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Purpose: To evaluate the stability of unruptured intracranial aneurysm (UIA) with high-resolution magnetic resonance imaging of the 
vessel wall (HR-VWI).
Materials and Methods: A total of 92 UIA patients were enrolled. After MRA, HR-VWI imaging, the reconstruction of volume 
rendering (VR) and maximum intensity projection (MIP) were performed to observe the location and size of aneurysms, AR value 
(ratio of aneurysm height to aneurysmal diameter), SR value (ratio of maximum tumor depth to proximal parent artery diameter), and 
signal intensity were measured.
Results: There were 7 aneurysms with UIA located in the anterior cerebral artery, 31 aneurysms with UIA in the middle cerebral 
artery, 1 aneurysm with UIA in the posterior cerebral artery, 18 aneurysms with UIA in the anterior communication, 5 aneurysms with 
UIA in the posterior communication, 34 aneurysms with UIA in the intracranial segment of the internal carotid artery and 3 aneurysms 
with UIA in the vertebral artery. Among them, 8 patients had more than two multiple aneurysms. The lesion size was 2–38mm (6.3 ± 
5.09). There are 46 aneurysms with wall enhancement: the maximum SR value was 7.03 and the minimum 1.2, and the maximum AR 
value was 7.5 and the minimum 1.0. Fifty-five aneurysms showed no enhancement of the tumor wall. The maximum SR value was 
4.55 and the minimum 0.58, and the maximum AR value was 4.0 and the minimum 0.6, respectively. Patients were divided into 
a stable group and an unstable group according to the aneurysm wall. The enhancement rate, SR value, and AR value in the stable 
aneurysm group were significantly lower than those in the unstable aneurysm group (P < 0.05).
Conclusion: MRA and HR-VWI can objectively reflect the stability of aneurysms by judging the morphology, SR value, and signal 
enhancement of UIA, and can provide a certain basis for diagnosis and treatment, which has become routine examination.
Keywords: high-resolution magnetic resonance imaging of the vessel wall, unruptured intracranial aneurysm, signal intensity, 
enhancement, diagnosis

Introduction
Intracranial aneurysm (IA) is a common cerebrovascular disease, which refers to the local pathological dilation of the 
artery wall and occurs mostly in women aged 40–60 years old. The pathogenesis of IA has not yet been fully determined 
and may be related to the degeneration of the internal elastic layer.1 According to the survey, the incidence of IA is about 
6%, and the incidence of aneurysm rupture is about 0.8–2%,2 with a low incidence. Some patients have no special 
clinical symptoms, but if an aneurysm rupture leads to subarachnoid hemorrhage, the fatality rate is as high as 32–67%,3 

and about 1/3 of patients are accompanied by disability, which brings a great burden to the society and family. Therefore, 
it is crucial to use accurate and convenient methods for early assessment of aneurysm rupture and provide an objective 
basis for clinical treatment. Currently, PHASES scoring is used to evaluate the stability of aneurysms,4 but this scoring 
method is based on the clinical characteristics of patients, which have certain errors and lack certain objectivity. At 
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present, the methods for cerebral vascular imaging examination are magnetic resonance angiography (MRA), CT 
angiography (CTA), and Digital Subtraction angiography (DSA). MRA has the advantage of a non-injection contrast 
agent as a routine screening method. Cerebrovascular disease is confirmed by CTA or DSA examination as the standard. 
The location, size, and shape of aneurysms examined by CTA can only provide the judgment of whether aneurysms tend 
to rupture. Because of the high rate of misdiagnosis of MRA, approximately 59%,5 CTA remains a key role for the initial 
diagnosis of intracranial aneurysms because of its advantages of rapid imaging and reproducibility. The sensitivity and 
specificity of CTA for diagnosing medium and large aneurysms were 96–98% and 100%, respectively.6 In this study, 
even though the aneurysm was found by MRA, the patient still underwent CTA for the diagnostic accuracy. Although 
DSA is more sensitive to aneurysms < 5 mm,7 it is usually used as a treatment method and not as a routine examination 
method. According to literature reports,8 the larger the arterial tumor/aspect ratio is, the more likely it is to make 
exceptions, the larger the diameter is, the more likely it is to rupture. The aneurysm containing ascus is also likely to 
rupture. However, the above examination method cannot evaluate the condition of the vascular wall, so it has certain 
limitations.

With the development of imaging in recent years, MRI advanced scanning sequence has been increasingly 
applied in clinical practice. The application of high-resolution magnetic resonance vessel wall imaging (HR-VWI) 
can not only display the morphology of an aneurysm but also evaluate the condition of the aneurysm wall to reflect 
the stability of the aneurysm. HR-VWI can clearly show the thickness of an aneurysm wall, but Sherif9 measured the 
thickness of an experimental rabbit aneurysm wall by 3.0T MAGNETIC resonance and found that there was 
a certain difference between histological measurement and MRI measurement, which may be related to the 
resolution of the equipment. HR-VWI can measure tumor wall thickness when the lesion exceeds the spatial 
resolution of the image. Studies have shown that10 an aneurysm wall has an inflammatory reaction due to the effect 
of inflammatory factors, which will make the wall thicker, and the manifestation of this inflammatory reaction can 
be demonstrated by HR-VWI technology. HR-VWI technology reflects the inflammatory response of the aneurysm 
wall by evaluating the enhancement way or whether there is an enhancement, thus reflecting the stability of the 
aneurysm.11 Therefore, as an emerging imaging technology, HR-VWI imaging can analyze the characteristics of 
aneurysm walls, make a comprehensive analysis of patients and conduct regular follow-up reviews. In this study, 
unruptured intracranial aneurysms (UIA) were selected as subjects and aneurysm wall characteristics were analyzed 
by CTA and HR-VWI imaging to evaluate the stability of the aneurysm, to provide objective diagnosis and treatment 
basis for clinicians.

Materials and Methods
Research Subjects
A total of 92 patients with UIA diagnosed by CTA in Yan ‘an Hospital affiliated with Kunming Medical University and 
The Second People’s Hospital of Kunming from January 2018 to May 2021 were collected, including 57 females and 35 
males. UIA patients were divided into an unstable group and a stable group on whether there was an enhancement of the 
vascular wall or not. Patients were admitted to the hospital with headaches and facial muscle convulsion as the chief 
reason.

Data Collection and Scanning Methods
Siemens Verio 3.0T superconducting MAGNETIC resonance scanner and 8-channel array coil were used.

Firstly, MRA images were collected to search for the lesion, and then the lesion area was scanned with a high- 
resolution SPACE sequence. An intravenous injection of gadolinium meglumine (Magenweishen) at a dose of 0.2 mL/kg 
was performed. The scanning parameters were consistent before and after enhancement, and the SPACE scan was 
performed again. The scanning parameters are as follows: MRA sequence: TR/TE:25/3.45, FOV18x18 cm, layer 
thickness 0.14 cm, and scan 120 layers. SPACE sequence: TR/TE:800/18, FOV20x18 cm, layer thickness 0.06 cm, 
scanning 133 layers.
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Image Post-Processing
The images were loaded into the Siemens MRI MMWP post-processing station, and the MRA and SPACE images were 
subjected to multiplanar reformation (MPR) to produce images of different orientations. Image analysis was performed 
by two senior diagnostic imaging physicians. The measurement results of two physicians in the same method were 
analyzed, including the measurement of lesion location, size, SR value, and signal intensity. Signal measurements are 
performed using the Circle tool in the Workstation Tools directory. If there were different opinions, a consensus was 
reached through further discussion.

Statistical Analysis
SPSS 26.0 was used for data analysis and Origin 2019 for mapping. The measurement data followed a normal 
distribution and were described as mean ± standard deviation (X � s). A t-test was used for comparison between groups. 
The count data were described by the number of cases, and the χ2 test was used for comparison between groups. Based 
on the literature,12–14 the enhancement rate, SR, and AR were transformed into a binary variable. The enhancement rate, 
SR, AR, and inflow angle were taken as independent variables, respectively, and the stability of the aneurysm was taken 
as dependent variables for univariate logistic regression analysis. The variables with P < 0.10 in univariate analysis were 
incorporated into the multivariate logistic regression model through stepwise forward regression screening. In the 
bilateral test, P < 0.05 was considered statistically significant.

Results
Comparison of the Baseline Between the Unstable Group and Stable Group
A total of 92 patients were included in the study. In the unstable group, there were 19 males and 24 females, aged 58.74 ± 
11.71 years. In the stable group, there were 16 males and 33 females, aged 56.08 ± 9.37 years. There was no statistical 
significance in the age and gender of the two groups (Table 1).

Analysis of Aneurysm Characteristics
The 92 patients had a total of 101 aneurysms. There were 7 aneurysms with UIA located in the anterior cerebral artery, 
31 aneurysms with UIA in the middle cerebral artery, 1 aneurysm with UIA in the posterior cerebral artery, 18 aneurysms 
with UIA in the anterior communication, 5 aneurysms with UIA in the posterior communication, 34 aneurysms with UIA 
in the intracranial segment of the internal carotid artery, 2 aneurysms are located in the basilar artery, and 2 aneurysms 
with UIA in the vertebral artery (Figure 1). The lesion size of the aneurysm was between 2 mm and 38 mm in all 
collected cases (6.3 ± 5.09). There are 46 aneurysms with wall enhancement: the maximum SR value was 7.03 and the 
minimum SR value was 1.2; the maximum AR value was 7.5 and the minimum AR value was 1.0. In addition, it was 

Table 1 Comparison of the Baseline Between the Unstable Aneurysm Group and 
Stable Aneurysm Group

Unstable Aneurysm 
Group

Stable Aneurysm 
Group

p

Gender n (%)
Male 19 (44.2%) 16 (32.7%) 0.256

Female 24 (55.8%) 33 (67.3%)

Age (years) 58.74±11.71 56.08±9.37 0.229
Enhancement rate 1.26±0.25 0.40±0.12 <0.001*

SR 2.87±1.52 1.81±0.91 <0.001*

Inlet Angle 89.74±27.89 95.57±23.39 0.278
AR 2.68±1.41 1.61±0.72 <0.001*

Note: *P<0.05.
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found that there are 55 aneurysms without enhancement walls: the maximum SR value was 4.55 and the minimum SR 
value was 0.6; the maximum AR value was 4.0 and the minimum AR value was 0.6.

As shown in Table 1 and Figure 2 the enhancement rate, SR, and AR in the stable group were significantly lower than 
those in the unstable group (P < 0.05). Furthermore, the differences in enhancement rate, SR, inlet angle, and AR 
between the unstable group and the stable group were demonstrated by the violin diagram (Figure 2). Figures 3 and 4 
show more clearly that the enhancement rate, SR, and AR of the unstable group are higher than those of the stable group.

Figure 1 Aneurysm location distribution.

Figure 2 Violin diagram. (a) Inlet angle, p> 0.05. (b–d) Enhancement rate, AR, and SR, respectively, p< 0.05.
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Discussion
Aneurysm formation includes congenital and acquired factors.15,16 Some scholars believe that aneurysms are familial 
inheritance, and after exon sequencing, LOXL2c.C133T may be a pathogenic mutation.17,18 However, no evidence of 
familial heritability was found in this study, which may be due to the small sample size or lack of detailed medical history 
collection. Follow-up studies can expand the sample size and increase exon sequencing for further research. Epigenetic 
factors include hemodynamic changes, atherosclerosis, and vascular inflammatory responses. Hypertension may also be 
a factor. Cerebral et al19 proposed the concept of Wall Shear stress (WSS), which refers to the force generated by the 
friction between blood and vascular intima. The increase of WSS damages vascular endothelial cells and further leads to 
the dysfunction of endothelial cells, which is closely related to the occurrence of IA. Rupture of IA is the main cause of 
subarachnoid hemorrhage (SAH). In the 92 cases, 2 cases were ruptured. In 2012, the American Stroke Association 
proposed that active blood pressure control and smoking cessation could reasonably reduce the occurrence of SAH. The 
main causes of IA rupture are 1) inflammatory cells and factors; 2) the location and size of the aneurysm; 3) 
hemodynamics. Vascular inflammation is an important factor that cannot be ignored in an aneurysm rupture. It has 
been reported that C3, C9 complement, IgG, IgM immunoglobulin, and macrophages are found in the aneurysm wall of 

Figure 3 Female patient, 66 years old. (a–c) were images of CTA, VR, and HI-VWI respectively, which could show the aneurysm of the cavernous segment of the left 
internal carotid artery, and the tumor wall was significantly enhanced after enhancement. (a) is VR image of CT and the black arrow shows an aneurysm in the cavernous 
segment of the left internal carotid artery; (b and c) are high-resolution MRI cross-sectional and sagittal images and the black arrows show the presence of enhancement in 
the aneurysm wall.

Figure 4 A 68-year-old female patient. (a–d) images of CTA VR, MIP, and HI-VWI respectively, can show the distal aneurysm of the M1 segment of the right middle cerebral 
artery, and the tumor wall is significantly strengthened after enhancement. In this case, the SR is 4.46. (a) is the VR image of CT and the black arrow shows the aneurysm 
distal to the M1 segment of the right middle cerebral artery; (b) is a CT maximal intensity projection image and the white arrow indicates the aneurysm distal to the M1 
segment of the right middle cerebral artery; (c and d) are high-resolution MRI cross-sectional and coronal images, and the black arrows show the presence of enhancement 
in the aneurysm wall.
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patients with aneurysm rupture, and leukocyte infiltration can be found in patients with aneurysm rupture.20 Autopsy 
results showed that inflammatory cell infiltration and fibrosis co-existed in 78% of unruptured aneurysms,21 while no 
fibrosis was found in the tumor wall without inflammatory cell infiltration, indicating that fibrosis may be secondary to 
inflammatory cell infiltration.22 As previously described, the macrophages have been found in patients with aneurysms 
and it has been found that they can denature the aneurysm wall, leading to rupture of the aneurysm. The reason may be 
that macrophages secrete MMP and elastase, which degenerated the elastic layer inside the vessel and thinned the vessel 
wall, finally leading to aneurysm rupture.23–25 HR-VWI, as a non-invasive and radiation-free examination technology, is 
widely used in the examination of vascular diseases. During the scanning, the blood within the scanning range cannot 
produce a magnetic resonance signal, to suppress the blood signal and highlight the surrounding vascular wall, which is 
called the black-blood technology. The application of this scanning technique was initially evaluated for arterial plaque, 
but with the continuous improvement of scanning technology, it can also be applied for vasculitis, aneurysm, and 
dissection.

In this study, aneurysm images of 92 cases were collected and analyzed by HR-VWI. When the inflammatory reaction 
occurs on the vascular wall, the permeability of the vascular wall increases and the injected contrast agent can penetrate 
the vascular wall, which can be shown as a uniform enhancement of the aneurysm wall in the image. The middle 
membrane of the arterial wall maintains the integrity of the vascular wall. The middle membrane is mainly smooth 
muscle, and the smooth muscle is the main component of the inflammatory reaction.26 Early in the early stage of 
aneurysm formation, smooth muscle underwent a phenotypic transformation, and smooth muscle cells changed from 
close arrangement to network arrangement, and the middle membrane could not maintain the integrity of the vascular 
wall, resulting in aneurysm rupture.27–30

Takashi31 judged the stability of aneurysms according to the ratio of the maximum tumor depth to the diameter of the 
proximal parent artery (SR). In the analysis of 31 middle cerebral artery aneurysms, it was found that aneurysms located 
in the middle cerebral artery with SR > 1.7 were more likely to rupture. A study of the anterior cerebral artery showed 
that aneurysms with SR greater than 0.9 were at risk of rupture.32 In the present study of 31 aneurysms in the middle 
cerebral artery, SR > 1.7 was found in 4 cases of them (Figure 3). This patient can be judged as an unstable aneurysm 
from both SR value and enhancement signal intensity, and annular enhancement is more likely to rupture than focal 
enhancement.33 This patient also presented significant annular enhancement and was in urgent need of treatment, which 
was consistent with the conclusion of some scholars34–36 that tumor wall enhancement and SR value could be used as 
independent risk factors for aneurysm rupture. Aneurysm size has also been considered an important factor in 
determining stability. Some studies suggest that the size and location of aneurysms can determine the stability of IA 
and aneurysms with a diameter >7 mm located in the anterior communicating artery are more likely to rupture.15,37 The 
study showed that the enhancement rate increases gradually with the increase of aneurysm volume.38 In this study, 4 
aneurysms (4/55) in the stable aneurysm group had lesions larger than 7 mm, and 14 aneurysms (14/55) in the anterior 
communicating artery. These 18 aneurysms showed no enhancement of the tumor wall, indicating no inflammatory 
response. One of the reasons for this may be that the number of cases was too small to reach an agreement with the 
scholar’s findings, and a larger sample size is needed for further validation. The maximum SR in the anterior 
communicating artery was 0.7, less than 0.9. This was consistent with the findings of Tremmel.32

Hemodynamics is related to the formation of IA and also plays an important role in the rupture process.39 There is 
a positive correlation between WSS and blood flow velocity. The faster the speed is, the more serious the damage to the 
elastic layer in the blood vessel will be. The smooth muscle and elastic fibroma of the medium membrane would 
disappear, and the IA were more likely to rupture. This is in contrast to the Tremmel32 study, in which he found that 
aneurysms are prone to vorticity and thus reduced wall shear stress (WSS). Due to limited conditions, WSS cannot be 
measured in this study, which can be used as the target of future research. In addition, studies have shown that thrombus 
formation in aneurysms is an independent factor in aneurysm rupture, aneurysms >8 mm are more likely to form thrombi, 
the process of thrombosis is due to prolonged blood flow residence time, and both WSS and eddy currents in blood flow 
are key factors in thrombosis.40 Figure 4c shows the high-resolution vessel wall enhancement imaging. A high signal is 
visible in the lumen of the aneurysm, indicating that blood flow stays in the lumen for a long time and this patient is more 
prone to thrombosis. The significant enhancement of the aneurysm wall also indicates that there is a severe inflammatory 
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response in the aneurysm wall, which is also prone to rupture. Therefore, surgery is performed for this patient. In 
contrast, small aneurysms have a shorter residence time for blood flow; thus, it is less likely to form a thrombus. Figure 3 
shows an aneurysm of the cavernous sinus segment of the left internal carotid artery. Although there is an enhancement in 
the wall, no contrast is seen in the lumen, indicating that the blood residence time for a small aneurysm is short and is 
less likely to form thrombosis.

For IA, especially unstable IA, HR-VWI is the main noninvasive examination method. Although routine CTA examina
tion is the diagnostic standard of vascular diseases, it is easy to cause misdiagnosis because of its simple judgment method. 
HR-VWI can be used to identify lesions from various aspects including location, morphology, and tumor wall state, which 
can significantly improve the diagnostic accuracy of IA and provide a diagnosis and treatment basis.

Conclusion and Limitation
There are many independent risk factors for unruptured intracranial aneurysms, including SR, AR, rate of enhancement, and 
thrombosis. HR-VWI allows for specific observation of the rate of aneurysm wall enhancement. Although it is limited to 
some aneurysm walls, it can be supplemented by other parameters to provide a valid assessment of the risk of aneurysm 
rupture. The shortcomings of this study are the cases included for research are small, especially for patients with a high risk 
of non-surgical treatment. Future further studies are needed to increase the sample size for more in-depth studies.
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