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[BZ] B - LB Z X IRk AR (minimally invasive multivessel cardiac surgery-coronary artery bypass
grafting, MICS-CABG) 52432 5MR 8l ik IfiLiZ FE # K (hybrid coronary revascularization, HCR) &7 £ 32 560K s k5 s 7Y
FEA SRR A I R 78, IR e RO B . F53% - BT 23 B 2020 4F 1 ] 522023 4F 6 J] 75 I A8 8 K2 B8 27 B
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41 (581451) FMITHCRAL (6511) . Xf b2 ZH KLt BE At (WM sE | @yl . BEIRG . 12 M B ZE M9 (chronic obstructive
pulmonary diseases, COPD) . Mxi#Es: . OIUESEEE | 4 f2 RSk~ AJG97 (percutaneous coronary intervention, PCI) 5,
ZE IS4 (left ventricular ejection fraction, LVEF) . JFRASHLAR Sk L8055 . HWIARMFERR [HMEFFARRT . BIARMAE
Jokiln . FARE L IER N . R oA FESkERZE 3 (intra-aortic balloon pump, TABP) . # Jofli FHIASMNE Al A
4 (extracorporeal membrane oxygenation, ECMO) . AEAaf JT B ) — K FA | PR AL RS [R] . S AE 5% 55 (intensive
care unit, ICU) fFRAIA, AEEERA] iflis E AR IR E . RG24 hgl0E . FEr-. RFILES]. HFRF1. 3.
6. 12N KZJEHM 6 AN A AT i iGa 12 e MkE T, WYY 28240 o B0 I I 4 (major adverse cardiac and
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BB L. &R - MICS-CABG 4L SN TR ] .3 < T HCR 41 (P<0.001), A5 FFIRHLAE I 6] 3 & (P=0.001),
HARJG PR T8 & A R (32.76% vs 12.31%, P=0.007), {HMICS-CABG 4 il iz &R s kECE £ (P=0.002) .
MICS-CABG B HARJF 24 h 5l L (P<0.001), {82 Z1A H AR S5 i il 835 1] 25 52 B g 12 2 L (6.90% vs 1.54%,
P=0.145), BRILZAN, 2HI TR PN . RAEATABP, A ECMO, 24 FANLOHUESE . WA<rh | B k.05 Eish
FETS . ICU B MHE] . A5 B ] 25 52t JC 48 3122 8 X . MICS-CABG ZH3EW)4 170 ST A HF, P 2RI S2 (left anterior
descending, LAD) FFINAF 583, HAMMAT MAFIT 112 %, HCRAILWIE 65 L M (M LAD), 547 PCISERLINL
BEAGEREIK 903 AT (1243) ANH B ERFHRATAG LADFILE @Y F, 2R TG L (93.10% vs 96.92%,
P=0.601); %+ LAD # i 4% if 32 f )5 W ig s o, SR MICS-CABG 4LBE KT HCR 4L (91.96% vs 96.67%), {HFi# 2
SIRTLEH %7 X (P=0.190), MICS-CABG 4 AR JFREY (30+22) A~ H, HCRAARJFHED (31£16) ©~H, MACCE 2H#
B RIEAR (0 vs 1.54%, P=0.325), FRKILIZEFERRRTGIF 2L %R - MICS-CABG #l HCR X 2 f FARTEVG ST
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Comparative study of minimally invasive multivessel coronary artery bypass
grafting and hybrid coronary revascularization: analysis of short-to-medium-term
clinical outcomes
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[Abstract] Objective-To compare the perioperative and short-to-medium-term clinical outcomes of minimally invasive multivessel
cardiac surgery-coronary artery bypass grafting (MICS-CABG) and hybrid coronary revascularization (HCR) in patients with
multivessel coronary artery disease (CAD), and to evaluate their safety and clinical applicability. Methods* A retrospective analysis

CEEMES] B ), FAEEW, W, BFEH: 2q11607@rjh.com.cn,
[Corresponding Author] ZHAO Qiang, E-mail: zq11607@rjh.com.cn.
(M%) https:/link.cnki.net/urlid/31.2045.R.20251223.1436.002 (2025-12-24 15:13:51).,

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol.45 No.12 Dec. 2025



W,

A WUINGT O 3R IRE IR BR 5 43 bR B Ik i S ) g i B e orbe | 1599

was conducted on 123 patients who underwent minimally invasive coronary artery bypass surgery at the Department of Cardiac
Surgery, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, between January 2020 and June 2023. Patients were
divided into the MICS-CABG group (n=58) and the HCR group (n=65) based on the surgical approach. Baseline characteristics
[smoking history, hypertension, diabetes, chronic obstructive pulmonary disease (COPD), history of cerebral infarction, myocardial
infarction, prior percutaneous coronary intervention (PCI), left ventricular ejection fraction (LVEF), number of diseased coronary
vessels] and perioperative outcomes [operation time, perioperative transfusion, conversion to median sternotomy, intra-aortic
balloon pump (IABP) or extracorporeal membrane oxygenation (ECMO) use, reoperation for any cause, mechanical ventilation
duration, intensive care unit (ICU) stay, hospital stay, number of revascularized vessels, 24-hour postoperative drainage volume,
mortality, and complications] were compared. Follow-up was conducted at 1, 3, 6, and 12 months postoperatively and every 6
months thereafter, with the primary endpoint being major adverse cardiac and cerebrovascular events (MACCE). Coronary imaging
was performed at (12+3) months to assess graft/stent patency. Results:The MICS-CABG group had a significantly longer operative
time (P<0.001), a longer duration of mechanical ventilation (P=0.001), and a higher incidence of early postoperative respiratory
failure (32.76% vs 12.31%, P=0.007) compared to the HCR group. However, the MICS-CABG group achieved more complete
revascularization (P=0.002). Postoperative 24-hour drainage volume was greater in the MICS-CABG group (P<0.001), but
transfusion rates did not differ significantly (6.90% vs 1.54%, P=0.145). Conversion to sternotomy, IABP implantation, and ECMO
use were not required in either group. No significant differences were observed in perioperative myocardial infarction, stroke, new-
onset atrial fibrillation, mortality, ICU stay, or hospital stay. In the MICS-CABG group, 170 grafts were anastomosed [58 left
anterior descending (LAD) grafts and 112 non-LAD grafts], while the HCR group had 65 grafts (all LAD) and 90 PCl-treated
vessels. At 1 year, LAD graft patency (93.10% vs 96.92%, P=0.601) and non-LAD target vessel patency (91.96% vs 96.67%, P=
0.190) showed no significant differences. The MICS-CABG group patients were followed up for (30+22) months postoperatively,
and the HCR group patients were followed up for (31+16) months postoperatively. MACCE rates were low in both groups (MICS-
CABG 0 vs HCR 1.54%, P=0.325), with no significant difference in repeat revascularization. Conclusion*MICS-CABG and HCR
demonstrate comparable perioperative safety and short-to-medium-term efficacy in patients with multivessel CAD. While MICS-
CABG requires a longer operative time and carries a higher risk of respiratory complications, HCR necessitates stringent PCI
eligibility assessment. The choice of procedure should be individualized based on anatomical complexity and cardiopulmonary
function.

[Key words] minimally invasive cardiac surgery; multiple coronary artery lesions; minimally invasive multivessel cardiac surgery-
coronary artery bypass grafting; hybrid coronary revascularization; clinical outcomes
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1 MICS-CABG FAYIO(KEL 8 cm)
Fig 1 Incision of MICS-CABG (about 8 cm in length)
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Fig 2 Special retractors in MICS-CABG
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fraction, LVEF) . 7R Z0hkidk 52 i A8 el IR 0 ok S 8K
1.3.2 AW WEBERPMAREBERE., R
R AT . SNBEFFRRET ] . AR JC i I
M . AR A JoAE A B Kk sk % [ (intra-aortic
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Tab 1 Baseline characteristics of the patients between the MICS-CABG group and HCR group

Item MICS-CABG group (n=58)

Gender (male)/n(%) 48 (82.76)
Age/year 67.2+7.1
BMI/(kg*m™) 25.243.1
Hypertension/n(%) 44 (75.86)
Diabetes/n(%) 18 (31.03)
History of smoking/n(%) 42 (72.41)
History of cerebrovascular disease/n(%) 21(36.21)
COPD/n(%) 8 (13.79)
History of myocardial infarction/n(%) 28 (47.28)
History of PCl/n(%) 25 (43.10)
Creatinine/(pumol-L™") 79.6+18.3
LVDD/mm 49.8+4.6
LVEF/% 63.2+5.8
Number of coronary artery lesions/n 2.7+0.5

2/n(%) 16 (27.58)

3/n(%) 42 (72.42)

2.2 [BRIARIING DL 4%

24 B H BRI %R 7R, MICS-CABG 41 i
H ANBEF AR B B & K T HCR 4 (P<0.001), {H
MICS-CABG 41 Ifil iz = & 56 Rk 3 fk 3k 8 £ (P=
0.002) . MICS-CABG 41 £ & A Ji W WL AL AE FH Bisf i) B
K (P=0.001), HAJGHFHH A G P00 & A %
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HCR group (n=65) t/y* value P value
56 (86.15) 0.249 0.603
67.0+£12.9 0.105 0.917
25.1£2.3 0.205 0.838
49 (75.38) 0.003 0.189
17 (26.15) 0.359 0.549
49 (75.38) 0.141 0.708
22 (33.85) 0.075 0.784
11 (16.92) 0.232 0.632
18 (27.69) 5.537 0.019
18 (27.69) 3.208 0.074
81.8+£14.2 -0.760 0.449
51.6£5.8 -1.913 0.059
61.7£7.1 1.287 0.201

2.6£0.4 1.249 0.215
40 (61.54) 14.286 <0.001
25 (38.46) 14.286 <0.001

B (32.76% vs 12.31%, P=0.007) , {5 £ % M
HFNC 407 SCHRF O R 7 B A el 24044 1491
PRI I 8 o oy PR AR eS8 PR 4 i e e Bt
WAET:. KA, MICS-CABG 4 AR5 24 h5 i &
B2 (P<0.001), {H241A FRIA G i ifn 83 L 25
FIGEH ¥ E X (6.90% vs 1.54%, P=0.145). 241
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Tab 2 Perioperative conditions in the MICS-CABG group and HCR group

Item MICS-CABG group (n=58) HCR group (n=65) t/zly* value P value
Operation time/min 270.4+72.5 156.8+31.6 11.72 <0.001
Blood transfusion/n(%) 4 (6.90) 1(1.54) 2.12 0.145
Number of coronary arteries in revascularization/n 2.9+0.6 2.6+0.4 3.21 0.002
Drainage volume within 24 h after operation/mL 320 (220, 450) 200 (100, 160) 4.89 <0.001
Ventilator supporting time after operation/h 8.0 (6.0, 16.5) 6.0 (3.0, 8.0) 3.25 0.001
Hospitalizaion in ICU/d 2.0(1.0,2.5) 2.0 (1.0,2.0) 1.70 0.089
Total hospitalization/d 7(6,9) 6(6,9) 3.14 0.331
Conversion to sternotomy during operation/n(%) 0 (0) 0(0) - -
Cardiopulmonary bypass during operation/n(%) 0 (0) 0(0) - -
IABP during operation/n(%) 0 (0) 0(0) - -
ECMO during operation/n(%) 0 (0) 0(0) - -
Reoperation/n(%) 0(0) 1(1.54) 1.12 0.462
Postoperative complication/n(%)
Myocardial infarction 0 (0) 0(0) - -
Cerebrovascular complications 0(0) 0(0) - -
New-onset atrial fibrillation after operation 6 (1.34) 2 (3.08) 2.74 0.147
Respiratory failure after operation 19 (32.76) 8 (12.31) 7.34 0.007
Reintubation 1(1.72) 1(1.54) 1.12 1.000
HFNC 18 (31.03) 7(10.77) 7.56 0.006
Pulmonary infection 2 (3.45) 1(1.54) 2.29 0.601
Impaired wound healing 2 (3.45) 1(1.54) 2.29 0.601
Death 1(1.72) 1(1.54) 1.12 1.000

2.3 MR ILAS s 1 L

MICS-CABG 41 Wy & 170 2 il & #F , Hop
LIMA-LAD 57 37, RIMA-LAD 1 3¢, H A& il 4
(DIA, LCX. PL. PDA. RCA) I Iit R 112
%, HCRA W) & 65 L MM, H 1414 SVG-
LAD, H4x 64} LIMA-LAD, A& J53:47 PCI%E
B Iz F A AR B ISR 90 . RJE (12+3) 4
FVEAS 2835 W 55 SR S Ik S S i s o, R 32
HEH LADFIE WY (AH+BY) B 2ERTLS
T X (93.10% vs 96.92%, P=0.601); % T Ak
LAD 48 ifil 55 ) S8 W 15 00, B SR SeE AR 3 Ik 8 1) 5% i
I 45 38 1 1 B0 g K T PCT AR J5 19 56 Ik 3 ik Sz 28
(91.96% vs 96.67%) , AW # 2 5 IR L4 it = X
(P=0.190), Z5H W3,
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2.4 MACCE 351} bii vi
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RUFHE N 3.45% (2/58), KUK (30£22) A,
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R ARG L) 8 B U7 R R R A R O SO AE
R, BRIk CTA #&R M A 1, A rdiksh
Jik 145 R WL B B 25 . MACCE 2k A% H 0
(0/58) . HCRAIZH ARG 6561 (1HIBEMAETS),
KU R 1.54% (1/65), BEVIRTK (31x16) 1 H,
W] EURE R O LR EBRE 3 o, 16 A AR
Shlki s S el AR S K HE N BBk AE , TR E
RSk 8 RTEARIETT 5 59 2 B A el iR 3 kot 7 42
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Tab 3 One-year postoperative target vessel patency in the MICS-CABG group and HCR group

LAD
Grade MICS-CABG ~ HCR group
2 value
group (n=58) (n=65)
Grade A/n 50 61
Grade B/n 4 2
Grade O/n 4 2
Grade A+Grade B/n(%) 54 (93.10) 63 (96.92) 0.38

RN 1.54% (1/65) . 2 41 MACCE #7301
RS EgIT#FE X (P=0.325, K3),

1.0 Ep::rgw

0.8 Group
3 &MICS
O @HCR
§ 0.6 —+MICS-censored
= —+HCR-censored
g 04t
S Log rank »*=0.968, P=0.325
o
=02t

0 10 20 30 40 50 60

t/month

3 24H#EE MACCE %R ZE ) Kaplan-Meier #i 2%
Fig 3 Kaplan-Meier curves for MACCE-free survival in the two
groups

3 itie

X} 22 3 e R 3l kol A2 B e 008 B9 R T, HCR
TEAE AR, FH B2 . R L fife
Jeg s ML A N Bl T AT S DA /N g i = AR 00 11
({5 em, HETAL) SERLRSIKAY MZEHE, H
SEATYIRATHB o3 £ DHL™ B OB PR L kT Y I A
AF L AR S SORASSE R, JOkIE I DA PCTIY i
S A I A S A L B L5 Ak 3R Y . ESTEVES
25 V01 3 SR AR Y ASIBF ST B, RJF 24ESE
TR FI MACCE % 4= *7£ HCR fl CABG 41 25 5 1%
A5t E X, HSYNTAX (SYNergy between PCI
with TAXUS and Cardiac Surgery) 45 (>3241)
fy T, HCR 4R iz 5k A4 R 5 T CABG
Mo X Faxse B F, B PETT T HCR, WA
fik (12 HE, M HL CABG SEA RIS LA YF, HCR
2 7 SO0 A o A R O s A R AR R R, HCR £
ARAT T A AR PCLAAE . G, T4k, MICS-
CABG AT E N MO HEE A BT, % AR A
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non-LAD
MICS-CABG HCR group 2
P value x value P value
group (n=112) (n=90)
94 83
9 4
9 3
0.601 103 (91.96) 87 (96.67) 1.31 0.190

BRI FAR MRS, NAEFS B e emis dmad, i
BaINT Z 3 KSR T AT . ARG S5 R
MICS-CABG 41 A #7r 1L 457 38 17 1% 10 5 HCR ZHAH LE 22 5
TG X, BAR MICS-CABG 40 1) Hiy [ 7 ek 50
JUk & TR 1) 557 % 0L 5 30 1 5 46 %o (WIS T HCR 41 A AT
K32 PCIAR G bR SR A i 3, (HZ2 A LB
i S PR N i8 E I A5 T HCR 4. 5 g il
R SKIERAR . PCIAR AR FRFAEA DG, X IE
SE TSR BN WKAEAT B LA TE

HCR 514 CABG Ml 1, Hodpe KRR U2 50t
T E sk TR fh (aortic no-touch), IXAE, A WAk
AP R R R BRAR Y AR 5E & BE MICS-
CABG 4 FIHCR 4 By 2= h A& AR 2 15 0, Al REJE A
MR . ZAHF5E MICS-CABG i # SVG 5 Ifil 45 (1) 3T 3t
W& BRI G T I E 3k, (HRARTHT CT WAL 455
M5, 4 CT #7732 sh k85 b — Hde £k 1E I g
fTCABG A, ixX#f, AR T FIARWING A i &4
BER . AEA HA PO PR S G T RS ke i)
Jik AR O AR IE 2E 4 A [ B AT LB
MICS-CABG v izl .

SR MICS-CABG FABGMREZH, HZEHTIT
NG BRI A B, HAREHARG
o TEARWIFEH, MICS-CABG 2 A J& WM AL FH s
F] @ K F HCR AL, HAR 5 I g e oy A 3R
s AR 2L U R AR RIIL H 2 S g
225 X, {HJEMICS-CABG 2H /5 it 2 W S8 2 380 2 1
FeB s . A Fr S, A LIUTF 3. OHCR 4Lk
FARM AT AA X 4256, i MICS-CABG 41 F R[],
JLH TR, (one-lung ventilation, OLV) Hf[A][4 .
A SCHkiE A, OLV 2 h Al P FE M fiii Hhfig 1¢'5 OLv
Sh . WUEAIT RS, ZEREMIEIE R, HEim
AR BRI THE T i 07, S0 PR R Rk, FRUn
Ff g Y Ik, 1R A1 BAEE I R MICS-CABG

LSRR B0, 2005, 45(12) (@)



1604 | EmmmAssm (B

FAREG R e A5 B 0 e v SR, kR
OLV 5, M OLV JT iy B 2] 25 7 35 38 S M il R 22 11
A A, BPJG R M M R < (apneic oxygen
insufflation, AOID), TEFRHCFLNZIIKGE AR . Bt
Je T IR R S BU B U4 5 OLV BF ], JEfEAR 5
LS N R . @MICS-CABG A Hvcs I JE 3 B
TG, Gl M S A . PR F ) 2% 3 T LATE Y
PRUIA, SHEEZEHOAETIRMRERS, RS
FHR AP T RAUR BR800k . GMICS-CABG
FAREIE R RFERFRTEI, WA OB . M
R B ARS8, e AR G B BRIAYT , LR
RPTFFIEIFI B . NI, X mibs . 5 s
LM R Bk S LA REEE B HCR, AT RLR
REEARTARMERE, AN TARLE 2.

AW HAE T MICS-CABG # HCR 3% 2 ff
ARAE B TR 22 4 R A Y7 2407 T TE W e 2% 5=
{HLTR] Bsf 22 2% S8 3] 8 3 2 5 45 B 4T HCR M PCTYRYT 1)
BEAL, 5 2.0 RS0 A0 B FT B 3 6] 1 e T % .
MICS-CABG H AR F AT THETE &, (HAELERLAN T 78 ik
2 LS BKEEAFIRAE ORI B L (94326 30038 1 23R AR I 1)
PR iz A R AR 2 PR & B, A B AR
FT. MICS-CABG A H 55 20§ 1fi & 7] 32& £ — 39 PCI,
2 IR AE AT HCR 3% 76 MIDCAB A H LIMA 38 B
PRIXE AT 2 MICS-CABG . [R] B 2452 2 Fid AR 1 22 U
AT LAER X6 R0 0 1 A SRR Ak Y e R RN A 2

ARG R Z AT 2 3K — T B Oy (1 [m] i
PEWFST, BRI, BEVTI AR . AT E
gl —FITBE IR, AR 228N, F TR IR
Ji& MICS-CABG R =HTA & 1A SME IR 4R 3 ik
% % F% #H R (off-pump coronary artery bypass,
OPCAB) M HCR £:55, Mt MICS-CABG 2%~ [t £k
B, MICS-CABG TR, Fridk i &0 il D B 4%
bf, BEEREA FTRGT, 0] RELIE 2 21 R A DT

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 5%

[1] DUGGAN J P, PETERS A S, TRACHIOTIS G D, et al
Epidemiology of coronary artery disease[J]. Surg Clin North Am,
2022, 102(3): 499-516.

[2] LAWTON J S, TAMIS-HOLLAND J E, BANGALORE S, et al.
2021 ACC/AHA/SCAI  guideline for  coronary  artery
revascularization: executive summary: a report of the American
college of cardiology/American heart association joint committee on
clinical practice guidelines[J]. Circulation, 2022, 145(3): e4-e17.

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2025,45(12)

(B ¥ TCHET . O JIUAERE | i i A A S5 At MACCE
FE R AE R JE . MICS-CABG M HCR I R Y7 25 ik
R KRR | £ vpons DR 0T A Bt 7 1F 9 oF i — 2
AR

MICS-CABG HI HCR ix 2 F sl e IR s bk i iz &
@y, BniRYY 23RS kR A, FEIE T A I
RSP TCH B AR 25 5 . AR A AR B Ry ol B
P R AR £

F %5 % 22 75 B/Conflict of Interests

FRATVE R PR AR R 55 0 58

All authors disclose no relevant conflict of interests.

{EI2 it A Fn 4N 15 E B /Ethics Approval and Patient Consent

ANRITGERS B ) BT A S92 B ) e 96 A K2 B 2 o i i 4 P
Befe H 2 b 2x ) AL HE SO S (2025) IRIEHTEE (202) 5.
ZARM R IR C A B A RE .

All experimental protocols in this study were reviewed and approved
by the Medical Ethics Committee of Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine (Approval letter No. 2025-202).
Consent letters have been signed by the research participants or their

relatives.

{£3& T3Hk/Authors’ Contributions

MO B IMEZE . ik RS SR AT
Weis L ATHES SRR R BRGE T 0T MREEL RAERE L MR
Z 5 3CRG 58 SCB U B R 1 B 1T ) B R AR
£

The study was designed by LIN Zibo, QIU Jiapei, SUN Yanjun, YAO
Haoyi, and ZHAO Qiang. Data collection and statistic analysis was
performed by LIN Zibo, YAO Haoyi, and RENG Ting. The manuscript
was drafted and revised by LIN Zibo, QIU Jiapei, and ZHAO Qiang.
All authors have read the final version of paper and consented to its

submission.

* Received: 2025-05-16
* Accepted: 2025-07-28
* Published online: 2025-12-24

[3] MONTRIEF T, KOYFMAN A, LONG B. Coronary artery bypass
graft surgery complications: a review for emergency clinicians[J].
Am J Emerg Med, 2018, 36(12): 2289-2297.

[4] SABIKIJF LYTLE B W, BLACKSTONE E H, et al. Comparison of
saphenous vein and internal thoracic artery graft patency by coronary
system[J]. Ann Thorac Surg, 2005, 79(2): 544-551.

[5] LINDHOLTJS, SOGAARD R, RASMUSSEN L M, et al. Five-year
outcomes of the Danish cardiovascular screening (DANCAVAS) trial[J].

Vol.45 No.12 Dec. 2025



W F

N Engl ] Med, 2022, 387(15): 1385-1394.

S5 A WUINGT O S REIRE IR 5 43 bR B Ik i S (00 HURRgc iE B errieorbe | 1605

aortic no-touch technique to reduce stroke after off-pump coronary

[6] MILLER R JH, BONOW R O, GRANSAR H, et al. Percutaneous or surgery[J]. ] Thorac Cardiovasc Surg, 2018, 156(2): 544-554.e4.
surgical revascularization is associated with survival benefit in stable [14] MOSS E, PUSKAS J D, THOURANI V H, et al. Avoiding aortic
coronary artery disease[J]. Eur Heart J Cardiovasc Imaging, 2020, clamping during coronary artery bypass grafting reduces
21(9): 961-970. postoperative stroke[J]. J Thorac Cardiovasc Surg, 2015, 149(1): 175-

[7]1 NOLAN S, FILION K B, ATALLAH R, et al. Hybrid coronary 180.
revascularization vs complete coronary artery bypass grafting for [15] B—R, Ba M, skis, 55 . 220/ m 2 3058k sl ks g # i
multivessel coronary artery disease: a systematic review and meta- 7k2441ﬂ!| IRAHT[I]. hAesM R4, 2020, 58(5): 363-364.
analysis[J]. J Invasive Cardiol, 2018, 30(12): E131-E149. GONG Y C, LING Y P, ZHANG L F, et al. Clinical experience of

[8] FITZGIBBON G M, LEACH A J, KEON W J, et al. Coronary minimal invasive coronary surgery-coronary artery bypass grafting: a
bypass graft fate. Angiographic study of 1 179 vein grafts early, one series of 244 cases[J]. Chinese Journal of Surgery, 2020 58(5): 363-
year, and five years after operation[J]. J Thorac Cardiovasc Surg, 364.

1986, 91(5): 773-778. [16] ZHANG Y X, YAN W P, FAN Z Y, et al. Preemptive one lung

[9]1 ESTEVES V, OLIVEIRA M A P, FEITOSA F S, et al. Late clinical ventilation enhances lung collapse during thoracoscopic surgery: a
outcomes of myocardial hybrid revascularization versus coronary randomized controlled trial[J]. Thorac Cancer, 2019, 10(6): 1448-
artery bypass grafting for complex triple-vessel disease: long-term 1452.
follow-up of the randomized MERGING clinical trial[J]. Catheter [17] JARME, EMEw:, e, 4 Al S0 IR B A | e
Cardiovasc Interv, 2021, 97(2): 259-264. AP B T R B T RA AR A AR o 08 B TR B2 A Mg 0], LD AR B2

[10] PERERA D, CLAYTON T, O'KANE P D, et al. Percutaneous 2}, 2022, 62(11): 33-37.
revascularization for ischemic left ventricular dysfunction[J]. N Engl ZHOU J H, WANG P H, XI G Y, et al. Application effect and safety
J Med, 2022, 387(15): 1351-1360. observation of continuous medium and low flow oxygen supply to

[11] SABATINE M S, BERGMARK B A, MURPHY S A, et al. Percutaneous non-ventilated lung in elderly patients with thoracoscopic radical
coronary intervention with drug-eluting stents versus coronary artery resection of lung cancer[J]. Shandong Medical Journal, 2022, 62(11):
bypass grafting in left main coronary artery disease: an individual patient 33 37
data meta-analysis[J]. Lancet, 2021, 398(10318): 2247-2257. [18] TEAS, MR TR], bR, 25 . RO 38 A A0 il B 105 HL s B A ke

[12] SERRUYS P W, ONO M, GARG S, et al. Percutaneous coronary %Wﬁﬁﬁﬁtﬂ SRR BR 2578, 2021, 25(2): 101-105, 111
revascularization: JACC historical breakthroughs in perspective[J]. SONG Z J, LIN S T, CHENG J L, et al. Study on lung injury
J Am Coll Cardiol, 2021, 78(4): 384-407. mechanism of one-lung ventilation and its protective strategy[J].

[13] ALBERT A, ENNKER J, HEGAZY Y, et al. Implementation of the Journal of Clinical Medicine in Practice, 2021, 25(2): 101-105, 111.

[Ax4ig] HEY]
E N7
FBTEBRFZAHDAEFRIRF AL AR REGHERE
20255 10 A 158, LHERBRFALTEFRRFNT N B AR F SRR F) Environmental

Pollution £ & % # % “High-throughput neurotoxicity study of neonicotinoids in C. elegans: oxidative stress and
W BRI, ZATRA A BN B AR 0 &8 2 A0 FRE A,
FFRA RS Fi ik E AN E L, AR deiR A T A R F AT

serotonergic neuronal damage as key mechanisms"
RGBT T SAFE R IR E RS TR
HH

GARRRBIET HBEEARFEENEERFMA T HERE THE, TRMT $AHBEME RS G 4p

%é/aﬁ&%ﬂﬂ%é#,%%£&£%§Wﬁﬁ%7ﬁ%W%oﬁﬁ%%%T%%ﬂﬁ%ﬁ%%%@%iﬁ
YRR R A EM LR B, G L AR 0 IENBE R BN BUR 6 ) AR T TR R,

http://xuebao.shsmu.edu.cn RSP

SR (BRI, 2025, 45(12) (G5 L“/



