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Application of robotic surgery system in cardiac surgery
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Abstract: With the development of minimally invasive surgery, Da Vineci surgical system has been applied to a variety
of cardiac surgeries. By integrating the latest Al technology, it has the advantages of 3D high-definition field, motion scaling,

flexible manipulator, tremor filtering, stable operation, less trauma and so on. Surgical robot not only provides new ideas and ways
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of speed, precision and minimally invasive surgery for cardiac surgery, but also represents the development direction of minimally

invasive cardiac surgery. However, as a universal endoscopic surgical robot, Da Vinci surgical system also faces shortcomings

and challenges in cardiac surgery, such as complicated system, prolonged time of operation, lacking of tactile feedback, high cost

and so on. This paper mainly expounds the advantages, safety and effectiveness of the application of Da Vinei surgical system

in the field of cardiac surgery, and the difficulties in its popularization and application were also analyzed. The development of

robot-assisted surgical system in cardiac surgery in the future is also prospected. It is expected that this paper can provide help

for the application and promotion of robotic surgery system in cardiac surgery.
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i, SR 300 1] FAYPILAARECEL N B ( Internal
HLgs AL T4 AL,
BLs N AR A2 S s 11 SRR BE A e
YE G L B A AL, I FH R B A A2 ol
GRS R BE ] . FLN SR AT DU A B kA
M ORI R AR R A, Rl
JEAEVERR B B AL AR IR I O . B A 4 AR L
&, YIBRCAAME T, AT 0. LS A
BAZALAT LR G B AR M4 E I EEX, FF R/
YINFAREEEA BNV OAE; 4517 TECAB F
A, DUHE B b i R BT, VR S il i 527
ERfETIARRER, VIFFARIESC (Left anterior
descending artery, LAD) , F U Y&k 224 8)
Jik ( Left internal mammary artery, LIMA ) I LAD
K4, UM Gore-Tex A8 RAEELLEE . F
FHZ 88w SO0 5E IMA i, RE1raElk CT
1% 3 5% (CT angiography, CTA ) &% 54k 50 ik
TSR I 38 %

2% [ g A B 27 2 pl N0 BE TR B
(STS-ACSD ) 7%, 2006~2012 4EHL %% A 4f Bh
g Ik Bl ik 2% #% #8 A5 R ( Coronary artery bypass
grafting, CABG) WIECRA PTG, T 5IEHL4
NAEHI CABG ML, FIFARMISET R TL2E R,
W Ah, I3 A —0E KT A4 CABG, 2 EH T
CABG FIHL#R Af B F CABG 9 Meta 437 25 i
oK, AL ANTE 6 BKAE RAR o (0 i P A 2538 fin
FET- . i i S PR i T iR B
2019 4F Chieh-Shou Su %5 ™' %} 638 {4 £ 3 5 Ik
Bk B AT TR, BT HLAR N
B CABG 5 AR Bl ik 52 38 8 AR ( Percutaneous
coronary intervention, PCI) 7EIRYT 4R s bk
( Coronary artery disease, CAD) 3 1 Byl K
R, AL AEBESET R mIBET R ARG
ONUREFE . A i A= 23 AR 0L, (HALAS N
Bl CABG 41 P IfiLiz T 19 & A R AAIK,

mammary artery, IMA ) .

X T FAR KBRS CAD HFE ki, PlasA
i 1) CABG ] g J& —Fp 248 PCL 19 &8 2 A 3
6T 5 o Bonatti J 45 % it &5 25 4E 1 1 762
B2 AL N4 Bl CABG A4 £ 35 [l oA & BHL
HLAF NGl B CABG 3 220 1 F LAD . 1
(85.5% WM BSOS MAS H A ) , LIMA 3K
IF ]2 K (57.0 £35.4) min, T AR B A K
4h, ARHEAIFHTARER 6.6%, Hilfl, ST
AP RRE N 0.4%; BRI (5.4 £1.6)d.
I BN A 41 1 2% B 2 32 L3 N4 B CABG RJE 1Y
SARHEAE R Ik 949% . Hlgw N TFAR RGN
B CABG 4241 1 3D miEloe . Al KR AR
BY R AT B R R G, A AT P R B
LIMA F1 RIMA ( Right internal mammary artery,
RIMA ) [ 5 BB [8] A AH W], 3 — 55 52 7] B
R BIALAR A GBI 00 IMA ZRE B
Giambruno V 25 "V — 5 I 18 4E 4 B L BIF 5
RIS ML g NGB CABG 1Y 605 1] f 3,
FARICT RN 0.3%. FEHLER D IEINEFFER
e P kNI I R A A R R, T
DML TGS, Fr LAY T TECABG,
Pls NI CABG #HH Z (W AMRHEE A T4 7 .
EUIREINAETN M TR NG 2 2 N O
50 IE 45 Bk TECAB ALO E A (52 Bk TECAB, %
A 56 PR B R AR A 4E IMA R IR, O F 8] T F )
G DA AR F ARG AT 1. 2006 4
126 EIF R Z ol I KRR IR 25 R oK, 85
TECAB B # AL T-MA F, RJ5F 34 A #r il
0 M R P R O R AR AR 2
FETZARABUR, EEEM 520 EHRIER
bz 3K 25 B HLAR N AMRETF R R G2 AT T o
RSPk 55 B RS HEAR . 7 Bonatti J 1955 H 1,
1999~2019 4 1 678 i[5 TECAB Y5 hF-1y
BREE N 1.2+03, BFAREREH(53 £0.8 )h,
BT I 10.3% , A5 H 5 % 3.4%),
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R R AR 1.0%, BT ARBIET R 13%, W45
LAD 7E N 1Y 2 32 1fil % 93 28 TECAB 1, 7 34 4
i, H i b 27.8%.  7E Bonaros N & ' — 7
Z o argEHr, LIMA ZRBCR A (55+19) min,
RIMA RIS} E] 4 32min, Jegaden O Al Balkhy
H H"™ g 38 1 AR S5 3 4228 17 43 51 ky 96% Fi
95.5%, & Z AT T HIE T B FAR
H RN B U W R) 35 JEBE T Bl Kitahara H 45 1
X} 1999~2018 4 42 52 AL s A8l B T 4k €1 56 AR
B ik 5% B ¥ 5 AR ( Robotically assisted minimally
invasive direct coronary artery bypass, RMIDCAB )
1 TECAB (1) 4 000 71 £ # #4717 [l ot o3 A (3
1 RMIDCAB 4 2396 fil; TECAB 4 1 604
) , RMIDCAB 2 AR J5 51 (<1~ H ) .
Bl (<5 4F) T (>54F ) [ 353 19 % 4y
Bl K 97.7%. 96.1% Fl 93.2%, TECABG 4 4
4 98.8% . 95.8% F193.6%, ik N4 Btk 3h
i€ NN ZEB L 7R SoE (3 W R FSIEN UETE
HI2Y, XHE W TECAB & — Rl & &4 i34
STk, WETERIN L, TECAB 7E 0] B BE AL
I FH B S M G A, TR AR 2 i 1 T AL
M IMA FEAH ., =S FIDU 2 55 S AE R 1) TECAB
O 247 4 8 "7, Balkhy H H 25 #F 5% & /%,
TEA Bk TECAB 22 32 Ifil 48 B8 A7 20 AR5 32 1ML 8
B HE 20 (4 7 B4R Be sk ] 359024 (3.07 +£1.20) d
(281 £1.40) d; A J5 B 6 1 % 8 ¥ % 5
SR 95.6% F1 94.9%; T 20 1 4 B AL T K U2
1.45%, Z 3 IME AN AT R 2.0%,
PR MEBEANRIGITER 0.7%, L5
TECAB 5 ¥1fl % TECAB Ml ke, JET-F. fEp
BF ] 0 R RO U S 44 RS A 0 i
R Wl B 25, XHR I 2 M B A
LA O IEAEBE TECAB HOEAIA5), SUR R
I M, ZEIBER R T TECAB ARSI &
SiE 3 A MK 7K S 9 MACCE ( Major adverse cardiac
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YEM A BE SRR, R A 2 B/ N 1 SR Bl ik
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B AR T8 A RV AT T BN S, 0 7 AL AR
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J5 AT AR SO R AN R R £
2006 4F, Murphy D 28 P XF 127 451 5 3 52t 1 HL
PR P2 2N e AIMEE AR, BishRk
BT 94%. AR5 98 BB F WA ARG, TERfG
i 8.1 4 I ] B, 96.9% Ky H R & A 1 %L
R TSR, 2 GRLA b TS R A
WALH 3.1%. AW ™ HEE 540 B 8 #F 3%
Plas N RMETAR, Z9R BRHLas N T =R
RSP AR A i B S NI A 15 D)
BoR o A—T540 5 300 {5 Y B R SRR 4
SRR B 300 BB EEZ THLEE AN ZRIHE R
AR, AR5 30d FET 8 K FAFE T 35351 R 0.7%
M2.0%, FrABHEHAFETE RS, Re
A OB E B EE RO 1.0% P EE R 1.0%
HE U 0.0%; AR AR G I K 24 Hh 83 2 151
(0.7%) , FEEPEmEm % e R 2 6, R
e 3 (1.0%) , ARJGH M FHR TR S E
T (23%) , FHEBERECN (52+£4.2) d,
16 7] (5.3% ) BETEFR TR, FHRED
(815+459)d, AL S 66 1 (23.6% ) .
W R 15 1) (5.4% ) | FEFERU 6 B (2.2% ) ;
5 4F Kaplan-Meier £ 17 % 2k 96.6% + 1.5%.
Suri R % V1 Mihaljevie T %5 "7 (1) 2 28 AR
I AL N ZRMETF AR T ARBOR
FEHLER AN I TR 5 Al I TR HL
ARIATHES, ATUARIHLEE N RIET R EA
B R e FE—T T 759 1) 2RI ikt o
BRI Y, LR AT AR A RS 4

HYIFE . B4 M5 VI A LA KA wi M/ 1)
HABSI T ARBOR AT T I8, 45K, &
SR EJLR AR G M2 R 58, W R G IR &
Ge It RAEARAL, AEHLAS A ZH Br BRI i s B 1Y
RAERBAR, XA BT B A (EA
R, Mlas N T RE WK, FARE
] o 7 500 387min,  Fo Al UIIF . 4 B
B F F0ET AN/ G0 15 T i AR 43 5] 22 109min
110min 1 60min ( P<0.0001) . Y3 4h—I %} 745
B Z AR A S AR5 P IR R B, MLde A4l
FE I I — ST AR AL 32 s KBTS ] ( 75min
Vs 35min, P<0.001) F1#E i B 8] (101min Vs
40min, P<0.001) . [FAFE, —HXF 1 650 4
B Meta 43 BT R W1 1™, 7 6 J90 [ il 1 B 5%
L BLAS AT HAR G B VI R B T
FARIIZER . Meta 2 HT45 5 BoR B2 Z HLA8 A
AT R BB F T AR MRS R (PR
N Vs B FARH: 08% Vs 2.4% ) 5 P2
[ A R TR R R TG 2 5y %2
P N ZJRIET- A (14 35 AR IR BRI ] 1 32 5
JUKBELIRTT IR 8] [ ARiEF-X 22 9351 2.05 (95% CI:
1.23~2.87; P<0.00001) #13.03 (95% CI: 0.84~
5.23; P<0.007) | B K AEBERTEFI ICU AE BT
[ DL G2 22 50 AR, TR RS, Mk
RIGTFFE RO BRI, JET R 2 A R 52
X e B ok 26 5 1w PR 3R 1A AP i R AT B 5 A3k
o HEEFHLE AN ZRRF AR G155 R
FAREIR B UL A R, Meta 347 19 45 507
AR, O RS BB, RV
BEALBESY, X EEURAE HLA5 R AT RE S e 1 A 4y
(0 A BE A RRAE . TG Z KA BEAL T (19 17 L
T, HEDWER R HLESE N I TR0 45 40t
A RESE AR YT L2 ] AN ] £ BB 3 s
CRIE P — o BEEE b Btk T HL
VFZHZ LA N R T R B TR i
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R FI 5 2 4~ 500 B 5 1Y 0.8% . X FBHLER A
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RARRAR, IS HHEHE 100%, 76 2019 47,
AL FIF ) 55 — 301 56 F 603 45 Z HLA N 2R
FA B E TR Y, HLE A R IE
AR T AR R TE AR5 0 TR A T A 2017
4, Loulmet D F 45 " 438 T 1 O R
IGYT Barlow 5 G I A 58 32 1 PR 55 A6 1) AL A%
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. M E PO AN FRRIZE Y 1CU 5 R
I TR B o () 9 JE P J 2 55 T [l T A 6 1
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WA TR EE . Bl i — T CF 242 fil
Je e BB He 2 AMEHIL AR N T ARG YT 1 Bl
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SR BN PR SMEFRET A (89.5 +30.0) min,
= 2 Bk BEL WK BsF 1] (44.9 +22.3) min; 0.8% [ i
BRI O KA O
AN R FE L BRI K RE AR TR R A
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TEE P, 2 e R e e K T e L 40 Y
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AEEET B IR EUE AR AR 1, X LS A
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PLas AT AR, FARMCRE NG 205, 55
BERENE, 25 RRREE MR AR
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3.2 DpEhOE
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Xif STS Hds 42 iy [l it vk o B 4 SR R, #E0
RO VI BR A B AL AFAR R AT, 5
JEPLE AT AR LG, B b PLGE S
BFE . ICU f5F BRI R . AR5 A3 Bt o [ et S5
M. YANG MP F1 Schilling J°* (1) BF 9% o #F5 3iF 52
T HLES N K B F AR TCATA] 7 5 1 F AR I L AE,
P2 T AR R A 100%, Moss EP
14— 350 58 KRS A FE 9T R, S AR SRR i

HUIFEAFEAN L, Pl A H B TIBR O s 2 e
] D46 e AR W AP D RV BE B T, O X
FARE M AT KRB, RN, SKEBLF
FeGE 74K D ABSFRRE IR Y, i iR
Py, TFARIET: . Ao HAhIt A& AE
FIiAT SRE IR B, BT 1~18 A, o UL
SR G I b, LR, A SRR AR
RGO RO AT . AR, ZRn.
3.3 NEIEEPEREFHL L0

KT HOCM IYAMEHAYT . ARXS T M F 3 ik
PIUARE, Z70.0 5 g ik ZJSMmpLas A A
AL Rk a R, O AT LAkE S A] R XS £
SR IE S A998 5 . 2014 4, Khalpey Z 25 P9
BT 1 BIE 2 AR T R S R 2 LA
O3 gt TE AR B AR 1 SR, SRR AR/
(28 200 s WL NSl B T 5 1] R A SR LD B A
ARJG B E WG R IF. 2017 4E, Chitwood W™ 3
?@mhﬁ%L#%%#ﬁ*m%WEkM$
BAR, B —FLE G B A
ENIPR Eﬂ%%#%&ﬁ@%%%hﬁﬁ
S ORI BR DB, B ZS O By A B R R
PERE TS 3 Sl ok ) B T AR BELEA 7 7 I B JUL D) e
Ao 2020 4F, Kumar CJ A %5 B ZE AR )5 18 P40
20T HLAR NG I ) B LD B A 23k L
HE AL G BN A AU AR T HOCM
MR AT, AR R T 2 2 1 SR PN
B NGl Bl T AE JE A BH O L S b RHA YT A
RIFRIE M RS, BN Nl B AR T 1
Morrow FAR M —F I B AIATT I % .
34 HAlOPETFA

EARPLE N I T R IAEARH 0L, (H%]
ERry ik, @ HAVLES A TE s bom Bk FAR
A DA SRAR D . B RTHLES A4 B 5 g ol &
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445



@& 221k - Review ¢

B

151 2 3 B /N g ) R AR 5T 0, A R 11
—hagik e, Balkhy H 45 Y A T LA A B
AVR BRI TR Ak, HOE X R AR i
2234 AVR )RR B ICE: S e %
Mz, s N TR R G L FH T VIR &
S JOIE L S TR 2T 2 B i g . 534k, Teie
SE R I AT AR, B R AL A4 Eh.0
J5 B B I BRI 1Y 2 A PR T AL 2 A5 B AR
2N RS E ) BRILZ AL, Derose J 45
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