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Effect of MiECC technology on SIRS related to extracorporeal circulation for
adult cardiac surgery: Interpretation of the expert consensus on improving
SIRS associated with extracorporeal circulation

Yang Jing, Zhang Jie, Chen Tao, Duan Weixun, Zhang Liyun, Jin Zhenxiao
The Cardiovascular Surgery Department of the First Affiliated Hospital of the Air Force Military Medical University
Corresponding authors: Jin Zhenxiao, Email: 13571921011@163.com

[Abstract]: Cardiopulmonary bypass surgery induces a severe systemic inflammatory response, leading to an imbalance
between pro-inflammatory and anti-inflammatory mediators, causing tissue damage and organ dysfunction, and ultimately
impacting the clinical outcomes of patients. This review, based on the “Expert Consensus on Improving Systemic Inflammatory
Response Related to Cardiopulmonary Bypass,” integrates existing evidence from evidence-based medicine to comprehensively
discuss the application and clinical significance of minimally invasive cardiopulmonary bypass techniques in managing systemic
inflammatory response related to cardiopulmonary bypass, providing a reference for clinical practice. The furture research
should focus on the continuous improvement of minimally invasive cardiopulmonary bypass techniques to further mitigate the
inflammatory response, furthermore reduce transfusion requirements, and lower the incidence of postoperative complications.

[Key words]: Cardiovascular surgery; Minimal invasive extracorporeal circulation; Minimal extracorporeal circulation;

Inflammatory respones

RAMIEER (extracorporeal circulation, ECC ) X
TR i 5% ( cardiopulmanary bypass, CPB ) ERI
T OISR AR LK, BORHIES) TR TR
My & Re. AfESs CPB RFL T AE BT, H 32 bk
SATHOR S PR A B AT SO 5 | A 4 B R RN
3\ 3 1| NPT =5 R N - 1= (10 o SN 2

TIRekEmtasE M, st FARBIG . B AL Hi
IR 2R R, SRS BT 2 T Bk
BYEZ A ES, X2 ONET ARG WEE S &k
RIBET 5 5 B B AR BRALH] P, Ti BRI MIG
I (' minimal invasive extracorporeal circulation, MiECC )

TR B PRI L8 )R AL TR AR . AL

HEE£WB: EEARHEEARLI (20232D0504400) ; DAERE &K REHTH (QS-XFGCTX-0006) ; EZKHKRF=EE4
(82370273 ) ; BREVEE—MIIH (2021XC032) 5 PHm EEEERMFNH (XJIZT23XG28 ) 5 PHm EHEs X I H ( XJZT24)JC37 ) ;

ER AR FIL 40 B 7B (82241204); BpU4 B A & 11X H %5 B (2022ZDLSF02-01) 5 VEREEREBIESIH ( XJZT24JC38)
YEFEAL: 710032 V4, 25 R R4 — M E B B O & SRk

BEMEE: £, Email: 13571921011@163.com



200 HEAMMEIFR S F 20256 F28H £2345 %38  Chin JECC Vol.23 No.3 Jun 28, 2025

W AR E (RO R SMIE BRAH 5 4 B J0E I v & K 3L
PO P SR G A I RIESE A Gk, wk MIECC HR
X ARG MIEFR D NETFAR AR TR A
SCETB Y MIECC FARALHE MIECC FIRE RIS MIEER

(' minimal extracorporeal circulation, MECC ) o

1 MIiECC AR AERTE

Bifi 5 O JIE AR B R A AR A R, 20 48 90
AR ATE £ 3R EL St ECC Y RBRYE, T
Ho il — Sy DA R, R MECC RES
A, BaERETEOE . BAAAS . T
RIRZEH . Walifeg: CPB /NAL . ERifb LA
N i 1A 2 R B ERAL 58 CPB X i )
AR RS E . 21 W5 e AR
FEMAWT B, #2242t T MIECC mIREE,
br—E RGBS, Bl | ECC T EH
HOR | R EARETAR . BRBTEN LG8 R
W FFEA M, MIECC B ECC T A 4
M, I R R R P

2 MIECC B ARH4F=

2.1 MIECC A%t HATAINAY MIECC 2
RO BHKER ., FRRE. AWHENLY.
e i 0 ] CPB g% | B a s . B0 .
O R RSGE . KRR R I S
HRGE, ocids. nHENE] MIECC RGEHHAl
PSS AR CshIk . DB aER ) |
AE . WSAEINRE . Shkitugds .
ARG AR R B . B SRR
B (1 AT A D S 3 5 M A A g ), IR
B e o 5 4 NVE 1 1RV, 1 SN TR R W [ IR
AR M B ARG HEIRER , B0 AR e SR
PEEORS T A U R, 980X i 200 AU RBEIR
WeAh, oA, Aaarthm, R
Bl & Bk 51 3 (vacuum—assisted venous drainage,
VAVD) 2 B AR AP ETS . MIECC BEA A
AEaAEEIL ARG, Wik, TARZEMSHIME,
A . A IR R C R P, R
RN
22 MIECC &% %  MIECC RGM5r2 i
Anastasiadis 55 A2, Bl 5 4% = PRCBIA 1 16
B+ AR P4 ( Minimal Invasive Extra—Corporeal
Technologies International Society, MiECTis ) K,
JLIE T MIECC R GEAE R % =+ JLAR Ry A2
[ B MiECC: B DR AR G A, I

WAL P | R Gl B O E AR S A A SR
HEMB KRS, T8 MIECC: BT # k<
T PE AR R DR HECRE &, 80 1 23 DA & A
Jfi S KA 5 o BRI L, PR A I 25
AR, R EATREA L, AR, A
MiECC: A T i 2 AR AR i i A i 7oK, AE Tl
RUELAS E38hn 1 44E (e ) fE i, vl LAl
ARPRAL, ZPEHIA R B E TR 5, RIEAR
HH SR J Y 14 [ P 0 2 S I R S S o o
VA MiECC: FeHif) MIECC 4%, HARIEDR IR
oy AR . TR Rz b, BT
— IR RE S ], v AR BB IR S
ATEAT AR B L 2 AR5 TR OO, S
NHEHLCPB R, (REERH FARZ 4. 1. T#
FEHTATIFOIER TR, AeIRsh ks HA A
A (coronary artery bypass grafting, CABG ) . £zl
MEE  ARSME RS TRV B B 55 A TR

3 MIECC #ARB G AR AR

MiECC # R AE E AR HE ) 2 EH i T
CABG. T AR . CABG BeA BT A . ekt
DR B TE B IE T . IR AL A% Bl ik
FAREFE L2808, 2177 HH Tk 10T £E
IEEMFTT, X RIE T T R4,

H Hii MiECC 4 AR /& 5t CABG 1 CABG &
FEIRE N e 2 b N R R T USRS %
4t ECC 41 CABG B ML, MIECC 41 7E % i
. RJF0EEsh LR, RsaEEHihELE
Ry IR, M HEFEAR G TR )y 0T
2257 U BoE R — 0 2 TR BEAL BRI R
7E CABG B, MIiECC 4 F%45 Rk (38T,
O WUEESE . WA, BB, FIRFARSE) AXT
AU REAL ™, MIECC HAR B BIA N2 CABG B4
1) — IR T R

FE RSN R E 5 A1 LB S TR O IE s B3R 97
Jr T, MiECC L EVgIESE T = e fm gk U5
BEMR BR, EEIOOIEFRP, MIECC 4111
FAREE] . CPB AN 3 3h bk BEL W i fi) 4 e 1,
A LEF ST R AL e 25 5 1, X T R S5 540
ECC HRYT 22 AR B AR E iU 5. T CPB
A5 R TS S B ARG

4 MIECC EARWM®KE

41 T F MK CUFSE, MIECC AR &
LA, 51E45 ECC A IR fE R ek



o E RSN R PR AR

202546 F[28 H %234 %34 Chin JECC Vo1.23 No.3 Jun 28, 2025

201

EBEFET- R Hofi Uk s, 7EiEm e BEm
WG 5, MIECC ARG E RIFIIEI, Ignazio
S NAERT LR 0 R 00 BE (A E 55
$<35% ) BIRFSEH R BL, MIECC # AR 55 &)
AATEEARIE, MIECC 52 A9 i i 5 A AR o
FLER KA i 20/, 3 5 3 4 A AR S5 AL E
AR ATICU AEBER R AR5 ™, Thai %8 ATEXT 2
P O 3 T R A 70 JOE AR 1% £ 3 T [ JB e A 5
KB, 545 ECC AL, MIECC A AR5 30d
FET AR, ARIGIROHEE AR 1,

42 HbAeHr e MECC £ 400 /> & 4 7 o1k
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{H4 300 s, AN 24T ARE) ACT {24 400 s &
LA WA 1 A I SR BN TR AL,
I Fsf %ot L 5 2 A AR P PR 20 A, AR
J7 % B L FH 75 BEASARAR 1) I 2R A8 BRI 28K F- 5|
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Palol AVR MEPEAIEE 93 93 MIECC RN . FEARA G0 5 B g & Az 38R — IR, AL TUC B[] |
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Jason CABG [m] BRI 118 236 MIECC FEARE L. FEACE 0 . FEIRABE 2 . AR R
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20221 Pt
Ke huhe CABG RCT 36 35 W4l TNF-a. IL-6 AL, #HZINmMEs )R Je 27
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Ignazio CABG RCT 30 30 KM EF<35%, MIECC 415 3 @ A G EHHC . RIPFLRRIK . RIFTH
2021 JaEAf . TR K I ER
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CHD: SeRMONEw; RCT: BEHLAT RIS TNF-o: FEHRSEHE T —a; 11-6: 13 -6; CK-MB: UG T/ LDH: FLARB &,

WBC: FIZMl; CRP: C Bi4Er; EF: SFiisr4L
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=R 5 B CPB IR AR P e i A O EF AR B E WG IR ORE, M SR 2 e VR R Fifs ) dl, 58 4 41
BHE RIS S /MR E CPB 3IIRIR A HLAR A e P, 1 e I 2 R P R e 52 . CPB 311 AY 75 fhit
M) CACT ) ZEREAE 403~560 s, ARJF 2.5~19 h ACT fH [T ZE 200 s LI, FARIKINIA] 1.5~7 h, AJF 24 h k51 iR
290~840 ml, JIrA BB IARE Hike, RPARFERBBIRSE. &1 RS ENT CPB.OIETFARBIPTEERNE 24
AT, SR RS , (HRFEER RAT, SR AR5 e ATV I B 2R i AR 22
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Bivalirudin for anticoagulation in cardiac surgery with cardiopulmonary

bypass: a case series and literature review

Bian Luyu, Yan Shujie, Yu Kun, Guan Yulong, Teng Yuan, Liu Gang, Feng Chunlei, Wang Jing, Ji Bingyang
Department of Cardiopulmonary Bypass, Fuwai Hospital, Chinese Academy of Medical Sciences, Beijing 100037,
China

Corresponding author: Ji Bingyang, Email: jibingyang@fuwai.com

[Abstract]: Objective
cardiopulmonary bypass (CPB). Methods

To evaluate the safety and feasibility of bivalirudin used for anticoagulation in cardiac surgery with
Through a retrospective analysis was conducted on clinical data from 5 patients who
received bivalirudin anticoagulation during CPB at Fuwai Hospital, combined with a literature review to assess current strategies
and unresolved challenges. Results Four patients received bivalirudin anticoagulation due to heparin-induced thrombocytopenia
(HIT), while one patient was administered bivalirudin intraoperatively for heparin allergy. Activated clotting time (ACT) during
CPB was maintained between 403 and 560 seconds. Postoperatively, ACT returned to <200 seconds within 2.5-19 hours. Chest
closure time ranged from 1.5 to 7 hours, and 24-hour postoperative thoracic drainage volume was 290-840 ml. All patients
recovered uneventfully without thrombotic events during or after surgery. Conclusion Bivalirudin demonstrates safety and
feasibility as an anticoagulant for CPB in cardiac surgery. Despite potential bleeding risk, favorable patient outcomes suggest its
viability as an alternative to heparin, particularly in HIT or heparin-allergic cases.

[Key words]: Bivalirudin; Cardiopulmonary bypass; Cardiac surgery; Anticoagulation; Heparin-induced thrombocytopenia
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TRICBEES . 1F CPB WA Il ek 5 &
1) A 3 O LB IR AL AR A B, A8
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BFIELLACT>480 s, 45 Won, H417E k5
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ZbJ5 6 h N B4R ACT {EE T H 4 (P<0.05) .
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TE Ak
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16 524 HIT, 3 B IFZ . Skl 2 4
BE IS 1 R AR IR CPB i 4k4L
R BB AR RRSL IR AR S, T ACT (EHAK
THRBMER 2.5 155 5 1 G OCHEBETA, E
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i FH L o B A HIT/HITTS HIT HIT HIT/HITTS JIF %3 i
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PLT frfiGfE ( x 10”/L) 29 21 70 65 146
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[FHE]: Bo HPE OB EBADR ARINEA S (ECMO) MBS G IR ZE. ik ABFE g A
2019 4 1 H % 2022 4 8 H [ BRIt 2 RS A i SRl 28 5y 25 A WHESCHE g b et 0o R TF- AR N ECMO S Bh i BRI
PRGERE, MR G B AT L S o MAET L e AF TR AL, R FE 4R LR POkl . ECMO Sl BRTE M R AEMISERERE, 2 Hr
SRS TS EmEE, E8 QA 214 GIERE, 5165 6], 449 6], HAER 64 (58, 69) %, 874l (41%) 17
TG BE, ECMO Haz i Bt ] 89 (26, 142) ho Hidg 175 6 (82% ) {EFei iz ik sh ke A, 39 6 (18%)
B 2 B b RS AI6IT o SAEIRAIANEL, SET-41 (127 4)) s ECMO % BT % A8 O B R R 5 AT (A b0 il 42 55
(ECPR) BILLIISE &5 [37% (47/127 ) vs. 24% (21/87) , P=0.047], ECMO #HBITT. B) 24 h JET- ALY i T A= 174
[12 (7, 17) mmol/L vs. 8 (4, 14) mmol/L, P<0.001; 8 (6, 12) mmol/L vs. 3 (2, 4) mmol/L, P<0.001], ECMO
B ES kN ER % 1 (TABP) W54 168 1] (76% ) , /L 774 5FE T2 2H TABP Wi 1 L Il TE G i 2% 2% =
[104 (82% ) vs. 64 (74% ) , P=0.145], {H/E7ELH B3 TABP SN B T- i K, 45 R EA S #3249 (9, 130) h
vs. 184 (88, 273 ) h, P<0.001], Z K% logistic [MIFFEI 78 ECMO 1247 24 h FLERK F-EBEPIET- G R % (OR=1.391,
95%ClI: 1219~1.587, P<0.01) . &5t FUT 41 ECPR [bfilcss, FIRLRACE TR SR BUSHIE, ECMO 817 24 h 3L
FRIK SR BE NAE TSGR IR 25, i TABP 45 ECMO Sl fexd R B s A 25 .

[ KR | FARSNIKREREILIE NG s (RIS G OFMEIRSE; ZLIR; AR ; faf B %

Prognostic factors of patients with coronary heart disease undergoing extra-

corporeal membrane oxygenation during perioperative period
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[Abstract]: Objectives To investigate the risk factors of perioperative use of extracorporeal membrane oxygen (ECMO)
on prognosis in patients with coronary heart disease. Methods This study retrospectively analyzed the clinical data of patients
with coronary heart disease who received ECMO-assisted treatment during perioperative period from the registered database of
the Chinese Society of Extracorporeal Life Support from January 2019 to August 2022, and they were divided into death group
and survival group according to the outcomes. The baseline data, preoperative and postoperative conditions of ECMO and the
occurrence of complications of the two groups were compared, and the risk factors affecting the prognosis of the patients were
analyzed. Results A total of 214 patients were enrolled, including 165 males and 71 females, with a median age of 64 (58, 69)
years [M(Q1,Q3)]. 87 patients survived (41%) and were discharged from hospital, and the average ECMO-assisted time was 89 (26,
142) h. Among them, 175 cases (82%) received CABG during hospitalization, and 39 cases (18%) received PCI. Compared with
the survival group, the proportion of patients in the death group (127 cases) who suffered cardiac and respiratory arrest before
ECMO assistance and performed external cardiopulmonary resuscitation (ECPR) was higher [37% (47/127) vs. 24% (21/87),
P=0.047]. The lactic acid levels in the death group before and 24 hours after ECMO were higher than those in the survival
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group [12 (7, 17) mmol/L vs. 8 (4, 14) mmol/L, P<0.001; 8 (6, 12) mmol/L vs. 3 (2, 4) mmol/L, P<0.001]. In addition, IABP
assisted time in the survival group was longer than that in the death group [49 (9, 130)h vs. 184(88, 273)h, P<0.001]. Multiple

logistic regression model analysis showed that lactate level at 24 hours after ECMO operation was a risk factor for hospital
death (OR=1.391, 95%CI: 1.219-1.587, P<0.01). Conclusion The proportion of ECPR in the death group is higher, and early

microcirculatory failure is associated with poor prognosis. The 24-hour lactate level during ECMO operation is a risk factor for in-

hospital mortality, and the use of IABP combined with ECMO assistance may be beneficial for the prognosis of patients.

[Key words]: Coronary heart disease; Extracorporeal membrane oxygen; Cardiogenic shock; Lactic acid; Microvascular

obstruction; Risk factors
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QARG K IFARAE: HUHGE ST E] . 1CU 5 R i) |

A B H] K It KA L

122 P RFSRA&E WERE AR )R
Oy RNBET L0 R AETH AL, L2 R LR k)
ECMO [ 16 Bl SO AE R A NG L. 2S5 )RR
SO LT AR ECMO HE BB N AE T & 2E
BRI BT

123 sl 4 E 100 4 K L E A
ECMO Hu.0 ) ECMO i 7115598 F it 2 CSECLS ¥
W, CSECLS il AE izl 8 sl T332 bR
TEALH IR 5 2R M E ECMO BB . - & AE
KRR 20 BdEE & N n s s B,
R FHGE— (B A B O 2R TR A A L AR
EAEF T . RGeS REIE .
B S BT, AbEE PRAF . FEAEY
5 E E BRI EOC T AU REMESR, B
A gl G AT T T RE

1.3 %t F 54 KA SPSS 22.0 #7481
SO, KEEUE R IEAS TR 90 R 1 IE S,
HAARERBAMMEARRERS (LR ) &
R . ~EBIIK RIS AR5 RSN, AFE
ATDLGERUER:, BOGX = AR R g, HAhR A
JESEATI U test, THESORIR FHBIECR E 43 LE 3R
N, A FECSRH 2 RS, B E logistic [
RL5y B U WE RS A BBl F- AR 10 H ECMO 1) SR 38 BE Y
FET-HIAHC G &, SRR 5 P<0.1 9742
AL E logistic [BITBAIBEL /04T, ¥ 3L
WKL, K568 KME 0=0.05,

2 #R

21 BOHmERLYEF ECMO & F 69— &R
ARWFE B LA 214 51 56009 FELAR R FH ECMO
BHE, ST H S A E AN IR E R, LT
BEULE 1, WABRFRETRHEY LRI #ER
(P>0.05) .

22 ECMO # i miE & R ¥ F 4 1£ 214 1)
ECMO & # i, B [ 32 CABG 54252 PCI
FAREBHE I, EAARAT- A2 IG5 272
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2 (P=0421) . diopulmonary resuscitation, ECPR ) , H A 381721
214 ) H & v ECMO 3& W 3F £ 2 o0 JRE ECPR BEZ TAEFY ECPR B (P=0.047) .
Rvd . HIWR KRSl 95 (extracorporeal car— ECMO FiBhar. HiBh 24 h T 20 2L &

R O A AR SN 1 R R R

TiH BMA (n=214) FET-4 (n=127) HEAEH (n=87) Z i P1H
R[4, M (Q1,Q3) ] 64 (58, 69) 64 (59, 71) 61 (58, 68) 2356 0.056
B n (%) ] 165 (77.1) 98 (77.2) 67 (77.0) 0.001 0.979
EFEEL [kg/m®, M (Q1,Q3) ] 25 (23, 27) 25 (23, 27) 25 (22, 27) 0.526 0.600
LVEF[%, M (Q1,Q3) ] 51 (49, 53) 55 (44, 60) 51 (38, 56) 0.984 0.019
LVEDD[mm, M (Q1,Q3) ] 49 (45, 55) 49 (44, 54) 50 (46, 56) 0.979 0.227
W [n (%) ] 106 (50) 59 (46) 47 (54) 1.377 0.241
GIHE [n (%) ]
F=TIlER 132 (62) 76 (60) 56 (64) 0.278 0.598
L HUREBERT L 57 (27) 29 (23) 28 (32) 2.309 0.129
W B 87 (41) 54 (43) 33 (38) 0.287 0.592
P B 5(2) 4(3) 1(1) 0.921 0.651
TR AR ME 106 (50) 64 (50) 42 (48) 0.175 0.675
CHEAMEFFA s 7(33) 4 (3.1) 3(34) 0.015 0.904
DIEA AFA S 60 (28) 34 (27) 26 (30) 0.248 0.618
i 1t 69 24 (11) 13 (10) 11 (13) 0.301 0.584
[ /min, M (Q1,Q3) ] 101 (40, 132) 95 (32, 131) 110 (67, 138) 0.954 0.007
Feft MAP[mmHg, M (Q1,Q3) ] 46 (31, 56) 40 (30, 51) 50 (42, 63) 4.489 0.018

iE: LVEF: %4454 LVEDD: ZE%EFKAMNAE; MAP; “F3¥8hkE; | mmHg=0.133 kPa

R 2 R BRI ARG S 038 W S AR BTk

TiH A (n=214) T4 (n=127) HAFA (n=87) ZiC fE Py
FAREH 0 (%) ] 0.806 0.421

CABG 174 (81) 101 (80) 73 (84)

PCI 40 (19) 26 (20) 14 (16)

ECMO & RIE [7 (%) ] 6.567 0.035

L JEPER S 154 (72) 89 (70) 65 (75)

ECPR 68 (32) 47 (37) 21 (24) 3.945 0.047
ECMO B RAHE [h, M (Q1,Q3) ] 89 (26, 142) 46 (14, 133) 119 (93, 165) 0.851 <0.001
IABP i} [n (%) ] 168 (79) 104 (82) 64 (74) 2.121 0.145
IABP #iBIiHE] [h, M (Q1,Q3) ] 81 (9, 201) 49 (9, 130) 184 (88, 273) 0.881 <0.001
FHAWMGEES (7 (%) ] 210 (98) 127 (100) 83 (95) 5.950 0.026
JHUAER SR [h, M (Q1,Q3) ] 144 (68, 319) 89 (43, 180) 270 (180, 456) 0.710 <0.001
ECMO # [M (Q1,Q3) ]

225 (mmol/L ) 9.2 (5.0, 15.7) 11.7 (6.6, 17.1) 8.3 (3.7, 14.0) 0.930 <0.001

EHNL 2591753 [pg/ (kg'min) ] 20 (10, 30) 20 (11, 30) 20 (11, 30) 0.850 <0.001

Jitt (L/min) 3(3, 4) 3(3,4) 3(3,4) 0.847 <0.001

7% MAP (mmHg ) 46 (31, 56)

0% (K /min) 101 (40, 132)

ECMO B 24 h[M, (Q1,Q3) ]

FL#2 (pmol/L) 44 (24, 10) 7.7 (3.5, 12.2) 26 (1.7, 44) 0.722 <0.001

EYENL 259358 [ng/ (kg'min) ] 8 (0, 13) 8 (0, 13) 8 (0, 13) 0.777 <0.001

it (L/min) 3(3,4) 3(2, 4) 3(3, 4) 0.830 <0.001
HRBERS S I3 (% ) 39 (28, 52) 32 (19, 45) 46 (40, 55) 0.987 0.597

7 CABG: DRSS BAEA ; PCI: LIRS A5 ECMO: (RIMES A ECPR: (RINOITE 55 TABP: F=ah ik sk il .
MAP: SEREHIKITE; IEYENUIZ8H0Er b 2 Ek + Z2 8T +100 x ' EIRE +100 x EHH BIRE +15 x KIpk
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FHAFH (¥ P<0.001) ZRESI¥EL., W
2H B ECMO A3 B E S B EAR PR LR 2.
2.3 ECMO #1) 5+ X BTG oL 7F 214 i
Hrh, MBUEGL . B A ST A S T
BRIGYT . HTIRE A4, AR K, BT
UL PRZE R G RIE . IRIMEAR DY AR TE A
FHEAE I A R BE Bon, SET- A A AF A H
TegiitEE X (P>0.05) .

AT 87 B (41% ) BFEAATE B, A4

S BEREL, ICU B TR FAE T4, 25
HEaT#E L (P<0.05) . M4LEH ECMO HE]
IFRAE KI5 1B DL LR 3.
24 FousmBEAME A ECMO &4 AT
R E a4 REESH T P<0.05 1945 94
AZ P E logistic MIHBIRIFEAT /387, 25K Ws,
ECMO 1217 24 h FLBR/K V2B NFET - ITER I 3R
W3 4.

3 itig

SO R B AR R R 2 R R R A
PR iy O R R ST el O BRI 3R 5, S Ed
BT AL . RS D X — 2R EE WL
W22 PCLIEYTY 8% CABG, {H 111z R 2 n] {8 Kb

SrEEAR R, DRBEIX — 2R TR MR 2E 47 1
GYhEL,

FESET- 41 P ECPR B34 i HL B B & F A A7
41, 5y BB TE AR g€ 0 W R 45 1 K 0
ECMO, ISP AE IR iy, (R LR HE R
WIHEEZREL, H ECMO i217 24 h 5 A REME K
PEFREEAG CURZS, BIfEAE ECMO Bl A4 5
FET- A, PIIEXT TR ET CAFTEAY E DI Be B A
b O AT, AT AR I ] ECMO SCHe sk O
ARy aiitt ", —IZE ST AT 1305 Bl
DB BRE R, Hidh ECPR 41 295 A, 4530
ECPR 7E#2 /5 th B A= A7 3R el 3 ol 2 D e RS Jr
A e,

SHEFAHME, T4l B E ARTFLR . B
WL 259034y . ECMO % Bl 24 h ZLER P B4 =
Hisd ZHE Logistic MIH4T, 455H4ER ECMO
HiBh 24 h FLRREAE T W fE IR K. 5 BUMAE IF
B A 1 8 BRAL IR Ay a4 SE L BRIM ARG . P
HEEPE | R0 Z B . R ECMO
IABP. A BUHLAGHE S IF IR R 0 SCRE, ABAE 4R
S B TG A L B R] e et 4 S P
i1, AR AE LR T R b AR - Bk R
et or 25 1 8l - KA & 12 (Py_,CO,/CyL,0,)

R3O BRI ARSI ME A S BT RAE S T

TiH A (n=214) T4 (n=127) A (n=87) 2 A8 Py
BRI RAE [n (%) ] 3(1) 3(2) 0(0) 2.084 0.273
IRAMNEEAR IR [n (%) ] 18 (8) 9(7) 9 (10) 0.711 0.399
W[ (%) ] 53 (25) 36 (28) 17 (19) 2.149 0.143
M RGIRAE [n (%) ] 19 (9) 14 (11) 5(6) 1.777 0.183
FFHBESEH [0 (%) ] 75 (35) 46 (36) 29 (33) 0.189 0.664
CRRT[7 (%) ] 98 (46) 63 (50) 35 (40) 1.829 0.176
T (%) ] 148 (69) 69 (54) 79 (90) 32.203 0.533
TESREAL [n (%) ] 43 (20) 31 (24) 12 (14) 3.624 0.057
FEBERAEC[d, M (Q1,Q3) ] 17 (10, 26) 13 (8, 18) 28 (18, 36) 0.845 <0.001
ICU K% [d, M (Q1,Q3) ] 7(3, 15) 4(2,8) 13 (10, 19) 0.837 <0.001
iE: CRRT ALk a7

F 4 T AN FASME A G B F BN FET 1 fa ke R 2 2 b
i OR fH (95%CI) Py
SR S R] 1.00 (0.998~1.003 ) 0.843
ECMO Hiffx 25 7R 0.997 (0.932~1.066 ) 0.922
ECMO iz17 24 h L2 1.391 (1.219~1.587) <0.01
TABP #f R ] 0.998 (0.994, 1.001) 0.175
EMENUI 25905 1.012 (0.992, 1.033) 0.251
{EBERsTTa] 0.903 (0.858, 0.950) <0.01
iE: ECMO: SMESE A TABP:  FIKNERSE AT, PR AAARIRES (BET2=0, fAifi=1) ; AR, ¥REaalria
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FLAEIE TN, O A AT 4 Ful f F AR AE T R Y,
AIE T, AIEN Py_,CO,/Cy 0, HfE 6}19?
TEAIEGE TP G 24 F8 5 R G TABP i B 1 LE 451
JTCWH B 225, BIARY ECMO B4 IABP (B EA
168 il (76% ) 4HéE¢?@a%%%§E%‘*1Afﬁ>$ﬁﬂbﬂﬁ
BRI, S5 EAGIEE L, X RPN T
@ﬁ%%ﬁk%mw%%EwmﬁMﬁﬁ,w
BENBUSAFMAEH . Koy wE LS EHAT

TR B AMES, BeE 6 T LU AR Sl P i %
ARINAT A A B S P L, PR E R, A

A0 Kk O LA L 4 BRORE 2K S s ), A —
T [ B S B P LU ER T 18 44 A kR ST Bedh w1
OWUESE 3 ", Hidh ECMO BX 4 TAPB 4 2%
AAFR i, AN RS0 E0E & A R TR

AN, ST S EFdEZ FARE
RIJEW] i 22 5%, (HA®F5E "X ECRP, WO JRPEK
iz B AUiE A R S ECMO FiBhRYT
X} CABG. PCI P4 (& % (1) ECMO BiEHLE . fE
B B[R] A7 0% 23 DA Bt B i A7 15 %, CABG 1)
RITRCRAE T PCL, HX — 251847575 B8 2 (19 iF 4
KA A 138 T R

AFFAFAE LT BRI, 245 R s,
A LUK 560 9 B8 il ECMO 5 ECMO Bt A H
b A 1 B2 1 SR B R TR B, BT ECMO 1
i FHETAL, AR AT 58, [FIR W LR |
P,_,CO,/C, O, [LESFET bR, i — 5.0
WERERIT TS, M 2 HEEHE IR

g LTk, X B R R ECMO fiff
FHETHL, S iHE FH ECMO #Bl, 3 b g B 251
PEARES:, eI 2 J1 2446 bn, (B e
BRIRIS . PEIRAE IR Eu, fiH ECMO {5 3 w5t
TR

S E 3k
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P A ) Lo T AR O T i 4 B 1
g, skwedR, REF, TMAE, Erdg, £ &, A F

[(WE]: B BEAEHELKMONE (CHD) F=EIFARPOMEER (CPB) EHITIRMAR ., ik 20224 12 A
52024 4F 4 A, ARBE/N LA AT fe B CHD j7 B FARF A LEE 10 4], B s Bz 28 28 LI R ek} . CPB 4
PR . FARRE OIS E A MAGIGRSE R, SR 24U8E )L CPB B (167.40 +75.18) min, EsIkFHET
AF1E] (107.80 + 57.18 ) min, FAYBTFHSHL, TCHERSCMT, CPB MARIEIIFE A4 (5.50 £ 1.37) mg/ke; JEIMPER (0.8~1) Us
P RO IERT ] (9.1 +£1.29) min; SIETRE (469+96.15) ml; KFE A HE (9.54+1.48) mgke, A 1 BIAJE 45 d
P =AM BRI, AT =R AR . 1 IS PR3 ] A SR A P R JE AIRC HEFE T 9 IR S5 IR e 42 H e
it UREEE L OMEFAR T LA 2SR BN S VTBC A T oA 2 feE CHD B URESEN L i R FARGR LS.
CPB B HIW MFEA vl . Wi . Prskifl . R AN RARAORE RS, CPB W] 4 i A LR E I G 2

[ R8BI 1 OG0, fal; SeRMONER; Bidl; FrholEFAR

Experience in management of cardiopulmonary bypass during intrapartum

cardiac surgery

Miao Na, Zhang Xiaojuan, Zhao Xueting, Wang Jialu, Wang Xiaonan, Wang Qiang, Zhao Ju

Department of Cardiopulmonary Bypass and Mechanical Assistance, Beijing Anzhen Hospital, Capital Medical
University, Beijing 100029, China

Corresponding author: Zhao Ju, Email : zhaojucpb@163.com

[Abstract] : Objective To summarize the management of cardiopulmonary bypass (CPB) during delivery of critical
congenital heart disease. Methods From December 2022 to April 2024, a total of 10 neonates with severe congenital heart
disease underwent intrapartum surgery in the Pediatric Heart Center of our hospital. The clinical data, CPB management data,
cardiac laboratory examinations before and after surgery, and postoperative clinical results were retrospectively analyzed.
Results CPB time of all neonates was (167.40+75.18) min and aortic occlusion time was (107.80+57.18) min. All neonates were
stopped without delayed chest closure. The average dosage of heparin during CPB was (5.50+1.37) mg/kg. Blood bank pre-charge
was (0.8-1) U; Improved ultrafiltration time was (9.1+1.29) min; Total filtrate volume was (469+96.15) ml; Protamine dosage
was (9.54+1.48) mg/kg. One patient underwent a second tricuspid valvuloplasty 45 days after surgery due to moderate and severe
tricuspid regurgitation. One patient died of low cardiac output due to hypertrophy obstruction of ventricular septum. 9 patients
recovered successfully after operation and were discharged from hospital. Conclusion Intrapartum neonatal cardiac surgery
can provide a new safe and earlier surgical treatment opportunity for children with complex and critical congenital heart disease
under the close cooperation of multidisciplinary teams. CPB management involves the precise control of consumables selection,
blood storage pre-filling, anticoagulation optimization, flow and blood pressure control, etc. It is very important to monitor oxygen
supply and consumption during CPB.

[Key words]: Cardiopulmonary bypass; Critical; Congenital heart disease; Newborn; Intrapartum cardiac surgery

FEE e R0 (RIARSE.O) R IE LRI BRI LIAERE, — B RHA S, A
KW FL) 0.146% , o PR Jo i LI AE R B SOl RRe R il 1] P9 o it JLAE BRSO JE i
14%~25%" . XHRorfa d B ILIERMAN A NE T RREIEROIRA . HhA: S ARG LR 9 3l

BB : HERR AR5 T B B BB QB i R B k4 (KCZD202202)

{EZ AL 100029 bat, HHREERI EME AL G2 vl B BE RSB R XA BIIEERRE (205 skIeds . BT . TR
B2, RRE (TEBERS ) L /NLOBEF L (E58R)

BIEIEE: B %%, Email: zhaojucpb@163.com
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ik S48 P A AR B L 5SS A2, LK R ™
FHET R T EE . WA DE I e A
fe R, M FARML, HEESEs L
FET B ARG JLAE IR A B 24 e R L dE . A
REBRNRLGEME. EZhk= &l / & 3k
AR . [ i 0 TR il 30 IO PR A . R B0 ik
Mepkere | (0] o B B 58 RSk . e 4
PRI S0 51 5 . BEE IR LR 75 P s Wik
AREEE, DAL fE o0 LIS LATE G LA
12, R Rz A 1A, W
KB L OREFARSE T ER . A HRTxF
TR A LT AR T, (H2EE
NS4 R R YT AR AR K . ARBE S A H SR
R, B AR X G LI AR 2 R 2% e S0 B
Az S BRIV I 7 R T e R AR LA T P R AR L
OEFA

ARG T AL % pTBE BE 2022 4212 A &
2024 4 4 /ML BEH 3L 10 41 fa 5 5E 00
AT AR LT AR TS 5 2 2% AH OGS0 00 = kA
ARG G IREE R, 2 A ol X iz 28 LI b
FH2IT Mg . O ti%% i (cardiopulmonary bypass,
CPB) &H k.

1 #REHZE

1.1 —fFH 20224F 12 HE 202444 7, K
Be/N L EAMNER R 3E 10 411G B 5006 7= iR
BIL, Hrh5B e, 46, LI REAIL, H
a2 RIL, 1 BXUG. RE (2.3~5.0) ke,
F-F4 (347 £0.86) kego 10 i L 2 1] = 1] B

WKAAs 5 2 1512 (] By S B Ut o ok DAY 05 1 43 o
IS BKBeAE s 1 IS ke I e i 5 1 I B 323
KRR AE 5 145110 P 2R 5 A M i i Ok S 5. 5 | 9
EN MR R EN=E17 S N s s g S e ES
BitHE (2024258x)

1.2 REZ & CRHAWAFIKE SRR, 205
TR, FREE A A7 Bk o 7 TRk
o AV A AP A R X AR AR R

1.3 RIMAZRE L HBJLIE S IR Bk i AL
LAY, PR S 26 e 2l Jicfeh i A A i B9 RN <2 SCRC AL
7 10 7R Ak 56 K 2K AN B B A I R 2, A i i
28 XCHC LA A O FAPE AL, 3% Terumo-
FXO05 B4 A4 B LTS | Dedico 0.2 AUHAYE |
A ER K S 1 ( vacuum-—assist venous drainage,
VAVD) 28 | LR R RE. M IR M H
1105 R 0 v 28 11| 7 A L D R R W S A =S
W29 130 ml, 20% AR 50 ml, &7 HLff T
VS 50 ml | 5% BRFREEA 15 ml, iR 1500 U,
STFE Y 230 ml (PIEE R 50 ml) , BRI
35CARIE . BEHE 8 Fr DLP 2R S IkIHA ( 363007 ) ,
REERK 10 Fr BLA RIS (RfEAE) |, TR
FiIK 14 Fr L F KA (328001) o WG ARBEIN
18] (activated clotting time, ACT ) >480 s Ji5 /- if
CPB, VAVD HBI#IK IR . BUIAT 713 5
F Ik Je 1o 38 FAR 41 30 me/kg, WRZEK 0.5 mg/kg.
SRR 33°C LA IR 3k, 28 F SRR
FEVEVS HTK W 50~ 60 ml/kg, HEVERFA] 5~6 min,
CPB S A&, 520 s I e K i 4 06 R0 5 RN T 40
AN (hematokrit, HCT ) , AR 4 1f JE A% 0 11 < B%

SERERNR B 2 B IFERRBLR A RS NGB E L. MEHE R o 2, HEE
R SRR B AR B L— Bl Rk
3 ; 2 2 & B shTh
1 37 38" 3.4 17 178 C-TAPVC TAPVC #fif
2 28 39 33 20 84 TGA/VSD SWITCH
3" 25 38" 3.7 12 65 TGA/IVS SWITCH
4 24 38" 3.4 8 69 AOPA AOPA #iifi
5" 35 387 3.4 6 50 TGA/VSD SWITCH
6 26 38 4.4 5 46 S-PS i3l ke I
7 34 397 5.0 9 34 TGA/IVS/HCM SWITCH
8" 36 387 2.7 7 77 PA/IVS PA 7i6 +RVOT Biil
9" 33 377 3.1 5 82 S-AS AV E
10" 40 37 23 7 34 PA/IVS PA %fii& +RVOT i il

e PFRBRUL, T FRRUENG; C-TAPVC: OB SE SRk L5 10 s TGA/VSD: KBIIHAL / ZE MFRE; TGALVS: EIHFR5E
BEVERBIKEAL; S-PS: FEZANBIBKAESAS s PA/IVS: Z [ f Se BEERG B PR IAI 45 S—-AS: FEE EDBIIAE; AOPA: i sl bRk 557 3 5

SWITCH: K#hliidfefiiAR; RVOT: 45 % i i

HCM: BEJEPEONUR; AV: EsiloR
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HLAE. RBTEGEEE . BIEFR UG
Uik, IR T 4R - EE U8 (80~100 ml/kg ) o IF
SO A S Z B, 3~5 min J5 MR 3%
AAEG 0.5~1 g, (A SEATH MU IE. R B 1E ER
ZE ML SN N AR E, &k 36~37.0°C, Ll
36.5CLLLJREHL. EHURTTE R EIE (modified
ultrafiltration, MUF ) 8~10 min. R " J&) & ik Az &
AR E , Bl B AESEZ KF- 20% DL

2 #R

10 BIEIL, B RABERE . 2159
BGR] B, 1 HIFET, BRAETE 2 90%, FET-
R 10%, Ho 2 Bk HPuOmE R, ARJF¥20 h
NIRRT, AR . 11T —IRFR,
ARG A H B o

1 BIAET L™ Je B Z0 8 7 B 12 B = ()
W 50 & Y K 3l ik B 46, 2= (8] B R AR TR A JE
14.5 mm, PEAGZE % 3 H 28 ML B E R L, TE
BERH, FARFBIEWI, 178k + shlik e
540 + INEFLIERIAR, RIGHE 6 HIRBRTEHHE,
WE R SHE, A=hREEEEN R,
JE 2 (B e E R O R DI RE, BRI, R
J5 17 H BEEARARELERAT ECMO 4B, ECMO %
RS 6 K (RJFH 23 K ) 4B KM, TR,
o LR MLAE . % M D R SR . H AR T R L ARORR
ECMO J54ET=,

I % %) Uk 7 & 3 mekg, V340 M A
(5.50+1.37) mg/kg, CPB ] ] ¥ 1 W &
120~ 160 ml/kg, 343k s 25~40 mmHg, HCT
0.25~0.27. 15 #L MUF J5 HCT>0.35. 441 & )L
CPB I}A] (167.40 +75.18 ) min, 55k FELr AT 7]
(107.80 £ 57.18 ) min, AJFHUAGE K E], ICU
15 BA ISP TR RDA 5 18 B R LR 2 IR

3 itig

X S E S U A L TR L B SR A7 A A
W, ARG T AR M R KU A B R AS 1Y
Jrig Pl B G LB SRS W TR L AR
AL JRREE, CPB KRS Wi i O REAR S T ) S Tt
AR E URHE R I B A i e D &,
RIRRLSE ), fER R SR JLARER 27 1130 N 58 1
O MERTE BT IG o FAR R b O A e o A
JUH A J A i LG PR 95 21 B B s B 00 A
e, SRR BRI, B R A% B
HREREME . g 1 e B 1] P A i L BER
A, KPR IR A HDIRES, ASHO R =I FR
(1 55 0 e LGt 80 T A PR T i £ S 8] AN o
30 min®, Zeid —BXHH SR, LI E] T
AR 6 BB TR] 2T 46 R 2 10 min AN

APTAE T 7= FAR B AR 22T
PR PR 6 AL, 2 L R R AR LT
OrJE B AARGBE O HETF AT, BILAFARZE
JE TR RSB A S AZ L IR, [] IR A T PR I 55
T N UERE ke R, SR
M AZ M RIRC L. 2 BN 5, JTCHAER
A 1 BRI 1M 75 T 28 e il TR . T
BRI LA MU D L A B PRI R A
SERPARBUA TR B AR LA > sz ) 22,
K M AR PR R BE RS R, 2 i A
S AN C I PR M, DRMORR 2 A ) Lo L DL ) A
T kb B R, % 4 ) i R B g AR LA O 2
RHD BHPESE LI A RC & B a0, W PRES R R4

FEROETR CPB A B I8 T A LA
R, HERS AR . ARBE A E M E &
TE 22 BT 8 BRGE T PEAR I B3R ), ZE TR AT]
SR (D CPBAEM IR | WURAL AT A

R 2 SERVECHER I FAREILA P LA

gl HeAILIE] (min ) FELETES ] (min ) WP E] (h) ICU Al (h) fEgzrfE (d) B
1 76 34 47 187 15 hpx
2 234 158 29 235 10 e
3 225 163 46 186 9 e
4 180 117 2998 3120 163 HiBE
5 223 161 18 86 18 e
6 106 58 13 144 15 e
7 233 157 541 576 24 BT
8 114 59 48 155 21 e
9 145 98 74 354 20 e
10 138 73 72 235 14 e
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WA, B A A B MESR A BL A VAVD
AR AL S R E s AR R e e, R/ D e
AL . @R E ., W, Mmish
J725F W I K i AP PR BT W A RS A AL R,k
GG B, 4 sh SR, OBE
it FH R 0 R R I Y I ke s, A b 4ERE HCT
0.24~0.27, MUF Ji5 HCT>0.35, @.0> JLAE- 41t 1]
HTK OIS, AR 784 09 HE A ] (5 min
PL b)) FIEERE (>50 mikg ) o Q4T .
ARG 2 A W (HEVE R ) L WOFI ) |
E71R ARV N 11 R0 7 R o3 1L BN = 8L I R E
W (CHCT . #bkoai S A L )3 AU i
&), HASmANEN, A ReMENEE R BbR
S B

T R AL, Bl L = 4%
B —0Fam . 40T R R 3B E A LB I - Bt
BRGSO, Se R PUEE M 10 6= i
INRINBER /&, A CPB KT, A Tk ok
YIAIZYE . TFEAL . P 7 e S MR 2 A H A I
WHRE . SMRHFERSFESRR. WEHZ. FRE
TE) 000 P BELBRT s [R] K 25, 2018 4F, B4} 2 i by
NN (K9 N N S B S ES N 5 N S
A UEHE ST I RS e /e, AL AE RSB PLBE
FaE " 2019 AFEAF AP LR D215 RE 1 4R
WA L R LR I 9 A S R Ul 4 1 ACT
ol JF 28R B SR Ak T 2 A AR LA L EE 9 RO
JiF 2 400 4 7 it 400 U/kg, 38 0574 100 Ukg, Wi
MFEHR ACT>400~480 s, Wil it ] 30 ~60 min,
R E YL 075~1 1, T RIH AL
JF 22 400 B 038 hn ) AR v v BERS I, 2022 4E K
20930 3 XF 1992 4F & 2020 4 5 F JL#E CPB JiF
E=8E B H L IUR0 R T T = BRI i} B i
20 2R ok T AR 3 6 2 B (patient—
specific concentration—based, PSCB ) 7 AR B
A A R F) 4 (weight-based, WB) J7 ¥4
Fb, PSCB iLfETE s HIPL IR YT, WA RIG R
A, 5 WB Jr kA b, PSCB ik R H
R, AJik3] 800~1 000 Ulkg, [A1 A 5z i £
PR FEAREIL, R SEN 6.4~8.8 me/ke,
[l 4 30 min Y5 ACT 1EMATFRPUBER AL A
BULEA SCRRAAS B i B, iUl RS v 2 e

W AR TR R AT B, R T ke G AP
g XU

PRI AR CPB A BT B A JL CPB & HLR
THE L M ORI ER, WRE RSN
CPB FIHE& ARG AR AL, 45778 CPB X 7™
BT A LI s R B e Ik, SE B LI PG AR J5
|53
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K-l k- s kA MR AR S
e iR A L TP AR 29451 B e iy A2

ERMs, BT, Tk, TiRE B A, F4am

[HEZ . B BEEIK - sk - BIKASMEE S (V-A-V ECMO ) 7ENTFSHLFE T AR IR, A% it
BT 2015 4% 1 F 2 2024 4F 9 F Jc8h A R EE Bl AR Bl AN V-A-V ECMO Sl 29 #1253 1 R 7R K ECMO
W WA B ] R AR LR A5 29 BURTRSHL R B3k 19 1, <otk 10 451, o fiili) mef 2
b 18 i, SRSk 4 B, W0l 3 ), MEERHIEMERTEERG 2 B, SRAEY IR 2 B, HURESAE 9 ], BUITESAE 20 4],
29 {5 ECMO B FE PR AR T 2 6], AR BORTE B 27 B, iFER 200 V-V ECMO 6 il . V-A ECMO 10 {4,
HPH V-A-V ECMO 9 5], .t> V-A-V ECMO 4 4] PR RS I IUEPE O | ORI . GONESREE . A )

(PGD) ZJEH, 6 FlHREWILG V-V BB BIARAE il V-A-V., 146 V-A 200 10 5158 LA D30 P Dk 457

K V-A-V ECMO. 9 fil B35 R h E 44T V-A-V ECMO #ibh. 4 BiIEFFAR P PO V-A-V ECMO, AREFT Ik & &
AR RAIMNE V-A-V ECMO. &8 29 il 11 FIEH VT 7 IBEIET, 4 BEEEREITEAEWAAR, 21 F8E R
H ECMO (724%) , b 17 GIFEFARIAE (58.6% ) 5 8 BEFHPLOIIRESH T RE TS M JCAbL, Bt o
HGHRIT . S8 V-A-V ECMO 20l REAE B 7L FEI T AR Rt BERP . (G PRl iR i) — R Uil B B

[ K5IR | WESAE; PR #eIk - 2k - kARSI A

Veno-arterial-venous extracorporeal membrane oxygenation in the perioperative
management of lung transplantation: a single-center experience with 29 cases

Wang Dapeng, Xu Zhongping, Wang Haixiang; Wang Yifeng, Zhou Tao, Xu Hongyang

Department of Intensive Care Unit, Wuxi People s Hospital Affiliated to Nanjing Medical University,
Jiangsu Wuxi 214023, China

Corresponding author: Xu Hongyang, Email: xhy1912@aliyun.com

[Abstract]: Objective To evaluate the clinical efficacy of veno-arterial-venous extracorporeal membrane oxygenation
(V-A-V ECMO) in perioperative management of lung transplantation. Methods A retrospective analysis was performed on 29
lung transplant patients receiving V-A-V ECMO at Wuxi People’s Hospital from January 2015 to September 2024. Data included
demographics, ECMO cannulation strategies, initial configurations, mode conversion timing, weaning time, and prognosis. The
cohort comprised 19 males and 10 females, with underlying diagnoses of interstitial pulmonary fibrosis (n=18), primary pulmonary
hypertension (n=4), silicosis (n=3), chronic obstructive pulmonary disease (n=2), and bronchiectasis (n=2). Nine patients
underwent single-lung transplantation, and 20 underwent bilateral lung transplantation. ECMO was applied preoperatively for
bridging (n=2) and intra-/postoperatively for cardiopulmonary support (n=27). Initial ECMO modes included: V-V ECMO (n=6), V-A
ECMO (n=10), peripheral V-A-V ECMO (n=9), and central V-A-V ECMO (n=4). Due to malignant arrhythmia, cardiogenic shock,
cardiac arrest, graft dysfunction (PGD) and other reasons during or after surgery, Six patients with initial V-V mode were converted
to V-A-V via femoral artery intubation. Ten patients with initial V-A mode were converted to V-A-V ECMO via right internal jugular
vein catheterization. Nine patients received direct V-A-V ECMO assistance during surgery. Four patients underwent central V-A-V
ECMO during surgery, and after the operation, femoral artery intubation was performed to convert to peripheral V-A-V ECMO.
Results Among the patients, 11 underwent hemofiltration therapy, and 4 underwent tracheostomy postoperatively. Seventeen
patients (58.6%) survived perioperatively, and 21 (72.4%) were successfully weaned from ECMO. Eight patients failed to wean due
to unimproved cardiac/pulmonary function and ultimately died or discontinued treatment. Conclusion V-A-V ECMO serves as a
viable rescue strategy for lung transplant recipients with concurrent respiratory and circulatory failure during the perioperative phase.

[Key words]: Lung transplantation; Perioperative period; Veno-arterio-venous extracorporeal membrane oxygenation
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il 4 A e TR 22 B AR Sl 8 5 ) M — A7 %8
BIT B, AN 2001 AEJRSAE TR RSB A
( extracorporeal membrane oxygenation, ECMO ) ft
%R ( cardiopulmonary bypass, CPB ) LIk, K
AR 0 DN 2008 AFEITF R ZE ML AR T A b b
ECMO, HU% T RAFIRITRCR ", #bk - gk
( veno—arterial, V-A ) ECMO $2&HtEERFIREI 7 5,
LRI EAEEARSAMAE (2257 VRS ) I,
o AT E BRI B8 S e R sl Bk s S m) i, V-V
ECMO $2EEWEE SRy, 435 B™ B AR B v
W, JCEATA T BORER SRR, K - Bk - K
( veno-arterial-venous, V=A-V ) ECMO fi# & T iX
— G PRI, BEAE ] TIE PR AR IR 1 S 45

it % LR BT RS B A RS AR ) Ok
I ( primary graft dysfunction, PGD ) O S R,
V-A-V ECMO & it 74 Jy (Il . 635 S0 F5,
FEAR I 8 O I T B R WY, e d S V-V
ECMO 2% V-A ECMO, 7efili B Bl T A A %
HESAHEN . B IRRA KRR, I HE T
AR G V=A-V ECMO ( Rk - T+ 4648 -
HUNERIK ) 962, UG REFRAR TP RIBIRCR
(R4 FE BB ER ECMO 481, BKHT ECMO #5
I HANE V-A-V ECMO B8, AT LIVE A %L
MRS, G, A BIEEAT 5T B 32k
V-A-V ECMO TEfli Bl FAIARIEEH] . H A%
T I I RARE LR X ARG Y7 f A U 520
NAJEANE V-A-V ECMO 1Efli B BT AU
PRI

1 M&57F%

1.1 A% EE20154 1 A 1 HE 2024 4F
9 H 30 HFABAT MM T AREE, ikl
Bl T A 3 1% A6 ] V-A-V ECMO 37 335 i) 52 3%
20 o, FLb B 19 I, Lot 10 ], A SR Ak
BTN RERECEE RS (S,
KY24171) .

g9 A bR O R AE FE T R 8R4
V-A-V ECMO ZHe %, QIR K TFH T 18
L EE . HiBptRE: O EBE; QBT
ARJGAARBTH/INT 24 by QI IRFORHIL 1 3
1.2 ECMO % & A
1.2.1 ECMO B BERE M3t RS A Rl T R 1
FHE N AME R AR RE B, ARPE A . A2 4k
AR EZE, PPk B HE IR AEA T 2R B =2
Fefa, AR B AR A QI 3l Ik e A A7 O D g

HLIERESNE V-A ECMO, V-V ECMO, H.» V-A
ECMO. H.0> V=A-V ECMO, #M& V-A-V Z5p=
WAE B AR ARSG B BF . PEAE BT R, V)
ey V-A-V ECMO #i50, BEWN )G, E
XPC Bt P RER S AL, A FF LT ECMO [ V-A
HEBHA V-V B
1.2.2 E AR AME V-A ECMO: sk -
e PR s V-V ECMO: B bk — 2509 5 ik 4
5 b V-A ECMO: £ 55 - FFEsIkIRE; o+
0 V=A-V ECMO: ik - 7+ F3hk - 350 # ik
%, HME V-A-V ECMO: Ik - BEsh ik - i
N KR AT . AME V-A-V ECMO 8 i Y 45K
ECMO #E i s 2 I sh bk . SN Rk ( 25008 ik
FE S IR I E i Hoffman B 22 250 14
Wbk ) o PP TR &g s Ak
BHEA AT, IS KCE R R AR U Fn 4
YIFFikitAy, R & ARSIk 6 Fr sk 7 Frit
UHEE A, R KCE SR S R R B, Sk
HENEERHER N 15~19 Fr, #kEENE
B RSHERH 19~23 Fr,
1.3 AR A WEEREN R MW, 4E
1% . ARBTEFEEL (body mass index, BMI) | RS
T R A ITIE RER IR L A% s
SIEAERL OISR ARG A ERK,
O IR P PEAS T I bk e g o AR i B ( F4n
SLAMAE . /MR . IMLLER FKY- . C ROVER ) |
BEIM T fE (i B s 1] 0530 T I il D et
[B]) . e (NARRASS M. SBHLIE ) |
Boite CIMWLE . mIRZFEA . B/hERIEdH) |
ARHGO G AR IR L BORF 8T SR, TR
Bl FARIE . FOREE . ECMO WILRF =K
IR gk, Ba kB . A Kk
Y NG REE T Wi/ R I P 7 112 T I NS R B 1=
ARl . RIFTR: V-V ECMO SZERRE |
V-A ECMO SZH#f] . V-A-V ECMO SZ4¢0F ] |
S ECMO BHA] . A GG <] | ICU B[]
PGD JPHFE . RFEVIHEN . REREGT
S ERMIGYT, BT ARMALAEN MG, 1%
REER N ECMO I et or 4 4, 25k
V-VH V-A-V A V-A 5% V-A-V 4 > V-A-V
FEANE V-A-V 4. HESMNE V-A-V A, 4
B FE N ECMO L LF T AR EAE
1.4 %t % 7 ik SPSS 26.0 # A% 5 ¥ 1E &4y
A5 B, % 2L AR & 3R OR O T B A bR o 25
(xxs) , MEHRMmAR, PP (PUa0%0)
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M (Q1,Q3) | FRin. 43228 LI (A 7 3%)
[n( % )] 3R o B PEGERIT HLR ] Fisher B PTG

2 #R

2.1 EBERT—MEINL 29BIHREEZ T V-A-V
ECMO 497, Hrp B (1929, 66% ) ZF 1otk
AR K 54 % (T H 19~68 %) . B LAl
P MG I M LI R AT T O L2 1,

22 BERPEA BEUNREAE 20 ], HUfl
Fora o B, 4 BIERFE RBCUIFTFF I, 3 FH
FHHRBME BE B BEE PGD, V-A-V ECMO
BN AT T IR AE TR, 10 BB E AT Ils 2%
FAR, FAREHAE, WHfmE, Rbdkimi, R
rh I A UL ER 2.

2.3 ECMO &3 Uo7

231 WG HERE (£3) 2 FIHEEEE
B, 5B 1R B ke e id, AR BERTTE
V-A ECMO HiB FATHIE R, KI5 V-A ECMO
D10 dJ5, #¥oh V-V ECMO ¥ 12 d J5 5%
BEARBE, ABE1LdJET UGB FA, R
V-V ECMO Yl ilisNE V-A ECMO Hllh, RJ524
KEFHFHBERE PCD, A V-A-V ECMO Hibl,
FARE 4 d it V-A-V ECMO shfliks . RJ5 13 d
i V-V ECMO, BEFEAFH B, 5 2 il
BN, RATA G %Mk, V-V ECMO R
FIEA% 9 d AT Ut B fE A, Rrh A7+ 330
k4% V-A-V ECMO FBISCRE, AREEG N A1 E
V-A-V ECMO %P > +F, RJ5 4 d fiih ECMO 3
JKAE R V=V ECMO %8, & ™ kg,
LR TE, TARJG 13 dJET:. B4 27 Fil
WILE N FH ECMO JE 3 AR i By o

232 WA RE (£3)  SHIBEEARS
BN V-V ECMO 4B, Hr 2 fildE RS
Y V-A-V ECMO #X, 1 {512 A AR e ik
B, O3 1 BUEBECAAR A I G R T, Stk
felaag s Hop 3 HIRBHE ARG 2 ICU 5 G 5
PEIK T, 45T Ul V-A-V ECMO # B, 11
V-A ECMO ¥4t 5 V-A-V ECMO JE[H, Hr 1 1)
B A B PGD, I R A E V-A-V
ECMO 58, FARZE B RSk ECMO 34,
MR V-V ECMO #2555 41 10 1] 8 2 i T il
BAEAR T V-A ECMO, R HELEE PCD, %
GMEVAGERE, BN V-A-V ECMO HBh. 9 i
ARG IR T ARVEAL, R RS V-A-V
ECMO fiBl, 7340 4 5 R it V-A-V

R MBAEAINE ARG BE L (n=29)

T H e
Wy (%, xxs) 489 + 14.47
PR [ (%) ]
b 19 (65.52)
‘s 10 (34.48)
BMI (kg/m’, X+5) 21.81+3.3
WIS [n (%) ] 9 (31.03)
PRI 7 (%) ] 2(7)
1A 7 (%) ]
AT 10 (34.48)
B #l 7 (24.14)
oM 9 (31.03)
AB 1 3(10.34)
LW [n (%) ]
Jitile] L £F 44k 18 (62.07)
Ji R PN B ok v 4 (14)
it 3(10.34)
P BH ZE P Rl 2(7)
STk 2(7)
BIHE [n (%) ]
WEIRI 2(7)
R LA 5(17.24)
S0 3(10.34)
Yk R I Bl Ik e 17 (58.62)
AR B 9 (31.03)
ENiillEy 4(14)
AT 52 3(10.34)
AR B K e 21 (72.41)
filizhk & (mmHg, X+s) 65.86 + 24.08
S A A A
FIZ ( x10°, Xxs) 10.60 + 4.37
40 ( x 107, X+5) 4.40+0.83
/MR (x 10°, x+s) 207.50 + 80.08
MersEE (g/L, x+s) 129.48 +27.40

10.65 (0.68, 47.41)
12.10 (10.88, 15.25)
28.80 (26.88, 32.93)

C R [mg/L, M (Q1,Q3) ]
VRIS E] [s, M (Q1,Q3) ]
RS AR IR [s, M (Q1,Q3)]

NRPRBHLBE (UL, xx5) 28.26 +20.41
JHBRLTZE [umol/L, M (Q1,Q3) ] 12.90 (7.85, 20.95)
MALEF (pmol/L, x+s) 57.74 + 16.00
IMIRZEZH (mmol/L, x+s) 535+1.67

B /hERIES R (ml/min, X+s)
LFERIK [ng/L, M (Q1,Q3) ]
ARuirsyr = [n (%) ]

111.37 £ 12.98
357.80 (163.30, 1066.29)

R 19 (65.52)
GG e I 3(10.34)
TCRNFI AL 3(10.34)
BRI AL 4(14)
ECMO 2(7)

W BMI: (RFEAEEG ECMO: RIMERS
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ECMO, FARZRIYIRMIMNE V-A-V ECMO.,
2.3.3 ECMO BF[E 54 A 9 5835 R e
ECMO,3 1] H 55 1 4 7 5 LU AR A V-A-V
ECMO. Lk V-V ECMO #{#L 16 f5], LA V-A ECMO
ML 2 ], V-V ECMO., V-A ECMO. #}M# V-A-V
ECMO Bl a] W35 3.

R2 MBHASNEA S EEARPIOR T (n=29)

FAR K
FAEIH [n (%) ]
i 9 (31.03)
BN 20 (68.97)
TGRS [n (%) ] 4 (13.79)
FAHREL [n (%) ]
HIXHHE 26 (89.66)
2 3(10.34)
JitgZs [n (%) ]
= 10 (34.48)
i 19 (65.52)

FARBHE [min, M (Q1,Q3) ]
PR IMLTE] (min, x+s)

A [ml, M (Q1,Q3) ]
AR [ml, M (Q1,Q3) ]

453 (387, 507)
540.41 + 114.81
1200 (800, 5000)
1550 (1375, 3500)

® 3 RHEFERINRE GBI (n=29)

ECMO iz 55151 Hdhe
WHAN IS [n (%) ]
R 2 (6.89)
ARridgh 27 (93.10)
WM IR [n (%) ]
V-V 5(17.24)
V-A 11 (37.93)
HMNE V-A-V 9 (31.03)
Huls V-A-V 4 (13.79)
ECMO #45 [n (%) ]
V-V #% V-A-V 5(17.24)
V-A % V-A-V 11 (37.93)
Huly V-A-V $54ME V-A-V 4 (13.79)
ECMO #ilt itz [n (%) ]
E Nz G 8 (27.59)
ShE V-A-V Hih 3(10.34)
V-V i 16 (55.17)
V-A Hiih 2 (6.89)

V-V BRI (h, X +5)

V-A BN [h, M (Q1,Q3) ]
V-A-V #Hh[aE] [h, M (Q1,Q3) ] 47 (29, 84)
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[(HZE . BE FLOR (CPB) MARPERIZIIKIE (MAP) 45X T U MERRIE AR 5 FLRRTR 2 A0 B AR W25 = 1
W, AEE R 2021 4E 1 H Z 2023 4E 3 I WARIARBEIOA ) 76 15] CPB R AT UM 46 / e TR B AR H 5 T IE vt 42
WRABEBEHLEC T2, A B 1 s 1 A HLBIRENL A BB 48 MAP ZLR1ES MAP 4. 1448 MAP 4144 CPB i) MAP ZEf57F
50~60 mmHg, = MAP 20 8 i # iR 725 B F IR 20K CPB 1IiH] MAP 24175 70~80 mmHg. =B MEHEHR N T ARG it
T FLAR ILAE FIFLRRIR 75 2 AR . DS A A PRI A I 45 Bt ) i B i LA /KSF (ORAG. CPB Z53Eat . FREE AT . RS
4h, RJF 8h FIARJE 12h) PASEMATUS (BAFR . ICU MRt fepeidie] . 228 B Iisemais . 30 d WHFABE. 1 41
FAR VERRIET R ) . R RGN, & MAP 41 S FLR IAE (47.37% vs. 81.58%, P=0.002) FIFLEMR T (5.26%
vs. 21.05%, P=0.042) KR ERTHS MAP 4. PIAALIR/KEI CPB 45 R BTG 8 h fE7E 225 (P<0.05) , 1F
ARJG 8 h SENEEJS IR TR, 5555 MAP ZHAHIL, 5 MAP 41 CPB Z500t . TARZEHIT . RIS 4 h MRS 8 h BIFLIKF-
R AL (P<0.05) . 5165 MAP 4AHLL, & MAP 4l 245 B DIRekERT & AL R WAL, HHAERE . ICU fEReRTE . &
FEBERT ] i 45 (P<0.05) o #4518 CPB MI[EPKE MAP £ 117E 70~80 mmHg A ST 442 I ZLER AT, BEARCo MRS TR
JEFLRIR R KRR, IR BTl 3 T AR SR .

[ R8I 1 O OIBRIETFAR; Pk, FURIRhEE; s

Effect of of mean arterial pressure management on lactate levels and outcomes
after heart valve surgery

Zhang Ying, Wang Yan, Qiu Hao, Tu Haiyan, Xiong Xinfa
Department of Critical Care Medicine, Ezhou Central Hospital, Hubei Ezhou 436001, China
Corresponding author: Xiong Xinfa: 2695700763@qq.com

[Abstract]: Objective To investigate the impact of mean arterial pressure (MAP) management during cardiopulmonary
bypass (CPB) on postoperative lactate acidosis and perioperative outcomes in heart valve surgery. Methods A total of 76
adult patients undergoing cardiac valve replacement/valvuloplasty with CPB treated in our hospital from January 2021 to
March 2023 were selected as the study objects. Based on a table of random numbers, all patients were randomly assigned to the
traditional MAP group and the high MAP group on a 1:1 ratio. In the traditional MAP group, MAP during CPB was maintained
at 50 to 60 mmHg, while in the high MAP group, MAP during CPB was controlled at 70 to 80 mmHg by intravenous injection
of norepinephrine. The main outcome measure was the incidence of hyperprolactinemia and lactic acidosis at the end of the
operation. Secondary outcome measures were blood lactate levels at perioperative time points (before surgery, at the end of CPB,
at the end of surgery, at 4h, 8 h, and 12 h after surgery) and overall prognosis (time to extubation, length of stay in ICU, length
of stay in hospital, multiple organ dysfunction, readmission within 30 days, 1-year reoperation, and 1-year all-cause mortality.
Results At the end of operation, the incidence of hyperprolactinemia (81.58% vs. 47.37%, P=0.002) and lactic acidosis (21.05%
vs. 5.26%, P=0.042) in the high MAP group was significantly lower than that in the traditional MAP group. The lactate levels of
the two groups were significantly different from the end of CPB to 8h after surgery (P<0.05), and began to decline after reaching
a peak at 8h after surgery. Compared with the traditional MAP group, the lactate levels in the high MAP group were significantly
lower at the end of CPB, at the end of surgery, and at 4h and 8h after surgery (P<0.05). Compared with the traditional MAP

E&WHE: WP B R R SO H (YXIY202424)
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group, the incidence of multiple organ dysfunction was significantly lower in the high MAP group, and the duration of extubation,

ICU stay and total hospital stay were significantly shortened (P<0.05). Conclusion Controlling MAP at 70-80 mmHg during

CPB can better control lactate levels, reduce the incidence of lactic acidosis after heart valve surgery, and thus help improve

perioperative outcomes for patients.

[Key words]: Cardiopulmonary bypass; Cardiac valve surgery; Mean arterial pressure; Lactic acidosis; Prognosis

TE RN U i 7% 37 ( cardiopulmonary bypass,
CPB) DHEFARJE, FLERAKFFm A i
W, FFEARIGIETHASE T, e E A IR B AT
SEELRER DR, S SO N, S
Je i 46 BEL T A LS A T AR, 5 RO UL A5
FEEL AR AR P R e L R IUE X s
BEWG EXCEE, 5 BIRR h R EEZ,
BFGOIEFARPHALE AL, GRS, FHY
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Hh g — I ) 0 ok o P S 240 ' MAP AT s ek
4S5 PEZS R 7 SURRBE 25 W AT R, DAOREEPT
ALRIE R BN A 38 ) Y
TERETT, e U R AR Y, fEad 2
JUTAEE, R FHEOR M2 FUE B AE Pk b
B, CPBEHIAA T BENEM, CPB A HIAE
f) MAP SRR AF 78 il ™. 364 Rk, IR -
CPB HA[H] ) MAP 48 #bR i v e = 2, H X T
MAP 5 LR R v #5 2Z [a]  OCIRBk/ J2 4% B D TIE 2L
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Syt R, ARARST HEE T AL S0 R bR IfE MAP
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JE FLRRER T #E AN FUS I RZ, LI CPB 1
] ) AE MAP $2HEEE 25 .

1 #REHE
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S 1) SR T A0 BE BEGIR 1Y 76 191 CPB R 470 I
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B )15 SRR R 1 9256 28 18 b5 [ BRB(EL
(pH) . ZL408s 5 AL (hematokrit, HCT ) | [l 4L
EH ( hemoglobin, Hb ) . WL ( creatinine, Cr) .
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PER [ (%) ] 0.216 0.642
ECg i 15 (39.47) 17 (44.74)
Bk 23 (60.53) 21 (55.26)
BRI (kg/m®, x+5) 23.11 +3.49 22.95+3.07 0.212 0.833
WS [ (%) ] 14 (36.84) 18 (47.37) 0.864 0.353
BIAE [0 (%) ]
e I 7(18.42) 6 (15.79) 0.093 0.761
Wb 4 (10.53) 3(7.89) 0.157 0.692
P RH ZEPE Rl B 3(7.89) 2(5.26) 0.214 0.644
nIIN=225] 2(5.26) 3(7.89) 0.214 0.644
FAREAI[n (%) ] 4.692 0.320
TR AR 10 (26.32) 13 (34.21)
MVR 15 (39.47) 14 (36.84)
MVR+TVP 3(7.89) 7 (18.42)
ZHRHOEA 4 (10.53) 2 (5.26)
Fifi 6 (15.79) 2 (5.26)
FABE [h, M (Q1,Q3) ] 4.00 (3.50, 5.00) 450 (3.75, 5.00) -0.873 0.383
CPB I/} [min, M (Q1,Q3) ] 105 (80, 135) 124 (105, 145) -1.699 0.089
FhPKBHBTIE] [min, M (Q1,Q3) ] 90 (70, 95) 90 (80, 105) -0.991 0.321

i MAP: Pk ; MVR: —ARMEE e, TVP: —43UE; CPB: LMliFEH
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R 2 T AL PR A RS- 2 3 ki 28 P P AR SR (n=38)

Eitn 1445 MAP 4 1 MAP 41 VAN P14
MAP[mmHg, M (Q1,Q3) ]
ENif] 88.00 (78.00, 95.00) 85.50 (79.75, 95.00) -0.016 0.988
CPB JHi[H] 54.50 (52.00, 57.00) 75.00 (72.00, 78.00) -7.522 <0.001
CPB J& 30 min 67.00 (61.75, 78.50) 71.50 (66.75, 75.25) -1.482 0.138
FARGE A 70.00 ( 66.75, 76.25) 73.00 ( 66.75, 78.25) -1.124 0.261
RJG 4h 71.00 (66.75, 76.75) 75.50 (69.00, 79.25) -1.815 0.070
AJF 8 h 73.50 (67.00, 80.50) 76.00 (68.75, 83.00) -1.034 0.301
ARJ5 24 h 77.00 (71.00, 83.75) 75.00 (66.00, 85.00) -0.743 0.457
PRI AR (YK /min, x+s5)
AHi 1542122 1526 £1.18 0.581 0.563
FAREGE RS 1538 +1.85 1537151 0.026 0.980
L3R (bpm, x£5)
AR HT 86.32 + 11.80 86.61 = 11.60 0.108 0.914
TAREEH 86.05 + 15.32 83.08 + 13.31 0.902 0.370
pH[M (Q1,Q3) ]
ENif] 7.38 (7.31, 7.43) 7.41 (734, 747) -1.263 0.206
TAREG RS 736 (7.32, 7.39) 736 (7.29, 7.42) -0.250 0.803
HCO;[mmol/L, M (Q1,Q3) ]
ENi] 23.40 (21.75, 24.98) 23.75 (22.05, 25.05) -0.327 0.743
FARLE RIS 21.55 (19.83, 23.70) 21.85 (19.28, 23.33) -0.042 0.967
HCT[M (Q1,Q3) ]
AR 0.349 (0.325, 0.377) 0.344 (0.319, 0.382) -1.112 0.266
FAREG 0.360 (0.320, 0.400) 0.350 (0.320, 0.380) -1.311 0.190
Hb[g/L, M (Q1,Q3) ]
AR AT 139 (126, 157) 111 (103, 128) -0.873 0.383
FAREE RIS 114 (104, 124) 117.00 (100, 131) -1.112 0.266
Cr{pmol/L, M (Q1,Q3) ]
AR 80 (71, 96) 77 (62, 89) -1.398 0.162
RJ5F 24 h 95 (77, 122) 88.00 (70, 116) -1.200 0.230
BUN[mmol/L, M (Q1,Q3) ]
NIl 7.40 (5.66, 9.95) 6.28 (4.74, 8.35) -1.501 0.133
ARJi 24 h 9.66 (7.83, 12.31) 9.00 (7.90, 11.76) -1.160 0.246
JRE [ml, M (Q1,Q3) ]
AHT 1000 (500, 13500) 900 (400, 1300) -0.645 0.519
RJF 24 h 730 (550, 1160) 870 (630, 1060) -0.052 0.959
25 [mg, M (Q1,Q3) ]
HATEZ59)
CPB ] 401 s 0.36 (0.26, 0.41) 0.38 (0.30, 0.48) -1.081 0.280
CPB Wil L H ¥ FARER 0.14 (0.00, 0.19) 0.69 (0.41, 0.80) -6.033 <0.001
AJ5 24 h B EIRE 0.72 (0.00, 1.25) 0.00 (0.00, 0.00) -1.873 0.061
RJF 24 h ZEJE 305.50 (0.00, 311.25) 0.00 (0.00, 317.00) -0.972 0.331
MY 5K 2
CPB i[RI 2 H 1.42 (0.00, 1.82) 0.00 (0.00, 2.07) -2.346 0.019
AR5 24 h BEERH M 0.00 (0.00, 0.50) 0.00 (0.00, 0.70) -0.084 0.933

i MAP: VFHFIkE; CPB: OG0, pH: FRIE; HCO,: BRIREM; HCT: ZI40MHEFR; Hb: MZIET; Cr: JUEF; BUN: I

JRZER; bpm: BIREL
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24 TUSWE 5184 MAP AL, & MAP 4
Z i B YRR A AR R A, HARAE B
1CU HEBER ] . A B a) i 2 46 % (P<0.05)
W3 4,

3 it

FLRIR TR OMET AR5 # DL AR 2L,
H AR FLIR KT The S B R T
w1, FLR ™ E TR AR T 4 B S
AR, B GARIGIFRAE . mEBERE KIET
YIRS AR S FLRR IR b XS
IR R E UG BOCE ., AFRRAS R,
1E CPB W[RI4ERFAI X4 = 1 MAP (70 ~80 mmHg )
A LU RO R FLER K-, FEARFLAR IR 22 1Y &
AR, I IR K ICU A3 B A [ RLE A B B 1]
XF ORI T AR B £ ASSCHIA ONERE T
AR CPB AR MAP B AL T B S48

H WK 2 50™ 5 M MR s iR 3 TRy T8
SRS R T JCRON ] 25 VS B AR R 1 MAP
FHE % 65 mmHg DAL, TASHA FI T 006 PR
MELM hEE ", Ik, 7SR MAP T BB R
TEPE I BT R AFRME T CPB
SR E AR 1A A8 X O IR B T AR 5 FLRR R v 27

(IEZN , & B iR MAP 4076 TR &5 0 v FLRR IUAE
FFLRRR b kA R BT 5 MAP 41, 1M
HL MAP 4185 M FLRR K FAEA 5 2] 5 2
KT1&5 MAP 41, st HEH, ARK T ESE
IR EA S, WIRALETAL ., A, LAl
T3 N2 B0 1T MAP w3 K B 25 1 41 0 1
S, i AT 5 e i PL R G 7 A I B 0L Y
MAP AERF7E K-, A 408 T ez 38,
MR HE T Z2 W g i 2148, oo T 480
TEAEAL L T, MAP A B TR O
[Fi] it 9t Jk i, 4G 75 - the P e A1 0 9480 1740 48 o o A5
) —EWIRTE, XA B FRE 2R % R4l
SN, R AT R 4R R MAP, AT
DARA AR R A S SEE, INTs D vl T B ity
K FLRR AL, PRI AR RV . (PR &
(1) MAP I8 1] BES8 I i 6 24 F0 H It RURG: o PRI
FEREHE MAP B, T3 2325052 TR AR 1) FLA S 0 A
FART K, i G BLARTT RIS ARG ARER
fE CPB AR, ZEREAH X5 (70~80 mmHg) 11
MAP ] 84 B FHGEH SUER: fBE s ol , b
TR, MOREAIGOEA J5 1 LR KT

H H12C T CPB A [H] 4nfu] 4E 45 MAP U WF ¢ £
SEHTE MAP 55 S0t B 5455 sl it 495 2 [ 1) 2%

F 3 MEIET A I R AN R S bk 8 8 LR K LA (n=38)
ity 145 MAP 4 5 MAP 41 XZAE P
FLIRMREE (n (%) ] 8 (21.05) 2 (5.26) 4.145 0.042
LR IIE [n (%) ] 31 (81.58) 18 (47.37) 9.708 0.002
FLER/KF [mmol/L, M (Q1,Q3) ]
AH 1.65 (1.00, 2.78) 1.65 (1.00, 2.95) -0.286 0.775
CPB 25} 3.45 (1.30, 6.83) 2.05 (1.20, 3.45) -2.193 0.028
FARLE RIS 430 (2.18, 7.63) 245 (1.50, 4.13) -2.692 0.007
AJ5 4h 5.60 (4.40, 8.63) 3.70 (2.95, 4.65) -4.365 <0.001
AR5 8h 6.25 (5.33, 8.83) 430 (3.78, 5.23) -5.071 <0.001
RJF 24 h 2.05 (1.48, 3.03) 1.80 (1.28, 2.33) -1.665 0.096
iE: MAP: PRZIIKE; CPB: LR
R4 PHET ARG R AR FPE Sk B H TS R (n=38)
Ei=tan 185 MAP 41 i MAP 24 IZ A P{Y
RAEMHE [h, M (Q1,Q3) ] 17.0 (15.0, 18.0) 12.4 (11.0, 17.0) -2.788 0.005
ICU fEBEmtEl [h, M (Q1,Q3) ] 47 (26, 50) 44 (25, 48) -2.324 0.020
JEBERTE [d, M (Q1,Q3) ] 12 (10, 18) 11.00 (9, 15) -2.012 0.044
ZEEUIRERERS [n (%) ] 11 (28.95) 4(10.53) 4.070 0.044
30d NHRABE [7 (%) ] 0(0.0) 0(0.0)
TERTAR 1 (%) ] 0(0.0) 0(0.0)
AEERHBET % [0 (%) ] 1(2.63) 0(0.0) 1.000

i MAP: VI3
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Z I, ¥ MAP 2 (70~80 mmHg) 51448 MAP 41

(40~50 mmHg ) FEARJG G005 77 1 25 57 oG iH2#
=X, {8 CPB #AEME MAP ( <50 mmHg) S5AKJ5
AR B B S A KRS S AR 56 P i A 9T
AR Cr. BUN FJR 2 F RG24 X,
TN A] B KL S8 MAP 411 MAP H 5%
£ 50~60 mmHg, i A~ /& 40~50 mmHg, X —%4
5 CPB 8] 447 = MAP W] o035 9 1 1Y 4518 —
B, ARBHFIE KIS 1ESE MAP HAHLL, & MAP
HARJE TCU Bt o] FS A Be it Rl 40, 288 E
DIRERERF LR B R AE BRI, X ATRE 5 & MAP 41
ARG FURR KV HEAIRA O o FLIR T A A =4
S SUIRIE T AR A Db B A b T AR
PN, LR O T ARG TG A KA 2R
B T, G R TES CPB R L
BB IRERE LR A IE & A KU AT AE BB ARG 1Y
PLtE, #E CPB A ] 2 5 AH X 4 55 19 MAP 1] fig
Bl T B AR O AR T R 5 S8 3 A M LR 7K P, AL
T R I R T

25 PR, CPB ] MAP B4 808 BN BE

ORI FLRRAKCE, W T IR &, 1B
WEUEE T BRETUG . MAP #E5H17E 70~80 mmHg
A b A O I IR AR T AR 5 19 L R /K T RN 4
ICU FEBEmS [E] o ARABF G AFAE— S8 SR B, B
Je, ORI BB A RS LS, AT
FETERE PR AR, R 45 R A8 ol 3l FH k. HOIR
AXF CPB a1 A L 3% 81 1 F 8 Am i AR AL A T 1
Morhr. BHIL, ARARMFIE N IE—H Y KA A,
HLE G B A MG I 246 bR, DLE 2T
£l MAP A7 BT O IR T AR R0 TS 52
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A SEFEME XTSI MIEER T IR SR OF B AR AR S
ARHVFIA G SRAE SN FE AR N SO - B8 52 1]

KOME, £O%, & R, TR

[(HWE]: BM B EIERE (DEX) ARIFIEXE IR (CPB) Nk sk M A (CABG) BEA
J5 S IR AR B R, ARSI R AR TR R AR . 75k 41 2019 4F 10 H 2 2023 4F 6 A lkA Y 212 4]
CABG+CPB #.E , FEHLA XTI HE4H . DEX ARHIEZ1[0.3 pe/ (kg + h) 1. AL [0.6 pe/ (kg - h) | HEFIEA [1.0 pe/ (kg h) 1,
F2H 53 4. HER DU AR S TR 0 . BRSO . MRS 1SR R INHTIBE . Sk R
febr. &R . SR ERG . PR OERRE . AR RE AU R A S TR IR A A, (H 2
SR b, ARG R ICU 5 BE IR RDRD =35 PR A ] B S 0T X BREH RG24 (P<0.05) o
FIE DEX 20 AU ks S 3 v A, o COMEFE B 250 4 200 oA e I R BB A S B ) o A1 s 2B A8 B 0 5 450
F B, UHASREA (P<0.01) o DEX WEZWMHEE, JUILALY AL MR, Sl R R iR
B (P<0.01) o RJFINIIRETE B2, L BSHRAARE 3 d B ILE E F 6 AR (P<0.01) o RPEFTF (il
ST -, FINE -6, HNE -1B) MAEALNIE s (N T/ BEYS LR . SiH i EewnE) 7R 3 d
Thes, 0 SHETEAR)E 3 dF1 7 d BBARTRHEZE (P<0.01) o 2518 &FlE DEX APAROR Y IR sh 117, sk
JEINHIZhEE, I8 EAMH R AR L, e DEX 7E CABG R B A B IIRIRSOR:, H s R R etk

[ K5I | A EFEKE ; TERBIIKSHEREAIA ; JIERN; AR M

Effect of dexmedetomidine on postoperative inflammatory response and
oxidative stress in patients undergoing coronary artery bypass grafting with

cardiopulmonary bypass

Zhang Qian, Wang Huan, Meng Cheng, Wang Jihong
Department of Anesthesiology, Cardiovascular Surgery Room, Xingtai Central Hospital, Hebei Xingtai 054000, China
Corresponding author: Wang Jihong, Email: 19903193605@163.com

[Abstract]: Objective To investigate the effects of different doses of dexmedetomidine (DEX) on postoperative
inflammatory response and oxidative stress in patients undergoing coronary artery bypass grafting (CABG) with cardiopulmonary
bypass (CPB), and to provide evidence for postoperative recovery and prevention of complications. Methods A total of 212
CABG+CPB patients admitted to our hospital from October 2019 to June 2023 were randomly divided into four groups: control
group, low-dose DEX group (0.3 pg/kg/h), medium-dose DEX group (0.6 pg/kg/h), and high-dose DEX group (1.0 pg/kg/h), with
53 patients in each group. The hemodynamic parameters, postoperative recovery period complications, hospital recovery status,
entropy index, cognitive function, inflammatory cytokines, and oxidative stress markers were compared among the four groups.
Results The incidence of airway infection, mechanical ventilation dependence, arrhythmias, hypotension, and acute renal injury
in the medium and high-dose groups were lower than those in the control and low-dose groups, but the differences were not
statistically significant. The length of hospital stay, ICU duration, and time to spontaneous breathing recovery were significantly
shorter in the medium and high-dose groups compared to the control and low-dose groups (P<0.05). The central venous pressure
in the high-dose DEX group was significantly higher than in the other groups, and cardiac index was lowest at intubation and
post-sternotomy in the high-dose group. The systemic vascular resistance index significantly decreased, particularly in the high-

dose group (P<0.01). DEX treatment significantly affected entropy indices, with higher response and state entropy in the high-

ELWMB: WEmHRH IR HE (20192C202)
EFBRAL: 054000 I8 G, AT HOEBIRME (k. F4k%) , LIEFRE (ER. & &)
BEMEE: F46%7, Email: 19903193605@163.com
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dose group at intubation (P<0.01). Postoperative cognitive function assessment (MoCA) showed that the scores of the medium
and high-dose groups on postoperative day 3 were significantly higher than those of the control and low-dose groups (P<0.01).
Inflammatory markers (TNF-a, IL-6, IL-1f) and oxidative stress markers (malondialdehyde, superoxide dismutase, glutathione
peroxidase) increased on postoperative day 3, but were significantly lower in the medium and high-dose groups on postoperative
days 3 and 7 compared to the control group (P<0.01). Conclusion High-dose DEX effectively regulates hemodynamics,
improves postoperative cognitive function, and significantly inhibits inflammation and oxidative stress. Medium- and high-

dose DEX may offer better clinical outcomes after CABG, with the medium dose providing the most stable hemodynamic

effects.

[Key words]: Dexmedetomidine; Coronary artery bypass grafting; Inflammatory response; Oxidative stress;

Cardiopulmonary bypass

R Bl Ik 55 B RS AH AR (coronary artery bypass
grafting, CABG ) J& 16 J7 7 AR 3l Ik %< s 19 4 A0
SAREF B, JUHGE T 22 S AR e A8 R ™ E
75 R . 2 B0 CABG T AR K 300 Jili % 3 R
( cardiopulmonary bypass, CPB ) SR4AERE Ol TIGE,
PRGN TCA R A Bl il — R 45 LA
LB R ZEHIEENR, WSBUREARE L
A RGEMESAE RN £ E SR AL, SRS
ARJG I RAE M K JRE SO VA Ak A
JyHlE$Eds , J& CABG TR I AE i H 25 A
W7, CPB 5 1Y S AE W A AR =
ZEMHILFEERMER, M5 AT 38 AR
B B HE A EOE 7 AMA . AR il NRORIEE Il
R4, PR R A (tumor necrosis factor,
TNF) -, FI4IM4 3 (interleukin, IL) & C- 2
AR AR AR A BT AR, i & FR G AAE
FLIE 5 i i — PR T A0 5 | A Y SR A I e —
AT AN AN LU, o A T M S
AU, AR DNA, iFSAIIAET:, AR
JERL 0 RIS JRAE SN A AL LA BT
H# CABG A5 15 BLAE BILAR] , o m] LA Ay /b
ARG RAREFN RS R TS S (A T ARy S A
FEFEKE ( Dexmedetomidine, DEX ) J2&—fh =ik
PV a2- B EIRERAEZAKE S, )2 T im
PRIBRBEFN SR VRS , 2 PRV G R EE T | SR
U B SRR IR E , TR S AE K2 LA Ak
O TR TR PR AP 7Y, BAE CABG
TIPS G CPB I B B 7Ryt — AP0
RIAR SCHEZR DEX X CABG FAR i) S i R e Ak
TSN FR) SEI

1 &EfR5F®

1.1 W RAFRET AR ATIENE . FEALXT AR
IR 8, B 7ETEAS DEX % CPB F CABG & #
[ 9 2 o B AL B B S B TR & T

G R B 2R B ot il (2019-KY-23) , JTfy
BEEALNTIIEE THERES.

1.2 BFRA % WFEXTSN 2019 4 10 H £ 2023
i 6 AWM A 1 PO EREAT CPB R CABG 1Y
SELE R, dRgg A 212 4], Hidh 5k 145 4,
267 . BAEFIEEN 62~78 5, R
1% (7045 £4.12) %, 2 ERRIFEE TP 25539
I 141 ], T4 71 6. AAbRUE: D 18~75 %,
A R iZ Wibs e ™, BB 52 CPB R 4T CABG
FAR. ONEEHTAR, NMUFE22T ARG
WIRESE R . QARFT L0 S5 40>35%, Toi™
FHOYREA S, OARFTAEMERIERE, JoAT#E
EL RSO EER R . OBE N ERER A LR
SRS, B RS 55 HEZ R  HEBR bR
OXT A7 EFEIRE s Ll o s . QB g
Wil (HFEIRe g C 9 ) S EE IREA 2.
Ot [ O R 2 o B O I R R . (@)™
EARGYEE Qi PERH ZEVE . RS ) 52
M) S S 0 B8 SR A N OK T # o ORSR R
sRTE B AR R . ©ARFTSOR T T BE
A E AN = AR R EEZ @A v
KANEPUAMFNGE ) # o OIEUIRSHFLI M.

1.3 FAME EE AR BELE R
Gy VUA : XREZH . AR . PR A AR
wA, A S3 6. ML RGTE N R RE
AN i 7 A = S vl 97 N VY RS9 A 7 D R 7S
ST IBELIE RIS AT

1.4 FAHE A BE W R —RREEM TR
HIBNSEMTF AR FARAT 1 H, BFZEE MR
B, IFHEATSERERIRINEI AL ( Montreal cognitive
assessment, MoCA ) o ARH{ITA BHEARM ).
HAFAREG, HATERAORE K R
il v SR g BT RR RS R IS, R KR
TR RIS . 4T Wi : OGRIE4: DEX
0.3 ng/(kg+h) . @5 HE4: DEX 0.6 ng/(kg+h).
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@Al : DEX 1.0 ng/ (kg - h) o XL %
RRRA ISR K. BT SR R LB R,
JERHITE 0.5%~2.0%, CPB ffi AR G4, 12
R AR AR S A 2w TR N
1.5 #ZE#ir FEGRER:. ORGEIRELIT
RAE: TCFAJE DL A B IRGE | PRIR AR |
O . AR A 2k T 4. OFEBE ]
PREAE DL 0% UL E AR BET 8] | ICU 45 B i fi] |
A J WK S I ) 2 AR OARSE 3 d AT d Y
RYEHF (INF-o, IL-6. IL-1B) K. @%b
NSRS TN U (Malondialdehyde, MDA ) | #
EALYEALEE ( Superoxide Dismutase, SOD ) F14¥
B H K B L ¥ ( Glutathione Peroxidase, GSH—
Px ) BYIGPE o S Jdatn: DRSS IARIZIREVEAR:
ARHT 1A, RS 3d, ARJF 7 d I EE RN
e (icie. Rl N, S0 3050) .
Qush =S8 RE T0 (Z9MHAZHT) | Tl
(ARSI ) T2 (FFIEER ) . T3
(FARZERE) Fo ik (central venous pres—
sure, CVP) . D EF8 %0 (cardiac index, CI) . 4
AN 145 BH J1 48 %% ( systemic vascular resistance
index, SVRI ) %5, QMHEEUEM . SV (reaction
entropy, RE ) FPIRZSSH ( state entropy, SE)
1.6 HATHE SN n=(ZytZs) x 3,4+8,)
(&), BT 33 G, BEBE] 10% RILE 3,
AR ATTRIA 37 Bl , SRR 2=
148 4.,
L7 et P EdE i SPSS 25.0 kit
F1o0#re THERILIE 5 + driEZ (Xes) &
N, A BRI N R T 22508 (ANOVA )
ZH N PCEAH ) LSD—¢ K 36 o % AN [ B ) A A9 %5
W, RHEE MR TTZHr ( Greenhouse—Geisser

RIE) o THEGTRER 2 K. P<0.05 2257 A
AgitrE L.

2 #R

2.1 AL&FHbi XA, KHEL . hilE
4 R A AR IR R GOR LA, A% PR AR
5 E KB BRI 239 . FREHR] . 3230 ik BH Wt
0 LTI g N TR N Wy N = K A 5 A
AR A il F U S 5% 25 R B g 2
B WE L,

22 waARERAHNFAKK RHAEE
W58 5 22 53 B % £ P86 47 Mauchly 3B £ 5%, 1
Tl 3 407 i S BROE B B S5 (CVP: Hy A
BB K 8 W=0914, P=0.035; CI: W=0.922,
P=0.038; SVRI: W=0.925, P=0.032) , % HH
JE4T Greenhouse—geisser £ 1E( w437k 1.834,1.888
1 1.862) , 45F % CVP, CI Ml SVRI 41 i) &
B (F=54.922, 264.866, 93.911, P<0.01) Al
F ] BN (F=104.368, 296.433, 143.561,
P<0.01) ZRA %28 X, fE4M * B E S
78 22 B 80 W (F=37.099, 152.548, 67.496,
P<0.01) .

ESFEALAE T1~T3 BHA] A CVP 5 T fha
CLAEARE & T 2 TR s, JoHAE T,
T2 W] 5, E R A CT ik, SVRIZEfH
DEX Ji7 b Z FEAK, w4 7E T1, T2, T3 i [
J SVRI AR (P<0.01) o W3 2,

23 waiEWgKkEs RHEENE N Z
S AT XTI AT Mauchly BRIE RS, 10 800 18
RERIE JE % & (RE: W=0.783, P=0.042;
SE: W=0.725, P=0.048) , X [ M & 1T Green—
house—geisser & 1F (43 %1 27 1.912 1 1.890 ) ,

R ARIMEIR T TR B RS2 R AR A TN R R0 A SEFTR e B IRk (n=53)
Tt H Xt B [silie] A e 2 F/ i Py
RIS (%, Xx5) 70.49 + 4.16 7132 +4.02 70.92 +5.23 70.58 + 4.05 0.390 0.760
BE &M (o) 39/14 32/21 33/20 4112 5.128 0.163
KT (kg, x+s) 71.65 = 10.23 7249 +9.82 72.05 + 8.43 71.03 = 10.55 0.213 0.888
ASATI/MZ (nin) 38/15 33/20 39/14 31/22 3.791 0.285
FARBHA] (min, x+s) 301.76 + 28.54 307.11 = 24.43 310.32£27.55 303.98 +31.87 0.927 0.429
ACC IA] (min, x+s) 5439 +7.34 55.02 + 6.89 54.49 +6.16 56.10 + 8.42 0.619 0.603
Ik i SRR (%, x+s) 96.39 + 1.12 96.81 + 1.65 96.58 + 1.33 96.73 + 1.57 0.882 0.451
5K PCO, (mmHg, x+s) 41.33+3.87 40.38 +4.05 40.56 +4.01 41.13 £3.58 0.720 0.541
RPBIEA R (ml, xxs5) 426.87 + 54.01 436.45 + 60.23 430.55 + 56.11 440.28 + 46.54 0.640 0.590
i AUTHEEL (X +5) 95.05 £2.13 95.42 + 1.87 95.36 + 1.89 95.78 + 2.09 1.189 0.315

i ASA: SE[EBREEERINEIZ:; ACC: TBIIKBHIT; PCO,: —SABBRIMIE; £ JHEWKE SR [ne/ (kg - h) 1405124 0, 03, 0.6, 1.0
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2t 8L 5 78 RE F1 SE 4H [6] 3 %0 W ( F=159.487 Al

FAEERG NG T AR B R AR T1 A T2 i i)

437.512, P=0.000) FIEFE] FE20 (F=119.558 Fl

341.042, P=0.000) 2= 5534 41t

L

B, TE4LH]

* [ ] 5 A7 7E 38 BN (F=87.102 Fil 246.472,

P=0.000) .

DEX X} RE #1 SE f5Z 0 2. 2%, JUHAE T1 B
TG, ERIELLE RE F SE 78 4B i) & 445

Z5 A

24 wWHEERE

RPN

LA #E Y (P<0.01) . W3,
7 BEHR F A LA

SAN S

ARG, IR DA IR

AR P40 A A R AR T IR 2

ZEFIGIFE X, WK 4

2.5 WA B AR R

A=, 2

AL P, EmRE

i THABL, H REFEAFFIEHDEHNBE  AEBEIE . ICU 45 B FRUFT [ 320 R 52 i E] I
F2 RIS BAA B E AR EA EFCNE S =S8 (n=53, X+s)
EiE 7 215 Xof FR R 2 LNl Bl F{i PfH
TO 7.05+1.23 7.02+1.31 7.06+1.13 6.96 + 1.09 0.075 0973
Tl 8.45+1.34" 7.21+1.13% 8.42 + 1.06"Y 8.94 + 13879 18.841  0.000
CVP T2 7.23 +1.65"% 7.56+1.38 7.99 + 134729 842+ 1.51"79Y 6.521  0.000
(emH,0) T3 7.09 x1.14” 731+ 1.18 7.52+1.20"7% 7.89 + 1,31V 4201 0.000
F14 12.897 1.704 12.983 21.360
Py 0.000 0.167 0.000 0.000
TO 3.69 +0.37 3.74 +0.35 3.64+0.33 3.58+0.39 1911 0.129
TI 3.11£0.33" 3.00 +0.24" 2.94+0.26" 2.88+0.31" 6.180  0.000
CI T2 3.35+0.37"7 3.23+0.32"” 3.10 £0.35" 3.07 £0.27" 9.113  0.000
[L/ (minm®) ] T3 3.47£0.36" 3.51 039" 3.27 0,220 315031779 14.326  0.000
FAH 24.208 50.894 55.019 44.480
P1H 0.000 0.000 0.000 0.000
TO 2115.37 £ 145.32 2013.45 +203.49 2 102.36 +229.75 2091.46 +263.54 2413 0.068
Tl 1203.38+112.36"  1365.87+197.36™  133542+183.75"  1292.99+103.35"” 11.022  0.000
SVRI T2 1591.85+ 15523 1639.99+168.39"”  1645.66123.88"”  1612.55+142.34" 1344  0.261
[kPas/ (L'm*) ] T3 1633.78 + 113.78"%  1706.54 £122.42"7Y 172298 +155.43"% 170214 +149.88"”  4.419  0.005
F1H 418.210 121.202 167.219 186.403
P1H 0.000 0.000 0.000 0.000
E: CVP: HUOHEBKE; CI: OEFEEL SVRI: MR MASRL 73650 4 Bonferroni AL IE, PIH ELASKNKIE =0.008, 5 TO AL,
"P<0.01; 5T1AHLL, ?P<0.01; 5 T2 4L, YP<0.01; SXFHRZEAALL, YP<0.01; SAGIHRA, YP<0.01; 7T E & 2HH5 [ug/ (kg h )]
I35 0, 03, 0.6, 1.0
% 3 TR BIKFEEBAEA B AT A TR S AR B (n=53, X=s)
Bzt 2151 Xt HE 2 [isnlEeei: | rh 2 gl el F{i PfH
TO 95.12 £2.13 95.00 +3.15 95.17 +3.41 95.20 £3.72 0.041  0.989
Tl 49.76 +7.54" 48.33 +8.99" 42.56 +8.02""° 37.31 +7.54" 26.699  0.000
o~ T2 39.73 +7.34" 38.84 +7.14"7 36.13 = 6.72"” 33.04 + 741" 9.401  0.000
T3 39.41 715" 38.81 £6.65"% 36.18 +7.13"? 32.54 +7.55" 10.210  0.000
F{H 895.829 823.744 1008.501 1080.863
PH 0.000 0.000 0.000 0.000
TO 87.99 +5.12 86.39 +6.10 85.79 +5.95 87.12+5.34 1501 0215
T1 42.77 +7.52" 40.39 +8.15" 37.12+5.20" 37.30 £ 6.23" 8213 0.000
ks T2 32.44 £4.377 35.12+6.01"77 34.39 + 4.76" 33.04 + 4,42 3269 0.022
T3 32.30 £ 4.82" 35.64 +3.63"" 34.72 + 495" 33.65 +5.52" 4792 0.003
F1H 1193.139 851.485 1230.221 1249.328
P& 0.000 0.000 0.000 0.000
iE: 2 Bonferroni I, Wi LA KAE 0=0.008, 5 TO ML, "P<0.01; 5 T1 A, *P<0.01; 5 T2 ML, "P<0.01; SXIHEL
M, PP<0.01; S{KHIEAL, "P<0.01; 4iFFEME A4 [ng/ (kg - h) 15M510: 0. 03, 0.6, 1.0
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AT IR AEF E4 (P<0.05) , WS, IL-1B: W=0.871, P=0.046; MDA: W=0.784,

26 W B EiAZpELIFS LA RITEEN
7 25 50 BT BUUE 34T Mauchly BROE 46 55
T 90 RO i BRI B R A (MoCA 3153
W=0.772, P=0.049 ) , Xt H i1 17 Greenhouse—
geisser B¢ 1E (p o 1.918) 2t B 5 7R MoCA
A3 41 8] FE AN (F=199.560, P=0.000) Fi i [a]
FRN (F=87.647, P=0.000) 254 Giit &
S, ARG E] * B R] s AEAE A BN (F=66.401,
P=0.000) .

DUZH R 1 d B MoCA P53 25 R 581t
R, H5ARHE L dAMAE, RJF 3 d ) MoCA
SRR, R 7 dAF#EES, HARE3dH
1] 2 i ) 4 Mo C A 143 B 5 5 T 6 B 4H
RHlEH, ZRA%1H#E L (P<0.01) . U
#6,

27 wWaAEF KWRT AR EERLE R
FHEE S D 7 28 53 B 6 B 24T Mauchly BRIE J&
R, 9RO b S BB B 25 F (TNF-a.:
W=0.976, P=0.042; IL-6: W=0.791, P=0.043;

P=0.032; SOD: W=0.812, P=0.046; GSH-Px:
W=0.721, P=0.021) , X H H J¥ 4T Greenhouse—
Geisser K¢ IF (w4354 1.615 ., 1.446. 1.870. 1.391,
1.580 1 1.774) , Z5R EIx: TNF-a, 1L-6. IL-
1B MDA . SOD Fl GSH—Px £ [] 4L/ ( F=524.478 .
610.542. 587.332., 312.53., 314.761. 216.348,
P=0.000 ) FHEF[E] F=R00 (F=461.583, 453.021,
377.052. 199.873. 211.417. 313.278, P=0.000)
ZRE G EE Lo TEULR] * IR S A2
BN (F=204.351. 256.871. 298.043. 95.236.
96.891. 78.455, P=0.000) .

HAR 1AM, R 3dHTNF-a, IL-6
FIIL-1B S MDA KB B, MRS 7 dA 0
FEAK, HARJSE 3 d FIARJG 7 d sl a4l A ) k4l
TNF-o., IL-6 A1 1L-1p S MDA B S AKXt HEZH Al
GHIEA, ZRAa502#E L (P<0.01) .

H5ARAT 1AM, KR53 d#rY SOD Fl GSH-
Px K- E AR, ARJG 7 d _ER$EAR KA Bk
w, HARJE 3 d A7 d Hp ) g e R i 4 SoD

R4 RSMEIN T ILAR SIS AL A A B AR AT SEFERE B ARG I AE LR (n=53, n)

it H Xof HR 4 IR 2 R 2 fiip ks okl P
A 5 4 3 1 2.868 0.412
R BILAR 5 3 2 2 2.120 0.548
DRI 7 4 2 2 4.807 0.187
il A 8 6 4 3 3.118 0.374
AR 2 1 0 0 3.719 0.293

e AT ERS AR [ug/ (kg - h) 143514 0. 03, 0.6, 1.0

K5 RIMEIN T IR SRS B AL REA RIS R A SEFERE B AR IRE UL LA (n=53, Xx5)

il popiikitl A2 rp g =R F 1 P{H
FEBERSE] (d) 7.23 £0.61 6.10+0.77" 529+1.01" 5.15+0.92" 68.290 0.000
ICU {583 mfE] (d) 2.51+0.26 2.06 +0.41" 1.52 £0.32"? 1.47+0.27" 124.930 0.000
H F0FAKRE I (h) 7.21 +1.04 6.10 +1.33" 5200717 5.15+0.82"” 49.270 0.000
. SUEAM, "P<0.05; SRR, YP<0.05; AIEFTHEAAIAIE g/ (kg h) 120500 0, 0.3, 0.6, 1.0
Fx 6 FRSHIKE A RF A FFEA TSRS S AN I REE o e (n=53, X+s)
205 X} A 2H R AL A A F1ig Py
ARAET1d 27.35+1.54 27.83+1.77 27.64 +£1.56 27.77 +1.84 1.046 0.373
ARiE3d 23.71 +1.56" 2491 +1.72"7 26.34 +1.4209% 26.39 +1.30"Y% 38.402 0.000
ARJF 7d 25.14 +1.33"? 27.09 + 1.40”7 27.45+1.257Y 27.59 +1.287% 39.618 0.000
F1i 81.339 45.508 13.038 13.328
P1{H 0.000 0.000 0.000 0.000

E: £ Bonferroni A2 IE,
P<0.01; S,

W G L R I K 9 0.=0.008, SR 1 d A EL, "P<0.01; S5ARJE 3 dAILL, 2P<0.01; SxEgiAiL, ¥
P<0.01; ATFEFCBKERLIFIE [ug/ (kg h) 143514 0, 03, 0.6, 1.0
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1 GSH-Px W i T XA AL P<0.01 )o MHEUNZEAE T, DEX BERS IR RRIIR L, i

W 7 FI 8, L B BUR RS S AR " A
3 e IFFEA M S LT B g 2 e ) RV AEPPAG o a4

DREIRZS, B ORAS L SUMI SR ARAT 70 AL A9 1ML T E
TE, MTAERF I | Oyt B I SR AR A A5 A
PR R A ELIE R N, A S AR o XU B %
TEAS EAR T 5 SR P (EL M D A o AL R
A AT R B SR AT S B AR, 48 AR

DEX = ZA/EH T W BEAZ X3, 3 o 300G X
ARG MINAME RGN a2 ZARWR, G5
S ERRR MW, PSS 2 RS
BOREE, SRS B ERRCR , FEXTITI D BE Y

R7 LRSS BFEAA B FE AR A TR E S RYER T8 (n=53, x+5)

£zt ZH 5 Xof HR sk L ibiliees| R AL Ffi PfH
AR 1d 45.99 +6.24 4542672 45.87 +5.32 46.10+6.71 0.120  0.948
AJE3d 76.52 +7.59" 63.26 +6.71"Y 53.78 + 6.66"" 52.14 520" 152633 0.000
(TE;LO; RiF7d 63.42 +5.60" 54.49 + 6,427 42.10 £ 598" 4236+6.13"7 196,559 0.000
F1H 291.610 96.389 52.111 35.316
P1H 0.000 0.000 0.000 0.000
ARHT1d 75.13 £9.25 74.37 +7.99 76.10 + 8.15 75.87+9.12 0.435  0.728
KI5 3d 127.42 +15.83" 110.37 = 10.22"” 96.32 +6.01" 97.13 + 6.28" 104.571  0.000
( :;/E ) N 109.34 + 13.85"? 99.32 +9.45"7% 82.14 +7.18"% 83.40 = 653" 97.122  0.000
F1H 212.385 209.813 111.163 111.803
P{H 0.000 0.000 0.000 0.000
ENITRE 21.78 +3.42 22.19 +3.66 21.99 +4.51 21.65 +3.80 0.200  0.897
AR5 3d 49.10 + 4.12" 37.01 £3.45"% 29.06 222" 29.12 +2.56"7 469.444  0.000
(I}fg'/ﬁ R 7d 35.14 +3.33"” 29.93 +2.66"” 24,50 +3.15"7° 23.78 £2.89"  163.498  0.000
F A8 746.320 269.854 58.043 80.237
PE 0.000 0.000 0.000 0.000

i TNF-o: JRESRSEIN T —0; TL: FIE; 2 Bonferroni IA%1E, W LLEKGEINZK#E 0=0.008, SRR 1 dHiLL, "P<0.01; SAJS 3 d ML,
IP<0.01; SXIIRL4IMIL, "P<0.01; SIGHIELIMLL, “P<0.01; f73EFEME S ARG [ne/ (kg - h) 145014: 0. 03, 0.6, 1.0

&8 ARSI BRI AR AT SEFEMRE & 4 A BT AR HLA (=53, Xx5)

Bzt 215 X HEAL iSR! R [l Fii  Pfa
AHT1d 6.33+0.79 6.45 +1.02 6.50 + 1.04 6.39 +1.32 0.256  0.857
K5 3d 14.13 + 1.85" 10.98 + 135" 8.94 + 102" 8.91+1.13"% 169.498  0.000
( rn?o?m ) N 11.92 +1.34" 8.15+0.56" 7.14+0.91"9 7.11 £ 08299 304.910  0.000
F{H 439.862 262.120 86.263 72.564
P{H 0.000 0.000 0.000 0.000
ENITRE! 96.53 +9.87 95.34 +8.13 96.10 + 8.84 96.91 +7.42 0.324  0.808
R 3d 53.45+7.08" 67.40 = 6.12" 7212 541" 74.01 = 460" 132.546  0.000
( [Sj(/)n?l ) Rig7d 65.66 = 7.39"” 7331 + 843" 85.12 591" 84.35 + 6.72" 90.028  0.000
F 18 398.747 197.425 160.964 172.281
P1H 0.000 0.000 0.000 0.000
AHT 1 d 70.23 +5.43 69.34 +4.32 71.04 +5.01 71.56 +4.78 2079  0.104
ARJF3d 39.43 +5.89" 49.02 +5.30" 55.83 4,447 56.10 + 5.63"% 113.772  0.000
(Glsjlfmll)’; RJF 7d 47.54 + 6.03"” 59.42 + 556" 64.13 £7.19"%% 65.87 +7.26"7% 84.297  0.000
F1{H§ 403.083 211.366 95.550 90.639
P 0.000 0.000 0.000 0.000

i MDA: NZJE; SOD: AP LET; GSH-Px: #RBtH MK AL ; 28 Bonferroni ¥EAZIE, PP LUK K HE 0=0.008, S5A
A LA, "P<0.01; 5ARJG 3 dHLL, 2P<0.01; S5XFIRAHMLL, 'P<0.01; SAGIREAMLL, “P<0.01; 47 EFE0KE 4L [ng/ (kg h)]
S35k 0. 03, 0.6, 1.0
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[IE2TE 7/ NNE iR S i 5 N UL NN 2 A R
ARG DRIy RE R BN SR g 1) e AR, 3
G55 BRI £ 3 A SR L AR SO B SRR, B
PRFAR R A AR AR, (R ARSI i )
PET USRS R, DEX i 2 B
IR AR, BRIRSSBA IETE, RELO
G R M REA,  XhO LGS 2R 40 7 At MR K 1
PENUIIVERT,  BILC 32 50 (LI 4 77 09 SR B4R,
EL B I PR R T T ARR R M AR S B BE 2R
W], DEX fe& & feue TR I sh 12248,
/> CVP K CL e aly, {H w550 1 20 ) ik 50 s s
R, M Z TS DEX 18- ai 5 24k
07 T SR PR A AR, BERELERR ML 3h J1# i a
R, SURERE GO R AR A B I E T, 2
Bonferroni % 1EJ&5 BIGEH Mt — A UESE, A &
ZHAE 22 W ) s [) o 35 3 0 HH AR 1Y) R SRR
Horfr w87 o 40 AT BRI A2 B () FRAT: g s 8] 5 T
HHEARS, (HAEASR IR E AR FRRRE R
WERGITEER

AR 1 d, RJF 3 d RAEY 5 EAN L
18%5r (TNF-a, IL-6. IL-1B. MDA) W& T,
PEoR FARG KR LR ST SO A EAL N . AR
J5 7 d, XEEAEIRA T TR, ROMHLAE DR
HIWT . FREARGE 3d M7 d, . EREA
i) TNF-a, IL-6, IL-1B F1 MDA /K-35 g L T
St IR FME 4 (P<0.01) , B DEX GEA L
R A K FAE AL RO L R . R 3 d,
SOD il GSH-Px K- 3 R %, R 7 d B R REIFE,
R AACRE TR . . R AL AR P ES fE]
R4 SOD F1 GSH-Px 7K F-BH &b v T %) B8 41 RG] o
4 (P<0.01) , #F—AE DEX 7ESsR P AL AE
IR A O TR W VE . DEX Gl AR
T RAMAMAE RS, BRI 216
WD LA R B, DA TNF-a, IL-6 %%
PER P94 B, R RRE R U Ak, DEX
AFHAT SOD . GSH-Px A Hu A Ak il 1 F= 38 R P
RO bR A e B RE T, A A, TF
A G A 1 41 B T e A A R 9 2 MDA A 4Rk
PR A AR 2N B TR RT 240 B A e R
XF T CABG } CPB &35, DEX i & HT % FHi A
A i 2 el A O LA R 00, SR I ) e
1%* [18—19]0

Zr LTk, DEX fEEGERIE T, AMUTLA
ORI BN 15, iR Rt R AF BT RCR
PR ARG NI RE, 5 2 0 ) 288 s A A

R, o ERIERAE CABG A S AR T E & AR
il RSCR, B Rl R O B, TR
FERE I ML BN 205 TR B A

SE
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ONEAMEHESZ CPB D IETFARIY 126 2 B4 o i FEEK G I BE S 06, 7 T2 AR 03 108 D A s [ ki R B
JRIGFEAS, #5 UCaBP /K F, 40T CPB 5 AKI & /ERYCHENE . AKT HZ bR S 18 2012 4F i3 4k
B PUS4250 . 8 CPB LFFAR 126 £ 535 38 ZARJ5 H I AKI, UCaBP /K78 B F A3
B B BB AR, RIS AKL B F A UCaBP /K-F- 1 3 5 THE AKL ST, JUHAETF ARG 22 50
1% (P<0.001) . 27285 EIHAHBR, TR UCaBP /K F 5 AKL 1 & AE BAT B 35 AH 61k
£5i%  UCaBP W[{ER CPB J& AKI MW AE A bn i, HAE F ARG R 1) T B A2 T S HL TR AKI
A R A RS o I UCaBP 1828404 B T AKT () S-S W AR BT T
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Association of urinary calprotectin levels with acute Kidney injury during

cardiopulmonary bypass: a observational study

Jia Bin, Luo Yong, Chen Jie, Fei Junjie, Chen Jian

Department of Cardiovascular Surgery, Chengdu Third People's Hospital, Sichuan Chengdu 610000, China
Corresponding author: Chen Jian, Email: Tjmu_chenjian@126.com

[Abstract]: Objiective To evaluate the potential of urinary biomarker calprotectin in the early detection of acute kidney
injury (AKI) after cardiopulmonary bypass (CPB) and to propose a novel diagnostic approach. Methods This study enrolled
126 patients who underwent CPB-assisted cardiac surgery at Chengdu Third People’s Hospital in 2023. Urine samples were
collected at four perioperative time points, and urinary calprotectin levels were quantified using enzyme-linked immunosorbent
assay (ELISA). The correlation between urinary calprotectin levels and AKI was assessed. AKI diagnosis was made according
to the 2012 KDIGO guidelines. Results

calprotectin levels exhibited significant dynamic changes during the perioperative period, with AKI patients showing markedly

The study included 126 patients, 38 of whom developed AKI postoperatively. Urinary

higher levels than non-AKI patients, particularly at the end of surgery. Multivariable regression analysis revealed a significant
correlation between urinary calprotectin levels at the end of surgery and the occurrence of AKI. Conclusion Urinary calprotectin
could serve as an early biomarker for AKI following CPB, and its elevation at the end of surgery could reliably predict the risk of AKI.
Monitoring dynamic changes in urinary calprotectin levels may facilitate the early diagnosis and prompt intervention of AKI.

[Key words]: Cardiopulmonary bypass; Cardiac surgery; Acute kidney injury; Urinary calprotectin; Biomarker
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B, B, SHA R AW br S LR R
Sl AKT R JRURS: | W DR 0 742 Ak DL A R Y7
RORARRG NS

58 B AKT 2 Wi 4T it JJLISF 7K P A R
A, H XS AR AR AKT A9 50 B B AT g AS
o7 RIS WL T RE AR AR P BRI T A Sy — ol
AR APER 51, SR TG i 2 2 2 A
YR TFB Y, — SR PRBCE bR AR,
FP PR 200 e Bl AR SR 5T i2 2 1 (neutrophil
gelatinase—associated lipocalin, NGAL) . ‘B4t
F -1 (kidney injury molecule—1, KIM-1) . fF#Ifg
WiRssaEE ( liver—type fatty acid—binding protein,
L-FABP ) FIRE LR A T45GHE M 7 (insu-
lin-like growth factor binding protein, IGFBP-7 )
H&REAMHLS SN, ok BAE AKL KL
A JEARMRAE PR R B, 9 AKT 9 R 12 B S A1t
nRE

ITAER, R MRGE RS G EA ( urinary
calcium—binding protein, UCaBP ) J&— {5 ' )i #i
D OISR A AR ik, PRI A2 A nl
BB A5 I A e S AR Y UCaBP 5 1l LT |
PREA . KIM-1 SEE 58 B i ibn S W =BG,
PR HAE AKT A2 WA A M v B P L
R E ™. SR, H AT A 2 EF UCaBP 5
CPB AR5 AKIAHRPERY Im RO TGS . BT,
ARSI LA CPB A5 B3 IR 455
K-, BEEIRRTTRE, PP HAE N CPB AHIE AKI
RIS WbR ) I R R T E, LA CPB R
J& AKT R R B0 FN T R BB i B AR

1 HRMKETE

1.1 ZAAST R 9IA 2023 4FE 1 % 2023 4E 12 /
W), e = AR EE BRSNS T CPB
TOBEFARBHE . WAWE: Fik=18H%, A
AHETHEES, BESME, S8 E
F. HEBbrdE. O CPBRTE £ &k AKI; @ CPB
RIFAAEIR PR T DIREA s 3 O Ba TR,
O NER AT ARELONER B B AT ARE; @F
FEIPIRE R . 1 B B S A B U D P
45 AKLiZWibRES IR 2012 4R D% 43K B U
HLVFERbRE: BIRETEAR)S 48 h N LHHIR,
L5 WUEFFH R 46 %3 =26.5 pmol/L (0.3 mg/dl )
ATl = AR 1.5 4%, BUE RS <0.5ml/ (kg h)
IKEN 6 h (AR XA 85 A GERT i 3 AL
{H ) o ZSBIFGE R LA A0 — N RS g 15 27 4 B

B L aAtE (20235-183) &

1.2 B ARTH  CREBFIGIRIELM B, WAERS |
PG, SRR E. BITAE . A= ST EL
B DA A8 AR, DS TFRRSE] . CPB B[], 3=
SHPKBHWTES ], ARrp bR ARhi e . AR5 HE
DR bR . ESE IR IBI TR 1ICU
5 B ST 1] R A B e 1) S5 e R

1.3 RRA%E REAERE, HUE Foley SR,
FEAEREE ] MR B4 T REEFRIEHEA . DA
AL (TO) : RIS/ 60 min, JZHRDITFAT;
@A (T1) : CPB A5G 30 min; @FARE

BF(T2) 3 @ARJG 24 h (T3) o REIRBATHAIA
FIRE WY, HEESE RN, EEETORIEN
i, SIBMEL S ml PRI RERAE R PRI BV
BEIHWCRFEE, wE"A . SRAE S FRRH
BERAED, BRORIRE REHW . A FEATER
)5 2 h Wik BRI E AT, W IR
ALL 3000 rpm FFEFE 0> 10 min, _IHRIIEEH
AMIREIEE -80°C R T% .

1.4 UCaBP E3aAaml R MBI G 22 W FFH2 Az
PRIGFEAS T UCaBP ¥ B . M AR W PRIGFEA T 4°C
MR LL 3000 rpm #5000 10 min, B TR
R I 75 BEEA TG M R, S IR NESSS & 8. 1 e
G A & (EH4140, FERAEY), L,
) IS, HORMER B R . FRfEdl . s sl |
REIBTAA | BEES S . I R S 2 R 53R
SLE R, K RN EE AR RN, . BT S b
Je PR IIRE AR 43 I A FAL 9% (R LA, AL
100 plo BEINEE IS LA B F 37 CHE IR B 4
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BRI AV AR L B R R MR, 37CIE
30 min, PEEJEHIA 100 pul TMB ( DU R )
RPN 15 mine feJE, AL
A 50 pl ZAEAAE R, VTR i AR N
Hefh, IR T 450 nm P T I 5E & FLIROG
JEMH, MRPEPRIEM LT AEA T UCaBP (IR .

1.5 %it¥ % F SPSS 21.0 # b AT 58114
Br, IERS TR TORHHIEL £ faifE2E (X £s)
PN, HRIECRA %, JEESS TR TR
FAFRRAEEC (P42 %) M (Q1, Q3) 1R, HiH]
Lb 5 H Wileoxon F35,  THECHORLR HI-R J7 A6 95 5%
Fisher BIEIER Y, P<0.05 AN ERA G275 X,
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2.1 BARTH ARSI ASMER B E 2T
186 %4, MIEHEBRARHETR VS, LA A 126 £ /8
H, HhHWEE 76 4, WihEH S04, Ty
SRS A (65.3+9.8) %, 48 & BE VAT CPB FAT
TR ZN K E BB, 63 44 F - HEAT 00 0 e s
Bl B F AR, 15 24 B IR T R 3l Ik 55 %
FEAF A IO AR5 1 4 sl BB TR . 11 38 44
BEASE I AKL, Hrp 34 £ 858 AKLT ],
4 ZEF N AKL I, B AREIAR G R 5ERHE
W2 1.
22 BEF ARH UCaBP KT X IRBAEA B 5 BT
W, BFARY UCaBP KA B E S, K
FTFEZE SR AT 8 (DU 50) 4 40.6 (14.8,
62.2) pg/L, {H7E CPB FF4HJ5 30 min i & T &
98.6 (58.4, 124.5) ng/L, 76 FREH B Ky 148.6
(98.4, 189.5) pg/L. FEARJ5 24 h, UCaBP 7K~F-
$7128.3(88.1, 137.8 )ug/L( & 1) . fEF-ARJ5 ],
R ol 38 R B TS L 2UbR e, 126 &4 B R

SERIE, AT AR AKL, AKI 319 UCaBP /KF
25 W, /5 183.2 (110.5, 202.9) g/,

200
175
150+
125
10

T5F

01

Urinary Calprotechn Levels (pg/L)

25

TO Ti T2 T3
Time Paints

B 1 RIMES IR RESES & A sk (n=126)
i TO: BREEE SIS 60 min, JZARVITTRT; T1. CPB JTA
J5 30 min; T2: FARZEHMES; T3: ARJF 24 h; Urinary Cal-
protectin Levels: BREGZS GRS # T15 TO AL P<0.01; &
T2 5 TO He# P<0.001; *: T3 5 TO F4 P<0.01

F 1 DR T OIEFARRF BG2MEFHUA AN O et T AR RHE

i J&AKI (n=88) AKI (n=38) P1H
AEIR 1%, M (Q1,Q3) ] 69.0 (55.8, 76.0) 70.0 (61.0, 75.0) 0.636
B n (%) ] 50 (56.8) 26 (68.4) 0.442
L (%) ] 38 (43.2) 12 (31.6)

BMI (kg/m’, X+s) 257 + 3.5 27.1 £ 5.5 0.29
JELL LS WUST [mg/L, M (Q1,Q3) ] 75 (7.1, 9.4) 8.7 (6.9, 11.4) 0.578
BEAECWUAZES [n (%) ] 15 (17) 8 (21) 0.812
LSS EI<50%[n (%) ] 12 (13.6) 10 (26.3) 0.532
FAREA [n (%) ]

CABG 36 (40.9) 12 (31.6) 0.819

P 44 (50.0) 19 (50.0)

E 8(9.1) 7(184)

FARAFAE

FABHE (min, x+s) 313 + 643 323 + 91.1 0.630

CPB I [min, M (Q1,Q3) ] 124 (106, 169) 156 (111, 192) 0.643

FELWTHsE] (min, x+s) 89.3 + 43.4 92.6 + 47.7 0.521
AP [ml, M (Q1,Q3) ] 520 (403, 672) 505 (403, 628) 0.355
AP (U, M (Q1,Q3) ] 1(1, 3) 2(1, 4) 0.082
AKI[n (%) ] <0.001

AKT 1) 0 (0.00) 34 (89.5)

AKT 114 0 (0.00) 4(10.5)

AKT T 0 (0.00) 0 (0.00)
HELEPE B AR AR T [ (%) ] 0 (0.00) 30 (78.9) 0.005
ICU {583 a] [d, M (Q1,Q3) ] 2(1, 4) 4(3,6) 0.034
{EBERR [d, M (Q1,Q3) ] 10 (6, 14) 12 (7, 15) 0.062

FE: AKL: 2PEE; BMI: EHARIEEL CABG: TRRSIKSIRFAEA ; CPB: Ol
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6 PRAE v 4 B /N B 20 B AR BRI AR
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—IZEFE ST N, PRI R4S & 85 1R NGAL
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IR A e BRI, IR B NE 5 A
S HAE NI AKT O AE bR, T RHR
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LGS AR R — R TR RGN . 810 B fAk
WH T ZAMNESEAEN, BEmK ., REE
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Wz RAYY Y WRIT R, AL A E A Ak
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PR UCaBP AT LATII 30 d P AGBET 56 F1E I
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R2 LIRS S5 RS & KPR (n=126)

Gy OR (95% CI) mIHEE (95% CI) Pl

SRR O -3 058 (—5411~—705)

S B A IR AR h
AR 1.65 (1.22~2.23) —86 (—214~42) 0.18
Fk 0.74 (0.61~0.9) -699 (-3371~1973) 0.60
PRSMEERAT [i) 2.01 (1.35~3.0) 16 (—7~38) 0.17
FRER LT WL 0.82 (0.67~1.11) —635 (=5161~3891) 0.78
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/) V5 IE I e AR 3 Dk 55 B AL FE AR
R RS DL BCHY FE TS

BAF, KOk, B AF

[(HE]: BH SPNILERSIIKSHEFAEAR (MICABG ) 5 1E RIT M EASMER IR SR S5 B A (OPCABG )
BHTFRMEHEATIBESE, MR AR 2R T AR SR I BUS 1500, ik MU FABEA T bk sl ik
IR AR B H DGR ERE, S HEPRUETH LS 99 A\ MICABG 41 85 1], OPCABG 41 226 14, XFPRZHARELL 1 ¢ 1 Y ool
TPRETUCEL, LA PR AR =R I B F A T b R USRI OL, SEF A7 M USRI S B3 3 SR RO i A& 44
(MACCE ) RHAERMZESIFHATIAMT. &R VERLS MICABG 4L Z T AR . AR . 51 ESH k%
MR A BFET OPCABG 4 (P<0.001) ; MICABG ZHF1 OPCABG ZHH#57E MACCE, 4NFET . AEEgErzE . k3L
FErEO 13 . AEBOEHEOHE . VID@A AR . ZIRAA L BLOBEBREFFABER . BEN MACCE KBt IAET- 252 R Y
KA IR EEZER (P>005) o &1 5 OPCABG LB &ML, MICABG AAF AR W45 . AR H R, 5
TERCEID, AFIFREACEER G, R RIS ; MABRHEBEEN TS EEER .

[ X8I 1. wRSMKSHHERAA ; INIT; ARIMEER; AT WUs

Comparative study of minimally invasive versus median sternotomy off-pump

coronary artery bypass grafting based on propensity score matching

Zhao Linli, Zhang Bing, Yi Wei
Department of Cardiovascular Surgery, the First Affiliated Hospital of the Air Force Medical University, Shaanxi Xi’an
710032, China

Corresponding author: Yi Wei, Email: yiwei@fmmu.edu.cn

[Abstract]: Objective To compare perioperative outcomes and prognosis between minimally invasive coronary artery
bypass grafting (MICABG) and median sternotomy off-pump coronary artery bypass grafting (OPCABG) through a propensity
score-matched observational cohort study. Methods Clinical data of CABG patients in our hospital were retrospectively
collected. After applying inclusion and exclusion criteria, 85 MICABG and 226 OPCABG group patients were enrolled. A 1:1
propensity score matching (PSM) was performed to balance baseline characteristics. Perioperative outcomes and major adverse
cardiovascular and cerebrovascular events (MACCE) were compared, with subgroup analysis and survival analysis conducted to
evaluate long-term prognosis. Results After matching, the MICABG group demonstrated significantly shorter operative times,
reduced intraoperative blood loss, fewer drainage tubes and fewer grafted vessels compared to the OPCABG group (P<0.001).
However, no significant differences were observed in the incidence of MACCE, all-cause mortality, non-fatal stroke, non-fatal
heart failure, non-fatal myocardial infarction, wound complications,repeat revascularization, cardiac-related readmissions, in-
hospital MACCE or in-hospital death between the two groups (all P>0.05). Conclusion MICABG is associated with reduced
surgical trauma, faster recovery, and comparable long-term outcomes to OPCABG, suggesting its viability as a less invasive
alternative for selected patients. There were no significant differences in prognosis between MICABG and OPCABG
patients.

[Key words]: Coronary artery bypass grafting; Minimally invasive; Off-pump; Survival analysis; Prognosis
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TR B IRk R RE AP O S (TR O )
S i T RbR B Kok AR A5 A bR S ke |
Mt A2, gk g e LBk IRSE, B0 4
i D UBESE RS kO ) s, AR B
SR PEDRECR g U SRk S kS B AR
( coronary artery bypass grafting, CABG ) BEW% 5
SEAMMAE, hEAIEIKR AL LI 2 308
AR T A MRS, (IR T AR R
LTt Bl KRR R RS i 1 A 2 e Rz v X
o B B RO RIS A TR YT B I R TR,
28 2 M HTAMUET FVEAT /N SRR S bk 5
# #H K (minimally invasive coronary artery bypass
grafting, MICABG ) FEAEHARAME/N . K et
RO, TElm R BRI K T2 o BRAETSE B
MICABG HHA T 1E T Mg AR R AT Ho r O 3
HLRRBUAE 1CU {57 B I [] B AR Be it (o) 4 . 14 1
DB R ARG, A8 B S AR A R LA R T O S A
gt By SRR FARE AR B 8 52K
Xof O I PAT BA 8 27 2 K e 2 DROSR RE T WAFAE %
%, [ AU = EEBEs MICABG HEAT RS
PEIFJE 7. HATE A AR T MICABG 5% HLIE
HOF AR B LT FE i AB A, RN R T
MICABG A4 R ALAR S 191 i9F 58 A ik =, 5 22 B0
Fud B R IESE SCFF . ARZERSE MICABG HY%
AT RN R AR TR GEAE RO AR A LT,
AHESE B AR TABE T CABG J8 2 Yl PR ¢
BT T BT

1 X&5F%

1.1 AT & PRI 2020 4 1 A 2 2023
AR 11 AR 2S AR R 2R — M E BB (P4
ERe) O I AN T CABG S IR IR 7R,
It 9 A HEBR bR o 0 0 5 IR AR 311 1], Horp
MICABG 41 85 i, KR8 1E U1 11 HE AR S 6
IR B ik 55 B FE A AR (off—pump coronary artery
bypass grafting, OPCABG ) ZH 226 {4, 24 AbRifE:
ORGSR A, R RRI LI A A
TR AT =50%; RiFESIm ., 47 ET
7 e ST A AR =70%; 2 a2 DL BIR
AR =70%; WIKFEREERSE, H
FESAELIIRTT T AR AEME LR R 10 00 B 5
QKT 18 &5 QT AR, HEbrtriE: OF
B AR, (HARNSCH R FEIEL 2 5
BEVTSR Ui s QLA FIGIRRILE . ety
Joas SUEELLIN (MLLER A E <100 /L) 5 S E i

UM, BRI ; JEFIRINEEA A JOIIREN]
TR, UG M <30%, Al E SR AN
F>60mm; JUHE & H ARG ST E DR,
MBI AREE; EEEIREA S GIFHAD
PUR AL O BRSO OBRAAT TP F AR,
DIFHA T H A O T A ARARA S e 46 |
FRER T AR BRI DR TR ) ;. OERSMEER
T CABG & . AWIFRE SIS ER R — R
BEBEfE R bt i Al (KY20232123-F-1) .
1.2 i OFEHLAR: fHR430#HT2
A AD, T A RO b B S e £ R
(akaike information criterion, AIC ) F1 D1 H-Hr {5 B,
HE ) ( bayesian information criterion, BIC ) A,
I AIC/BIC fH 527> BIEL5 2% 6 o i 1) — UK A D R
s QUCREC Ty 25 HE s 4 AR A5 R IO (4 R A 2
FeC 2 I HR, MR A AT R R A 110 e K i A
AESELA L 2 1 B RSB C G, oA E
B 7 1) T Jk 1. A8 72 SRR I AR i T Dk i 2 4
HATVEAL

13 e RZE FEIGRE fE O ERET:
EBIEECIUEESE . AEBSEHE KA JEBUE
PEO T AEBOEE AR RIS R
I A B BECIE AR 1Y AL A W P ZE AR Y 2R R
O 1 48 ZF F (major adverse cardiovascular and
cerebrovascular events, MACCE ) H &4 5, IRE
ek A 2 A 45 2 S0 PR 2% 5 1) 8548 G 23 LA B 1)
FAEE AR DIESRRFARE . 1 BEHIE MACCE
AEBE R 4 HET

1.4 WERBRKERTAG T A IGRIKRIERC
FEAKATEEEER AR —WRER (P55 BE
e ) A e B s, A TRy RO T
ONERI BN ZE G, BT T AR D5 2442 R R
FORFEFPARAESEAT , A e 301 1) 25 Hy A A 243807 Y
HifE R . DEELAOCHE R : BEAGR (4R
. S, AR | BETESE (WOHEsE | GO EE
DRSO N SN0 DA S N 1 79 o N i K=
PR . BRI AT ARLAE) | OREFAS (Z0
UM, AL DR P2 O RE S, MM
O FARER R R 1T ek A2 SO )
QAR PN IESE: FARBIE, Refifmit, Erp
TEHE /NPT TR B AEECE | 5 R B
OARJFFLLIC T AU U] | 1CU {5 B i ] |
ARIEHI S 510 B ] SR S5 AE B i 1] |
BT AR A R AN, @B RV : BH
FEFIR G R S S R AR DL
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L5 st F ik P gt oAk A SPSS 26.0
BAE LR 43.0 84, ZEXUN . 0.05 B EEAKET
AT FFEIES AR ELAAR m USFE £ fn
HEZE (Xxs) o, RAAMSIAEA KB 740 8]
P AR TR A A 2 AV DLrp % (43
%) M (Q1,Q3) 1 £ /R, K H Mann-Whitney
U K 3 g A7 20 ) LA o 278 LABUER (/o
F) [n (%) 1R, MR R 75
Kaplan—Meier 352 il A2 F7 12k, SRR Z Cox
FU A XU TR A AT LR A 50T, o3 B 5 2R LUV L
( hazard ratio, HR ) KX 95% A5 [X[8] ( confidence
intervals, CI ) F7n; RN IET B KE Cox [HITJF
JENVZH 53 HT o

2 #R

2.1 API®‘F FARBOIMAEINEMT CABG B
422 B, ARPENHEPR TR L A, 2D HERR

11 56055, 99 A 311 ] CABG B, H
OPCABG .3 226 {4, MICABG (8% 85; A1 : 1
F kS B VS S, OPCABG £H 11 MICABG 4H 2 3%
% 60 14l

22 EELETEH AR IR TE MR s Ty
MAFFEZESE (P<0.05) , 78k & 5 48 S2 807
M ZES IR EE (P<0.001) (F£1) .

23 Eft)E BAALKAAE BT EERA N
Jok i A AR ST ECK AL AR B LA 1 2 1 I LR B TR
FUCTC, 7 kAR 0 A AR s R 0 25 55 53 50 G
BOAE RIS TR 4%, KB VT L J5 P 4L R A A5 T 4k
AR B EMEES (P>0.05) (%£2), Hinife
PEHRE WoR B IRl 22 S 3/ s

24 KRG EHFBEABIEIF XILEG OPCABG
20 F MICABG 41 i85 B AR I RS RE R4 T 20 A
Feig (#£3), 4558 BoR MICABG 48 & F AR E]
AR e i . 5|9 aCE B E AR A 2

F 1 /NI FEARRIMEER TR BN VK5 85 B AR A 9 2EL DG i iy 5 2 R et
FLERFFIE CABG il (n=311) OPCABG 4 (n=226) MICABG 4 (n=85) P  SMD
— AL
R 12, M (Q1,Q3) ] 63.00 (56.00, 67.00)  63.00 (56.00, 67.00)  63.00 (57.00, 68.00)  0.576  0.039
B (%) ] 260 (83.6) 192 (85.0) 68 (80.0) 0.379  0.131
BMI (kg/m’, X+s) 24.61 +2.74 24.67 +2.66 24.45+2.93 0.531  0.078
W [ (%) ] 198 (63.7) 152 (67.3) 46 (54.1) 0.044 0271
FECIRGIEEL [ (%) ] 31 (10.0) 25 (11.1) 6(7.1) 0.402  0.140
LVEF[%, M (Q1,Q3) ] 56.00 (53.00, 59.00)  56.00 (53.00, 58.00)  57.00 (54.00, 59.00)  0.052  0.247
EuroSCORE 1[4+, M (Q1,Q3) ] 0.82 (0.67, 0.96) 0.82 (0.67, 0.96) 0.82 (0.67, 0.99) 0.482  0.066
DIJEE NYHA 532 [n (%) ]
2% 93 (29.9) 70 (31.0) 23 (27.1)
4% 215 (69.1) 155 (68.6) 60 (70.6) 0261  0.180
I\ 3(1.0) 1(04) 2(24)
SEEMK AR SR [ (%) ]
SRR 47 (15.1) 11 (4.9) 36 (42.4)
PSR e 88 (28.3) 68 (30.1) 20 (23.5) <0.001  1.003
23 176 (56.6) 147 (65.0) 29 (34.1)
PR [ (%) ]
g0 187 (60.1) 136 (60.2) 51 (60.0) >0.999  0.004
WEIRIG 108 (34.7) 81 (35.8) 27 (31.8) 0.590  0.086
REAE AT 23 (74) 18 (8.0) 5(59) 0.702  0.082
WEA: PCI 39 (12.5) 24 (10.6) 15 (17.6) 0.140  0.203
RERI LT 60 (19.3) 42 (18.6) 18 (21.2) 0.723  0.065
SO R 47 (15.1) 30 (13.3) 17 (20.0) 0.194  0.181
SN I AE B 24 (7.7) 18 (8.0) 6(7.1) 0.977  0.034
R OBETF AL 106 (34.1) 76 (33.6) 30 (35.3) 0.887  0.035
iE: CABG: FLARZIPKSZHEBAEA ; OPCABG: ARARSMER T alRENIKSFHEAEAIA s MICABG: /NI BRI IR S RS HIA ; SMD: 45

WAL, BML: BHARTEAEEG LVEF: 220 B340 EuroSCORE: BRIL.C i AS FAR AR R R 50 NYHA: 0290000

23 PCL: ZPGERINNKAN AR
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&2 /NIAAAASMEIR IR S K55 B RS AEAR P LLIT LS 8 B BOR

TR CABG Eif (n=120)  OPCABG 4 (n=60) MICABG 4 (n=60) P{i  SMD
— Bl
I (%, xxs) 61.91+7.81 60.93 +7.42 62.88 +8.12 0.172  0.251
B (%) ] 94 (78.3) 48 (80.0) 46 (76.7) 0.825  0.081
BMI (kg/m’, X%s) 2422+2.78 2443 £2.70 24.01 £2.86 0.405  0.153
AR [ (%) ] 61 (50.8) 35 (58.3) 26 (43.3) 0.144  0.303
FECIRFIGEEL [n (%) ] 8 (6.7) 6 (10.0) 2(33) 0272 0270
LVEF[%, M (Q1,Q3) ] 57.00 (55.00, 59.00)  57.00 (55.00, 59.00)  57.00 (55.00, 59.00)  0.609  0.031
EuroSCORE 1[4+, M (Q1,Q3) ] 0.82 (0.67, 1.00) 0.80 (0.67, 0.96) 0.84 (0.68, 1.04) 0305  0.287
DIIHENYHA 434 [n (%) ]
% 33 (27.5) 14 (23.3) 19 (31.7)
JIIE3 86 (71.7) 46 (76.7) 40 (66.7) 0337 0272
3 1(08) 0(0.0) 1(1.7)
FEEWK AR R [ (%) ]
PSR 22 (18.3) 11 (18.3) 11 (18.3)
PSS 40 (33.3) 20 (33.3) 20 (33.3) >0.999 <0.001
ES AL 58 (48.3) 29 (48.3) 29 (48.3)
BEHESL [0 (%) ]
10 72 (60.0) 34 (56.7) 38 (63.3) 0.576  0.136
BRI 41 (34.2) 20 (33.3) 21 (35.0) >0.999  0.035
RERIN 5(42) 2(33) 3(5.0) >0.999  0.083
BEfE PCI 17 (14.2) 6 (10.0) 11 (18.3) 0.295  0.241
IWRAE i 25 (20.8) 14 (233) 11 (18.3) 0.653  0.123
SO AR 22 (18.3) 9 (15.0) 13 (21.7) 0479  0.173
SN IS B 6 (5.0) 2(33) 4 (6.7) 0.675  0.153
R OMETFARL 38 (31.7) 18 (30.0) 20 (33.3) 0.844  0.072

E: CABG: JRZNBKFFHFAEA ; OPCABG: ARMRSMER FIbARBIIKSS HALHAR s MICABG: /NI TR SIIK S BERSHEA ;. SMD: 45
WIS BML: BARBRRAREG LVEF: Z2 050G FuroSCORE: WL i B FARSER A Z T/ 258 NYHA: 1290 0B D)
25 PCL: TR ARIT

R 3 /NIRHEASMEER IR B K A A P IC C S 8 B AR S R b

FIARMIFE bR CABG it (n=120) OPCABG 4 (n=60) MICABG 4 (n=60) P{A
FARBH] (min, x+s) 203.38 + 69.38 237.60 + 58.12 169.15 + 62.84 <0.001
A4 Mt (ml, M (Q1,Q3) ] 300 (200, 500) 450 (300, 600) 200 (100, 300) <0.001
MrIMAEE[ 3, M (Q1,Q3) ] 2(1, 3) 2(2,3) 2(1,2) <0.001
FLN B AL 1(1, 1) 1(1, 1) 1(1, 1) 0.649
pNELi e 1(1,2) 1(1,2) 1(0, 1) <0.001
SELABIIRIEL (2 (%) ] 114 (95.0) 56 (93.3) 58 (96.7) 0.675
SKEEFIIARE (2 (%) ] 92 (76.7) 55 (91.7) 37 (61.7) <0.001
ASEIEREE R M (Q1,Q3) ]
RIGEBEE (d) 9.00 (7.75, 11.00) 9.00 (7.75, 11.50) 9.00 (7.75, 10.00) 0.828
ICU fffE] (d) 3.00 (2.00, 4.00) 3.00 (2.00, 3.25) 2.00 (2.00, 4.00) 0.555
R (d) 4.00 (3.00, 5.00) 4.00 (4.00, 5.00) 4.00 (3.00, 5.00) 0.286
Sl (ml) 925.00 (613.75, 1312.50) 975.00 (635.00, 1312.50) 895.00 (543.75, 1306.25) 0.488
SIREHE () 2.00 (1.00, 2.00) 2.00 (2.00, 2.00) 1.00 (1.00, 1.00) <0.001
HIMGE A (min) 621.00 (35425, 1216.25) 808.50 (405.50, 1222.00) 455.50 (304.25, 1163.00) 0.066

iE: CABG: mlARZHIKFFEEEHIA ; OPCABG: HEMSMEIS Rl SIS BAEAR ; MICABG: /NI AR Bk S AL R A
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KT OPCABG 41 (P<0.001) . #i2H 4t 120 1)
BE AR S SO 247 3, HhELa )
K#F 115 32, KEQ#RIKPE 132 32, Hrh g zER
FEARIAE K BRE kAT L, MICABG 4 MR 5
M H ¥ % T OPCABG 44 ( P<0.001) .

25 WsR% R AR R BN, OPCABG 41
Al MICABG 4 /8 & 7€ MACCE, & [H3ET-. JEEL
A AEEEE L T  FEESEH L AL
FEAE . PEREEER AR I ZELL D @A AR
FA AR R E 2R (P>0.05)(%£4),
26 AWK A EE AR T Y
23.50 (18.00, 29.00) H, %: il OPCABG 41 #i
MICABG 4 #4 1Y Kaplan—Meier “E/E 2k (& 1),
e R TR PR AL R 7E MACCE . £ HFET-, JE
EX @A N1 P AN |5 @7 A 3 R SN | B 7 TN
Jiaguly . RN AFAR, EBOEHEOHREE AR
Hp ) BRVEAR B S22 (P>0.05) .
2.7 VR B Cox BAA KM UTFARYIO
BN {728 H (OPCABG=0, MICABG=1) , %%

WL AN R (=0, E=1) HTHRHE
Cox FL I XU 819 ( 6 5) , K OPCABG 4+ &
KRS P R, BORX A S R R T
BT 25 R s, ANFEFARY 08B E W
AR, ISR R AR T R R
5 (P>0.05) .

2.8 OPCABG %41 #= MICABG 4 % %4 MACCE
MR A LT RYI AR | R
(OPCABG=0, MICABG=1) , &I SF/N
A (R ) , LUFRR (<65 55=65%) |
PER (s B ) | SRR AL (<24 kg/m?
=24 kg/mz) CHERE CEEE ) | s (2
W) . ZEE S E (<50% 5=50%) . W
M (R ) DRSS (1 ~ T sk
M~V ) RorelAEs, 73T HREE Cox
5] JRURS: [T ST RS2 26 43 A (IR 2) &5 2 I s e i)
S5FARUIOZEA, WS 5FARY A8 [
AR HAE (A HAEH P{E <0.05 ), B4 |
AR AR s AHE R, FARYI A 288 5 MACCE &

x4 I REEARSMER TR B K B AR AR P2 DT IC S 88 KR I R =

It R4 CABG &l (n=120) OPCABG 41 (n=60) MICABG 41 (n=60) Py
FEIGRE S [0 (%) ]

MACCE 32 (26.7) 16 (26.7) 16 (26.7) >0.999
PCEIRIRZ R [n (%) ]

A 8 (6.7) 4(6.7) 4(6.7) >0.999

JEBIEME 4(33) 1(1.7) 3(5.0) 0.611

AEFEHE T 3(25) 2(33) 1(1.7) >0.999

LSO NUESE 3(25) 0(0.0) 3(5.0) 0.242

PERETEIR R AR Y 4] 7€ 15 (12.5) 9 (15.0) 6 (10.0) 0.581

lspigs ¥ N 16 (13.3) 11 (183) 5(83) 0.179

RIS IR A A 9(75) 5(83) 4(6.7) >0.999

(ORGSR ABE 20 (16.7) 7 (11.7) 13 (21.7) 0.221

fi:BEH MACCE 8 (6.7) 5(83) 3(5.0) 0.714

FEBESA ] 2R T 5(42) 2(33) 3(5.0) >0.999
iE: CABG: FlARZIPKFFEEEAEA ; OPCABG: ARIRIMEIS bR SIIKS BRFEAE A ; MICABG: /INIJURIR B SS B A ; MACCE:
FELO M AN R

£ 5 /IMIOFIEHERSMEA TR SIS AL AR PI 2 B IR IRES J5) (B 2 Cox M)A 43HT

it R B1E SE Wald {8 HR {H 95%CI P{H
MACCE 0.028 0.354 0.080 1.029 0.514~2.058 0.936
BT 0.000 0.707 0.000 1.000 0.250~3.998 >0.999
BB ¢ et 1.220 1.156 1.055 3.387 0.352~32.650 0.291
AEFIEHE Ty 2 -0.699 1.225 -0.571 0.497 0.045~5.483 0.568
RIS iz -0.083 0.673 -0.123 0.921 0.246~3.442 0.902
PEREIER RS AT P 1A %€ -0.285 0.528 -0.540 0.752 0.267~2.116 0.589

iE: MACCE: EELLIKIMLAE R R FH4F
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1 /NI REERSMEER TR 3k 55 2% B A A T 2 R85 I PR 45 SR 1 KM 2%
Er A AREAMER TR B ko7 B A AR (OPCABG ) A/NII L AR BBk 55 B B R (MICABG ) & FEAR
O 148 25 (MACCE) 9 K-M BH£k; B: OPCABG £ 1 MICABG 41 i34 & AT 1) K-M Hi£k; C: OPCABG 41 #il
MICABG 1 #3# AR B0 E.C IUEFE A K-M 114 ; D: OPCABG 411 MICABG 4 F AL BFCEmiA 1 K-M fih<; E.
OPCABG 21l MICABG 41 FAEBEIEC Ty B (1) K-M MiZk; F: OPCABG 411 MICABG ZHEFH RIS kA A K-M
MZk; G: OPCABG ZHAI MICABG ZH 8 HAEBALIE AR H Y K-M #hZk; BT E8 A
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R Z A AT B TE2E s (HES WA,
ASTR]TFARY) 2R A 8B R MACCE Y & AR
Jow#EHZES (P>0.05) .

3 itig

MICABG £ SRUE T A A HF FI4 4 25 (1] Y i 4
T, ST ERRR AR AR, HiEw LT
TERSMIEIR A T 3T, SR — e B L B AIR
TARER B RIERNEEEAE . e WfE YA
AR . B AR 2R S I R IE R A
JRUR: B A 22 10K I R BA S A 9 IR
MICABG 7£SZ BRI H i HoAT K e e A ett, fE
MACCE JCE R4 A7 % | HA B B s > >,
SR, XFF MICABG FlE HLARZ OPCABG 11 HL#%
ST AR G458, S IR SR

AW S 1B 23 A7 T 2 32 $5 5 MICABG F11
OPCABG TR 4 R 5 P 768005 S8 (R M S I PR
BRI L. 25 R BoR: 5 OPCABG M L,
MICABG FARBF a1 45 50 . A b i s Refi . 510
FCE R H D, {2 MICABG (R A/ 45 %k H AH
i 2 F/F OPCABG; MICABG #1 OPCABG 3%
TE MACCE ., 23ET:. dEBGEEmiZ T dEE03E
PR 15258 | AEBBEE D NAESE . DI AA AR

TUAAL LGRS A BE R BEN MACCE
K Be LT AL i A AR AR 0 B 2 S
TEELH AR, PR WA s 20 053] 5 TR
FRAFAEAZ AR, MITEA AN, AFETAR
DI 2R84 MACCE Ry R R T R E RS
MICABG 7 Ilfi PR 52 2k i 1 >R HI/0) A0
T REAR S Pk 55 B FE A AR ( minimally invasive direct
coronary artery bypass, MIDCAB ) Fl/NJJ 564k 2l
Wk 2 S #& #5 AR ( minimally invasive cardiac surgery
coronary artery bypass grafting, MICS CABG ) P >
AR, 5% MIET I CABG A LN T F R
B, AT A REE " 5IED I
FARALL, MIDCAB f4F B i [ 0 1 i 2 25 4
B, TR ONEASCH M 2R R L AR A
W EHE P, 3ETF MICS CABG ) 4N 1) i 15 AF
FWERY, ZARKXEA RN ENE, Bt
R IS A 2 S R R B A il A T R T )
i, MICS CABG A i fndet . Be il ] b £ Be
A AR T IE A ", BT MICABG
WAL DEASF A T AT, S e IF oA
R A S MG PR T BE XS A2 A I 10 7 A A A
s, O ARG IR A = Xtk Xu 4%
%I MIDCAB 1 OPCABG HEAT 1 MIBUE AT, 2523

2 /NITEAEEARS MR IR S K5 B R A AR PIZE AR A F2 B0 I LA R R A9 4 34

i Age: %5 Sex: TEF; BMI: BHAFTH IR
L0 4S5 P for interaction: 3 HAEM P{H

DM: HHIR¥; Hypertension: Bl Smoking: 4l; NYHA: 41
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7% MIDCAB ZH oW 45 H i F 8. AR H]
B . AJE O WUIVES 8 1 T (e, PRI BLAE
2T I (O E e T I R B A g e R M
4t OPCABG 41, TE#ELEREDH MIDCAB 4119 145
WL R E A XS AR I A R
o MICABG 4 He & F ORI fal 46 8 . A il &2 %
RAHERIE, (EAEREAE, %P5+ OPCABG
2 B AT R4S AR KR 34 R T MIDCAB 4, [A]
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Physiology-driven simulation training enhances the effectiveness of cardiopul-
monary bypass emergency management
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Department of Cardiopulmonary Bypass and Mechanical Circulatory Support, Beijing Anzhen Hospital, Capital
Medical University, Beijing 100029, China
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[Abstract]: Objective To evaluate the educational effectiveness of physiology-driven simulation training in handling
cardiopulmonary bypass (CPB) emergencies. Methods Trainees at the CPB training base of Beijing Anzhen Hospital from
March 2023 to March 2024 participated in a one-day physiology-driven simulation training program. Training effectiveness
was assessed by comparing the same trainees’ scores in emergency management skills across three sessions and by measuring
changes in circulatory arrest time during oxygenator replacement between the first and second attempts. Feedback was also
collected through a questionnaire conducted after the first training session. Results A total of 63 trainees participated, of whom
22 completed three simulation training sessions, and 25 performed two oxygenator replacements. Trainees’ scores in emergency
management skills significantly improved, increasing from (12.18 + 3.08) in the first session to (15.68 +2.03) in the second and
(17.82 £ 1.65) in the third session (P<0.05). The circulatory arrest time during oxygenator replacement significantly decreased,
from (359.04 + 105.64) seconds in the first attempt to (141.40 + 22.97) seconds in the second (P<0.05). Furthermore, 92.06%
of trainees reported that the training was beneficial for their future clinical practice. Conclusion Physiology-driven simulation
training significantly enhances trainees’ theoretical knowledge and practical skills, improving their ability to manage CPB
emergencies. Repeated training sessions can further consolidate and enhance learning outcomes.

[Key words]: Cardiopulmonary bypass; Physiology-driven simulation training; Continuing education; Emergency
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REEE R BN

1A M1 2R i ] STOCKERT S5 4 A T 0> Jii
Bl (FEERMRAT ), B A A P

(WEGO 7000 24, 111 7R e B 2B BRI 7 2 A PR
Al o MRPEIEE &R B— 3/8 Ji~f “Y” B
3k, HumiE ot EE R A O, R
T 57 0 5 1 BB A I 8, T — 3/8
Yt Y7 A S W o A T 4 ) 5 T A
RGN R, B A E 5 40 um Bk
e uE A A D, SR EEERE: B— 1/4
BEWE: IIAH A AR FAER LIk
( ZR2024QH295 )

264200 B, LR BR s Jaloifs v 37 = Be R IR
ZEEH, Email: lxy20021970@sina.com

EEBAL:
BIEEE:

gl Y Bk, Homid kA g S A AR A
B, Wi oL A o 5 T B R A AR R
R, KOG EEER: RS A8 0
3% 4% STOCKERT S5 %Y ( fl[E RN F] ) 25
IKAARI P EKIE R R G0, s 8 i ] — U 2
TEULI 1 Tse s Jr S AEMR LG 2 000 ml, Ifil
K 400ml, 5000 IU fiF 2, HIKJEJE 1 000 mg,

f ? IS
AR

—— kLY

s

P —= ifui i e
B 1 RS AP s RK
i MBIRRNVE B 38 ) Y JBHEEk, Yt
ISR N O, X0 A A 35 IR i, 1
A, J3— 38 HESE YT I Sk Wi i A I 5 IR
il AL 13 B e 4 T Sh R 1 e A 1

SRR V4Tt YT Bk, Ml S
SFURAAGESE, XU 4 4351 5 IR 1 <A 11 3%
Fieo KGN G IEESE . IR T 43 %1 % $2 STOCKERT S5
R (FEERMRA R, 2021 4R ) AR IR K HE I E KGR
2G5, il RS A ] — R
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TRAMIEER Fp 2R FH AR AIRHR 30~31°C, 523 I 30 R B¢
(LM ER>0.3) o A it RIMIE IR 5 PR
IF38 1 2 B B SO R DA HE R =08 (IR
B EIT A IR AF] ) BE BRI 1 000 ml, [H]
F 2 BE A I #4580 TET VS I3 £ BETE i 130/0.4 G4k
ST FLER AN ARAS R, 5 min S5 BHIT T 32
Bk, &7, A RDRSIKIF O BT 1V 4R
A AR (MR : SR =4 1) AT DAL
P, E U e CRIARRBCTT: 10%
FEAR 37.5 ml+10% Hi 2GR 2.5 ml+25% BRFREE 4 ml
+0.9% FALAN 500 ml ) 2256 1500 ml, 477 900 ml,
40 min Ji7 , 55 IR 28 B KR VP A s
WRRECTT: 10% FALAN 20 ml, 4[] 4P )
900 ml, ¥ it 1.8~22 1L/ (m® * min) , 4if%
S FKE 50~70 mmHg, BKEAE (SvO, )
70% ~80% , VASMER 75 min AR, BHTHIE
C ARk R B 7 oA PR =] 1000 L), [F]
PR FUAE F A I 1, 520 12 min J5 RO 3230
fik, ONEE SR Bk, AT bR R S A
AL DNEAESE RS, 5T BIE PR 18 min,
SR E S 37.0°C, AT 36.5°C, 8k E
78 mmHg, > i bk 8 mmHg, SvO, 75%, il
S BRI SR, O ORGE VR
W, BRACRE BNl E s i I, sk
[k B A T AR 250 mmHg, AARSMIEERAT ]
104 min, F+F S BKEHKTES[E] 82 min, #H#h ez
CHEVENT 130/0.4 11 500 ml, 57 FLRREAMA%
[ 500 ml, JEWE 1200 ml, JRHE 450 ml, HLEs
AR 890 ml, A AMIEFA 18] i < W 27w —

B2 WU S SR S
E ZEBDHIFIRE A UE A AT AR IR S A
HACIIL 71 T

MR (PaCO,) AR ERIIRBUER, Rili
BTG S e BRIV LA, PR P-4 . FL i B R B
IR, ERK AR R / R R

2 #R

BEARE 14 h IR I AERE, WAL
RTEERR, A KRBOER, FREHr . A
RIS - AJG 72 W i e By, RJG 8 d B .
PRt T . H R BT R BOE o AR5 %8 A
JRE CT 4$27R: Bentall RJ5, A THLMIRDIGE R 4T,
s D . B AR 21 d EF R0
REWTRAAT RIS QIsE G AR, TS 45 d B,
SAEBERTE] 48 do Bl E 6 N H, oA,

3 itig

A HIMIE ER I 1] BL G- 1 A5 B R A 2R
PR AR AR OC . B A AT LA
AR IEH R RIME I R A% 4R At 5 i <A
A& e KPR b M R IR L R T gD
T B RAREE /D T S AR R ki &
AR Y X E R R R I T RS MIE A
M2 B G AR R REE IR AR AL,
AATRITRZES IR, DA S v i
AR PacHgR RS R R P B
A e A [ AR S R, R PR A Il
W T, SRMEHRECR 2R A SR E .
H AT A A 2 I PEBE FIF 20 350 ~ 450 ml/min (148,
ik, PRIMEA IR BB, AT BE
FEARA I B, TR AR RSN IR IR . B
MR WIREIEAME RS . BN, P
TR SMIGER AL AT RE H B0 P AR B R RO i
T S & > 6 Limin B, sk E IR F . Bk
M SIBKAE I ) FndRase it XA MIE A
PR E S, A EE 8 196 em, K 180 kg,
IRFTHR 3.35 m®, SR EAE4L 46.8 kg/m®, J& T
. B — R A A e R L
7 L/min, # i 1.8~22L/ (m® * min) B, HJ
6.03~7.37 L/imin, #ZIf@d 1P — B E A4
R, R T IS anfal i 2 8 A S
ik, HATM B A HE R M K I, Miyazato
A ERRGE Y, JRBCE AR A R B K -
ﬁ}ﬂﬂ(ﬁiﬁ I‘Hﬁ/ﬁﬁ ( veno—venous extracorporeal mem-—
brane oxygenation, V-V ECMO ) , JGJ7—44 27 %/ .
B PR B FE L 60 kg/m®, AR HIFL 2.8 m* . BT
U 5t R B Il 48 5 0™ F I W o g 1 ™ L R R
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H, WATRE IR T8, RIAMABEA S

T AT EXT 55 V-V ECMO JAJT Ay ™ 5 AE
HBH A 3. Hurtado S 45 P 4238 I 16 i F 9 A
REGERI V-V ECMO, Ny 3 {4k & Tk S50 55
B S ™ R 30 2R i R [ P AR L
SR PR PRI B P S RF . Leloup G 5 izl —
SARTE 98 kg, B 188 em. RFMA 2.77 m® 1)
271 % B+, WM VIR E 8 2R Gk,
FEHRAE FH P B X4 A 25 19 V-V ECMO IR YT 2k
FEA, FEAK PaCO,. Gygax E 25 " 42 1 i
A A I N — 45 34 % 190 kg Nk R
g 2 A 32 Bl kA6 B2 A A 0 I 2 3 e, ik 1
TOUINE T RN AR R AR R, AR IR SMIE IR A R
HEFE 2 B SACBERE, R T TG ) & T ]
HET R H alpha—stat 7%, FEFFEEFITE 1.8 1/
(m® * min ) [ TAZARYEH B 2.4 L/ (m® - min) ],
ERAFARIE T, 7 LL4ERF 6 L/min A9 2,
o I Pk I 42U VRL R BE Ry 62% , A BN TR R 3 1) H
i BORFEIE 8 o P B AEL A A8 T IRl A 155 0
T, %4 E 80~100 mmHg Y 15 i Hs 3 6 i 7]
AR 45~55 mmHg, & E] 35 °C s st E] Sy
42 min, Melro LMG 25 BV BF5E 090 . JEIEE 4R
B ARULA NI B R AR PaCO,, BGESEA, JFBE
H AN AR L BRI R T R B AR AR
FEBR TR E, A LSRR FE RO T
s, MR EGHwItBdls, mmmmiEs
ardtEE, AR G AR TRRAR . PG e Rk
AT RECE m AR 77, 1T 6E S B0 [ 4 R
R A, BT SR A A [ a3 A
AATRIE SRR, BN T A XU . LI g
P Z [ R AR PR R, TERARRIA = 1) 9
FRH R R, AR T AL, 2 CU”
WAk, il FEASGI R E RS B,
SR A B A AR T IE TR AME P A I
it S0 M T AR L A R T R PR PR — R AR A AR
1.8m’, 0.4m> B3] 3.6 m*. 0.8m”, MK E
Ghed, MEERMTNAS , g AR
EIZG B F IR SE Berh, R IR A A IRk
A NH GRS B K 1, B B4 4k
BT, BRI IR TN Rrfim <
Woi s BE A . AR SR . . R
BRF-r E E, ARTRAT ) JE A g S, ORI

A B (A I R S IR

IRSMIEFR T B A A AT IR A, AUR
FHEEMRE S, BT =582 CIRORHIG
PRAFSE 24, HA BRI SCHRZ 8 T B8 S5
Tt BRI, MR A R, A3
JCTVE UE AR 8 4 2 TR 1580 90 2 8 o P — S il 5
AT, A A AT A AR R — g
LAAH RN AL RERTEE GER.
VDA I i ) e A R i FR 3 ) A 3 7
Ja A T IR A R AR E AR TP R
SRR I A FE AR fa R R R AR R A
Frifb— D5 . RS AVF, (1 8 L it it
fiti (424K INSPIER 8 F ) &5t AEIR BIAR A1
S € S I B A (TN s A A 6 LT T A
AT /D 9 i G, W TS A, #E R T
Je AL (01165 PR S BN

SE
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& FEmiR-29b A ZNWMATE AL f5
F U 2 A A 52T

AR, EWRE, A, K A, ERE, KR, NEP

[(AE]: BB HFEE miR-29b BSNBATECUESE (ML) JEil o s SRR, ik s RN QbR
w48 miR-20b RYSNIBA, Jfd i R RIS R 2= O WURESER) /N S8 U4 TR X RAL, MIAERIZ | Ah
WA PN E B miR-29b AANBASRT AL SRATR A OEhIA VR (0 R AR EIE ST T B D IR . DA
PR RAROCr Fiefl . S8R 5 MIBEUZHA L, 54 miR-29b AYAMIAMATARY P20 W 35 okt T O USE IS .0 Dhse, B
PREIN 7202 BTN BN 72 O 3 i o R B o TR, O LA Al B R T AR 25080 . miR—29b 7E /LML S Y
RIXWH LI, BEEA VAREES I AFARE TR &g DRBBIKES S8 miR-29b RYSNBA, i JE
WAL, 35 M URESE IS O S B . AT R T E R4 E miRNA BAMNBIATR Y 7O A B A 17387 A A
TETERIRY T R

[ K887 | SUECHUEESE; SNBAR; miR-20b; (LEEHM; LALE4EL

Research on the role and mechanism of miR-29b-enriched exosomes in
inhibiting post-myocardial infarction ventricular remodeling

Zheng Wei, Wang Xiaoming, Han Zhiwei, Zou Long, Fan Chenliang, Sun Hongda, Yuan Jianping
Department of Cardiology, Baotou Central Hospital, Inner Monggolia Autonomous Region Baotou 014000, China
Corresponding author: Yuan Jianping, Email: 5378603 1(@qq.com

[Abstract]: Objective To investigate the role and underlying mechanisms of exosomes (EXOs) enriched with miR-
29b in inhibiting post-myocardial infarction (MI) ventricular remodeling. Methods miR-29b-enriched EXOs were engineered
via in vitro transfection and administered to MI-induced mice through tail vein injection. The experiment was divided into four
groups: normal control, MI model, EXO-treated, and miR-29b-enriched EXO-treated. Cardiac function, ventricular remodeling,
and related molecular mechanisms were assessed using echocardiography, histopathological staining, and Western blot analysis.
Results Compared to the MI model group, miR-29b-enriched EXO treatment significant improved post-MI cardiac function,
in the miR-29b-enriched EXO group. miR-29b overexpression in cardiac tissue correlated with downregulated collagen |
and collagen III expression. Conclusion Tail vein injection of miR-29b-enriched EXOs effectively suppresses ventricular
remodeling post-MI by targeting myocardial fibrosis. This study highlights the potential of miRNA-engineered exosomes as a
novel therapeutic strategy for cardiovascular diseases.

[Key words]: Acute myocardial infarction; Exosome; miR-29b; Ventricular remodeling; Myocardial fibrosis

L UEESE (myocardial infarction, MI) JE4=EK  MIERERITUG, (H.O= B A9 RO TG T4
WHENSBCC I R AT FEF R Z —o ML G E R P HUMEBEZIR (micro ribonucleic
J U B BRI S AL R OGBS AE, SRIA L acid, miRNA) J&2—2&E4mfid /N RNA, RERS IR IE
WUATHIAT: . CFAEL AL ST RO A DAk I {5 2 B M3 B S TS .
5. R e B B T AN, miRNA e O BB ELAT B

BETH: M3 B ARREILA %S E (2022LHMS08014 ) ; WEHERCFEATE ( YKD2021LH093) ;
e AR X 2022 4F TAEf@RERHE T E (202201508 )

YEZBGL: 014000 £33, AL PO ERSONERR B4R ) L OISR CEBREI . shabfh . 48 Jo. BEFE ) 5 150050 BRI,
M IRIERG M B RO BE B 116X (RS, INVEE)

BIEEE: REF, Email: 53786031@qq.com




HEARAMMERR L F 202546 F28H $2345 %34  Chin JECC Vo1.23 No.3 Jun 28, 2025 259

PEUIRE, Ho miR-29b [RIHAE O JILEF 4 Ak i 3
VR F 48 32 060 O SR, B0 A miRNA 7
RN IR MR ROCPEA R, el 4G 30 8 e
miRNA 2.0 LSS 5E B . A A 21
Mo Bh g /NI, AR I, R AILTR, fiE
B A A 4 A ()38 15 A 3R 7 SIS )
UF 0 A AR AP E R S e S5k, IR RBAE IR N AR e
FEAE, BONIBXIATTIE miRNA YRR A Y 1
FEH, EERFE miRNA IAMNBARTE O LB B IG
I7 P BT A AT P (BRI 4 R
—HRE, AR B AE T8 5 miR-29b 950k
A, JEVPAG AR MI S0 5 d A4 A4 B
ML, 4878 miR-29b 160 ILEF dE AL IR b g 52
Wi, A MIJ5 0% A I B RS AR (1 BEE S A A
TRYT IR

1 #REREE

1.1 s 5HA ABRC RSB S 3
W) FEFE L B ) SE SR B A ik fE ( BJLongan—
L-1-0142) . BUAFEMEM: CSTBL/6 /IR (8~ 10 Jaif,
20~25g)40 2, ddb st i fR e s sy oo st
i FHF AT UESR 5 No.110324241107468776., T4 /)
BRI (22+2) C, ¥ (55+5) % M 12h
JemE R G AR R R SR, A R APOK.
/NERE BEE FE 0 T 418 (bone mesenchymal stem
cell, BMSC ) Wy i /R AR A I RHEA FRA ]
HARRE IR ( minimum essential medium, MEM ) .
¥ G 4 MW (foetal Bovine serum, FBS) . JiE
BiE Wy T 2€ [ Gibeo 24 Flo HEJFEE I T, B A
IIT A1 3 — B R H 91l 7 i 20 ( glyceraldehyde—3—
phosphate dehydrogenase, GAPDH ) ${ 1 Il - & 5]
abcam A Al miR-29b B . 196 B S 500 4
S ¢ G B A NG AE X W (real—time fluorescent
polymerase chain reaction, RT — qPCR ) {77 & 4
TN YA R A A SRR & (Trizol ) |
KRS A (RNase A) . RNase A #0457, ji
B4 % YLHE M € ( radioimmunoprecipitation assay,
RIPA ) SEFRMH . — AR (BCA) HHER
W& AR A Y BRI PR R A
b2 % 96 (electrochemical luminescence, ECL ) #8
BRI T AL st OB A R A )

1.2 7%

121 SCE Ay AR A S G BEOR ik 40 H
C57BL/6 /N AT BENLE 73Rk r 4, L0
H, WA 10 K, IEWA A (NCH) . Ak

AL B, MIBERLZH (MIZH )« dl 45405
ARSI KA R ST MR SR IMAR YT A (Fh
WAL )+ MI 30 min el i 2 i ik 5 Sh il A
(5mg/100 g) . & miR-29b FFNBAIEYTZH (Ah
WA miR-29b 41) : MI 30 min J& i3 R bk 7 5
& 4E miR-29b MYAMIMA (5 mg/100g)
1.2.2 /PR MBS ARE S R Gk /N R
MI B MO N 1.5% ~2% SERe R, 1
B ZE e 3 B 4 ST T i, R ER O,
i TS TR 1Y 7-0 22 26 %) 5l AR 50 Jok iy I S ik A7 4%
L, Bl JE R OGP MR, 58S LR RK )2
BORBCA B A 5, 7e/NRRG 24 h 547
OB A, A 7 % DI RE A MI X 132 5l
T 0L BUEAY MI RSB G H 26 Bk 7 28 S5 1L 73 %
(left ventricular ejection fraction, LVEF ) [
AR RO Iz s 5 Rl R A MAE, I E
LT VRS AR KF- - IVES 2 2O LA A )
fEbn, R MI RN KB 2 T E ny LS
FI7KFo
1.2.3  TANMIRE R 5 AN MRS B R L o 4
M52 I 5 Be R 22 MEM Sg 4B gr kb, HBE 3R 2%
097 10% FBS Fl 1% HH R - R R MEM.
240 M A 37 °C F1 5%CO, P05 85 SR 40 il ik 2
70% ~80% il I, WS AN IR L. R H]
2530 B ESRBUMIMA . 6L 300 g .0 10 min
KBRANMEE R, LA 2 000 g B0 20 min K BRK
g, HJm L 100 000 g #HE B> 90 min JLTESD
WA, DLVE SRR ZE M ( phosphate buffer saline,
PBS) i, FUCEL LA fLIM bR, Sh s
b B T A AR 1 BTENIC S ( Western blot,
WB) (CD63 #1 TSG101) #FAT45E .
124 &4 miR-29b YSMBATI & O EE A
IAMATE W 2 AL 28 R T R R R 2R 1 g/l TR
B 500 pmol £ miR-29 B4, Iffii Fl LONZA
Nucleofector 4D &% (Lonza, {2E ) #7825,
HEEALE, L BV IR ( RNaseA ) Ab3E
A9 30 min, LAREME A R D) miRNA B,
P Je , SN 2 ul RNase $03]55] 2 7% RNase A,
38 i R RO EOR o) 1 AN MAMAS . e A TTTEY)
&TET PBS H, JREAFAE -80° Co i ad i 5K
A 2 b 1 3R A g ) 1 (real—time fluorescence
quantitative polymerase chain reaction, RT-qPCR )
S A miR—-29b 1A
1.2.5 OIJEEHAL 1 Vevo2100 ( VisualSonics,
ISR ) Gl O sl 18 R G O S
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IO R . F SR RRBE /N R, ELEG
FFaETE 400~500 K /min, SR 5 AE MIJ5 45 28 d
for A 25 /NG DI RE . JF 40T LVEF FAC 0 % 45
%1435 (left ventricular shortening fraction, LVFS )
FIMEL, FH— XA YT A BCAS RIS 98 A BLatEA T o
1.2.6 IR 7RISR 28 d B/,
B e PBS WUk, B, HH 4% 2R H &
DM, PEAT A IR IR A R B AR R P
XY AT A8 e €8 (Solarbio, ) , #&
Ji AT e A ny U1 R AT % 3T Image J
AR ML 5, I A1 R AR X
{3 ZH 2 A IR T A
1.2.7 RT-qPCR £ 3 i RT—qPCR 3% 46 I 71
WA miR—29b [ B 7 7K S FTFE O LIS 7 SR
Iii] A1 95 44 I 0> ILZHL 23 miR—-29b %) 32 3K 7K -
5, Trizol 13471 DA 20 gm0 WILZHL 21 498 A
RNA, i NanoDrop 2000 4366 (Thermo
Scientific, € [E ) Kl & RNA ¥k B S 4l JiF
TR e BRI B ERAE, O miRNA
05 S AR B cDNA,  JF LA eDNA 1 R 54, 7E
RT-qPCR A b 47948 s, L U6 (L
5’ =3” GCTTCGGCAGCACATATACTAAAAT; R
it 57 -3° CGCTTCACGAATTTGCGTGTCA) /)
¥ RNA E N2, H2-A ACt %35 miR-29b
( Ii#5" -3’ CTGCTAGCACCATTTGAAA; Rt
5’ =3’ GTGCAGGGTCCGAGGT ) FARNT ik /K- .
1.2.8 WB R RS/ IERES, HA
BRI (0, RAT S I 20 B 5y,
FHER 11 o 0 o 30 4 2 1 & IR, AR
JEE 4 VIR BIINA 5 x EREGEMIR, 1E 100°C

GBI OIS mine B A FE 5L 20 g, R
4% ~15% e FE /) 8 P 8 (1 Bl A ( Bio—Rad 3 1
FLIKAY ) PEAT 90 min 23, SR R T M5k
BB 70 mine 1 5% 4 103 8 1B A AE 37°C
B2 h, FEIMA—PT, EEHABRE T (CD63) |
i g 4 S e R 1 (TSGI01) | IR -1 F
Jie S A - # B LB 10 2 000, 23k H
GAPDH, FBeLLf - 1: 5000, 4°CHEH %,
Westernt 814 2% WP PE % 3 K, BFUR 15 min, 18
BRI A ALY B E DT %R 1G (12 10 000) i
75 2 ho i Bio-Rad BUAR RGN AR 11 4447
Bifi J5 5 FH Tmage J 3RFEAT 52 85047 o
1.3 L A BRI £ bR
(x+SD) 7, fdifH SPSS 22 #1744, 40
[ LR BRI R D 2081, P<0.05 AEFAS

R
2 R

2.1 BMSC— 9} 3t R 5 4} 3 K —miR—29b %
RS STH T BB R b, AN AR ZE L
Qb B S 7 5 A B AR AN VA A [ ) S5 L2
BEgsk (LB 1A ) o FEpnSER TR, S
J5i (R A 6 A H ARG T 1 1 CD63 T TSG101 5 oK 4k
PRISNAR—3, BT A B 1 A PR R B ek
P AR (WL 1B) o [RIE RT-qPCR KU 45
HoR, AN miR-29b (9 BL AL FE A R RT. 4R
1M, 2ot FEE YR AR PR (/NI —miR-29b
miR-29b YFRIEAKF- B E R (P<0.01) , Wisih
FL % e H R 7E miR-29b & S FR v A kil (AL
K 1c) .

B 1 XA S AN A —miR-29b #E4TEIE (& 1A x 40 000)
A RACER NG SR IR OUZBEAE R , B AN BRS B SNBSS LT JOAE A s B: ARADERAG SN AR L % A B
J5 B S A ARSI B A5 AR 2 1 CD63 FTTSG101; C: AMIMAT miR-29b FIAARAK, ALAE Y45 A9 SMILIA —miR-29b 1l
TS (# 5INMAAAE P<0.01) 5 EXO: SNBA; CD63: WEEHATURIE M ; TSG: MRESIERE A ; GAPDH: #f

i H I il U
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2.2 SHERIRAE N MIBRIE ST S5 28 KA
AR AN RE, R O 3 R & B
MI 2 ) LVEF & 3% [ % (P<0.01) , H)E, 5
MI A ERAE, AN UMARLL RN AP A —miR-29b 4 i
LVEF %3E# 5 (P<0.01) (LK 2A) . [FBfiE
WL F) ZRIMA —miR-29b FYRICR B s A T Bl A
WMATESE . [FARE, LVFS I T 2A0 281kt
#O(WE2B)

23 REFEM  IEI YL RIS AT MI 2
1O LA 4EA T R 38 i (P<0.01) , HG L
LU R W (O I R SRR, R b ™
(WLIEI3A) o [AIF, MIZH.0 L4 B HE S 25 0L,
[BILF AL % . LT, SN R FaM A /
miR-29b ZH 1.0 WLEF 4 AR TR AR i 25 ek ( P<0.01 ),
W ST A VTR sk /b, AT Al AL R R R R AL
O WU HES A 55, B i F 2 o 2 it (D
K 3A) o 38 ok R S0 BT A4 X Masson 32 8] Fr
AT, 45 o MT A 41 dE b i FR L
1 42 3 i F I H X ER AL (P<0.01) , AR /

miR-29b 41 (1) £F 4 Ak 11 B LL 3] S 215 T A b AA 2
FMI4H (P<0.01) (WK 3B) .

2.4 WB&M  KgE R E R, MIALO 2T
WA - T AR A - T 287K FAHXT NC
MR FEFE (P<0.01) , R MG 0L 4
&L, MHELZTT, SMBIR /miR-29b 410 LZHE]
TR - 1 AR R - AR KT i 2 R
it (P<0.01) , FRUIIMBA /miR-29b GEHEA RN
Witk MHEZ T, AN R —2
BEMKRFEEA -1 MREEA -MEAEET
W, (EFAIEA K A4 /miR-29b 2 (P<0.05) ,
SR H AN IA —miR—-29b 74 1.0 LT 4 Ak v i
RN (WLE4) .

3 it

MI 2O L RGN —RKEAE, HAARFE N
ORI A 2, Bl LA e sE T O LR SE, 1T
RESTI R DERH . DR EGR, BE
fa le b aw M, BARBFHORFEI A, MIIIRYT T

B 2 O SRR P 2 /)N B2 2 56 il 3 ORI £ 2 i A 4 0 o B Ak
A BAU/NRAOHMAEG B FA/NRAOCESHE S ML OUESE; EXO: ZMBAK; NC. XTHE; # S51E%
XHBZHAHLL P<0.01, & 5 MIZHAHIL P<0.01, $ 5 EXO AAHI P<0.01

Smm

B3 DAY LA LA Ak
FE: OA: VU LA 4R AL i AR R AR 4T AR 0L (&I 3A x200) 5 B PULLC LA ik mm il b, NC: 1E % B,
MI: CHUEFE; EXO: SMNBMA; # 5 NC 4L P<0.01, & 5 MIZIAHLL P<0.01, $ 5 EXO ZifL P<0.01
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A

Col-I - .-

Col-1II 1'“'....‘

GAPDH D S S
¥

& §>dpé§
=
&

1.5=

E 10
] #&S

:
% 0.5
L&

8.0-

€ PP ® *{?ﬁ
S &

4 AP AGIAS [A) AL B 2O L2 2 HP e DU 3 AR 1k K S
A DUZHAEENCEERYRINES SR B e IR I () AL G455 Col: JIRIREEF; GAPDH: MR H M M &
fiff; NC: 1EHXFIR; MI: OHUEIE; EXO: ZMBA; # 5 NC A P<0.01, & 5 MIZHAH P<0.01, $ 5 EXO ZH4H

bt P<0.01

B e T, AR BB AEIRYT o B T T 1 22 Pk
G 1 AN AR S — 2 R AT A /N R, i
WA A . IRRAERE YT, S50
JlaE (S . AMBARSE R miRNA Ak 2k HAT &2
TR, SRR miRNA TR . s R e
PE . RSB AR AR s Y i/ miRNA & —
HPaPE I N FRIB B /N T RNA, 25 Z R BRI
JRELERE ", miRNA 38 58 mRNA 254, $3
JLRE i sl I LB, MR R R i 28
TEMLJG, £ miRNA ${ 2825 T.ONE 4L
TR R

miR-29b J&—FP T HT L 4E{L miRNA, fig
Mg VR 2 5 LR GEAR AR DG FE R Y 2 40
TIEERAT N o ARWFITRHIMBARAE R 3k, W
HF miR—29b i3 20 LAIH . X 534 Sk
) % BAH—3. Zhang %5 A & BLAN A AT LA &L
f&id miRNA Z.ONIAIME, FFIRE LT 4efb A I
26k, IR DL 4L " AHIF 78 25 51
R, AMAA —miR-29b B T 0 gl 21
miR-29b [ 7K, FHARLHAD 6 T £ A0 AH OG5
R EER - 1T FREEA - 1) WRiE, 1
il g = I W1 g = I | 31 0P 9 i
NSy, HdERASSEL gL, mdsNnik
i35 miR-29b, REAEHRE 5 Pl T I ok S L A 119 3
ik, NSO WU AL, RIS 3 R iX
— 2518, Yuan NS R, miR-29 Kk
53 A 1) £F AE AR AR G EE N, D T L
YAl X FRVISMBASE P00 miRNA #$5%
TH, TR S R e AR A U i

AN BTN miR-29b 7E O WILET 2 £k Thi
BT UrEAER . AN IMALE R miRNA B2k, AN

LA T miR-29b MRREYE, 4 7 HAEHZ
LUP B A ROR . il I ANBARA T 19 miR-29b 3
%, BEAS SN T 4R A0 A OG3OS TR, A
I & DR F ik, BBAh, AMIAAR /miR-29b ()
BRI AT R 5 M IAMAAS B4t i A AR ) o0
XK, XL PR RETE— AR HF] miR-29b 1Y
PLAAEARPER 2, LRSS R AN AN
() miRNA 38 2% S W 7E By 1O WLET AL RN ek 00T
RET I T B KW .

Zr LTk, ARV miR-29b 28 A
A 1) 70 T AR R ) A i A, R T AN /
miR-29b & &4, i i XA AL & 4557 58
&4 miR-29b MYFMIAMASE 11 T IR EFAEALAR DG IE A
WEEH T MLSRODEER, JFeE 706
IXCEE % R miRNA YA TF &AL T IR S0 ) S A,
IFIE T AMBRA T 138 26 RGETETRTT O LA $E
W 1. 2T G X S R I AL R
I RSEEE, FEHRER miRNA & 45 SN IMATE O 458 K
A 2R A A rh Bz W

S E 3k

[1] Shirakawa K, Endo J, Kataoka M, et al. IL (Interleuk-
in)-10-STAT3-Galectin-3 Axis is essential for osteopontin-pro-
ducing reparative macrophage polarization after myocardial in-
farction[J]. Circulation, 2018, 138(18): 2021-2035. DOI: 10.1161/
CIRCULATIONAHA.118.035047.

Gong G, Yang XX, Li YY, et al. Protective effects of PI3KCG
gene on acute myocardial infarction[J]. J Thorac Dis, 2018, 10(2):
941-953. DOI: 10.21037/jtd.2018.01.59.

Chen S, Huang Y, Liu R, ef al. Exosomal miR-152-5p/ARH-
GAP6/ROCK axis regulates apoptosis and fibrosis in cardio-
myocytes[J]. Exp Ther Med, 2023, 25(4): 165. DOI: 10.3892/

etm.2023.11864.
(T 268 11)
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JV7 T TR AR < 81 8 ek T4 Y S e
SAE IR R AL L i AR T IRCR

I LA, M4, RE, FRUA, HEo, B i, LR

[(HZE]: BR WEIEHIE RSO NUEESE (MT) /N T 45RO E JE L LIRS B 27 24 AR B4 53 1
FiE HE/NEBE, RN IR (Sham) . MIZH (MI) . MI+ $i2E E 408 (ABX) 4 (MI+ABX) . MI+ 5
AT AL (MI+ 282558 ) o MR R R /N OIEDIRE, /s AU/ N A T TR AR (L, B So e e Bt (ELISA)
A DU R FE AL EJE M T 4008 (Treg) , PAR/NRUDHERAEFE bR ANA2 (1IL) 17, 1L-23. THE#E —y (IFN—y) #Le
WU LT ARSI . R 5 Sham 4UMHEL, 2$41/NERUE BERE 1028 7 e R AR T B8k A .OshE s, MLA
MI+ABX 41/ B AT BEZ 8 TR RIREEE B9 0, 15 M+ 3528 B AL/ RLD AR BE AR5 8] T — 2 R AYIT . ELISA K
DRI, Terg £ MLALTHGEIN, #£ MI+ABX A PR, 125 A4 TRADFRHIAT Treg MRRARHI o AL, (OMERAEFRFRALOIL
R IEDURUAE MT Z0FN MI+ABX LA 34 L RRIA, e Mi+ 35AE AL, RAEFSPRAME RTINS 21 T — @ R AU 5%
230 PRSI T REE R T AN R O SORE RO U R AT IR SR R, ] MT fe B R . T gs AR T
TN RENS B HCE I AR, RELOIEDIRE, R AE B AL LA AL

[ X88IA . M pEaRe; ONUESE; T AI5s; OIERAE; BRI L= ER

Mechanisms of gut microbiota dysbiosis in exacerbating myocardial infarction

via T cell immunity and inflammation and the effects of probiotic intervention

Wang Yali, Hao Shaoting, Liu Qinghua, Li Yuming, Yang Xianghong, Xia Yi, Yuan Xiaohe

The 2nd Department of Cardiology, Department of Intensive Care, Handan Mingren Hospital, Hebei Handan 056000,
China

Corresponding author: Hao Shaoting, Email: 417920189@qq.com

[Abstract]: Objective To investigate the effects of intestinal flora disturbance in regulating T-cell immunity, cardiac
inflammation and myocardial collagen deposition in mice with myocardial infarction (MI). Methods A mouse model was
established and the mice were divided into four groups: Sham, MI, MI+antibiotic treatment (MI+ABX) and MI+Probiotics
intervention. Cardiac function was detected by ultrasound, and the changes of intestinal flora in mice in each group were analyzed.
The spleen and heart Treg cells, as well as IL-17, IL-23 and IFN-y, as well as myocardial collagen fiber deposition were detected
by ELISA. Results Compared with Sham group, there were significant changes in the proportion of intestinal flora in all
groups. Echocardiography revealed impaired cardiac function in the MI and MI+ABX groups, whereas probiotic intervention
partially preserved cardiac function in the MI+Probiotics group. ELISA demonstrated elevated Treg levels in the MI group and
decreased in the MI+ABX group, and restoration of Treg populations following probiotic treatment. In addition, the expression
of cardiac inflammatory markers and myocardial collagen deposition was up-regulated in both the MI and MI+ABX groups,
while the increase of inflammatory markers and collagen deposition was reversed to some extent in the MI+ Probiotics group.
Conclusion The imbalance of intestinal flora may aggravate the pathological process of myocardial infarction by affecting T
cell immunity, cardiac inflammation and myocardial collagen fiber deposition. Probiotic intervention can significantly improve
intestinal flora imbalance, restore heart function, reduce inflammatory response and myocardial fibrosis.

[Key words]: Intestinal flora; Myocardial infarction; T-cell immunity; Heart inflammation; Collagen deposition; Ventricular

remodeling

EEWA: WBEHREHARDIE 5K R H (23422083441 )
YEZ B AL: 056000 HBHE, WSHEEAEEpe i — Rl (EWAT, M, 2R #imsn, 5k, s ) |, SEREb2sR (MR )
EIE1EE: M/DE, Email: 417920189@qq.com
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ZMONUESE (acute myocardial infarction, AMI )
SR TEER B ok 2 P 2 B0 L i S AU R
T2 i AR B0 R Ak B e 2404 /A R
REMMAIERL, B2 R kA%, i
[ SEEtR Sl ioRe 2Rt T F 850 AMIY ., AMI 8% DL I
RAE S e B D RE R A AL S v, Hidr, i)
v SCA AT R R 5 [ R a3, S22
OGBSI RERAZ AL, A O % e 2 U0 i e
T Z W — G IREEAHE P B DT IE Ik e+
8 A AT ZE O R BUOTC R R I A T
JEJ7o AMI S8 35 I A0 J1 38 0 — H A Ry i AMI
B R BET R I EEE R Y AMI &
IR R RS A AR BUE, AMLIHELG
1R R 23 KRG hn 2otk B AT o 1 a SE T K
W o B TE AR A AR R (2 1 AR KR, A&
R, — e AU R, R R R 4
S A B ) B T e e M R AR R AR, 2
GuE B B, R TS I A DG L ZH 2 B A
L, T v = e ) 5 2 B 3 D 2 L PR 4
il 7 38 v AR 48 AT 98 Sy K5 R AR e 2
RAE RN (AT AT 23 15 3 240 e o) S A 4 T S5 o7
55, MTAEREX I 1B A Pt 520, 8 fa g
FRGEAE A TR i A2 PR RO TR Y i ) 2 [a)
A B Al Y R R R AR ST AT R BRI T A
Z—, HACHH = W A A = B R 5 et | I
5 IR LR AT ) 3 B A5 o I 2 05 1) R HE A AR —
EBRR S DA 2 Y, 18 B R AT i
AR W BE IR TR . MRV IR S A = T e
FERZ HHURZ AR, Hrhiass
I3 AR L8l 1 TS5 CDA+T 4y
A8 TH1, TH2, TH17, TP T 4008 (regulatory
T cells, Treg ) 45, 4KIMifE K G ¥, T UL,
AR TE RIS AMI /NG T 20 b 62z |
O JESAE A UK IR A AEDTRR By s2me, DA R e
BHFERISIR IS . A5OSR B
B 2 E AT 23T At (HREC-2-23-028) .

1 #MR5FZE

1.1 B A% ThermoMK3 FEFRY ( FEBR i
IRBHEABRA ] ), A% (12 Eppendorf A F] ),
BREE (fEEZ A A ), Sonix TOUCH #7512
WrRgt (nEREAEIFHEARGRAR) , DW-
30008 /NN TREIRAL () 4 DR A= W BB A
BRAHED) , AL CBdL R EF R A R
ANHLD) L, AT R AL (FEERRAR) , ANE

BR . MR HRRAAMMRER (I REE
BHEARAR) , HAIHANZE (interleukin, IL) -
17, 1L-23 FIF4E F =y (interferon, IFN ) -y 5]
& (5[ ebioscience A1) ) , /N Treg FEHK i
W B (enzyme linked immunosorbent assay, ELISA )
R 50 & C B BUm A R TR A W] )
Masson Je AR 6 (AL EEERHABRAFR) o
1.2 i ik CSTBL6 /R, W[ 1M
e SRS A BRI AR, SR Y VAl
HIE [SCXK (37) 2022-0004], 552 56 3l 4y fifi FH 7 v
IE [SYXK ( J7) 2022-0012], 7EASr #5 % & &
G, s A HRE Co KR (30KGY) Al
e KRR, Hof ) 7R B RS A% 2 IR TVE
At FH W LA e s e e It sh ¥ (SPF . h ¥ ) 1e)
FARERRAE AR AT
13 Hrmbsam  K/NRBEHLA I, 4
48 H: B F AU (Sham) . AMI 4L (MI) |
AMI+ Hi A B AL FRAL (MI+ABX) | AMI+ 25 245 1
T (MI+ 252455 ) o Sham 41: RREHFHEZ S
MI HARE B FARERAE, BT IR SR 25 5L
ST T2 AMI (AL FE ., ML /NIRRT
W TR ONE. K5, HHAZE L
AR B IK A 22 B SCEl e [mTiE S, DABEHEL AMI (195
MR, PR, ADBGXREFREPRE 3 d.
MI+ABX ZH: 7& AMIBASES, 2Z2 0 7d, Gl S
HTIERESY (A NHRR 100 mgkg, #hiR
TR 50 me/kg FBL R BT R R 50 me/kg ) LAAP
Tl B R , SR 5 FEAL EE AMIAIRY ) ML+ 25 A5 TR 20
FESEI 7 d BPUERIRGYIER )R, 147 3 d A2k
ARSI 107 CFU FE |, S8R T2 AMIRRAY
14 BFESHE I AMIERG 3 d, BB
P S A RMAL I R L R S Pk BTN BLO ETIX,
VeI 55 2 2 KA DD T M I Sl kA Bt DD T
BRL A% 5 MHz, LA M Y8 75 0 &5 42 00 % 67 5K
K ] N 72 (left ventricular end diastolic dimension,
LVEDd ) FIZE.0 W45 R IHN 42 (left ventricular
end-systolic diameter, LVESd) , &4 A 3ahit &
e 0 %8 4 1 43 % (left ventricular ejection fraction,
LVEF) .
15 Jpid BAe R FE AMI RS 3 d AbBE/NR
(B8 H ), MIEBALITZY S em AU S, 7 B
— RIS, AR E I AL -80°CIRTF, Fl)nZ
F& BT B AR YRR R A W AT I . DU
fifi FH§ Mumina 250 MiSeq F- 5, 2 Hridd: 914 16S
rRNA JE[H V3-V4 X3, A QUME #/F 1724
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PSR TRk iy b 1 ik | BU )9 L O
uParse BIFHEAT 97% ALY 73 2L BATT IR I1HT
IHAET 1A BT 0 H

1.6 Treg tmfiaieml  BUNRPIEFLONELA L, fn
A—E T R ER 2 v, TRFE 2~ 8°CARIR, 2
FKHFFIRATE /219, 3 000 rpm, #.0> 20 min,
W 08 58 Treg 4HA ELISA A6 I35 &5 A6 DU
JELE AL NE D Treg 20 M0t o 202050 Goid i 46 I
Treg 20 MRS PEAR IC P 0996 B K 2E 1 Treg 41 LAY
B,

L7 SR KRS ARAR 7R AMI B S 3 d
AEFE/NERL, BUO IR L, A —E i B R £h 22
R, DR 2~ 8CARIRL , SIS ARATEI T 23K
3 000 rpm, 5 .> 20 min, W4 bW A Treg
20 i ELISA A5 I 3750 & A6 00 0 JE 20 21 1 4 3R
(interleukin, IL ) 17, IL-23 I 4t Z (interferon—y,
IFN-y) 7KF-

1.8 Masson £ & ALFE/PNRUGHCLATAS, 28
FAVRE T S B /K L B3 B o BEJE U0 s 20K
H Weigert SIp AR R AN | WA h£L5 YedH 2
BEPRRR KAWL A AR G J S 2T 4, B K
BEWITEE B ST W R AR 4 5t

1.9 %itodr  BEALIESR GraphPad 9.5 %4
AT ¢ KT o B A% 2H Z A Y 22 5. P<0.05,
BAG R L.

2 #R

21 DR MBEBFETA K4/ EGIEE B
X R BT S AN T RO TR BERA 1] $UFF e

P PR ], BT T]. 22T T. Sham 41
NGB AT RE IR RER ], HIZRER A
P T TR 5 2 Fle XA 4122
M) BB REAS AL, KB MIZHERER ] B SR
T Sham 41 (P<0.05) , T1fii MI+ABX 41 i J5 B¥ B
T E B EMT M4 (P<0.05) , {HFE M+
ta B AL, JRRER A AR R T B AR
(P<0.05) o TERUATEATT. PERUAT]. BRZHT]
FARAE T T, MI AL =P T 2w B
F Sham 2 (P<0.05) , 1 MI+ABX 41 = F [ ] 4>
KRAER N E R E ST ML (P<0.05) , fH
TE MI+ s8R AL, =R T R b e
TR (P<0.05) . W31,

22 RCHEHREL O BHESRER, 1M
ZH A MI+ABX Z v, /NELAY LVED #1 LVES
SN, T LVEF 345 24X T Sham 4 ( P<0.05 ) ;
{HAE MI+ 25 A= i 417, LVEDd. LVESd #il LVEF
PSR TE (P<0.05) , W32,

2.3 A R ERE Ao R P Treg 28 i, ELISA £ 1)
/N ERGE RN COE R Y Treg ZHME &R, 76 AMI A
W, RRAEATCNERY Treg 40 A9 2 &340 ( P<0.05) ;
MI+ABX 2 5 MI 4 #H L, Treg 4 AL W) 3k />
(P<0.05) ; 1BFE MI+ 254 R4, Treg 4145
FTE (P<0.05) . WK 1,

2.4 RS HEXEIGAR T ELISA K & PR,
TE MIZLA MI+ABX 419, /NELOAEHR Y TL-17,
1L-23 Fl IFN—y 7K P35 38 2 348 - (P<0.05) , H
MI+ABX 2 B 75T MI 4 (P<0.05) , {HE MI+
WA, TL-17, 1L-23 1 IFN—y /K52 T

F1 2 CIEERLA A/ NEIZEERE TCEEE LR (n=8, Xxs)
il Sham £H MI £ MI+ABX 24 MI+ 2534 B 2H FAE Pii
JEERETHT] 77.85 3.47 57.29 +3.21° 4936 +3.15" 60.40 = 2.98° 112.332 <0.001
HFFTET] 14.87 + 1.57 28.23 + 1.76 34.01 £2.03 30.73 = 1.70° 179.593 <0.001
PEAET ] 3.55+1.03 8.44 + 1.36" 9.95+1.22° 5.02 + 1.14° 49.283 <0.001
JERTAT] 1.51+0.31 3.58+£0.35 4.63 +0.46° 2.13+0.25° 129.132 <0.001
TIETAE] 0.47 £0.08 0.88 +0.07 1.04+0.11 0.76 + 0.07 65.536 <0.001
HALHE ) 1.75 +0.11 1.58+0.16 1.01 +0.09 0.96 + 0.08 97.696 <0.001
FE: 5 Sham (FA) 4IHE: "P<0.05; 5 ML COUESE ) 414 "P<0.05; 5 MI+ABX ($Hi/E% ) 414 ‘P<0.05

F2 2ECNEEFES LN EUCIEDIREE DL (n=8, X£s)

4l Sham £ MI 4H MI+ABX 21 MI+ 55 F 4l F{H P
LVEDd (mm) 238 +0.14 274 +0.29 3.07+0.22° 2.65+0.20° 13.493 <0.001
LVESd (mm) 2.19+0.21 2.67+0.14° 2.96+0.17° 2.69+0.21° 24.008 <0.001
LVEF (%) 88.81+2.88 72.73 +2.06" 65.47 +2.28" 71.29 +2.62° 129.961 <0.001

7E: LVEDd: 2.0 E KRN LVESd: 2.0 F WA RN LVEF: ZZE S350 5 Sham (TR ) H LA “P<0.05; 5 MI (.0

WUFESE ) 41H: "P<0.05; 5 MI+ABX ($/E%) 41H#: “P<0.05



266 HEAMMEIFR S F 20256 F28H £2345 %38  Chin JECC Vol.23 No.3 Jun 28, 2025

—EREMIRE (P<0.05) , UL 2,

2.5 DRSS HLE LI IRARE AL Masson L {045
W], ML AR MI+ABX 47N LG ULZH 27 rp 1 e
JEUTRRII I, H MI+ABX 48RRI Z T MI
A, (HFE M+ g5 4= B2 TH R R TR B 3z 3] 1
P, UL 3,

3 itig
AMI J&— B8 0 LS B, Rtk 3l ik
111 T = LN LR R =7 N T O i D= -

IRER R O NEE BN YEAL, T E R
HWUE AR BRI AR e RN

HENER, SZMIINI L REDIME, EHFK
AT FE L7, o T8 B AR R T8 ] BE T i 52 T S i R
FEFCNE O EEIE LT AEAL A R, s AMI Y
PER O AT A AMI /NS, TRAGR
W T i RSN AMI B e S Bl R AR
Wiy, S AMT ST AT S fit TR AL A
AWFFEA B, AMI /DRI TE A A A T 2
FAAL, JREERTH N W N, mibiA R AL
e — IR TR, (H A T PR A
ROV S N0 T A RE P87 . LE il p i R
BEGR [ TFIAUFT B T4, LR R RER TP A 2
A (CFLMRE . REE) RAE, B

B O/ RS LA e 8 T 40
A DU Treg CVATTPE T 400 ) 5 B: /NRUDHE Treg 405 Sham: fRFA; MI: LAUESE; ABX: $i4EK;

Probiotics: fi4il; * P<0.05; ** P<0.01

B 2 O HUERE/N A UL IE S IE bR A Tk
A As ANEVOHEH IL CHAER ) -17 K5 B ANEUOHEH 1L-23 K C: /NERUDBE IFN—y ( F4EZ —y ) KF; Sham (B
FAR) @5 MI COIUESE ) 2H; MI+ABX (HiA4EZ ) 4H; MI+Probiotics ( #54E1 ) 4H; * P<0.05; ** P<0.01

B3 /MROMALEmMYaE (400 1)
7E: Sham: BFAR; MI: DHUFESE; ABX: $iL4:E; Probiotics: #5408 ; Masson: hAAYL(h
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JHEENBIER ( short chain fatty acid, SCFAs ), ik
PG =4 HAG B AR AN 18 B B T RE A o
JERETE [ 8/ 1T 8 F-2L SCFAs fs />, dEmi s
M) 7 35 7 e ) B N 4 B 9 i S g o 4DUAF R ]
PG PE T AR B T TR 3G ol R 5 3R e R 4 T
PIBGTHA DG, BN, SUFFET T b i 40UFT B sk T e
5 9 REVE R AR o A 2 1 AT T 1Y
N E H 5 T DR R R R R A SN BRI A G
NS TE BT TR S 2 iR . T IR
FRBURT, XS TR RN R,
M5 &4 RAER N . FHik, AMI 5w
FIAR A AT 8 S B0E FAC = A3 I, i
AMI P B A o T DL RE % B 3 B R AE AMIL 1Y
KA R EEEER Y, A, bR
FHZH/NELAY LVEDd A1 LVESd 3340, LVEF i
EREAR, T35 T RS A B X S bR
X % B 3 TR A O R T e A R D R g, E
TN AMI f 95 B G FE . A6 T 40 i 60 %8 7 i
AMI #5288 /1N B Treg 40 i %50 i 2 08, 6 1
Treg 4HMIFE AMI J5 AT GEIE 2 17 1] F0928 S 7 KAl 1
ODIHESE . SR, BiAE R T Treg Al 14T L
Wb, AT REHN S T I I T EE, A b
T, M, AR TR EWE T Treg
YN A ER e, X P BH 25 A B 0T RE SR L R Y B B
FEF-A, ()33 T Treg ZHMIAGLIAE ),

FE /N FC HIE 98 i ANC U B TR T, M AT
MI+ABX 41718 B0 JIE Y 48 RE+5 4 TL-17 ., T1.-23
FIIFN—y B, H MI+ABX 2H i & i K F 5
T MI4, TL-17 F11L-23 FE i Th17 4005000,
2 5 ROE U IR R+ TFN—y 2y Thi
RS, S5 R e RN, XS R R T
VA5 AMI JE U JIE 453 405 F 2R 4 Ak 1 32 2 %85 D) AH
Koo X FMYLA R AL BT G 12 5 00 i 3 g AR
Ak, FE RO WE 9 RE SV . SR, 252 T
RN T X S RIESE AR, X AT e S s A AR
ff) SCFAs A, SCFAs ELHAEI BAHTR A ',
BEAh, 25 A AT e I o H A AL ) an 4 i SR Ak =
P ftie A of D R RE S o2 ', 7E M AT MI+ABX
rp, ANELO U R R DR g s, HL
MI+ABX I JRITRZ T ML 4. SR, #F MI+
R, B BRUTRRA G A 2 T I, Xl
A5 45 AL X Treg 40 BT RE MK DL S RAE L
R I A 5. 25 A T T A 1 3R i R R
iy, TRl O WU IR URR A AR 1

LE LTk, ARG A AMI /N BUSEAY

RATRVT T i AR AMI b H )= S B
PERYNA . SCHAE RN, il el 2K 4 vl g i
TEFE T MG O IR ST O JIUBE B £T 4T
PR AR, R AMI s B R o 1M 2 A= b 5
U REAS 1 2 kst il R AT, KA IR T BE,
IR SAE SN FILC WLET e . X 28 3 AMIL Y
PR FG Y PR T B B AT o ARRIFFEN
PE—PRDHIZETERE S AMI Z (8 /9 JARBLH], LA
Kegi A2 RAE AMI R AU FE R O {E

SE
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Progress in animal model of veno-venous extracorporeal membrane oxygenation
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[Abstract]: Veno-Venous extracorporeal membrane oxygenation (V-V ECMO) is an advanced life-support modality
for the treatment of patients with severe respiratory failure, which can significantly improve the survival rate of those patients
but numerous complications still exist in the clinic. The establishment of an animal model of V-V ECMO can study the
pathophysiological mechanisms of complications during V-V ECMO treatment and contribute to the development of new

technologies and materials. Therefore, this paper provides a review of the relevant literature on the establishment of models using

pigs, sheep, rabbits, mice and other animals as experimental subjects to provide some reference value for clinical application.

[Key words]: Veno-Venous extracorporeal membrane oxygenation; Animal model; Anesthesia management; Respiratory

management; Review
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Strategies for lung protection in adult patients undergoing cardiac surgery

with cardiopulmonary bypass
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[Abstract]: Postoperative pulmonary complications (PPCs) are prevalent following adult cardiac surgery with
cardiopulmonary bypass, presenting with diverse clinical manifestations and complex mechanisms that are closely linked to
inflammation and oxidative stress. This article reviews lung protection strategies in adult cardiac surgery with cardiopulmonary
bypass, encompassing innovations in surgical and bypass techniques, optimization of perioperative management—such as lung-
protective ventilation strategies, selection of anesthetic drugs, blood glucose regulation, and rational transfusion of blood products-
as well as pharmacological interventions and respiratory muscle training. A comprehensive understanding of existing treatment
methods and their combinations can help to formulate individualized treatment strategies for various patient populations, thereby
maximizing patient benefits and alleviating the medical burden.
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[Abstract]: Extracorporeal membrane oxygenation (ECMO) is widely utilized to provide cardiopulmonary support for
patients undergoing cardiac surgery, ensuring procedural success. With rapid advancements in ECMO technology, its clinical
applications have expanded significantly. However, ECMO-related complications, particularly neurological injuries, critically
impact patient prognosis. Among these complications, neuroinflammation poses the most substantial threat, influenced by both
patients’ underlying conditions and ECMO cannulation strategies. This review synthesizes recent literature on neurological
complications post-ECMO, focusing on the types of neurological injuries, monitoring approaches, and therapeutic interventions,
aiming to provide theoretical guidance for early clinical recognition and management.
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