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Abstract

Key words

Background and Aims: Type Il endoleak (T2EL) is the most common complication after endovascular
abdominal aortic aneurysm repair (EVAR). While many cases remain benign, a subset may progress with
aneurysm sac enlargement and require reintervention. Identifying risk factors for progressive T2EL and
establishing a reliable risk stratification model may improve perioperative decision-making and
postoperative surveillance. This study aimed to investigate the risk factors and threshold values for
progressive T2EL after EVAR and to develop a nomogram-based prediction model.

Methods: Clinical data of patients who developed T2EL after EVAR for abdominal aortic aneurysm
between March 2013 and December 2024 were retrospectively reviewed. Patients were classified into a
progressive group (n=21) or a stable group (n=62) based on whether intervention criteria (An increase in
the maximum aneurysm diameter of =10 mm compared with baseline) were met during follow-up.
Clinical characteristics, anatomical parameters, and operative variables were compared. Multivariate
Logistic regression was performed to identify independent risk factors for progressive T2EL. Receiver
operating characteristic (ROC) curves were used to determine optimal cutoff values. A nomogram
prediction model was constructed and internally validated using discrimination, calibration, and decision
curve analyses.

Results: The progressive group had a significantly larger maximum aneurysm diameter, greater inferior
mesenteric artery (IMA) ostial diameter, and a higher number of patent lumbar arteries (LA) compared
with the stable group (all P<0.05). Multivariate analysis identified these three variables as independent
risk factors for progressive T2EL after EVAR (all P<0.05). ROC analysis demonstrated increased risk of
progressive T2EL in patients with a maximum aneurysm diameter =>54.30 mm, IMA ostial
diameter >2.82 mm, and >6 patent LA. The nomogram achieved a C-index of 0.858, which remained
robust after internal validation (corrected C-index: 0.837), showing good discrimination, calibration, and
clinical utility.

Conclusion: Maximum aneurysm diameter, IMA ostial diameter, and the number of patent LA are key
predictors of progressive T2EL after EVAR. The proposed nomogram provides effective individualized
risk assessment, although external validation is required before widespread clinical application.

Aortic Aneurysm, Abdominal; Endovascular Aneurysm Repair; Endoleak; Risk Factors; Nomograms
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AR TR, g AbRIE : (1) AR HT 58 85 M 3 30 ik
FUME 3 3l ik CTA K4 5 (2) CTA ke & 42/ ' F 2
AAA; (3) EVAR AR J5 5% 2% K & iiF 55 /7 7E T2EL.
HeBrbre . (1) A IF IR SR A Py U 5 (2) 3 52 7
e, o EIREAR &S RET Z A (3) IR
TERHER R o RHE A FHEBR bR, gl A 83 fil i
Fo M WO 1 A AP RE 2= 25 2024 i (IR 3 B k-
Bk 2 bk 8 B R S e e ) U, BEARE A
2K A IE 52 A AE T2EL H AAA SR iR e K B AR 5 e 4k
AH LG HE N =10 mm, DA O FLH 485 T2EL T Fi 481 .
MO 95 Bifi 17 390 18] 2 45 o B T2EL T HUAE A, A HE A
BEHAGEEYETEL A (FH4, n=21), TIE1E
BEHAREETELA (FBREA, n=62). AR5
RAFA BE/e P2 B2 il (/R BRI 5 . TRB2025-
YX-525-01) .
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AAA fiff 1) 2 AH G BOHE o AR 4l R 1T X A — M 1
PEAL S5 SR PR rhopR ey =0 R 05,
FECE R B Bl Bk, A RS R BRI AAATE A .
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AR GNP s PR A AR B B IR T, X Bl i AT
e 2 S 80 BiOoR R R sk H R . T2EL 45 1 2
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BB 4, 56 & R s ik (inferior mesenteric
artery, IMA) . [EZIKk (lumbar artery, LA) . BE|'H
Bk 4y A . K28 T2EL & T W W AY I R
i AR, R DR R A R 8 1 R AT P I O B
15 BHAH DG HE AR o X T A7 7E T Fil 45 1E (%9 T2EL i 37,
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Table 1 Comparison of clinical characteristics between the two groups of patients

I RAFAE P4 (n=21) FaE 4l (n=62) Iz P
(S 5+ s) 70.38+8.22 69.93+7.34 -0.233 0.816
PR (%)]

I 2(9.52) 18(29.03)
3.264 0.071
5 19(90.48) 44(70.97)
BIPn(%)]
L 15(71.43) 51(82.26) 0.562 0.453
TR 6(28.57) 23(37.10) 0.502 0.479
BRI 1(4.76) 11(17.74) 1.216 0.270
IR ES) 6(28.57) 11(17.74) 0.562 0.453
B IEA 4 1(4.76) 2(3.23) — 1.000"
W2 M5 [0 (%)
I 9(42.86) 24(38.71)
0.113 0.737
A 12(57.14) 38(61.29)
I [n(%)]
¥ 17(80.95) 40(64.52)
1.970 0.160
H 4(19.05) 22(35.48)
{EREITEI[d, M(IQR)] 13.00(11.00~16.00) 11.00(9.00~15.00) -1.837 0.066

7 1) R JH Fisher i UIHER 7%
Note: 1) Using Fisher's exact test

22 MREIFHRFRERLLE

PRI R AR SR K EAR . AR
It B SCHZE L SIFRE SR OL . AR R I
FARME LA, ZRBILGEH 7 E L (¥ P>0.05);

P4 B B AR i K EH AR L IMA JF O B AR G i
AN E, 258 ARIT¥E X (B Pk
0.05) (F£2),

*2 MABEAAABRIHEHERFABERIEER
Table 2 Comparison of anatomical characteristics and operative variables between the two groups
Il PRASAE R4 (n=21) FaE 4 (n=62) 7 P
JERIR K AR (mm, % £ 5) 60.23+12.51 52.20%13.31 -2.430 0.017
YR B K AR [mm, M(IQR)] 25.00(20.90~25.90) 22.00(19.08~26.35) -1.205 0.228
JEHHKE (mm, % + 5) 25.75+7.75 29.01+11.08 1.248 0.216
IMA JF H B 42 [mm, M(IQR)] 3.00(2.52~3.21) 2.51(2.27~2.77) -3.269 0.001
s LABUR[45, MUIQR)] 6.00(5.00~6.00) 5.00(4.00~6.00) -3.253 0.001
SRS (%) ] 8(38.10) 12(19.35) 3.012 0.083
S0 (%)] 1(4.76) 2(3.23) — 1.000"
EIEE (%)) 9(42.86) 21(33.87) 0.549 0.459
A i &= [mL, M(IQR)] 100.00(75.00~100.00) 100.00(50.00~100.00) -1.023 0.306
FARMS ] [min, M(IQR) ] 110.00(75.00~170.00) 99.00(75.00~130.00) -0.184 0.854

7 : 1) K JH Fisher #i DI R 7%
Note: 1) Using Fisher's exact test

2.3 AAABREEVARAKRGE#HEMT2ELHXZ A
EIEARSES R
P AR B R B AR . IMA FF 1 B4 N3 1% LA %k

B9 A Box-Tidwell ¥ ¥ 4 #1 &2 & I 2k PR 2 Wy, 4%
BRI AIR R R B AR . IMA JF O B A2 FIOHE 1% LA
o 5 T2EL T 148 1F #9 Logit ¥% 4 {H 8] 17 75 £k 1k
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KHR (£3), HE=FHHANFAZEILLE (1
VIF<5) (F£4). DUERERKREE . IMA T H HE
FE W LA S A A8, DU & & A2 iF JE 7 T2EL
AR ﬁ?ﬁgﬁLogistic (IS TR s T
BRI R R AR . IMA JF 1 1 42 F1 38 g LA 3%
i % AAA 35 EVAR AR5 i e 14 T2EL A9 A5 ¢
SIERRE (3 P<0.05) (£5),

R3 EARKER. IMAFOEZMEG LA %2 Box-
Tidwell i3

Table 3 Box-Tidwell test for the maximum aneurysm

diameter, IMA ostial diameter, and number of

patent LA
ISES B S.E.  Waldl*  OR P
LS TN K 1380 0708  3.796 3.973  0.051
IMA ¥ Ei4% 0263  8.869  0.001 1300  0.976
M LA $ 2886  7.183  0.161 17915 0.688

IR E K EAR  -0257 0136 3.542 0.774  0.060
In IMA FF M B2 1.127 4379  0.066 3.087  0.797
In iM% LA 5 -0.709 2644  0.072 0.492  0.789

R4 BERXERZ. IMAFOEENEH LAYESEH
LIS T

Table 4 Multicollinearity diagnosis of the maximum

aneurysm diameter, IMA ostial diameter, and

number of patent LA
(SES t P B VIF
TR KER 2.483 0.015 0.991 1.009
IMA JF B2 3.532 0.001 1.000 1.000
T 1% LA $it 3.678 <0.001 0.992 1.008

RS AAA BEEVAR ARG RS T2EL HEX M ERH
SEEHH
Table 5 Multivariate analysis of risk factors associated
with progressive T2ELafter EVAR
HZ B S.E.  Waldly OR(95% CI) P
JEARKEAR 0046 0.024 3870  1.047(1.000~1.097)  0.049
IMAJFO 42 2.548 0.798 10.197 12.781(2.675~61.061) 0.001
WA LAKCRE  0.890 0305 8.688 2.456(1.351~4.464)  0.003
TE R PRI R AR IMA T L AR FLE 19 LA B 2o % £ A8

Note: The maximum aneurysm diameter, IMA ostial diameter, and

the number of patent lumbar arteries were all treated as continuous

variable
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54.30 mm (BB FIRE 5 B2 43 30l Ol 0.714 F110.677)
AUC 5 0.699 (95% CI=0.575~0.824); IMA JF [T EH &
(115 S A 2.82 mm (BB BE FIRR 5 B2 43 51 R 0.619
F10.790), AUC H0.712 (95% CI=0.609~0.871) ; ifi
W LA B 1 I FEE 0 5.50 2% (CHBRR R R4 5 4y
5 A 0.667 F10.694) , AUC 4 0.727 (95% CI=0.598~
0.857) o BIJR A e K BLA%>54.30 mm . IMA JF 0 H 2
>2.82 mm . 1% LA %08 >6 510 AAA i EVAR R
Ji & A PR T2EL p KU e (&1 1) .

1.0+
0.8
= 0.6
=
E o4
0.2 LS oNTE
—— IMAJF T E 2
] —— i LA Bt
0.0
0.0 0.2 0.4 0.6 0.8 1.0
15
El1 AAA ZE EVAR RJF it & 1% T2EL & & B = &9 ROC
i £
Figure 1 ROC curves of risk factors for progressive T2EL

after EVAR in patients with abdominal aortic

aneurysm

2.5 AAAEEEVARAREH R T2EL 951 4 B

MR B 2 R R

W 075 06 15 B 19 1 B M T2EL AH G fa B I % 0 T
¥ AAA B EVAR A J5 #F & % T2EL /9 51 28 [&] it
MRLRY (B 2), B2 s i g7, 1555 e &
() f B IR 28 0 IMA JF 10 48, HokoR e ik i KA.
12 A3 s LA BCRE, 2 10000 A 7R (%) — S0Pk 48 0k
0.858 (95% CI=0.768~0.948) . )i 1] Bootstrap i # &
R 1000 Y E AT IR G AIE , T304 vk e B — Bk
6 50 0.837. ROC i 4% 4 #7 45 S Woon , % A 7
AUC 4 0.858, & ¥ N 0.619, %F 5 J& 4 0.952
( A 3) o Hosmer-Lemeshow fl & 1 B ¥ K (X2=
6.515, P=0.590) MMk 4k Wos iz s A B R A
LA BE (K 4) . GRS M 2k Wos , 5 dsr {8
K 5%~60% , WZBLRY ) I R A Ry (ES) .
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Figure 2 Nomogram prediction model for progressiveT2EL
after EVAR
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Figure 3 ROC curve of the nomogram prediction model
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Figure 4 Calibration curve of the nomogram prediction
model (the red line represents the calibration
curve, the blue line represents the observed
values, and the gray dashed line represents the
ideal reference line; close overlap of the three

lines indicates good predictive performance)
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Figure 5

Decision curve analysis of the nomogram
prediction model (the blue line represents the
nomogram model, the red line represents the
strategy of treating all patients, and the green
line represents the strategy of treating none)

EVAR K J& T2EL & [ 3= 3l ik 43 32 1 45 i 37t 1%
] T AR AME R TR L, R A S R kar X
IS 4 fff R R AR 2% D) AE OG0 BB T2EL JF AN 43 57 %)
FEARR RN, ERESE Y 0 I i S S BUE
JEP ik, shbkom i 2R Wb 2 ¥ E, THAA
F- AR B IF T AR A AT BEPE R 22 48 =5 Seike
AN EVAR A5 B T2EL 5 19 10 45 BE 15 45
WR, FFSEH T2EL 3 B0 AAA J 5K AT fE £ 4k i
Sl la B e 0 kA, iE— 25 R T 5K Y i
JE. Bk, EVAR ARJG & E T2EL (9 AAA B3 2 1
BE A A, W Bh ke B AR K T2EL B A8 fb A% Bl &
Ew B .

ARG P, HETRA AAA B F AR R
BARTFRed, ZRA%FE . MAEWHRE
B AAA IR IR B AR R, I8 s D9 I L 3 B ) 2% IR
BE A 2R MR A AR AR, I A R
3 Bl AR 24 e 2 B AR, o i O S B 2% . IR TR
Wi %o R SEE AR I B T R A 2 R R
FE A AR5, B TR RE R 5K ), A 3h ik
PR I | N 1 N 2y N B R N e R e
B 5 B AT A A R A A, W U A A
XAf 75 7E EVAR F AR B Bl S 28 i, 28 5l
R RE 2 ] I A R NS BIAE S AN IR A AE AN R
FE I B 12 FREE RN T PR A & 2R KU
Erdemutu 258 7R AAA Y51 1A B K 1 4£>53.55 mm i,
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FB KA T2EL AH 5 P 1000 KU B 5 o X T AAA
R KR ERBR KN EH, nTfEEVAR RFTsiAR
it Y 500 255 Bl 48 A 2 1 e T B M R BE Ay Sl A
H AT C A7 — LeBF 50 52 70 B 1 4 2E 16 = 2 ik oy 52
I 48 7T DL R X EVAR R 5 T2EL & A= % T
i[O

IMA H I8 3 8 Bk iir BE &, BERi R 250 . &
RE W . B L0 IEE 4B, HAARHEK,
S T2EL K WL A R IR sl ik o 1de PO F 52 2 B IMA
TF B AR =3 mm B9 AAA B, 7F EVAR AR J5 I ji B8
Sy i ok IMA 396 0] 9 7 52 28 A1 s T B T2EL . 9 HL,
MR B A AE =3 AR AR MR LA B, HE & A4 T2EL 1)
AR T Y Tde SN JE 22 00T 55 45 5 EVAR AR R
IMA 2K [ i), 3 1% LA 00 7 T2EL 5 300 B3 5K O
T2 AT B B 2 T 5 T Y IMA P ZE R, G LA
Bt X E 5K B 52 1 BEAR . IMA FE T2EL /9 &
AEMERHEEY KA EENEN, FEARD
T4 Mo iy E e 1k T2EL fE B &=, IMA JF AR
XF & A R R T2EL (A FH B i o 100 B 14 e 2 IMA
DT 3 0 WA O O - e SO (B T o
R Y i i o A AR, A A — 2 AR 1 B
. AR, MEEEE T IMA 45 L AR R H 5 A
T8 5 ST T RN O R R AR AR B, U HAE T8
B REA S ERE, Bl 8. ZE AR
U383k 92.3% , JF HAEAR G Bl U7 39 4] K & B IMA
AHSE Y T2EL 52 & P9,

LA J& 8 EZh Kk HE 25 52, EVAR RJ5 1
B LA B0 2 T2EL R AE M fE e R &, HiEs 2,
T2EL [ % A Rl 127 EVAR AR5 3228 4 s N Y
JEFEAR, 5 RM M LA MLEAFAE R 122, 51E LA
PN PO 9 0 I R ST AR AN L, B T2EL B K
"o Seike FFP R Bl 4 FFEUE Z R A LA B S
EVAR A Ji5 %5 4L ¥ T2EL M1 56 . AR BF 5845 R 8o,
PEIE A AAA B LASUR £, EVAR RJG A
A= HE JR R T2EL 1) 8 % 3 1 LA 858 19 fe 15 B fE h
6 4% FF XTI LA 51 M T2EL, B &3 kA Af
FEFARTHASN, BAETIS T %20 2E fil e —Fh
AT HRYT 7 58, O HLAE S 10 Bl U7 o B b R
R G I R A0,

SN N V.V A E o 110 N v e oS
BE IR A 4R B0 2 EVAR R J5 T2EL & A= /Y 48 56
F .o Gallitto PR 1, 18 5 Bh bk BFEBE 1M A2 AR BN T
AAA R FH ) 40% 2 EVAR K J5 T2EL & & Y 16 B A
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£, X 50 A R 50 RE AN £F 4 B R TR P
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