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[ Abstract]  Objective To explore the learning curve of total percutaneous thoracic endovascular aortic repair (TEVAR) with
the preclosure technique using Perclose ProGlide. Methods We retrospectively analyzed clinical data of 93 consecutive patients who
underwent total percutaneous TEVAR with the preclosure technique using Perclose ProGlide devices by the same team from September
2016 to May 2020. The cumulative sum analysis ( CUSUM ) was used to analyze the learning curve, and the operating time of
preclosure technique, the blood loss of preclosure technique, the groin complication rate and the total technical failure rate were
compared. Results The CUSUM learning curve were best modeled as a polynomial with equation: y = - 3.085 + 1. 91x -
0.03614x" +2.227e &’ —=5.141e "x*, with goodness-of-fit (R*) as 0.9861. The fitting curve slope turned into negative at the 38"
case, and the learning curve were divided into learning stage( stage A, n =38 ) and mastery stage ( stage B, n =55) with 38 cases as the
cut off point. The operative time and blood loss of preclosure technique in stage B was significantly better than that in stage A (P <
0.05). The two stages were similar in terms of the rate of the groin complication and the total technical failure (P > 0.05).
Conclusion The safety of TEVAR with the preclosure technique using Perclose ProGlide vascular closure devices by same team of
cardiothoracic surgery tends to be stable after approximately 38 cases of operation.

[ Key Words] Preclosure technique; Percutaneous thoracic endovascular aortic repair; Learning curve; CUSUM analysis

w FEGIUH LA B AR R A WS IR (20190884 )
=% 1l HAE#H , E-mail : gaoyongshan3333@ 163. com



R RIS R 7 2021 4F 4 A 45 21 %5 4 ) Chin J Min Inv Surg, April 2021, Vol. 21. No. 4 + 299 .

g 3= 3h Bk B 9 1 & AR (thoracic endovascular
aortic repair, TEVAR) LB 5 /1N (1 &2 1R 55 16 23 2 AR
NIRYY Stanford B B 3= 5 ik e J= | B 2 3h kR 5 g
T kB i E IR YT 5k BEFEAT TEVAR
s SNRHI T B 1B Bl Tk A BE 5 i A I SCBR A h
IS B0 O L U L B R e AR R R E R 2R
Lee 25112007 4E#18 W F Perclose ProGlide I %5 4%
A o BUC I B AR S PR SEi 8 R 2 B TEVAR, K
WFFEIE S H AL GETIIT e 3l bk T AR BE 8 4 Sl T AR I
], FEAR AR S5 I & & 2k 3600 (R AR ) i oy 2
FAREASARE T BT R B A R R 4 5 2
SRR R B i R R R R A N
T EW IR AR 2 i LAl o AR ] B )
#2016 4F 9 J ~2020 4 5 J] B JF 4y TEVAR i)
R Perclose ProGlide Ifil 45 4% & #5847 TS Hl B 48 &
H AR 93 #iim R % L, i 2 AU ( cumulative sum,
CUSUM) 73 M 7 i AR I 2 2 il 46

1 X&5hH%

1.1 WX

W 2016 4F 9 H ~2020 4 5 HFBHF —4F
AR B i 2 22 I J2 19 2% F Perclose ProGlide [ 45 45 &
ARG HE B A A BRSO TEVAR IR %k, R
AU 2 A BE 4 W 8 3 sh ik CT i & % (CT
angiography, CTA) B i2 Wi ok M [ 32 3l ik 22, A<
AT o FR B BE A 40 B 2 B 2 AL (K2019270)
AT U B TR XURS: AR 3 0 4 R/ 25 0 42
K A MR BB S EER R,

AFRAE  HORE T BB AS 1T TEVAR FR B
Pk EAR >T7 mm; 2D — MRS 3 bk B S B Ik A%
SRS IKTC ™ S AL s E e )2 BBl ko 5 I i
T DX TC A S 3 B 1 D) BB AE 5 I A 191 9 Ak e 3

HEBR PR AE < 75 28 0030 07 A7 A6 R YL ™ T B B 5
N I I TR 1) 0 BRI 5 2 ) % Bl ok A
T A 5 7™ A ) BE A

MR 1R g A K HEBR AR e, 36 93 il e 8 A AR
e, B 72 B, % 21 ], 4FE % (53.9 £9.1) %,
Stanford B % F= g ik J& J2 79 1], Wl 3= 2h kg 5 il
Bl kR ] A O B, A I LR 66 ) R
BRI 19 B, 5 0o 14 B, WA SR 64 i
1.2 REZLE RFARITE
1.2.1 FARHANERZE FARYHFE-HAFAE
Uil 52 B, T AR S 4 B4 Uil Sy [ 1 3 Bl ik A A4l

P B, AR A 2 0 — 6 AT R, AR
FFUR A TR — Bl Z /i, © FF 1% G0 U i 25 It
kAT TEVAR FARZ) 30 6], 28 52 A A s 8] B k4t |
B ik S48 R A B 24 20 B, 3 Bl bk N R 4 5 o
BEN S B BB T — 0 bk g R R AR L 5
BT — BB EREN, RE BT
FARZE Y S B0 5 2 b 502 0T & B A2 7 R ER
MAFAREEI,
1.2.2 FRIF  SEREREBCA AR , 251 1% 1A
W B 72 1 em A 1 B Sl KA B0 B 5 R A
IV Seldinger ARG B3 bk, FH 2 8 Perclose
ProGlide Il 4% & %5 [ 35 [E Abbott Vascular 2\ &) , [H
2y A (HE) 7 2013 55 3651723 5 ] b A7 WA
TEVAR FAR5E MG P 8 5 2 17 945, FLARE BRI
SCHR R JR R 0 AL AL I B AR H 3 6 h, W
SRAT T2 A5 oL | B K P 26 45 0 R E
1.3 B KA AN 46

T T A B D AT RO SR A L SR T B 4k A AR
A6 B ) ( TRUEEL ESF ) 0B 4% B TR 22 D) TR SR A A
o R T DX I A 56 O R RE AR R R AR
RIGHE 4 TAE AR | AR 2 B006 R PACS R %G8 () M
Ty WA U B AR IR A RRAR 3.0) Wi, Hl
EAE A A BRI E S T i A AR A DU 48 S
JB 2 ok 2 00 a5 3R A 1 i, TG 20 v e Y1 F A 48 I
Sk, Horh— kB 2 WE A 2 A 4 A AR
PeAk M &, ORI AE R 2 B 3 E R
04 A A S AN AT AR A S Ik s T, W 4
1M1 5 S A A Lk AT R BB Atk Ry R R R
IR T8) XA (6 AH 6 I & E A A e B TR B R JF 30 K
W R AEAT AT 55 N B R DG 1 I R, A R T i B0
SRR M S bR R BRI e 2 i B TR R 3 ik b
A T R e it B T Pl VR e Ik A B
1.4 CUSUM 43# 7

TERE T 48 A AR AR R (8, ) (TUE S5 A A% M
H(8,) JE BV XA AR I RRE B AR (8,) R
AR (S, )4 THEFAE R CUSUM RIFMF8 45, T
BHEA IR I 8] R TR 4 A 4 R L 7 KA
S HERE (43900 17 min A1 51 ml) | I8 BE7A XA #AH
KIFRIER A BB ARKMEBFES % meta 57
Bl BEE (49K 4% F1 5% ), H A T 48 5 ik
2 HARE Y Lo B, PR 2 ) i AN R bR T A
§=x, —x, 131 & 18, BIHy B 4 #5 AE K 7 1 & A0
Fov ooy SHPEH 48 B B3 H BRE 19 8 IB0R S IE A4 48



- 300 -

b R B AR 7 2021 4F 4 A 45 21 %5 4 ) Chin J Min Inv Surg, April 2021, Vol. 21. No. 4

PRk B HARMER x, =0, & AR B N BHAREN », =1, K
PRI vk R G Sk g R

EMEME . SHAKXT =6, +5, +6, +4,,
TR R BF AR 4 TOEA 48 b 19 RBUR, 28 )5 DL F
AR AGIHL Jg B AR FR LA CUSUM {8 20 A8 A5 22 i 27 )
2R B 5 R I X CUSUM 27 3] il 48 v 17 £ 151 X3
A PE R 5 DL P E R, P <0.05 Ak i 24U
BRIy, AT LY R AR AT, R B
1, AL D0 B Ay, e B R e A A A 750 Ay i
AR RRPE A O R A I R R R (k) Kk TE
St NS R C R N N DS IR E S N T B¢
5 2 o7 i 2R T T 2 R R T R B
1.5 GiteEihik

K Epidata3. 1 544 &8 57 5085 2, 91 3547 XU5R
N ] PR IR B A e e A e SR
SPSS22. 0 A kAT B U8 Ak B K oy BT, IE A 40 AR Y
TR, « =5 2R, 4118 L BRI ST BEAR ¢ K
55, RIS AR ERLL M(P,,,P) Foon, 4l
1] %8 R A Mann-Whitney U 56 ; 71550 %08 b 85 R
X B, L P<0.05 HESRAGHHE X,

2 #R
2.1 THACHRE SRS TR GE R

93 {l ¥4k & — Kb WL B ik A, A 85 i, Ae

M 8 ], IR FH 4% & 4% 196 2, Hoep 82 i 1 FH 2 41
ML A W — WK% S WY, — REAR BT RN
88.2% (82/93) ,4 {7l )i Fil 3 F 1M & 4% 4 %% 1k 1l A%
Ty, 1R A 4 A8 4% A A% Ak i s ), BB R K
13N 93.5% (87/93) . 6 Pl 4E & 2 W5 vh e 1)
Fraga sk, B ARKBEN6.5% (6/93) , H
N 5 2 ok P € sl g 2 2 o (b1 ) DB B R R
T 1 e J2 3 B0 B ik oA 9L 1 A A O I s Bk
Berg ) Rkl 2 W 4 i (Forb 2 B R R N YT
KA FE 4 T A 4 R B 1 B2 T AL 2L, 1 i) R A O R
PR S5O 1 BT 4 e A RS U 2 )
PEHIM) .
2.2 gk

Wi 5 A5 B8R H I T A A A AR A B ) 9
B A I R T R R K BOS R HAE
FERLHE AR RN (R S 76 3w KT SR G 218 T IR I
AEFFE AR KO ), WA 1A B, CUSUM 2% 3 fh £k
ARG T y= —3.085 +1.91x —0. 036142 +
2.227e *x’ =5, 141e "t WUA L R® =0.9861, L
2, WA AE T AR HIECRE B 25 38 4l L )5 &t
Foh A, LR 1,38 B R S ke ) i 2k DLk
R TR T IR 5y A B BB, A BB A 2
P B, B BB AR R B

= 307 =80 :
\E/ . ﬁ . —‘:‘-
= 99] . §6O * '
= #H
¥ 5'4340 -
§§ 109 éﬁzo
B Hi] .
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
ks ® 1 (11 ik ©
Bl 1 Perclose ProGlide M & # & F{ITHCIBEEESHANIRMERE (A)  HilL
E(B)MABEEMEGHE B2 Perclose ProGlide MBS ITHMEIEEES
HAWEIHE HhEZGXE&ASREMEER MR ML
®1 EIHEBHIMERE FrBe (P <0.05),1M A B H B B8 B8 XA B AH ¢
B 36 37 38 39 40 41 IRIEREREBERRMEL R LG ITT#E X
R 0.0778 0.0461 0.0153 —0.0147 —0.0438 -0.0721 (P>0.05), W% 3,

2.3 A.B P BM LA

A B W BLAE IS MR MR R B B kS
BOAIHBEREERY LI EX(P>0.05), I
F 2, B WYECIE 4G AR AR ) A R T A

3 Wit

W38N~ W Perclose ProGlide 47 i 5t 3 B 4%
GHEARGAEEIMEL " HETIRKFEEZ L
1) F- AR e A R ] 85 2 ) B B i B b, oA



R RIS R 7 2021 4F 4 A 45 21 %5 4 ) Chin J Min Inv Surg, April 2021, Vol. 21. No. 4

- 301 -

x2 ABHMREE-—RABMRBRIRSHILE

51 ) Ji 5y ok 531 e 3l Jik B4 T 3 ik i R Jik

B BL R (2 hmEs .

3 x e (mm) REE (mm)
A(n=38) 53.4+8.9 29 9 25.0+2.6 35 3 8.13 +1.04 25.45 £7.40
B(n=55) 54.5+9.3 43 12 24.7+2.4 50 5 8.02 +0.96 26.06 8. 13
() 1H t=-0.571 x* =0.045 1=0.573 x* =0.000 1=0.525 1= -0.369
PH 0.570 0.832 0.568 1.000 0.601 0.713
e AU .

B M (Fr) — AR 2 3 1R R A
A(n=38) 23.10.7 35 2 1 25 25 7 5
B(n=55) 23.2£0.6 50 4 1 39 41 12 9

() 18 t=-0.738 x> =0.213 x> =0.274 x* =0.836 x> =0.160 x> =0.181
PH 0.463 0.899 0.600 0.360 0.690 0.671
®3 ABHERUBRERLR
B Bt T 48 5 AR R AF O ] (min) i B4 A A AL (ml) AR KT A AE i e ST NNV ES

A(n=38) 21.5(18,24) 57(51,64) 5.3% (2/38) 7.9% (3/38)

B(n=55) 15(14,17) 47(42,51) 5.5% (3/55) 5.5% (3/55)

Z(x*) 1 Z=-6.140 Z=-5.579 x* =0.000 x* =0.002

Pl 0.000 0.000 1.000 0.967

L 01 gy B 5% 575 . W A Perclose ProGlide 4% 4 #35%
B TEVAR 9242 268 20 4], {23 BF 5% 38 23 53 41
BT AFAE — E 19 WA AT RE 2 (8 45 SR 3 I
¥, Gao %5V MR 5T 7 - 7E W A VA AT ] T 5 3
BHHESHARZE T, K&y 36 4, iz %
AR MR 5% 15 9 B 5, 2590 191 69 5 R 2% i %
Wi 2 59 WA B e S i e, x4 ) il 4k /Y 3
Pre 38 bR DR 4R BT B i g e T
ARIZAT B RCF BB R S TP (R AR £ . A BIE SR
WA T 4% G dn 4R MR I ) TR SE A A R
JBETR) DX B8 A G I RIE & AR R R BOR R R 4
TG bR, R F £ 4 E CUSUM Tk 4 i 2% > i 26, 45
FF B . 3 Perclose ProGlide Ifil % 4% & # 10 5t 18
A OR S TEVAR, 75 2 38 fil 45 A 1) v] 5 i
o Mg i — 20 o B Wos A A S B B T 4%
FrafRAER A (M 2 (P <0.05) , {H 1 Ay X
B DG T A B SR R W B B TS
(P >0.05) , 1 R B) 25 & T R R 1 %2 42 vk e
AT,

AW 5 T I B VA XA B R OGO R RE R AR R R
5.4% (5/93) , Horh e N i i 3 45, B Bk EE 1 gl
W Rspinsrin . AN N 4E S )5 b #1538
5 ~10 min, R J5 IR ALALIF 6 3 12 b, DABTAR ) 5
P AT AT DB LT 1A KT B Ak O R
TEAAF VR R 7 8 515 2 B 3h ik, o
FE PRSP 5 5 R AT I B Ik o i LR

R, ELAE SRR AR k45 s LR . AWFSE 6 o 2
DI IT B b 58 5 BB Bk, Fe AR RGN 6. 5%
(6/93) ,2 Bl A 455 J5 AR sh kP 7 | €7 VI &
A4 PRIk i 2k O TR DO 4 5 BBl ik, 5 SOk
AL, Jaffan %71 meta 43 ML FE 36 5 SCHk,
TRKIMARL) 6. 1% , 485 2 WO A 3 2 1Y 1fi K
A BB AE

SC i TEVAR W, 40 fa] 45 %2 3 F Perclose
ProGlide Il 4% & @ ¥ 5 #1 & 4% & AR 19 2 > if
2, AT A2 ORFTAF 4070 H7 CTA Bk, {2
T8 B Sl bk B AR L R A AR B[R] I AG: A XU
VR X 1z i R o ,@ﬁﬁ%%ﬁ Perclose ProGlide 1Y) %%
BB QMR F A A VE R RAE BB G S T AT
SRR @R SE S T, —E 2T o B BT A
HE B KR, DOk e N ZUE 2 TS
1T 45 KA RO BE s @ TUE S8 4 I K 11 5l (4
2 R 20 A A 22 5 FH b 1l B [ 5, DA B T R o 72 o
DK R (0 B LR AR T IT 45 U5 @7 i DR b i 19 R
P P R S 22 A A8 N, 2 R IR ROCR AT B iE
REAkZL T ALEG A%

Zi L ARHESE R CUSUM i %t [A] — F AR 141 A
i 2 58 WL 93 1N FH Perclose ProGli Ifil 55 4% A #5417
i e L A8 5 BOR B BOREIEAT 20 A, AR R
AL A H BATE TEVAR A H{#i ] Perclose ProGlide
M S5 A0 A7 US4 5 SR 22 38 il F AR T



- 302 -

MR S Pl

2021 24 HE 21 B4 4 Chin J Min Inv Surg, April 2021,Vol. 21. No. 4

&% ik

A IKRPRBE R R, AR B SR P B 48 R IR JT Stanford
B & £ 5 ik e J2 B W R T R0 R A J AL R SRS e R 2
2435 ,2019,38(10) ;1952 - 1955.

PR B 2 20 LB 2 4 R 2 A v I B O 23 0 il
PIRHEE I 43 23 46 m 5 R T AE 2 D 4. Mg 3= 3l ks 9 TR 9T BT
A A L K SRR AR B A 20 AR 2019,99 (32) 12489 -
2496.

MO B B R PRIR SR NG A G A A G H R GE e 4 5
Tl i 2 5 1 32 Bh Wk s A 18 B2 R TR A BB R S A I 3l ik o K 1 R
Vigh B M R R K22 ) ,2014,34(5) 747 - 750.

Lee WA ,Brown MP,Nelson PR, et al. Total percutaneous access for

»

endovascular aortic aneurysm repair ( “ Preclose” technique). J
Vasc Surg,2007,45(6) :1095 - 1101.

Saadi EK,Saadi M,Saadi R, et al. Totally percutaneous access using
perclose proglide for endovascular treatment of aortic diseases. Braz J
Cardiovasc Surg,2017,32(1) .43 —48.

BE O LM R 4. Perclose Proglide Il 4% & 75 7E 1 32
Sy Ik I A 52 R B 8T 43 BT I R RS 4 2% 3K, 2013, 32
(9):1320 - 1323.

Jaffan AA  Prince EA, Hampson CO,et al. The preclose technique in
percutaneous endovascular aortic repair; a systematic literature
review and meta-analysis. Cardiovasc Intervent Radiol, 2013, 36
(3):567 -577.

Hajibandeh S, Hajibandeh S, Antoniou SA, et al. Percutaneous
access for endovascular aortic aneurysm repair; a systematic review
and meta-analysis. Vascular,2016,24 (6) :638 - 648.

Metcalfe MJ, Brownrigg JR , Black SA , et al. Unselected percutaneous
access with large vessel closure for endovascular aortic surgery:
experience and predictors of technical success. Eur J Vasc Endovasc
Surg,2012,43(4) :378 - 381.

Eisenack M, Umscheid T, Tessarek J, et al. Percutaneous
endovascular aortic aneurysm repair: a prospective evaluation of
safety , efficiency, and risk factors. J] Endovasc Ther,2009,16 (6) :
708 -713.

RS, B8 Wk, FBAL E , 45 T AG Perclose Proglide Ifl 45 4% &
TE M B kI )2 I e AR PRy L. hE A ARSI E,
2017,14(7) :396 —399.

12

20

21

22

WU IR AR/ SE L g R I AE S S5 IS K DI T AE 230
JokgeA T R A8 52 R e Bt R BRBIE Y L b T K AR R R (B3R L2016,
48(5) :850 —854.
r AL SRR AT A R LN I B DI BR AR R ST IR
I T A 1 = o) il 22 v T BB AR R 2 R, 2020, 20 (1)
972 -976.
AL, sk AR B 4 RUAL, 45 B 32 Sl Bk B SR JT Stanford B
A E B ke J2 9 2% 2 il £k 4 B b B ORI AR BE 4 K 2020, 20
(12):1067 - 1072.
BEOWL, A LB AR RS KR AR RN SR
PRAlBY % ST £k b B BB R R0k L2018 ,18(3) 1209 - 212.
Yu J,Rao S, Lin Z,et al. The learning curve of endoscopic thyroid
surgery for papillary thyroid microcarcinoma; CUSUM analysis of a
single surgeon’ s experience. Surg Endosc,2019,33 (4):1284 -
1289.
WM IR AL AR A5 TR T B 2 I SR AL R B R U
BRAR Bt 2 o) M 2 BF 5T . AR I IR A A} 2 3K, 2016,37(8) -
572 -5717.
ZOAEL BRI S IROF A LA AT R R B AR
AR 2k AL B2 8 ,2019,18(5) 459 - 465.
Bechara CF,Barshes NR, Pisimisis G, et al. Predicting the learning
curve and failures of total percutaneous endovascular aortic aneurysm
repair. J Vase Surg,2013,57(1) .72 -76.
Vet 7E ik/NIT 2 AL AR gl FF KR B R AR 2 T iR
IR, E A SRR ,2017,17(2) 147 - 150.
Gao H,Luo M, Fang K, et al. Cumulative sum analysis of the learning
curve for the preclosure technique using Proglide. Interact Cardiovasc
Thorac Surg,2020,30(2) :280 -286.
Stone P, Campbell J, Thompson S, et al. A prospective, randomized
study comparing ultrasound versus fluoroscopic guided femoral
arterial access in noncardiac vascular patients. J Vasc Surg,2020,72
(1) :259 - 267.
Heo YJ, Jeong HW, Baek JW, et al. Ultrasound evaluation of
puncture sites after deployment of two different types of vascular
closure devices: a prospective study. Cardiovasc
Intervent Radiol ,2018 ,41(11) :1654 —1663.
(ks H #1.2020 - 12 -21)
(& E H 3 .2021 - 01 -25)
(F1E% 5. 2 RF)

comparative



