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Background: Anterior communicating artery (AcomA) aneurysm is the most common intracranial aneurysm (IA) and has the highest rupture rate. Previously, the preferred surgical treatment for intracranial aneurysms was microsurgery clipping (MC). With the gradual maturation of endovascular treatment (EVT), an increasing number of patients are inclined to treat IA with EVT. In recent years, an increasing number of scholars have suggested that the preferred treatment for wide-necked aneurysms is stent-assisted coiling (SAC). Currently, there are few studies on comparative analyses of the procedural results of SAC in AcomA aneurysms.
Methods: We retrospectively reviewed all consecutively treated patients who received SAC for AcomA aneurysms between 12 February 2013, and 20 January 2021. The primary procedural outcome was the occlusion rate evaluated with the Raymond–Roy occlusion classification (RROC) assessed on DSA at follow-up. Safety assessment included 1) ischemic complications (asymptomatic ischemia; intrastent thrombosis; coils falling off plug; arterial dissection); 2) bleeding complications (SAH; ICH); and 3) death. Univariate and multivariate logistic regression analyses were performed to determine patient baseline and aneurysm characteristics associated with total aneurysm occlusion at follow-up. Hemodynamic analysis was performed in one representative case each of the four stents, and six hemodynamic parameters were chosen, including wall shear stress (WSS), cavity blood flow velocity (CBFV), residual blood in the aneurysm (RBA), neck blood flow velocity (NBFV), blood flow inflow (BFI); and inflow concentration index (ICI).
Results: A total of 154 patients who underwent EVT via SAC were enrolled for comparative analysis of procedural outcomes. The median age was 55 years, and 56.49% (87) were female. At the first (6–10 months), second (12–15 months) and last (24–48 months) follow-up, complete aneurysm occlusion was observed in 94.8%, 94.8%and 94.2% of patients, respectively. There were no differences regarding the occlusion rates stratified by stent. Each stent showed a variable decrease in all hemodynamic parameters.
Conclusion: Hemodynamic parameters all decreased significantly after SAC with all four different stents, and the effect of laser-cut stents on the hemodynamic decline of aneurysms appeared to be more significant than that of woven stents. No significant difference was observed in the follow-up RROC grade among the four stents.
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1 INTRODUCTION
Intracranial aneurysm (IA) is a common cerebrovascular disease, and the anterior communicating artery (AcomA) is the most common site [1], accounting for the highest mortality rate of ruptured aneurysms [2].
AcomA aneurysms are usually clipped, but an increasing number of studies have shown that endovascular treatment (EVT) is effective [3]. Stent-assisted coiling (SAC) is commonly used to treat wide-necked aneurysms, which are defined as aneurysms with neck ≥4 mm or dome-to-neck ratio (DNR) < 2 [4]. Previous researches believe that SAC has a similar complication rate and lower recurrence rate than coiling alone [5]. In our therapeutic centre, we used a total of four stents for SAC, which were Solitaire AB stents, Enterprise stents, LVIS(JR) stents and LEO + (baby) stents. In general, the treatment effect was acceptable, and the complication rate and recurrence rate were low.
The creation and rupture of aneurysms are associated with hemodynamic factors [6, 7]. Currently, there are relatively few studies that simultaneously investigate the effects of these four different stents on hemodynamics. In addition, no study on the simultaneous effect of these four stents on the occlusion rate has been reported.
In this study, we deeply investigated the effect of multiple factors, including patient baseline characteristics, anatomical aneurysm details, and hemodynamic changes before and after stent placement on aneurysm recurrence to guide the use of the stents in the subsequent treatments.
2 MATERIALS AND METHODS
2.1 Patient selection
We retrospectively analyzed the data of all consecutive patients with AcomA wide-necked aneurysms who were diagnosed and treated at the Neurosurgery of the First Affiliated Hospital of Chongqing Medical University between 12 February 2013, and 20 January 2021. All patients receiving SAC treatment with the four stents (Solitaire™, Enterprise™, LVIS(JR)™, LEO(Baby)™) were selected and analyzed.
The main inclusion criteria for all cases were 1) the diagnosis of an AcomA wide-necked aneurysm, regardless of rupture or not, 2) SAC in an elective setting, and 3) Solitaire™, Enterprise™, LVIS(JR)™ or LEO (baby)™ stents, regardless of previous treatments (EVT or MC). The main exclusion criterion was that the image display was unclear.
For all selected patients, baseline and procedural characteristics were collected from medical records and imaging studies. We selected only specific and measurable measures, for patient baseline, such as age, gender, etc., whereas height, weight, etc., were not recorded because of failure to measure precisely or variations in data. In terms of previous history, we selected arterial hypertension or not, history of previous treatment of aneurysms, other factors such as medical history which may cause difficulty in recording details due to patient forgetting or deliberate concealment, etc. so were not included as parameters.
2.2 Antiplatelet and anticoagulation therapy
Many reports suggest that irregular administration of clopidogrel and aspirin may result in high thromboembolic event rates [8]; therefore, we followed regular and scientific antiplatelet therapy before treatment. All patients without previous antiplatelet therapy received loading dose dual antiplatelet therapy primarily with aspirin (300 mg st) and clopidogrel (300 mg st) before SAC. If the standard dual antiplatelet dose (aspirin 100 mg qd and clopidogrel 75 mg qd) had been taken for ≥3 days, the same standard dual antiplatelet dose was given once before treatment. At the beginning of the intervention, weight-adaptive heparin was administered intra-arterially, 2/3 mg/kg for the first time. If the procedure was still not finished after 1 h, half of the first dose was injected as a bolus, and the dose was tapered sequentially. After surgery, some patients received intravenous micropumps of tirofiban for several hours, overlapping with dual antiplatelet therapy for 4 h before deactivation. For the remaining patients, coagulation profiles were reviewed at 4 h postoperatively, and low molecular weight heparin (LMWH) was administered subcutaneously if no significant abnormalities were observed, bridging dual antiplatelet therapy until the second postoperative day. All patients after SAC took aspirin for at least 3 months and clopidogrel for at least 6 weeks every day. The dosage was adjusted according to the thromboelastography (TEG) and clopidogrel genotype (CYP2C19 enzyme). Genetic polymorphisms of the CYP2C19 enzyme result in different efficacy of clopidogrel, which is usually divided into four phenotypes clinically according to the different ability to metabolize clopidogrel: ultra fast metabolism (UM), fast metabolism (FM), medium metabolism (MM) and slow metabolism (SM). When a patient’s clopidogrel genotype was expressed as UM or FM, we gave clopidogrel 75 mg qd. When clopidogrel genotype was expressed as MM, we gave clopidogrel 100 mg qd. When clopidogrel genotype was expressed as SM, we replaced clopidogrel with ticagrelor at an oral dose of 90 mg qd.
2.3 SAC treatment
EVT is an effective treatment modality for AcomA aneurysms [9], and previous studies have shown that SAC may improve the results of embolization by allowing more complete initial coiling. The success rate of SAC is higher than that of coiling alone, especially in the treatment of wide-necked aneurysms [1, 10]. In our cases, all operations were performed under general anesthesia using a SIEMENS™ biplane angiography system. Cerebral vessel access was usually established using a 6F Chaperon Guiding Catheter System. Subsequently, a 3-D rotational angiography was performed to plan the operation. In all cases, we used the jailing technique, which could reduce navigation time and result in a lower incidence of thromboembolic events [8]: 1) a microcatheter was used to navigate to the aneurysm and fill in coils; 2) another microcatheter was used to navigate to the far end of the parent artery; and 3) the stent was partially released while coiling the IA was continued; and 4) the stent was completely released when the IA was completely coiled.
2.4 Stent characteristics
The use of each stent depends on the diameter of the parent artery, the condition of vascular tortuosity and the specific parameters of the IA, such as the location and DNR. Each stent has its specific diameter-length ratio, and the choice of stent diameter is determined according to the diameter of the parent artery, the length of the stent is determined according to the width of the aneurysm neck, both ends of the aneurysm neck need to be covered with a sufficiently long stent, and at the same time the stent cannot be too long to block branch arteries.
Solitaire™ is a self-expanding nitinol laser-cut stent with a closed-cell design and fully open structure on one side, combining the advantages of open-cell and closed-cell designs. It can be completely recovered twice, and the stent hole is adjustable. The advantages of this stent are mainly a higher success rate for SAC of small-size aneurysms and a lower risk of postoperative thrombosis [11].
Enterprise™ is also a self-expanding nitinol laser-cut stent with a closed-cell design. The conveying system provides excellent navigation and positioning, making it easier to transport and deploy, with only a 1.3% inaccurate deployment rate. Stents are deployed on the parent artery 5 mm above both sides of the aneurysm neck, with more intensive filling of the aneurysm sac and neck [8]. Our case contained a large number of ruptured aneurysms, and previous studies have shown that the Enterprise stent is safe and effective in SAC of ruptured wide-necked aneurysms [8].
LVIS™ is a self-expanding nitinol woven stent system with a closed-cell design. It has higher metal coverage, which may cause a greater reduction in velocity at the neck plane, and higher packing density, which may cause a greater reduction in velocity and WSS at the aneurysm. The greater hemodynamic alterations may cause lower recanalization in medium-sized aneurysms [12].
LEO™ is a self-expanding nitinol woven stent system with a closed-cell design. With two radio opaque standards along its full length, delivery systems that allow easier navigation and precise placement and potential for stent repositioning make it very useful for the treatment of complex cerebral aneurysms [13], in addition to lower perioperative morbidity [14]. Some scholars even believe that SAC with LEO stents may be considered the first-line treatment for wide-necked aneurysms [15].
A comparison of the technical parameters of the individual stents is detailed in Table 1.
TABLE 1 | Comparison of seven technical parameters among four stents.
[image: Table 1]2.5 Hemodynamic parameters
Hemodynamics are as important as morphology in the development of aneurysms [7]. Previous studies have confirmed that 53% of patients with AcomA aneurysms have variant anatomy of the vessels surrounding the AcomA [2], and the presence of a hypoplastic A1 segment is the only parameter independently associated with the presence of AcomA aneurysms in addition to aneurysm size [16]. Research has shown that the growth of aneurysms may be associated with high wall shear stress (WSS) [17], and IAs with large maximum widths and small neck diameters, which have a greater range of low WSS areas, may be prone to rupture [18]. As aneurysms are studied more intensively, the influence of hemodynamics should not be ignored.
In this study, four patients with four different stents were randomly selected, focusing on the following six parameters: 1) wall shear stress (WSS); 2) cavity blood flow velocity (CBFV); 3) residual blood in the aneurysm (RBA); 4) neck blood flow velocity (NBFV); 5) blood flow inflow (BFI); and 6) inflow concentration index (ICI).
2.6 Procedural outcomes
Aneurysm details were analyzed, including the size of the aneurysms, the DNR, ruptured or not, the number of coils filled and the diameters of the parent arteries. The angiographic results were evaluated after intervention and angiography by DSA using the Raymond–Roy Occlusion Classification (RROC) [19], which defined Class I as complete obliteration, Class II as residual neck, and Class III as residual aneurysm. RROC I was defined as the primary angiographic outcome endpoint, and all occlusion rates were compared by the stent used.
The above factors in all follow-up patients were analyzed for significant associations with complete aneurysm occlusion. We recommend that the patients be reviewed for the first time 6 months after surgery. If negative (Class I), patients should be reviewed again 1 year later. If still negative, they should be reviewed 2–3 years later. SAC was performed whenever the review was positive (Class II or Class III). The reason for this is that after aneurysm clipping, 25% of Raymond II patients will have gradually increasing aneurysms; if Raymond III, 75% of aneurysms will increase [20]. Although no relevant reports have been found after SAC, overall, more than 20% of aneurysms recurred after EVT [21].
Perioperative complications that need attention mostly include 1) ischemic complications (asymptomatic ischemia; intrastent thrombosis; coils falling off plug; arterial dissection); 2) bleeding complications (SAH; ICH); and 3) death.
2.7 Statistical analysis
All data were analyzed using statistical methods, standard descriptive statistics were used for all data endpoints, the mean and median were used to represent the degree of centralization, and the standard deviation (SD) was used to represent the distribution. Categorical variables were compared using the chi-square test or Fisher’s exact test. Continuous variables were assessed with the Mann‒Whitney U test (non-normally distributed data). Univariate and multivariate logistic regression analyses were used to identify variables associated with total aneurysm occlusion. The odds ratio (OR) and adjusted OR (AOR) had a 95% confidence interval. p < 0.05 was considered statistically significant. Regarding the hemodynamics section, we provided the original data mentioned above and technical support provided by ArteryFLOW Science and Technology Co., Ltd.
3 RESULTS
3.1 Study population
A total of 154 patients were selected; 82.47% (127) of patients were found due to subarachnoid hemorrhage, and 17.53% (27) of patients were found accidentally due to health checkup or radiological examinations owing to symptoms such as dizziness or headache. The median age was 55 years, and 56.46% (87) were female. The most common risk factor associated with IA was arterial hypertension, with 51.95% (80) detected. The mean dome diameter, the mean neck diameter and the mean DNR was 5.4 mm, 3.6 mm, and 1.5, respectively. As the AcomA is the most difficult to observe by angiography among the arteries of the circle of Willis, the mean diameter of the parent artery can only be estimated roughly, which was approximately 1.62 mm. The median number of implanted coils was 3. Table 2 shows an overview of patient characteristics and anatomical aneurysm details stratified by stent models.
TABLE 2 | Patient baseline characteristics and anatomical aneurysm details.
[image: Table 2]3.2 Complications
Perioperative ischemic complications (11.69%, 18) were more common than hemorrhagic complications (5.19%, 8). There were no deaths in our cases during hospitalization and follow-up.In total, 6.49% (10) developed asymptomatic ischemia; the incidence was 9.09% 4) for the Solitaire stent, 2.86% 1) for the Enterprise stents, 5.88% 2) for the LVIS stents, and 7.32% 3) for the LEO stents (Table 3).
TABLE 3 | Perioperative complications.
[image: Table 3]3.3 Procedural outcome
According to the Raymond-Roy Classification, 94.81% (146) of patients had total occlusion (RROC Ⅰ) at the first follow-up. The incidence of RROC I was 86.36% (38) after Solitaire stenting, 97.14% (34) after Enterprise, 100% (34) after LVIS, and 97.56% (40) after LEO. At the second follow-up, 94.81% (146) of patients had total occlusion (RROC Ⅰ). The incidence of RROC I was 97.73% (43) after Solitaire stenting, 94.29% (33) after Enterprise, 94.12% (32) after LVIS, and 92.68% (38) after LEO. At the third follow-up, 94.16% (145) of patients observed total occlusion (RROC Ⅰ). The incidence of RROC I was 93.18% (41) after Solitaire stenting, 97.14% (34) after Enterprise stenting, 94.12% (32) after LVIS stenting, and 92.68% (38) after LEO stenting (Figure 1).
[image: Figure 1]FIGURE 1 | Comparison of occlusion rates at 3 follow-up visits in patients using four stents.Legend: Time of first follow-up: 6–10 months after SAC. Time of second follow-up: 12–15 months after SAC. Time of third follow-up: 24–48 months after SAC.
3.4 Logistic regression analyses
As shown in Table 4, most data for patients using different stents did not show significant differences. Univariate logistic regression was then used to analyze the influence of different factors on the occlusion rate at three follow-up reviews. The results showed that the influence of stents on the occlusion rate was not statistically significant; however, increasing dome size and increasing DNR were factors related to aneurysm occlusion at all three follow-ups; for details, see Table 5. Multivariable logistic analysis confirmed increasing DNR (adjusted odds ratio (aOR), 0.020; 95% CI, 0.001–0.583; p = 0.023) as an independent factor associated with complete aneurysm occlusion at the third follow-up.
TABLE 4 | Variability in patient data using each stent.
[image: Table 4]TABLE 5 | Univariate logistic regression analyses.
[image: Table 5]3.5 Hemodynamic alterations
As no significant difference in aneurysm complete occlusion rates by different stents has been demonstrated above, we focused on hemodynamic aspects. Figure 2 demonstrates an angiogram before and after placement of four stents and a schematic representation of stents within blood vessels. In Picture A of Figure 3, we can see that at the bifurcations and corners of the arteries, flow streamlines and WSS were elevated. High flow velocity territory (V > 0.1 m/s) was observed throughout the arterial vessel, including the aneurysmal body. In particular, from the section view, the flow velocity in the region of the dome was significantly lower than that elsewhere in the aneurysm before SAC, which may be because it was difficult for blood flow to reach the top due to the large dome diameter. After the aneurysm was coiled with a stent, it could be seen from the velocity magnitude contour at the cutting plane and isovagine surface (V > 0.1 m/s) that the blood flow in the aneurysm cavity was almost stagnant; at the same time, WSS was also significantly reduced. From the streamlines with color-coded velocity magnitude, we could see that there was no obvious change in the blood flow at stent placement; that is, it did not affect the blood flow in normal blood vessels. All stent models showed similar properties in Figure 3; in particular, Pictures A and D show slower flow velocities at the aneurysm dome site before SAC as a result of a larger DNR, whereas Picture C shows a non-significant decrease in aneurysm WSS after SAC.
[image: Figure 2]FIGURE 2 | Angiogram before and after placement of four stents and schematic representation of stents within blood vessels. Picture (A) represents Solitaire stent; Picture (B) represents Enterprise stent; Picture (C) represents LVIS stent;Picture (D) represents LEO stent.
[image: Figure 3]FIGURE 3 | Hemodynamic patterns of four stents. Picture (A) represents Solitaire stent; Picture (B) represents Enterprise stent; Picture (C) represents LVIS stent; Picture (D) represents LEO stent.
As shown in Table 6, all indices had different decreasing trends in each stent. The decrease rate in LVIS was minimal for almost all parameters, and the Solitaire stent was optimal in four of all six indices. The decline rate of WSS was 43.74% compared with 83.27% for the LEO stent, 79.88% for the Enterprise stent and 79.76% for the Solitaire stent. The decline rate of the BFI was 79.07% compared with 92.65% for the Solitaire stent, 83.79% for the Enterprise stent and 82.39% for the LEO stent. The decline rate of the RBA was 93.10% compared with 95.36% for the Enterprise stent and 94.62% for the Solitaire stent. The decline rate of the CBFV was 68.93% compared with 86.96% for the Solitaire stent, 80.19% for the Enterprise stent and 79.17% for the LEO stent. The decline rate of the NBFV was 68.42% compared with 88.13% for the Solitaire stent, 75.93% for the Enterprise stent and 74.07% for the LEO stent. The decline rate of the ICI was 74.48% compared with 93.48% for the Solitaire stent, 84.41% for the Enterprise stent and 82.59% for the LEO stent.
TABLE 6 | Changes of six hemodynamic indexes of the four stents before and after SAC.
[image: Table 6]3.6 Advantages of laser-cut stents in hemodynamics
The data of the present study suggest that the effect of laser-cut stents on the hemodynamic decline of aneurysms appears to be more significant than that of woven stents. The mean decline rate of WSS was 79.82% for laser-cut stents compared with 63.51% for woven stents, of BFI was 88.22% compared with 80.73% for woven stents, of RBA was 94.99% compared with 87.66% for woven stents, of CBFV was 83.58% compared with 74.05% for woven stents, of NBFV was 82.03% compared with 71.25% for woven stents, and of ICI was 88.95% compared with 78.54% for woven stents.
4 DISCUSSION
This study revealed several findings: 1) no significant difference was observed in follow-up RROC grade among the four stents; 2) ischemic complications were more frequent than hemorrhagic complications during our treatment; 3) hemodynamic parameters all decreased significantly after SAC with four different stents, and the effect of laser-cut stents on the hemodynamic decline of aneurysms appeared to be more significant than that of woven stents; and 4) increasing DNR was perhaps an independent factor associated with complete aneurysm occlusion.
It was previously thought that aneurysms first arise in high WSS areas, and subsequently, the growing areas change to areas of low WSS and eventually rupture there [17]. The latter is probably because low WSS (<1 Pa) is not sufficient for the self-healing process of the arterial wall, and the normal remodeling process of the arterial wall slows down, thereby leading to faster aneurysm growth and eventual rupture [22]. The WSS of the LEO stent decreased the most, which may be related to its characteristics as a woven stent with higher metal coverage or higher filling density. However, the LVIS stent, also as a woven stent, was slightly less effective in reducing WSS, suggesting that the fabrication process of the woven stent was perhaps not related to its function in reducing WSS; validation awaits further studies. Currently, the impact of WSS on aneurysm generation, growth, and rupture is recognized in two different ways by the academic community. These two schools of thought differ in the mechanisms leading to wall weakening. One view is that high WSS causes endothelial damage, which initiates chamber wall remodeling and potentially degeneration, leading to an imbalance between blood pressure and inner wall stress and resulting in local dilatation of the arterial wall. The resulting abnormal blood WSS fields lead to further aneurysm geometry development. An alternative view is that the arrest of flow locally against the wall within the dome at low WSS leads to endothelial dysfunction, with the aggregation and adhesion of platelets and leukocytes along the intimal surface, thereby causing intimal injury, inflammation, and subsequent degeneration of the canal wall. The aneurysmal wall will gradually become thinner, which may eventually lead to tearing of the tissue [23].
Stents were initially used in EVT to prevent the coils from slipping out but were found in clinical trials to straighten the parent artery and cause a corresponding change in the aneurysm sac, thereby altering aneurysm hemodynamics [24]. In sidewall aneurysms, the use of stents has previously been shown to block the inflow of flow and thereby reduce the corresponding hemodynamics [25], but in bifurcation aneurysms, it has been argued that stents may produce a greater inertial force resulting from narrowed inflow jet, which enhances flow into the aneurysms [26]. AcomA aneurysms are bifurcation aneurysms; however, in our study, the BFI (blood flow inflow) of each case was decreased, and the RBA (residual blood in the aneurysm) was decreased as well. Previous research suggests that aneurysm recurrence at >1 year after coiling is associated with higher intra-aneurysmal flow before and after coiling [27], which perhaps indicates the role of the four stents in improving the occlusion rate, and the performance of the Solitaire stent in reducing blood flow was especially excellent among the four stents. The most significant decline in RBA was in the case of LEO stents, perhaps related to the size of the stent hole and the density of coil embolization; thus far, no relevant studies have been reported.
Previous studies suggest that stents with lower porosity will cause a greater decrease in blood flow velocity [25], which was proven in our study in that the Solitaire™ stent had the largest decline rate in CBFV (cavity blood flow velocity) and NBFV (neck blood flow velocity) among the four stents (Solitaire™ possessed the largest pore size and the lowest porosity of the four stents), and the decrease in blood flow velocity is crucial to prevent recanalization after EVT [25], which proved to be one of the advantages of this kind of stent.
ICI (inflow concentration index) refers to the degree of concentration of blood flow into the aneurysm. It is defined as the percentage of the flow rate of the parent artery which enters the aneurysm divided by the percentage of the aneurysm ostium area corresponding to positive inflow velocity [23]. Studies have found that ruptured aneurysms are more likely to have a concentrated inflow jet than unruptured aneurysms [23, 28]. All four stents were effective in reducing ICI and may be effective in reducing the incidence of aneurysm rupture during and after SAC. The ability of the Solitaire stent to reduce ICI is best, perhaps because of its greater stiffness as a laser-cut stent that is less pliable.
This paper is the first to study four types of stents (Solitaire™, Enterprise™, LVIS(JR)™, LEO+(Baby)™) simultaneously. Previous studies on the effects of Atlas ™, Enterprise ™, and LEO ™ stents on angiographic outcomes after SAC of wide-neck aneurysms showed a high incidence of total occlusion at long-term follow-up [29]. No significant difference was similarly observed among different stents, and the results of this research coincided with this finding. The four stents all showed varying degrees of reduction in terms of hemodynamics. In general, the reduction in hemodynamic factors by LVIS appeared to be minimal with all four stents; however, the final complete occlusion rate was not significantly different. The effect of laser-cut stents on the hemodynamic decline of aneurysms appears to be more significant than that of woven stents, which is probably caused by the different radial strengths of the stents due to the different fabrication processes. The present study demonstrated that increasing DNR (dome-neck ratio) is perhaps an independent factor associated with complete aneurysm occlusion. Other parameters related to aneurysm size and morphology, such as LWR (length-width ratio), size ratio (height-diameter of parent artery ratio), and HNR (height-neck ratio), and whether they correlate with aneurysm occlusion rates, require further study.
It was previously believed that it was unnecessary to treat small aneurysms found incidentally [30]. However, in this study, 45% (57) of the ruptured aneurysm domes were less than 5 mm. Advances in neuroradiological techniques have significantly improved the detection rate of small unruptured aneurysms, but whether to treat microaneurysms remains to be discussed.
Low-dose aspirin alone has previously been shown to reduce the risk of aneurysm rupture and is not associated with a risk of ICH compared with no therapy, but clopidogrel does have an increased risk of SAH and ICH [31]. Vigilance is necessary when administering dual antiplatelet therapy preoperatively and postoperatively, and TEG assays may be performed if necessary. In addition, previous studies suggested that antiplatelet drugs might change blood viscosity [32], which may affect the study of hemodynamics, which is not discussed in this study. Further studies are available later.
4.1 Limitations
The number of cases collected by different stents is different. Individual data values cannot be very accurate due to blurred images or personal capabilities [33]. Due to measurement factors, there may be some errors between aneurysm size and vessel diameter and the real situation. The stents are all closed-cell designs, with no involvement of open-cell stents. There were too few cases for hemodynamic studies, and the OSI (oscillatory shear index) was not studied.
5 CONCLUSIONS
Hemodynamic parameters all decreased significantly after SAC with four different stents, and the effect of laser-cut stents on the hemodynamic decline of aneurysms appeared to be more significant than that of woven stents. Although the reduction in hemodynamic factors by LVIS appeared to be minimal with all four stents, no significant difference was observed in follow-up RROC grade among the four stents. Ischemic complications were more frequent than hemorrhagic complications during our treatment, perhaps related to the operator’s maneuvers and antiplatelet and anticoagulation therapy. Increasing DNR is perhaps an independent factor associated with complete aneurysm occlusion.
6 FUTURE PERSPECTIVES
Most recurrences occur within the first year after treatment; however, there is no universally agreed-upon timetable for imaging and clinical follow-up of treated aneurysms. Some scholars believe that longer follow-up should be considered for some types of high-risk aneurysms [34]. We sincerely hope that more multicenter studies on more stents with more long-term follow-up will be performed in the future.
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