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Objective: We aimed to investigate the effectiveness and safety of prophylactic sac embolization during endovascular aneurysm repair (EVAR) in patients suffering from abdominal aortic aneurysms.



Methods: We performed a systematic literature search of PubMed, Web of Science, EMbase, Cochrane Library, China National Knowledge Infrastructure (CNKI), VIP, Wanfang and China Biomedical Literature Database (CBM) to identify studies evaluating the outcomes of sac embolization vs. no embolization among patients who had received EVAR. The time limit of the search was from the establishing database to July 22, 2022. Outcome measures involved the type II endoleak rate, the other endoleak rate, the reintervention rate, mortality, and operation time. Fixed (no heterogeneity) or random effects models were constructed for each outcome. The outcomes are represented as the odds ratio (OR) with a 95% confidence interval (CI).



Results: Among the 2,622 studies screened, 13 studies involving 747 participants were included in the review. The incidence of early-term type II endoleak (OR = 0.2, 95% CI (0.13,0.31), P < 0.00001), mid-term type II endoleak (OR = 0.23, 95% CI (0.15,0.37), P < 0.00001), late-term type II endoleak (OR = 0.27, 95% CI (0.16,0.46), P < 0.00001) and reintervention (OR = 0.50, 95% CI (0.37,0.78), P = 0.002) within the sac embolization group were significantly lower than those in the non-embolization group. No significant differences were observed between the two groups were found for the other endoleak rates (OR = 0.67, 95% CI (0.34,1.32), P = 0.25), mortality (OR = 0.64, 95% CI (0.25,1.66), P = 0.36) and operation time operation (MD = 5.76, 95% CI (-8.30,19.83), P = 0.42).



Conclusions: EVAR combined with sac embolization effectively reduces the incidence of type II endoleak and the reintervention rate without enhancing the operation time. Therefore, more high-quality studies are still needed for validation due to the limited amount and quality of included literature.



Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/, identifier: CRD42022365648.
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Introduction

An abdominal aortic aneurysm (AAA) is a typical aneurysmal arterial disease. Where anatomy permits, endovascular aneurysm repair (EVAR) has become an alternative to open surgery for AAA (1). Some international clinical studies have depictedt that the short-term mortality after EVAR is significantly lower than open surgery (2–5). However, the problem of endoleaks after EVAR is quite significant.

Type II endoleak is the most common type, detected in 6% to 59% of patients after EVAR (6, 7). Risk factors related to type II endoleak include age, smoking, the maximum diameter of the aneurysm, the inferior mesenteric artery (IMA), and the number of patent lumbar arteries (LA) (8). Multiple studies have shown a significant association between higher rates of type II endoleaks and preoperatively patent sac branches (IMA and LA) (9, 10). IMA is the inflow vessel of type II endoleak and LA is the outflow vessel. Patent vessels provide a complex array of inflow and outflow vessels, maintaining the blood flow and pressure within the sac (11). In addition, persistent type II endoleaks with increase in sac size could lead to new type I, type III endoleaks, or EVAR-related complications. They have a potential risk of rupture and a mortality rate of up to 80% during rupture (12, 13). Currently, the treatment of type II endoleaks mainly involves transarterial embolization of IMA or LA, direct translumbar embolization of the aneurysm sac, laparoscopic ligation of IMA and/or LA, or conversion to open surgery. However, the recurrence and subsequent re-intervention are possible with increased follow-up monitoring. It also enhancest the financial burden of the patients (14–16). Therefore, effective management of type II endoleaks is quite challenging.

Intraoperative sac embolization during EVAR can reduce the incidence of type II endoleaks. However, there is no consensus on the efficacy of intraoperative sac embolization. We screened the available data and performed a meta-analysis to evaluate the effectiveness and safety of prophylactic sac embolization during EVAR in AAA patients.



Materials and methods


Literature search

A systematic literature search involving PubMed, Web of Science, EMbase, Cochrane Library, China Knowledge Network (CNKI), Vipshop, Wanfang and the Chinese Biomedical Literature Database (CBM) was performed to retrieve randomized controlled trials (RCT) and retrospective cohort studies of prophylactic sac embolization in EVAR due to AAA. The search time limit was from establishing the database to July 22, 2022. The Chinese search terms included: “embolization”, “endoleak”, “aortic aneurysm, abdominal”, “abdominal aortic aneurysm”. The English search terms included: “Embolotherapy”, “Embolotherapies”, “Therapeutic Embolization”, “Embolizations, Therapeutic”, “Therapeutic Embolizations”, “Embolization”, “Endoleak”, “Endoleaks”, “Perigraft Leak”, “Leak, Perigraft”, “Leaks, Perigraft”, “Perigraft Leaks”, “Abdominal Aortic Aneurysms”, “Aneurysms, Abdominal Aortic”, “Aortic Aneurysms, Abdominal”, “Abdominal Aortic Aneurysm”, “Aneurysm, Abdominal Aortic”, “Aneurysm, Abdominal Aortic”.



Inclusion and exclusion criteria

We included the studies depending on the following criteria: (1) Type of study: RCT or retrospective cohort study; (2) Subjects: AAA patients undergoing EVAR; (3) Intervention measures: the experimental group was treated with EVAR + intraoperative sac embolization, and the control group was treated with standard EVAR; (4) Outcome measures: incidence of type II endoleak, incidence of other endoleaks, reintervention rate, mortality, and operative time.

The exclusion criteria were:(1) Lack of control group; (2) Literature without primary outcome measures; (3) Duplicated studies; (4) Conference abstract; (5) Languages other than Chinese and English.



Study selection and data extraction

Two evaluators independently screened the literature, extracted the data, and examined them. Any inconsistencies were carefully discussed, and a third party was consulted to resolve the issue. Based on inclusion and exclusion criteria, the initial screening was done by reading the “title and abstract” of the article to exclude any irrelevant studies. Then the full text was assessed to recruit the final literature. After confirming the inclusion, the following data were extracted: basic information about the literature (first author, publication date, type of study), age, gender, sample size, follow-up time, embolic criteria, embolic material, monitoring mode, outcome indicators, and the critical elements of risk of bias assessment.



Statistical analysis

Statistical analysis was performed using RevMan 5.3 software. Continuous variables used the mean difference (MD) as the effect indicator, and dichotomous variables used the odds ratio (OR) with 95% confidence intervals (95% CI). They were calculated for each effect indicator and P-values, with P < 0.05 representing a statistically significant difference. Heterogeneity between studies was assessed using the I2 statistic with a cutoff value of 50%. If I2 ≤ 50%, there was no heterogeneity and a fixed effects model was used. On the other hand, if I2 > 50%, a random effects model was used, and further heterogeneity analysis was performed through source line descriptive analysis. Two evaluators assessed three RCTs for risk of bias using the risk of bias assessment tool recommended in the Cochrane Handbook 5.1.0, and nine cohort studies were evaluated using the NOS quality rating scale.




Results


Literature search results

A total of 2,622 articles were obtained through the database search. After removing duplicate studies and screening based on the inclusion and exclusion criteria, according to the PRISMA 2020 statement (17), we included 13 studies (18–30) with 747 patients, of which 330 underwent sac embolization during EVAR. The literature screening flow diagram and the results are depicted in Figure 1.


[image: Figure 1]
FIGURE 1
Flow diagram of meta-analysis.




Study and patient characteristics

The primary characteristics of the included studies are represented in Table 1, outcome measures of the included studies are demonstrated in Table 2, and the risk of bias assessment results of the RCT studies is shown in Table 3. The quality assessment of the cohort studies was performed with the Newcastle-Ottawa Scale (NOS), having with a total score of 9. The NOS scores of the included articles were ≥6, depicting high quality (Table 1).


TABLE 1 Baseline characteristics of the included studies.
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TABLE 2 Outcome measures of the included studies.
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TABLE 3 Inclusion of RCT study bias risk assessment.
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Type II endoleak incidence

Based on the follow-up time, the incidence of type II endoleaks was defined at 0–6 months, 7–18 months, and >18 months postoperatively as early, middle and late endoleaks. Seven studies reported the occurrence of early-term type II endoleak, and the meta-analysis indicated that the incidence of early-term type II endoleak was significantly lower within the embolization group than in the non-embolization group [OR = 0.2, 95% CI (0.13, 0.31), P < 0.00001] (Figure 2A). Eight studies reported the occurrence of mid-term type II endoleak, and the results revealed that the incidence of mid-term type II endoleak was significantly lower within the embolization group than in the non-embolization group [OR = 0.23, 95% CI (0.15, 0.37), P < 0.00001] (Figure 2B). Five articles reported the occurrence of late endoleaks, and meta-analysis showed that the incidence of late type II endoleak was significantly lower in the embolization group than in the non- embolization group [OR = 0.27, 95% CI (0.16, 0.46), P < 0.00001] (Figure 2C).


[image: Figure 2]
FIGURE 2
Incidence of early-term (A), mid-term (B), and late-term (C) type II endoleak in the embolization group compare with the non- embolization group.


Based on the inclusion criteria, subgroup analysis revealed that sac embolization could significantly decrease the rate of type II endoleak during the final follow-up among the regular and high-risk groups (P < 0.05) (Figure 3).


[image: Figure 3]
FIGURE 3
Incidence of type II endoleak at the last follow-up in the high risk group compare with the regular group.


According to the embolic material, subgroup analysis depicted that using coils and fibrin glue + coils could significantly reduce the type II endoleak rate during the final follow-up (P < 0.01). However there was no statistically significant difference in using fibrin glue alone groups [OR = 0.44, 95% CI (0.01, 17.01), P = 0.66] (Figure 4).


[image: Figure 4]
FIGURE 4
Incidence of type II endoleak at the last follow-up in different embolic material group.




Incidence of other endoleaks

Other endoleaks included type I, type III or type IV. Six studies described the occurrence of other endoleaks. The results depicted no statistically significant difference during incidence of other endoleaks between the embolization and the non- embolization groups [OR = 0.67, 95% CI (0.34, 1.32), P = 0.25] (Figure 5).


[image: Figure 5]
FIGURE 5
Incidence of other endoleaks in the embolization group compare with the non- embolization group.




Mortality

Ten studies reported the occurrence of mortality. The meta-analysis described no statistically significant difference in mortality among the embolization and non-embolization groups in the random effects model [OR = 0.64, 95% CI (0.25, 1.66), P = 0.36] (Figure 6).


[image: Figure 6]
FIGURE 6
Mortality in the embolization group compare with the non- embolization group.




Re-intervention

Nine studies reported re-intervention, and meta-analysis showed that the re-intervention rate was lower in the embolization group compared to the non-embolization group, indicating a statistically significant difference [OR = 0.50, 95% CI (0.37, 0.78), P = 0.002]. Subgroup analysis revealed that the re-intervention rate associated with type II endoleak was significantly lower in the embolization group than in the non-embolization group [OR = 0.22, 95% CI (0.10, 0.48), P < 0.01]. However, there was no statistically significant difference in the re-intervention rate associated with other factors in the two groups [OR = 0.84, 95% CI (0.49, 1.44), P = 0.52] (Figure 7).


[image: Figure 7]
FIGURE 7
The rate of re-intervention in the embolization group compare with the non- embolization group.




Operation time

Six studies reported the operation time, and the random effect model analysis showed no statistically significant difference in operation time between the embolization and the non-embolization groups [MD = 5.76, 95% CI (−8.30, 19.83), P = 0.42] (Figure 8).


[image: Figure 8]
FIGURE 8
The time of operation in the embolization group compare with the non- embolization group.




Publication bias

Funnel plots were created using RevMan 5.3 software depending on the incidence of early, middle, and late-term type II endoleaks. It showed substantial symmetry on both sides, establishing a low publication bias for inclusion (Figure 9).


[image: Figure 9]
FIGURE 9
Publication bias (according to incidence of early-term (A), mid-term (B), and late-term (C) type II endoleak).




Discussion

EVAR has the advantages of less trauma, lower anesthetic requirements, and faster postoperative recovery compared to traditional open surgery. However, managing the postoperative EVAR sac is extremely important, and the reduction in aneurysm diameter during follow-up is an important marker for successful EVAR (31). Type II endoleak is the most common complication after EVAR. Some type II endoleaks may close or increase the diameter of the aneurysm sac and re-intervention (19). Sac embolization in EVAR is performed by developing new access on the opposite side of the delivery route of the main stent, thereby leaving the 4F contrast catheter within the AAA cavity. After successfully undergoing the standard EVAR, the coils or liquid embolization agent was delivered from the pre-positioned 4F catheter within the sac.

This study showed that EVAR combined with sac embolization could significantly reduce the incidence of type II endoleak in the early, middle, and late-term postoperative periods (P < 0.01). There was no significant effect on the incidence of other endoleaks (type I, III, and IV endoleaks) (P = 0.25). EVAR combined with sac embolization could also significantly decrease the re-intervention rate (P = 0.0007). Regarding safety, there was no significant difference in mortality and operation time between the sac embolization and the non- embolization groups.

In previous studies, different centers have reported different efficacy of sac embolization due to various follow-up times. The early-term effectiveness of EVAR combined with sac embolization has been widely recognized (18, 19, 25, 30) and confirmed by our studies. Pilon (26)and Ronsivalle (27) reported significant long-term efficacy. In an RCT study in 2021, Fabre et al. (19) reported that sac embolization prevented type II endoleaks at 1 month, 6 months, and 12 months. However, no statistically significant difference was observed in the incidence of type II endoleaks between the two groups at 24 months (P = 0.19). Piazza et al. (25) also described no significant difference in the rate of type II endoleaks among the two groups at 24 months after surgery (P = 0.57). Our study confirmed the efficacy of EVAR combined with sac embolization, significantly reducing the incidence of type II endoleaks during the middle and late term.

Thirty-eight cases of other endoleaks were reported in six studies, including 13 from the embolization group (11 cases of type I endoleaks and two from of type III endoleaks), and 25 from the non-embolization group (21 cases of type I endoleaks, one of type III endoleak and three of type IV endoleaks), with no statistically significant difference between the two groups (P = 0.25). A separate analysis for the type I endoleak incidence in the two groups also showed no statistically significant difference [OR = 0.67, 95% CI (0.33, 1.38), P = 0.28].

The impact of type II endoleaks on survival is remains unclear (18). Seike et al. (32) retrospectively analyzed the clinical data of 17,099 patients and show a correlation between type II endoleaks patients and late adverse events, including re-intervention, death, rupture, and aneurysm sac enlargement. Batt et al. (33) reported that survival with or without type II endoleak (T2E) had no statistical difference (P = 0.49). Sidloff et al. (34) found that a late type II endoleak was associated with survival (P = 0.008) but early type II endoleak was not (P = 0.06). Our study found that intraoperative embolization significantly reduced the incidence of postoperative type II endoleaks. Moreover, there was no significant difference in postoperative mortality between the two groups (P = 0.36), demanding confirmation through various RCTs.

In a study of 3,595 patients, van Marrewijk et al. (35) observed that 55% of patients with type II endoleaks required re-intervention, significantly higher than the 15% re-intervention rate among patients without type II endoleak. In our analysis, embolization effectively decreased the re-intervention rate (P = 0.002), and subgroup analysis revealed that embolization significantly reduced the re-intervention rate associated with type II endoleaks (P < 0.01). For re-intervention due to other reasons, there was no significant difference between the embolization and the non-embolization groups (P = 0.52). An issue with the embolization procedure is the potential for prolonging of operative time and radiation exposure, in our analysis, sac embolization did not extend the operative time (P = 0.42).

The study was conducted by following the methods and requirements of meta-analysis. However, there are certain limitations: (1) the sample size of some of the RCTs or retrospective cohort studies included in this study was small and required expansion; (2) lack of standardized in the treatment of study methods, such as lack of blinding and propensity matching, which could be biased; (3) different centers included their studies based on different prevention criteria, embolic materials and re-intervention criteria, which could affect the analysis analysis.




Conclusion

In conclusion, compared with standard EVAR, EVAR combined with intraoperative sac embolization significantly decreases the incidence of postoperative type II endoleak and re-intervention rate but does not enhance the operation time. This study is limited by the quantity and quality of the included literature. Therefore, more high-quality studies are needed to validate the results.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



Author contributions

YZ and KL completed data extraction, processing and article writing; QN provide ideas; LF, DZ and CS provide statistical support. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Ichihashi S, Takahara M, Fujimura N, Nagatomi S, Iwakoshi S, Bolstad F, et al. Multicentre randomised controlled trial to evaluate the efficacy of pre-emptive inferior mesenteric artery embolisation during endovascular aortic aneurysm repair on aneurysm sac change: protocol of clarify IMA study. BMJ open. (2020) 10(2):e031758. doi: 10.1136/bmjopen-2019-031758

2. Patel R, Sweeting MJ, Powell JT, Greenhalgh RM. Endovascular versus open repair of abdominal aortic aneurysm in 15-years’ follow-up of the UK endovascular aneurysm repair trial 1 (EVAR trial 1): a randomised controlled trial. Lancet (London, England). (2016) 388(10058):2366–74. doi: 10.1016/S0140-6736(16)31135-7

3. Brown LC, Powell JT, Thompson SG, Epstein DM, Sculpher MJ, Greenhalgh RM. The UK EndoVascular aneurysm repair (EVAR) trials: randomised trials of EVAR versus standard therapy. Health Technol Assess (Winchester, England). (2012) 16(9):1–218. doi: 10.3310/hta16090

4. Patel R, Powell JT, Sweeting MJ, Epstein DM, Barrett JK, Greenhalgh RM. The UK EndoVascular aneurysm repair (EVAR) randomised controlled trials: long-term follow-up and cost-effectiveness analysis. Health Technol Assess (Winchester, England). (2018) 22(5):1–132. doi: 10.3310/hta22050

5. de Guerre L, Dansey K, Li C, Lu J, Patel PB, van Herwaarden JA, et al. Late outcomes after endovascular and open repair of large abdominal aortic aneurysms. J Vasc Surg. (2021) 74(4):1152–60. doi: 10.1016/j.jvs.2021.02.024

6. Ikoma A, Nakai M, Sato M, Sato H, Minamiguchi H, Sonomura T, et al. Systolic sac pressure Index for the prediction of persistent type II endoleak for 12 months after endovascular abdominal aortic aneurysm repair. Cardiovasc Intervent Radiol. (2016) 39(4):522–9. doi: 10.1007/s00270-015-1191-3

7. Nuckles B, Nadal L, Berger A, Salzler G, Elmore JR, Ryer EJ. Outcomes of type II endoleak treatment using ethylene vinyl alcohol copolymer (onyx(TM)). Vasc Endovascular Surg. (2021) 55(1):50–7. doi: 10.1177/1538574420964644

8. Guo Q, Du X, Zhao J, Ma Y, Huang B, Yuan D, et al. Prevalence and risk factors of type II endoleaks after endovascular aneurysm repair: a meta-analysis. PloS one. (2017) 12(2):e0170600. doi: 10.1371/journal.pone.0170600

9. Baum RA, Carpenter JP, Cope C, Golden MA, Velazquez OC, Neschis DG, et al. Aneurysm sac pressure measurements after endovascular repair of abdominal aortic aneurysms. J Vasc Surg. (2001) 33(1):32–41. doi: 10.1067/mva.2001.111807

10. Velazquez OC, Baum RA, Carpenter JP, Golden MA, Cohn M, Pyeron A, et al. Relationship between preoperative patency of the inferior mesenteric artery and subsequent occurrence of type II endoleak in patients undergoing endovascular repair of abdominal aortic aneurysms. J Vasc Surg. (2000) 32(4):777–88. doi: 10.1067/mva.2000.108632

11. Chew DK, Dong S, Schroeder AC, Hsu HW, Franko J. The role of the inferior mesenteric artery in predicting secondary intervention for type II endoleak following endovascular aneurysm repair. J Vasc Surg. (2019) 70(5):1463–8. doi: 10.1016/j.jvs.2019.01.090

12. Chaikof EL, Dalman RL, Eskandari MK, Jackson BM, Lee WA, Mansour MA, et al. The society for vascular surgery practice guidelines on the care of patients with an abdominal aortic aneurysm. J Vasc Surg. (2018) 67(1):2–77. doi: 10.1016/j.jvs.2017.10.044

13. Guirguis-Blake JM, Beil TL, Senger CA, Coppola EL. Primary care screening for abdominal aortic aneurysm: updated evidence report and systematic review for the US preventive services task force. Jama. (2019) 322(22):2219–38. doi: 10.1001/jama.2019.17021

14. Bryce Y, Schiro B, Cooper K, Ganguli S, Khayat M, Lam CK, et al. Type II endoleaks: diagnosis and treatment algorithm. Cardiovasc Diagn Ther. (2018) 8(Suppl 1):S131–s137. doi: 10.21037/cdt.2017.08.06

15. Lalys F, Durrmann V, Duménil A, Göksu C, Cardon A, Clochard E, et al. Systematic review and meta-analysis of preoperative risk factors of type II endoleaks after endovascular aneurysm repair. Ann Vasc Surg. (2017) 41:284–93. doi: 10.1016/j.avsg.2016.08.021

16. Qiu CT, li YJ, li RG, Liu Y, Lu HQ, Li Y, et al. Progress in prevention and treatment of type II endoleaks after endovascular AneurysmRepair. MedicalＲEcapitulat. (2022) 28(13):2619–24. doi: 10.3969/j.issn.1006-2084.2022.13.021

17. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ (Clinical Research ed). (2021) 372:n71. doi: 10.1136/bmj.n71

18. Dosluoglu HH, Rivero M, Khan SZ, Cherr GS, Harris LM, Dryjski ML. Pre-emptive nonselective perigraft aortic sac embolization with coils to prevent type II endoleak after endovascular aneurysm repair. J Vasc Surg. (2019) 69(6):1736–46. doi: 10.1016/j.jvs.2018.10.054

19. Fabre D, Mougin J, Mitilian D, Cochennec F, Garcia Alonso C, Becquemin JP, et al. Prospective, randomised two centre trial of endovascular repair of abdominal aortic aneurysm with or without sac embolisation. Eur J Vasc Endovasc Surg. (2021) 61(2):201–9. doi: 10.1016/j.ejvs.2020.11.028

20. Mascoli C, Freyrie A, Gargiulo M, Gallitto E, Pini R, Faggioli G, et al. Selective intra-procedural AAA sac embolization during EVAR reduces the rate of type II endoleak. Eur J Vasc Endovasc Surg. (2016) 51(5):632–9. doi: 10.1016/j.ejvs.2015.12.009

21. Miura S, Kurimoto Y, Maruyama R, Masuda T, Yanase Y, Iba Y, et al. Endovascular aortic aneurysm repair without type 2 endoleak using concomitant N-butyl-2-cyanoacrylate injection into the abdominal aortic aneurysm sac. Ann Vasc Surg. (2020) 66:110–9. doi: 10.1016/j.avsg.2019.12.006

22. Natrella M, Rapellino A, Navarretta F, Iob G, Cristoferi M, Castagnola M, et al. Embo-EVAR: a technique to prevent type II endoleak? A single-center experience. Ann Vasc Surg. (2017) 44:119–27. doi: 10.1016/j.avsg.2017.01.028

23. Ohba S, Shimohira M, Hashizume T, Muto M, Ohta K, Sawada Y, et al. Feasibility and safety of sac embolization using N-butyl cyanoacrylate in emergency endovascular aneurysm repair for ruptured abdominal aortic aneurysms or isolated iliac artery aneurysms. J Endovasc Ther. (2020) 27(5):828–35. doi: 10.1177/1526602820923954

24. Piazza M, Frigatti P, Scrivere P, Bonvini S, Noventa F, Ricotta JJ, et al. Role of aneurysm sac embolization during endovascular aneurysm repair in the prevention of type II endoleak-related complications. J Vasc Surg. (2013) 57(4):934–41. doi: 10.1016/j.jvs.2012.10.078

25. Piazza M, Squizzato F, Zavatta M, Menegolo M, Ricotta JJ, Lepidi S, et al. Outcomes of endovascular aneurysm repair with contemporary volume-dependent sac embolization in patients at risk for type II endoleak. J Vasc Surg. (2016) 63(1):32–8. doi: 10.1016/j.jvs.2015.08.049

26. Pilon F, Tosato F, Danieli D, Campanile F, Zaramella M, Milite D. Intrasac fibrin glue injection after platinum coils placement: the efficacy of a simple intraoperative procedure in preventing type II endoleak after endovascular aneurysm repair. Interact Cardiovasc Thorac Surg. (2010) 11(1):78–82. doi: 10.1510/icvts.2009.231167

27. Ronsivalle S, Faresin F, Franz F, Rettore C, Zanchetta M, Olivieri A. Aneurysm sac “thrombization” and stabilization in EVAR: a technique to reduce the risk of type II endoleak. J Endovasc Ther. (2010) 17(4):517–24. doi: 10.1583/09-3004.1

28. Chen HY, Dai YQ, Zhuang H, Zhan TH, Chen C, Guo PF, et al. Efficacy of intraprocedural perigraft arterial sac embolization during endovascular aortic aneurysm repair for prevention of type II endoleak. Chinese J Interv Imaging and Ther. (2018) 15(11):645–9. doi: 10.13929/j.1672-8475.201803031

29. Li XT, Huang YY, Chen RQ, Guo MH, Guo PF. Intraoperative sac coiling embolization in type II endoleak high risk population after endovascular aortic repair. Chin J Gen Surg. (2019) 09:745–9. doi: 10.3760/cma.j.issn.1007-631X.2019.09.001

30. Zhou YR, Pan YM, Zheng Z, Zha ZB. Observation of the feasibility and effectiveness of para-graft tumor lumen embolization for the prevention of type II internal fistula during abdominal aortic aneurysm repair. J Clin and Exp Med. (2020) 19(14):1525–8. doi: 10.3969/j.issn.1671-4695.2020.14.020

31. Fujimura N, Matsubara K, Takahara M, Harada H, Asami A, Shibutani S, et al. Early sac shrinkage is a good surrogate marker of durable success after endovascular aneurysm repair in Japanese patients. J Vasc Surg. (2018) 67(5):1410–8. doi: 10.1016/j.jvs.2017.08.076

32. Seike Y, Matsuda H, Shimizu H, Ishimaru S, Hoshina K, Michihata N, et al. Nationwide analysis of persistent type II endoleak and late outcomes of endovascular abdominal aortic aneurysm repair in Japan: a propensity-matched analysis. Circulation. (2022) 145(14):1056–66. doi: 10.1161/CIRCULATIONAHA.121.056581

33. El Batti S, Cochennec F, Roudot-Thoraval F, Becquemin JP. Type II endoleaks after endovascular repair of abdominal aortic aneurysm are not always a benign condition. J Vasc Surg. (2013) 57(5):1291–7. doi: 10.1016/j.jvs.2012.10.118

34. Sidloff DA, Gokani V, Stather PW, Choke E, Bown MJ, Sayers RD. Type II endoleak: conservative management is a safe strategy. Eur J of Vasc and Endovas Surg. (2014) 48(4):391–9. doi: 10.1016/j.ejvs.2014.06.035

35. van Marrewijk CJ, Fransen G, Laheij RJ, Harris PL, Buth J. Is a type II endoleak after EVAR a harbinger of risk? Causes and outcome of open conversion and aneurysm rupture during follow-up. Eur J of Vasc and Endovas Surg. (2004) 27(2):128–37. doi: 10.1016/j.ejvs.2003.10.016



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy and safety of prophylactic intraoperative sac embolization in EVAR for abdominal aortic aneurysm: A meta-analysis

		Introduction



		Materials and methods



		Literature search



		Inclusion and exclusion criteria



		Study selection and data extraction



		Statistical analysis











		Results



		Literature search results



		Study and patient characteristics



		Type II endoleak incidence



		Incidence of other endoleaks



		Mortality



		Re-intervention



		Operation time



		Publication bias



		Discussion











		Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Efficacy and safety of prophylactic
intraoperative sac embolization in EVAR for
abdominal aortic aneurysm: A meta-analysis





OPS/images/fsurg-09-1027231-t001.jpg
Included studies Type of Country N ~ Age Male  Follow-up, OSurveillance =~ Embolic  Inclusion NOS
study (T/C) (T/C) (T/C) months (T/C) material criteria
Dosluoglu 2018 (15) ~ Review ~ America 1631 7072 NR 44/44 CT/DPUS Coils High risk
Fabre 2021 (19) RCT France 477 7273 42044 24124" CT/DUS Coils Regular NR
Mascoli 2016 (20) Review  Ttaly 26/44 737 2542 1212 DUS Coils Highrisk 7
Miura 2020 (*1) Review  Japan 83193 76/76"  68/85 12012 cr NBCA Regular 6
Natrella 2017 (22) Review  Taly 3636 79077 28133 12012* CT/DUS Fibrin glue + Coils ~ Regular 8
Ohba 2020 (27) Review  Japan 27 78/88°  18/6 14/65° {014 NBCA rAAA 6
Piazza 2013 (24) Review Ty 79183 7Y 72173 132/37.2° cr Fibrin glue + Coils  Regular 6
Piazza 2016 (27) RCT Ttaly 50155 7576 48/52 1212 cr Fibrin glue + Coils  Highrisk ~ NR
Pilon 2010 (26) Review  Ttaly 1820 7272 NR 185/20" {1 Fibrin glue + Coils  Regular 6
Ronsivalle 2010 (/) Review  ltaly 180/224  73/72  161/210 26/72" CT/DUS Fibrin glue + Coils ~ Regular 8
Chen HY 2018 ()~ Review  China 3336 74/70° 24128 12112* {51 Coils Regular 6
Li XT 2019 (29) Review  China 36/76  NR NR 259/29.4" CT/DSA Fibrin glue + Coils  Highrisk 7
Zhou YR 2020 (*0)  RCT China 45145 64/66" 22124 1212 cr Coils Regular NR

T, test group; C, control group; N, sample size; NR, not reported.

"average:

®median: rAAA, ruptured abdominal aortic aneurysm: NOS, newcastle-ottawa scale.





OPS/images/fsurg-09-1027231-t002.jpg
Type 11 endoleak T/C
(T/C)

Included studies  Early Middle Late  Other  Mortality Re-intervention  Operation Radiation

endoleak time, minutes  time, minutes
Dosluoglu 2018 (15) 1115 NR NR 0/5 417 212 135+67/123 59 NR
Fabre 2021 (19) 215 5/15 38 NR mn 28 NR 28.:7.6/214%99
Mascoli 2016 (20) 7130 5/32 NR NR /0 NR NR NR
Miura 2020 (1) 221 NR NR NR 0/5 0/3 NR NR
Natrella 2017 (27) NR 29 NR 71 0/0 NR NR NR
Ohba 2020 () NR 4/0 NR NR 13 2/0 134+ 50/98 + 15 NR
Piazza 2013 (24) 8/20 NR NR 273 NR 5/11 179 +49/185 + 52 250+7.3/26+52
Piazza 2016 (2°) 817 7116 719 NR 5/2 3/8 157 +40/149 =51 235+7.0/221+65
Pilon 2010 (26) NR NR /6 NR 072 1/4 187 +37/207 323+13.1/30.0 £8.2
Ronsivalle 2010 (*7) NR NR 4/34 6/13 20/21 14/25 NR NR
Chen HY 2018 (25) NR 29 NR 42 NR NR NR NR
Li XT 2019 (29) NR 4/25 4/23 0/1 NR 11 148 +54/142 54 28.8+5.0/25.8/6.8
Zhou YR 2020 (1) 1/5 2/10 NR NR 0/9 NR NR NR





OPS/images/fsurg-09-1027231-t003.jpg
Included studies Random method Ssign

hidden

Blindness Data

integrity

Selective reporting of
research findings

Other source:
of offsets

Fabre 2021 Computer Random NR
Random Envelope Method NR

Bainies T b WUEEL A ALY NR

Piazza 2016
7hou YR 2020

No Yes
NR Yes
NR Wou:

No
No
No

NR
NR
NR





OPS/images/fsurg-09-1027231-g001.jpg
Access to relevant literature from
database (n =2622)
PubMed (n=711),Web of
Science (=719 ),EMbase (i
999),Cochrane Library (n=
CNKI (n=67),VIP (n=16),
Wanfang (n=13)CBM (1= 70)

Access to literature through
other search routes(n =0)

[

—b{ Duplicate records removed (n=1060 )

Read titles and abstracts to
preliminary screening(n=1562 )

—»I Excluded(n= 1547)

Read the full texts(n=15)

2)
No available date(n= 1)
Does not meet the inclusion criteria(n= 1)

(n=13)

Finally included in the literature






OPS/images/fsurg-09-1027231-g004.jpg
Sac embolization  No sac embolization

Study or Subarouy Events _ Total __ Events Total Weight
16.1.1 Coils

Chen HY2018 2 33 9 36 6.4%
Dosluoglu2018 1 16 15 3 41%
Fabre2021 3 29 8 32 76%
Mascoli2016 5 25 32 44 98%
Zhou YL2020 2 45 10 36 65%
Subtotal (95% CI) 148 179 344%
Total events 1 74

Heterogeneity. Tau*= 0.00; Ch*= 2.53, df= 4 (P = 0.64); %

Test for overall effect. Z= 5.61 (P < 0.00001)

16.1.2 Fibrin glue

Miura2020 2 83 il @ 7.2%
Ohba2020 4 22 0 722%
Subtotal (95% CI) 105 100 9.4%
Total events 6

Heterogeneity. Tau®= 5,62, Chi*=4.77, df=1 (P=0.03), F

Testfor overall effect Z= 0.44 (P = 0.66)

16.1.3 Fibrin glue+Coils

LixT2019 4 36 23 76 102%
Natrella2017 2 36 9 36  B.4%
Piaza2013 8 79 20 83 135%
Piazza2016 7 50 9 55 111%
Pilon2010 1 18 6 20 38%
Ronsivalle2010 4 180 34 224 11.3%
Subtotal (95% CI) 399 494 56.2%
Total events 26 101

Heterogeneity. Tau®= 0.16; Chi*=7.18, df= 5 (P = 0.21);

Testfor overall effect: Z= 4.13 (P < 0.0001)

Total (95% CI) 652 773 100.0%
Total events 45

196
Heterogeneity. Tau®= 0.22; Chi*= 17.44,df=12 (P = 0.13); F=
Testfor overall effect Z= 6.33 (P < 0.00001)
Test for subaroun differences: Chif= 2 39 df= 2 (P = 0.30)

Odds Ratio
H, Random. 95% C1

0.19(0.04,0.97]

007[0.01,081]

0.35(0.08,1.45]
0.09(0.03,031]
0.12(0.02,060]

0dds Ratio
95Y% CI

0.14[0.07,0.28] -

008[002,037) ——

3,65 [0.17, 76.46] —1
0.44[0.01,17.01] e —

0.29(0.09,091]
0.18(0.04,089]
0.35(0.15,0.86]
083(0.28,243]
0.14(0.01,1.28]
0.13(0.04,037]
0.2910.16,0.52]

0.22[0.14,0.35]

-
>

0.01

Sac embolization No sac embolization

100





OPS/images/fsurg-09-1027231-g005.jpg
Sac embolization  No sac embolization

Odds Ratio

Study or Subaroup __Event: Total nt: Total Weight M.H,Fixed, 95% CI
Chen HY2018 4 33 2 36 79% 234(0.40,1374]

Dosluoglu2018 0 18 5 31 173%  015[0.01,282)

LixXT2019 0 £ 1 76 45% 0.69(0.03,17.34

Natrella2017 1 £ 1 36 45% 1.00(0.06,16.63)

Piaza2013 2 79 3 83 133%  069[0.11,4.26] —

Ronsivalle2010 6 180 13 224 524%  056(0.21,150] il

Total (95% CI) 380 486 100.0%  0.67[0.34,1.32] -

Total events 13 25

Heterogeneity: Chi* = 3.16, df= 5 (P = 0.68); I ) o T

Testfor overall effect Z=1.16 (P = 0.25)

Sac embolization No sac embolization





OPS/images/fsurg-09-1027231-g002.jpg
Sac embolization  No sac embolization Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M.H, Fixed, 95% CI

Dosluoglu2018 1 15 15 31 100% 007 [0.01,061]

Fabre2021 2 39 15 36 154%  0.08(0.02,0.36) ———

Mascoli2016 7 25 30 44 17.0% 047 [0.06,0.50] e o

Miura2020 2 83 7 93 201%  008(0.02,037] ——

Piazza2013 8 79 20 83 183%  035[0.15,0.86] o

Piazza2016 8 50 17 55 14.2% 0.43[0.16,1.10] _—

Zhou YL2020 1 45 5 45 51%  018[0.02,162] =

Total (95% CI) 338 387 100.0% 0.20[0.13,0.31] &

Total events 29 123

Heterogeneity: Chi*= 7.79, df= 6 (P = 0.25); = 23% boor o s 7000

Testoroveral BMect 28.85.Fi0.00001) Sac embolization No sac embolization
Sac embolization  No sac embolization Odds Ratio Odds Ratio

Studyor Subaroup __Events __ Total __Events Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% CI

Chen HY2018 2 33 a 36 9.4% 0.18 [0.04, 0.97] |

Fabre2021 5 35 15 37 145%  024[0.08,077]

LiXT2019 4 £ 25 76 166%  0.26[0.08,0.80] ——

Mascoli2016 5 25 32 44 21.5% 0.08(0.03,0.31] ——

Natrella2017 2 £ 9 36 99%  018[0.04,089] —

Ohhaz020 4 22 0 7 07% 385(0.17,76.46] =

Piazza2016 7 50 16 55 152% 0.40(0.15,1.07] i |

Zhou YL2020 2 45 10 36 123%  012[0.02,060] ——

Total (95% CI) 282 327 100.0% 0.23[0.15, 0.37] L 4

Total events El 116

Heterogeneity: Chi*= 7.38, df= 7 (P = 0.39); = 5% T o 77

Testfor.oversll sffect: 2 =:6.31: < 0,00001) Sac embolization No sac embolization
Sac embolization  No sac embolization Odds Ratio Odds Ratio

Study or Subaroup __Event: Total __Events Total Weight M.H, Fixed, 95% CI MLH, Fixed, 95% CI

Fabre2021 3 29 8 32 109% 0.35[0.08, 1.46] r

LixT2019 4 £ 23 76 211%  0.29(0.09,091] =

Piazza2016 7 50 9 55 11.8%  083(0.28,243] =

Pilon2010 1 18 6 20 86%  0.14[0.01,1.28] Pt

Ronsivalle2010 4 180 34 224 475%  013(0.04,037) ——

Total (95% CI) 313 407 100.0%  0.27[0.16,0.46] -

Total events 1

Heterogeneity: Chi*= 6,66, df= 4 (P = 0.15); F= 4n% Dot

Testfor overall effect: Z= 4.82 (P < 0.00001)

01
Sac embolization

10 1
No sac embolization






OPS/images/fsurg-09-1027231-g003.jpg
Sac embolization

Study or Subarouy Events _ Total
15.1.1 High risk

Dosluoglu2018 1 16
LixT2019 4 36
Mascoli2016 5 25
0Ohba2020 4 22
Piazza2016 P 50
Subtotal (95% CI) 149
Total events 2

Heterogeneity: Tau®= 1.00; Chi*=11.52, df= 4 (P = 0.02); F=

Testfor overall effect Z= 2.08 (P = 0.04)

15.1.2 Regular

Chen HY2018 2 33
Fabre2021 3 29
Miura2020 2 83
Natrella2017 2 36
Piazza2013 8 79
Pilon2010 1 18
Ronsivalle2010 4 180
Zhou YL2020 2 45
Subtotal (95% CI) 503
Total events 24

No sac embolization

Events

15
3
32
0
9

3
76
44
7
55
213

224

560

Heterogeneity. Tau®= 0.00; Chi*= 4.76, df = 7 (P = 0.68); F= 0%

Test for overall effect Z= 6.79 (P < 0.00001)

Total (95% CI) 652
Total events 45

Heterogeneity: Tau®= 0.22; Chi*=17.44,df= 12 (P = 0.1

Test for overall effect Z= 6.33 (P < 0.00001)
Test for subaroun differences: Chif= 0.47.

49). F

41%
10.2%
9.8%
22%
1.1%
37.3%

5.4%
7.6%
7.2%
6.4%
13.5%
3.8%
11.3%
6.5%
62.7%

100.0%

Is Ratio
Total Weight M.H, Random 95% CI.

0.07 [0.01,061]
0.28(0.09,0.91]
0.08[0.03,0.31]

3.65(0.17, 76.46]
0.83(0.28,2.43]
0.30[0.10,0.93]

019(0.04,0.97)
0.35(0.08, 1.46]
0.08(0.02,0.37)
0.18(0.04,0.89]
0.35[0.15,0.86]
0.14[0.01,1.28]
0.13[0.04,0.37)
0.12[0.02, 0.60]
0.19[0.12,0.31]

0.22[0.14,0.35]

ds Ratio
M-H, Random, 95% CI

S

i

>

01 10
Sac embolization Mo sac embolization

100






OPS/images/fsurg-09-1027231-g008.jpg
No sac i
Study or Subgrou Mean _ SD_Total _Mear SD__Total Weight IV, Random, 95% CI

Mean Difference
IV. Rai

Dosluoglu2018 13 67 18 123 59 31 9.2% 12.0026.85,50.85)
LixT2018 14838 5373 36 14238 5373 76 18.0% 6.00F15.31,27.31)
0Ohba2020 134 4975 22 975 151 7 16.4% 36.50(12.89,60.11]
Piazza2013 179 48 79 185 52 83 223% -6.00[-21.55,9.55)
Piazza2016 1568 396 50 1494 507 55 209%  7.40(9.92,2472)
Pilon2010 1872 366 18 207 54 20 13.3% -19.80[-48.89,9.29)

Total (95% Cl) 221 1000%  5.76(.8.30, 19.83] -
Heterogeneity. Tau® = 168.40; Chi*=11.76, df= 5 (P = 0.04);

Testfor overall effect 7= 0.80 (P = 0.42)

-50 50 100
Sac embolization No sac embolization






OPS/images/fsurg-09-1027231-g009.jpg






OPS/images/fsurg-09-1027231-g006.jpg
Study or S
Dosluoglu2018
Fabre2021
Mascoli2016

Miura2020

Natrella2017

Ohba2020

Piaza2016

Pilon2010

Ronsivalle2010 2
Zhou YL2020

Total (95% CI)
Total events 32

ion
Total

No sac embolization

Events

7 31 165%
1 3B 8.0%
0 44 65%
5 93  76%

i 36
3 793%
2 55 14.3%
2 20 6.9%
7 224 231%
9 45 77%
591 100.0%

Heterogeneity: Tau?= 0.92; Chi*= 16 52 df=8 (P =0.04); F=52%
36)

Testfor overall effect Z=0.92 (P =

dds Ratio

i
Total Weight M-H. Random, 95% Cl

114(0.28, 4.68]
1.17 [0.07,19.46]
5.24[0.21,133.33
010(0.01,1.77]
Not estimable
0.06(0.01,0.78]
294[0.54,15.91]
020(0.01,4.45]
1.21(0.63,2.31)
0.04(0.00,0.75]

0.64[0.25, 1.66]

0dds Ratio

M-H. Rand m 95% Cl

0.001

01 10 1000
Sac embolization No sac embolization





OPS/images/fsurg-09-1027231-g007.jpg
Sac elnholiralion

No sac embolization

Odds Ratio

Study or Subgroup Event: Total Events Total Weight M-H. Fixed, 95% CI M.H, Fixed, 95% C1
5.1.1 Re-intervention rate relaled to type Il endoleak
Dosluoglu2018 4 16 9 31 93%  0.16[0.02,1.42) B
Fabre2021 1 47 e 47 111%  012[0.01,1.05]
Miura2020 0 83 3 93 53%  015[0.01,3.04 — [
0Ohba2020 2 2 0 7 14% 1.83[0.08,4268)
Piazza2013 1 79 [ 83 94%  0.16(0.02,1.40]
Piazza2016 1 50 T 88 81% 0.24[0.03,198
Pilon2010 1 18 ) 20 29% 053[0.04,639] - e
Ronsivalle2010 o 180 4 224 65%  0.14[0.01,254] T T
Subtotal (95% Cl) 495 593 53.6%  0.220.10,0.48] -
Total events 7 38
Heterogeneity: Chi= 2.80, df= 7 (P = 0.90),
Testfor overall effect Z= 3.75 (P = 0.0002)
5.1.2 Re-intervention rate related to other factors.
Dosluoglu2018 1 16 3 31 31%  0.62([0.06,6.51] —
Fabre2021 1 47 1 47 18%  1.00[0.06,16.47)
LixT2019 1 36 1 76 1.0% 214[0.13,3526)
Piazza2013 4 79 5 83 75% 0830.22,322) =
Piaza2016 2 50 1 56 15% 225(0.20,2560] i
Pilon2010 o 18 2 20 37%  0.20(0.01,4.48] —
Ronsivalle2010 14 180 21 224 280%  0.82(0.40,1.65] —y=
Subtotal (95% CI) 426 536 46.4%  0.84[0.49,1.44] g
Total events 23 34
Heterogeneity: Chi*=1.97, df= 6 (F = 0.92); |
Testfor overall effect: Z= 0.64 (P = 0.52)
Total (95% CI) 921 1129 100.0%  0.50[0.33,0.78] <
Total events 30 72
Heterogeneity: Chi*= 11.64, df= 14 (P= 0.63); F= 0% 0005

002

Testfor overall effect Z= 3.10 (
Test for subaroun differences: Chi

81 df=1P=0006) F=86 7%

01 10
Sac embolization No sac embolization





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





