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to Prevent Abdominal Aortic Aneurysm Enlargement Associated with Type 2
Endoleak Following Endovascular Aneurysm Repair
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Abstract:
Purpose: This study aims to evaluate the efficacy of preemptive embolization (PE) of the lumbar arteries (LAs) and

inferior mesenteric artery (IMA) (PELI) for preventing abdominal aortic aneurysm (AAA) enlargement associated

with type 2 endoleak (T2EL).

Material and Methods: Patients who underwent endovascular aneurysm repair (EVAR) between January 2015 and

December 2020 were classified into the control (without PE), IMA (PE of a patent IMA with a diameter ≥2.5 mm),

and PELI (PE of patent LAs with a diameter ≥2 mm and IMA) groups. The rate of freedom from AAA enlargement

following EVAR (enlargement ≥5 mm from pre-EVAR) was compared using the log-rank test. The prevalence of T2

EL at 6 months and 1 year after EVAR was compared using Fisher’s exact test.

Results: The cumulative rates of freedom from AAA enlargement at 54 months after EVAR (maximum observational

period in the PELI group) were as follows: control group, 77.5%; IMA group, 62.5%; and PELI group, 100%. The

mean CT follow-up periods of the control, IMA, and PELI groups were 46.4 ± 22.3, 31.1 ± 20.6, and 22.9 ±
15.5 months, respectively. None of the 31 patients in the PELI group experienced AAA enlargement after EVAR,

whereas 2 out of the 16 patients in the IMA group and 20 out of the 98 patients in the control group had AAA en-

largement. No significant differences were observed in the rate of freedom from AAA enlargement (PELI group vs.

IMA group, P = 0.11; PELI group vs. control group, P = 0.11). The prevalence of T2EL was significantly lower in

the PELI group than in the control group at 6 months (13.6% in PELI group vs. 42.1% in control group, P = 0.02)

and 1 year (14.3% in PELI group vs. 40.0% in control group, P = 0.04).

Conclusions: PELI was significantly associated with a low prevalence of T2EL and may prevent T2EL-associated

AAA enlargement.
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Introduction

Endovascular aneurysm repair (EVAR) has become the

standard treatment for abdominal aortic aneurysm (AAA).

Endoleak is a common complication after EVAR, with type

2 endoleak (T2EL) comprising the majority of the endoleak

(28.1%-32.7%) [1, 2]. Persistent T2EL is associated with

late adverse events, including AAA enlargement and rupture

and AAA-related mortality after EVAR [3]. The Society for

Vascular Surgery suggests that secondary intervention for T2

EL should be considered on the basis of the size and expan-

sion (>5 mm) of the aneurysm [4]. Nonetheless, the T2EL

rate remains at 71%-87.5% after the secondary intervention

[1, 5], and there is little evidence to support the efficacy of

the secondary intervention [6]. Therefore, preemptive em-

bolization (PE) of the aortic branches has been suggested.

The efficacy of inferior mesenteric artery (IMA) emboliza-

tion has been described in a meta-analysis and prospective
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Figure　1.　Patients’ flowchart.

AAA, abdominal aortic aneurysm; CT, computed tomography; EVAR, endovascular aneurysm repair; IMA, inferi-

or mesenteric artery; LA, lumbar artery; PE, preemptive embolization; PELI, preemptive embolization of both LAs 

and IMA 

randomized controlled trial [7, 8], and the prevalence of

both T2EL and aneurysm sac growth was significantly re-

duced by IMA embolization. Lumbar arteries (LAs) are an-

other common source of T2EL [9, 10]. PE of both LAs and

IMA (PELI) might be more effective than IMA emboliza-

tion alone to prevent T2EL-related complications. A previ-

ous study reported the efficacy of PELI in reducing both the

prevalence of T2EL and aneurysm diameter at a particular

time [11]. However, few previous studies have compared the

two embolization methods. Moreover, to the best of our

knowledge, time-to-event analyses about the occurrence of

AAA enlargement, which are considered suitable for assess-

ing the effectiveness of PELI, have not been conducted.

Therefore, this study aimed to evaluate the efficacy of PELI

in preventing AAA enlargement associated with T2EL using

time-to-event analyses.

Material and Methods

This retrospective cohort study was approved by our insti-

tutional review board (Approval number: 1459) and was

conducted at a single center. The requirement for written in-

formed consent was waived.

Patients’ eligibility criteria

Fig. 1 shows a flowchart of the patients’ selection process

and classification. A total of 246 consecutive patients who

underwent EVAR at our institution between January 2015

and December 2020 were included in this study. The exclu-

sion criteria were as follows: (1) isolated iliac aneurysm, (2)

saccular aneurysm, (3) ruptured AAA (including impending

rupture), (4) type 1 endoleak and (5) type 3 endoleaks de-

tected in any follow-up period, (6) unobtainable pre-EVAR

computed tomography (CT), (7) prior history of open AAA

repair before EVAR, (8) infectious or inflammatory AAA,

and (9) dissection-related AAA. The included patients were

classified into three groups based on the types of PE as fol-

lows: (1) control (without PE), (2) IMA (PE of a patent

IMA with a diameter ≥2.5 mm), and (3) PELI (PE of patent

LAs with a diameter ≥2 mm and a patent IMA with a di-

ameter ≥2.5 mm) groups.

CT protocols

All CT angiography scans were performed using 64- or

320-detector row CT scanners (LightSpeed PRO 16, GE

Healthcare or Aquilion One, Canon Medical Systems) at a

2-mm slice thickness. The CT protocols involved a triple-
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phase technique that included the unenhanced, arterial, and

delayed phases. Contrast materials containing 600 mg io-

dine/kg total body weight were injected at a flow rate of 3

mL/s. Arterial phase images were obtained using a bolus-

tracking program with an attenuation threshold of 250

Hounsfield units in the aorta. Delayed phase images were

obtained 90 s after the arterial phase.

Interventional procedures

PE of the side branches during EVAR was started in Au-

gust 2016 at our institution. Initially, we embolized only a

patent IMA with a diameter ≥2.5 mm, referring to previous

studies showing that a patent IMA with a diameter of 2-3

mm is a risk factor of T2EL [9, 12-15]. Since March 2017,

we have expanded the indications and embolized patent LAs

with a diameter ≥2 mm [9, 10]. Accessory renal arteries

from the aortic neck or aneurysm sac were embolized since

August 2016. The median sacral artery was embolized on

the basis of the same criteria as those of LA embolization.

PE was performed by board-certified interventional radiolo-

gists before the deployment of stent grafts. A 4- or 5-Fr

shepherd-hook angiographic catheter (Medikit, Tokyo, Ja-

pan; or Cook, Bloomington, IN, USA) was placed in the

ostium of the IMA/LA. The following catheters were also

used when necessary: 4.5-Fr guiding sheath (Parent Plus 45;

Medikit), 5-Fr J-shaped sheath (Medikit), or a 4- or 5-Fr co-

bra angiographic catheter (Medikit). A microcatheter (Es-

tream 2 marks; Toray, Tokyo, Japan) was inserted through a

0.016-inch microguidewire (Meister; Asahi Intecc, Nagoya,

Japan), and embolization was performed using coils (Tor-

nado; Cook or Interlock-Fibered IDC Occlusion System;

Boston Scientific, Marlborough, MA, USA) until blood stag-

nation from microcatheter injection. After PE, standard aor-

tic stent grafts were implanted using the conventional

method, at the operator’s discretion. All procedures were su-

pervised by an interventional radiologist and performed with

surgical cutdown of the femoral arteries under general anes-

thesia.

Follow-up and endpoints

Follow-up CT angiography was commonly scheduled be-

fore discharge, at 6 months and 1 year after EVAR, and

every 6 months thereafter. Unenhanced CT with duplex ul-

trasonography examinations was alternatively used for pa-

tients with an estimated glomerular filtration rate <30 mL/

min/1.73 m2. The primary endpoint was the rate of freedom

from AAA enlargement following EVAR, which was defined

as a growth of ≥5 mm in the maximal diameter of the AAA

from pre-EVAR. The secondary endpoint was the prevalence

of T2EL at 6 months and 1 year after EVAR.

Data collection

Two interventional radiologists retrospectively reviewed

all EVAR-related images and developed the endpoint data in

consensus. The AAA diameter was measured on axial CT

images and was assessed from pre-EVAR to the latest CT. T

2EL was diagnosed on CT angiography or duplex ultra-

sonography when persistent aneurysm sac filling through the

side branches was confirmed, without signs of any other

type of endoleak. Moreover, we collected the following data

as supplemental information: radiation exposure dose, vol-

ume of the contrast material, procedure time, and the fre-

quency of contrast-induced acute kidney injury (a 25% rela-

tive increase or a 0.5-mg/dL absolute increase in serum cre-

atinine within 72 h of contrast exposure) [16].

Statistical analysis

Time-to-event analysis of the occurrence of AAA enlarge-

ment was performed using the Kaplan-Meier method and

compared between each group using the log-rank test.

Fisher’s exact test was used to compare the prevalence of T2

EL and contrast-induced acute kidney injury. One-way

analysis of variance was used for other comparisons. The

significance level was set at alpha = 0.05. Python program-

ming language (version 3.8.5; https://www.python.org/), rpy

2 package (version 3.4.5; https://rpy2.github.io/), and life-

lines package (version 0.26.0; https://lifelines.readthedocs.io/

en/latest/) were used for statistical analysis.

Results

Two hundred and forty-six patients met the inclusion cri-

teria, and 101 of them were excluded. Finally, 98, 16, and

31 patients were classified into the control, IMA, and PELI

groups, respectively (Fig. 1). Patient characteristics are

shown in Table 1. Table 2 lists the details of the PE of

IMA and LA. The embolization success rate of IMA was

87.5% (14/16) and 94.4% (17/18) in the IMA and PELI

groups, respectively. The embolization success rate of LA

was 95.3% (82/86) in the PELI group. The number of pa-

tients who underwent accessary renal artery embolization

was 1 (6.3%) and 4 (12.9%) in the IMA and PELI groups,

respectively. Three patients (9.7%) underwent median sacral

artery embolization in the PELI group. The mean number of

embolized arteries in the PELI group was 3.4 ± 2.1. The

mean number of patent LAs after EVAR was as follows:

control group, 4.7 ± 1.5; IMA group, 4.6 ± 1.7 months;

and PELI group, 2.3 ± 1.3 months (P < 0.01). There were

no PE-related complications.

Rate of freedom from AAA enlargement following EVAR

Fig. 2 shows the Kaplan-Meier curves of the rate of free-

dom from AAA enlargement following EVAR. The mean

CT follow-up periods were as follows: control group, 46.4

± 22.3 months; IMA group, 31.1 ± 20.6 months; and

PELI group, 22.9 ± 15.5 months. None of the 31 patients

in the PELI group experienced AAA enlargement of ≥5 mm

after EVAR, whereas 2 out of the 16 patients in the IMA

group and 20 of the 98 patients in the control group had

AAA enlargement. No significant difference was found in

the rate of freedom from AAA enlargement between the

groups. The cumulative rates of freedom from AAA enlarge-

ment at 54 months after EVAR (maximum observational pe-

riod in the PELI group) were as follows: control group,
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Table　1.　Patients’ Characteristics at the Time of EVAR.

Control group 

(n = 98) 

IMA group 

(n = 16) 

PELI group 

(n = 31) 
P-value

Age (years) * 77.2 ± 7.1 76.1 ± 8.0 78.0 ± 6.2 0.66

Sex 0.78

Male 83 (84.7%) 14 (87.5%) 25 (80.6%) 

Female 15 (15.3%) 2 (12.5%) 6 (19.4%) 

AAA diameter (mm) * 54.7 ± 10.7 53.1 ± 8.8 53.3 ± 9.8 0.71

Stent graft 0.36

Excluder 63 (64.3%) 10 (62.5%) 16 (51.6%) 

Endurant 26 (26.5%) 3 (18.8%) 12 (38.7%) 

AFX 5 (5.1%) 2 (12.5%) 3 (9.7%) 

Zenith 4 (4.1%) 1 (6.2%) 0 (0.0%) 

The number of anatomical factors outside the instructions for use 0.40

0 54 (55.1%) 8 (50.0%) 12 (38.7%) 

1 31 (31.6%) 6 (37.5%) 16 (51.6%) 

2 13 (13.3%) 2 (12.5%) 3 (9.7%) 

Anatomical factors outside the instructions for use

Neck angle 28 (28.6%) 3 (18.8%) 12 (38.7%) 0.37

Neck length 2 (2.0%) 0 (0.0%) 1 (3.2%) 0.69

Neck diameter 10 (10.2%) 1 (6.2%) 0 (0.0%) 0.16

Neck calcification 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.00

Neck thrombus 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.00

Reverse taper neck 0 (0.0%) 0 (0.0%) 1 (3.2%) 0.32

Iliac artery diameter 1 (1.0%) 0 (0.0%) 0 (0.0%) 1.00

Bilateral iliac artery occlusion 16 (16.3%) 6 (37.5%) 8 (25.8%) 0.10

Chronic kidney disease** 43 (43.9%) 9 (56.2%) 14 (45.2%) 0.66

Smoking history 54 (65.9%) 14 (87.5%) 22 (71.0%) 0.22

Hypertension 22 (22.4%) 6 (37.5%) 16 (51.6%) 0.01

Dyslipidemia 10 (10.2%) 1 (6.2%) 3 (9.7%) 1

Diabetes mellitus 12 (12.2%) 2 (12.5%) 3 (9.7%) 1

Cerebrovascular disease 10 (10.2%) 4 (25.0%) 1 (3.2%) 0.07

Coronary arterial disease 18 (18.4%) 2 (12.5%) 9 (29.0%) 0.33

Data are shown as n (%) unless indicated otherwise. P values were calculated with Fisher’s exact test.

*Data are mean ± standard deviation. P values were calculated with the one-way analysis of variance.

**Chronic kidney disease is defined as an estimated glomerular filtration rate <60 mL/min/1.73 m2.

AAA, abdominal aortic aneurysm; Control group, patients without PE; EVAR, endovascular aneurysm repair; IMA, inferior mesenteric artery; 

IMA group, patients who had PE of the IMA only; PE, preemptive embolization; PELI, preemptive embolization of both lumbar arteries and 

IMA; PELI group, patients who had PE of both lumbar arteries and IMA

Table　2.　Details of the Preemptive Embolization of Side Branches.

IMA group

 (n = 16) 

PELI group

 (n = 31)

Side branch IMA LAs IMA LAs

Chronic occlusion rate* 0.0% (0/16) 21.9% (21/96) 16.1% (5/31) 15.6% (29/186)

Embolization success rate** 87.5% (14/16)  (–) 94.4% (17/18) 95.3% (82/86)

Data are shown as mean ± standard deviation unless indicated otherwise.

*In parentheses, the numerator and denominator represent the number of occluded vessels and the total number of side 

branches, respectively. The total number of LAs is six times the number of patients in the PELI group (bilateral second to 

fourth LAs).

**In parentheses, the numerator and denominator represent the numbers of embolized vessels and vessels in which emboli-

zation was attempted, respectively.

IMA, inferior mesenteric artery; LAs, lumbar arteries; PELI, preemptive embolization of both LAs and IMA

77.5% (95% confidence interval [CI], 65.6%-85.8%); IMA

group, 62.5% (95% CI, 14.2%-89.3%); and PELI group,

100% (95% CI, 100%-100%).

Prevalence of T2EL

The prevalence of T2EL at 6 months and 1 year after
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Figure　2.　Kaplan–Meier analysis of freedom from 5-mm AAA enlargement after EVAR.

The plot shows the rate of freedom from 5-mm AAA enlargement after EVAR. The shaded areas 

indicate the 95% confidence interval, and the vertical lines represent censoring. The data at the bot-

tom show the cumulative number of patients at risk, those who were censored, and those with stent 

occlusion in each group. P-values were calculated using the log-rank test.

AAA, abdominal aortic aneurysm; EVAR, endovascular aneurysm repair; IMA, inferior mesenteric 

artery; PE, preemptive embolization; PELI, preemptive embolization of both LAs and IMA 

Table　3.　Prevalence of T2EL at 6 Months and 1 Year after EVAR.

PELI group vs. control group PELI group vs. IMA group

Control group

 (n = 98) 

IMA group

 (n = 16) 

PELI group

 (n = 31) 

P-value Odds ratio 

(95% CI) 

P-value Odds ratio 

(95% CI)

6 months later 42.1% (32/76) 33.3% (4/12) 13.6% (3/22) .02 0.22 (0.04–0.84) .21 0.33 (0.04–2.43)

1 year later 40.0% (30/75) 27.3% (3/11) 14.3% (3/21) .04 0.25 (0.04–0.98) .39 0.46 (0.05–4.18)

Data show the prevalence of T2EL. In parentheses, the numerator and denominator represent the numbers of examinations with T2EL and times that 

computed tomography angiography or duplex ultrasonography was performed, respectively.

CI, confidence interval; EVAR, endovascular aneurysm repair; IMA, inferior mesenteric artery; PELI, preemptive embolization of both lumbar arteries 

and IMA; T2EL, type 2 endoleak

EVAR was as follows: control group, 42.1% (32/76) and

40.0% (30/75); IMA group, 33.3% (4/12) and 27.3% (3/11);

and PELI group, 13.6% (3/22) and 14.3% (3/21), respec-

tively. Duplex ultrasonography was alternatively used to

evaluate T2EL in 9, 1, and 3 patients in the control, IMA,

and PELI groups, respectively. The prevalence of T2EL was

significantly lower in the PELI group than in the control

group at 6 months (P = 0.02; odds ratio, 0.22; 95% CI,

0.04-0.84) and 1 year (P = 0.04; odds ratio, 0.26; 95% CI,

0.04-0.99) (Table 3).

Supplemental information in the interventional procedures

Fig. 3 shows the box plots of the radiation exposure dose,

volume of the contrast material, and procedure time. All me-

dian values were highest in the PELI group, followed by the

IMA and control groups (P < 0.01). The frequency of

contrast-induced acute kidney injury was as follows: control

group, 3.1% (3/98); IMA group, 6.3% (1/16); and PELI
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Figure　3.　Box plots of the radiation exposure dose, volume of the contrast material, and procedure time in interventional proce-

dures.

The boxes represent the inner quartiles, and the horizontal lines within the box indicate the median. The diamonds represent outli-

ers (below the first quartile − 1.5 interquartile range, or above the third quartile + 1.5 interquartile range). P-values were calculat-

ed using one-way analysis of variance. The numbers under each box plot indicate the median and interquartile range (in square 

brackets).

IMA, inferior mesenteric artery; PELI, preemptive embolization of both lumbar arteries and IMA

group, 6.5% (2/31). No significant difference was seen in

the frequency of contrast-induced acute kidney injury (P =

0.52).

Discussion

In this study, we investigated the efficacy of PELI in pre-

venting T2EL-associated AAA enlargement. The time-to-

event analysis showed no significant difference in the rate of

freedom from AAA enlargement. None of the 31 patients

who underwent PELI experienced AAA enlargement ≥5 mm

after EVAR during 22.9 ± 15.5 months of CT follow-up.

The prevalence of T2EL was the lowest in the patients who

underwent PELI and was significantly lower than that in pa-

tients who did not undergo PE. There were no PE-related

complications.

PE of the side branches has been shown to be a safe and

effective method to reduce T2EL-related complications [17].

Embolization strategies varied, but they were divided into

two types: PE of IMA alone or of both LAs and IMA. Sev-

eral studies have indicated that IMA-only embolization is ef-

fective in reducing the prevalence of T2EL and AAA sizes

[7, 8, 13]. However, another study reported that this signifi-

cant difference disappeared after 6 months, and LA patency

was a significant risk factor for persistent T2EL [18]. PELI

might be more efficient than IMA-only embolization in pre-

venting T2EL-related complications. A previous study re-

ported the efficacy of PELI, with AAA sac shrinkage in

86.7% of the patients [11]. To the best of our knowledge,

time-to-event analyses of AAA enlargement after PELI have

not been reported. AAA enlargement is a representative late

adverse event after EVAR and is an indicator for additional

treatment considerations. Therefore, we aimed to evaluate

the efficacy of PELI in preventing T2EL-associated AAA

enlargement.

The time-to-event analysis did not show any significant

difference between the groups. However, none of the 31 pa-

tients with PELI experienced an AAA enlargement of ≥5

mm after EVAR. These findings are similar to those of pre-

vious reports [19], which indicated that none of the 37 pa-

tients who underwent PE of the side branches with diame-

ters >2.5 mm experienced AAA enlargement during 30.1 ±
5.3 months of follow-up. In contrast, 8 out of the 38 pa-

tients without PE experienced AAA enlargement ≥5 mm

during 30.2 ± 5.7 months of follow-up. Briefly, none of the

patients with PELI experienced AAA enlargement ≥5 mm

in either our study or a previous study [19]. This fact may

reflect the efficacy of PELI in preventing T2EL-associated

AAA enlargement, although our study might lack the statis-

tical power of time-to-event analysis. (We could not calcu-

late the statistical power because no previous results of haz-

ard ratios in PELI regarding aneurysm diameter were obtain-

able.) Additional large-scale studies are necessary to confirm

the efficacy of PELI in preventing T2EL-associated AAA

enlargement.

In this study, T2EL was most infrequent in the PELI

group, followed by the IMA and control groups. A previous

meta-analysis showed that patients with PELI had a signifi-

cantly lower T2EL rate than those who did not undergo em-

bolization (odds ratio, 0.21; 95% CI, 0.06-0.77; P = 0.02)

[17]. Another meta-analysis revealed that patients with PELI

had a lower prevalence of T2EL than those who only had

embolization of the IMA (9.8% vs. 21.3%) [20]. As ex-

pected, the higher number of embolized side branches, the

lower the T2EL rates. However, our study showed no sig-

nificant difference in T2EL rates between the PELI and

IMA groups, which might be due to the small number of

patients, especially in the IMA group. The prevalence of T2

EL in the PELI group (13.6%-14.3%) was similar to that in

previous results [20]. Unembolized small side branches

might be involved in the residual T2EL, but massive T2EL

leading to aneurysmal sac growth may be controlled by

PELI.

Our embolization success rate was high, especially in LA
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embolization, compared with that reported in a meta-

analysis (LA, 95.3% vs. 69.1%; IMA, 91.1% vs. 82.3%, re-

spectively) [18]. One of the reasons for failed embolization

was the instability of the microcatheter. The proximal LA is

frequently more tortuous than IMA, and without stable

catheter cannulation, a microcatheter can easily fall into the

aorta while advancing the microguidewire. To cannulate a

catheter as stably as possible, we used not only multiple

catheters with different widths but also a curved sheath (J-

or cobra-shaped) when necessary to bring the catheter tip

closer to the AAA wall. These techniques may explain the

high success rate of LA embolization.

Evidence on the benefit of PELI for patients is lacking.

Routine PELI could be feasible with a high technical suc-

cess rate, but it was accompanied by increased radiation ex-

posure dose, volume of the contrast material, and procedure

time. We assumed that the radiation exposure dose remained

within the acceptable range, even in the PELI group, and no

significant difference was observed in the frequency of

contrast-induced acute kidney injury. Nonetheless, the indi-

cations for PELI need to be optimized.

Our study had several limitations. First, because of the

retrospective study design, the patients and procedures were

heterogeneous and selection bias may be present. Second,

the sample size was small. Subsequent studies with larger

sample sizes are warranted to validate the efficacy of PELI

and the incidence of contrast-induced acute kidney injury.

Third, the follow-up period may not be long enough, espe-

cially in the PELI group. Fourth, the analyses were based on

manually developed data, which may have added some vari-

ability. Finally, a subgroup analysis according to the type of

stent graft was not conducted because of the small sample

size.

In summary, the time-to-event analysis showed no signifi-

cant difference in the rate of freedom from AAA enlarge-

ment following EVAR between the groups. However, none

of the patients with PELI experienced AAA enlargement ≥5

mm during follow-up. PELI may have the potential to pre-

vent T2EL-associated AAA enlargement.
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