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BIT TR, AR EATE A A RO A A AR AR Z TR sk (TA) MR8, (HIG K 575 3
P4 LIA 015 BUAT AN A T, i — ELEF A LA, JR IR A7 SUM0 TIA Fe ZE 0 £ 25, T fig th B0 Ll ot . g 3 ke
I PR RE R AT AR R o RIS, 0 ILA ) S Ny B 4F J8 47 XU TLA 35 P J5 O B 8 34 PAT A O 01 & e
MR P, ABFSEERTT 3T EVAR 3 S SO0 TA J5 , L. B8 . A 50 4 B i 55 0 A RE 17
O B 500 S AR Z [ Y D6 R o
Foik s PR O IR 4 A 2011 4 7 H —2021 4 7 H 76 N R A 00418 4 B OR 2 IR KO B B AT
EVAR (1 1 902 i {8 35 i B2 OB R AT . A RIGFARSFBOR, i1k 1) 426 B 47 LA B 1 (9 58 3
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Complications following closure of internal iliac artery during
endovascular repair of abdominal aortic aneurysm and their
association with collateral formation

LIU Xinghua, ZHU Longtu, LI Tao, SONG Chao, WEI Xiaolong, ZHANG Lei, YUAN Liangxi, BAO Junmin,
ZHAO Zhiqing, LU Qingsheng

(Department of Vascular Surgery, Changhai Hospital, Naval Medical University, Shanghai 200433, China)

Abstract

Background and Aims: Endovascular aneurysm repair (EVAR) has gradually become the first-line
treatment for abdominal aortic aneurysm due to its safety and effectiveness. Although various minimally
invasive intravascular devices and intervention techniques are currently utilized for preserving the
internal iliac arteries (ITA), cases requiring the occlusion of IIA are still not uncommon in clinical
practice. Once IIA is closed, especially in patients undergoing bilateral IIA embolization, complications
such as gluteal muscle ischemia, intestinal ischemia, and sexual dysfunction may arise. Additionally,
some patients with well-established collateral branches of the IIA show no significant occurrence of
closure-related complications after bilateral IIA closure. Therefore, the present study was performed to
investigate and analyze complications such as gluteal, intestinal, and genital ischemia after the closure of
unilateral or bilateral IIA in EVAR and their relationship with collateral compensation.

Methods: Baseline data and preoperative, intraoperative, and postoperative imaging data of 1 902 patients
who underwent EVAR in Changhai Hospital from July 2011 to July 2021 were retrospectively collected
and analyzed. Among them, 426 patients undergoing IIA closure were selected (62 cases of bilateral IIA
closure, and 264 cases of unilateral IIA closure), and complications were assessed through telephone
follow-ups. Complications such as gluteal muscle ischemia, intestinal ischemia, and sexual dysfunction
during the perioperative and follow-up periods were recorded. Collateral circulation was observed based
on intraoperative and postoperative imaging, and the relationship between collateral establishment and
complications was analyzed.

Results: Of the 426 patients, 73 (17.1%) exhibited symptoms of gluteal muscle ischemia, 7 (1.6%) had
symptoms of intestinal ischemic necrosis, and 3 (0.7%) developed sexual dysfunction. On follow-up
CTA conducted 1-12 months postoperatively, 321 patients (75.4%) had unilateral or bilateral ITA
collateral vessels. Among them, 143 cases (33.6%) had formation of collaterals from the deep femoral
artery to the IIA, 79 cases (18.5%) had collaterals originating from the internal iliac artery, 90 cases
(21.1%) had collaterals from the mesenteric artery to the IIA visceral branch, 7 cases (1.6%) had
collaterals from the superficial femoral artery to the IIA, 7 cases (1.6%) had collaterals from the splenic
artery to the IIA, 13 cases (3.1%) had collaterals from the external iliac artery to the IIA, and 76 cases
(17.8%) had collaterals from the contralateral IIA. In the entire patient group, the incidence of
complications in patients with collateral establishment was significantly lower than in those without
collateral vessels (OR=4.68, 95% CI=2.84-7.71, P<0.05), and this was primarily associated with the
establishment of collateral circulation from the contralateral IIA (OR=6.30, 95% CI=2.21-17.94, P<
0.05). In patients with bilateral ITIA closure, those with collateral formation had a significantly lower
complication rate than those without collateral vessels (OR=5.79, 95% CI=2.65-12.67, P<0.05), and
this was mainly related to the formation of collateral vessels from the deep femoral artery (OR=2.91,
95% CI=1.35-6.29, P<0.05).
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Conclusion: IIA closure of during EVAR results in varying degrees of ischemic symptoms in the gluteal

muscle, bowel, and genitalia. The occurrence of complications is closely related to postoperative

collateral circulation. For patients requiring bilateral IIA treatment during EVAR, a thorough assessment

of the corresponding collateral sources should be conducted before operation, and preservation should be

considered during the operation.
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YT E B kR B N B Z R (endovascular
aneurysm repair, EVAR) B Ze et fA ek, He
% W i 8 E 3 k8 (abdominal aortic aneurysm,
AAA) BHE M — 2067 T kY. BT R EVAR
R IR A R A TP F AR . AR
EVAR 5 2 R 950 [ 103 | T o i 0 X, T AR 2> R
Ko AN sl XU 4% S Bl K (common iliac artery, CIA)
(1 AAA B DR R X R 5 2 (R I3 9 B Sl ko
AP FEHEZ EVAR B, FAR M5 & 5 3l ikos i
FIREPE A B UM OCM AIERDI R, B CIA 1)
AAARBUEVAR H) SR 2 W B REAR . T8E 3 bk
P8 ik #9045 R TR S S 2 S0 i i DX S R RBE Y
gk (internal iliac artery, IIA) RIAbEL 7, B
A RE 9 /D I8 o i E X8 BN S BT BUR Ih BN T
YR, P S S A S A e 26 I I E 1Y )
B, EVAR AR P 15 5 2047 5000 sl 50U TTA £ A
RAFETRTEEELIBHEI, 2930% 1 EH 7 =
IR 7 M 7 55 TR SE TTA A I 3 A 38 o i DX
BN E AT A =B EOR B W0 E g S SR
W B ik 7 %3 (iliac branched device, IBD) . 4
V] A S5 B i 9 A BRI R Tz 32 H T A 4R
BN, N S R IR YT LA 9 A8 e A MR m AT
WA 7S, H B TR I SN R AL
VOl R AT A AT R 2E BB 5 R0 SR
A PGS, W E KR . CIAR . IFA TA
FRAE Y A JE 5502 A ZE R R —FBOR FH S 18 L 1fl
EE L BRI AE, AL I R T SR R 5 ] 9 = o)
Jo) d5k PAT B0 8 XL THA

Nk — 5 3 At TLA B 28 BB 5 ) ok IO K hE K
AfEOL, R SM S mAEREZERER, AKX
WA it 25 10 4F EVAR AR P A B0 502 X000 TIA 35 4]
B, X ol R SRR AT 3 A
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]85 2011 4F 7 A —2021 4F 7 A 78 o & R ff ik
EE A e K I I B B TR Y 1902 ] AAA
B, A BREYES EI K CTHREE (CTA)
WIS W . HERR 332 oA R 3 12149 (48 A
TS S Pk ERE . X mERERE .
BRI R TR R IR A TR AR ), A 1 781 i R E 1
T EVAR, RPEFWZ MEEE (DSA) . RF
F= 3l bk g o A 5 BORMARAE R 4F o N1 781 Bl R K
i 240 6 Y EVAR AR A A7 S0 535 500 A $1 7] (1)
A8 426 51 3 A7 R I 90 5 [ D i B R DT
r, UA B % 23.9%, 5 8% A iR 38 AL (15%~
30%) Mo ARJG 24EREVI ], A AE 4106, AEAER
96.2%, JC/"H FARA I KAE KA. 426 I B H 4T
1% 27~94 %, FHAERLT1.3 %5 HE348 4 (81.7%),
WK Sk K 5 B I R AR G0 I3 1. 5 B AR £ A1
o, A WEURE A A 5 0 & A SRAR U, 426 1) 8o
th, 162 10 B AT UM LA B ORI 3F B 4 )
264 5 F 3 AT B0 A B0 CR il 3 P A1) o RO
B4R 28 1 (17.3% ) R BRI TIA # %€
10 5 (6.2%) >R FH — ] 1IA 4 Z€ 5 X ) 1A 75 35
1245 (76.5% ) A 7 35 WU TIA 5 50 & b 41 58
Hha2fl (12.1%) BIELEMIIA, 4664 (17.4%) FrIE
HTIA, 576 (21.6%) HEEAMIIA, 1294 (48.9%)
oA 0 AL T 40 A8 3 1 0 B A B DA IS
i
1.2 FRFE

A8 E sl Ik (aortic aneurysm, AA) fEZI eI
CTA . DSA FFARAT B K & T B m vl i AR
T 32 20 WO 25 R 218 00 o AR 3 5 20 Jioms 248 15 B
] S 1 PR AN I oL R BT AR R, R SR
FE . P o A SR TTA . A B A F R A
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BR. RIS RIS . Seldinger VA 28 il I 3l Ik WU J5 47
AA R, Wi AA. CIA. #5PHK (external iliac
artery, EIA) . HAJEA . 17400 HA 20, &4
0 182 3l ok A B 0.035" 5 22 i 5 4% e L 57 i L 22 %
M ax sk, KHpEFE, BEEATA, Bili®
2, WREEAMEERELIA, Bl S2)5H
WIS, TRk 2EROCR , AR TLA 3 i I U 2R A J2
M FAT I R JE o A ) IIA B ZE A IR AT . R
Je . MRS PKOR TE S e A TS RS AA B IR S
SE L SRR . o3 SRS AR v B E T EIA . R
O AR T o R P TIA e 2E YR H o
Pl , B o) 55 P ok T i O 1~5 4, R gE H bR b i
R o S IS R R o S L R s
HEENS
K1 ReBPIBEMELHH
Table 1 The baseline data of the 426 patients

Yokt i
RIS (% %+ 5) 71.3+9.9
BHEn(%)] 348(81.7)
WA S [ (%) 191(44.8)
G IHENR(%)]

fEI(ES 231(54.2)

FEIR 57(13.4)

T 113(26.5)

InIIRERERTS 58(13.6)

P BELFE P A 33(7.7)

B g4 16(3.8)

1 I I AE 102(23.9)

Joi VB i A 74(17.4)

1.3 KA

B 7 7 3K 43 R A R AR B 5[] X0 28 R B A1 L i
BE DT, BTG A A7 FOR B FE T I R AN =
P ARG B & A B R IR B SR ] o e R Al
WALEE LR =3 (1) B LS R . B8 A
VBT . BRI T 15 (2) 45 H b s
SR A5 E RS I (3) M A E SR . M
TR RS RT o R R 2% i 15 00 LU IR 22 M R R, AR
a1, 6 M AEMES 1, 2 EMHE.
1.4 SitFiE

G524 23 B FH SPSS 26.0 Bk 14E E AT, BT A %K
P8y 20 IEASVERG S o THETE R LA R (ESr )
[n (%) 1F=xw, ARERE YRR, T B#E
PERHREE R, #E— 3 T A (odds ratio, OR)
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K H.95% B A(ZIX[A] (confidence interval, CI) L1k
FEHR SR IO I . P<0.05 N ZESA Gt = L,

2 & R

21 HEEER

426 B, 736 (17.1%)  H 8058 LGk I
iR, v 29 i) SR AN 5 i (A G2 B i B R L IR
i, 44 610 B NLER R . RO, BRI M B AT . XY
) 5 P 20 H 35 35 ), B DL B i T RORE kAR R
21.6%, PN dFPA) 40 A 3 38 1, T UL ot O 2 0 &
AR 14.4% o UM F P 2 A 3 v U R 18 B, A
MR 12 9, A5 DR AR 5 )5 B B b 4 R A
MR R 12450, A5 DR AR 26 151 o b 3 AR & A= AR
15 A AR e b BRANAH — 3% . 7 41 H0 30 J 1 Sk 1l 4
FESEAR , X5 Sy UM 5 P 20 BB 3, I R e B R HE BR
Al PR A A S A ol B R 3 ) i B T e B
fig B U0 B P 2 R A, 2RI AR R T
WAL PR . RERZ. RE7dNY
ARG 7 d VL B IUER I & A= 2R 5551k 86.3% (63 4]
82% (61) . 5.5% (41); il 6k & A 255 5
4 857% (644]) . 14.3% (1)), 0 (0f); YL
AE P A5 A AR R4 ) oM 100.0% (3 40) . 0 (0 ) .
0 (0f). REL. 6 1H5 1. 2408 LG AE
IR G2 R 43 9 R 20.5% (15 9)) . 45.2% (33 f4) |
72.6% (53 1]) . 86.3% (63 14l); il B i e Atk
G R Ay R 57.1% (4 1) . 85.7% (6 Bi) |
100% (7 91) ; P T fig B 65 6E AR 22 i 2% 53 5l oy
0 (0f1). 33.3% (119]). 66.7% 4. 66.7% (24)
(£2),

K2 NAHARHAEREBRSEA

Table 2 Complications and outcomes after I1A closure

S T LR Ji 3 i LT BE AT
(n=73) (n=7) (n=3)

S ]
A B2 63(86.3) 6(85.7) 3(100.0)
ARJGTdN 6(8.2) 1(0.0) 0(0.0)
ARJF7 AL 4(5.5) 0(0.0) 0(0.0)

R Al |
1™H 15(20.5) 4(57.1) 0(0.0)
61H 33(45.2) 6(85.7) 1(33.3)
14F 53(72.6) 7(100.0) 2(66.7)
24F 63(86.3) 7(100.0) 2(66.7)
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426 1] /B 35 52 A 4 F B Ik CTA B 8] 2 R 5
~12 N H, g ER SR, 3216 (754%) fF1E
B B RN TLA 0 52 1048 . 143 B i (33.6%) A
B Bk (deep femoral artery, DFA) -TIA il 2 A%,
CIEL L), 52 ok U5 A 45 e ' N M 2l ik (medial
circumflex femoral artery, MCFA) . M L 3 ik
OA) . B &8 N 3l Bk (internal
pudendal artery, IPA) %§; 79 {4 (18.5%) A M &
ik (common femoral artery, CFA) N H. 47 51IA

( obturator artery ,

F A A
B 1 DFA5IA Z Mm% #&Esr
MCFA-TTA 1] 37 A% R T 0

] g 0 32, H 23 5] Sy e 45 ¥ Bl Ik (superficial
circumflex iliac artery, SCIA) KR (& 2), 224K
Ji§ BE & 3 Bk (superficial epigastric artery, SEA) 3k
P 90 ] (21.1%) A W & B E 3l Bk (superior
mesenteric artery, SMA) -IIA JJE 3200 2 # 57 (K 3),
Horp 25 5 B E AETE Riolan Bk 5 5 70 (1.6%) F%
TEE & sk (superficial femoral artery, SFA) -IIA fil]
Xy 7B (1.6%) FELEMBh K (splenic artery, SA)
A S 134 (3.19%) 47 4E EIA-IIA il 3 5 76 4
(17.8%) AR A X0 IIA #0052

A: DFA 51IA Z [0 £ MCFA #5700 32 i 3 B9 CT =4k F & K% ; B: DFA-

Figure 1 Establishment of collateral vessels between DFA and IIA  A: Three-dimensional reconstructed CT image of collateral
formation between DFA and IIA through MCFA; B: Sagittal view of collateral branches from DFA-MCFA-IIA

B2 CFA-SCIA-B5FZZ1Ak (iliaolumbar artery, IA) -IIA
Mz CT=4%hEZE
Figure2 CT reconstruction of collaterals of CFA-SCIA-
Iliolumbar artery (IA)-11A

© WA T o [ FF IR A E P A

3 SMA-IIAMZ CT=4EEE
Figure 3 CT 3D reconstruction of the collaterals of SMA-
1A
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351 9] JC JF A iE AR A, A I S i A8 AR RS
2855 (81.2%), Jofli=Z i 66 5 (18.8%); 75 14
AP RAE R E T, A M ACEE 36 1] (48.0%), T
2 AR 39 B (52.0%) o Bk b, A S 4 g
SRR JF R IE R A R W] W R R (OR=4.68,
95% CI=2.84~7.71, P<0.05); HARF|&MZ, DFA .
CFA . SMA . Xffill ITA fll 3¢ i f7 fE R B, Horp
X TIA B 7 0 S8R S 0T R kAR W R IG
(OR=6.30, 95% CI=2.21~17.94, P<0.05) (#3).

T N E G, 20 s HEE R R
XA TXA i XA A% P PR S TG A A ) S ok

U, Ak b AR 2O I K i S 2B R S A ST R
1 162 4511 UM = A 20 £ 3 T SO B 5 A IF R E Y
BEIAT M. G5RER, 7E 125 B I8 I K& i
Fb, A S AR 109 41 (87.2%), JoAl i
B16H (12.8%); FE3THIAHIFRENSBRE T, A
M S A% B2 20 B (54.0%) , J6 M S AR B2 17
(45.9%) o Ja M b, OS2 A8 #5709 R O RO &
B AL (OR=5.79, 95% CI=2.65~12.67, P<
0.05); HAKFIZM L, 2 DFA M S R4
BB ORI P9 B S T & RE R AR (OR=
291, 95% CI=1.35~6.29, P<0.05) (3:4),

K3 SHEHBEHREREREMZXRE@ (%) ]

Table 3 Relationship between complication rate and collaterals in the whole group of patients [n (%)]

Wi ToFt JhE (n=351) I EAE (n=75) X P OR(95% CI)
sz
1 285(81.2) 36(48.0)
36.67 <0.05 4.68(2.84~7.71)
Jc 66(18.8) 39(52.0)
DFA
A 124(35.3) 19(25.3)
277 >0.05 1.61(0.92~2.82)
i 227(64.7) 56(74.7)
CFA
H 71(20.2) 8(10.7)
3.74 >0.05 2.12(0.99~4.56)
T 280(79.8) 67(89.3)
SCIA
A 19(5.4) 4(5.3)
0.06 >0.05 1.02(0.90~1.15)
g 332(94.6) 71(94.7)
SEA
e} 19(5.4) 3(4.0)
. 0.04 >0.05 1.37(0.08~24.94)
G 332(94.6) 72(96.0)
SMA
i 75(21.4) 15(20.0)
0.07 >0.05 1.09(0.58~2.02)
TG 276(78.6) 60(80.0)
Riolan 3k =
1 21(6.0) 4(5.3)
0.00 >0.05 1.13(0.01~99.14)
T 330(94.0) 71(94.7)
SFA
i 6(1.7) 1(1.3)
0.07 >0.05 1.29(0.20~8.16)
i 345(98.3) 74(98.7)
SA
&l 7(2.0) 0(0.0)
0.54 >0.05 —
T 344(98.0) 75(100.0)
EIA
A 10(2.8) 3(4.0)
0.02 >0.05 0.70(0.01~57.67)
7o 341(97.2) 72(96.0)
XA TLA (75 35 5400 TIA )
H 73(20.8) 3(4.0)
11.90 <0.05 6.30(2.21~17.94)
T 278(79.2) 72(96.0)
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Table 4 Relationship between complication rate and collaterals in bilateral closure group [7 (%)]

i H ToHKAEUL (n=125) HIHKAEH (n=37) X P OR(95% CI)
=7 1 4
el 109(87.2) 20(54.1)
) 19.34 <0.05 5.79(2.65~12.67)
" 16(12.8) 17(45.9)
DFA
i 69(55.2) 11(29.7)
7.41 <0.05 2.91(1.35~6.29)
T 56(44.8) 26(70.3)
CFA
i 29(23.2) 5(13.5)
1.62 >0.05 1.93(0.699~5.343)
I 96(76.8) 32(86.5)
SCIA
i 11(8.8) 1(2.7)
0.79 >0.05 3.47(0.22~54.48)
o 114(91.2) 36(97.3)
SEA
& 5(4.0) 2(5.4)
0.73 >0.05 0.73(0.00~661.24)
7o 120(96.0) 35(94.6)
SMA
H 37(29.6) 10(27.0)
0.09 >0.05 1.14(0.50~2.58)
7o 88(70.4) 27(73.0)
Riolan ik =
H 10(8.0) 3(8.1)
0.10 >0.05 0.99(0.90~1.08)
T 115(92.0) 34(91.9)
SFA
H 6(4.8) 1(2.7)
0.01 >0.05 1.81(0.00~693 574.65)
T 119(95.2) 36(97.3)
SA
e 6(4.8) 0(0.0)
0.74 >0.05 —
g 119(95.2) 37(100.0)
EIA
i 10(8.0) 2(5.4)
0.03 >0.05 1.52(0.01~181.84)
G 115(92.0) 35(94.6)
3 it it M F 2SR FF 02 ML, A I e

FEAEAE A 251 W W AEIRP . EVAR A By B 1455 5]
AT EVAR KB, 75 2015 TA £ H )5 19 93F & %ﬁiﬁ‘ﬁmﬁﬁﬁ%ﬂééﬁn y\jgﬂﬁmré%
rLﬁHAfrﬁﬁ“ﬁﬁﬂmﬂ]r“zrﬂH@%%‘“S'”’] —IW TA G, B AT DA — R o 00 S A BR 4 4K
ZAMEEFE (Kouvelos 2016) " 7%, 7E EVAR A i Kﬁaﬁﬁeﬁafaé%mnAmymﬁﬁ%l@a@%ﬁﬁnwﬁ
i‘%%HAlﬂ%%ﬂﬁ%l’ﬂﬂuﬁiﬁlﬁ‘]%%ﬁiﬁi%ﬂm PE Ty e B A5 DL K 45 H I D 8 25 L 4 43 i il 5E IR
9 KU 53501 R 29.2% Tl 4.1% o 36 EURIC 8 pg 1" o)
Byeil, 7E ¥ R oy LRI IR YT R, R D ARG 38 2ok X 426 5] 58 B AR S M S S L
IR A T XU AT A R0 SR B AR 0T EAT R AT IR R B, LA B AR O & Y & 2R S
KAE R A NG OLRI RS L, B TIA F 3% I A 23 % 4 15 AR 7 B VAR 56 . DFA-OA ] 32 8 57 1 e 2k 2
A 1 1 e e s 0= O I 1 i A& 52 AR P B TIA 5 A OGO &0 & 2B 1 A ST fiE
EVAR A v i Al gg & 8 1A, P 2> R 5 Jf Ko R =121
RAEP BE FE 4l 24 8 %, EVAR R ip 47 A 12 %€ )5

© WA I3 # [ % 8 S B 4 3 BT http://www.zpwz.net



gy NEE, FEEHHEENGERPHABE A RGN FIEXL MM EH KX R 1879

SRRSO . fp s . MR AT S IE R
iE o BB AT & A R 18%~45% , Jig i B il & A
RN 129~43%, £ T BE B R K R RN 7%~
37970 WEF ORI RR, SH KERS
Bk LB NN 17.1%, BmiB Sl h 1.6%, YT
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