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Objective: Previous reports have revealed a high incidence of type II endoleak (T2EL) after endovascular aneurysm repair (EVAR). The incidence of T2EL after EVAR is reduced by pre-emptive embolization of aneurysm sac side branches (ASSB) and aneurysm sac coil embolization (ASCE). This study aimed to investigate whether different preventive interventions for T2EL were correlated with suppression of aneurysm sac expansion and reduction of the re-intervention rate.

Methods: The PubMed, Web of Science, MEDLINE and Embase databases, and conference proceedings were searched to identify articles on EVAR with or without embolization. The study was developed in line with the Participants, Interventions, Comparisons, Outcomes, and Study design principles and was conducted and reported in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines. We used network meta-analysis based on multivariate random-effects meta-analysis to indirectly compare outcomes of different strategies for embolization during EVAR.

Results: A total of 31 studies met all inclusion criteria and were included in the qualitative and quantitative syntheses. The included studies were published between 2001 and 2022 and analyzed a total of 18,542 patients, including 1,882 patients who received prophylactic embolization treatment during EVAR (experimental group) and 16,660 who did not receive prophylactic embolization during EVAR (control group). The effect of pre-emptive embolization of the inferior mesenteric artery (IMA) (IMA-ASSB) in preventing T2EL was similar (relative risk [RR] 1.01, 95% confidence interval [CI] 0.38–2.63) to the effects of non-selective embolization of ASSB (NS-ASSB) and ASCE (RR 0.88, 95% CI 0.40–1.96). IMA-ASSB showed a better clinical effect in suppressing the aneurysm sac expansion (RR 0.27, 95% CI 0.09–2.25 compared with NS-ASSB; RR 0.93, 95% CI 0.16–5.56 compared with ASCE) and reducing the re-intervention rate (RR 0.34, 95% CI 0.08–1.53 compared with NS-ASSB; RR 0.66, 95% CI 0.19–2.22 compared with ASCE). All prophylactic embolization strategies improved the clinical outcomes of EVAR.

Conclusion: Prophylactic embolization during EVAR effectively prevents T2EL, suppresses the aneurysm sac expansion, and reduces the re-intervention rate. IMA embolization demonstrated benefits in achieving long-term aneurysm sac stability and lowering the risk of secondary surgery. NS-ASSB more effectively reduces the incidence of T2EL, while IMA embolization alone or in combination with ASCE enhances the clinical benefits of EVAR. In addition, as network meta-analysis is still an indirect method based on a refinement of existing data, more studies and evidence are still needed in the future to establish more credible conclusions.

KEYWORDS
prophylactic embolization, inferior mesenteric artery, type II endoleak, meta-analysis, abdominal aortic aneurysm


Introduction

Endovascular aneurysm repair (EVAR) has become the accepted standard therapy for abdominal aortic aneurysm (AAA) because of its low perioperative mortality and minimal invasiveness (1). However, the long-term outcomes of EVAR have not been fully elucidated and remain controversial. Recent clinical trials have shown that EVAR no longer achieves an early survival benefit compared with open surgery, because of a significant increase in death from secondary aneurysm rupture mostly caused by endoleaks (2) and a higher rate of secondary intervention (3).

Among several types of endoleaks, the most common is type II endoleak (T2EL) (4, 5). T2EL occurs because of retrograde perfusion of the AAA sac from the inferior mesenteric artery (IMA), lumbar arteries (LAs), middle sacral artery, or aberrant renal arteries (6). Most T2ELs resolve spontaneously with time and it remains debatable whether T2ELs requires aggressive therapy that may be associated with adverse late outcomes (7–11). A previous study demonstrated that 9.8% of aortic ruptures after EVAR were caused by T2EL (12), while a meta-analysis of 32 studies and 21,744 patients showed that 0.9% of patients with an isolated T2EL had a ruptured AAA (13). A reduction in the incidence of T2EL may improve the prognosis and decrease the psychological and economic burden of patients undergoing EVAR (14).

The role of pre-emptive embolization of aneurysm sac side branches (ASSB) in preventing T2EL has been debated for the past two decades. Early evidence in 2001 suggested that additional ASSB is unnecessary because of the uncertain incidence of T2EL during follow-up (15). However, recent progress in preoperative optimization, medical devices, and high-quality supportive care has led to significantly improved clinical outcomes of ASSB. Despite the lack of high-quality evidence, the latest meta-analysis suggests that ASSB aids in preventing T2EL, aneurysm sac enlargement, and re-intervention (16). The other prophylactic embolization treatment implemented during EVAR is aneurysm sac coil embolization (ASCE). To date, there is still no generalized and commonly accepted standard method of ASCE (11). However, studies have shown that ASCE effectively prevents T2EL, particularly during the mid-term follow-up of high-risk patients (17–20). A meta-analysis of 17 studies with 2,084 participants also demonstrated the safety and effectiveness of ASCE in preventing T2EL (21).

The most common sources of T2EL are the IMA and LAs. However, there is still a lack of clinical trials directly comparing the efficacy of non-selective embolization of patent aortic side branches versus embolization of the IMA alone. Furthermore, few studies have directly compared ASSB and ASCE. There was no recording and follow-up of other arteries such as accessory renal arteries in the studies that we consulted and incorporated. In the present study, we aimed to perform a network meta-analysis to compare the efficacy and basic outcomes of different prophylactic embolization treatments in IMA, Las, and sac embolization during EVAR.



Methods


Study design

The study was developed in line with the Participants, Interventions, Comparisons, Outcomes, Study design principles and was conducted and reported in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses guidelines (22).



Participants

The participants were patients of any age with AAA who underwent EVAR with or without prophylactic embolization comprising either ASSB or ASCE. ASSB was divided into preoperative pre-emptive embolization of the IMA (IMA-ASSB) and non-selective preoperative embolization of the IMA and LAs (NS-ASSB). Few studies reported embolization of the median sacral artery or accessory renal artery.



Interventions

EVAR with IMA-ASSB, NS-ASSB, or ASCE.



Comparison intervention

EVAR without prophylactic embolization treatment.



Outcomes


Primary outcomes

a. Incidence of T2EL during follow-up. The presence of T2EL was defined as the temporary or permanent appearance of T2EL during postoperative follow-up examination.

b. Incidence of enlargement of the diameter or size of the aneurysm sac during follow-up.



Secondary outcomes

a. Late all-cause-related mortality.

b. Rate of re-intervention during follow-up.

One thing to note, only a few studies mentioned their observation and follow-up of complications which was not sufficient for statistical analysis.




Eligibility criteria

1. Inclusion criteria: retrospective or prospective studies evaluating the effect of ASSB or ASCE during EVAR compared with a control group or not that underwent no preventive intervention measures and had the patent collateral arteries retained; no date or limit on patients or publications; follow-up period of not less than 6 months; outcome indicators included the occurrence of T2EL diagnosed by contrast-enhanced CT, CTA, MRA, or other appropriate imaging examination.

2. Clinical exclusion criteria: flawed study design, implementation process, or statistical methods; funding organization influenced the study design or the implementation, analysis, or interpretation of data; incomplete data in original articles that could not be refined; case report or studies about embolization of other arteries, such as the median sacral artery or accessory renal artery which without intervention to IMA or LAs; prophylactic embolization in animals; fewer than 10 patients per group; Embolization performed in second operations.

3. Non-clinical exclusion criteria: overlapping series (only the latest publication of serial reports of a certain cohort was included); non-original article (i.e., review, case report, editorial).



Information sources

Multiple electronic health databases (MEDLINE, Embase, PubMed, and Web of Science) were searched to identify relevant articles published from 1 October 2001 to 11 May 2022.



Search strategy

The MEDLINE, Embase, PubMed, and Web of Science databases were searched with an unrestricted search strategy that applied a combination of Medical Subject Headings and keywords combined with the Boolean operators AND or OR to retrieve relevant reports. The following terms were used: [“aortic aneurysm abdominal” (Title/Abstract) OR “abdominal aortic aneurysms” (Title/Abstract) OR “aneurysms abdominal aortic” (Title/Abstract) OR “aortic aneurysms abdominal” (Title/Abstract) OR “abdominal aortic aneurysm” (Title/Abstract) OR “aneurysm abdominal aortic” (Title/Abstract)] AND [“embolization” (Title/Abstract) OR “embolism” (Title/Abstract) OR “embolizations” (Title/Abstract)]. Controlled trials comparing prophylactic embolization with non-intervention during EVAR were eligible for inclusion in the general meta-analysis. Single-arm studies were also retrieved for inclusion in the network meta-analysis. We adapted the terms to meet the specific requirements of the explicit search strategy used for each database. A total of 100 citations were obtained from the databases, of which 67 were excluded after browsing the titles and abstracts, yielding 33 articles for detailed review. After reviewing the full texts of the remaining studies and their cited references to identify additional studies, 32 studies were finally selected.



Study selection

Eligibility assessment was performed independently in an unblinded standardized manner by two reviewers (Guo and Zhang).



Data extraction and assessment of study quality

Data were extracted from the primary studies and consolidated into single spreadsheets. One author collected the data from the included articles, while another author explicitly checked the presented information. The data analyzed in the present review were all published in the included studies in case of record form or as alphanumeric text. Information filtering from relevant studies was performed manually. Study quality and risk of bias were assessed using the Newcastle Ottawa Scale (NOS) (23) (selection, comparability, and outcome) and the Cochrane Handbook for Systematic Reviews of Interventions (random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias). Two reviewers (Wu and Yin) determined the eligibility and compared the quality of the included studies. A cumulative NOS of 7 or more was considered to indicate high quality.



Extracted data

1. Publication details: first author and year.

2. Study details: number of participating institutions, number of participants, controls and interventions, mean follow-up period, inclusion criteria, exclusion criteria, and country.

3. Participants: number of patients undergoing EVAR with or without prophylactic embolization.

4. Primary outcomes: incidences of T2EL and enlargement of the aneurysm sac during follow-up.

5. Secondary outcomes: late all-cause-related mortality and the rate of re-intervention during follow-up.



Statistical analysis

Statistical analysis was performed in accordance with the Cochrane Handbook for Systematic Reviews, using Stata® Version 16.0, RStudio (version 1.4.1103 for Windows, Boston, MA, United States), Stata package base, metan, mvmeta, metareg, network, R (version 4.1.2, R Foundation for Statistical Computing, Vienna, Austria) and R packages base, ggplot2, metafor, meta and gemtc (24). The gemtc package was used in connection with the Just Another Gibbs Sampler package to generate simulations. Statistical applications were set up to statistically analyze which prophylactic embolization treatment had the greatest effect on the progression of AAA after EVAR. There was no significant methodological heterogeneity between the datasets regarding the study design and risk of bias. The primary and secondary outcomes were analyzed as dichotomous variables by estimating the relative risk (RR) with a 95% confidence interval (CI). The I2 value was calculated to assess the statistical heterogeneity between studies. The heterogeneity among studies was considered significant when I2 was > 50%, and was considered highly significant when I2 was > 75%. Publication bias was assessed through funnel plots and Egger tests. The fixed-effect model based on the Mantel-Haenszel estimator was used when there was no or only slight heterogeneity among the studies. When the heterogeneity was significant, the analysis was performed with the random-effects model based on the DerSimonian-Laird estimator. The results were summarized using forest plots.



Flow diagram of studies included in the systematic review (please refer to the Supplementary Appendix)


Description of studies

The search strategy retrieved a total of 3,345 articles, of which 3,314 were excluded after the title and abstract screening because they were not relevant or because they were comments only. After full-text review and data abstraction, 31 studies met all inclusion criteria and were included in the qualitative and quantitative syntheses (2, 17–20, 25–50).

One study was a prospective randomized controlled trial, while 30 were retrospective studies. All studies were published between 2001 and 2022. A total of 18,542 patients were involved in the included studies, of which 1,882 received prophylactic embolization treatment during EVAR and 16,660 did not. One study based on data from the Vascular Quality Initiative database included 15,060 patients (43). The study characteristics, study quality, and literature quality evaluation based on the NOS are summarized in Table 1. The mean NOS was 7.38 (out of a possible 9 points), suggesting that the included studies were high-quality studies. A lack of representativeness and comparability was the main reason for low NOS scores.


TABLE 1    General characteristics of included studies.
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Results


Primary and secondary outcomes


T2EL

Overall, a total of 31 studies including 18,542 patients were analyzed (15,976 in the NS-ASSB group, 998 in the IMA-ASSB group, and 1,568 in the ASCE group). The prevalence of each embolization treatment was 0%–30% for NS-ASSB, 0%–34% for IMA-ASSB, and 0%–23.0% for ASCE. Patients who received prophylactic embolization had a significantly lower risk of T2EL after EVAR than those who did not receive prophylactic embolization in all studies. In the analysis of 25 controlled studies, the relative risk (RR) of T2EL was 0.30 (95% CI 0.11–0.84) for NS-ASSB, 0.49 (95% CI 0.38–0.65) for IMA-ASSB, and 0.48 (95% CI 0.29–0.79) for ASCE. Single-arm studies were not included in the routine meta-analysis because they contained smaller amounts of data. Network meta-analysis including single-arm studies using a multiple regression model demonstrated that both ASCE and IMA-ASSB were inferior to NS-ASSB in preventing T2EL. The effect of IMA-ASSB in preventing T2EL was similar (RR 1.01, 95% CI 0.38–2.63) to that of NS-ASSB and ASCE (RR 0.88, 95% CI 0.40–1.96). The results suggested that the protective effects of NS-ASSB and IMA-ASSB were not significantly different. The surface under the cumulative ranking (SUCRA) curve analysis showed a similar result (Figures 1, 2).
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FIGURE 1
(A) Forest graph of T2EL in NS-ASSB group (RR 0.30 95% Cl 0.11–0.84); (B) forest graph of T2EL in IMA-ASSB group (RR 0.49 95% Cl 0.38–0.65); (C) forest graph of T2EL in ASCE group (RR 0.48 95% Cl 0.29–0.79). NS-ASSB, non-selective embolization of aneurysm sac side branches; IMA-ASSB, embolization of the inferior mesenteric artery; ASCE: aneurysm sac coil embolization.
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FIGURE 2
(A) Network meta-analysis forest graph of T2EL in NS-ASSB, IMA-ASSB and ASCE groups; (B) SUCRA curve of T2ELin NS-ASSB, IMA-ASSB and ASCE groups; NS-ASSB, non-selective embolization of aneurysm sac side branches; IMA-ASSB, embolization of the inferior mesenteric artery; ASCE, aneurysm sac coil embolization.




Re-intervention

Data on the rate of re-intervention during follow-up were presented in 21 studies with a total of 17,405 patients (15,335 in the NS-ASSB group, 924 in the IMA-ASSB group, and 1,146 in the ASCE group). The rate of re-intervention ranged from 0% to 15.1% (0%–13.6% for NS-ASSB, 0%–15.1% for IMA-ASSB, and 0%–7.78% for ASCE). Prophylactic embolization resulted in a reduction in the incidence of re-intervention after EVAR. The RR of re-intervention in all controlled studies was 0.49 (95% CI 0.16–1.53) for NS-ASSB, 0.26 (95% CI 0.13–0.52) for IMA-ASSB, and 0.44 (95% CI 0.25–0.77) for ASCE. The single-arm studies were not analyzed because of a shortage of data. Network meta-analysis showed that IMA-ASSB was the best in preventing re-intervention after EVAR when all studies were incorporated in the analysis (RR 0.24, 95% CI 0.09–0.61) and was superior to NS-ASSB (RR 0.34, 95% CI 0.08–1.53) and ASCE (RR 0.66, 95% CI 0.19–2.22). The SUCRA curves were analyzed (Figures 3, 4).
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FIGURE 3
(A) Forest graph of re-intervention in NS-ASSB group (RR 0.49 95% Cl 0.16–1.53); (B) forest graph of re-intervention in IMA-ASSB group (RR 0.26 95% Cl 0.13–0.52); (C) forest graph of re-intervention in ASCE group (RR 0.44 95% Cl 0.25–0.77). NS-ASSB, non-selective embolization of aneurysm sac side branches; IMA-ASSB, embolization of the inferior mesenteric artery; ASCE, aneurysm sac coil embolization.
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FIGURE 4
(A) Network meta-analysis forest graph of re-intervention in NS-ASSB, IMA-ASSB and ASCE groups; (B) SUCRA curve of re-intervention in NS-ASSB, IMA-ASSB and ASCE groups; NS-ASSB, non-selective embolization of aneurysm sac side branches; IMA-ASSB, embolization of the inferior mesenteric artery; ASCE, aneurysm sac coil embolization.




Enlargement of the aneurysm sac

Data on the enlargement of the aneurysm sac were provided in 19 studies with a total of 16,559 patients (15,553 in the NS-ASSB group, 515 in the IMA-ASSB group, and 491 in the ASCE group). Aneurysm sac enlargement occurred in 0% to 12.0% of patients during follow-up (0%–3.7% for NS-ASSB, 0%–12.0% for IMA-ASSB, and 0%–10.1% for ASCE). The cumulative results showed that prophylactic embolization led to a significant decrease in the risk of aneurysm sac enlargement after EVAR. However, the results of individual studies showed the opposite conclusion. The RR of aneurysm sac enlargement in 13 controlled studies was 0.52 (95% CI 0.30–0.92) for NS-ASSB, 0.32 (95% CI 0.14–0.72) for IMA-ASSB, and 0.33 (95% CI 0.17–0.66) for ASCE. The single-arm studies were not analyzed because of a shortage of data. Network meta-analysis using a frequentist model proved that IMA-ASSB had the best performance in preventing enlargement of the aneurysm sac when all studies were incorporated in the analysis (RR 0.29, 95% CI 0.09–1.00), and was superior to NS-ASSB (RR 0.67, 95% CI 0.14–3.34) and similar to ASCE (RR 0.99, 95% CI 0.19–5.26). The same result was shown in the SUCRA curve analysis (Figures 5, 6).
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FIGURE 5
(A) Forest graph of enlargement of the aneurysm sac in NS-ASSB group (RR 0.52 95% Cl 0.30–0.92); (B) forest graph of enlargement of the aneurysm sac in IMA-ASSB group (RR 0.32 95% Cl 0.14–0.72); (C) forest graph of enlargement of the aneurysm sac in ASCE group (RR 0.33 95% Cl 0.17–0.66). NS-ASSB, non-selective embolization of aneurysm sac side branches; IMA-ASSB, embolization of the inferior mesenteric artery; ASCE, aneurysm sac coil embolization.
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FIGURE 6
(A) Network meta-analysis forest graph of enlargement of the aneurysm sac in NS-ASSB, IMA-ASSB and ASCE groups; (B) SUCRA curve of enlargement of the aneurysm sac in NS-ASSB, IMA-ASSB and ASCE groups; NS-ASSB, non-selective embolization of aneurysm sac side branches; IMA-ASSB, embolization of the inferior mesenteric artery; ASCE, aneurysm sac coil embolization.






Discussion

The potential effects of T2EL after EVAR remain controversial. Therefore, there are still disputes regarding the management of T2EL and its influence on further outcomes. There is currently no consensus regarding the need for intensive treatment of T2EL. Evidence indicates that T2EL is not an isolated complication and is associated with the occurrence of other types of endoleaks. Despite the controversy over the past two decades around whether prophylactic embolization prevents T2EL, an increasing body of evidence suggests that such treatments may dramatically improve the outcome of EVAR. Studies have reported that prophylactic embolization has potential benefits in decreasing the incidence of T2EL, preventing enlargement of the aneurysm sac, and decreasing the rate of re-intervention (21, 51). The major limitation of these previous studies was a lack of a comparison of different interventions. However, it is difficult to make such comparisons in clinical practice because of the wide variations in the technical difficulty and cost of the interventions.

The clinical benefit of NS-ASSB has been discussed extensively since the first study was published in 2001 (15). The previous meta-analysis has given evidence of the safety and effectiveness of ASCE in preventing T2EL (21). Another meta-analysis shows a different rate of 19.9% vs. 41.4% in patients who accept IMA embolization or not (52). But there is still little information available on the comparison of the re-intervention rate and diameter change in different embolization strategies and no network meta-analysis is available until now. The present systematic review and network meta-analysis investigated the value of prophylactic embolization in preventing adverse outcomes after EVAR and compared different therapeutic regimens. We found that prophylactic embolization had a positive effect on the outcome of EVAR. Non-selective embolization of the IMA and LAs showed the best results in preventing T2EL, but embolization of the IMA alone might provide better benefits in suppressing the expansion of the aneurysm sac and reducing the re-intervention rate. Although all three methods lead to common effects of sac regression and free form re-intervention. The long-term effects of the rate of diameter reduction and the second operation seem to be better when embolization of IMA was carried out in isolation. LAs may play an important role in the outflow tract in sac regression after EVAR. The embolization of LAs may reduce outflow efficiency which decreases the rate of diameter reduction. As mentioned above, the effects of T2EL after EVAR still require verification; however, T2EL may eventually lead to aneurysm sac expansion (53). Aneurysm sac expansion is a predictor of late complications after EVAR (54, 55) and increases the risk of AAA rupture (56). The guidelines of the European Society for Vascular Surgery and prior studies recommend surgical intervention when the diameter of the aneurysm sac enlarges by 10–13 mm during follow-up using the same imaging modality (11, 53, 57). The presence of a T2EL and an increasing aneurysm sac size is likely to lead to a type I endoleak (57), which has a potential correlation with the risk of AAA rupture (58) and requires immediate treatment. There seems to be no consensus on the indications for re-intervention. A previous study assessed type I or III endoleaks, aneurysm sac expansion of more than 10 mm, and the existence of a collateralized IMA feeding vessel as indications for intervention (53). Our results indicated that prophylactic embolization of the IMA reduced the rate of aneurysm sac enlargement and improved the clinical outcomes of EVAR. These results suggest an underlying positive correlation between embolization of the LAs and expansion of the aneurysm sac diameter, which eventually increased the risk of re-intervention. Muthu et al. reported a high incidence of lumbar endoleaks after EVAR (48), which may result in the difference between the outcome of NS-ASSB and the stable optimal outcome of IMA-ASSB and ASCE demonstrated in the present study. More clinical data about the outcome of embolization of the LAs alone during EVAR is needed to confirm whether the hemodynamics are changed by this process or whether the hemodynamics are only changed by occlusion of the IMA. With regards to potential risks of ASSB and ASCE, Ward et (31) reported a 9.3% rate of complications among embolization patients, only one of them died because of multiorgan failure caused by colonic infarction after IMA embolization.

Although there were limited data available regarding the outcomes after prophylactic embolization during EVAR, even fewer data were available regarding the association of specific embolization treatments with aneurysm sac enlargement and re-intervention. Only one of the included studies was a randomized controlled trial, and most of the included studies had small sample sizes while one multicenter retrospective study had an extremely large sample size. Although the network meta-analysis was performed after the exclusion of the data from the large study by Rokosh et al. (43) showed similar results, bias may still exist. Eleven of the included studies were performed in the past 5 years, and most studies were performed over long time intervals that would bring bias caused by technological innovation. In addition, there were limited data on the incidences of aneurysm sac enlargement and re-intervention, and on complications after EVAR with versus without prophylactic embolization treatments. Furthermore, some patients did not receive embolization because they underwent emergency surgery, had unsuitable artery anatomy, or were physically unable to tolerate the procedure, which resulted in bias. Because all the calculated I2 values were less than 75%, publication bias was proved by funnel plots and Egger’s test (p = 0.0027 for the NS-ASSB group, p = 0.0252 for the IMA-ASSB group, and p = 0.0047 for the ASCE group). Besides, network meta-analysis has its advantages and drawbacks. Mvmeta package on Stata platform made based on multivariate regression analysis could obtain outcomes very close to Bayesian model. But only one dummy variable can be set in each operation. Moreover, heterogeneity and transitivity assumptions are still been challenged and stand in the way. To reduce the bias introduced by the performance of retrospective studies at single centers, more randomized controlled trials (preferably multicenter) are needed to verify the safety and efficacy of prophylactic embolization. Studies should be registered and carried out in accordance with the standard instructions for clinical trials. Blinded raters should perform CTA and assess the symptoms and disease progress at admission, every 6 or 12 months, and at discharge. Any CTA imaging data should be measured by independent reviewers using the same software tool. There should also be more precise definitions of aneurysm sac enlargement and indications for re-interventions.



Conclusion

Prophylactic embolization during EVAR effectively prevents T2EL, suppresses the aneurysm sac expansion, and reduces the rate of re-intervention. Non-selective embolization of the IMA and LAs shows the best results in preventing T2EL. IMA embolization demonstrated certain benefits in achieving long-term aneurysm sac stability and lowering the risk of secondary surgery. Embolization of the LAs increases the operation time and medical expenses, but leads to potentially negative effects on the long-term outcome. We recommend conducting prophylactic embolization, especially IMA embolization alone or ASCE, to enhance the clinical benefits. More high-quality studies are needed to confirm the present findings.
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