Advances in Clinical Medicine IREZBERE, 2021, 11(7), 3209-3217 Hans Xl
Published Online July 2021 in Hans. http://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2021.117466

BR_RWEEER

OB INFE, R

'HRREIMEE BERER, LR FH
PHBREMES B LER, LR F5

Email: fredericdh@163com, lisamm0310.com, ‘chiyifan@hotmail.com

91

31

Weks Hi: 20214F6 H21H: FHEM: 20214F7H11H: KA HM: 20214F7H26H

R

Z IR R (Mitral regurgitation, MR) 258 H LK OAESRER, BB N D ZRALKIINE, SRR

KX, FATREETERNERE, 2K —RIWEEAR (Percutaneous mitral valve repair, PMVR) &

HAETH N EET TR, ERTSSZIBRBL KK, PMVRAEAS R RREEBEL, AR

BRI ZEWMA T, R T RERHSHNER, FETTEREN _RBERERSR. AXNHE
ZRIRBERHIFTIEIT RS

eS|

ZRBRA, £RERREHRAR, ZRBBER, R

Percutaneous Mitral Valve Repair: Recent
Progress in Research

Hao Dengl, Mengmeng Sun?, Yifan Chit

'HISER Medical Center of Qingdao Affiliated to Qingdao University, Qingdao Shandong
*The Qingdao Municipal Hospital Affiliated to Qingdao University, Qingdao Shandong
Email: fredericdh@163com, lisamm0310.com, chiyifan@hotmail.com

Received: Jun. 21%, 2021; accepted: Jul. 11", 2021; published: Jul. 26", 2021

Abstract

Mitral regurgitation (MR) is the most common valvular heart disease, and its prevalence increases
with age, surgical procedures have changed dramatically. Percutaneous mitral valve repair
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(PMVR) is a new treatment method and has attracted more and more attention in the medical
field. PMVR does not disrupt the natural anatomy of the mitral valve, and has higher safety and
feasibility. However, due to the complex anatomical structure of the mitral valve, a feasible mitral
valve repair system is needed. In this paper, various new therapeutic systems for MVR are intro-
duced.
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1. 5|18

R ?Jﬂ?ﬁf?ﬁii\?ﬂ?ﬂ%fﬁ*Eﬁﬁiﬁﬁﬁ[l] Jo FHr DL MR HUECH WL, 29 =732 — ] MR Jifil 2

IBATPEAR S EL[3]. IR AL 75 57T2kliiﬂﬁﬁiﬁifxq“rdﬂiﬂ‘ P2 (2] [4], FBESE RS ARG b
PLfE B4R.§;ﬁéfﬁﬁﬁﬁﬁﬁi%ﬁﬂﬁ7fitfﬁfh H 1984 £ HA%% Inoue 5[5 Eﬁﬁkf&‘éﬁéiiiﬁ%%‘g"ﬁkﬁ%ﬂ}7k
(Percutaneous balloon mitral valvuloplasty, PBMV)J5, PBMV {#CATEA % EIEA ZRIEHE Z AR (Mitral
valve repair, MVR) G i Bk (6], &R BERGHERAEMMINERZ KA, HH MVR & HE
)RR, VB [7]. T, R4 ARSI SO B AR B R A, R T REAR B, oK
RAE MR FIAEITH, PMVR B RFEEZRER . (B2 S G EHE I se M — 4% )il (Functional mitral
regurgitation, FMR) 1] 8 & W B B R SBT3 (8], I H 2O & S 140 BU(LEVE) A & 7R BR IRRA A [9]
FH T PoRf L BT, 7 0 Y IR R PR 28 2 Y6 97 S Sk 245 R 47 1 — 299§ S it (Degenerative mitral regurgi-
tation, DMR) & FMR, [7] i 55 R BR B () sl A 5 A0E o A SO £33 MVR R 697 MR AN R
() B T AT T3 e

2. ZRBIEZERNBPRYE

HEE— IR ZRMIABIEAR LK, CA5IN T ZMIEER ARG IS . IR E RIEAR
ﬁ%&*“%ﬂmﬁﬁnm]%ﬁft?%ﬁT,m%%fL%WE*\ﬁ% %Wm%%ﬁl fgi4s
PR MECAE B 0 R A A0 L
1) SEMR MHLEIARZ, REER. Fit, 5584 B R—1EE KRGA KT REIE B AL IR
R o AEANEHATT Fl A S A R I SOE AR SR AR M B A A, DL IRER 0 IR KA
SRR B BB AK[11]. PMVR /ER—IUESE— MBS HAR, k=X MR @G KT, e
BE 58 A TIPS MR (2R BB (RIEE I MR [12]. EBR E 3T #IR 2 0 U600 6 508 5w 7 E i BN
MitraClip Al Cardioband fJ%8 Jz ¥R i AR VAT MitraClip ARJ5 MR & K w47 E[13] [14] [15], SR T
WA AR, T2 2 B SRR SE .
2) AR A BB A TR ARG, X AR I B 0 SR RS R e SR R A . Rt
2 R G AR R G R SR B AT o IR 5 2 AP HAIE B BT BEAS . [T AR 5 R AR 9
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I EAFAEANUERC ) fE RS, X nT BES IR PA 2 B AN IR 2 [R5k 77, AT 5 S50 A — SR B g it
P%[16],

3) — & W AR AR S R S R ECE AR B E AR B, BARALFE RN EHRA
(Transcatheter mitral valve repairmen, TMVR) R AMENIESE, (HE 7E KB AIES A 51 L 1) — 2 S A i 9+
i, 3 AN NIBIT A S [ 17]. XA R 5B 2 M E AR 5 5 B0 B2k A0 = R HiE
A5 BEL RS 38 i 5%

RIS EARTITHE

f£ FMR #1 DMR [)7697H, TMVR C&ER T & B [18] [19]. AKAE MR K TH, HILA
WG UEBIZE 2 ORI IA ORI B AR H

1) 58 MR B 02 BRI 22 157 (PR BT 2 B DA A58 B AR, £ Bkl 2 5K F 47 4E 3R 20],
TOREIR WA REAT H WIPERIRZE AL o ZORIEFAAE JS TT RN e 0 g 5 70 O B REREAL , 177 U 8 ik -
TR, XKW IR BIAS S . BT IXRRE, E R E AR, B YU KA
FERREE B AR FFRER, 756 ANHRIBEVISRES, TMVR JEIRIERAL. A 2055 RE 1 X
LN 4.5% [21], HIR FIXEIRRREE MVR ANAEAE. 72— TMVR [R5, 1/8 & HEl
S LVOT M FH[21] [22] [23]; WIRAEH, M TFAOEREELVOD I < 1.7 em® 1 HE#E, TMVR A5
A BEL A AR R R 3G AN, BRI T 1 28 B 3 R 1% % & AT MVR BT T A& B #:[24]. PMVR (1R B &8 —
IIfRR R, HRSFRUDN, BHEORNEERNEHAMRTIAE, 7T LVOT FERH Y 8 R i A 2 ]
. LRG3 B, MVR 2 B0 = BE IR SO AEIR 1724, B SE 2 - Rah ik
- kR E KRS (Ha2 5 TMVR AHEL, PMVR A g2 BRI VE = (R BB, DR R4 2R ¥
BN [25].

2) TORYEAE YL () 25 A PRI B R AL LG - SR S WL, AR R M B 26]; 54
B F Bk B R (Transcatheter aortic valve implantation, TAVI) 35 #HLL, $:5%2 TMVR FARK B EHERHE
B, WA EA[27], FIEEE R A& — K OGE A, 1T MVR 125 8 AR DLRF A&
HH LR A AR Tk T RS

3) TMVR 2% B RSO S OK & R ANEP 5 R K30 7 S0 B I R e e s B 26, S BUfAe %
BR[28], XA T AR B A O 0 BB EAR L 5 R 12, SR 4 1T SO R I A2 T 1
Sorajja ZE[21 101 AIAT MR AL R, 100 ] % TMVR AJ5 1 255 8 AR EE N 6%. #H, PMVR
BHEAERE S AR B AR LRI, BEACT AT B, REETLHL LA, H
TREAT B SR, DR UG IR B A 5 I AORE A R AR B S AR [29]

4) R E AR 5w L RORE A& IR & [ 15 R (Paravalvular leak, PVL) [30] [31], £ 3% 4
B IGPRIA L[32] O 773 vl 5P 3 A RE IR AMAAE[33]. FEIEESALME MR 96, 30 %WEP%F*‘
PVL R AR ATIA 13.8% [34]. A, 7E MVR H, AEEIR 900 5 A iR 4544, A XS 58 %8, B b
NS R PVL K LN o

4. ZRMEEARPRINLFRIGKRHAR

1) The Millipede IRIS annuloplasty ring: X /& —Fh5e 8 1L RITERIER,  EOEUIEIF #oe RS 4
Hll. ZRNRGH 8 MRRAFEMNE, WL ER NG SERER, HHURAREREEL, &
ANPRAT DA el BT e B AR b, DAE R B B R AL E . A RGBT
BT AR R TS, JF ARSI EGERME. 2EE B 8 MESIER, Tuiﬁﬂﬁﬁi’ﬁlﬁiéﬁ@o
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PRI, BN EIRGAHS PN E IR T . AN BN EAER T IRRAR G4y, mT ASTIER B A
FVEAR MUk o GBI A eV W R IR S AN B 2R, o] AT G £ 0 1 IR OB AR, (IR
Pk DGR/ . 23S ERERT DUE IS EAL N AMRFFE RN, WAL AN, WA LA RN .
FERVIMIRRIR S T, 7 2 BEPAIN: 4 BERHTFTFARTT: 3 GRS RE ZRIBITIRAEBIEAR,
I HAHEZ T IRIS 3. 1248 B 14 B A NAE R GIEALAEE A OB EAT Wl O P S O3l B R % B
A ELAR IR S AR AN B R VR A7 B . RS BT R IR D5 IR R A5 #8 K H 10 22K Amplatzer [H] Bn
BHERSEEE . FrARIAERT TR, EF B RIE AT AR PP RSB T KB YU ZE . £
FERAE 30 KR ARMEREEA ML 38.0 + 4.1 ZKEDH] 259 + 4.9 =K, PRk E 2D
31.8%, MR F£HLH MIELLI) 3 5 4+ FF&F] 0 8% 1+ [35] [36]. A WLAEH IRIS R4/ — T n 47 IR AR R

2) Accuching GDS: %R E 2 —MEHEROCERIEAR RS ERAREEETWIHER L 0FE O,
ZRGH ML MY FEMGT). AR SR 12~16 MREGEEEA K. iET
ST EROHIRIERE R, @Rk 7. 1w A0z i 8 i 1 5 AR A 8 71 7 A b A 1] B
T GfE 0 2 I B RE A S R I — N SR E G IR B A . 28 B BIA IR MR, MGT
WeoE M AE U T ), HOEETE],  DME T #E i BA s O R R ik . — BT A BRI
WSS FERER MR R B K5, 8RR MGT M5l 338371201, FMAVIESE XK
DI 28 . XA B D TG RIRGEE ) R, B LRI Z O N R AR, IR4a/N 1 /D5
BMAFIO L. %25 B T ML /0 25 BE JR FE AN T 2 Al g 12647 € . Accuchinch GDS T44E 16 44
BT T 2K, 2 DR S R AR R R A TR S A I U BT AR, 2 9 R B RRE R KT AE
T2, oAt 12 41 6 A H (i 75 03 B ERE R MR AT 55.4 £ 5.1 ml /b F] 345 +3.5ml, HE
A7 O B AT I R I B SR 5 . 1238 B 0 h AN 2 A PR IEAEAS [ oL 347 R A [38] .

3) Mitral Loop Cerclage: 438 IR AL RTEAR & —F R RIE AR RS, HASHMNK )
TCIERGEEARZN WK ORI R e 5K 77 TOA (R 9 A i S FH S AP 28 7 B R ik IO e B e . R0
AP TK I ORGSR R, TP AR R R 48 A N B A G . R Y)
M AN E E RS NI, FFRA R I ToAE RN R DR, AN Fo VR B A O 2l PR M A
1K J1[39]. FARHAEIHE TR E N, FRALAR R T 230 N eIR S2RC e K FR K, 275 2= [AIRE
MR 2 )RR N A 03, I — AN URE T 1) B 38 B (3 I B R Rk, IR — N mT DA DL 4
TORPIRER o B SOy S R — AN i NE TR, AR AR K BT —A M, LA
Bij LT TR) B = At AL T R LTI . 58— IR ZRIBIR IR IR AR 5 b 4 0k, 3 BiIR
JEREE T A EH M5 %40]. 6 NMARK, “RIERFEAFIE 54.8 mm £ 18.5+4.1 mm. A0 FFIKAHE
FAH 140 + 62.5 ml % 102.6 +35.7 ml. {EFUEN] | ZRIIAIAFUARLEN K (1 I IG R T A7 PE[41]

4) MVRx ARTO: X&—MAMHEHNERARIE RS ZRFHWAWIAER, JBCEAE 0 RH:
Jik A 0 55 A2/P2 )%i%kﬂF PRI ELAE I, RRE I T R ANRER, DGO IR R KR A 0
Bi, RMUEBASSE, Hid— BRI FLMSPELH, H—A 3 FERIER K EN SRS, Hdid—
%kf‘ﬁﬂﬁ’ﬂéﬁé‘% /\F' B R AR . ARG TR B AR LR, Bl DIE 2 1 F ) DA i — A M BA 9 1 L

o “HRMHEEIEIRIAIG(MAVERIC)FHIE T 11 4425 MVRx ARTO R4AITIHEH, 30 KRR ER
ﬁx&&/fﬁuﬁﬁiiﬁ/\y\ 303+ 11.1 mm* JF] 13.5 7.1 mm®, KIEAEBM 45.4 + 15.0 ml kD> % 19.5 + 10.2
mle RIEIFFTEFEM 45.0 3.3 mm IR F] 38.7 £ 3.0 mm [42]. HAHBLT AR RF/E: 1 FHloEHA
WA EFARIIG, 1 BIHEBTCRERE B VIEARECA T, (HAEZ A D i, FEEXR
FIASE 1)K S B 17 T 9

5) The MitraClip XTR (MC XTR): 1X/&—AHTHA K MitralClip %7, H—4> 24Fr Al 5% T
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B —AF I FHNE RG(CDS)AH K. ARG TAEKEEMT 1.5 cm, KFRAEEEN S5 mm, i
TR P AN AR 2 R (0 T DX A5 DU, DASR S b A% e i ok R b i e M. PTG ) B F T ML e ) iRk
PEA BT, BlERSS MM BRI TEMR B B IS 1T . SOl KRN 107 & B3 32 MC XTR 1697 I 2 Lt 5T
R 93%MIEH MR < 2+H1 77% M1 MR < I+HIFREIRE S 7], RETHEGE—DIRRTEAL, EXT
W R T AR /B P A T IA ) B3, ASF I T K /NAT R e — /N IIME IR T IR $E

6) Mitral Butterfly: =18 5 G485 WD AT = AL UIR A AT I M = A VIRR I 4L, LA
THERTLAR[43] [44]. ZRGEH A R IR 2 26 ARAR B S 28R — AN GE LS LI 42 41
Be AE TR ST DUBAT A AT HEAT RN . — BRI, W R G & il it SR VU 4R 208 20 10 ) i T
oy SEARGEH T KT 20 =KE 5 SR DMR, Aoy aTis sl s,  feisosif
PN SR, TR HR AT & [45]. (HXT38A 2 RAZURHE R T HENHB, TR AEER[44]

7) Mitral Bridge: ‘& H— /MR ER & S 4L, B AR IR, Wund 2208 Inir — T
WS —RIE L, 1R A2-P2 TBUKTERERT JEErt, ik AT S PR RS . T AERE ) b %k
FWA B TR e L AEER b, A2 i O S i o —SRIBHT A TUAR 1B L) RSF(22 mm. 24 mm., 26 mm.
28 mm A 30 mm). ARHIFE 34 412 51§ F] Mitral Bridge HiG97 MR M IERT b, 2 4F0E], REH G
e AR RF M, MR M 3.32+0.47 £ 0.50 +0.83, 33 ] MR /M- 1+ [46] [47] [48].

8) Neochord: —F#if& FE MVR HiR, ZORNEHIT. EEEE@BHL ST, 7EBkhIONE
TRCE K 1) SR DU R £ 05 (e-PTFE) AR £ A s LA (R B AR, 10 AN 75 ZEAR AMIGER[49] 0 Fo 5 2T il 28554 [ 50]
[51]. Bk, HERNHLKR, BF 1000 245152, FF7EINSL A A g fE - 5l i £ 2% /& Neochord
RN PIARN G NG A AR A (P A8 (53] ARPEII &, 297 25%[% DMR £ 7 LA Neochord
P EBATHBIRIT[54]. AT RGBT, THHAMZ S8 MVR &R, DEUSEINA &
G R 25 5

9) The Pipeline system: ZR40E — MHIIFRMIA FRE, it LrHATIRE G, SR3IoREHE
No HkSERBLEOFE, QEHMNFERIFIEE RO ENE AR, WO SO F 5.
JETF/INHAR 4% LIOKE SR/ ] 5 B0 =4 o NS R R TR O E R B, DURSINT R . %R
gt 5 HTAb TSR AT SR B, BB f s 7 — 58 BRI AT Pk

10) CardioMech: X/ —F& S8 R RETHAR, #XF TiHI7 B I DMR &3, 7%
S E K - PR R BE A O, NGB R AN E 2O R, HETAET IR B, AT
RE RIS AL 22 AT AT P

11) MitraClamp: - RIEHAITE AL —FoBi BRI B2 E, JAI7 RPN E %2 MR &
BEAEWHANT RN U RE. £ SERENLLEG, UREIEUNT, CAFRAE &7 e 8
NI %3 B H RIS TR R B

12) Polares: J&/ T BIAEE 2 [RIFHME . H P AEHA— AN ERAERNR @ N, DUKE
SRR A o ZEAR IR R IE T 4 D1 KB I AR RS o

13) MitraMaze: —FPiEaoRREE, H—NRMERA . — MRS —AN e e S E 254
Bo GMEENMKNEE . EBEHOIER RS, BEKEANDEL OGRS e, WHEREE S s
TR B, H AT DAE 7S R B4 LA/ A /N 2 [ S TRIBR . R, %388 H A REZ Y |
IEBH A 5 2 D AR AR [55]

5. ZRBIZERARRE
0 W ERL T AR IR MR (SR, 1ER% MO8 T ISR RAF 104 . AT, it
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50%I1HE E MR B BT Bl AR G i g BRIE F R ZAM56]. Lee S5[57]0FFE KB, £ FMR 1)
22 Bl T, BT ARYIIET R E, Wik 6.6%%E 11.4%2 18], R0, A HA R 1B E R Y00 LUK
Bl TR B R . i R 6 18 COAPT 56 Al MITRA-FR 645 R W fE%EEIT MVR [T, RE 1
SEMIBE T RS R 96.6% 1) £ o B AN G I RIE[58] [59], H AT 8 25 FAAR F AT e 2 A 2 £E R 15 1) 4 K JE
T2H[60] [61]. Ak 20 FH, ANOZRMLBEHSEE LA, MRIRERHSEE LT, X— A B2
FARRAK N, GBI MR & — R A e i 77 :0[62]. £ RBBARH A#EH TAVI D& BIIESA
BT, FIREE BRIT AR B3 MR B TR S — AN AR IERE[63] [64]. IXLEH AL E I HI,
ARARAIN AR B K, MRIGTT I I PEIC, M A2 EEZ M.

6. &t

222 MVR 52— PMPEE R R OUR, AR ZHNBORICAE T AR A B 5T ZRIME 1R
H R AP RS R, A MVR AT LR B LR 2% IS T RE /), IR ELREAE MR IR T T A B 32

FIFE . KA PR BA BT FEH 1 B Re 2 7 T4 8 R EHR AR GER k. K, HBERENE
KRR, AT A2 AR 45 1 R R AR i 7 7 3
eI B
5T B E(2020-WIZD036), 111444 B 25 TARHEUA B 111(202003011043), 1R E HEEZ
BH 0 H (2020Z30)
Sk
[1]  Stewart, M.H. and Jenkins, J.S. (2016) The Evolving Role of Percutaneous Mitral Valve Repair. Ochsner Journal, 16,
270-276.

[2] Madesis, A., Tsakiridis, K., Zarogoulidis, P., et al. (2014) Review of Mitral Valve Insufficiency: Repair or Replace-
ment. Journal of Thoracic Disease, 6, S39-S51.

[3] EnriquezSarano, M., Akins, C.W. and Vahanian, A. (2009) Mitral Regurgitation. The Lancet, 373, 1382-1394.
https://doi.org/10.1016/S0140-6736(09)60692-9

[4] DeBonis, M., Lapenna, E., LaCanna, G., et al. (2005) Mitral Valve Repair for Functional Mitral Regurgitation in
End-Stage Dilated Cardiomyopathy: Role of the “Edge-to-Edge” Technique. Circulation, 112, 1402-1408.
https://doi.org/10.1161/CIRCULATIONAHA.104.525188

[5] Inoue, K., Owaki, T., Nakamura, T., ef al. (1984) Clinical Application of Transvenous Mitral Commissurotomy by a
New Balloon Catheter. The Journal of Thoracic and Cardiovascular Surgery, 87, 394-402.
https://doi.org/10.1016/S0022-5223(19)37390-8

[6] Eng, M.H., Salcedo, E.E., Quaife, R.A., et al. (2009) Implementation of Real Time Three-Dimensional Transesopha-
geal Echocardiography in Percutaneous Mitral Balloon Valvuloplasty and Structural Heart Disease Interventions.
Echocardiography, 26, 958-966. https://doi.org/10.1111/].1540-8175.2009.00928.x

[7] Khan, F., Winkel, M., Ong, G., et al. (2019) Percutaneous Mitral Edge-to-Edge Repair: State of the Art and a Glimpse
to the Future. Frontiers in Cardiovascular Medicine, 6, 122. https://doi.org/10.3389/fcvm.2019.00122

[8] Seeburger, J., Raschpichler, M., Garbade, J., et al. (2013) Minimally Invasive Mitral Valve Surgery in Octogena-
rians—A Brief Report. Annals of Cardiothoracic Surgery, 2, 765-767.

[91 Acker, M.A., Parides, M.K., Perrault, L.P., ef al. (2014) Mitral-Valve Repair versus Replacement for Severe Ischemic
Mitral Regurgitation. The New England Journal of Medicine, 370, 23-32. https://doi.org/10.1056/NEJMoal312808

[10] Girdauskas, E., Disha, K., Secknus, M., et al. (2013) Increased Risk of Late Aortic Events after Isolated Aortic Valve
Replacement in Patients with Bicuspid Aortic Valve Insufficiency versus Stenosis. The Journal of Cardiovascular
Surgery (Torino), 54, 653-659. https://doi.org/10.1093/ejcts/ezs137

[11] Zhong, Z., Yue, Z., Zhao, Z., et al. (2020) Long-Term Results of the Edge-to-Edge Repair for Failed Mitral Valve Re-
pair as a Bailout Option. General Thoracic and Cardiovascular Surgery, 69, 32-37.
https://doi.org/10.1007/s11748-020-01433-z

DOI: 10.12677/acm.2021.117466 3214 I IR = =23t e


https://doi.org/10.12677/acm.2021.117466
https://doi.org/10.1016/S0140-6736(09)60692-9
https://doi.org/10.1161/CIRCULATIONAHA.104.525188
https://doi.org/10.1016/S0022-5223(19)37390-8
https://doi.org/10.1111/j.1540-8175.2009.00928.x
https://doi.org/10.3389/fcvm.2019.00122
https://doi.org/10.1056/NEJMoa1312808
https://doi.org/10.1093/ejcts/ezs137
https://doi.org/10.1007/s11748-020-01433-z

ST

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Meinertz, T. and Munzel, T. (2020) Kansas City Cardiomyopathy Quality Score Indicates Sustained Health Status Im-
provement in Patients after TMVr. Journal of the American College of Cardiology, 75, 2107-2109.
https://doi.org/10.1016/j.jacc.2020.03.034

Goel, S., Pasam, R.T., Wats, K., ef al. (2020) Mitraclip Plus Medical Therapy versus Medical Therapy Alone for Func-
tional Mitral Regurgitation: A Meta-Analysis. Cardiology and Therapy, 9, 5-17.
https://doi.org/10.1007/s40119-019-00157-3

Latib, A., Ancona, M.B., Ferri, L., et al. (2016) Percutaneous Direct Annuloplasty with Cardioband to Treat Recurrent
Mitral Regurgitation after MitraClip Implantation. JACC: Cardiovascular Interventions, 9, €191-e192.
https://doi.org/10.1016/1.j¢in.2016.06.028

Miller, M., Thourani, V.H. and Whisenant, B. (2018) The Cardioband Transcatheter Annular Reduction System. 4n-
nals of Cardiothoracic Surgery, 7, 741-747. https://doi.org/10.21037/acs.2018.10.10

Ozturk, C., Becher, M.U., Kalkan, A., ef al. (2020) The Modified MIDA-Score Predicts Mid-Term Outcomes after In-
terventional Therapy of Functional Mitral Regurgitation. PLoS ONE, 15, €236265.
https://doi.org/10.1371/journal.pone.0236265

Gunturk, E.E., Baran, O., Akkaya, H., et al. (2020) Evaluation of the Effect of Percutaneous Mitral Balloon Valvulop-

lasty on Left Ventricular Systolic Functions Using Strain and Strain Rate Echocardiograph. Turkish Journal of Medical
Sciences, 50, 724-730. https://doi.org/10.3906/sag-1901-69

Vassileva, C.M., Boley, T., Markwell, S., et al. (2011) Meta-Analysis of Short-Term and Long-Term Survival Follow-
ing Repair versus Replacement for Ischemic Mitral Regurgitation. European Journal of Cardio-Thoracic Surgery, 39,
295-303. https://doi.org/10.1016/j.ejcts.2010.06.034

Yin, Z.H., et al. (2016) Concomitant CABG, Left Ventricular Restoration and Mitral Valve Repair for Ischemic Heart
Disease. The Heart Surgery Forum, 19, E272-E275. https://doi.org/10.1532/hsf. 1630

Chirichilli, L., Trace, F.G., Weltert, L.P., et al. (2020) A Direct Correlation between Commissural Orientation and An-
nular Shape in Bicuspid Aortic Valves: A New Anatomical and Computed Tomography Classification. /nteractive
CardioVascular and Thoracic Surgery, 30, 666-670. https://doi.org/10.1093/icvts/ivz325

Sorajja, P., Moat, N., Badhwar, V., ef al. (2019) Initial Feasibility Study of a New Transcatheter Mitral Prosthesis: The
First 100 Patients. Journal of the American College of Cardiology, 73, 1250-1260.
https://doi.org/10.1016/j.jacc.2018.12.066

Bapat, V., Rajagopal, V., Meduri, C., et al. (2018) Early Experience with New Transcatheter Mitral Valve Replace-
ment. Journal of the American College of Cardiology, 71, 12-21. https://doi.org/10.1016/j.jacc.2017.10.061

Webb, J.G., Murdoch, D.J., Boone, R.H., et al. (2019) Percutaneous Transcatheter Mitral Valve Replacement:
First-in-Human Experience with a New Transseptal System. Journal of the American College of Cardiology, 73,
1239-1246. https://doi.org/10.1016/j.jacc.2018.12.065

Wang, D.D., Eng, M.H., Greenbaum, A.B., et al. (2018) Validating a Prediction Modeling Tool for Left Ventricular
Outflow Tract (LVOT) Obstruction after Transcatheter Mitral Valve Replacement (TMVR). Catheterization and Car-
diovascular Interventions, 92, 379-387. https://doi.org/10.1002/ccd.27447

Resor, C.D. (2019) The TMVr Operator Volume and Outcome Relationship: More Is More. Journal of the American
College of Cardiology, 74, 2966-2968. https://doi.org/10.1016/j.jacc.2019.09.018

Chamberland, C.R., Sugeng, L., Abraham, S., ef al. (2015) Three-Dimensional Evaluation of Aortic Valve Annular

Shape in Children with Bicuspid Aortic Valves and/or Aortic Coarctation Compared with Controls. American Journal
of Cardiology, 116, 1411-1417. https://doi.org/10.1016/j.amjcard.2015.07.063

Jogu, H.R., Arora, S., Strassle, P.D., et al. (2020) Impact of Age and Comorbidities on the Effect of Transcatheter ver-
sus Surgical Mitral Valve Repair on Inpatient Outcomes. Catheterization and Cardiovascular Interventions, 95,
1195-1201. https://doi.org/10.1002/ccd.28479

Ban, C., Wang, T., Zhang, S., et al. (2017) Fibrinolytic System Related to Pulmonary Arterial Pressure and Lung
Function of Patients with Idiopathic Pulmonary Fibrosis. The Clinical Respiratory Journal, 11, 640-647.
https://doi.org/10.1111/crj.12397

Hill, K.M. (2007) Surgical Repair of Cardiac Valves. Critical Care Nursing Clinics of North America, 19, 353-360.
https://doi.org/10.1016/j.ccell.2007.07.004

Hwang, H.Y., Choi, J.W., Kim, HK., ef al. (2015) Paravalvular Leak after Mitral Valve Replacement: 20-Year Fol-
low-Up. The Annals of Thoracic Surgery, 100, 1347-1352. https://doi.org/10.1016/j.athoracsur.2015.03.104

Cho, 1.J., Hong, G.R., Lee, S., et al. (2014) Predictors of Prognosis in Patients with Mild to Moderate Paravalvular
Leakage after Mitral Valve Replacement. Journal of Cardiac Surgery, 29, 149-154. https://doi.org/10.1111/jocs.12298

Lam, B., Cosgrove, D., Bhudia, S.K., ef al. (2004) Hemolysis after Mitral Valve Repair: Mechanisms and Treatment.

DOI: 10.12677/acm.2021.117466 3215 I IR = =23t e


https://doi.org/10.12677/acm.2021.117466
https://doi.org/10.1016/j.jacc.2020.03.034
https://doi.org/10.1007/s40119-019-00157-3
https://doi.org/10.1016/j.jcin.2016.06.028
https://doi.org/10.21037/acs.2018.10.10
https://doi.org/10.1371/journal.pone.0236265
https://doi.org/10.3906/sag-1901-69
https://doi.org/10.1016/j.ejcts.2010.06.034
https://doi.org/10.1532/hsf.1630
https://doi.org/10.1093/icvts/ivz325
https://doi.org/10.1016/j.jacc.2018.12.066
https://doi.org/10.1016/j.jacc.2017.10.061
https://doi.org/10.1016/j.jacc.2018.12.065
https://doi.org/10.1002/ccd.27447
https://doi.org/10.1016/j.jacc.2019.09.018
https://doi.org/10.1016/j.amjcard.2015.07.063
https://doi.org/10.1002/ccd.28479
https://doi.org/10.1111/crj.12397
https://doi.org/10.1016/j.ccell.2007.07.004
https://doi.org/10.1016/j.athoracsur.2015.03.104
https://doi.org/10.1111/jocs.12298

Ak 4

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

The Annals of Thoracic Surgery, 77, 191-195. https://doi.org/10.1016/S0003-4975(03)01455-3

CustodioSanchez, P., GarciaMontes, J.A., Sandoval, J.P., et al. (2020) Transcatheter Closure of Paravalvular Leaks:
Short and Medium-Term Outcomes. Archivos de Cardiologia de México, 90, 122-129.
https://doi.org/10.24875/ACME.M20000103

Yoon, S., Whisenant, B.K., Bleiziffer, S., et al. (2019) Outcomes of Transcatheter Mitral Valve Replacement for De-
generated Bioprostheses, Failed Annuloplasty Rings, and Mitral Annular Calcification. European Heart Journal, 40,
441-451. https://doi.org/10.1093/eurheartj/ehy590

Rogers, J., Boyd, W.D., Smith, T.W., et al. (2018) Early Experience with Millipede IRIS Transcatheter Mitral Annu-
loplasty. Annals of Cardiothoracic Surgery, 7, 780-786. https://doi.org/10.21037/acs.2018.10.05

Rogers, J.H., Boyd, W.D., Smith, T.W., et al. (2019) Transcatheter Mitral Valve Direct Annuloplasty with the Milli-
pede IRIS Ring. Interventional Cardiology Clinics, 8, 261-267. https://doi.org/10.1016/j.iccl.2019.02.001

Mangieri, A., Laricchia, A., Giannini, F., et al. (2019) Emerging Technologies for Percutaneous Mitral Valve Repair.
Frontiers in Cardiovascular Medicine, 6, 161. https://doi.org/10.3389/fcvm.2019.00161

Ullah, W., Sattar, Y., Mukhtar, M., et al. (2020) Outcomes of Open Mitral Valve Replacement versus Transcatheter
Mitral Valve Repair; Insight from the National Inpatient Sample Database. ZJC Heart & Vasculature, 2020, Article ID:
28100540. https://doi.org/10.1016/j.ijcha.2020.100540

Lee, K.E., Kim, K.T., Lee, J.H., et al. (2019) Computational Analysis of the Electromechanical Performance of Mitral
Valve Cerclage Annuloplasty Using a Patient-Specific Ventricular Model. The Korean Journal of Physiology &
Pharmacology, 23, 63-70. https://doi.org/10.4196/kjpp.2019.23.1.63

Rogers, J.H. (2017) Mitral Loop Cerclage: Encircling Functional Mitral Regurgitation. JACC: Cardiovascular Inter-
ventions, 10, 611-612. https://doi.org/10.1016/j.jcin.2017.01.025

Kron, I.L., LaPar, D.J., Acker, M.A., et al. (2017) 2016 Update to the American Association for Thoracic Surgery
(AATS) Consensus Guidelines: Ischemic Mitral Valve Regurgitation. The Journal of Thoracic and Cardiovascular
Surgery, 153, €97-e114. https://doi.org/10.1016/j.jtcvs.2017.01.031

Pepe, M., De Cillis, E., Acquaviva, T., et al. (2018) Percutaneous Edge-to-Edge Transcatheter Mitral Valve Repair:
Current Indications and Future Perspectives. Surgical Technology International, 32,201-207.

Cetinkaya, A., Bar, S., Hein, S., et al. (2020) Mitral Valve Repair for Posterior Leaflet Prolapse: Long-Term Compari-
son of Loop Implantation vs Resection. Journal of Cardiac Surgery, 35, 11-20. https://doi.org/10.1111/jocs.14388

Asai, T. (2015) The Butterfly Technique. Annals of Cardiothoracic Surgery, 4, 370-375.

Asai, T. (2020) Butterfly Technique in Mitral Valve Repair. Asian Cardiovascular and Thoracic Annals, 28, 413-415.
https://doi.org/10.1177/0218492320916298

Gardner, M.A., Hossack, K.F., Smith, I.R. (2019) Long-Term Results Following Repair for Degenerative Mitral Re-
gurgitation—Analysis of Factors Influencing Durability. Heart, Lung and Circulation, 28, 1852-1865.
https://doi.org/10.1016/j.h1c.2018.10.011

Vohra, H.A., Whistance, R.N., Magan, A., ef al. (2012) Mitral Valve Repair for Severe Mitral Regurgitation Secondary
to Lone Atrial Fibrillation. European Journal of Cardio-Thoracic Surgery, 42, 634-637.
https://doi.org/10.1093/ejcts/ezs029

Bouma, W., Aoki, C., Vergnat, M., et al. (2015) Saddle-Shaped Annuloplasty Improves Leaflet Coaptation in Repair
for Ischemic Mitral Regurgitation. The Annals of Thoracic Surgery, 100, 1360-1366.
https://doi.org/10.1016/j.athoracsur.2015.03.096

Drasutiene, A., Chitwood, W.R., Rucinskas, K., et al. (2020) Reoperative, Transapical Off-Pump Neochordae Implan-
tation for Recurrent Degenerative Mitral Regurgitation Resulting from a Newly Ruptured Native Chord. European
Journal of Cardio-Thoracic Surgery, 58, 648-650. https://doi.org/10.1093/ejcts/ezaal05

Graham, L.A., Hawn, M.T. (2019) Learning Curves and the Challenges of Adopting New Surgical Techniques. JAMA
Network Open, 2, €1913569. https://doi.org/10.1001/jamanetworkopen.2019.13569

Vo, A.T., Nguyen, D.H., VanHoang, S., et al. (2019) Learning Curve in Minimally Invasive Mitral Valve Surgery: A
Single-Center Experience. Journal of Cardiothoracic Surgery, 14, 213. https://doi.org/10.1186/5s13019-019-1038-0
Kiefer, P., Seeburger, J. (2017) The Potential of Transapical Beating-Heart Mitral Valve Repair with Neo-Chordae.
Annals of Translational Medicine, S, 9. https://doi.org/10.21037/atm.2017.01.08

Colli, A., Manzan, E., Besola, L., et al. (2018) One-Year Outcomes after Transapical Echocardiography-Guided Mitral
Valve Repair. Circulation, 138, 843-845. https://doi.org/10.1161/CIRCULATIONAHA.118.033509

Colli, A., Manzan, E., Aidietis, A., et al. (2019) Corrigendum to: An Early European Experience with Transapical
Off-Pump Mitral Valve Repair with NeoChord Implantation [European Journal of Cardio-Thoracic Surgery 2018; 54:

DOI: 10.12677/acm.2021.117466 3216 I IR = =23t e


https://doi.org/10.12677/acm.2021.117466
https://doi.org/10.1016/S0003-4975(03)01455-3
https://doi.org/10.24875/ACME.M20000103
https://doi.org/10.1093/eurheartj/ehy590
https://doi.org/10.21037/acs.2018.10.05
https://doi.org/10.1016/j.iccl.2019.02.001
https://doi.org/10.3389/fcvm.2019.00161
https://doi.org/10.1016/j.ijcha.2020.100540
https://doi.org/10.4196/kjpp.2019.23.1.63
https://doi.org/10.1016/j.jcin.2017.01.025
https://doi.org/10.1016/j.jtcvs.2017.01.031
https://doi.org/10.1111/jocs.14388
https://doi.org/10.1177/0218492320916298
https://doi.org/10.1016/j.hlc.2018.10.011
https://doi.org/10.1093/ejcts/ezs029
https://doi.org/10.1016/j.athoracsur.2015.03.096
https://doi.org/10.1093/ejcts/ezaa105
https://doi.org/10.1001/jamanetworkopen.2019.13569
https://doi.org/10.1186/s13019-019-1038-0
https://doi.org/10.21037/atm.2017.01.08
https://doi.org/10.1161/CIRCULATIONAHA.118.033509

ST

[55]

[56]

[57]

[58]

[59]

[60]

[62]

[63]

[64]

460-466). European Journal of Cardio-Thoracic Surgery, 55, 1240. https://doi.org/10.1093/ejcts/ezz078

Patzelt, J., Zhang, W., Sauter, R., et al. (2019) Elevated Mitral Valve Pressure Gradient Is Predictive of Long-Term
Outcome after Percutaneous Edge-to-Edge Mitral Valve Repair in Patients with Degenerative Mitral Regurgitation
(MR), But Not in Functional MR. Journal of the American Heart Association, 8, €11366.
https://doi.org/10.1161/JAHA.118.011366

Poulin, A., Beaupre, F., Gravel, C., et al. (2020) Characteristics and Outcomes of Patients Who Are Denied from a
Percutaneous Edge-to-Edge Mitral Valve Repair after Being Referred to a Transcatheter Mitral Valve Program: Impact
of a Dedicated Multidisciplinary Mitral Heart Team Approach. Journal of Invasive Cardiology, 32, E151-E157.

Lee, M.L., Chen, T.H., Huang, H.D., ef al. (2018) Mitral Valve Repair versus Replacement in Patients with Ischemic
Mitral Regurgitation. Journal of Thoracic Disease, 10, 2820-2828. https://doi.org/10.21037/jtd.2018.04.93

Sukul, D., Allen, J. and Kumbhani, D.J. (2019) Volume Considerations for Transcatheter Aortic Valve Replacement in
Medicare’s National Coverage Determination. Circulation: Cardiovascular Quality and Outcomes, 12, €5216.
https://doi.org/10.1161/CIRCOUTCOMES.118.005216

Mauricio, P. and Kumbhani, D.J. (2019) MitraClip: How Do We Reconcile the Inconsistent Findings of MITRA-FR
and COAPT? Current Cardiology Reports, 21, 150. https://doi.org/10.1007/s11886-019-1239-0

Stone, G.W., Lindenfeld, J., Abraham, W.T., et al. (2018) Transcatheter Mitral-Valve Repair in Patients with Heart
Failure. The New England Journal of Medicine, 379, 2307-2318. https://doi.org/10.1056/NEJMoal806640

Obadia, J.F., MessikaZeitoun, D., Leurent, G., et al. (2018) Percutaneous Repair or Medical Treatment for Secondary
Mitral Regurgitation. The New England Journal of Medicine, 379, 2297-2306.
https://doi.org/10.1056/NEJMoal805374

VanDerEnde, M.Y., Said, M.A., VanVeldhuisen, D.J., e al. (2018) Genome-Wide Studies of Heart Failure and Endo-
phenotypes: Lessons Learned and Future Directions. Cardiovascular Research, 114, 1209-1225.
https://doi.org/10.1093/cvr/cvy083

Mack, M.J., Leon, M.B., Thourani, V.H., et al. (2019) Transcatheter Aortic-Valve Replacement with a Bal-
loon-Expandable Valve in Low-Risk Patients. The New England Journal of Medicine, 380, 1695-1705.
https://doi.org/10.1056/NEJMoal814052

Popma, J.J., Deeb, G.M., Yakubov, S.J., et al. (2019) Transcatheter Aortic-Valve Replacement with a Self-Expanding
Valve in Low-Risk Patients. The New England Journal of Medicine, 380, 1706-1715.
https://doi.org/10.1056/NEJMoal 816885

DOI: 10.12677/acm.2021.117466 3217 I IR = =23t e


https://doi.org/10.12677/acm.2021.117466
https://doi.org/10.1093/ejcts/ezz078
https://doi.org/10.1161/JAHA.118.011366
https://doi.org/10.21037/jtd.2018.04.93
https://doi.org/10.1161/CIRCOUTCOMES.118.005216
https://doi.org/10.1007/s11886-019-1239-0
https://doi.org/10.1056/NEJMoa1806640
https://doi.org/10.1056/NEJMoa1805374
https://doi.org/10.1093/cvr/cvy083
https://doi.org/10.1056/NEJMoa1814052
https://doi.org/10.1056/NEJMoa1816885

	经皮二尖瓣修复术研究进展
	摘  要
	关键词
	Percutaneous Mitral Valve Repair: Recent Progress in Research
	Abstract
	Keywords
	1. 引言
	2. 二尖瓣修复术的局限性
	3. 二尖瓣修复术可行性
	4. 二尖瓣修复术的最新设备及临床研究
	5. 二尖瓣修复术的未来展望
	6. 结论
	基金项目
	参考文献

