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Abstract

Objective: By comparing the clinical treatment effect of patients under the assistance of Da Vinci
robot and conventional thoracotomy mitral valve replacement surgery, the advantages and dis-
advantages of Da Vinci robot surgery system in mitral valve replacement surgery are further clari-
fied, providing certain data support and improvement direction for its application in cardiac sur-
gery. Methods: 282 patients with mitral valve replacement surgery performed by the affiliated
hospital of Qingdao University from January 2018 to January 2022 were collected, including 70
patients with mitral valve replacement surgery assisted by Da Vinci robot, named Da Vinci group;
212 patients with conventional open mitral valve replacement were named as the conventional
group. We collect the basic preoperative information, intraoperative data, the incidence of post-
operative complications, hospitalization costs, and the improvement of symptoms of the two groups
of patients, which are divided into improvement, no improvement, and aggravation. SPSS software
and statistical methods were used to analyze whether the above data of the two groups were dif-
ferent, and whether the difference was statistically significant (P value was greater than or less
than 0.05). Results: The patients in the Da Vinci group and the conventional group successfully
completed the operation without hospital death, and were discharged after rehabilitation. There
was no statistical difference in preoperative baseline characteristics between the da Vinci group
(70 cases) and the conventional group (212 cases) (P > 0.05). The operation time, cardiopulmo-
nary bypass time and aortic occlusion time of patients in the da Vinci group were significantly
longer than those in the conventional group (P < 0.001). The amount of intraoperative bleeding,
postoperative tracheal intubation time, postoperative ICU stay time, postoperative thoracic drai-
nage flow and postoperative hospital stay in the da Vinci group were significantly lower than those
in the conventional group (P < 0.001). There was no statistical difference between the two groups
in the probability of postoperative complications such as pleural effusion, incision infection, lower
limb venous embolism and secondary thoracotomy (P > 0.05). There was no statistically signifi-
cant difference in LVEF of patients in the da Vinci group and the conventional group after 1 month
of operation (P = 0.433), and the symptoms of the two groups were improved compared with those
before operation. The total hospitalization expenses in the da Vinci group were significantly high-
er than those in the conventional group (P < 0.001). Conclusion: The safety and feasibility of Da
Vinci robot-assisted mitral valve replacement is equivalent to that of conventional thoracotomy
mitral valve replacement, and does not increase the incidence of postoperative complications; In
addition, Da Vinci’s robot-assisted mitral valve replacement is significantly superior to conven-
tional open-chest mitral valve replacement in terms of postoperative recovery, but its longer op-
eration time, cardiopulmonary bypass time, aortic occlusion time and higher hospitalization costs
are also worth further improvement in the future.
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1. 518

AR, BEAMAISMEEEHIRA NG, 1355 (Da Vinci) Bl AT AR R G W0iZ A4 N T 0 RSN
ARZHHL] [2]. HAT, ZRIMRRIEARRIE ST Arflas N TR RGN T RSB F AR 3], 24
17, RT3 ™ B OISR, R G P I 5 P R I R, AR E HR(MVR) 2 HE
— T ARILEFE[4] [5]. 2020 4F, [N EIBAIRIERL 47 B8 52 AL N “RIME AR, 58 AT 4
bo, HFARICRTTEE, JEPAT 1 RIFIIBEVIAE R, BB 1 HLES NBOR 2 e 2k [6]. [E 41 Sicim H
HIBAFE 2021 FF4RIE 1 64 A EAZHLAE N ZRIMEHORK B, € 7 HEERUEREZIH([7]. R,
HLEE NI TAR R G th FIRE e Pk . Mihaljevic T HIBATE 2014 AT IE 1 1290 #4462 TR
8, AR AN 473 &, EEME VIR 227 4. M ME VIR 349 4. #TsMIIFRA 241
Y, GERBUINE NA T AREAL & T HAt =4, HFRIN B N B T AR R A B BRI G 5
AR L (1 R AR B R R -HIRVH 8] [9]. (EARERAIZE, KHLE A MVR 54£5 MVR 3E4T ELE %L
FEAIR, @R ROk, A0TSR B SF B AL &8 A A BD A B R 5 T AR E
R, WABEImARESE, TFEYLE A MVR B2 et oG 2, B8 AL, NikSFahle:
NABOIEFARRGEAR R SR EMSH .

2. EREHE
2.1. wBLEEFNA

WA Bt B 2018 47 01 H & 2022 4F 01 H AT 1) Mk B e F A & 282 5, HAIAZFAplaE A
BT ZRMESFREE 70 6, G4 Nkrad; HEHTM R ERFAREE 212 5, G4
A .

NI EARAE: PIASEIRUT Rol IR B TR B, HEBRFEN AT LR T R mARBK
FEEBAEA . =R RTE AR 5 B ST A 1 R 2

ARATPHA R BRI IR T B BNA R, AR ikahbkiEi . TRILE-BS . W CT. S
FOLENESE, HERR T E S HABTSRSE, HATA MR 72O IhRE N RIF(LVEF > 30%). WA E#HH
RARFTEORMEFEFES . YRR AR ETRE(BMI). TR R BEIRE . I R e Ab
JAMERIE. OHEKE(EE). ODIEEDHNYHA). RET LVEF. —RIFHAIASE, RbEpaET
AR ARSMEIRIS ] LS BKBEW (], AR R, REERERBSERENE. RE ICU I,
AREGNRE. RGN RFEB A REIFARRE(C ORI IR E . G M. )&
Joo R ZE. BHEOERE . BIFEARMST). ERATH. RE 1L AHEER LVEF. AHFF
18 IR BT BE 3 CRAR R PG B2 R 2 ) w it
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22. FR7EE

2.2.1. IXFFRARI _RIBEHRAR

LGRS TS, WAUEREREE, AL EERE O3 E(TEE)HR L Mah ik /) i iZk[10]. T
228 4 Wi PI29 5 em Ao /INEL, AR 9 BB Seadt N 1 Bt 15 T IRHT 2658 2 Wlal, 28 6 Wil 4T4L,
N U s TS 5 A B A 2 2 om & 4T 4L, vhr stk . &5 35, KA Seldinger
SL A TEE 515, @ik 3 om A4 IS A VAR ) U] VR4 15 30 kR A i Ak A 5 - 8 S AR 7 2R (CPB) [11]
ERR S ENE 5B, FFENRIERW. 5T AR Rk — S AR SR i DL T 2
SEH, SIERFFE 2~3 L/min. ARIMERR FHIATUIIF OB, AR, Chitwood BH W FH T T
Tk, STt T BARREEA MEBER, OIEEBRE 4. W PAT FEREHY OIF L0, RE
PR A o AT LAY BR AT R nT Be R B J5 e o 4% N T HBERST SR FH Uk B 1 78 JE A
ghR) 4% G 10~12 &, B N TR FEIRAR 4R T e il TAEFLE AR iy, Jhdat /M) 0 26 B [l e [12].
TR B e sE A5, KA 4-0GORE-TEX Z8XUET 4454 5 10138, F 7 HFS, FATTBHIBTER TF T 32 3h ik,
TEM IR HITAOERINE R SL. @S, ©% 61, 2 BP. HR. SPO2 “Vfa /5 X #i{¥ CPB
HFE AR #0E, A=HLUE R TEE WA TIHEA ORI MAIRSEE L. #AJeR G RER R TZS T f
FEAPAFR. MRibf, BECEEMEESRE, BECM. R TIRTT RbE .

2.2.2. BHABR_RBERAR

o NBCTFREME, 48 BRI G S SR . iTRIE R D), SRS, BRI, BRI
BB, TR0 B TF 3 SRR U B BKREE T BT Sk, B R B AR BN B K
e GIRAE BN E K, Em @R ARSMEIR . (EIAREIR, FEHWT RS, B SR R O
. BUA R, AVIEEE, OREMAEELOR, WA RIRERA, DI, R e
SRR EIRAAL, IR 3 S5 AR TR s . B\ TR RIFRRIREE & R mbg A BT 0. &
B, ORGSR, JEBGHNE, O E s E RS B REE EBk, R SEHOE. EHER, &
S5, % BP. HR. SPO2 “Ffa /5 i&#i{5 CPB. 7o/ K Jovd 2l P i L J5 s I fk B 1 PRI 36, AR Ikdk
B4 CPB i, B O MME G SR . MR, A2 ] W S AT IR N E . REER B
EIR A =

2.3. RiEi&TT KbEis

P EBEEARGEHFRZIRELOIEINE EERT EI6TT, S8RIT MY EIREAREREE . RGHRE
BERIE T EA T om0 AR Put. EURERAMEIRTT . B ST G IRER AT G & Ol S,
SRR b rA BEY T HEE 1 ARBER, EaNEAR: EIRERSEER . B 03,
Oy BERE X 2R F . PUBHRER. JRAEG L. AENE T S TR A
24. GirERE

HESAR B B £ ARUEE RN, PALE AR B 1 EL RG] K656, 70 28740 B e it 2p iR 8 7 40 Bl (%)
Keom, PHREA R LB d ] x® K56 B8 Fisher A5 TRIGE6, 4L 18] S S AR B4 5 (T H 5090 LR B i A 5 (1)
A . P1E <0.05 WAEREEGIFE L. IrEEES PR A SPSS #4717,
3. &R
3.1. RETELAFE

B A E HIALEE BIRE TR, TebeNAET, BEE R . PIALEH FRTTR RIS 1
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Bk W EEER . 5. BMIL IR E LR 2 Z 5 (P >0.05), WA BETEARN&HE: SiiEP =
0.071). s 52 (P =0.112), L Eiah(P = 0.787) 7 AR WA 2 7, 7EHEIRM(P = 0.019), k& I 2 €
(P =0.003). JEE.Coi(P = 0.005) 5 THIAFAEZE o PHAH IR AT LVEF. O IhEE S B(INYHA) L 23 2 7 (P >
0.05), AL IR AE (P = 0.545). R4 (P =0.889) AR AE R IHA P =

0.359)¥ L EESR, =R
ek IR 4 (P = 0.337) 7 THI TG I 5. 2%

Table 1. Preoperative baseline characteristics

1 RATELZHHE

=N
It o

MR ESET, XJEME(P = 0.367). BT 4:(P =0.788). kI 42425 (P = 0.080)/5%

Characteristics Conventional (n = 212) Robotic (n = 70) P value

Age (years) 60.0 £10.1 59.3+75 0.521
Gender (male) 101 (47.6%) 29 (41.4%) 0.444
BMI (kg/m?) 249+32 25.6+3.2 0.085
Smoking 76 (35.8%) 12 (17.1%) 0.005
Drinking 57(26.9%) 16 (22.9%) 0.610
Diabetes mellitus 43 (20.3%) 5 (7.1%) 0.019
Hypertension 85 (40.1%) 19 (27.1%) 0.071
Cerebral infarction 25 (11.8%) 3(4.3%) 0.112
Peripheral vascular embolism 33 (15.6%) 1 (1.4%) 0.003
Coronary disease 54 (25.5%) 6 (8.6%) 0.005
Atrial fibrillation 94 (44.3%) 33 (47.1%) 0.787
LVEF (%) 57.6 £5.5 585+6.5 0.222
NYHA class

I 140 (66%) 40 (57.1%) 0.230

" 61 (28.8%) 23 (32.9%) 0.619

v 11 (5.2%) 7 (10%) 0.164
Mitral valve stenosis 48 (22.6%) 19 (27.1%) 0.545
Mitral valve regurgitation 108 (50.9%) 37 (52.9%) 0.889
Mitral stenosis with regurgitation 56 (26.4%) 14 (20%) 0.359
Mitral valve pathology

Rheumatic 133 (62.7%) 39 (55.7%) 0.367

Degenerative 67 (31.6%) 24 (34.3%) 0.788

Ischemic 9 (4.2%) 7 (10%) 0.080

Infective endocarditis 5 (2.4%) 0 (0%) 0.337

BMI: body mass index; LVEF: left ventricle ejection fraction.
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3.2. Rp¥iE

K55 H AR B I 2. GASF AL )T ORISR (321.7 + 73.8 min). ASMEFAI ] (164.2 +
50.7 min). == 20 ik BHLKTES [7](98.4 + 39.3 min)¥) BB AC 4 LA (1 F AR B 7] (239.2 + 49.9 min). ARSMIE IR
6] (91.0 + 23.5 min). 3= 5 ik BHL KT 7] (64.5 + 21.5 min) (P %) < 0.001); ik 25 A7 4L A b 4 1f £ (552.9 + 227.0
ml)Z>F- 5 M 41(652.5 + 175.0 ml) (P < 0.001).

33. REER

PR E ARG T0A ICU ik AR E , 1875 A M B G E I 18] (18.2 £ 9.6 h). ICU 15 B I} ]
(59.0 £ 24.5 h). ARJGEFERTIR(13.2 £ 3.1 d)¥%0 T B SR T 7] (22.2 £ 16.2 h). ICU {5 F i [A](71.0
+44.0 h). RJGERERE(15.7 £ 4.4d) (P ¥ <0.05). IAZFA ARG 5 E(573.9 + 317.1 ml)/b> T3 A
Ja 71 B (693.6 + 459.4 ml) (P = 0.016). ML EFIEAJG FFRIETT LS 1T 2% 5 (P 4 > 0.05). P2 &
FARIE 1AM AEE R, 535541 LVEF (56.3 £ 6.4 %). ##14 LVEF (56.3% + 5.8%), #iZHim it
BB G255, HWAEE B RAERBORATA GE . 18557 4135 2 H (158511.5 + 24420.2 ¥ )8
F41(115698.9 + 27257.5 ¥ ) &4 % (P < 0.001).

Table 2. Intraoperative and postoperative data

2. RpFARGEHE

Characteristics Conventional (n = 212) Robotic (n = 70) P value
Operative time (min) 239.2 +£49.9 321.7+738 <0.001
CPB time (min) 91.0 £ 23.5. 164.2 £50.7 <0.001
Cross-clamp time (min) 64.5+215 98.4£39.3 <0.001
Blood loss (ml) 652.5£175.0 552.9 £227.0 0.001
Tracheal intubation time (h) 22.2+16.2 18.2+9.6 0.015
ICU stay(h) 71.0+£44.0 59.0 +24.5 0.005
Postoperative hospital stay (d) 15.7+44 13.2+3.1 <0.001
Postoperative drainage (ml) 693.6 £ 459.4 573.9+317.1 0.016
Postoperative transfusion 186 (87.7%) 33 (47.1%) <0.001

Postoperative complications

Re-exploration for bleeding 3 (1.4%) 1 (1.4%) 1.000
Pulmonary infection 18 (8.5%) 3 (4.3%) 0.368
Pleural effusion 15 (7.1%) 3 (4.3%) 0.576
Wound infection 10 (4.7%) 1 (1.4%) 0.303
Lower extremity venous embolism 2 (0.9%) 2 (2.9%) 0.258
Postoperative LVEF (%) 56.3+5.8 56.3 + 6.4 0.984
Hospitalization costs 115698.9 + 27257.5 158511.5 + 24420.2 <0.001

Data are expressed as the mean + standard deviation or n (%).
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4. g

eI L LTFEF, OISR AR AW R A alE, ML NOIEFAR R4k IR#E[13] [14]. &4
(1) 1F P FF IO T R BRI T R AP I FARMEF RO TS 45 5, (H DN b 75 e SR P I, IR 1 s
PETEBIRIR, 80T B ARG ER SR G I KRS, I B R IR AR IR K AN £2[15] [16] [17]. Hlag ANTF
RAGHRANHD) ORI GG . RJg b, PR, X iy i s i /5 SRk, S0 WE 4 it
TF) RAE e B 1) B 66 6 3 R i 70 10 i 7 W v [ 18] X BB S8 A AR AR AR B o e T AR 7 i R T EK
MF B, (HARGERREH L2, HLEs N TFARI CPB RSB (B FKe, PRIk m] R 2 o B 2 R S (1) 1fn ¢
MU, BE 03 A AR %R [19]

BEAE NI N —RIMEF AR Z A, B N AMERT R S 0 SOkt AR WTE L. /£ Cao SE AW
Meta 234, HCEE T 960 AT 2 N 23 T AM 690 1%l — 2 TR, % 1650 4 i #H4T 7 6 TiHT
Fi, GER RN R E ARG RA R FAR XS 2 %A B 2R, mdlaE AR CPB #1320k BH K
I 1A B K, FE W 7 I IRD AT g B 1) b REZE 56 46 [20] . £E Takagi %5 A K Meta 2)#rH, % 2020 3% 3764
LR WARNFE I ZRIMETF ARG AT T IR, 45 R WINLAS AL AR SMIE R R = 2 fik ST A [ 5
Ko ARG RER, HIHMNEENAREHMATFRE S, 1ICU FMEFRKEERK. MHBEERE R
M ReRErG . 2. J X B D) ReRlG . FIFET- 207 A 2% % 7 [21]. Hawkins 5 AW 55 7 2300
DT ARMFARREE, SRRV NALE AT R MK [22]. Paul 5 AXT 3145 &332 41
NI F AR EE AT T ARV T, RIUNLES N B i (] Lo A SE 4, I HEAEAR G
FERRE T3 TR B 6 22 57 [23] . 7 Wang 28 NIEAT T 7, X 503 32 52 ML 2% N I M FA A 503 il
LRI T RN B T T R, RPINLES N1 CPB A5 ik BT 18] 58 K, [RI A 1CU A B i) ] 56
Fi ARJE O8I kA X EAK[24]. Mihaljevic 5 AT 17— T 78, LLE 7 LA N Bh —RIHME R R
(n=261) 520 EFVIFAR(n = 114). FEH2 VTR N = 170) AT AN (n = 114). JLHBHFER
JEIEIERAE . WA RGIHKRE. BRI H R MR G TR HRA B E R . NEEANARARE LR
B R 6 s AR RS B, 5 A AR B, BB N AL e i ) 2 3 ekl o AR, HLES A ZHLF) CPB s ) B
RRFHMA, XS5 ANFARMKINE K2 LA I5[25]. Senay 25 ANt 18 4 HJF KB Rk &
FHHAT TS NGB R E AR, SR EIR, PP KR AR I A B LA N BB AR
HARLEF A FAZFIATI[26]. 1£ Kuo 5 NIIWEFTHr, AT 52 44 RN &5 1 v R IRIR L &
NHEBD A B A AR SE T A AR RIS A B 28 S B O B 4R 22 4 mTAT MR B B (1 [27]
JUEEHBIIB ST, BEEERD, TTERME R ML, BN N T ARG B Y AR Z 8 1) £ 2
B HHA LG R T ARRE . SR A S5 RABAEE T IR SCRRIN 4518

ARV AL, X F AL N FAR RGBT F AR S, K558
ANFARGEW RS BTG EN . PG RERW, IAZ5A 415 % AR 1CU 15 B s )RR J5 3 B i [A]
ZIAMFERE LR, FlREFRIEF T, QN ERERGTDUS R R IRES), RIS 7 EEAR
JEKEETESE, RN AT MBI A AL B B R S . R bR WA FAR N
20 cm fiAy, FEIEHERRE, M B3N AR R ARSI, R T RS K. BT
RGBT, RS 1 5 5 R IRRA SN, Rl R AE SRR IR R . i ERE. KO R
SECE B PEF IR, YIS R AR R . R SR AT LR R T I, e e R 5
WFEAR, FHHARE 1 MHAHEEOHEAE R, BFTFHEETFRYEWE, S5HE M4, WA LEE
ZE5E, UER T LA N BD SR IE TR A B R B RS ] SR TR SOR

B, AT FRIESS, JAZFAF4L CPB IR S AKEHWTRS 1) FAN 0] 58 AL, 54
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B in. ARSMEIR -5 3 30 ik BELIT I [R] 0 e K = 22 5 0A 55 3 F R KRG 0 IR E B BN I ) ki & A
Ko TR [A]LE A 7 58 25 R A A U B2 0[] L AL 2 4 he for B 428 T80T T o /=% 4 5 B 45 ) S5 2 WL KT 3% LA AL
AR ETIERIN BT SeFP L2 MM GIRUEEW R EE, %52, EFARAEMMMEM L, $#
EFAR BN R TR, sk A FIBC & Re 71, LR A Aok 2 E . RIS, OBEANREFE AR A E
FAMLEE NG BD R G0 T B — AN KT R A ) 2 > B R A AR [28]. A ZF A4l E ARG B 3 BilfmER gL, 3
BRI RA, O R B 11 B ERERGe. 8 BN AR, 25 hE S R R A A S AR R A T,
oy B UL AR P B BT R A R I AR5 E TR KB SO D REAN A, X TCBE RS N 8 R S5 I Rt Jek
G T SANK (1) AR, (R B sme B2 U R B, 20% & I 25 R S P T [29] . TR 25 A 4 AR 38 AR5 1 BT
BMRELI, 7R5 TRREAE,  BlR A KU KRR, RN AR EX b, B aHEHERE
SIREEILFE AN, TRe 5 HFARQIR AN FARIASHEE SRS A K. 18757 4H B A B 2 FH LU
HRFWE, XEHEN SIS AR L, RN, HaURE I, XL gk T DL b fE
PRUR G A BER ERACE, EAMEBEFIRE, W BRI AR S, RS E A A
I N[30].

I A JUA R BR Y,  EFE B A BT, FERR ISR 77 T A7 CE [ A 1w I, ek, XTI 7L
SRR OIAT I . SR T — R, SVRHE AR PR B TR AR AL A FE R R Z . &
Je, BRRBE ARG REVI A LA H, 75 EE KB U5 B SRAIE B A A7 2 AR T T %6

BEA TR D, MBATFREZGEAWE T %8, FAMERIFMEANIEZ, FARAMZ A
PEL AT AW T . BT AR BN SO AR BT AR 0, AR AL NGB~ B O IEA R
KRBTGS W, HLAF N T AR D SR E AR 1R 1 WU PR S o 41 2 — 3 2 b [31] [32] .
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