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Background: We aimed to analyze the risk factors associated with Type II endoleak (T2EL) requiring reintervention after endovascular aneurysm repair (EVAR) for multicenter abdominal aortic aneurysms.



Methods: A retrospective analysis was conducted on data from 614 patients with abdominal aortic aneurysms who underwent elective EVAR at three centers (Tianjin Medical University General Hospital, Affiliated Hospital of Inner Mongolia Medical University, Shanxi Provincial People's Hospital) from January 2017 to December 2021. After applying exclusion criteria, 375 patients were included in the study, with 50 patients in the T2EL-related reintervention group and 325 patients in the non-T2EL group. Single-factor and multiple-factor logistic analyses were used to identify high-risk factors, and ROC curve analysis was performed to determine the risk thresholds for mesenteric artery diameter, number of lumbar arteries, maximum aneurysm diameter, and proportion of intraluminal thrombus volume.



Results: The rate of T2EL-related reintervention among the 375 patients was 13.33% (50/375). Single-factor analysis indicated that age, hypertension, maximum aneurysm diameter, proportion of intraluminal thrombus, diameter of inferior mesenteric artery (IMA), and number of patent lumbar arteries (LA) were risk factors for T2EL-related reintervention. Multiple-factor logistic analysis identified maximum aneurysm diameter, proportion of thrombus, IMA diameter, and number of patent LA as the main influencing factors for T2EL-related reintervention after EVAR. Significant risk factors for reintervention were maximum aneurysm diameter (OR = 1.043, 95% CI 1.015–1.072, P = 0.002), IMA diameter (OR = 3.901, 95% CI 1.116–13.632, P = 0.033), and number of LA (OR = 2.584, 95% CI 1.722–3.769, P < 0.001). A significant protective factor for reintervention was thrombus proportion (OR = 0.895, 95% CI 0.864–0.927, P < 0.001). ROC curve analysis showed that the risk thresholds for reintervention were an IMA diameter of 2.95 mm, intraluminal thrombus volume proportion <42.5%, number of LA ≤5.5, and aneurysm diameter of 53.55 mm.



Conclusion: Cases with identified risk factors are considered to have a higher risk of T2EL-related reintervention after EVAR. Exceeding the new risk thresholds may indicate a higher likelihood of T2EL-related reintervention after EVAR.
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Introduction

Abdominal aortic aneurysm (AAA), a prevalent condition in vascular surgery, is characterized by a localized dilation of the abdominal aorta that exceeds 50% of the normal arterial diameter. Based on diagnostic criteria from both domestic and international sources (1, 2), an AAA with a diameter greater than 30 mm is diagnosed as an abdominal aortic aneurysm. The incidence of AAA has been increasing year by year. Currently, the preferred treatment for AAA is endovascular aneurysm repair (EVAR), which offers advantages such as minimal trauma, faster postoperative recovery, shorter hospital stay, and lower occurrence of perioperative complications. However, 30%–50% of AAA patients have anatomical features that may fall outside the standard indications for use (IFU) of EVAR devices, requiring advanced techniques or customized solutions (3). This means that when undergoing endovascular aneurysm repair (EVAR), these patients often require more advanced medical technology and equipment. Although these conditions do not necessarily exceed the guidelines outlined in the Instructions for Use (IFU) of EVAR devices, they do increase the complexity and technical demands of the procedure. As such, they represent one of the key challenges currently facing EVAR technology. In recent years, significant advancements have been made in endovascular treatment, encompassing both the refinement of surgical techniques and conceptual approaches, as well as the progressive optimization of associated medical devices. The proportion of EVAR performed on AAA patients with anatomical abnormalities has been increasing. Nevertheless, the advantages of EVAR have diminished over time due to a series of complications such as endoleaks. Endoleak, first defined by White et al. in 1996 (4), refers to the persistent blood flow within the aneurysm sac despite endovascular repair. This phenomenon has been systematically classified into five distinct types (I-V) based on its anatomical origin (5). Among these, Type II endoleak (T2EL), which results from retrograde flow through collateral vessels (such as lumbar or inferior mesenteric arteries) that remain patent after endograft placement, represents the most frequently encountered endoleak subtype following endovascular aortic repair (EVAR) (6). An observational study and recent meta-analysis have shown that the incidence of T2EL ranges from 10.2%–29.0% (7). However, not all T2ELs require reintervention. According to the latest guidelines from the United States (8) and Europe (9), isolated T2ELs without sac expansion should be treated conservatively, while intervention is recommended when sac expansion exceeds 10 mm (10). In conclusion, while endovascular aortic repair (EVAR) demonstrates substantial clinical advantages over traditional open surgical repair, it is associated with inherent limitations, particularly regarding Type II endoleak (T2EL) management. The current clinical challenge lies in the inability to reliably predict the necessity for T2EL-related reinterventions based on preoperative imaging and patient characteristics, highlighting a critical area for future research and technological advancement in endovascular therapy. Therefore, the purpose of this study is to retrospectively analyze clinical data from multicenter EVAR procedures for AAA and assess the risk rate of T2EL-related reinterventions after EVAR.



Patients and methods


Inclusion criteria and follow-up

Patient data of abdominal aortic aneurysm (AAA) cases treated with successful endovascular aneurysm repair (EVAR) in three vascular surgery centers in northern China (Tianjin Medical University General Hospital, Affiliated Hospital of Inner Mongolia Medical University, and Shanxi Provincial People's Hospital) between January 2017 and December 2021 were collected. The study was conducted from October to December 2022. Cases that did not meet the inclusion criteria were excluded based on the following exclusion criteria: (1) Open-window EVAR (n = 49); (2) Pre-embolization during EVAR (n = 44); (3) Ruptured abdominal aortic aneurysm (n = 27); (4) Incomplete medical records (n = 98); (5) Concurrent thoracic aortic diseases (n = 21).

After exclusions, a total of 376 patients were included in the analysis, divided into two groups: T2 endoleak (T2EL) reintervention group (n = 50) and non-T2EL group (n = 375). All patients underwent color Doppler ultrasound follow-up at 3 and 6 months postoperatively, followed by CT angiography (CTA) at 12 months and annually thereafter to monitor the need for T2EL-related reinterventions. If patients experienced any discomfort or recurrent symptoms, they were advised to seek immediate medical attention. The follow-up endpoint was the latest imaging examination or reintervention due to T2EL. The analysis showed that the average time from EVAR implantation to T2EL intervention was 16.98 months.

The mean implanted neck diameter was 25.16 mm, and the mean neck length was 30.96 mm. These measurements were consistent with the standard indications for use (IFU) of the EVAR devices employed in this study. The devices used included Medtronic Endurant (n = 187), Cook Zenith (n = 123), and Gore Excluder (n = 65). Device-specific outcomes were analyzed to assess potential relationships with endoleak rates.

Reintervention was indicated in cases of:


	1.Aneurysm sac expansion ≥10 mm compared to baseline imaging.

	2.Persistent Type II endoleak confirmed by CTA with ongoing sac perfusion.

	3.Symptomatic presentation (e.g., abdominal or back pain) associated with aneurysm growth or endoleak.





Preoperative morphological characteristics

All patients were screened based on the morphology of the aneurysm on CTA. Endosize (Therenva, France) and 3-Mensio Vascular (Pie Medical Imaging, Netherlands) software were used to measure the morphological characteristics. The measurement method followed the approach described by Gallitto et al. (10–12). The definitions of preoperative variables followed the standards of the Society for Vascular Surgery (SVS) and the International Society of Cardiovascular Surgery (ISCS) (13, 14). Aneurysm characteristics included neck features: neck angle (α), defined as the angle between the centerline of the suprarenal abdominal aorta and the centerline of the infrarenal abdominal aorta; neck angle (β), or the angle between the neck of the aneurysm and the centerline of the aneurysm body. Specialized vascular analysis software 3-Mensio Vascular was used to semi-automatically calculate aneurysm body volume (ABV), aneurysm thrombus volume (ATV), and ABV/ATV ratio (%VT) from the lowest renal artery to aortic bifurcation. EndoSize software was used to measure arterial diameters, and T2EL occurrence was determined based on CTA. No significant differences in T2EL rates were observed among the three device types (Medtronic Endurant: 12.8%, Cook Zenith: 13.0%, Gore Excluder: 14.1%; P = 0.34). Similarly, type Ia endoleak rates were low and comparable across devices (Endurant: 2.1%, Zenith: 1.6%, Excluder: 3.1%; P = 0.45).



Statistical analysis

Descriptive analysis was performed to report the clinical characteristics and outcomes of the cohort. Numerical data were presented as frequencies or percentages for categorical factors and analyzed using chi-square tests or Mann–Whitney U tests. Continuous variables were analyzed using Student's t-test and expressed as mean ± standard deviation (SD). Receiver operating characteristic (ROC) curves were generated to calculate the area under the curve (AUC). Data analysis was conducted using R version 4.1.2 (https://www.r-project.org/).




Results


Characteristics of patients

The demographic characteristics and follow-up time of all patients are shown in Table 1. The T2EL-related reintervention group had a mean age of 69.74 ± 7.83 years, while the non-T2EL group had a mean age of 66.3 ± 8.05 years (P = 0.004). The incidence of hypertension was 56% in the T2EL-related reintervention group and 39.7% in the non-T2EL group (P = 0.03). There were no significant differences in other baseline characteristics between the two groups. The median time from T2EL intervention to the first surgery was 11 days (range: 83-5) in the T2EL-related reintervention group, while the median follow-up time based on the latest imaging was 12 days (range: 66-1) in the non-T2EL group.


TABLE 1 Basic data and follow-up information.
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Morphological characteristics of abdominal aortic aneurysm (AAA)

The morphological characteristics of the aneurysm neck and aneurysm sac are shown in Table 2. In terms of the morphology of the aneurysm neck, the mean maximum diameter in the T2EL-related reintervention group was 22.63 ± 3.46 mm, while it was 23.07 ± 12.66 mm in the non-T2EL-related reintervention group. The neck length was 25.73 ± 12.28 mm in the T2EL-related reintervention group and 31.91 ± 24.25 mm in the non-T2EL group. The neck angles (α) were 38.45 ± 26.66 and 33.16 ± 23.66 degrees in the T2EL-related reintervention group and non-T2EL group, respectively, while the neck angles (β) were 47.83 ± 23.46 and 51.65 ± 40.35 degrees, respectively. The maximum diameter of the aneurysm sac was 58.35 ± 13.07 mm in the T2EL-related reintervention group and 50.86 ± 14.70 mm in the non-T2EL group. The proportion of thrombus in the aneurysm sac was lower in the T2EL-related reintervention group (29.74 ± 9.86%) compared to the non-T2EL group (49.49 ± 13.027%) (P < 0.001).


TABLE 2 Morphological characteristics of aneurysms.
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Intraoperative analysis

In terms of intraoperative conditions, the mean operative time for the initial EVAR procedure was 103.86 ± 19.03 min in the T2EL-related reintervention group and 99.84 ± 20.38 min in the non-T2EL-related reintervention group (t = −1.311, P = 0.191), indicating no significant difference between the two groups regarding the duration of their initial EVAR surgeries. The radiation dose was 631.38 ± 87.00 Gy in the T2EL-related reintervention group and 653.48 ± 83.89 Gy in the non-T2EL-related reintervention group (t = −1.726, P = 0.085), again with no significant difference. The mean blood loss was 46.80 ± 22.54 ml in the T2EL-related reintervention group and 49.35 ± 19.95 ml in the non-T2EL-related reintervention group (t = −0.828, P = 0.408), and there was no statistically significant difference between the two groups.



Multivariable logistic analysis

Based on univariate analysis, six clinical variables, including maximum diameter of the aneurysm sac, proportion of intraluminal thrombus, diameter of the inferior mesenteric artery (IMA), number of patent lumbar arteries (LA), age, and hypertension, were selected as predictors of T2EL-related reintervention after EVAR. Logistic analysis showed that the maximum diameter of the aneurysm sac, IMA diameter, and number of patent LA were positively associated with the risk of T2EL-related reintervention, while the proportion of intraluminal thrombus was negatively associated with the risk (Table 3).


TABLE 3 Multifactorial analysis of risk factors that may lead to T2EL reintervention.
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Receiver operating characteristic (ROC) curve analysis

Based on the above analysis, the diameter of the aneurysm sac, proportion of intraluminal thrombus, IMA diameter, and number of patent LA were found to be potentially related to the need for reintervention after EVAR in T2EL patients. Therefore, ROC curves were constructed to determine the cutoff values for these variables associated with the need for reintervention.

The ROC curve indicated a cutoff value of 53.55 mm for the maximum diameter of the aneurysm sac (sensitivity 0.68, specificity 0.385) with an area under the curve (AUC) of 0.664. The cutoff value for the proportion of intraluminal thrombus was 42.50% (sensitivity 0.742, specificity 0.04) with an AUC of 0.91. The cutoff value for IMA diameter was 2.95 cm (sensitivity 0.78, specificity 0.505) with an AUC of 0.645. The cutoff value for the number of patent LA was 5.5 (sensitivity 0.72, specificity 0.305) with an AUC of 0.782.

The results suggest that patients with a maximum diameter of the aneurysm sac ≥53.55 mm, IMA diameter ≥2.95 mm, proportion of intraluminal thrombus ≤42.50%, and number of patent LA ≥5.5 have a higher risk of reintervention due to T2EL after EVAR (Figure 1).


[image: Figure 1]
FIGURE 1
ROC curve. (A) IMA; (B) LA; (C) Thrombus ratio; (D) Maximum diameter.





Discussion

This study aimed to analyze the risk factors associated with Type II endoleak (T2EL) requiring reintervention after endovascular aneurysm repair (EVAR) in patients with abdominal aortic aneurysms (AAAs). Our findings identified several key risk factors, including maximum aneurysm diameter, inferior mesenteric artery (IMA) diameter, number of patent lumbar arteries (LA), and proportion of intraluminal thrombus. These factors were significantly associated with the need for reintervention after EVAR.

The results of our study are consistent with previous research, which has also highlighted the importance of aneurysm sac diameter and the number of patent lumbar arteries as predictors of T2EL-related reintervention (6, 7, 15). Additionally, our findings suggest that the proportion of intraluminal thrombus may act as a protective factor against reintervention, which aligns with earlier studies (10).

In this study, the incidence of late T2EL at six months was 8.9%, which was notably lower than historical control data (16.3%) (15). Comparatively, the ENGAGE registry reported a five-year T2EL incidence of 15.6% (16), while U.S. regulatory trials reported a one-year T2EL incidence of 9.1% (17). This discrepancy may be attributed to racial differences, variations in coagulation function, and differences in study design (17, 18). Despite these variations, the T2EL incidence in our study remained lower than most historical controls, underscoring the effectiveness of P-TAE in preventing T2ELs.

The success rate of P-TAE in this study was 80.8%, with specific rates of 86.3% for the inferior mesenteric artery (IMA) and 80.3% for lumbar arteries (LA). These results align with those reported by Bishay et al. (19) and Fontana et al. (20), indicating high success rates across different studies, especially when performed by experienced interventional radiologists. Although the overall success rate was high, some patients, particularly those with complex anatomical structures (55.6%), were unable to achieve successful embolization, highlighting the need for technical improvements in certain cases.

Additionally, this study analyzed the risk of reintervention in T2EL patients, identifying critical thresholds of IMA diameter ≥2.95 mm and thrombus volume <42.5% as potential predictors of reintervention. These thresholds differ slightly from previously reported values, such as IMA diameter ≥2.5 mm (14) or ≥3.5 mm (21) and thrombus volume <40.0% (10), yet remain relevant. Through ROC curve analysis, four new thresholds were identified, potentially indicating the need for reintervention in T2EL patients. These thresholds can help assess the likelihood of reintervention post-EVAR and facilitate proactive interventions to prevent hospital readmission.

The devices used in this study, including the Medtronic Endurant, Cook Zenith, and Gore Excluder, demonstrated comparable rates of T2EL and type Ia endoleaks. These findings are consistent with previous studies, such as the ENGAGE registry, which reported a five-year T2EL incidence of 15.6% for the Endurant stent graft (16), and U.S. regulatory trials, which reported a one-year T2EL incidence of 9.1% for the same device (17). Similarly, studies involving the Cook Zenith and Gore Excluder devices have shown comparable outcomes, with T2EL rates ranging from 10%–15% (18, 19). These results suggest that the choice of endograft may have a limited impact on the incidence of T2EL, and that other factors, such as aneurysm morphology and patient characteristics, may play a more significant role in determining the need for reintervention.

Previous studies have identified several potential risk factors for T2EL occurrence after EVAR, including advanced age, chronic renal failure, chronic obstructive pulmonary disease (COPD), smoking, hypertension, and specific aneurysm anatomical characteristics (7, 18, 22). In our study, advanced age and hypertension were confirmed as independent risk factors for increased reintervention rates in T2EL patients. A large-scale prospective study conducted in Japan (7), which included medical records of 17,099 AAA patients treated with EVAR, demonstrated that age is an independent risk factor for T2EL, consistent with previous studies (6, 23) and our findings. Smoking and hypertension are also documented as significant risk factors for AAA development and progression. Quitting smoking has been shown to reduce the risk of AAA rupture by 20% (24). Furthermore, both the aforementioned prospective study (7), recent meta-analyses (6, 25), and retrospective studies (15, 26) suggest that smoking and hypertension may contribute to T2EL occurrence. Therefore, preventive measures, such as prophylactic endovascular embolization, should be considered for patients with T2EL-related risk factors before direct EVAR intervention.

T2ELs typically originate from the inferior mesenteric artery, lumbar arteries, and accessory renal arteries, which are the main branches of infrarenal AAAs. According to prior research, the inferior mesenteric artery is the largest branch, and diameters >2.5 mm (14, 23) or >3.5 mm (24) increase the risk of T2EL after EVAR. Additionally, an increased number of patent lumbar arteries may also elevate the risk of T2EL after EVAR. One study identified a threshold of 5.5 for lumbar arteries promoting T2EL after EVAR (20), consistent with our findings. Currently, it is widely accepted that the maximum diameter and number of supplying arteries are critical risk factors for T2EL. In our study, we found that the diameter and number of supplying arteries were independent risk factors for T2EL-related reintervention. The diameter of the inferior mesenteric artery in the T2EL reintervention group was larger, with a threshold of 2.95 mm defined by ROC curve analysis. Logically, larger supplying artery diameters make occlusion more challenging, leading to persistent blood supply between the stent graft and the aortic wall, thereby promoting T2EL formation. The ROC curve analysis demonstrated good sensitivity and specificity, supporting the conclusion that supplying artery diameter is a risk factor for T2EL-related reintervention. The number of patent lumbar arteries was another risk factor for reintervention. Recent studies (15, 27) indicate that a higher number of patent lumbar arteries (4–6) increases the risk of T2EL. Our univariate and multivariate analyses revealed significant statistical differences in the number of patent lumbar arteries between the T2EL reintervention group and the non-T2EL group, suggesting that patients with a higher number of patent lumbar arteries are more likely to experience T2EL-related reintervention after EVAR.

Reintervention was indicated in cases of aneurysm sac expansion ≥10 mm compared to baseline imaging [as recommended by the Society for Vascular Surgery (SVS) guidelines] (8), persistent Type II endoleak confirmed by CTA with ongoing sac perfusion [in line with the European Society for Vascular Surgery (ESVS) guidelines] (9), or symptomatic presentation (e.g., abdominal or back pain) associated with aneurysm growth or endoleak (consistent with both SVS and ESVS recommendations) (8, 9). These criteria emphasize the importance of monitoring sac expansion and persistent endoleaks as key indicators for reintervention, as they are strong predictors of aneurysm instability, rupture risk, and late complications (10, 15).

Interestingly, the presence of intraluminal thrombus in the aneurysm sac may act as a protective factor against T2EL-related reintervention. Previous studies indicate that patients with less than 40% intraluminal thrombus often require reintervention after EVAR (10). However, earlier research on AAA pathogenesis classified intraluminal thrombus as a negative factor, potentially exacerbating oxidative stress and promoting inflammatory mediator recruitment, thus contributing to AAA progression (24). Consequently, the exact role of intraluminal thrombus in AAA remains unclear. In our study, the proportion of intraluminal thrombus was lower in the T2EL group than in the non-T2EL group, with a threshold of 42.5% identified through ROC curve analysis, indicating a protective effect against reintervention. The presence of intraluminal thrombus facilitates branch occlusion and enhances the seal between the stent graft and the arterial wall, reducing the likelihood of T2EL-related reintervention. Therefore, preventive embolization of the aneurysm sac during surgery to increase the proportion of intraluminal thrombus could play a positive role in preventing T2EL-related reintervention, particularly in patients with risk factors.


Insufficient research

This study has some limitations. Firstly, it is a small-sample, retrospective study conducted at three centers. It is necessary to conduct prospective studies in larger treatment centers to confirm the findings of this study. Additionally, due to the limited number of patients, we did not differentiate between early and late type II endoleaks (T2EL), nor did we consider the impact of risk factors on different stages of T2EL. Future research can be conducted on larger cohorts to address these issues. Lastly, we did not analyze the relationship between the use of antiplatelet medications, hemodynamic characteristics, and the possibility of T2EL-related reinterventions, which should be explored in future studies.




Conclusion

Endovascular aneurysm repair (EVAR) is a safe and feasible treatment option for most patients with abdominal aortic aneurysms (AAA). However, accurate prediction and intervention of postoperative T2EL and associated reinterventions are still needed. Through this study, by understanding the risk factors associated with T2EL-related reinterventions, operators can more accurately estimate the risk of T2EL occurrence after EVAR and take appropriate preventive measures such as prophylactic embolization of the aneurysm sac during the EVAR procedure based on the assessment results.
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