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Efficacy of in situ fenestration versus in vitro pre-fenestration for

reconstruction of left subclavian artery in the treatment of aortic

arch lesions with unfavorable proximal landing zone

ZHOU Baoning, HUA Zhaohui, ZHANG Shuai, MA Ke, LI Zhen

(Department of Endovascular Surgery, the First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China)

Abstract

Key words

Background and Aims: Currently, the fenestration technique has been widely applied in the treatment
of various thoracic aortic diseases. Fenestration techniques can be categorized into in situ fenestration
and in vitro pre-fenestration, each with its own characteristics, advantages and disadvantages. This study
was conducted to compare and analyze the short- and mid-term efficacy of in situ fenestration and in
vitro pre-fenestration techniques in the reconstruction of left subclavian artery (LSA) for aortic arch
lesions with unfavorable proximal landing zone (either short or unhealthy), and also summarize the
experience in selecting fenestration approaches.

Methods: The clinical data of 215 patients with aortic arch diseases treated with LSA reconstruction
using in situ fenestration or in vitro pre-fenestration technique in the First Affiliated Hospital of
Zhengzhou University from March 2019 to March 2022 were retrospectively analyzed. Among them,
114 cases underwent in situ fenestration (in situ fenestration group), and 101 cases were treated with in
vitro pre-fenestration (in vitro pre-fenestration group). The technical success rates, perioperative and
follow-up adverse events, and mortality rates were compared between the two groups.

Results: The technical success rate in the in situ fenestration group was 93.9% (3 cases of fenestration
failure, 3 cases of type la endoleak, and 1 case of access vessel injury); one patient developed bilateral
multiple acute cerebral infarctions 4 d after operation, and the patient recovered well with conservative
treatment; there were 3 aorta-related deaths within 30 d, with 2 deaths occurring on postoperative day 10
and day 25 due to visceral artery involvement causing multi-organ failure, and 1 death on postoperative
day 2 due to rupture of the abdominal aorta dissection. The technical success rate in the in vitro pre-
fenestration group was 94.1% (1 case of LSA coverage due to stent displacement, 3 cases of type III
endoleak, 2 cases of type Ia endoleak); one patient experienced right-sided acute cerebral infarction 1 d
after operation and recovered well with medical treatment; there were no aorta-related deaths in this
group. The median follow-up time was 26 (10-46) months in the in situ fenestration group and 19 (10—
44) months in the in vitro pre-fenestration group. During the follow-up period, branch stent occlusion
occurred in 1 case at 6 months after operation and type la endoleak occurred in 2 cases at 3 months in the
in situ fenestration group; 1 case developed proximal dissecting aneurysm at 3 months after operation
and 2 cases developed type Ia endoleak at 3 months after operation in the in vitro pre-fenestration group.
There were no aorta-related deaths in either group. There were no statistically significant differences in
technical success rates, perioperative and follow-up adverse event rates, and mortality rates between the
two groups (all 7>0.05).

Conclusion: Both in situ fenestration and in vitro pre-fenestration techniques for LSA reconstruction in
the treatment of aortic arch diseases demonstrate good safety and efficacy. Individualized procedural
selection based on patient anatomical conditions and disease characteristics can improve technical
success rates and reduce complications.

Aortic Diseases; Endovascular Procedures; Subclavian Artery; Fenestration
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Mg 3= 3l Bk 1 N 18 &2 K (thoracic endovascular
aortic repair, TEVAR) 22 Huj % H e —Fg97 g 3
KB AT %, IR FSh K . KRR FEME
ot 97 LA KCRETR) I A o A BFSEN IR, ST TR
AR, JEE A ATT LS 28 A LA 91 0 & o K A
R IEA . G, Wi 40% i M 3 B bk g
R e R T B R N A BUE T B Ik (left
subclavian artery, LSA) 4 Ab, 5 2037 48 3T i 4
FE DA R o H T LSA X i At i 0y 21 ¢, [ Ak
T MUY TEVAR PR 75 2281 5 LSA i, i
LSA il 3t LA R ARR ¢ A5 A5 i e 1L 68 JXURS: o P47 S 204
ARLIFE BRI SR BARER I R, 151
Ui B S DX B SE T LSA B BE SN 5 1L e 42
TFE AR T HZ v i E SR A
Bl T 25 b i 3 3 ks i a T, HE
BB TE R & h o ASHESE & 76 VP Al 5 AL TT % # 4 S
T % PR R B 2 LSAJRIT AN R (B s8Rl )
AT it i S X Bl K S B AR 0 R K b T
S, BEFHAAHEARR A, JFRNTEARE LT
A ERELR, HREWT.

1 ANEFE

1.1 —R&ER
[m] JBF P Wi £ 2019 4F 3 H —2022 4= 3 H AR M K2
O — PR JE B= B R FH R AN T 7 B R sl 1A A 10T i B

B1 FEAFEEAR
A EEhk CTA WS QOB RAF, 8 E %
Figure 1 In situ fenestration technique

ARIEIT A BT i o X Bl K AR 1Y 215 191 R E
(I R 55k, AR T %0 75 20 AN [6] 23 o A T
ZH 114 ) AR SN T OT 5 28 101 6. a9 A hnifE: (1) 7
16 F 3k 5 %895 2547 TEVAR %5 (2) Fhlk s
TS 7 T Vi Akt B A GE IX <15 mm (35 i 3 3 bk e
JZ W BE B LSA JF 10 >15 mm, fH J2 2306 7 = LSA
HRFR B ) 5 (3) R BOG IR A I % H AR sk A1 15
TP ARE#E LSA H . HebRAR i (D) 28 R Tt
Fhhk; (2 0 AR . AT SRR —
ALy IR B A LSA &5 ) BIH T £ 30k
S e HE B Bk o A I 5T 40 KM K 2 A — i g
Be B 1 3 2 DL S HEE IF VAR S AR R S E F
HELE N (FHES . 2023-KY-0072-002) .

1.2 FRFE

1.21 RAETFE SMahksl A Tl kK L4,
TS RN B S R, B LSA . S ML S ik A
% EN AT S B A OB TR R e, AT/
BRETY 5K, MATEBMEY RO REWE, 25
B S22 BRSNS B R,
Wi BOGCRA I EH AR S E AT : VELAS 30 2
SRBOEIL, IR I8 W, JELF H AR 400 wm,
WOt TAERL A WAL (FEHIBS 1 s, [AIB&
Us, L3900 X T IR 0 0 B 07 f 22 4 7T RE 1
=R TS 7] I NI SN 11 (TR R i € [ W (VAP A B 7 NI
AISA (K1),

A: CTA /R BRI 2048 LSA FF 453 ; B: MR FE AR MIIEH LSA; C: RJFFEE

A: CTA indicating a type B dissection with a relatively close distance to the opening of

the LSA; B: Successful reconstruction of the LSA using in situ fenestration technique; C: Follow-up arterial CTA six

months postoperatively showing a well-formed stent with clear vascular patency
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1.2.2 WINRITE OB M 32 30 koA R S 2R TR A B
i, AR R FT CTA W & 4 HE 5 3D 9T B AL AU AR il
LSA JF 4 o & Nt fLI K/, R FAR R T) B8 H J)
WATHE, ZEHEEMFERELSES THELD
S EAT N B I ARIC o S S5 S 4R el Ak B N
APk AN ERZIRE KT, TRl L

A

B2 {KIMRFFREAR A: CTAHL/RZGEE

R ITE L. ERIASCRN B BRI G E 2B
R, BIABREY KR O R EE, B
MOCHR L RR R SRR R, BN . X
T LSA B U4f M JE <45° R F KA 5, Arpi s
TEFHAR ST 8 BeR FE LSA (512) .

M 3= B kst A2 60 T 5 58 /NS H LSA 5 F 8 ik Je fi<a5°; B: RHMASMFE

BARMIEATFE 5 C: RJFPAEE A CTA, A B RAF, TR, 73 X481

Figure 2 In vitro fenestration technique

A: CTA indicating a penetrating aortic ulcer located on the concavity of the aortic arch,

with the angle between LSA and the aorta <45°; B: Successful selection of the fenestration site using in vitro fenestration

technique; C: Follow-up arterial CTA six months postoperatively showing a well-closed proximal lesion without endoleak,

with no endoleak, and unobstructed patency of the branch stent

1.3 BEAHERMEIEHR

ST ARE3, 6. 240 H KU REFEL]
B u Bt R F TR, AT CTA K A P4 4 ¢
SCALE g R L Bt SR R B RO OGO B RE B Kk
AR, W . AT A B S ko 2 A S 4R 5
14 BT 1) i B T o R B AR AR LS A R TR (i
FE SN SEA R A S e AY , LSA M A, A
R IR S IR N &4 ) . HFRIEEER . K
B
1.4 SitF4iE

K HI SPSS 26.0 % #5647 1t 2% v o ISk
PEAS B AR + bRifE 22 (7 +s) FoR, XFHCR A
SEREA KK s AR R LI (B4 ) [0 (%) ]
P, IR XA 56 5 Fisher K A K6 56 %) 21 7] 25 5
PEAT BT o BUOUAS 36, 4G 36 7K #E «=0.05 .

21 BE-MAH
P4 SR HE LR BORE L A I AE S AR s T T 22
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SETLGIEE L (B P>0.05) (£1),
2.2 EAREHER

fit FH A 3 o K A4S . Valiant (36 [
Metronic 2\ ) ) . Zenith ( & [E Cook 23 7] ) . Ankura
(PRI | D) . TAG (3 Gore 24 1) |
E-vita (7% [E JOTEC 2~ 7)) . Hercules (H [E | i
BIA A o Al 4 32 8 Bk S 48 HE D T o 4 A
i : Fluency Plus 3 48 (L [ Bard A7) 10914,
Palmaz Blue #3222 (25 [H Cordis A H] ) 545 fEK
AT IF B 40 F9 45 © Fluency Plus 78 I 32 22 46 4,
Viabahn 78 i 37 220 (2€ E Gore 4 7)) 3, Express
LD # 324 (24 [H Boston Scientific 22 ®) ) 1/, 51 /i
RWCE Sy S0 S5 W2 2 ) B LSA R A A
kS IESHFER R ER (3 P<0.05), XEH
FLSA R IG A . Fah kD &2 & X
PEPRAY FE R, Y LSA IR M <45° 8 3 3h k1
R, f ek PR AT B B R E AT LSA i 4L
PR 8] I 5 3038 A i F 0 32 R S R AR T
T30 A 2 ) Y A R S AR S R R R A A 2
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R3], Bk FAA 1 SCOREE AR R s AR b k2B D
ZTa BN T 3491, PN T A D SR AR B, RS 34
HEET A& s 1 BIARJS 4 d &SN 2 % 2tk
IEESE, ZRSFIRIT R BE A R4 KANES)

TR 2% (P0.05), {8 JEAIF % 409 F A 2%
T RANBOT G4 (P<0.05) (£2).

®1 BEMAH
Table 1 General data of patients

Bk AL AL 1915 30 d P S BKA S IET 3 41, 2 vekt Jfﬁff ‘ﬁmfjﬁ vnp
. . n= =
B350 T AJE 10 d F25 d TR A K P S K B0 (%)] 99(86.8) 90(89.1) 0259  0.611
SEMZHEEHMERSE, 1HARE2 LT ED) (3 xs) 55.2+12.7  54.7+127 0325  0.746
ik Je S i 2 . AR Ah T o 2 4R BT R h 94.1% BIEn(%)]
150 R 7 3R i S B LSA FR O w7 25, AR L 91(79.8) 78(77.2) 0215 0.643
S R L. A P B2 R S [{[LHE%’# 29(25.4) 29(28.7) 0291  0.589
RN 12(10.5) 13(12.9) 0287  0.592
(AT 36, Ta B9 Py P2 610), 1 6 II% N I AR Tz rh 6(5.3) 8(7.9) 0.621 0431
rh R HH 5 P R ZE RO S N IR TE O, 4 R A Ak WEIR 7(6.1) 8(7.9) 0262 0.609
B, 1 WIBET AR AT AR, R FARF A B R4 2(1.8) 4(4.0) 0961  0.327
B L SE RS TR 2 . A 3 B3 A4 B E B DIHEAS 5(4.4) 5(5.0) 0.038  0.844
, W S [ (%)) 47(41.2) 48(47.5) 0.861  0.353
WIRIH R s 1EIRIE 1 d ZA4A M &M REE, % ()]
Wﬂ'/ﬁﬁfﬁ%%@?g Eﬁ?; 3'533@3}17]({9.@%*593% B F Hh ke 2 88(77.2) 70(69.3)
T2 16 (ORJG3 d3ET 25 2 K05 3000 K iR W £ S bR 1601400 15149) el
SE) . PRALER MR BRI £ BOF i g AR 208 560
BB TG (H P0.05) . T4 B B il FFPREEE AP 8(7.0) 11(10.9)
F2 BEFAREBHEH
Table 2 Perioperative data
Bkt JE T E (n=114) AT (n=101) Xt P
FARBAMI (%)) 107(93.9) 95(94.1) 0.004 0.951
FARESE] (min, & + 5) 130.0+38.0 147.7+64.5 2213 0.028
e X E SR E A (mm, % + 5) 31.7+3.7 31.1+3.9 1.157 0.249
LSA &R EE . n(%)]
<45 8(7.0) 19(18.8)
6.784 0.009
>45 106(93.0) 82(81.2)
FHKS I (%)]
I 84(73.7) 65(61.3)
I 24(21.1) 23(21.7) 6.533 0.038
il 6(5.3) 18(17)
FASLAEIT (%))
Ankura 27(23.7) 85(84.2)
Valiant 43(37.7) 11(10.9)
Zenith 3(2.6) 0(0.0) T Tl
E-vita 10(8.8) 0(0.0)
TAG 26(22.8) 1(1.0)
Hercules 5(4.4) 4(4.0)
FF e J W[ (%)) 3(2.6) 1(1.0) 0.790 0.370
I RIEn (%)) 10(8.8) 9(8.9) 0.001 0.971
P 3(2.6) 5(5.0) 0.804 0.370
BERGAESE 1(0.9) 1(1.0) 2.279 0.131
PN IKER iRt 1(0.9) 0(0.0) 0.890 0.345
30 d NAET[n(%)] 3(2.6) 1(1.0) 0.887 0.375
FEBEE] (L% + 5) 14.2+7.5 15.2+7.1 1.061 0.290
FARGHIIIC, % + 5) 16.807+10.424 11.235+3.447 5.129 <0.001
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A EA B B AR TR BT B 0 5
R RAERAER, X5 E NI 2
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R FB A L A5 50 % A A 5 o R 4R
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A . LSA JF 1 5 22 M #E ) bk B 25 5 s ir, AT
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FEOE, T EREE Yk v RE S B M S A
A, HAX XRS5 IFe O 20l fe e 248, i
L IF B SRS F & BRI A S kA TR N s,
B T A 43 S SR 5 0T G T O R
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114 ) 36 FH J5 A7 T 7 () £ 3 v JE T AL 9 O 1) & A4
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