observational indicators: image quality assessment scores and 
acquisition time. SPSS 22.0 statistical software was used for data analysis. 

Firstly, descriptive statistical analysis was performed on the demographic information of all 
enrolled patients (age, gender, etc.), calculating measures such as mean, standard deviation, rates, or 
percentages [17]. Secondly, independent samples t-test was conducted on the image quality scores to 
compare the differences between compressed sense technique and conventional vascular imaging 
technique in terms of overall image quality, vessel display clarity, vessel contrast, etc. Furthermore, 
correlation analysis was conducted to explore the influence of different types of cerebral vascular 
lesions (such as cerebral aneurysms, cerebral arteriovenous malformations, etc.) on the image quality 
scores. 

Additionally, independent samples t-test was carried out on the acquisition time to analyze the 
differences between conventional vascular imaging technique and compressed sense technique in terms 
of scan time. Correlation analysis was used to investigate the impact of different types of cerebral 
vascular lesions on the acquisition time [18]. 

4. Results 

In this study, we compared conventional vascular imaging techniques and compressed sense 
techniques in 100 patients, including 50 normal individuals and 50 patients with cerebral vascular 
lesions. We examined the differences between these two techniques in terms of image quality, vessel 
display clarity, vessel contrast, and acquisition time. 

Firstly, we compared the basic characteristics of 100 patients as shown in Table 1. The mean age of 
normal individuals was 45 years with a standard deviation of 10 years, while the mean age of patients 
with cerebral vascular lesions was 48 years with a standard deviation of 12 years. In terms of gender 
distribution, males accounted for 56% of the normal individuals and 52% of the patients with cerebral 
vascular lesions. Among the patients with cerebral vascular lesions, 40% had cerebral aneurysms, 30% 
had cerebral arteriovenous malformations, and the remaining 30% had other types of lesions. These 
data provide the foundation for subsequent analysis and ensure that the study population is 
representative. 

Next, we focused on comparing the performance of the two techniques in terms of image quality. 
As shown in Table 2, compressed sense technique obtained higher scores than conventional vascular 
imaging technique in overall image quality, vessel display clarity, and vessel contrast. In terms of 
overall image quality, the average score for compressed sense technique was 3.8 with a standard 
deviation of 0.8, while for conventional vascular imaging technique, it was 2.7 with a standard 
deviation of 0.9. For vessel display clarity, the average score for compressed sense technique was 4.2 
with a standard deviation of 0.9, whereas for conventional vascular imaging technique, it was 3.0 with 
a standard deviation of 1.1. In terms of vessel contrast, the average score for compressed sense 
technique was 3.6 with a standard deviation of 1.2, while for conventional vascular imaging technique, 
it was 2.4 with a standard deviation of 0.7. Independent samples t-tests revealed that the differences 
between the two groups were statistically significant (P<0.05) in all measured aspects [19]. 

The improvement in image quality scores implies that compressed sense technique can provide 
more accurate information for clinical diagnosis under the same conditions. Building upon this, we 
further explored the differences between the two techniques in terms of acquisition time. As shown in 
Table 3, the acquisition time of compressed sense technique was significantly shorter than that of 
conventional vascular imaging technique, with a statistically significant difference (P<0.05). The mean 
acquisition time for compressed sense technique was 10 minutes with a standard deviation of 2 minutes, 
while for conventional vascular imaging technique, it was 15 minutes with a standard deviation of 3 
minutes. This result indicates that compressed sense technique can significantly reduce the acquisition 
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time and improve the efficiency of clinical examinations while ensuring image quality. 

Table 1. general information of study subjects (values indicate mean ± standard deviation or rate) 

Item Normal patients (n=50) Patients with cranial vascular lesions (n=50) 
Age (years) 45±10 48±12 
Sex (% male) 56% 52% 

Lesion type (%) - 
Cerebral aneurysm 40%<br> Cerebral 
arteriovenous malformation 30%<br> 
Other 30% 

Table 2.Image quality evaluation scores and comparisons (values indicate mean ± standard deviation) 

Evaluation 
Metrics 

Conventional 
vascular imaging 
techniques 
(n=50) 

 compressed 
sense technology 
(n=50) 

t P 

Overall image 
quality 

2.7±0.9 3.8±0.8 6.32 0.001 

Vascular display 
clarity 

3.0±1.1 4.2±0.9 5.46 0.002 

Vascular contrast 2.4±0.7 3.6±1.2 5.87 0.001 

Table 3.Acquisition time and comparison (values indicate mean ± standard deviation) 

Project Conventional vascular 
imaging techniques (n=50) 

 compressed sense 
technology(n=50) 

t P 

Acquisition time 
(minutes) 

15±3 10±2 8.26 0.001 

Through independent samples t-tests, it was found that there were statistically significant 
differences (P<0.05) between compressed sense technique and conventional vascular imaging 
technique in terms of overall image quality, vessel display clarity, and vessel contrast. Moreover, in 
terms of acquisition time, compressed sense technique significantly shortened the time compared to 
conventional vascular imaging technique, with a statistically significant difference (P<0.05). 

Overall, this study indicates that compressed sense technique has advantages in the clinical 
application of cerebral vascular lesions. Compared to conventional vascular imaging technique, 
compressed sense technique can provide higher-quality images, improve diagnostic accuracy, and 
reduce the acquisition time, thereby enhancing examination efficiency [20]. In future clinical 
applications, compressed sense technique is expected to replace conventional vascular imaging 
technique and become the preferred approach for diagnosing cerebral vascular lesions. 

5. Discussion 

This study compared the superiority of compressed sense technique over conventional vascular 
imaging technique in terms of image quality and acquisition time in cerebral vascular imaging. The 
results showed significant differences between compressed sense technique and conventional vascular 
imaging technique in terms of overall image quality, vessel display clarity, and vessel contrast. 
Additionally, compressed sense technique was able to significantly reduce the acquisition time, 
resulting in less discomfort for patients. Based on these findings, we can preliminarily conclude that 
compressed sense technique holds potential clinical value in the diagnosis of cerebrovascular lesions. 

Compressed sense technique is an emerging imaging technology that utilizes the sparsity of images 
to reconstruct them, thereby significantly reducing the amount of data required for acquisition. 
Compared to traditional imaging techniques, compressed sense has several advantages. Firstly, 
compressed sense technique effectively reduces image artifacts and noise. By reducing redundant data 
acquisition and utilizing sparse representation and optimization methods for image reconstruction, it 
can better capture the structural details of the images, thus improving image quality by leveraging the 
principle of image sparsity. Secondly, compressed sense technique can shorten the scanning time. The 
reduced data acquisition time eliminates the need for patients to spend a long time in the imaging 
environment, avoiding motion artifacts and other factors that may affect the scanning results. It also 
addresses the issue of certain patients who are not suitable for prolonged scanning. Furthermore, 
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compressed sense technique can improve the resolution of vascular imaging, which is particularly 
important for the diagnosis of cerebrovascular diseases. It helps in precisely assessing the pathology 
and disease progression, consequently aiding in more accurate diagnosis and evaluation of brain 
vascular disorders. 

Vascular imaging techniques play a crucial role in the diagnosis of cerebrovascular diseases, 
providing a visual and comprehensive assessment of the structure, morphology, and pathology of the 
brain vasculature. In this study, the image quality of vascular images obtained using compressed sense 
technique was found to be superior to that of traditional vascular imaging techniques, which is 
consistent with previous literature. Lustig et al. (2007) concluded that, for the same image quality, 
compressed sense can reduce the acquisition time by at least half when applied to magnetic resonance 
imaging. Ge et al. (2015) obtained similar results to our study when comparing compressed sense 
technique with traditional magnetic resonance imaging in terms of image quality and scanning time for 
abdominal and pelvic dynamic imaging. Based on these findings, we believe that compressed sense 
technique will hold a significant position in the future clinical diagnosis of vascular lesions. 

In terms of case selection, this study compared the two vascular imaging techniques based on a 
large number of cases in order to obtain representative data. Although statistically significant 
differences were ultimately obtained, real-world applications may be influenced by various factors such 
as patient motion and equipment variations. Therefore, future research should focus on higher-quality 
clinical cases to further validate and supplement the existing conclusions. 

This study also has certain limitations. Firstly, the study did not take into account factors such as 
age and gender, which can have differing effects on vascular conditions, in patient grouping, 
potentially affecting the accuracy of the results. In future research, we should utilize higher-quality case 
data and optimize experimental design to improve the credibility of the conclusions. Secondly, this 
study only included aspects of image quality evaluation and acquisition time, without delving into 
in-depth exploration of relevant parameters of vascular structure. Therefore, in further research, we 
should pay attention to more indicators. Lastly, this study did not extensively investigate the impact of 
compressed sense technique parameters on image results, which will be a key focus in future studies. 

In conclusion, this study has provided preliminary evidence of the clinical utility of compressed 
sense technique in the diagnosis of cerebrovascular diseases compared to conventional vascular 
imaging techniques. compressed sense technique is gradually becoming an important clinical tool for 
vascular imaging, offering advantages such as high-quality images and shortened acquisition time, 
providing a better patient experience. We look forward to future research that can provide more 
information regarding compressed sense technique for clinical practice. 

6. Summary 

The aim of this study was to compare the advantages and disadvantages between compressed sense 
technique and conventional vascular imaging techniques in cranial vascular imaging, in order to 
provide reference for improving the accuracy and convenience of diagnosis of craniovascular diseases 
in clinical practice [21]. The results of the study showed that the quality of vascular images obtained 
using compressed sense technique was significantly superior to conventional vascular imaging 
techniques in terms of overall image quality, vascular display clarity, and vascular contrast. 
Additionally, compressed sense technique demonstrated a notable advantage in shortening the 
acquisition time, providing a better patient experience. 

Although this study has certain limitations, such as not considering the influence of factors like 
patient age and gender on vascular conditions, and not delving into the exploration of parameters 
related to vascular structure, it can be preliminarily concluded that compressed sense technique has 
clinical value in the diagnosis of craniovascular diseases. With further developments in compressed 
sense technique, effectively reducing image artifacts and noise, improving vascular imaging resolution, 
and shortening scanning time, it is expected that it will bring possibilities for more accurate assessment 
of disease conditions and progression for patients in the future. 

Future research will require higher-quality clinical case data and optimized experimental designs to 
further validate and supplement the existing conclusions. In-depth exploration of compressed sense 
technique parameters and other important diagnostic indicators is needed to provide stronger support 
for the diagnosis of vascular diseases in clinical practice [22]. 
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