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Early results of surgically assisted short-distance retrograde needle
puncture technique for in situ fenestration of the aortic arch

ZHANG Zhiwei, MENG Qingyou, DING Qingwei, ZHANG Xiaoyu
(Department of Vascular Surgery, Shanghai General Hospital, Shanghai 200080, China)

Abstract: Objective To analyze the early results of the application of surgically assisted short-distance retrograde nee-
dle puncture (SDRNP) technique for in sifu fenestration in thoracic endovascular aortic repair (TEVAR) in patients
with aortic arch disease. Methods A retrospective analysis was performed on 57 patients with aortic arch diseases
between March 2021 and March 2023 who underwent TEVAR, and surgically assisted SDRNP in situ fenestration and
reconstruction of the superior arch branches. There were 32 cases of aortic dissection, 15 cases of aortic aneurysm and
10 cases of penetrating ulcer. Inclusion criteria were aortic dissection/aneurysm, penetrating ulcer and other arch disea-
ses, insufficient proximal landing zone for TEVAR, and stent graft covering the superior arch branches, and at least one

fenestration. Exclusion criteria were the arch disease involving the ascending aorta, less than 20 mm from the opening of
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the coronary artery, or the diameter of the proximal landing zone greater than 45 mm, or the dominant left vertebral ar-
tery originating from the aortic arch. Results The success rate of the surgically assisted SDRNP technique was 98.2%
(56/57). In 57 patients, simple left subclavian artery (LSA) fenestration was in 27 patients, LSA+left common carotid
artery (LCCA) fenestration was in 18 patients, LCCA + brachiocephalic trunk (BCT) fenestration was in 1 patient, and
LSA+LCCA+BCT fenestration was in 11 patients. SDRNP was performed 98 times, LSA 56 times, LCCA 30 times, and
BCT 12 times. One patient with type A dissection was scheduled for triple fenestration. However, due to severe LSA dis-
tortion, SDRNP in the LSA failed after LCCA+BCT fenestration, and left carotid to left artery-left axillary artery bypass
was performed. The mean operative time was (159.1£69.6) min. The mean operative time was ( 112.4+42.7) min for LSA
fenestrations, (165.9+45.7)min for LSA+LCCA fenestrations, and (226.5+79.9) min for LSA+LCCA+BCT fenestra-
tions. Postoperative complications included 1 paraplegia, 2 cerebral infarctions, 1 acute myocardial infarction and 1 limb
numbness. Among them, one patient eventually died because of a massive cerebral infarction. Totally 51 patients were
followed up with a median follow-up time of 19 months (ranging from 13 to 34 months). Post-operative CTA showed
that 5 patients experienced endoleak, including 1 type I, 1 type Il , and 3 type Ill. Two cases with type Il endoleak
were improved by coil embolization after re-intervention. There were no out-of-hospital cerebrovascular events or deaths.
Conclusion Surgically assisted SDRNP in situ fenestration of the aortic arch is technically feasible, with the advanta-
ges of rapid and efficient manipulation and high success rate of fenestration, yielding acceptable short-term results in se-
lected patient cohorts. However, the long-term effect still needs to be further monitored before the application of this
technology can be popularized.
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(total arch replacement, TAR) Flfiij 3= 2 fik i N & &
K (‘thoracic endovascular aortic repair, TEVAR) , &
H TAR TAREARAT Btk , {5 TAR 7k 5981 £ il
JRUR AT S8 A X 42 T . TEVAR BB 45 /0 4k
S TR EE LS, & UNIRYT E 3k S %
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5 b S A AT IR AE A — 6 R] R A5 B 5E 56
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I, 4o P 1 2l ik — 206 Bl Dk % k- A oA 24 455 55 3 Jik
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SE AL WA 9 91 I 40 1) B IR 6 1 i IR
IMAE 4 B 0o S B i 48 B 5 0, B ThREAR
4= 4 {5 M BH ZE PR Ml 2 ) s B 2 6] AR R B
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TSR, Hob, A B EEhk)Z 6 ], B A
ShlkJe)Z 26 1, 283 59 10 61, = 3h Bk 12
i, K B kIEE 3 B, P AT B AR R 4 2
FEA ., AW BB ZE 0 S (5
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Y4 AFRE . DTEVAR Hl ISF J&497 & 245 oo
RIS BRI T QAT A B F ke
J2 B B EKICE | 5 s R 2 iE R B S
k= peis ., HeBRbriE . O 5 F5 A 8B R T+ £ 50
ik , B 28 bk gh K IF 1 /NF 20 mm; @5 Bk A8 8 5%
TE Bk, e X EA KT 45 mm; @ZMES) ik
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1.2.2 FARiSRE
1.2.2.1  ZREE M5 N 50 ik 28 il

SR AMEM A RR S, 1 e AR B 43 25 1M 4
D A5/ F sh ik (left subclavian artery, LSA) JF
7, ZEWUE EREYI O 3R 240 i B R K, AE
HAMUZZE Lk AU, g mRHA L, R
PP oS UIWTRT A UL, ZR 88 28l R B KR —
Bt, wWifrZEl LSA, & 10Fr Wi MW & Fahhks
#h ;@ LSA+Z 5 s ik (1eft common carotid artery ,
LCCA) JF &, 28l FREYI O, 4 25 22 58 LSA )5,
FES FRIK IO, 50 25 2288 LCCA , FE AP ke 1
2, S lifr 28] LCCA (LSA, ‘& 10Fr & 5% 56 1
ZF K5 EB; @ LSA+LCCA + 3% B 2 Jik T~ ( bra-
chiocephalic trunk, BCT) JF %, ZE 818 FAEEI 04
S FEE LSA & LCCA J& , A S bl 1, 70 8 B i
i #0=.B ik (right common carotid artery, RCCA)
Sy B3547 289 RCCA . LCCA \LSA, & 10Fr 5%
PR Bk, AT 50 RCCA & 10Fr Ji#5 F
JREBII Ik — A S0 B Jk A A FH o A IS S A )
JBe Sk, A SRA R RS R B A sl K e 2=
e A 3h ik A, 2 0 A A Bl Bk R0

TUEH AL ProGlide A 4E 45 &% (S EHER A F]) | &
11Fr J2 85,
1.2.2.2 =g s S JRAH A

HRYEA AT CTA KA F5 BEARAE 5 22 7 % B0
FE FH 28 B . B TEVAR BY3E i 4l 5 X =
1.5 cm, LAfii SDRNP B} B HUR 4% 19 3T v I 711X,
T2 B9 3= s Jhk 78 B 7 48 ¥ o-TAG ( 3£ [# Gore 28
Al) . @ LSA FF 8, KA o B 5 LCCA HH )5
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BRI, 7 55 LSA JF 11 B il i i v, AR S 5 3
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XD LSA+LCCATF % , il 8 W T A 2 41~ K 3
0 JERE A GG i S AR R A T i S 4 B O o K A
BCT ¥ H 5 S BE i, 328 vy B T 6 i A A 19 R S 28
N, 7 35 LCCA F1 LSA JF 11 ;3 BCT+LSA+LCCA
e, T EAA 2 DS E KR 5 — A i R
HELSA FFH B, A TREESIKD, 24K
ORI vl 2 T FE BBk, B IR B kO B Oy
2y 3~4 cm Ab , 38 bt 5 5 — AN R S AR A M 9% S 3l ik
S, MASL AR ELY)S,# 5 BCT LCCA I
LSA FF 1, BT T 4% 43 3 i 3 7 3 , 7 B FH 151 4
YA I 1O I B 2 38 3R e AT A I sl ik — A 39468 ) ik
B, e A SRS K R R T (1)
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Figure 1 The approach was established with surgically assisted SDRNP triple fenestration of the aortic arch disease
A Simulation diagram of the position of SDRNP catheter and bypass tube; B-C. Temporary femoral-carotid artery
bypass; D: Neck surgical incision, and the approach for each arch branch of SDRNP.



96 TR NN

o (E ¥ R 62 49 1
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AT LK T ER TS R 5] 4 4 e
WA A, VR R 0 W 5 | A e 8 e A Sk s v RN A
JE o 2 A1 S B S R R I A7 A R 5%
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S TR B a5 AT RO 2 i A 3 A Bl ok B S
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ik, 36 o 2 A B i 5| A — Mk B H b
<2 mmf i 3R 2 (Mustang , 55 B 3 1+ 10 R} 22 4
7)) ¥k FLIR SR JE A H BRI > 1~ 2 mmAY
78 5 57 48 (Lifestream , 38 [ ({8 /) &) ; VBX, & [H
Gore 23 F) ; U A0 PO HE RS2 48 2 E LN A ],
HHIF AR ERBESEAT IS 97k . LSA 6 85 9 Hi it 52

B2 FE3hksS I ZEAF SDRNP KA T4 DSA [E4

FIUL LSA SZ 4R P38 H To R % | i 5 50 ik A 32 8 ik
5#, @ LSA+LCCA JF i, # A K 45,
S G 51 4 4 A LCCA i & i 10Fr 540
LIRS GIK s aTA AL PN e SR
LSA, 2 EF5F ) LCCA JF %, BR¥EY 5K 5 A A 52
U1 (Lifestream , EE A R]) , BT LSA 32
ZRIA, 3 BCT+LSA+LCCA JT#, 5 #B c-TAG #i
e 3L BT A5 1B 30 ik — A #5 J 3h Jik e 3, o st i)
HEFT LCCA JF 8, 3k & 5K FF 3 fL1IA , 1% & LCCA
M, A AL, dheGlE 1T BCT FF 5 M Bk
YN 48 A (Lifestream , 35 [F L8\ &) ) | 33 F
KT LSA, SRJG,LCCA M ASRY B 28,
JEAT LSA P B M . FARL RS, kit T
BUF I L% 15 52 (digital subtraction angiography ,
DSA) Uik BCT .LCCA 1 LSA [WiE5FEE AT
Wik, WK 2,

A~B . #fi#% SDRNP G518 I 28 0 ; C . DSA 15 W E 3k = #1392 )2 ; D~ F. LCCA FF 1 A2 7 B S A7 A AH 18 4
SDRNP 414l ; G BCT FF 7 4448 A ; H~ 1. SDRNP £ %l LSA FF & Bk 4 K & 2 44k A ; J. TEVAR B%4 SDRNP Jiifif

ARG RC ISR S W Sy

Figure 2 DSA images of SDRNP in situ fenestration during the operation of aortic arch dissection
A-B . Preparation of the brain suction tube and needle for SDRNP; C. DSA of the aortic arch dissection; D-F; Adjusting
the SDRNP needle point by left anterior oblique and right anterior oblique during LCCA fenestration; G: BCT fenestra-
tion and stenting; H-I: Needling LSA by SDRNP, balloon dilation and stenting; J: Angiography after reconstruction of
the three arch branches by TEVAR combined with SDRNP in situ fenestration.
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57 B8 4 T S50t T AR ifE TEVAR TR,
/] i 645 4h R B SDRNP 3 3 ik 55 3 J5 457 JT
AR AR T 8 B A K S A8 M A BT, R
4fi LSA JT % 27 %Il ; LSA+LCAA W JF % 18 il ; i1
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B BT T B R Y, SDRNP JF % 4 i 2 98
U, Hif LSA #F3fil 56 ¥, LCCA %] 30 ¥, BCT
B 12 vk, 1 A B 2R RIAT ST
LCCA+BCT W JF i J5 , Al LSA # ih /™ & , SDRNP
JeWe  HE LSA FF I Ab 4 5E | 17 A2 30 80 Jok — 2 i 30 ok
AR, A 1B =R B, AR S o Ak
EE Tk AT ETRERER T, FA T E
Jok =5 EE AT AT R B KA S K EE R R .
W, AN B SDRNP 5 R 3% N 98.2%
(56/57)

A B & FAREFE] 60 ~ 390 min, “F14(159.1+
69.6) min, LSA FF#iif[E] (112.4+42.7) min, LSA+
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BCT JT I E] (226.5+79.9) min, B4 5% F 3h ik

SIFFE LUK o-TAG L4 ( 2 E Gore 24 H]) .
I3 A R K% 3 B Dkt v s AR R O, AN EEAE A 3
Ankura SCHE[ SeflERHE (I ARAH ],

RJG AN B I LAE S B, B0 1 6], %
R — o M R AR R A A S b RO, Hh B i 45
KIEARBRAE 1 451,32 8 o FE 3h bk =5 20 Bk 1 B i
LA, 2 A R e A o e | e FLFSOR , Fe 3BT,
R 10, T USRS i B vh ERT R, I
WU E . 2O IUEESE 1, 3R IR 58 & i
Ji OB R ST Beda @ WA 1 1A, &
12 PCLIAYT R A i Be . 22 BSOS 1 f41], 28 X 4iE
LA T AT
22 REKEHER

57 Bl e £ 3 R, ST B3R AR R S BT, A
BEAIHE 19 N H (13~34 ~H) . HEBERETAR G
KM CTA(K 3) , RJ55HE A& CTA Wi fi 8
53043 3 S Ik ¥ 3 W, TG AR I A B S 4R R Bk
A BEUTANE], S BB CE £ A4 W, Hd T A e
1, AP s 1, I 7 e ks 3 1), A& 2 {51 I 7Y
W &4 T LSA JF % Ab , PR A BE 47 5 55 B 4 2
RITUF G . HoAb N B, R E— 25 1 T 4k 22 b
VISR, i, JCBE S G I 45 = 1 BE T A T T

B3 EFkE IR ARRT(A~C) KT 12~ H (D~F)CTA E#

Figure 3 CTA images of aortic arch dissection pre-operation ( A-C) and post-operation ( D-F) follow-up for 12 months
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