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Safety and effectiveness of robotic cardiac surgery in early
follow-up

XU Lili, LI Ping, XU Yi, LIU Shuo, CHEN Changcheng, YOU Bin

(Minimally Invasive Cardiac Surgery Department, Beijing Anzhen Hospital, Capital Medical University, Beijing 100029, China)

Abstract Objective: To evaluate the safety and effectiveness of robotic cardiac surgery. Methods: A total of 180
patients who underwent Da Vinei robotic cardiac surgery from January 2016 to January 2020 were selected. The results of
perioperative echocardiography, operation time, extracorporeal circulation time and other clinical key parameters were analyzed,
the CUSUM curve and Kaplan-Meier survival curve were fitted to evaluate the safety and effectiveness. Results: The average
operation time of robotic cardiac surgery was 5.3 + 1.2 h, cardiopulmonary bypass time was 160.9 + 56.1 min and aortic occlusion
time was 104.8 + 54.7 min. The average operation time of non-stop operation with cardiopulmonary bypass was 4.5 £ 0.9 h and
the time of cardiopulmonary bypass was 104.8 + 54.7 min. The average operation time of off-pump bypass grafting was 4.6 = 0.9,
and the internal mammary artery preparation time was 61.3 = 23.3 min. Three cases died during the perioperative period with a
mortality rate of 1.67%. The total follow-up time was 5 389 months and no postoperative death was found. There were 99 cases
of mitral valve repair, of which two patients with more than one year follow-up had moderate or above regurgitation. The success
rate of mitral valve repair without clinical termination event was 96.2%. According to the CUSUM curve of aortic block time and
CPB time, the learning curve can be crossed after an average of 25 cases of robotic surgery. Conclusion: Robotic cardiac surgery
is safe and effective. The operation time and cardiopulmonary bypass time can be shortened that with the increase of experience

after overcoming the learning curve. Robotic surgery has greater advantage in some delicate surgeries.
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i (55.0% ) , B2l =ML 5 6 (2.8%) ,
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1.2 FARJjik
KSMBIRMER / REBRFR
BE TR, A B E
JE SRS, A O R 3 SR A ) BR ZE
Z IRl A EE# A L 3)E (Transesophageal
echocardiography, TEE) 453k, 1A &b 5 B #% 0%
F AR o A2 A 28 7 5 Dk A 4 200
PR ZE b kOT b, E AR EME, A
s 30°, A7 b RCAME R A, A i e
AT lem ZbYIIF DL 2R 88 i ik, 46
KAMEFR ( Cardiopulmonary bypass, CPB) . i
AR e R B A4 1 3 Ik ™ B 2l ik ok R A
W) FH R h Ik s T 2 sh ik B B AR A B AR B 1 T. HL
FNETHRAE LM, DR AR LA 3em V)
H, B ANSEEGR I R AERIESA, PLaEAL
B2 2/3 Bl () B OA M, 3 R 28 576 [ 1A B A
il s o M s TS CO, DAHE S i N 2SR B
Ik Ao A A7 7 T PR 794 AR S B0 LR A
O I 52 # %% ( Custodiol HTK, Chemie GmbH,
Bensheim, f8[E ) . = h kB W H A& F W F
753 : O Chitwood 28 5z 3 3l ik BHLWT 8T 28 3 W ik
FRZRE A D Glauber H UM T VEFL B EBH I T
Bk, SR BEWT AR . 3 2 KB O
P K ER K BEA 0 LR IR AR AP, O RS )
HRE T AR BRI T 2200 Fs 5 0 D R A T B4
HLas A 3 B I M B 55 4/5 B ) B O D i 4
g1, BEBEARE, AL HTFARTE 10 52240
Wi T e K
1.2.2 FEEIMERREBEHFFAR

SR R A A A0 b, AC R AR HR 5 300,
LEMINEERG, Plds N2 TRELM, AT S
T EA N B, 3/7 i B AL AHUE
i s AR 30 AR TR CO,o AN BLBE T ERAEH 45 7L
Bk, N BRI I AE K ST B A B B I

EYIE

1.2.1

1.3 @sE.LaEvHL

i EEAEARTEAGEBA T L (GE
vivid7 3§, Philipsit33 ) #47 AR HhlE RO 3l EIAGI
FIE B RS OLE . M R e
O RS B MU AR . T 15 A
Ze s AH L. AR O 3h B R B i R B
PLH 2 S O I RE T 1O
1.4 Fivi

g ARE 1A 3 AL 6 MK 12
A GRS T2 RS, I 2020 4 7 T
2. BWIET #0E o 30d NAET- F R, F&
N RO IR A I A8 26 1B SR SR O I R R BE T
S5O ARSI IE R, 5 B LR A A 2
FRRTFAR B PEC P4 58 58 AR 1 PRAE S 1Y H
M5 ZARMBIE R F AR IE B UEE A E
TSRS OB EIBEVI R AR MR B k. H&
PE MR & SCH R T BE R
1.5 Sl ¢iiik

Gy A IBIECR 4y L3R, E S
FooR RbrifE 22 s R YE B A . BT AR A7
2 e LN TCImIRZE S F 1Y Kaplan-Meier A= 77 i
Yo T VPALE T bR o] i, LA CPB
0 3= 3y 2 JKk BELUT B [ 38048 SR b v, 3SR P 2
Koy B S BB 22 0 BRI, IFLE cusuM
FIe Rz, HEATHIECS SECR AR AR S
BT I 1 P Y SRR, BT A
{6 11 SPSS 23.0 #4748 1 43 7, Kaplan-Meier
i 26 A I 3K 144 GraphPad Prism7.0, CUSUM 2
FRHE ZeAE B ATA Excel 2013,
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Table 1 Patient characteristics before surgery
— IR 1B
B:i%&(n) 112 : 68
Fiw (%) 48.9+14.7
A& (kg) 67.7+12.2
= (cm) 167.3+14.6
BETHEE (NTRILE ) [n (%) ] 6(47.8)
BHLEN (%) 8(26.7)
PERE 0 (% ) 2(12.2)
BHEER (%) 3(1.7)
B MHPEEMRGA N (%) ] 0(0)
SME (%) ] 62 (34.4)
RIFEEXAREL (N (%) ] 35(19.4)
BELEEER
EEEF (%) 63.5+6.5
EEWFHEARE (mm) 33.9+6.1
ZEEKRE (mm) 51.7+8.7
MW (0 (%) 119 (66.1)
TR A 4(78)
WKL 9 (55.0)
R RMT R 3(35.0)
et Bt 22 6 (20.0)
=RMRAAE 6(33)
FRMUIRE [N (%) ] 4(18.9)
5 EIpR R IR 3(12.8)
= [B]fR HR R 10 (5.6)
BEEAERE M BILE 2(1.1)
AE N (%) ] 24 (13.3)
BYRT 14 (7.8)
ZXRE 10 (5.6)

HAAFIS R (48.9 + 14.7 ) % [ U4 I (TQR ) ,
(38.3~60.7) %/ 1, K (67.7+12.2) kg, F5&
(1673 £14.6) cm, 86 1] (47.8% ) HBH LIEH)
BB LIV 2. RETAZE EF 5 (63.5£6.5) %,
HA R R 119 6] (66.1% ) , & —IMAE
1445 (7.8% ) . Z—JIWKIAIA4: 99 il (55.0% )
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SRMRAIAA 6 4] (3.3%) 5 SRV ME
ﬁ 34451 (18.9% ) 5 Prlalf@dkbt 23 4 (12.8% ) 5
[ B 10 4] (5.6% ) 5 HEJERERLEC LK
20 (1.1% ) 5 095 24 4] (13.3% ) o Fif ik
HA EULA) 48 B (26.7%) -

JiTA B 180 ], o 3 IR HASETS,
13 ] Z I M ki 5B TR AR, RELIE

HIER ) L 2 BLRETE | ARIREDTN A DL
TOECHAN A, I IR TR e A

SO R AN K RSN IR I 32 sh ik R
WrFAR 129 6 ( ] 2) , FAREFE[ (5.3 +1.2)h,

®2 KSMEIROAEISBEF AR
Table 2 On-pump cardiopulmonary bypass surgery

ZH LS
B X 84 : 45
FARBE (h) 53+1.2
IRSMEIRES[E] ( min ) 160.9 + 56.1
=+ Bk PR TS 8] ( min ) 108.8+42.6
FARER
“RIMEHR (N (%) ] 14 (10.9)
Y 9(7.0)
AL 5(3.9)
ZRAE N (%) ] 99 (76.7)
A LR 73 (56.6)
ST S 55 (42.6)
ATRER 87 (67.4)
WMot 2z RS 48 (37.2)
WMot RES 53 (41.1)
BRRBAL 4(3.1)
FL KB AL 5(3.9)
LB 44 (34.1)
ZRR/HNESE (cm) 0.8+0.1
SHICERLAR [n (% ) ] 39 (30.2)
B—ZERFE N (%) ] 1(2.7)
FEIRERIRER (N (%) ] 2(16)
E[EFRERIRER N (% ) ] 9(69)
ZAERHERE (0 (%) ] 2(1.6)
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A SN G B i ] (160.9 £56.1) min, 2 5 ik BH
Wi ) (108.8 +42.6) min, 44 14 i
(7.8% ) , —RMAIE 99 ] (55.0% ) , il
B Bl A5 8 b 23 B (12.8% ) , % [1) B doJe 45 1% e
10 1] (5.6% ) , HEJEEAH BH PO AL A2 % 0

HEGE 2 6] (1.1%) o L ARSME IR 32 30 ik BH
Wr ML AR 99 1], N THEIE 73 191], LB
PIBR 55 ), N TR 87 6], — I3t &g
(0.8+0.1) emo ARHIYTTCNESL BEE IE#E S O
SR A I, SR LA T A AT G R TR
RSMEFR AL T A 28 4 (W2 3) , BrIAlkE
B A 21 6] (75.0% ) , % (6] B Sl & b 1
B (3.6%) , FAREE (45£0.9) h, HIME
FRIHE] (104.8 +54.7) min. JEARSMEFR A5 BE
FEF 24 B (WL3R4) , TRESA] (46+0.9) h,
FL skl Bt (61.3 +23.3) min,

A S
TTHLER NTFARAEY 180 i i,

2.2
2 BB AR

*®3 EIMERIEERFRSE

Table 3 On-pump beating cardiopulmonary bypass

surgery
5 8:20
FAEE (h) 45+0.9
{RSMEIESE ( min ) 104.8 +54.7
FERMCIEE n (%)

5 Bl BR SRR E # 21 (75.0)

= BB ER R E 1(35)
ZRMATE N (%) ] 5(18)

x4 FEEIMERERFASH
Table 4 Off-pump bypass grafting

S8 &
5% 21:3
FARE (h) 46+0.9
LA BRI & B8 ( min ) 61.3+23.3

FARFET-. Ho 16 PR WUHE A BN LA
P EFECOIARZBIET; 5 1 BlEEARE L
Ui, ZNEAIEmIET, BIRIET- % 2.1%,
{AXTERT 25 BIF AR B, FEARBI G BIR
WAET Bl

FiA WL N R O o AT g 2, R
R 38 283 SR K 7R B8, I X v B
(0.8+0.1) em, EBk/mHiTREBESGAE, K
A SAA R A R 100% . BUE 7%
WG Z RN THREAN, TURRM BT U] 5l
G, R AE AN, RBAL, ZIEH 3D
NI 43 4], o5 IR U B 1Y 82.7%.
it N TR R R TN T3 R 3 1 S e st
PO BRI A G 22 R, (AT o B
R TCES R .

FAAATHLER O IESMRFE AR B3, S
] (19.8 = 14.8 ) h, ICU ] (23.3 £15.9 ) h,
ARG BN (50+£1.5) d. 45 1d 5] % &
(7313 £427.3 ) ml, RJFHuli# (2.3+0.5) U,
Forp AR ) T i 1kt 3 81 (3.1%) o AR5
I RAFEALFEIATK . ARJFE M =k k1. JifiEs
YL AE, RAEAH R XRE AL BT, Ral AR BE )
[i] P9 SEE K R FEL AR 0 09 e RS R s e i
FOBEKA AR EF N (598+7.6) %, W
%5,

#5 HMBAFRIGHKER

Table 5 Clinical outcomes of robotic surgery

S8 &R
KEFBENE (h) 22.9+14.6
ICU B8] (h) 23.3+15.9
H1d3IRE (ml) 427.6+267.3
mmeE (U) 1.4£0.2
fEBEBIE (d) 11.5+5.6
BIAR#ZET 0 (%) ] 3(1.7)
BIAREAZRFMEMm (0 (% )] 13 (7.2)
HBERTBA OEZZE EF (% ) 59.8+7.6
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BLAF ARSI ER 5] 1 3= 3y ok BEL U ef 1]
FRE BT S — BB T B A MR %
HEAKN, R (CUSUM) g Ak
o W FEABIEFE R, 220 K A BEL T A ] A
WAMEFR Y (CUSUM ) #5 # 2 (an Al 1A
1B) , ZEFARGIEEE 25 Hilf5 (B5F-5 85 )
THR T RE. BEBIALE AN T AR 27 o ith 2 22 56 1]
BAE 25 Pl ety s IRFIRX AR, EFFAREL
BN HOR S — B YA AR AT LAy )
ek, BBIALRNA .
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2.3 Blvigs

W15 77 2 B TR BB U5 R 1928 7 O 3l P A
EEER, T 202047 H 52 UB E RV (96.5% ),
I B D7 B E) >6 A~ H o B BETHI R R 5 389 4
A, BEViR OB 31 4 H (7~554H ) o 2 B
RAE R RWIET, 2 PIEBETE | AERE U &
P B SR, AR DL SO R B
1B
231 BEOIHELER

BT 75 O S B N 6~55 )T, ik

(=}
=4
[ ]
L ]
q
o!
-
o
w
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20

-100
1A EZNBkEEETESE CUSUM M £

Figure 1A CUSUM curve of aortic cross—clamp time
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Figure 1B CUSUM curve of CPB time
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6N 124 364 1551k 180 1)
63 Bl 13 4], i EBE IR R 31 4~ H (1QR,
6~27 ™), FARJGHA L3 E TCIERA 5
B, AE 1 AR AR 70 s BB U IR
BEPH 2 BREA PEL LR BAE
LB EIBEYT R BERT, RJE 6 NH . 1241 A FR
J& 36 N H B/ EF E5 50 (59.8+7.6) %,
(64.0£7.9)%, (642+74)%, (62.7+4.6)%,
WK 6.

232 AEEREHZeMERRNMETFHSE (W
E2)

100
=
>
2
5
2 50
[y
(0]
o
(0]
o
0 : : .
0 10 20 30

months

2 kanplan—-Meier 417 # £k [E
Figure 2 Kanplan—-Meie survival curve

3 it

RIF A LA AT AR AR 25
R ARSI, P IRA AR J A T R A o
], AREW R BRI AT AR

RGN A =i BB, n] DU AL 2
IE AT RIS 5 Mg B RIS (CUnZe =R

BRI AE SN AS ), ORI 1R 2 A
JIE 12 5% I MLABURY e o 1k s AE TR R I R
B ORAE AT I X R B A 5 T KG At 52
EM TR L M, TESBNEE T, SMREE
AT LATE UL SR A BRI W AR 2 S 1 7 P R
B AFASE LRI S0P AE Rl 2521,
ERE I ML, RETHER L, ATRES AT
KFARBHRIF T AR 2

BFETE RS e, ML AFARFAR
BFR] | TCU B[R] RIS MG R )220 8 T R T
FREM ., X 5AREMBTF 2 mBA 2SR
JE B ARAER I BIIR A T AR 15 00
AR KT HHAR DG, AR B T2 [
BCG AR, IR LR AT A 2T 1L, IR
—EATZABIIES THLAS AT ARM R Mm%
3.1 ARG IPRER A D

S Hlas NAEEBE G IR B, 72N B T
EL AL BT BT @ik, 4-0 245
ALy, AT DRI FR RSB AN, i s BE TR )
A (34) , HXSARE B T2k, 1
& e i = R S A N DT 7 N B N A )
(4.4 +0.8) h FUASMEFRTE] (98.4 + 58.8 ) min,
B B R R A B R b st e T B B — M R D
[ia] B A4 T A B (] LS — . (HFARBE A 2 (7]
NSRS AT B ACT, PR N RE. TEME
ik, Alas AN TR B A A R AR A
TEARREER,

&6 AREBHELIHESH

Table 6 Echocardiography results after surgery

S8 AJE (n=180) RE6MA (n=180) ARE121MA(n=143) KRE241B(n=109)
EEZEF (%) 59.8+7.6 64.0+7.9 642+7.4 62.7+4.6
EEERRE 48.1+6.2 46.0+8.3 445+55 48.0+8.9
EERFERE 32.0+56 31.2+8.8 32777 31.9+5.6

427



- Article &

3.2 TRMRBSIB AN A AR
RIFar LAy AT AR R G/ il e RGN
S, O MEANRE 5% i FH A X 25 1S TR 1
AR F AR o FIE, OISR FA T
558 225 Iy = 20y JUK BEL VBT B 1240 5 FH 2 5 2 1 A i A 1
JRURS:, - DA R Anef AERL 2 AN TF- AR S5 4 WA A%
THE IO JIUOR AP ) 17 i 4 A S M PR AR 11
P R AT AR AWE R, L AT A
RGAWEE . XA &5 0 BES7 O AT R T
ARJF LG AN MV FARIE ST RGE M, K
Z R S FIISE TR AL T 1.0% o B Suri
R H R SRR dRiE , ARG ZHE CT 31 i & 7
TR, AT S KR AL AL, )0
3k Bl JCH A ik S R A B, DB Lk R 1Y
KA MR Seco M N LEAR, FHTRE
W R T ARMTEE Y 1.5% ~5.4% , HL
JIE 52 0k I B B R AR O B R A5 R R, 81.7% ~
97.6 % W F 4 A WL B AUA iR M S i, &
ITARRSE R, 8 FARWARIS5 G & Fh 5 )
BE T 100% W E B R4S, TLHMA
Hh kR TE I I TR BOR T U AR SN -
WFAR ., BEVTIAME, P AP 45 2 im
IR AL ACE 2 51, BRI E A 7580 F)]
PRY™MLE 59697, W AR BRI T AR AR
AWFFEAERE YT, DOR R O Bl R A 45 A
LGP, MARETERFRFAR, PPk
AR R TR AL AN R UE AR
BEVTAE R . HARARUET™ A% 1, {H K-M 2R A7 il
LMK R B EAH RIF TS . T A5 bE
ViB RISy AR, 5 BN i — 2B BETT 5 4, L
ARt P A BE T 25 2R

R ST ROV BI R T AR
TEZ SR RAE A h, HInTsONT i R L
AR LME R, TEE LB A

3.3
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I TG ) Rodriguez E 28 P HRIEMR, Fik
FARA LA LS AT AR LT, HRWLE
NBEE MM IFAAE . Suri R M A Burkhart H M
AR SEHL 25 N FRGE AT LABEA T 25 Rl S TURIAS ] 42
RIS ™, I HHER T FARER M
MR R ZH00 RSN B A R IR ME 2, 5 4%
AIBLES N R OB A i T AR e = firh o S
W, TEERAERR Gt TR E A IR
BTG . PR HMIE B B 5 1 A ) 285 3] 52 8k 7 i
Je A T B 32 07 1 D0 1 03 DA B A T
) J5 X G TR NS G e BE TR AR A Y 2
e (DTEAR Hh 238 A ) 7 3L Sk L3 et 1 e
REKEMRT FREES N TRROGE; @
ENTIEREANG, HETATRATES, A%
i e R R AR A, R B e A
KX m s @78 % HK R T i g i
FBURHER ARG, UG 58 M 2T
, IR R, @FE N TR Tk
ﬂ%%%nﬁﬁ%ﬁﬂﬁ‘ﬁ%%mT 1
T A F R BRI A BE DI BR R Rl G
TBAERLTE VI B 5 A SR 2 OR R e i 1 %45 v 2 30
8mm
AT T — AN RIIE, P AT REH
PR NET A 5 B & A= 26k 35 1] (36.5% )
m FHABDISY, RS AR B E K )t
BRI AR A DG, ABRIE, A 21 ] (28.8% )
BETHHER TR, HRFEEARE, K
FIPE AT AR . A =IO 2 B H
A 356 (36.5%) o G IF ZRMIE . =M
G FUAT AR 0 B E T ARG 21 4], Rk
RFW], B FME AR RS T AHR AT L ]
RFA T ARRG AT

3.4 CIFAHMIEES FEBRRHT
TS, BB T BT 3L A 3k
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I A i J I 3 i €O, R kAT, AT LAE B
BiBn Sk B, JF 5 k. 7 A S8 L Bl
fikJg, ATAE N B D) 1A B AR Y 15 A
W TF AR AR S AREREL T
W Bk, 78582 MBRFL N S IKEE & S, 4
FLP Bl Bk B2 AT LA f 347 5 J5 B S ( Posterior
descending artery, PDA) FIKJE, Mitb—424l
i N2 kAL A RN B SR 54T T T
I R A FE A
=)k
BlLEs N TR FLE S E LR hna 1
et (W 2) , AFEFARER CPB H[A]
FFt E S BKEHWTET 145, SRBURIEAE 25 DL I
B R~ ) i IR iR > ik, 384T
T8 1| BAMBHEAE BRI G F I TR, 2 4.0
HEAMEHEE A TR & — B KRG, AT L
BRI A AT, s R k. TE i
FIHLER N TR AT, O AESNR} B A i A A
BLOHEAMRF TR0, ATAE T A G 72 b K 4
Je 1k it ARG ST SRR MG IR ), )2 2 iy
LB HOINAELL TR

AT A PR T AR T AEAL
BRAT 0, AR, WA 4 Trocar
SRRSO AR WLP s . S HLES A BLAR
B, AR B T PN o A D A T
AZERIGCEMYIE, BRI E A, W,
i Chitwood 22 JFHINT %1% 4y Glauber Bt /& —
ANEHF 75795, Glauber &1 AT LU T /EFL B4 FH
Wit E sk, Wb —ATFARUIT, ke T
— AT AR, TR R R T 2 i G
i, FECRIET AR BRI ETER T, MW sE b 2]
TR LI 2 R AR R R G R P o iR
S S e

3.5

B A HL A O BES MR FARAE R AR AT
1y HATR, Hoh Z AR AT R4 1Y) A J0)
KB, e BEDS AR R O Sl R R A R
H AT BRI A o AN Bk S T AR R Bk A
PFFEARAE R ARAMZAR . oh, ER
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