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Abstract

Background and Aims: Thoracic endovascular aortic repair (TEVAR) has already become the “first-line”
treatment for descending aorta pathologies. For lesions involving the aortic arch, physician modified fenestration
(PMF) is one of the frequently used techniques for reconstruction of the branch arteries of the aortic arch at
present, which refers that the artificial fenestrations are created by removing the membrane of the aortic stent-graft
to correspond with the locations of branch arteries after selection of the proper aortic covered stent, and branch
vessel stents are deployed through the fenestration-bearing stent in the large artery after it is accurately positioned.
This article introduces a PMF method for fast and accurate positioning of the fenestrations corresponding to the
branch vessels using the self-contained radiopaque markers of the aortic stent-graft—self-radiopaque marker
guiding PMF (S-F PMF), and meanwhile to investigate the technical characteristics and clinical value of using S-F
PMEF in endovascular treatment of aortic arch pathologies by analyzing the clinical, surgical and follow-up data of
a cohort of patients who underwent TEVAR with S-F PMF.

Methods: The general clinical information, intraoperative technical data and follow-up results of 113 patients
with aortic arch diseases who underwent the TEVAR using S-F PMF in the Second Xinagya Hospital of Central
South University in China's Hunan province and other state-level cardiovascular centers from 7 different countries
during December 2015 to June 2020 were retrospectively analyzed.

Results: The standard S-F PMF TEVAR procedure was performed in all patients, and the instant success rate of
the maneuver was 100%. A total of 118 aortic stent-grafts were implanted in these patients with bridging stents
implanted in 35 cases. The operative time was (62.9£17.4) min, time for X-ray procedure was (23.1+9.8) min,
the volume of contrast agent used was (81.2422.5) mL. The accurate positioning rate of fenestration was 98.2%.
A bailout stent-graft insertion was performed by chimney technique in one case (0.9%), and a malpositioned
opening was successfully corrected in one case (0.9%). Two patients (1.8%) had successful fenestration for
simultaneous preservation of the three supra-arch branch arteries, 6 patients (5.3%) had fenestration for
simultaneous preservation of the left command carotid artery (LCCA) and the left subclavian artery (LSA), and
the LAS was preserved in 110 patients (97.3%). There is no death and serious complications occurred within 30
d after TEVAR. Type I endoleak was noticed in 7 patients (6.2%). The median follow-up time was 24.5 months.
death occurred in 2 patients (1.8%), and occlusion of the branch arteries occurred in 3 patients (2.7%) in
postoperative 3 months (2 cases) and 6 months (1 case).

Conclusion: The S-F PMF is an alternative method for reconstruction of supra-arch branches in the treatment of

lesion involving the aortic arch. It is a technical progress in methods of total endovascular reconstruction of aortic arch.
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ol T 38 R TT 73 X8 67 Al R B9 AR A IT U5k (self-
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1.3 S-F & AR TEVAR K{JFRF7i%
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F42 (William Cook Europe, Bjaeverskov, Denmark )
(6) ¥ i 0.035 W F 22 ( /R R A &AL,
city, Vietnam ) . (7) Fluency Plus H ¥ =0 8 i 32
28 (Angiomed GmbH & Co. Medizintechnik KG.
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D-76227 Karlsruhe, Germany ) H F #b R M 14 %
kA, (8) HLBEZE (Bovie Medical Corporation,
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B, FARBALE I 2 T R = 5 DSA T AR % 58 Wi,

— ) J B ok VI OF R R B ) A A A 4 A AR
( Abbott Vascular, Santa Rosa, CA, USA) Ti& .
AR BRI 5 b 3 3 B ko s I A E A (4 LSA
W AM e B, TR B R s LCCA D 2 22 39
R R, B E &R, SkE A s TA ShRA B,

HEEMNAERL) o (1) BatricESE S T £
bk, VAT ERE AN AT AL, R REE T
FH kD P EF I CRET &) 7R, T
o 748 57 BRI A R Bl K B E X L ELAR . LSA/
LCCA/TA HAR. (2) Mt G HAR K3 KA I S 4E
TEARSN R 3 BECH 20 4~6 e e fq , FHHER R ZEAE “
RINIE X tnS i &b e . e o
BB I T AR A ) R R T A A S AR e A
AN N o (3) B K Bl Ik S SR R A T 22 3% 2 RUE

B " ARiE X br R TPy (7
[F] B AT DLAS 35 X 2R B S 2R N Al ( Ankura SCAEMH
A ) ALT FESRKS KR MU BERCR B bk AR
(4) 38 52 5 TA s 722 Bl 446 175 20 0 2 S Bl ok i 17 O
Tt BB LA R 23 S B kO 0 B JCVE R I, D iE
b ZE I I v S Pk S BT E SR 2 B0E,
HH P AR 25 HI A Fluency B{ Viabahn £ I S 2878
GiE L E R, IR ERERY K. 6G) S
Gy A KL B AF, WA 22k AR R R
FEIK LN, sCHR U Bk T 22 5 38 2ok SR v AL
HEA LSA/LCCA/TA, N7 223U, nl 28 3 il
Bl Wk B8 22 550 8 ik AT A% A S 22 98 0 B FLE A B
ik SZ e NS GE . (6) WS 2235 A Express LD Bk
P =0 & 2 ak Viabahn/Fluency BRI E 55
Jok P9 G 3 7 B R . (7)) FRIR 3 52 if 2 S 4R A6 A
Gy LB WK I L. (8) AMEFAE A A H Bh bk sk Al
HERMEEA Ak, IMEE (E1) .

E1 S-FHEARRGIE
RO B O e K SRR e B 5

Figure 1 Demonstrations of S-F PMF

A BB ARG R HLBEZELE Ankura 3R “oo “BRAEAIIERIFE 51 F RERE G318 7 o7 B I 7 5
B: KRG R — A r K405 LSA BYFIEE, S AN 24,
LCCA F LSA {R¥5EW; E: fslSshikesH CREA) |, Besh kA # @ K3
B2 LCCA Bl ; F: LCCA F1 LSA 458 s S0 40 5 i3k

C: SEAMURIIERZER; D LCCA Fl LSA [A]

sk

sl

A: Making a “co” marker using a surgical cautery pen and selecting the suitable points for

fenestration under guidance of strengthening strut; B: Creating the pathway from the large stent to LSA using the same approach after

the deployment of the large stent, and then introducing the bridging stent; C: Radiography after completion; D: Radiography after
the deployment of the large stent and fenestration for simultaneous preservation of both LCCA and LSA, and the LCCA and LSA

remaining patent; E: Dissecting the carotid artery for immediate use (not used later), and creating the pathway from the large stent to
LCCA via femoral approach; F: Radiography after bridging stent deployment in both LCCA and LSA
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BaHAE AN SR RIS TERERG
UL/, U IR SBUEANRG
NN, 6. 1240 H #7172 V5, 47CTA
Kift o ZJA BRAFUEAT LR T2 BETT, 1TCTAK £
1.5 ZGitFabE

B LA R RN R+ bR iEE (X xs) Birp
g (JEE) . %*ﬂiﬁﬁ*ﬁ@}ﬂKaplan—Meierﬁi
o it ffE B i GraphPad Prism ( 8.0
7, GraphPad Software, San Diego, CA, USA) .

2 &% B

2.1 MABEWN—KER

AL AN K113 . Ho
Boefl (85.0% ) , @w17H (15.0% ) ; 4Eip
(57.5+11.0) %, BEPEIFIERHO, i KA
MED R RBFEILF L,

F1 BEMABM(%)]
Table 1 The general data of the patients [n (%)]

SR RS 18M . FARBTE] (62.9+17.4) min,
X VERTA] (23.1+9.8) min, I8 7 H &
(81.2+22.5) mL. AR JF X A7 fE 8 2 H
98.2% . AMKCPEAE AMH B LB 1] (0.9% ) ,
EJG AL AELE (0.9% ) o T FEHEE 5
= ske s (1.8% ) , JFE R ERELCCA
HMLSA 6 (5.3% ) , TRELSA 11041 (97.3% )
(KE2) o Hka AN B350, KA A B 1%
BT BITARE (RFIADSHW) AT
B, T E I RAE (BETS . BGAEAE . ORE . Sk
FEili AR ) R RIF1EE A K HITRN N
761 (6.2% ) o ARHgERL K Bl F AR E R L2,
2.3 FIHLER

B 5 I E] PR i 24054 A, FE T2 4
(1.8%) o RJGHZEhIkMAIZE3F] (2.7% ) , 59
EEEAREINA (26) MAF6AHA (14]) .
Oy S E K AR B R N9T. 3% . T A BETICTA
GER LK 2 . 43 S B ik PR 2E 345 R B R R A A B
XM EE, SHEANE SRR, Widln
ER G E X (P=0.3372) (K3) .

®2 FAREXYIFEMEFAREEIRE (1 (%) ]

Table 2 The surgery-related variables and perioperative data

ekl e
G IR
e I 88 (77.9)
BE IR I 13 (11.5)
ML 55 20 (17.7)
RN} 14 (12.4)
PO 3(2.7)
2 P BH ZE P it 3(2.7)
I 0L A9 9 4(35)
B e 4 5(44)
Il PRI
& /5 66 (58.4)
2 12 (10.6)
TohEMR (ARKE & B ) 26 (23.0)
HoAh 9(8.0)
57 e T
Je )2 53 (49.1)
BhhkIE 16 (14.2)
ESiieniit ] 37 (32.7)
Tt sl ke 2(1.8)
R[] i 4(35)
TEVAR AJ5 Wi 1(09)

22 BEFABEXHBFEEEFABERL
R B S-FH AR AU BRAE AR E R R VEAT AU TEVAR B
F, HFERBINER100%, HKINFE IR AN 3
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[1(%)]
E| pidlEl
FBIkS 5 A

LSA 113 (100.0)

LCCA 7 (62)

1A 2(18)

It BNk 4
Ankura 742 118 (100.0)
O3 SR
LSA
(TCIU RS NS ) 77 (68.1) /28 (24.8) /8 (7.1) "
LCCA
(JECHR S50 B 4R ) 109 (96.5) /0 (0.0) /4 (35)
IA
(TCSZH8 RSB RS ) 112 (99.1) /0 (0.0) /1 (09)
i DXL

70 6(53)

71 103 (91.2)

72 4(35)
AR

45 8(7.1)

LMESik A B 8k 6(53)

LB T Bk 1(09)
JrEIERAE (FAR30 d ) 0 (00)
AN (FAR30 dN)

I 7(62)

T 1) AR 1B ERLA R KA P 5228

Note: 1) Containing a bailout chimney stent

http://www.zpwz.net



5512

9, % IRAB R RS ERRE kG IR B AT A 1431

2 HHEEMIHTCTALR

A-C: LSA KAV A AR 2R 5 19 6 > H R 1 4E Bl CTA 45 5%; D-F: LCCA I

LSA PRAMF G FFA AN 45109 6 AN H R 1 AERATT CTA 4555, G-1: 1A, LCCA F1 LSA RN B 34 AR 405 1

6 IR TAFBYT CTA Z55
Figure 2 Follow-up CTA data of some patients

A-C: CTA images of the LSA on 6 months and 1 year after PMF and bridging stent

placement; D-F: CTA images of the LCCA and LSA on 6 months and 1 year after PMF and bridging stent placement; G-I: CTA
images of the IA, LCCA and LSA on 6 months and 1 year after PMF and bridging stent placement

IS3
B
% ]
= 50
f’}’ i
R ]
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KR ] —— *ﬁi&im
1 —— WS AR
] P=0.3372
(0 o e e T REEEEE 1
0 20 40 60
FeiimssE ()
No. at risk
113 93 92 92

B3 AHBESBNAKIEG R L

Figure 3 The patency rate curves of this group of patients
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