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White book of Chinese cardiovascular surgery and extracorporeal circulation

in 2023
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Investigation and analysis of extracorporeal membrane oxygenation

development in Hebei Province

Song Haojie, Sun Yiqing, Tian Yingping, Gao Hengbo, Yao Dongqi, Liu Liang, Lv Baopu, Xiao Hao, Meng Qingbing,
Zheng Tuokang, Zhang Rui, Cui Xiaolei
Department of Emergency, The Second Hospital of Hebei Medical University, Hebei Shijiazhuang 050000, China

Corresponding author: Cui Xiaolei, Email: aictor@163.com

[Abstract]: Objective To investigate the development of extracorporeal membrane oxygenation (ECMO) in Hebei
Province over the past five years. Methods The Extracorporeal Life Support Committee of Hebei Medical Association
conducted telephone follow-up with committee members and hospital center leaders from various regions in the province from
January 1st to January 20th, 2024, to collect information on the development of ECMO over the past 5 years. Results Over
the past 5 years, the number of ECMO centers has increased from 8 to 31, the annual number of cases has increased from 65 to
489, and the number of ECMO machines has increased from 28 to 100. In 2023, there were a total of 47 departments conducting
ECMO, including 18 in the emergency ICU (EICU), 21 in the ICU, 3 in the coronary care unit (CCU), 2 in the respiratory ICU
(RICU), and 3 in the cardiac surgery. The hospitalization survival rate of patients with pulmonary and cardiac support has shown
a downward trend in the past 5 years, with the lowest in 2022 and an increase in 2023 compared to 2022. The overall survival
rate of patients undergoing extracorporeal cardiopulmonary resuscitation (ECPR) has shown an upward trend. In 2023, the
survival rate of adult ECMO patients with different indications was relatively low, with hospitalization survival rates of 41.7%
for pulmonary support patients, 36.4% for cardiac support patients, and 17.9% for ECPR patients. In 2023, a total of 489 cases
of ECMO were carried out in 11 cities, the city with the highest number of cases was 274, while the city with the lowest number
of cases was 11. The city with the highest survival rate of ECMO was 51.7%, and the city with the lowest survival rate was 9%.
Conclusion Over the past five years, the number of ECMO technology development centers and cases in Hebei Province have

significantly increased compared to before. However, there is still an imbalance in development among different regions, and
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the survival rate is relatively low compared to international and domestic levels. It is necessary to further improve the three-level

medical ECMO treatment network, strengthen training and quality control, and promote the development of ECMO technology in

Hebei Province.

[Key words]: Extracorporeal membrane oxygenation; Extracorporeal cardiopulmonary resuscitation; Hospitalization

survival rate; Data collection; Quality control
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SMEAR E BRI AT E F AR AT
[0S VR ETRBE U

Foy, 36 4, B4, XNEeR, INRHE

[FZE]: B /WS Stanford A I ik 2 A ARG FIHSE TG R R X R IR B 2k . ik
B 53 BT 2018 4F 12 7 % 2022 4F 6 J WIITE 28 ZE A2 08 K50 — B 2 Be A T - sl kAR AR IE 2 T R 11 281 fil 2tk A 7Y
Fahlke R B . Ui—virt . SR s A febn Sow Bed e i fE o A AR, DUBEEBEIN / R 30 RZEBEFE
JEA A RAEAEA (n=251) ABET-41 (n=30) , #EITHRERSPMEEE logistic MIASHT. HR ALY
A 281 il , AERBeIE / RJG 30 REIFET-FN 10.7%, 81 AEFFAL 5 0T 410 195 20 18] 20 K 2543 M7 HL 35 2 BRAF % |
BB M LA b . BEAE VR PR AR v . R AT AN . M AR ] . R R R M . R E /. D Rk,
WHEER RS E AR 2Z R BEASGH¥E L (P <0.05) . ZHZ logistic M4z, ARFTIK M &4, 2
WEANMIEL . D-— R (AR AN RO AR BV IE) / R JS 30 RAET B a2 . 458 e R B R / RS 30 d 561
(AT FERS R 2, ST FE RS N 2R B4 5 S R ME R 15 . B2 7 e

[RBIA | FahlkdeZ; mmBEE; EIRTFBEAR

Analysis of early death risk factors and nursing experience of acute type A
aortic dissection undergoing root repair surgery

Li Jinsong, Guo Hong, Duan Weixun, Liu Jincheng, Sun Jingwei

Department of Cardiovascular Surgery, The First Affiliated Hospital, The Air Force Medical University, Shaanxi Xi'an
710032, China

Corresponding author: Sun Jingweli, sunjingwei2024@126.com

[Abstract]: Objective To analyze the risk factors of early postoperative death in patients with acute Stanford type A
aortic dissection (ATAAD) and the key points of early nursing care. Methods A retrospective analysis was performed on 281
patients with ATAAD who underwent aortic root repair surgery at the First Affiliated Hospital of Air Force Military Medical
University between December 2018 and June 2022. Baseline data, laboratory examination indicators and imaging indicators
were used as independent variables, survival during in-hospital/postoperative 30-day was used as dependent variable to divide
the patients into survival group (n = 251) and death group (n = 30). Univariate analysis and multivariate logistic regression
analysis were performed. Results A total of 281 patients were enrolled in this study, and in-hospital/postoperative 30-day
mortality rate was 10.7%. Univariate analysis showed that there were significant differences in age, previous cerebrovascular
accident, previous cardiogenic shock, preoperative monocyte count, preoperative prothrombin time, aspartate aminotransferase,
alanine aminotransferase, D-dimer, cerebral malperfusion and renal malperfusion between the survival group and the death group
(P <0.05). Multivariate logistic regression analysis showed that preoperative cerebrovascular accident, preoperative monocyte
count, preoperative D-dimer and preoperative cerebral malperfusion were independent risk factors for in-hospital/postoperative
30-day mortality. Conclusion Doctors and nurses should focus on the independent risk factors for in-hospital/postoperative 30-
day mortality, and cooperate to actively prevent, early diagnosis and care for these risk factors.

[Key words]: Aortic dissection; Risk factors; Aortic root repair
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At A B FE F) Ik g 2 (acute type A aortic
dissection, ATAAD ) J&—FP A0 T R A0 IMLAS 2U0E
TESEAIR LS BT 48 h A RBUAITIAET 5 ik
50% LA L, RS WOR TR T HA B T fir
XF ATAAD F8 %% JE47 % 2L Bentall 24 £/ F AR —
ERFBIRY TG Y, (TR R R8T
B e MR il R A 2 AR IR ACRE I KUK . X T
REBUEF, WRIJZIFRH R S SRR
RS, E KSR S ToY sk 5 32 3h ik
A Y TC IR, 32 Sl DR AT L3 i 52 A
I E SRR & e m AR TR B B T ARIRYT .
TS A il T A AR N TR PR B 4R N8 B 4t
BER XU P, BT BN A T bR, R
—RBFRYE IR T SRR B Sl KR ER
(0 LI BE T A PR 3R e AT AE L AT oA R
T AH S AE 6 DA 2R % B AR A B 0 TR] / AR5 30 d 1Y
TR R BURRCR T B, 2
MY BRI . PIARETF ST L ATAAD H3H R
RS A D HEA, R e AT LSBT i A0 ST A& K P
., LHESRIm ARy Ty,

1 #REHE

L1 —f A MBS B 28 L4208 25—
J& BE O A AT 2018 4F 12 1 & 2022 4E 6 J]
T ESPIRIRIEE FARN ATAAD BE, £
1) 32 Bl AR 5 4 TRt AR B & R
e 2, IR BENA T, PP & Y aadit
FHLWIZ S S, HERRERIR & 4T
PRIAAL . AFHS < 18 H IR, YA 281 1l
B, ARIE I /RS 30 d BEIET 0 M AE
FELH (n=251) FMIFET-4 (n=30 ) . HrP 51 213 i),
Ik 68 1], AFEHY 29~82 (51.7+9.8) %, AW
FAA FERR 7 — MR BE R B2 G2t
(201202164 )

1.2 F R % frdsdfERE EbYIE, NOATHF
O LA BR IS FE R I ZE . AARSMIE BF R RS KA
A0 By BT SRR VKA A 87 BT 3 ks
FLT 28 20 A e IR B0 K A O WA P S R
OGRS, FEREIR M), AR Y% 3= B ke 2 1y A2
T B RN 3= B e B 9 BLIR S PEAN I de g Sl kAR
FFARTT A YR F SRR ERIE R F AR &
i (Bl Sk ER EHAR < 4.5 em, FEhHKRREH
Jrte RAF, TOHREE A8 P SO S SR G AN
G, FRSKIT DT EAZ R, KBE R —F]
PRI 2 sl Ik S LA S TE 45 45 20 21959 1) ) 3 AR

WEEH, EHKERER= 45 com HEEZR
SER MR . AR R E S BRI . R
ST O R SSaR A SRR, KR
HAL T EIIKER . Je)2 B A=A F3hksEn s
FIAT WA EA ), RIS IKAR EB
BFAR. BAPOIAT EIKAREBEE F AN &
HYPRBU N FAL X ERIkSEELHR L7
R D) B W Bk, BIIRIE bR RSk R
I g PR I S R A e 22 1) 2 Bl ks 9 R R AL
WA e 2% B2 Je Bk Sz i G U F 85 57 sV i
IR/, SRIENE BT 80 B R & AN
Bk FE sk Je Z R IEN, TESEE 3R F
Sl P BB RN A3 S RN T A R A AR,
JH prolene 285 2ok Sk HRALE S HE, AR5
FHESEE G IMES R &%, Tz A T 0
WA, BN HAT R B NKSS HE AR A . S
T [ 22 24~26 CIF IR IRIRATIE 2R, M PEH 2430
Fl e #F 4 5 BRI G R B B AR 2 5 B
B 5 B A

1.3 AR WIEEIEE ATAAD B3 ABtS
A — RGO 4RSS R ) BB (O
AR . PRI S . WRIEEEAE ) o ABE 24 h N
FSN Y it S 2 O o G N w1 U8R S G
YRR ) L RETSEARBOR (T 3k A
FfkSEIER . EHKIFERE . FEEA R
%) . ARl IRTOR (IRIMEIRETE] . 3= 2 KBH
i AT I A e B ZN N [T

14 250 DIFEMIARTERE SO < 90mmHg,
FELk= 30 min, T B M TH 2 SEALARE 5 52
(A A Fh G AR o R A RS ) M e TRk, &
Wl 24 h AT R B REIR R RS kR AR
KLAH T Neri 55 A e S, BIALFRARE 0 B & etk
Bk F B I )73 AE A 22 S R 2 Ik s 9 5l et bR 3k
B SE LAY ATAAD % WMETEARNE
SR ELAT PR 22 R GURE R RVARAE H 5245 2 os 350
ok o S A FETEIE)JZ I ATAAD 35 .

1.5 %itF o4 i SPSS 25.0 # 44 (IBM-SPSS
Inc.) HEATEHRIEE PG 0WT. A ELAr &
BRosEnPIME + bR, 2R LlE st
BN, AR R AR Rk, IEAS
AT 1R S B0 43 BT R B ST REAS ¢ Rz, TR IE
B AEBEE RN 2 - ER e AR, Jel ik
PR SR04 BB E P ) AR SR A T R R AT
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= logistic [FEHT | B 52

S HAGI R

2 H#R

21 FRFS>MER  BEERERIIE/ ARJS 30d

Wi £ 23 e B ] /
AJG 30 d FIFET- S fERN R, P < 0.05 1A 2

MIFET R 10.7% , FPRZR 530 K PR 2 [E] A% |
WE R i 145 = b . BEAE O TR MEAR TS . AR RPN
Mo%k . BEMEEIRES ] . KA R AN, AR
SN D- R EEA R AT R
SHAGGH¥ENL (P<005) . WE1,

22 SRAEASHER  ZINE logistic MIH/3HT i

F1 2k A B ESNK)Z A ARTTEEL AR TR L3
A Hit (n=281) ETEH (n=251) T4 (n=30) P
Bk n (%) ] 213 (75.8) 191 (76.1) 22 (73.3) 0.738
Ay (%) 51.7+9.8 51.3+9.6 55.0 £ 10.5 0.046
BIRFEARE (kg/m®) 25.7+3.7 25.7+3.7 25.6£3.9 0.886
R o
MG [n (%) | 249 (88.6) 222 (188.4) 27 (90.0) 0.800
RS [n (%) | 0.770
Toln (%) | 32 (11.4) 29 (11.6) 3(10.0)
19 [n (%) ] 58 (20.6) 53 (21.1) 5(16.7)
2% (n (%) ] 89 (31.7) 77 (30.7) 12 (40.0)
39 (n (%) ] 102 (36.3) 92 (36.7) 10 (33.3)
BRI (n (%) ] 27 (9.6) 25 (10.0) 2(6.7) 0.575
S [n (%) ] 156 (55.5) 129 (51.4) 17 (56.7) 0.585
DIEFAR [0 (%) ] 1(04) 1(04) 0 0.634
M4 =AM [n (%) ] 27 (9.6) 19 (7.6) 8 (26.7) 0.001
DIRTERTE [n (%) ] 19 (6.8) 13 (5.2) 6 (20.0) 0.002
ST E A
FAIMEL (% 10°71) 129+4.8 13.1+4.9 11.4+3.4 0.075
WRE A ( x 107/1) 1.0£0.5 1.0+0.5 1.0+ 0.6 0.890
Rk A (< 10°71) 10.4 +4.7 10.5+4.7 9.4+3.7 0.206
BRI ( x 10°/1) 0.9+0.5 09+0.5 0.6+0.3 0.013
/TR (x 10°71) 165.3 +73.6 167.2+74.5 1422 +59.4 0.079
BHZTZE (pmol/L) 25.6+13.3 25.6+13.5 26.5+10.8 0.724
VeI EEFE ] (s ) 11.8+1.8 11.7+1.6 12.7+3.8 0.005
5 ALH A BE LY S ] (s ) 30.2+8.9 29.9+8.7 33.1+11.3 0.070
RAZ R (U/L) 61.7+187.8 54.9 +158.1 144.7 +398.8 0.013
R A (U/L) 46.5 +129.1 40.9 £ 96.9 114.8 +322.6 0.003
WL T84 1 ) T 18 (ng/L) 6.6+15.9 6.4+ 16.0 10.1 £ 14.7 0.229
D- &K (mg/L) 16.8 +22.7 15.7+18.9 30.5 +48.1 0.001
AUESEH T (ug/L) 1.7+12.9 1.5+13.0 44+11.6 0.237
WLEF ( pmol/L ) 113.7+70.1 114.1+71.2 108.8 +57.7 0.698
S (% ) 56.8+4.8 56.9+ 4.8 56.6 +4.8 0.806
FEBIPKEFE (mm) 43.0+53 429+5.5 43.7 £4.0 0.557
FAPKEFHAE (mm) 39.2+5.0 39.5+5.2 37.6+3.6 0.132
FHBORA HAZ (mm) 226+2.5 22.6+2.5 225+2.8 0.910
AIEEARR
IR [n (%) 26 (9.3) 17 (6.8) 9 (30.0) < 0.001
GRSk [0 (%) ] 23 (8.2) 19 (7.6) 4 (13.3) 0.276
B n (%) ] 19 (6.8) 11 (4.4) 8 (26.7) < 0.001
AR [n (%) ] 15 (5.3) 13 (5.2) 2(6.7) 0.732
HhEn (%) 1(04) 1(04) 0 0.634
Wt n (%) ] 56 (20.0) 50 (20.0) 6 (20.0) 0.992
FARHEFE
RSMEABSE] (min) 202.8 +30.2 202.9 +30.3 201.7 +29.6 0.910
FZhBKFHWTES A] ( min ) 953+ 18.7 95.4+19.0 91.1+11.1 0.247
PR ERET A (min ) 33.6+5.5 33.7+5.6 33.4+52 0.841
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N, ARHTR A ZEAh . FRAZ A AL . D- —5RIK
B VR AN L N R A B ]/ RS 30 d
TR fER R (P < 0.05) o W3R 2,
3 iTig

F B ke J2 BN i BE N I 24 80
JEE 5 AP A, I 1) 3 i IS i B, T O R
BN T2 0 T SR A2 B2 5 MRS Harris S5 (104
ATAAD AT I 2508 B B/ N R BE T %
H0.5% (48 h A 23.7% ) , F-ARLLM 48 h FLT R
H44%, BEFAREGHTHREEEAa", £
FKARAE E FAR R T B A S ukE, f#ediE
Jo 15 1) [ ISP A AR A T R AT S AR A P PR, AR
WEFE H ATAAD 5 1A BE IR / ARG 30 d FET
TN 10.7%, SEEEFFTA ARG A B AT R 5K
R (10% ~ 1% ) ", 8K, BEA Tt
WHEZ R BE ARG BE R R/ RS 30 d
IFER P 2R, ARG I 56 ML S R 3 9 e ST A 6 PR
DR R R N IEiabL L

KT a4 BG IF R R 2 RGN REA 4= 1)
F kIR B — ER D IRRAEE, RATH I
i 0L A S B R A B ST R RN 22 ) Tl
Je P BEAEAR o & B B ORGP R 4 (
s ) | I 2 RS I ELAR HL M M EUE B ik e
752 ATAAD SBFEARRIGAEh p s i R 2=, A
TR B A8 S 607 b ol FH ARG 7] o 1 = 20 i o it
FN KA AR . B USSR AL T 2500 R i A
Fsh kPR T =R, A BTN ATAAD B
TR0 A T AR RS 24 B9 I b vk 1
AR, RS SRR, AEARSMIE R T
PR e A I T, B B ik S Ry S EAR A

oA ZERY A . 7E S B bk S R ) A S A
T - B3 1 L Aty e ) e L W J22 B A% 1 A 5 T B
BCAZAEIN M AR Ty R LR AT BE R I AR il
2 R G IREA 4 B EAEAE B8] A 5T R A U
Wa) Ak AME 2 R G R R AR

TSk Ie )2 A I Sh ki R R AR B
I AR AN B d, 5 = SR w8 A SE I R A
F Bk CT 155 BRI IR SIS W I 2 1 3 1Y) 1k
ToA A = M, 2 B ke 2 B R — s F ]
B BRI, A2 1 0 I v D, iR
W TER - M SRR - BEEE RS, &
— T, Ry Tk, FECE R —
FPEEH AR D ARG . TORIREE, ot
S AR L4 " HESIARI Tk
PN & ATAAD SREBEIE] / RJ5 30 d
ST FET - FE R P 2, X P i B R i R
OYATY (St TR/ SR A BT A
T, SR FH TR E kB R ) FTRE
20 A B0 TR AR S 85 SR O el B G v A B
ATAAD A IF B EE A B3 X ol 38 3 A 77
MIEAHEKE L, KRTTEREAZ PO
5%

F ke 2 KA, R A, B
MRS, BEENIMETE, 53048 H IRk
WG, AP E A PR IERIR T X MR, £F
Ve W A A P A B P, B D-— AL BEAE AT
9% K B D- - RARB IR FT RE 2 AR Sk 3 sh ke
JE I — A RURFE BRI N I PR B A AR 12 W A e 4
BEREBL T Li AN RIS AL, D- R K
K= 10 mg/L 2 B3 AR I 3h ik 24 i 1 5 e
KN 22—, Feng % A B KB, D-—F

F2 2k A RIEDKIRZ B E LRI / ARG 30 KICTHZ AR logistic 7387

% B SE Wald-x* P OR 95%Cl

AL -0.044 0.03 2.118 0.146 0.957 0.903~1.015
REITIIRES ST 1.941 0.627 9.591 0.002 6.966 2.039~23.797
AR TR T 1.155 0.732 2.488 0.115 3.173 0.756~13.324
PR AN S 1.431 0.674 4.51 0.034 4.183 1.117~15.668
TRE 110t 5 ) 0.14 0.178 0.621 0.431 1.151 0.812~1.631
KA TREL 2 0.006 0.007 0.646 0.421 1.006 0.992~1.019
VN TR T -0.011 0.01 1.236 0.266 0.989 0.970~1.009
D- ik -0.022 0.008 7.513 0.006 0.978 0.963~0.994
TR AN R 2.667 0.622 18.378 < 0.001 14.397 4.253~48.732
B VAN R -3.046 0.658 21.421 < 0.001 0.048 0.013~0.173
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PRI T 8 S A BTN R =504 & AR SR S A
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MOAVECEE . ACEFIHRET 25 T ATAAD MK JE,
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[ A PE AL 2 5 10048 S A i /8 . R 40 i 43
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DAYk 2D 32 Bl ik e 23 1 AR E o

ATAAD #2% 298 . dF s, Hm 7 i
MERE, U5 0y 4P B AT BB AE B3 TR YT R &
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S N B i — AR Ab AR U A B 4 ol i e
FRess OO HRES, e HAERE P K
T B A BB, BEAE A RIS RS, M
AL A B3 B RE S 22 i e |2 1R 8 Bk AE 4, OF A
BUPEARBET SR AN L KA R PO BE A BT,
POEEN BN HR A L EVARIR B, TR A
BEdPAl . fREEE 2. AR A AR W R 1 s
S R YA 30 25 T XPREAL B . 55 AP BN 51 2
PRAEIN O . AREON AR , A B O BRARRAE AP
AR 5 BT AT A ROAE . A, JRE
R oo AR A SO AT AR B AR 1) AR R I R
AR ST X PR S R, HRE ARG
BENE S, P IREL SRR .

XFFA IR A R AR SE B 3, PR
FRBELAH WS |, 38 A R 0 R % i B0 ok ot
PR E . Wi A PH HE R, WA L A 1 g AR Ak
TR o A S [ S AR AR B A rh a6 ( NTHSS )
PEAL A D RE B AR B, Barthel 5 PEAG A BRAE

71, B RRELZEA GRS (GQOL-74) THAhE
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TCAHLA G B3l S b i 2 S R RS ARk L i
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Application of preset femoral artery and vein cannulation in redo cardiac

surgery

Wang Bin, Wang Huan, Shi Yun, Liu Yu
Department of Cardiovascular Surgery, General hospital of Northern Theater Command, Liaoning Shenyang 110016, China
Corresponding author: Liu Yu, Email: heroliu2000@sina.com

[Abstract]: Objective To investigate the application of preset femoral artery and vein cannulation in redo cardiac surgery.
Methods The clinical data of 59 patients undergoing redo cardiac surgery were analyzed retrospectively. Extracorporeal circulation (ECC)
time, aortic cross—clamping (ACC) time, ventilator assistance time, ICU stay time, red blood cells and plasma transfusion volumes as well
as 24 h drainage volumes were recorded. Results  Four patients died (including one who abandoned treatment), while the remaining 55
patients were successfully discharged. The median ICU stay was 2 (1, 4) days, ventilator support time was 18.50 (15.25, 42.50) hours, ECC
time was 168.0 (139.5, 211.5) minutes, and ACC time was 68.00 (54.25, 94.75). The number of red blood cells, plasma, drainage fluid and
cryoprecipitated were 4.1(1.5, 8.4) U, 405.0 (0.0, 802.5) ml, 200 (105, 355) ml and 0.0(0.0, 9.5) respectively. Conclusion Preset femoral
artery and vein cannulation can reduce the risk of thoracotomy and improve the operation success rate.

[Key words]: Preset femoral artery and vein cannulation; Redo cardiac surgery; Extracorporeal circulation
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Correlation between neutrophil to lymphocyte ratio changes and prognosis in
children with congenital heart disease after cardiopulmonary bypass

Chu Minjun, Ren Zhaoling, Gao Jian, Li Junxian, Wang Xiaocong, Kang Jinsuo, Chen Rong
Department of Clinical Laboratory, Yunnan Fuwai Cardiovascular Hosptial, Yunnan Kunming 650000, China
Corresponding author: Chen Rong, Email: chenrongl029@163.com

[Abstract]: Objective To investigate the changes of neutrophil to lymphocyte ratio (NLR) and its relationship with
prognosis in children with congenital heart disease(CHD) after cardiopulmonary bypass (CPB). Methods A total of 150 young
children under 1 year old who underwent CPB surgery in our hospital due to CHD from January 2019 to December 2022 were
selected for analysis, and were divided into CPB <120min group and CPB = 120min group according to CPB time. Baseline
data, blood routine examination, and postoperative outcomes (including postoperative infections, mechanical ventilation time,
ICU stay, and hospital stay) were collected and analyzed to evaluate the relationship between changes in NLR and prognosis of
CPB. The Mann-Whitney U test was used to compare differences between groups. Repeated measures ANOVA was employed to
compare perioperative NLR values among patients with different CPB. Results After CPB, NLR exhibited an initial increase
followed by a decrease, with the peak occurring on postoperative day 1-2. There were no significant differences in NLR between
the two CPB duration groups preoperatively, on the day of surgery, and 1 day after surgery (P>0.05). However, from postoperative
day 2 onwards, patients with CPB = 120 min had significantly higher NLR values compared to those with CPB<120 min (all
P<0.01).Patients who experienced postoperative infection, mechanical ventilation for = 72 hours, ICU stay for = 72 hours, and
total hospitalization time for = 10 days had longer times to reach the NLR peak, and those with hospitalization = 10 days had
significantly higher postoperative NLR peaks (P<0.01). Conclusion The duration of CPB surgery can impact the postoperative
NLR recovery trend, with longer times to reach the NLR peak being associated with adverse prognosis. Delayed peak times of
postoperative NLR should prompt timely measures to prevent postoperative infections and complications.

[Key words]: Cardiopulmonary bypass; Congenital heart disease; Neutrophil to lymphocyte ratio; Prognosis
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SR HERG ( congenital heart disease, CHD )

Je L i H WY SE R 2 —, BBk
PET R, BT TR B AR R 3k /8L
BAEFIR O, O liFE 3 ( cardiopulmonary bypass,
CPB) J2& 4 i PR B O JIE MR T2 AR i 2 ) o 8 25 A
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[FE]: BH HBEnRIKGHESEA (CABG) ARJG 8 KA A HIDIRERERT I XU 2 K B kg . Ak WoE
XTI RE T 2021 4F 3 A 2 2023 4 6 AL NREEBEHEZ CABG RIS 151 BIIMIGIRZORE, R4 AT
SOAEMURZSTFM 2 (MMSE ) 430 46 BAZNThBERERSZH , 105 GIHENISIRERERSZH ., HUASPIZE B S IR RHE bR, SEm
CABG ARJ5 B35 KA INAITHRERE ARG I H 2 R Z & Logistic [BUAZMTEEHEIT404T, FE0 A2 R % TR ik

(ROC) WA, 258 INFIIhRERERFAL SR I RERR R T LLAR, AR . AIFRIRIR A H EL . ARl
AETE (Gensini) PF4r. MIHRIER (UA) ACEAXT S, FARBE], ICU B RINEK (P<0.05) . ZHE Logistic 1115
SMTES R RN, AR . SIFEME . A IRERAG . Gensini ¥EMi R . TRMER K . ICU M) . I3 UA K
T =252 CABG AR5 fEE R AN AT BERL AT A A0 7 XU P 2 (OR=1.514, 1445, 1484, 1514, 1.527, 1418, 1.59%4,
¥ P<0.05) . ROC &k 20 #r 4t 0 Bon i 28 F A0 0.818, 95%CI: 0.744~0.878, HUEE H 92.68%, ¥5 5 N
61.62%. it S0 CABG A5 & A ) BER D i AU P R IR . AIFMRILE . A IFHRIN . Gensini PF
e . FAREERE . ICU BRI . M7 UA KPR, S CABG ARJF AT RE AT ) P BUE e p i Ul IR
AR T R T I B, T DA S T BE R R AR 0 A & A
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Risk factors of cognitive dysfunction in patients after coronary artery bypass
grafting

Wang Heng, Yang Feifei, Shao Songhai
Department of Cardiothoracic Surgery, Pingdingshan Second People's Hospital, Henan Pingdingshan 467000, China
Corresponding author: Wang Heng, Email: wangheng990@163.com

[Abstract]: Objective To explore the risk factors and preventive strategies of cognitive dysfunction in patients after
coronary artery bypass grafting (CABG). Methods The clinical data of 151 patients with coronary heart disease who received
CABG in Pingdingshan Second People's Hospital from March 2021 to June 2023 were retrospectively collected and analyzed.
According to the Mini Mental State Assessment Scale (MMSE), they were divided into 46 in the cognitive impairment groups
and 105 in the non-cognitive impairment groups. The clinical data of the two groups (n=46) and the risk factors of cognitive
dysfunction in patients after CABG were analyzed by multivariate Logistic regression analysis, and the corresponding receiver
operating characteristic curve (ROC) prediction model was constructed. Results Compared with the non-cognitive impairment
group, the proportion, age, Gensini score and serum uric acid (UA) level of patients with hypertension and diabetes were relatively
higher, and the operation time and ICU time were longer (P <0.05). The results of multivariate Logistic regression analysis
showed that the older age, hypertension, diabetes, higher Gensini score, longer operation time, longer ICU time and higher serum
UA level were independent risk factors for cognitive dysfunction in patients after CABG (OR=1.514, 1.445, 1.484, 1.514, 1.527,
1.418, 1.594, P<0.05). The ROC curve analysis showed that the area under curve was 0.818, the 95%CI was 0.744-0.878, the
sensitivity was 92.68%, and the specificity was 61.62%. Conclusion Risk factors affecting cognitive dysfunction in patients

after CABG include older age, hypertension, diabetes, higher score of Gensini, longer operation time, longer ICU time and higher
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level of serum UA. It provides a new idea for early warning of cognitive dysfunction after CABG, so that clinical intervention can

be carried out accordingly, thus reducing the occurrence of postoperative cognitive dysfunction.

[Key words]: Coronary artery bypass grafting; Cognitive dysfunction; Risk factors; Preventive strategy

5l R B ik ok B B AL PR R (O )
— PRI U AT A R A R, R
TR FBETRAA WG, 5 BB SE T A
(1) 409" NI ERE S (cognitive dysfunction,
CD ) & T F AR L FIBA JR IR 1) P ]
WrBe, AN RER 7RI S Ik 55 H R AE AR
( coronary artery bypass grafting, CABG )R JF 1R UL,
KA FIE 44% ~ 60%, T LIFFE LA B EUL
A, AEEE SRR AR, XEF
PRSZ T A A i AR K IR 52 B0 ARG e A F
g8 PR, AR CD R TR R A R IR T R 1
NEZ I CD B 10% ~ 15%, W HIET R
WOIF BT T, AT LUA RO SE 57 L 17 R o
DR sH e PRAT o0 O B R TR I CABG R
Ja B kA CD XS R R, HE T, AFS
[l JEPE 53 B7 56009 CABG 697 1) AR I PR ) &
SR ARG A 42 CD IR R, LA IR AR
FARG CD RAEFR S

1 ARSI

1.1 —fFH WA R A T 2021 4F
3 7 & 2023 4% 6 H e Tl i 5 — N R B B
3% CABG IGY7 I el 0o J A 151 B i R B8 L,
T ARG 24 ~ 48 h N XT &8 35 19 CD i 17 1P A,
I FH ] 2 A #0IR S0 i R (mini-mental state
examination, MMSE ) ' ¥E47 3%, 1L MMSE ¥ 43
<27 43 CD 41 46 ], = 27 43 M3k CD 41 105 i,
1 P ARG IR R, ARSI OFFA0F
58 U T IR A 2 Wi ifE ;. @ CD fF
HE5E Y PRI MRS s QIR RS2 .
HeBgpnife: O, FFEEZEDIRRGE; Q&7
ARG B s IR T LE A [B] [ 2l 2 Be
AELEMITE, SEFERR R E; @I ED)
WKBEHE ; OFIFSskkZE#E; @R IMLLE
FIKE T 3 >30% %5 ARBFIE T2 F T
B NRBE R EAA IR B S 2s a4t (2023
0701) .

1.2 A7k Gl A B T ROR R Gl 4E CD
5k CD AEFEMES . F . KRR, 2
HEIFOHED) . REWM . A5G IR .
THERE N i, mh. RERUL) .

JERAIF R . SRS . Gensini ¥E4 ™ (9%
AR MR AR VA, AR B R R
TSP AE R RSB ) | TORI] | EAE MR E]
ML SR R PRIR BNR A L =Bt LT
HBIREH B, REEIREAEER ., RRA. &
WEARE AR EEE . D- ZRIK . REH a KFE
I PRBORE. T RS IR IKI0L 3 ml, 7 3 500
r/min B R T B0 10 min, bR £ 0L 158 F5
5% F Roche Diagnostics GmbH 23 7] 42 72 [ cobas
8000 714 [ S AR A G AT AR REHEA T AGE

1.3 R OMAREIRAT R SR
1.2 rBeRHIAR SR, e A Il PR R 0T
tro @ CABG AJi i At CD BRI 270t .
B OHEA I E LW EENAZHE ST,
CABG AR J5 ¥ & CD Ifak R =k 2 W &R
Logistic [P Hrkdb AT 04T, OREIRHE . H
Z KR Logistic [ 534745 A dE WA AL I 1FA
CABG RJ5 ¥ &4 CD BRI R . @Z: il 2
BH TAERFIEMZE (receiver operator characteristic
curve, ROC ) AT WiARRIYT CABG KRG & &
Az CD BYFIAE

1.4 it Fodr  BARAEIRERLE N SPSS 26.0;
THEGERL [n (%) | 30K, PIZILEBET L 2 K,
ZAH AT UL ¢ s THERORZ S-W KR,
FFEIESD T, UOFIE £ FRifi2s (X£s) FOR,
YIE] LA T LA BEAS ¢ K556, CABG R HE %
He CD W2 IR Z A 2R Logistic [MIH43HT:
AT, SR MedCale 11.4 £33 ROC i 2%t 15
IRARLIEAT 00, FRIBUhZE R TR (area under the
curve, AUC ) , IZWiHURE NFF R, P<0.05 &
NEFAGT R L

2 #R

2.1 AmAERFERIHILE  CD 453k CD it
PHese, AIfFmm e . A IR I R i L
WS . Gensini P43, IMLTE UA KA 8, F
ARIHE] . ICU BfEIEE (P<0.05) , WLEE 1.

22 % CABG ARJFHEHELLECDWEZHES
M 5 B R 200 M B G2 3 L8R E B 7
w, A KA CDENHARE; ZHE Logistic [H]
IS4 5 R, 520 CABG ARJ5 L & 2E CD 1Y
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F1 RIS BRA TN ARG CD 4f1E CD B E IRIR TR LA
% CD 2 (46 i) dE cb 4l (105 ) 7 A Pl
PES - - 0.010 0.919
Bin (%)) 21 (45.65) 47 (44.76) - -
Zn (%) ] 25 (54.35) 58 (55.24) - -
AEI (%) 69.52 + 6.34 50.33 £5.59 18.627 <0.001
BMI ( kg/m®) 24.81+2.27 24.75 +2.44 0.142 0.887
EEEiNIINES - - 8.460 0.004
n (%) ] 26 (56.52) 33 (31.43) - _
Hn (%) ] 20 (43.48) 72 (68.57) - -
B I B - - 0.320 0.572
n (%) ] 7 (15.22) 20 (19.05) - _
Hin (%) ] 39 (84.78) 85 (80.95) - -
A I - - 4.191 0.041
n (%) ] 22 (47.83) 32 (30.48) - _
Hn (%) ] 24 (52.17) 73 (69.52) - -
ZHE RS - - 2.092 0.554
N (%) ] 13 (28.26) 35 (33.33) - _
B n (%) ] 19 (41.30) 43 (40.95) - _
(%) ] 9 (19.57) 22 (20.95) - -
KERULEn (%) ] 5(10.87) 5(4.76) - -
ST AN - - 0.209 0.647
En (%) ] 18 (39.13) 37 (35.24) - -
Bn (%) ] 28 (60.87) 68 (64.76) - _
T T - - 0.226 0.634
En (%)) 14 (30.43) 28 (26.67) - -
ln (%)) 32 (69.57) 77 (73.33) - _
Gensini 7743 (43) 53.25+13.38 16.24 £ 1.11 28.243 <0.001
FAREFE (min) 316.66 +37.15 254.24 +25.37 11.996 <0.001
ICU ] (h) 92.44 + 16.53 76.11 + 13.44 6.395 <0.001
UA (pmol/L) 342.63 + 56.98 297.14 + 45.96 5.193 <0.001
Cr ( mmol/L) 68.82 + 14.32 66.74 + 13.81 0.842 0.401
BUN ( pmol/L) 8.11+1.35 8.08 + 1.37 0.124 0.901
ZRE (pg/L) 513.55 + 54.25 496.74 +55.12 1.733 0.085
TC (mmol/L ) 4.48 +0.49 4.47+0.51 0.112 0.911
TG (mmol/L) 1.59+0.28 1.57 +0.25 0.436 0.663
HDL-C ( mmol/L) 1.08 +0.21 1.05+0.22 0.782 0.436
LDL-C ( mmol/L) 5.02+0.25 4.95+0.24 1.629 0.105
LP (a) (ng/L) 282.88 + 36.68 283.06 + 37.05 0.028 0.978
ApoA (g/L) 1.25+£0.22 1.24+0.23 0.249 0.804
ApoB (¢g/L) 1.20+0.13 1.21£0.13 0.435 0.664

i CD: NHIRERS; BMI: EHABTESEEG UA: MRER; Cr: WUEF; BUN: JRZFEZ; TC: HEEE; TG: Hih=F; HDL-C: m#ENG
HH; LDL-C: UHEAREH; LP (a) : A& a; Apo: HIRHEH

My KRS R G AR R S . BT mILE . AI7hE
PRI . Gensini PEo s . FARBIE RIS . 1CU A(H]
Tt . T RERACE R (OR=1.514. 1.445, 1.484,
1514, 1.527. 1418, 1.594, P<0.05) . W2,

2.3 FRUMARR R Hem  CABG AR5 8 #FH K4 CD

BB 23 BT AR TS Z I K Logistic [B1H 434145 5
S7. T B AL Jogit (P) =-=7.968+ 4F % x 0.415+
EIFELE x 0.368+ 4 M IRAE x 0.395+Gensini
P4y x 0415+ FARBF ] x 0.423+ICU B[] x 0.349
+ Il 7 PR R 7K F x 0466, 55 R 4L 4 %50 R R
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&2 LRSS AT B R NIRRT Z IR Logistic 23T

A B 14 SE i Wald/x* {6 P OR {§ 95%CI

AE I I 25 0.415 0.166 6.250 0.012 1.514 1.094~2.097
GRS 0.368 0.159 5.357 0.021 1.445 1.058~1.973
A IR 0.395 0.179 4.870 0.027 1.484 1.045~2.108
B s B VR 43 0.415 0.196 4.483 0.034 1.514 1.031~2.224
FA A g 1 0.423 0.168 6.340 0.012 1.527 1.098~2.122
ICU H ) 0.349 0.125 7.795 0.005 1.418 1.110~1.811
LY BR 1 D 25 0.466 0.157 8.810 0.003 1.594 1.171~2.168

Hosmer—Lemeshow fIl & B AT 56, 45 R W,
BRI G RO B AF, A #E =10, Chi-Square {H
=7.624, P=0.815. % HEFU AR R logit (P) %7
T CABG ARJ5 5 & CD I ROC ik (E 1),
34 B 5B 2 Logit( P )>12.867 5F, AUC 24 0.818,
95%CI: 0.744~0.878, KN 92.68%, FF 5
1 61.62%.

BRE ()

100455 (%)
B 1 GRS AR G B KA N ARG 1) 32 8
TAE#hZ

3 iTig

CD /& CABG AJ5 & WA &AE , HOZLIigtZ
TR IR N A F BRI B, R
i B IR E S5 TS . EEPNET CD AW
FEILHIE CABG RJ5 CD Y & A K XU IR 204k
PR DCHGE A XT3 D BRI, IR B AR TR 2T i
20 CABG A J5 4 k4 CD X R &, DI
RESEAF M /D B RS CD By R A2

AL R R, ¥ CABG RJF B #H k4t
CD Ay 7 AU PR 2 A G AR O = . 5 T I
G IR . Gensini PEAMEr . T ARB R |

ICU B [al R4 . L PR R 7K M o b 23,
BEEE LR, S H BRI ZE 8 f)
AEEiR, HE TS ) B AR R 2 R R D fE,
M E CABG A Ji5 3 CD [l JL 3 Jin 11
R I RS2 e O R I O e, e R S i
o I R, PR A i A R K 5 s JOk S A Bk
Y e, FHOX I () ik if B8 ) 2 B T LA,
FARE, B BOnE R A, RE S FEOK
FA) IV AL O AN A2, 0 T S O A 28 T BB 1 S
5 A 1 SRR R 5 | R sk
SR A H A e, S R AR I A O I R
P, S IOk RERE AR s, TS e A A I Y
PEER, R RE s U R 2 A
ZRBRIM A, F A C RIS PR, R AR
IR AR A, BRI E M LT, EAUA M) EE
(Bt 1S P I e KA 0 2 5 | A R R T B
PRI T RE X A 2540 , UE 1T R A 3,
1M Gensini SFHR 30 2 25 A 25 5 A8 B 75 2 P h
Xif o R & CD B LR BB Z 3 Y 53 Ak,
CABG Qi K. FARBFAIK 75 ZARSME A 55 i
B, SEGERE R E R RIER N, WA
CD KABALLIEFAREAE A 272 1CU A fa) g
KX CD A5 Al ReAAZEZ AL, 1CU N
A7 AR AR — DEEE T AR EEAL, IRl W
ASCHE P R A U A R RS R R 7, YT RERE
i 82 AN T BE P T i 9 bR IR 1T 5 | A a4
VAR R 9 1 s 1 B AR A I, 60 35 I PN B2 Dy g
SRR TR E, FEONEIIRE R P,

UE A, AW 5E AR 4 2 R 2 50 A 45 R or
T AL AL, ROC 45 3 7w, 1% AR R A I 52
CABG A Ji ##% K& 4 CD ) AUC Jy 0.785, 95%CI
4 0.708~0.850, UK FE K 85.37%, FF R FEH
62.63%, L~ AL AG 3¢ i AL RE, %I IR
O B UG A EEE 8 . Ik, CABG
AT, TAEANRTEEMBEIITARSETH, #
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B g ke R A0 BRI AT, 8 1o R R BRSO IR,
LR AR, AL S A
PR MIAR IS | S AN, JERHHEBRTESE,
HEBRIE )& . MERSF DI 2, FEor AL B
i RS RE, 1L RS LR B0 ST
TR EWE TN Gl s FARIE
PE RAE SN . DRI 2H SV 1 T A B TR S 1
i, KRR BT X Rl DL A, TR IA
R PTARS ;- FA R O 2T E VIR Y
R, I X A4 e, A S B A
FRIRE, RIS 0k
S5 BN YI GRS (8] 2k~ S5 AT A R R ae il
Y, PRREITNHIRES, R I E
Zi b, W CABG AJ5 34 &4 CD B XU
R AR AR . A IF R . S IR IR |
Gensini PEI3 i . FARM IR . HAE W ]
i, MLIE IR K- i, 29 CABG ARJA CD i
RSO T S BRI A LB, ol PR RTHRE LG R AT AT B
PR THIFBe, s ARSE CD S A A
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Eia AR R UV ke g E A SR A

WX, AEH, T OF, TRKE, T &, B &, 0 0, AREF, KKK, £ K, KA,

x

, BE T, FkFE

[(WE]: BH OEERIMEAS (ECMO) fEEAERH BE R WHE 4. Ak mmEdE o irk E 2017
5 A& 2023 48 3 AL 1543 999 Ll fiftas By 7 Redg I G A5G B2 7 By SR FH [T g 3 RALFLZE 1) 11 44 ECMO 3¢
R EE, B4 ECMO BF FEER WL P R TR A A AR, R Bios, a2 4,
SEEAERS (56.6+16.6) %5 10 BIEFBWIEAENZR, 1 HLEF WU G IF0IRTERYE; ## Ik - # Ik ECMO 10 1,
#Hlik — sk ECMO 1 65 2 %1 (18% ) 83 R B-1999 EE# CHL%IZ, 9 4 (82% ) R B-5999 [Ew# CHli%iz,
KATHEES (713.9+388.6) km, KFiAF] (1.5+0.7) h, iz BEHA] (4.4+0.8 ) h; HBEPHINMIIE 4 A (EA 24,
P24 o A EREYREE, bW REERZS R AR RN (ORTE, AT PR EREI) .
&t fEL . AR FE M ECMO i BN & A 7 IR0 T, [ 38 €L P Y7 fedg ECMO [ %411,

[R8BIA | WRIMEA S BER WL, EREMR; %is

Summary of experience in transporting patients with extracorporeal
membrane oxygenation by fixed-wing aircraft

Chen Wu, Gong Xiujing, Wang Jing, Wang Tianlong, Wang Jian, Teng Yuan, Liu Gang, Yan Shujie, Zhang Dachun,
Wang Min, Li Qingyou, Wang Rui, Wei Yanfang, Ji Bingyang

Department of Cardiopulmonary Bypass, Fuwai Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing 100037, China

Department of Critical Care Medicine, the Second Alffiliated Hospital of Zunyi Medical University, Guizhou Zunyi
563000, China

Department of Beijing Red Cross Emergency Medical Center, Beijing 100192, China

Corresponding author: Ji Bingyang, Email: jibingyang@fuwai.com; Wei Yanfang, Email: 1013824878@qq.com

[Abstract]: Objective To summarize the experience of fixed-wing aircraft transport for critically ill patients supported
by extracorporeal membrane oxygenation (ECMO). Methods Data of 11 ECMO-supported patients transported by fixed-wing
aircraft from May 2017 to March 2023 by the Beijing Red Cross 999 Aero-Medical Rescue Team in collaboration with relevant
medical units were retrospectively collected and analyzed. The precautions and potential adverse events during fixed-wing aircraft
transport of ECMO patients were summarized. Results Of the 11 patients, 9 were male and 2 were female, with an average age
of (56.6+£16.6) years. Ten patients were diagnosed with severe pneumonia, and one patient was diagnosed with cardiomyopathy
complicated by cardiogenic shock. Ten patients received veno-venous (V-V) ECMO, and one patient received veno-arterial (V-A)
ECMO. Two patients (18%) were transported by B-1999 fixed-wing aircraft, while nine patients (82%) were transported by B-5999
fixed-wing aircraft, with a flight distance of (713.94388.6) km, flight time of (1.5+0.7) h, and total transport time of (4.4+0.8) h.
The transport medical team consisted of four members (two doctors and two nurses). All patients were successfully transported,
with two patients experiencing adverse reactions during transport, including decreased heart rate and decreased partial pressure
of oxygen during flight. Conclusion Fixed-wing aircraft aerial medical rescue for ECMO patients is safe and feasible with a
professional and experienced ECMO medical team and adequate equipment preparation.

[Key words]: Extracorporeal membrane oxygenation; Fixed-wing aircraft; Severe pneumonia; Transport

PEFERAL: 100037 bxt, EEE2RRA B AUt b FZ00 AR O BAMNERRIMERR L (BR i, £ 5. EF
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> 1% e T 125 1 A i FORE SRS TR 12 W R 4R
RORITHE, T i AR B, I S
fiBebrlal iz Y, Bl fe EaE B ks R 8h
Wiz . Sk Wi - = - eSS &
a3 G EE R B b )
ERY1/20%, REEIREE S &0, BT, Kl
BRI K R, fE ERE R B P ] i 3612 8 i
W AR R 15 48 RSN A G (extracorporeal
membrane oxygenation, ECMO ) i W il K1 2
ECMO B RIS I, o T X B2 7 /K OF A 22
SMEBEMETE, ECMO BT E iR E
B WA E . B ECMO M 3 5t H A &
ECMO i B T 3z KBS B w34 hn - [ St 52 i
ECMO 75 Bt br 8] 553z I R AE LY b7 31.7%, LT
K 0.5%Y, T ECMO B H R ke, HAjE R
HhEY ECMO 83 UM TR R 5% iz £, =i
1B 52 BV % . s AL Kt T o e 45 [
RsZm, IRETF AT,

AL T3 6 AFA Rt AT 40525 999 £l
i 2 BT RCHRE BB G A G B 7 L7 SR [ S 3R
P21 11 4 ECMO SCRF-E , SRBUBIE - 257 -
IR, IFEE A [ N AP E AL S AR
WSS, M2 ECMO 5 [ e 38 L is i
FEEFWMU TR EENARFM, S ECMO &
B s S MR

1 #REHZE

1.1 e aRFH I 201745 HE 2023 4E3 H
WAE], bR 2r 574 999 Ll i 28 BE 7 $iz A

KGR O BT B SR I v 3 R iz Y 11 4
ECMO SCREEF ORGSR EROER] . 4R 1R
s, 2, BUURAL . AEARE . ECMO £,
HEAE ., sl Fhz ek, RS
RATINTR] RATHERY iz BTNt B2 B - #1137 -
HAYHEERE ) AT RS CRRER . 155
EIHEIA . EEMR eS| T
PRARAEAL TR, WK 1, AR RGP EEE
PR B RAMEBEE B 51 2ot (2024-2273) .
12 #iE7® FHsHPRAETL 54
999 TV zs BRI r RN, FRER a2 1R 2 44
Prbse e R B-1999 [ E 3 K HLa B-5999 [4
SEFLRHL, Feaz Al R E I ECMO R U] i 2
Cardiohelp ( Maquet Cardiopulmonary AG, Hirrlingen,
Germany ) , $EizFBEALET T2 15745 999 Ll fi
23 BT R A HIE AR SE i, Heis i DA 1,
12,1 FzniahifEss B0 ECMO(Cardiohelp ),
RRIRHL, WA, BREY . (EE=GRASHL, (4%
UM IHTAL | AEHEEE I DI AE AL . e
MR B AR . AER . EWE S, —METAR
AR AR A o 2 ASTEMEZ Y (%
U EIRR . B IR 2SS ) | BN
254 P2 UAIBEAR ) . I BRGR A

1.2.2 ez FIAG bR ALy 999 &
VA A BT Rt BAAE SR P9 ) K U O o0
H # (national early waring score, NEWS) ' ¥ f7
iz i KU DA O JEAL |, 455 ECMO BRIk
e, il T ECMO BT,

1.2.3  BRIEFIACEIEAG M s scm ol %

F 1 EEE WS E e ARSI E G B LR Rk
B AR —_ i ML WE e A ECMO ECMO AT AR
ERLEED) R (mm) B HEE B s b R
O %« 31 - DR, SO WEE 3 R LW OREE V-A AMNE ERV-HIA) - -
@% 13 - R EEPETAE Sk 3 BB EW &0 V-V SNEGEEV-ARY) - DT
@% 4 - BEWEE, WA, ARDS i 2 BB IEH &0 Vv ANE BRV-FIRYV) - -
@5H 65 - PRIBYER TN, EREMR AU 3 REE IEW &0 V-V AMNE (BRV-FINY) - -
® % 38 - THENGSE, ARDS g 2 REL ER 40 V-V ANE (EBV-AEIV) R EOER
© H 71 Wi, =iUE FREMS, RUTMERR B 2 WK ER &0 V-V AMNE (ARV-HFV) R -
@ % 63 Wi, miiE TREAR Sk 5 AL RE &0 V-V ANE (RIRV-AFV) - -
@ % 63 - fEEFEmigR, MR B 2 BE B 40 V-V ANE (ERV-AEV) R -
@ % 35 - FEEARSE, EEMR BER 3 REE HE SEYIE V-V ANE (FIRV-AFV) Ik -
O 5% 72 HiRGR, S BYLERTE, FEMIZR, ARDS fFF 2 RED IER 40 V-V ANE RRV-£EV) MR -
% 71 WERIF HRET A B 30 REE IER &40 V-V ANE (AIEV-AEIV) MR -

iE: ECMO: IR S V-A: Hlk - Zilk; V-V #lk - #lk; ARDS: QPEMFIRE AL Gk
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HTR2:

S
BEBlEER

HEREE AT

83
aepigia

2 fai

N S R
1FaRIE: ] 1 Ih
AR 2 YRS HUSRATHSS,

ECMORBEEEE WHAGERTE

1y

3. MRS

ME
1 EEEmEHE

2.ECMO, IFIRHUE TS 3l

3 fE e

|

1LEE3E
2 XTTRRER AR
LK EER

& 1

B HINSG 1A ASE O, OISR,
PP S e VA P R ES SR BIE R
2GR NVE I S A E N E PR
o 8 E T . PR A, BRI RHLIE R R RS
vk o RPN WIBA AT BR LR 5 I St 1 fi
KRR RAUEO, SRS R
124 Foazdfrbplind  Foazd b sh s i
BEAEARAE (IR, PRI, R I, AU
FIEE. PREESE) . ECMO (55, Wi, BERiES
J5Ji. SAEas AR s ) | ML [ AR
WA MR, FFSURIER (positive end—expiratory
pressure, PEEP ) 355 | iz MRS ©ATiE e,
X ECMO S8 EA7 eI (. bR
YR TRERCE-HE . RIAIME. AT, FLIRE ) R
VAL B E N EREEAE AL BRI RE NI (S AL EE I
IS H] 160~200 s ) P24 2 h I5il—1x.

L3 it F ik R SPSS 16.0 ALl A
23 BT RO I 5 3R ALEL I ECMO BB PRt AT
S3HT, THEVORER IR £ FRifEZE (X+s5) R,
TR TR, 0 3R .

2 &R

21 EEhFH Bk - K (veno—venous, V=V )
ECMO 10 #1], #fik — 3h ik (veno —arterial, V=A )
ECMO 1 5; BP9 44 (82% ) , ZetE244 (18%) ,
IR (56.6 £16.6) % 3 BIEE LS I
Mt BERE, 100 8 BRAE G I PR s 10 431

RO A R FE S WL IS AR

BE MW EIEM R, 1 FUERFEZRLOIUR S
FEOTRPEIRTE; 9 ] 83 28 O s SO 3 A DR I AL
THREAYT, 1 PIRE T RE VIR AL R AT

1 )5 5 G A R AR YT . ECMO 545 1 A1 JE
T, AR - SiF ik V-V ECMO 10 f41], Jik
#lk - IEsh ik V-A ECMO 1 ;6 fl (54.5% ) i
BE AT R A TIOR A ;2 5 A AL T
B A P B R R R, 5 5 R AT s
Mrt/m &40 1% 56.9 mmHg, HAYEE K WA R
ERA (WE ) o I BB e AT &
Sk ERBE S I | SRR R AR BhIR YT

22 EEEZRMAALFTA 261 (18%) BH K
FH B-1999 [ 3 CHL L2 , 9 4l 82% PR B-5999
FER WHL s, AT . RATIHE], Bz i
AFE L2 2, FARPRER LA 2,

2.3 ®ATHIE ECMO && 34t “ATHHE ECMO
T (3600+439) rpm, Jifr (43+1.0) L/min,
Al (6.6+25) Lmin, (AT FETREREE;

R2 [EER BT (n=11)

= Z 8
KL
B-1999[n (%) | 2(18)
B-5999[n (% ) | 9 (82)
KATHEE (km) 713.9 + 388.6
KATEE (h) 1.5£0.7
Heiz Bt (h) 4.4+0.8




290 FEARSNMEIR &

202448 F|28 H %

22% %48 Chin JECC Vo1.22 No.4 August 28, 2024

g ‘9Flight 0.5 396k ]
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\ £ 1
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Xiaoshan
&2 ﬁiﬁ’l\ﬂﬁ BIGHE B e R YL Is ek

LBl B-1999; ALk B-5999, D~W HEH TS

AU R VPRI S BEOR FH i O A P it 3 R
W&, (15 6 mlkg, PEEP > 10 mmHg) ; W
%%30

3 it

H BT E PR F2s g is =5 DL LR [ 5 3
ML E, FERLEEE MR ERE, 5Tt

&3 KITHIRIASNR A S BE TR (n=11)

e ok Z

N

e (rpm ) 3 600 = 439

Wi (L/min) 43£1.0

At (L/min) 6.6+2.5
TN

SIMV[n (%) | 5(45.4)

PCln (%) ] 3(27.3)

IPPV[n (%) | 2 (18.2)

VCln (%) | 1(9.1)

WAHE (ml) 474.5 £109.3

PEEP ( mmH,0 ) 8.0+2.6

AR (%) 64.5+£22.9
J(IKEST dFLLY|

Bn (%)) 8 (72.7)

Hn (%) ] 3(27.3)
L

JEn (%)) 10 (90.1)

Hn (%))
R [0 (%) ]

1(9.1)
11 (100)

7E: SIMV: In$lﬁﬂ%§t§° LA PC:
BRIEHEA; VO: %

JEJ3#E @ PPV [A]
RS PEEP: MK

HLIEH 400 km P 9552 AT 400 km B [ E
FRML, A 11 41 ECMO i B s 2 i b moir
T2 999 Tl fiii s BT Rk [ e 35 AL [ AR AE
J& 2000LX (B-1999 ) FIVE i 550 (B-5999 ) | ALY
e EEHNMER, Hph 1 S58E (ENER) f
EANEBERIMERRHE A S NEEE, TR ER
ECMO (3 [ E R WHLZS ks LR T 2055 1,

RN A L FFH SR R, T B ER
ERMD . Bpas SRS CER . BE
ot [ B W LA i A 100 [ 45 38 A e 2ok . AR S
Hh [ 58 3 KWL [ o v A 7 ks R i 45 T 45
Bt % A 52 B (0 B 3 ICU #% 32 P I, 4145 ECMO
( Cardiohelp ) | FERAIL | oW | BREGL ., HEAHL .
KA, WA SEEERGER R T, H
Cardiohelp RFLEF G . B LK SFERIKET] |
L ER K ML AR AR | 2T 26 1 TR W 1Ak,
HE&FREERKE (10kg) . #EAEEE, B Zfnt
B4 (2 h) o FRAFECINAE FHUGIESFE AL, & H Al
IR P — 2 TR 19 ECMO %45 ™

[ SN B ECMO 23 vhi% iz B2 45 A 61 I 4%
TR R, IFES ECMO 28 Rz I G#E
WE, B ARGUFEEERLE 14, ECMO %
1 4. MEWIRITIR 1 4, ECMO LR 12 4,
HL& fe e B R B R R R, g
PR AR S BT AR R A AR ik P AR
H1L RS B B BN 2 2 B T
ELW I EA 2 24 LRI, B
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REAE R TR 1P

HRAE 2020 AR A LA ZUEIL, ECMO
BEHE N WESLIANNE 4 UL /M1 U, B
PRI 200~400 ml'™!, IR X H & 755 18 1o A
AR A AR IR, AR SO 11 R 2 e Rk
B, TmE, TR EEEAR, KT
I A HE RS . BRALIR T 2074 999 Lk fiiss
22 7 R BN EL 44 [ b v i FLC 4% 2 U £040 i,
Al ot A ) P AR R T Dl

BEWTE TR L s R, TEfEh]
N HERR ECMO BB iz s gk, wAEIEIR )
REANERAE . BEIMDAE S H TGS 5. PR
BEha e W RERP AR, R
s ah#, HRRM NEWS X5 EiE B2 g T
iy, ETAUFRMILE | VR AEER RGeS, O P
AR 11 44 A s EFT T NEWS P74,
PR B FAEIFIE ML . ECMO % B Rl A5 15 vE 25 4
LHFNRIEH R, BRI s s . AT
7 5 B AU EEFLEOR B2, B 5 mm, X
FRAHHER, HEAIHBNI0, mEER
JE AR5 iz

e ERZRAUR A E, JEVSR AR
AN, ARSCHEH 1 SBELTTT 6 Kiilz,
LI Sh FR A AT BERG I ARE AN R ARG & A KU
Pt F5 ez o mn e 5t B I s U T 1R
G, B S R R A A B TC R R 19T
ik livs, ERE e R ANLIG IS X B AT %
e [E5E, B L R AR e A R AR B
K e, A kA . A B ORAE 2]
IPME TR, fifb BB, W2z
RARFIEREL . S35, A 11 BB EEZR
e[ I LR34 T B AR 1Y, R
MR RPIL R, B Ak PR AR L e O T S
AR R T

ML R R P 5 32 U AR R R, P fE
SEARFMNELE, AS0h 2 5B EE T B
FErp I R TR ZE 47 IR /min, 7 BT BT4E &
0.5mg. B LARE | mg FbKE S G B E ORI
FIEFJER, HaTREEE R ECMO B35 A &0
AEM 2%, OFINERR, ECMO Jif PR, SR
LR R R, IR B IR B A A, O LR L i ST
H AT E PR EXF ECMO i35 532 1 (8] B A i ol s 1R
YHRGE—Ew, NHMEEEERE, W T
FErp R ARl M ST AR R, kD
iz W I AE CHOR L W )22k L s iz 4 )

K UER/E Pz £ A 15
BFTETE RS N #E4T ECMO 25 Hhiia, KR4
B4R IF KAE o Lebreton G 45 PV HGHE T 1 FEE V-V
ECMO f 75 CHLREVE 1 #2 b s B2 ik i
ST B AR R ALE AT R R S R e,
JRHE AT RE S B H TR . JEAE. A
FNFWL IR B o . D REZE . A i T farad 1 A5 [
AL,

AT I AR A R N B A W A A
fEAE L (ORI, PRI AR ) | RIX
T (i, S ERA E S ) |, SER AT
KAFHE A A (M. 6 AR I A ] Wi
FEFERGAT ), AR W0 2 SRR R AR B, AR S
HLL R 2 AT AT T, 5 SR
HHBESE TR (56.9 mmHg ) , HERAXAE S
WAGSCR TR, T ECMO Ji 2 A
MLEEL (Y4 PEEP s AU ) JRlfis . 456
HNZRI 1 SR T ECMO #535 rh A U T R
FACERE i ORI , KA 8 A AT g fr,
TEA ARG LT Wil o F kO, (E U
W e bk e B 5, B DR PR S Rl T s
ANFTIAAR A, A I T 25
FRYT; QIR , 7R CAT R B
WE L, PR KA R E R, I R A TR,
B3R = 3 000 rpm; IR DM @A, 7EH
AT ARG A BT A 84 AL A T B L, A&
AT R, IR R DB A
@FBREHNR, LHBEREASSIAR, *
AT, IR BIPHES B E A O, AT
REIR A BT H . BE M EEIEES, o
BIAT JR s Fedl 1k M yAYY, A 2RI 50 W i e
MIAE, BT WA A &, R IR ER T
fiefaE . EANRHLXT 100 4 ECMO ¥z 3%
rigs, NRFMRAER40% 4, Hb1o 4l
KSR, 4 ) B b R, T I T
SIHRAE, BB 3 0], IR | BRI M AT AL
AAMIEE 1 F], HRSEARGRP, &
Mg 11 PR E R LA EAR R, 5585
HE/D . BRERIEAHD R G, kR
IR R AR R

ASCH 11 BB s 2 H LR BE ICU J&
WRE B, fiah . s 5 WK &2 e Gy
TRAE A T0EIECE . FRaR R A B L B R
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AL 7 B ZIRTEATL BRI Z A Pk &
XU BsE ST
WAK, vFRER - EWAR, BEA, KRG, EERLS - LMK

(=] BB HIHERKNT -8 24K (TGFBR) 1. TGFBR2 f£ Standford A / F-3[ikJ¢)Z (STAAD) B E Y
PR BRI, Ak L2019 4F 7 H £ 2023 4F 5 A2 FRisde /K AR X R EEBERY STAAD B3 172 FilfEN
W4, MRIERERIGETRHOR 0 NAEIRA] (n=138) FIFET-4] (n=34) . XF HCPIL HE — R0 R WL SR AL
FENKRELH LR TGFBR1 ., TGFBR2 HIZFRIAKEHHIE, 181 Spearman A1 EMEMT I Logistic [0 STAAD B WS
ARMGERFZE, @it ZiK#% TEMZE (ROC) PG N R s IR A I TINALEE. &8 SET-4LB T EahhkeE
ZHZUH TGFBR1, TGFBR2 #4355 /K24 B AL TAR LR E (P<0.05) 5 Spearman AT K Z N Logistic [543 %
PARSMIEFRI ] ( OR=1.320, 95%CL: 1.021~1.626 ) . TGFBR1( OR=0.015, 95%CI: 0.003~0.042 ) . TGFBR2 #4357k F-( OR=0.031,
95%C1=0.011~0.093 ) ¥JJ& STAAD & TG A RASTEGR N ZR,  HLAS R K 37 KI5 T i & TR A RS REX 8w

(P<0.05) . 5 1E STAAD ¥ F3hIkEELH S0 TCFBR1 ., TCGFBR2 ¥tk V-1 BB A%, H-5HREHHS BA AR,
$&71% TGFBR1. TGFBR2 4 1] REAE R ASRITAL K H STAAD F8 & WS T R &) o
[ X8R . Fahlikde)Z; Standford A 5Y; TGFBR; Tiljm

Expression of TGFBR1 and TGFBR?2 in patients with Standford type A aortic
dissection and its effect on prognosis

Chang Donggqing, Yeermaike-Tangshahaer, Shao Jinjie, Zhang Xiaomeng, MaiMaitiaili- Aizezi

Department I of cardiology in cardiac and pan-vascular medicine center, Xinjiang Uygur Autonomous Region People's
Hospital, Xinjiang Urumgqi 830000, China

Corresponding author: MaiMaitiaili-Aizezi, Email : shzcdq@]163.com

[Abstract]: Objective To investigate the expression of Transforming Growth Factor-f§ Receptors (TGFBR) 1 and 2 in
patients with Stanford Type A Aortic Dissection (STAAD) and their impacts on prognosis. Methods 172 patients diagnosed
with STAAD were included in this study who conducted at our hospital between July 2019 and May 2023. These patients were
divided into a survival group (n=138) and a death group (n=34) based on their postoperative survival status. General clinical data,
disease characteristics, and the expression levels of TGFBR1 and TGFBR2 in aortic wall tissues were compared between the two
groups. Spearman correlation analysis and Logistic regression analysis were employed to identify potential risk factors associated
with poor prognosis in STAAD patients. Furthermore, the predictive accuracy of both independent and combined risk factors was
assessed using Receiver Operating Characteristic (ROC) analysis. Results The expression levels of TGFBR1 and TGFBR2 in
aortic wall tissue were significantly lower in the mortality group compared to the survival group (P< 0.05). Spearman correlation
analysis and multivariate Logistic regression analysis indicated that cardiopulmonary bypass duration (OR=1.320, 95%CI:
1.021~1.626), TGFBR1 (OR=0.015, 95%CT: 0.003~0.042), and TGFBR2 transcription levels (OR=0.031, 95%CI=0.011~0.093)
were potential risk factors for poor prognosis in STAAD patients. Furthermore, both independent and combined risk factors
demonstrated high predictive performance for poor prognosis (P<0.05). Conclusion The expression levels of TGFBRI1 and
TGFBR?2 in aortic wall samples from individuals with STAAD showed notable downregulation and were inversely associated with
patient outcomes, which implied that TGFBR1 and TGFBR2 could serve as promising indicators for assessing and predicting the
prognosis of STAAD patients in forthcoming studies.

[Key words]: Aortic dissection; Standford type A; TGFBR; Prognosis

EETH: PisdE/R HARX ARRFER4 (2021D01C175) 5 HE4eE /R AIG X RERFENTH (20230120 )
EF AL 830000 L& ARFE, HrasdEE /R iR KN R EE B ONE Sz i B2y 7 i o s h—#
BIEEE, LY S - LA, Email: shzedq@163.com



294 W ERAME R A A 20244E8 Fl 28 H %224 %4 Chin JECC Vol.22 No.4 August 28, 2024

F ik Je ZARYE Stanford 43 RIA] 43Sk A RUAD
BAY, ARIJCE R KT EDK, BRI ZE RN
e T S KOT B L e 3 k. H Stanford
A B EFKIE)Z (Stanford type A aortic dissection,
STAAD ) Jp i E R SO UL X, R AER
P U R A U FRh ke A R RS T
FRITIC S, SISk 2 0 R
S FhREY— R HRTIERAF S s P s
FFEYEERER LR, 2R e S E3h
ke J2 A M, A 3 3 ik 4 3k P A DGR T &
T kA KIAT - B 324K (transforming growth
factor-beta receptor, TGFBR ) & TGF B /Smad &
R OGRS, AR I R R SO
554G, 285 E B TGFBR e F A% 11 iR £
BN AR ke 2 VAR Bl (B
W K2 T E3h Ik 2 4 TGFBR kA 1Y
5B R R E R B OC T, B X STAAD
F 4 1 TGFBR1. TGFBR2 4% 5% K FHEAE 5 F A
T A AHDCHE M i = RGEMERF Y . BE Tk, A
WF5E B 7ESE TGFBR1, TGFBR2 7 STAAD 4%
Hh ) AR SN T 5

1 BREFE

1.1 AR ZS5a4 LI201947 H £ 2023 4
5 Atz TRmmde /8 A XN RERERY STAAD
BE 172 BIVERBEIEXT S . AL E AR 44~73
&, H B o8 ], Lotk 74 i, AFRAE: O
i BB %0 O, IR % . H S SR
kA Ik, A5G R IR IR R ARTERf N £ 3
JVkORE A2 B R I BN -, A5G STAAD (1)
e R WibRifE " QA BEERIZIE 2 N
Bz FARGT; OBAFRBITIRIE, TF
RAHKEERIE; @OBHEZPIEW, ABEZFAR
1RIT M Bl . HEBRARAE . DZWh Standford B 7
FEkIe 2R Q/BFG I E M EE )
AERRf; QA IHTMEH B ol B eI, @FFAE
MR G H ; OREAIZ WiAF 75 25 YA 500
Wi, @A AR FAEIESZ . BN ATI6E
Rt ok BB ; DIRIRTORH, LI =R ss

WSRO . T AR 2 AR
RIGIT, AR s 2 B R AR A R
ZE 4% Bentall . David 8 Wheat K. 58 # R
J& 1A INAETE IS B0 R 4 R A2 4 (n=138) FIsE
24 (n=34) . AWRE L E /R iR X

N BB B 42 B 22 b1 2 H 4t (KY2023080118)
HTEARTT S B EZEZIEFE.

1.2 7%

1.2 S —fRIm KPR il BB fE B R GElk
NGB AR . PR W AR A
e Crolil e . IR . oo . 12PN R4
e, DB . HREALe. BUmAe) &
ARHAGT— M RT R il FARE R RGWE R E T
AR5 2 (Bentall R, David R, Wheat K ) . 15=1F
IRIFTE] | ARSMIEERINTTE] | TR RIS FARAICT R
1.2.2 TGFBR1. TGFBR2 #9#ml ARHETA
FHUIRE EhPKEEAZ, T2 RNA SR
BRI RNA FFF e Al , sdash i iRl ety
## DNA JFEJE, B% RT-PCR {7 & B 20 p 14
F, HogYresh Bigd T4A: @O TGFBRI :

F: 55"-GGCCACCATCAGCTATATTG -3', R:
5'-CTAGGCTGTTTAGCATAACC -3'; @ TGFBR2:
F: 5'-AGTTGAGTGAGTCACTCGCG-3', R:
5'-ACTGTCAAGCGCAGCGGAGA -3', &8 [ 5
k. D 95C72E M, 3min; @95C, 10s, 60°C
1 min, 45 MEH; Q) 72°CHEH 7 min, I B —actin
MW, LPh2-22 %R TGFBR1, TGFBR2 7 &
H EBNKEEL L P A S K-

1.3 Gt F 44 BT A I R AR 5G4 X aa o
SPSS 27.0 AT Ge it o3 M. HrPARWS | 1R R PRI
[E] . ARSMIEERIE] . TR F 3l ke ZH 2

TGFBR1. TGFBR2 5/ 4okl 2t S-W
Ko, fFAIESELL (X+s) fik, 48R
SEREAS ¢ B R AR E IS LA M (P,
P ) ik, HBERHEHESE G . R MR |
PP BRI L TR AR R
BIE (%) i3k, 21 R H] 02 K 55 5 Fisher K
WAL SR He A . AR LSS () STAAD f8 35 R] 22
5 P<0.05 F8 34T Spearman AP BT, 8
AR FE bR I Logistic 19 43H7 i 6 ) STAAD
BE TG A RS el Nz . sl szl TAE
FEAE 1 £8 (receiver operating characteristic curve,
ROC ) P4k 45 PH 2 87 S A T a2 23 A R fils
MIRLRE . FeitFR g K HER P<0.05,

PR

2.1 KRB TS 8 STAAD & & — A% Is R TR b4k
ARG Y STAAD B35 [A] S AE0 - 5] Lo )
P S R A IIE (MRS . R . DRI . e
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PEVERPIR R Ges . OB ) ], TR F
ISR S e Teg e 2557 (P>005) 5 3B
TABEPEIHE (RIE. FREAE. B
REANa) HeBl . SESRSMEERE R S AR ] 3
WEETAARAEE (P<0.05) , L& 1.

2.2 RFE TG # STAAD # % TGFBRI. TGFBR2
HFORF A ST E T Mk EE A L

TGFBR1. TGFBR2 % 5% /K- 44 g L FAA G 41 -
# (P<0.05) , W32,

23 EFMIEARLE STAAD &5 FUs R R4 %
M DL STAAD B35 1 500 A e . SET
=1, f£I5 =0; DAZHA) 22 S v dadn o B 722 s (A

B ILE =1, & ILE =0, &IFHIIREA4L
=1, HFIIRBIE® =0, /IFEYREA4 =1, EYi6e
1B =0, RAMEIRESE . F-AE A, TGFBRI,
TGFBR2 #% 5% 7K °F %5 ¥ HU 5 %5 {B . Spearman A
X2y B & B STAAD & # A )F k. &9
JFOIREA 4, BIF B UL, FHIRIME A
] AR B (R 34 45 1005 AN R 52 I 3 15 A G M
(1/P=0.218/0.004 . 0.303/<0.001. 0.157/0.040.
0.344/<0.001, 0.209/0.006 ) , ~F ¥J TGFBR1,
TGFBR2 % 57K V-3 5 Fiil J5 AN R 5 5 35 1A DG M
(1/P=-0.509/<0.001, —0.588/<0.001)

2.4 STAAD B F G RR MR F o4 L

R 1 RETGH Standford A B 3 Fh ke )2 88 2 — G PRGBS

Eiskan A4 (n=138) FET 41 (n=34) VAV (:! P{i
i (%) 56 (51, 59) 54 (51, 56) 1.917 0.055
] 3.203 0.074
Fin (%) ] 74 (53.6) 24 (70.6)
Zin (%) | 64 (46.4) 10 (29.4)
MRS [ (%) ] 44 (31.9) 16 (47.1) 2.765 0.096
L [n (%) ] 30 (21.7) 10 (29.4) 0.900 0.343
Bl s
F M (7 (%) ] 68 (49.3) 26 (76.5) 8.140 0.004
BRI [ (%) ] 15 (10.9) 6 (17.6) 1.169 0.280
LG [n (%) ] 10 (7.2) 3(8.38) 0.097 0.755
M PENT IR RGP [ (%) ] 8(5.8) 3(8.8) 0.417 0.518
AR [n (%) ] 52 (37.7) 18 (52.9) 2.632 0.105
HEIREARA [n (%) ] 8 (5.8) 8 (23.5) 10.167 0.001
BIREARL [(n (%) ] 9(6.5) 6 (17.6) 4.242 0.039
FAIT R 2.858 0.239
Bentall R [n (%) ] 105 (76.1) 21 (61.8)
David A [n (%) | 15 (10.9) 6 (17.6)
Wheat R [n (%) | 18 (13.0) 7 (20.6)
PEAEPREE] (min) 24 (20, 27) 25 (20, 28) 0.948 0.343
WRAMEFRIF ] (min) 161 (150, 177) 190 (163, 221) 4.498 <0.001
FAREFE (min) 421 (380, 456) 443 (410, 498) 2.736 0.006

R2 AREIPRRZEERMARN T - B ZAPIAFEFA L (X +5)

LD FAG A (n=138) T2 (n=34) t{H P
TGFBR1 1.21+0.14 0.82+0.27 12.112 <0.001
TGFBR2 1.12+0.16 0.79 £ 0.17 10.903 <0.001

iE: TGFBR: #:AbERKHT -p Zik
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Spearman AH I3 HT H AR S ME R %L >0.300 145 HR
TR N 2R . 3B 2 E Logistic BIHSMT A&
PAASMEFR I E] . TGFBR1. TGFBR2 % 3% /K V-1
J& STAAD B TG A K AYEE G ZE( P<0.05),
W3k 3,

2.5 B AR E M EAIKATAN STAAD &4
R BAMAL T ROC AT, (RIMIGERET
[B] . TGFBR1. TGFBR2 it 57 2 B¢ 4 Fit i) STAAD
HETUGA R RMZ T L (area under the curve,

AT

100

80+

60

Sensitivity%o

404
— ARSI
- TGFBR1
20
— TGFBR2
_ — A
0 — ] T L] T | ]
0 20 40 60 80 100

100% - Specificity %

Bl A fEh R Z ML SIS B Standford A 2 Skl
JZBEPUGARI32IRE TARMZ

iE: TGFBR: #AbAKHT - 2k

AUC) 43 %/ 0741, 0.859. 0.844 F10.978, H:

R A TN £1%) 5 RE TR T 4% 48 b 2 7 F0I (%) R4 R
(7=5.377. 4235, 4341, P<0.05), W#FE 4, K 1.

3 it

F B ke J2 7 i e R B Al R A
i, A RO U, BE A TR il
ARERYRE I, 32 3 ke J2 00 B AN W Tt
F B ik Je )= 1 43 B 3 2 AL DeBakey 43 4 Al
Stanford 73, Bk )2 70 BUA [RIVG 7 7 4
FAFE, Hrb Stanford A BIZEIGIR R Z W, R
(e pea D AT NI Wi S (e 0o cpe o) i
K BARBE AR F A . o TR e A
GFBMAHT, STAAD WiSWrRA it &, Kt
SR ARIG T WO TR U, B4
TEAERR Z IR Z 0 STAAD R J5 g #Us " R,
T ARG LRI PR I 2R R TR TS
IRA DI AL

JERTMIWTSE R, BEAREE IRE T fE
520 STAAD FARJGHUTG o 32 PR A B o) dfe i
AR IR, FoRe 2l FEWUATCIEA
RAE AR Y, SBUKSIMBE R, Jhm
W Z2 AR IRE, B ARG IET R T, fE
AMFFE T BARERRNBET 1Y STAAD R & & IF
JHFIIREAN 4 B DhREAS 2 LU i 2 ey, (B&ead

% 3 Standford A A £ B ke )2 B E TR A KGR R =87

MG by B {H S.E(t Wald 2 fi Pl OR ffi 95%CI

TR TRR
JFEIREA 4 1.936 0.965 3.156 0.078 3.485 0.996 5.332
PRSMIE PRI ] 0.051 0.014 7.464 <0.001 1.320 1.021 626
TGFBRI -14.232 3.114 9.034 <0.001 0.015 0.004 004
TGFBR2 -16.123 3.417 8.136 <0.001 0.031 0.011 0.093

iE: TGFBR ALK T -8 =ik

x4 BIEREEM LA T Standford A L Bkl 2 B E U A KA E

pUE S =87} AUC e T RHYE (%) RRE (%)
TR KR

ARSI FA B ] 0.741 0.623 0.858 163 59.45 82.10

TGFBR1 0.859 0.725 0.994 0.87 79.56 83.33

TGFBR2 0.844 0.720 0.967 0.92 85.32 79.90

iy 0.978 0.954 0.999

7. AUC: #hE FHifH; TCFBR: #Ab/EKH T - 21k
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FHOCHE AT R Z IR R b R B LR N R
ARG EEEE R FEAMRE R S0 E
WRAFEZE SRR TR S AR RR DA G, HiR
BRGNS R 2 SR B2 T Yk
XTI B Ve T REAF A —E 25 57

HALA KA F - B (transforming growth factor
~beta, TGF-B ) 15 5 & 12 BEWS 18 & Z 1~ & 72 X
A5 BE () R = AR R ), AL 5 S U LA
T AL LA RS Lt AR B8 7 . 1858 i A8 B 1)
FERR o DR R L E HORAS DA BR Y L4 BE (1)
RE SN LA/ X I RE AR 45 1YL %G i 2
Sk FERE AL BEHIE i B, E B AR AL
A H. HAh, TGF-B 3 %2l it TGFBR1
F TGFBR2 & [K] 4 5 114 1 b i85 I 2 1 A2 1A Ok A%
WHASY, HFHEFIKEZHERE T, KY
H 30% BB HEHS T TGFBR1 K& [ (19 5745 1
FARSM LI R, @ BRI BV 1 LA A rh
() TGFBR1 #1 TGFBR2 BB fish & A [l 2 B 1Y) 32 5
ke 20T, X R ST R B R T ik £ T
625 T shikok RE i (LI plad A2 U sRmi, —
T35 AR AR S s A 151 11 32 PR A 9 & B
TGFBR1 A1 TGFBR2 SN RN BE 2SS+
Bhfbk e J2 0 &0 1 I W A DR T S e E G
P13 BH By [UKORE P Bz 40 M A5 0t A58 495 0 3 3
F12F I E LN E

A5 3 A B 2L A3 AT R BRAE T STAAD
A5 B E - E S kBEA SR TGFBR1, TGFBR2
HORAKPH BB M FARARE, L@
Spearman FH &3 #1 Je Z K Logistic [81J 537
5 T TGFBR1. TGFBR2 #% 5% /K F- 44 /& STAAD
BETEARMEZGRHAER, H - Fhsr LB
A I R TS AN B AUC 39485 . TGFBRI .
TGFBR2 7K F-75 4k 5 STAAD AR J5 #Z 46T 1Y i
ML S TCF- B J HE % UM oG . e el
it AR AEE ], TGF- B ¥l E4i AR K |
B . b K. TR LA ETRAY A RN
FIEZA IR EBEEEH . W TGFBR1 Al
TGFBR2 fEH TGF-B M4 S PEZ 1k, © il
5 TCF-B #iaAEME &Y, vhmidss 18z ik
it T 76 32 AR AT ol 1 Ak R L e TS v 1 T
37 A gk — 2 5 T 0 Smad & (454, SR
fd Smad & (1 E A AN, & FE A SRR DIRE
FEAEOF S AESE, A 2405, i LA A i 3
K5 TCF-B MBI A & SH R

TEIE R A BRI, P LA B DR e e LR AN E
ERIARAS . SRifiT, TGFBRI1 Al TGFBR2 fl%E5 5%
IR B R A 32 B0 k- i L2 M DE AE 28 D5 DA
AR R B AL R AV AR | X BRI Sy
BRI, AT IR T =5 2 JkORE () 45 #4) A 41 g
AN - A, X ] BE R R T sl ik 2 RE R
T — A A i de E R A 2, RIELL TGFBR1
FITGFBR2 AE M YIA S G FE Bk e )22 8 &k
S BILAR L o175 A U S0 B4 BT — 2 I PR S

AR GFRUAFAE— R B, K
%6 T 0 455 AU = %2 2L TGFBR1 Al TGFBR2 1E K &
BN 28, BAREA R, BV E
JEREAERF R B A AR R A5, Ak,
TS 7E B R DA STAAD RJ5 B #, R&
A BFEEE S, Jaemmm i FEA R Y KIF5E L
PERmAS e AMEE, JRAE M, AR
STAAD B £ kEEZH 41 TGFBR1. TGFBR2
KO i AR, B S B E S BA U
£, $#2/R TGFBR1. TGFBR2 A Al GEAE Jy K HvF
i T STAAD £835 T (A 3R i) -

SE 30k

(11 = TH, EFEBE, DIRIE . E3kIe) 208 R I RIGT 7
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[(WE]: Br AADGRTHE P IrE o i A/ N LCIEAR R 2B (CS-AKD) MIRFFEBRR .. #us Kaiis, il
IR TAEE RN DL S ﬁ:ﬁ FIF Web of Science F52R 2005 ~ 2024 4E[H]/NL CS-AKIAHOCSCHR, FIH R 55
Hdf il Bibliometrix X SCHik & AL AEE RO T AT . R B /L CS-AKI AHIESCHR 558
R EAA A ﬁx;ﬁﬁ:%/ﬁﬁ P24 Pediatric Critical Care Medicine, Pediatric Nephrology . Pediatric Cardiology, 4Bk
/INJL CS-AKI B9fE& 1, Devarajan P, Goldstein SL., Zappitelli M A E EAZ0AEE, HIEEAPE e, S /8L
CS-AKI FYFER R R | P ALl . U5 . B A 5 LBttt 4518 /ML CS-AKL ITAERE W E L, pFdfin &
Bk CS-AKI H@ﬁ%l?'ﬁ?ﬁ}: 9o R 55 AL B B Vet o AR U TN b 5 AP R it 7 ] B 3 T 5

[ KR ] 2R OIETAS /NLs OFERs SCkTH &2

Analysis of research hotspots in pediatric cardiac surgery associated acute

kidney injury based on bibliometric method

Zhang Yan, Chen Haohan, Zhou Yannan, Gu Jun, Zhou Yiheng, Qin Zhen, Zhou Ronghua
Department of Anesthesiology, West China Hospital, and West China School of Medicine, Sichuan University, Sichuan
Chengdu 610041, China

Corresponding author: Zhou Ronghua, Email: wr.zhou@hotmail.com

[Abstract]: Objective To analysis and quantify the research state, hotspots and frontiers of cardiac surgery associated
acute kidney injury (CS-AKI) in pediatrics by bibliometrics, providing reference for clinicians and related researchers.
Methods Literatures related to pediatric CS-AKI from 2005 to 2024 were retrieved using the Web of Science, and the R
language package Bibliometrix was used for visual analysis of the publication year, journals, authors, and keywords of literatures.
Results A total of 558 literatures related to pediatric CS-AKI were collected, and the number of publications has been increasing
year by year. The top three journals were Pediatric Critical Care Medicine, Pediatric Nephrology, and Pediatric Cardiology.
Among the global authors of pediatric CS-AKI, Devarajan P, Goldstein SL, and Zappitelli M were important core authors, and the
United States had the highest productivity. The high-frequency keywords were risk factors, etiology and pathogenesis, prognosis,
predictive factors, and preventive measures of pediatric CS-AKI. Conclusion Pediatric CS-AKI has gradually been valued in
recent years, and the research hotspots are risk factors and prognosis, etiology and pathogenesis, and preventive measures of CS-
AKI. The predictive indicators and protective measures in this field may still be hot research directions in the future.

[Key words]: Acute kidney injury; Cardiac surgery; Pediatrics; Research hotspots; Bibliometric analysis

ARG 2P B #1 (cardiac surgery associated — &AE. A FSCHR TR, 7/INL CS-AKI &A= A] 5k
acute kidney injury, CS-AKI) JE48 K EEDIEARIE  60%, FHH 5 EMEFARIAIET R | 1CU HEREHf
(B T e v TR SR AT W BRI R Z: TR AR BE B ] A RS ARG M ARk, /NL

HAE, JE/NLE R DR A G R W EZIF CS-AKI E B ARZ CEE Y 8, {H i T CS-AKI
S SCANTR] L NHEA ) B 1l X2 [] A AR 22 550K
S, B, @RS, 2rk/hLCs-
TEZBAL: 610041 HR, PUNIRAAEVY B BERRIRY (3 e AKI BFSE R BFEARFE . SOl 2] LS A
2B FORAE) |, ETIRIKRE SR (BR . JE ,
CHSREAN T+ 50053 aé(sﬁ%ﬁmg%iﬁc;n PN CSARTZRESUR . BESER A S
@E%% () TIREH . mAENIIT, ERMAR ., A
BEMEE: 2%, Email: wr.zhou@hotmail.com W R SCHR TR, BHBEM (Web of
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Science ) FUHE JFE, X 2005 4E 1 H &= 2024 4F 5
HTEZINL CS=AKT AH 6 8 SCik 47 e 5 Aot ol
AL, DI T f# /N L CS—-AKT A HF5E 80K |
R I RO, FEAE/NL CS-AKI 4iidslids 4>
T A3 MRS, R PR T AR B b I I AR S5
AL IKIE IS

1 #BSHE

e Bl 2% P AZ O T8 K ( Web of Science Core
Collection ) 1 {fi Ji # ‘& =K [(TS=(Heart Surgical
Procedures) OR TS=(Cardiac Surgical Procedures)
OR TS=(Cardiac Surgery)) AND (TS=(Acute Kidney
Injury) OR TS=(AKI) OR TS=(Acute Kidney
Failure) OR TS=(AFR)) AND (TS=(pediatric) OR
TS=(pediatrics))] #: 2 55 /N JL CS—AKI A 5 A9 SCHR .
SCRERANRE TSR Lk, HERER . 2=
WA . 200541 H 1 H £ 202445 H 15 H,
it 558 4%, R B SR S L TXT A% U774
IR R 1 5 U 42 Bibliometrix $E17 SCHk & %

Annual Scientific Production
Articles

AR ORI MR R OGO
el A B ) 1 P 2k R it A e PR 25 T R A 45 2R
oo

2 R

2.1 FREAIAH N A SS8FMIL CS-
AKI 3CHik, Gni&l 1 F7R, 2012 485 K S 2R T
Th, 2022 4EIRFAE R SCRTIIE 62 F, ARG RN
19.17%, HRZGSITITR R E4E ETHES

22 RBBMFIASA A K/NIL CS-AKT B 5T
U SCHR & 2 T A2 200 R, & SCRRT T
AR L3R 1, A S0 R4 He ol 45.70%
Horp & SCHT = A 19 24 3543 51 R Pediatric Critical
Care Medicine ( 13.44% ) . Pediatric Nephrology
(12.72% ) . Pediatric Cardiology (3.41% ) , 3%
Wi PR 1.9~4.1 HEA AT 2 7 2% 3 K SCRHE T
e 2R

2.3 LMAEHARE A RSCRFT=HIEE N
Devarajan P, Goldstein SL, Zappitelli M, L3 2,

Year

B ANLOHEAR G S B 454540 SOk AR BE & SCia
i 2024 AF A SCEEIERES H IS H

R DILOHEAR TG S P57 SCHR & 2B HEA 1T 10 3917

¥ ke 5481 ) W EHA (%) BiFEA (%)
1 Pediatric Critical Care Medicine ( JLFFHAEPEF ) 75 13.44 13.44
2 Pediatric Nephrology ( JLBHE i ) 71 12.72 26.16
3 Pediatric Cardiology ( JLERCIEF) 19 3.41 29.57
4 Frontiers in Pediatrics ( JLBFITIT 18 3.23 32.80
5 Journal of Thoracic and Cardiovascular Surgery ( Jig SR 0 1 A5 ANRE 2 15 2.69 35.48
6 Annals of Thoracic Surgery ( JiAMRF4FE %) 14 2.51 37.99
7 Critical Care Medicine ( FAEEE: ) 12 2.15 40.14
8 Critical Care ( HAEWEP) 11 1.97 42.11
9 Cardiology in the Young ( 7 /D4R IERR 2% ) 10 1.79 43.91
10 Journal of Cardiothoracic and Vascular Anesthesia (/Ui il 45 FREZ4 35 ) 10 1.79 45.70
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300 o [ R A B A
&2 /NUCHEARG S E B SO R A AT 10 VR
Jrs e (H%) R () b (%) h 385
1 Devarajan P ( &[] ) 42 7.53 28
2 Goldstein SL ( 3£ ) 38 6.81 19
3 Zappitelli M (&K ) 38 6.81 21
4 Krawezeski CD ( ZE[E ) 29 5.20 18
5 Gist KM (&) 27 4.84 12
6 Ricei Z (BKA) 25 4.48 11
7 Parikh CR ( EfJ¥) 18 3.23 14
8 Cooper DS ([ ) 17 3.05 10
9  Basu RK (EH) 16 2.87 10
10 Sutherland SM ( E[H ) 16 2.87 10

H A Devarajan P &3 N h 8 8UE T HE AL, A
ARG HA . MR 558 8 SOk 09 BT A VE & Sk U5
ERG 11, KR CHEHEA T = EE N EE

(44.6% ) . &K (8.1%) . HHE (72%) .
7R e E AR P R R B e A
T HP T ST ] % 3 8 A LR ) g

24 X gEREEM AN LR S558 X
Mk A S B OGO B 3T 1 986 4, iE
Bibliometrix X HH#EATHEF, # HBIRE = 60 Ik
() SRR RV R s Ao ), B3t 13 A4S, E Aok
RO ULER 3, RiHE 2 ik 70.90% . H
el L, /NJL CS—AKT fBIF7E 4k B AT EC ik
L HR FE LSBT R U, IRk
bLE . e R 2WindE . RO R
85t 55y D R R 9%

2.5 Egkda MR E AL 5 A XSGR R I
(2R AT AT Ak, ] 2 PR mp A v A0 D B Tl 4
RS ]2 T HES R, WL 2. A AT 2 4B Bt

R 3 NJLCIEAR G St B B3 SR s O B 43 A 1
745 o G ] 713/ Halk (%)  BitEsl (%)
1 cardiac—surgery (/O IEFAR ) 185 9.32 9.32
2 children (JL#) 171 8.61 17.93
3 acute kidney injury ( 2 1EE 4 ) 165 8.31 26.23
4 mortality (FET-%) 122 6.14 32.38
5 acute-renal—failure ( 2Pk 5 5298 ) 116 5.84 38.22
6 outcomes ( 255 ) 112 5.64 43.86
7 infants ( 224f1JL) 106 5.34 49.19
8 cardiopulmonary bypass (@i 83 4.18 53.37
9 critically—ill children ( fEJLZ ) 80 4.03 57.40
10 risk—factors ( KUK &) 79 3.98 61.38
11 risk (XU ) 68 3.42 64.80
12 biomarkers ( A=¥IFRic ) 61 3.07 67.88
13 serum creatinine ( Ifil7& WLEF ) 60 3.02 70.90
Trend Topics
de; = .
m L 2
= L 2
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se| . &
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Term frequency
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55— BER 2008 ~ 2016 4E, I PRIEAT RIS
PESBEHLXT IRBFSE, T /ML CS-AKTIRATI |
IRITHEIEAE, I SR L B IS XU 5327
WLEF ( Creatinine, Cr) . BEAPZE C. HPEkgn i
BH e i AH G B e 28 1 ( neutrophil gelatinase—
associated lipocalin, NGAL ) Z5/EWbn i W45 ) i
By SEMBER 2016 ~ 2022 4F, BFZTHGN EE
AP/ L CS-AKT BTl I K R BUR . M A b
BB B ERETE | AR R AT SRR AR H R
BT B, AT A8 BN TR S W 5403 i 4 B
FABY R, AR IR DR E S0
TEB AN . B AR #E T (goal-directed
perfusion, GDP ) MAT FEFEK E ( Dexmedetomidine,
Dex ) MIPRAVER

2.6 X 4EIE E A SRR AARE AREE AL AR R L
)0 BE AR AR, %8 S A AR A T R 2 114 — 4 [
(P 3) o o ey U A SR A i g
T T o B B RN 3 327 32 R4 T i A 0 32 A
AR AL E . IR 3 AT, /L CS—-AKI 45l
BAT 6 A7 M, g Cr, B /AN |
RAE N /P I B AL B A TR S R R, R
TR A e ST R, BRI U 5

Niche Themes
near-infrared spectroscopy
perfusion
saturation

heart-failure
plasma creatinine
randomized-trial

hemolysis

Development degree
(Density)

Emerging or
Declining Themes

WEHE S R s NGAL, SET-% . fad L
ATEE VUSRI, A4 ) e ml £, $s/hJL
CS—-AKI g RUAE YbRic ) . BERHAE TR L e
T LB S5 AT B A IO R SR R & R 1)

FER I
3 itig

/ML CS-AKI R AMLHIE 24, ATRES FAR
AR AR . B T . 2R
RV RER K, A, ANLAYE LT ¥
HRGEA LA, XA 0 B A A DR 25
B, TR HERT/NL CS-AKI BT & Rt S5 F i
FEREEME, XFIRKREA . A5G LBk
Wil E B EREE, A TRERITICR, Wb
BRIT A, JFRAGE LA TS i . AR
& B SCk i HE 20, BB T /L CS-AKI [
FEBUIR . AR IE ISR RV S, A I R A 5T/ L
CS-AKI #2422 K 35 .

3.1 FFRIIK M 2005451 HE 2024455 A,
i 45 /8 JL CS-AKIT SCHik 558 B, & X8 Z
A ETHES, H 2012 )5 & SCE 2R BT, X
Al R 5/ JL CS-AKI (1 A1 S i 58 H 25 %7 3] #
K 2012 FF 2 B M5 — T 2Wits A ¢, /D

Motor Themes

|
inflammatory response

oxidative stress |

|
gelatinase-associated lipocalin

ngal
biomarker

children
acute kidney injury
mortality

cardiac-surgery
acute-renal-failure
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JL CS-AKI AHICIRIEE th e/ N LESE | O I S
BFEAR G, WLBEAE B . LB E R |
JLBRC EHR 45 . 4 BR/N L CS-AKI B 1E & H,
Devarajan P, Goldstein SL, Zappitelli M % 3C &
%, W58, SRS SN, SR %
BOCERA T 1 s M E R, T 10 44 A EE R
A 10 2R U APl i — 2ok A S,k e
THE SRR T, /L CS-AKI RS 7 1]
FEERTFREEE . WE . LS. 4R &
Biiia A, X5 A BBFSE T 2840

3.2 BRRME AHFGEIE I A G R Y 43 B
Faldigk, B4 i/ L CS-AKI G i i 58 4
MRESYAT 2471 -

3.2.1 /pJLCS-AKI Wfalk &R S5HiE M4
HIFI OGRS, /L CS-AKI % A= 4 5 s P4 2 mT
BIMEFE WS BRI R B AMER R . B
FEEA . B RA . BNERIEE R
BRI B2 W VR P B A I R R 40k i
FHHZCUMGE MRARE L2 B0 FARE).,
M sh i H R CERIMEARBF R . AR
TEER | AROHE M LR A AE . ARSI IR AR T
AR A R ) PR L A B8 R A o A3 M 2 4 S R
G0 RRIENE (&G RIERNLGAIE, M
SEFMeRETEAR 746 ) o Mehta RL 48 A2,
SRs (AU VEAR . . R R SRR )
O HLAT LR B 0 5 9 AE TR T R A A
8 Tt R A A S PR AR 1R, B B XURS: A AT S
WIS 25 UIAR OG. Gupta S™ 45 AR i I 1k 22
L BB ST % CS-AKT 238 i g8 LA J5 WL
SFR] . ICU = Bt B 18] K A3 B 30 18] 5 &0 1) &
RIFETHR, WSS, BIL CS-AKI A
AR S REOR G B IRt —2 NI, HOmeg e
P B R 1Y A R, EL R B NG A T Y
JRURS:

3.2.2 /N JL CS-AKI (/9 K B2 % 9% HL il
WE 2 s E A e, B b2 8 im
20% ~ 25%, RIS LOR T 0Nk, A WFRRiE
fRih, JCIR SRR AME A B 2 AR, A
S ER A . PR L SORE RO R R T B
AT CS-AKI (WEEHURH R, —H T8
VNS 7L TN =R AR €2 D) 1IN TR S ) ) R i
i % A CS-AKIYY. H Fi i & A 0 5% 5¢ 4 W
/L CS-AKI AL, 256 A BFFE o
' AT T8 S LTS e Al . ARE A0 L KB N A

B 2R AL CS-AKIT & A4 i e EEHLH], X Lt
i B AWM S B HE /NS Z W, TLHIEIMIEX
(451473
3.3 AFRWE
3.3.1 /ML CS-AKI [y wFs s B vt
e B A S I A f B8 PR 22 1% B8 19 Mehta P43 ) il
fRT AL B S BOPEA> ), AT LA 5 2 %) -
CS-AKI, —Ti4N A 5 J1 £ 4 B 0 \3 0F 5% 18
A MEDIEFARBAY Cr. HEA . MKREA .
TR Sk K LV B AR i A8 Ak, A3 CS-AKI (1)
TR ABLARY - ESE A B F R J5 72 h fi 14 d
NIy R B CS-AKIMY, Wang CM' 45 & B F
BRI A N- RS RTA B BUAI A0k, 7T 0L 4R
BRI CS-AKI By fE

T T2 Wi/ L CS-AKI iy Cr i # 52 S| 4F
WL M R WA e AR R, HEA
AR | IR PSR AL, PR H AT K E R 3k
T TR B ALY bR S R B0 CS-AKI 19 &
Ao BRI, BEIE C. JR NGAL KM - g
W5 B8 4% & 4 1 (liver-fatty acid binding protein,
L-FABP ) 7£ARJ5 2 h NIt , Lt Cr FHE gyt fa]
REGHERAT 24 ~ 48 W B 0F -1 BEIE C,
L-FABP. [1/+% (interleukin, IL ) -18 7ELoEAR
J&i 3 h PRI S B R A TR A O L ]
i, BRSSO AR 4 h iR R 4 8 2
Bt L 2D BT 2 B EZA AR KI5 A& E
7 %t CS-AKI 9 % A=A W/ U2, Parikh!™
BN B, B A Phnic ) NGAL A1 1L-18 24
FEA T AR, S CS-AKT XU i 16 P
AR T 18% 1 25%, IFSZE LA AR R
BT e Bh TR m e s . LAk,
"B 2¢ 96 15 %% (renal angina index, RAI) 254 T
FULH B IETh e bR (40 Cr) #1311 B 484
SRS R 2R, AT LS vt s T CS-AKIT By & A
— I 22 TAFSE 254653 M & B0 RAT 76 Fil U
ICU Yeya i L& A= CS-AKI J7 T B A 55 8 i
JEAE (86% ) FIEESFME (77%) ™, (HHRTE T
BT S5 R B LA A5 A R I (o
3.3.2  CS-AKI {4t /NLOIEARE—H
KA P vy, RV R R RIAIT O R
WARERFARE T35 . BRI S5 ), i
H AT O AR TP AR B A 1 BTG o O ] 34
JE B 5K s A1k s T BT v e B 4 R U E T B R
HETE S AR Dex (04 FH AT A8 7T L A AR /N
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JL CS-AKI W &4 . Y2 MRS os U7
GDP g, B RE /N2 2 F 45 21 (indexed
oxygen delivery, DO,i ) & T Ilfi AL {4 7] f&IE CS-
AKI & % T /N LA E R I 5 Bk
ISR A, ARV 2 IR R /N ILOIE
F- AR A 5118 5 0 8] (9 DO, i 5t [ {8 . Mirela
Bojan""* 45 75— 17 44 L 81 BA B AF 5 v 2 3R
340 ml/ (m’-min) A BE 37 A8 LAE # AR SME
IR AR5 E AR T I eIk DOGie 2022 4F,
Zhou RH HF5¥ A1 BA Ry #9138 o8 1 M98 L8 21
WL oy JLAKR S0 B8 2 72 B IR DO, KT 353 ml/
(m>min) B}, %4 CS-AKI Ay KU 2 %58 1,
2023 4£, Gao PP 4EMFSE A B KB, TEARIAE
B LTI AMIGIRRT , 2576 IR o BE 4k +F
DO,i & T 258 ml/ (m*min) , &R BE T
281 ml/ (m*-min ) , A LAARETBT AKL B9 %4 .
/N LR SME IR O IEF- AR, GDP 56 g F
fik CS-AKI W YIVE F i ik = 2 vt REEAF 5
WESHA B0

Dex J&—Fh i e 1 o, B F IR R 2K 3h
A, AEONE. B OB REE S BA RER,
A BB 38 2 gD A R L T AR B T BRI
GERE SN | VoK A Gl ot 405 S AL S B
Kwiatkowski™" 2544 A 102 4] 55 KM 0 9 52 L
IEF AR Dex, EIATFEL CS-AKI &
A, M SIRRTUS B, —5 90 #il/hJLSE
FAE O MR T AR A BEHLX BERFSTIESS, Dex ] fig
P06 Toll #3244 3/ B A F B {5510 %, M
P AP R 7 = A, SEmIRE AR/ L CS-AKI
%A B HRTAYRFSE AR AT BR , AR AR RITHETE |
Zrut . REEAR GRS A 24 Dex 76/MJL
OO A g R PR AL 22 i ) (Rl

Ak, ESNRAG T N CS-AKI BiiGAH G
NG RTE R, 48 AR S E P 30 [a] kA 5
T, dERRAOLTE A, DLKCR F A R A1 G BR
AR KB AR CS-AKI i & A4 P, it — 40 A
86 TAF 7T A 25 243 M K B, A 259+ 14t it
GDP 7 i Kz 0 UL SR il 751 4k 2R AT DL R AR CS-AKI
XU P40 R AR A BT X /N L CS-AKI BiiiA )
TR R, ML IEHEHESE B R ) GDP #1356
W& K Dex [l FHORFEAL CS-AKIT AU

gz Frd, /NJL CS-AKI B RS H o A
R — . TR R A, B
B B i S i F 9 34, 228/ L CS-AKI 1
B RS K &AL, DFSE Rt R

CS-AKI (1% H 1 5000 46 bR S AR AP 48 it . AR5 R
RS A . WF5E N B8 DL R o il AR it 2 S
M. SR, BT Z AIRET: . REEAKEAL
XoF BRI PRAFE 5 R BB - B2 Wb i i . R el
PR IIA T B ( GDP JEVESR IS & Dex AUl )
JETSREA ALK/ L CS-AKI By & .
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A case report on extracorporeal circulation management during minimally

invasive implantation of left ventricular assist device
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[Key words]: Minimally invasive cardiac surgery; Left ventricular assist device; Extracorporeal circulation

NG (left ventricular assist device,
LVAD) J& i & AR 0 5 53 E 19 1 B4 il 2
— U2 L 45 LVAD # A R & B 7% 1k 51 16 36

( extracorporeal circulation, ECC ) DM IEEEBE T 52 AL
TR BEE B OIESNR Y R S22 = A0 2= 4l
BB (ventricular assist device, VAD ) AY/NEAE,
FECH AR EIE 5 &R, [Fi#e] LVAD
A F AR A 1Y ECC B A LB 22 AH 1 /9 A e
AL, PGS 1 RN Ze O 2 B E A AR
ECC Rz, LMLIRIKRS M4,

1 IEARZER

11— BELM, 594, K 55 ke,
75 160 em, “IREWESEAAME 2 H, BIE
B4 2 PE R W R XEINEE 1 8" ABE. O JUE A 5 42
Ny ZEOYTR, AEEF KRR B, T
ISR, AR, AR R (A
76 mmHg ) , HHEIEARIG . RET2 B k%
OIUE, DIREIV Y, #5835 g M E gt
71038 ) [l e 52 [ 72 LVAD (IR O R A
H] “Corheart 67 ZOEMBAS ) AT AR, &
MRAT RANRER () REE¥RERE) BB
SFAC PR G 2 tHE (KY2023-857-01) &

1.2 BT & R ARIKE GBS, A
O A P JRR B 25 Wy 4 45 | 35 F RUBS 28 US4
eSS Sh BRI R, A S50 PN 3 — s bk S S
WS A . R RFLEF LR B, 247 M s B
PRAERE R ZC M8 <, A IWE E 40, AR
4.1~4.5 L/min,

BEE&WE: BEEELAWEIT (2023YFC2410305 )
EB AL 510080 ) M, FIFEERIRZEME) A8 NRER
BISEE: FIO®, Email: zchbwwww@163.com

1.3 F Ko BETVEMZ, ZME 5 HIE 6 cm
BYIH, TR0, BEROR, M LVAD A
BEE T, BERYADRFE O3 S5 T SR A I
3em MY, B NHL, @ 58T EY]
1R JER HB 1A R B 5 — B AT es — Bkl ),
LVAD FE 3K 5l B 45 2 AT T S P M Ak 1 e ik o
A v 45 2 AR, i LVAD Ry AT
M5 FEPkM A, HAMUR S 3 B lalg
B 10 mm B BEASCE B . RS ZE MR 455 4 i
(i) B A s [, B L LT 1 R

B e = I B A AR RIY] 7

1.4 ECC % #2 i i} STOCKERT S5 %4 A\ T..0»
fili#l. Sorin Inspire 6 F 48 & #% . Dideco HJERY. 70
L ECC A . R Bl B & k51 R (vacuum assist
venous drainage, VAVD) 2& & | INOwill N200 % —
A AL A (nitric oxide, NO ) #l. ECC 3% F 45 ) i
SNEFIKAE A o B ARSI (17 Fr, EHE
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Medtronic) Fl [ #0 kAd 45 (24 Fr, W IMBEL ) T
FEWALHE: B R 1200 ml, ECC H iR
AEFFAE -10~-50 mmHg; H A IEF AR, ECC I
LRI NO LRI A B ARHI%E , ECC H NO
WL AT 40 ppm, FFREEE A NO W, W
B RS AR HE 11 NO VR BEZEREFE 10~ 14.6 ppm,
ECC [7] NO #LiZE#: 7 X WA 2 PR .

L

B2 (RIMER A A LIE S B A
i OE4=E S0 QARG O - ARAS;
@SRRI ® NO SRS s © NO BB
B (D NO REEM NO. % - HIRAG; @ Inspire

6F JIEfili; QVREFE; OOfFIFE; QES;
wlik ) 5 GshkdEd: (sl

OFpRks A (i

ECC R F w6 AR SMIGER, 5% e ifi 24 5 78
36.5°C, AU S e JE 4k 15 1E 60%, ECC HhE i
Ui B 45~60 ml/ (kg - min) , 24 3l Jk Ik 4E 45
50~80 mm H g, &LEEIMLATE] (activated clotting
time, ACT) 4EH57E= 480 s , 4K 30~60 min Y5
W —yKk, ZL40 MR ARAE 0.25~0.35, 7 {8 JH ) B
BB 32 Sh kAT AT A W i 4 LVAD
AF 8 G O o, i I e 4E £ 7E 40~50 mmHg, 4
LVAD F[HEFE0RIA, i B VAVD ik,
S fitf ML DAY L3S [ SRR, ) ECC It il O
EFRFSE DR BRI Y e, T AMRHEE A ML4E LVAD
FWAENEO, RN AT LVAD R i, AR
By RS ALK A, SBJR 3l LVAD iaf7 i
AN A HES, 24 LVAD YA T F I+ £
Bk W& )R, LVAD ZEEE# M 2 200 rpm 2,
B, HER R b A A A R O B K

( transesophageal echocardiography, TEE ) Wi¥s 323l
kW& R E IR D RERN A A B A R O
TREROEE YRR, YA TANENE b
AUHE BRI S, F AT N AE EAYRHIB g

FEAR ECC M aE, JFHGIN LVAD JEAFEEE, Aks:
I HEETFLHE S . PR 2 W TEE W0 Py
TAMIE R A GE A EAgHE SR, 24 LVAD &
TAEIER G, B VAVD ik, i i 45 g RR il
WK1, s ot 9 OR AR TTiT, 39K LVAD
R 2 798 tpm, JERAERFTE 2.8~3.1 L/min, &4
M, VRIS, BRI ECC Ui 2 20 ml/kg
IR, i) TEE WA A0 ) LVAD 1H O e 515
ECC. JHES ECC & LK 74/63 mmHg, HCoHk
JE 8 emH,0, filish ik Ui 45 [ 43 mmHg, LVAD %%
M 2 798 rpm, iR 2.92 L/min. 1% ECC Rk —
AALRGE R AL T 20 ppm 4TEHEEF, kg
EEHPRAFE , 1RmSeH, R ICU, ARIFZFHK
MLFFZEAE FH NO 20 ppm Z 58 25 WAL 5 BRI

2 HR

A YR ECC B[] 165 min, ECC o R ] o #8 25
MAE I, 45 ECC R 8% FLERH 0.7 mmol/L,
ARG = R BT 548 00 42 1l 3h Bk i 48 1 4 45 1
38 ~40 mmHg, ARJF LVAD 553 4EF7E 2 798 pbm,
it i GEFAE 2.76~2.92 Limin, 82 34 W #1146 Bl Aist (1]
19h, {1 ICU WflE] 5 d, 7EE-@5% AT 9 d 5 BT,
B BE AT A O ARG Sk 37 mmHg,

3 it

158 LVAD A AR 22 2R FAE v I i o JUE 5 8k
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BEU . OREAEBREOAR . RS 10 UL I A P
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TR EANEHEE AR 1 & SR HE S AR S MIE PR H AR
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THEFRES . TEE 7 252 WE N0 s 25 i S A5 Ol
T, ECC B4R E, LVAD A MiE,
ZOFRat I 2 LVAD +ZDER R0 TAER
A1, F T O e R AR A AR I Bl ik
23k ECC W, A Tt = il sl ik e i XU, 28
TEE A7 O X 25 8 I ITAL AR ECC A ELA ik
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K =B - SZ A5 B35 A A MG IR BRI 28 it £ 7= N
NLRP3 R AE/IMA A 521

F k, ki

[HWE]. B @ WL K - BT 24 (KOR) #3h# US0488H Xf Uil i (CPB) K EUIZH 41 NLRP3 48 5iE/IMA
AT 520, 555 USO488H il CPB B S MENifif; (ALL) RYFTRENLHI. FiE 24 HRAFHEME G g SD KR,
350 ~ 450 g, FEHLIY IR T- AR (Sham 2H) . CPB 1A CPB+KOR #5740 (US0448H £ ) , 4540 8 H., U5S0448H 44 T
CPB Hi 30 min E#kIES 1.5 mg/kg US0488H, 439 F CPBJ7 0 h, 1 h F1 2 h £k S AT 8Bkl < o0 #r, 1R - ShikE s
JEZ (AaDO,) FIRFNLIEEL (RT) o —4RFIITEME CPB G 2 h BEALSE, HRSEHEAF I T, SR AT 7 0 1 A A it 7k

(EVLW) , HE Bzl 2UE 4200, SR ELISA 7Rl i 2 ig 20 (1PS) . BEIRFEH T —a (TNF-a ) |
FIAZ (IL) — 6 F1 [L-4 14 7 &, Western blot Il & ifi 21 21 GSDMD-C. GSDMD-N F1 NLRP3 . >f b 52 % K £ 52 9 il iy 44
( pro—Caspase—1) HEAMFEE, R CPBAHKKIECPB G 0h, 1 h 2 h &0 5HY AaDO, F1 RI, LPS B i & T Sham
2l (P<0.05) ; U50488 41 =4~ 5 1Y AaDO, F1 RI. LPS B B AIK T CPB 4l (P<0.05) o 5 Sham 41 lL 3¢, CPB 4 K
EVLW . Ii3% TNF-a #1116, JliZH4! GSDMD-C. GSDMD-N 1 NLRP3. pro—Caspase—1 F&iABI IR, M5 1L-4 KB
Bk, H2ERAg#E L (P<0.05) ; Ifii US0488 41 Fid45HR 5 Sham ZHTCHI 225 (P>0.05) o CPB A KR T ™ E
FIE A P e / L, T T IZ I AEANIIZE, US0448H i (i s . 4518 KOR g7 US0488H Xif
CPB It ALI 8] NLRP3 #e P/ IMAIA SR A - HAPIHIMER . AMEEE T CPB J& s .
[REEIA ]: « - BRSSO AR, NLRP3 J0RE/MA; AifififET

Effects of k-opioid receptor agonist US0448H on pyroptosis and NLRP3 of lung
in rats with cardiopulmonary bypass

Li Long , Gao Guangjie
Department of Anesthesiology, Air Force Hospital of Northern Theater Command of Chinese PLA, Liaoning Shenyang
110042, China

Corresponding author: Gao Guangjie, Email: guangjie420@126.com

[Abstract]: Objective To explore the potential protective mechanism of k-opioid receptor agonist US0488H in acute lung
injury (ALI) induced by cardiopulmonary bypass (CPB) through observing its effects on NLRP3 inflammasome and pyroptosis
in lung tissues of rats undergoing CPB. Methods 24 adult male SD rats weighing 350-450 g, were randomly divided into three
groups: sham operation group (sham group), CPB group, CPB+KORs agonist group (U50488H group). U50488H 1.5 mg/kg was
intravenously injected 30 minutes before CPB in group U50488H. Arterial blood gas analysis was performed at 0 h, 1 h, and 2 h
after CPB, and the alveolar-arterial oxygen difference (AaDO,) and respiratory index (RI) were calculated. All rats in the three
groups were sacrificed 2 hours after wean off CPB. The intact right lower lobe of the lung was taken, and the extravascular lung
water (EVLW) was measured by the gravimetric method. HE staining was used to observe the morphological changes of lung
tissue. ELISA was applied to test the level of LPS, TNF-a, IL-6 and IL-4 in serum. Western blot was performed for examining the
expression of GSDMD-C, GSDMD-N, NLRP3 and pro-Caspase-1 in lung tissue. Results The values of AaDO,, RI and LPS at 0
h, 1 hand 2 h after CPB in CPB group were higher than those in sham group (£<0.05), while the values of AaDO,, RI and LPS in
US50488H group were significantly lower than those in CPB group (P<0.05). Compared with the sham group, the levels of EVLW,
plasma TNF-a, IL-6 and lung GSDMD-C, GSDMD-N, NLRP3, pro-Caspase-1 were increased, and the levels of plasma IL-4 was

decreased in CPB group, which were statistically significant (P <0.05), while the above indexes were not significantly different

BEEMA: 1L7T74AREETIIHE (2020-MS-043 )
PEZBAAL: 110042 PLFATT, bl AR AL AR AR X 25 A2 BEE Be R IR
BEMEE: FOL, Email: guangjie420@126.com
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in U50488H group (P>0.05). The rats of CPB group performed serious lung damage, intra-alveolar congestion/hemorrhage

and massive inflammatory cell infiltration. The lung injury was alleviated in U50448H group. Conclusion The KOR agonist

US50488H inhibits NLRP3 inflammasome-induced pyroptosis during ALI induced by CPB, thereby mitigating post-CPB lung

injury.

[Key words]: K-opioid receptor agonist; Cardiopulmonary bypass; Acute lung injury; NLRP3; Pyroptosis

k — BT 324K (kappa opioid receptor, KOR )
JE— 2P 22 IR, Hy 380 NEIERRZLN,,
HIET G EAMBZARR ., ©EZ oA TP
PUIEZY4 S AN {7 R 750 N I O S I 1 24 2
KGRz 2 RERAZ . WRER | R A FE BE AR
BIAEAE. BLAh, bk e b Bt &3 T KOR
MITELE . KOR 78X p 8 R 45 b HAT U T 1
IV oS Q1 I8 I L AN [ g o
RIVEH . SZBAERT, KOR #sh# A AES Ik p-
BT RS2 (A st 5 S A CAZ a3, i ELAT AR p-
BTS2 A s 5 5 R B 2ol . 15420 A 3
WF5Y & B KOR M Zh 7] US0488H Xiffiti |- 7 Fii s .
ARVER L, SR ARG LS o R B
R, AT 3 W5 KOR #sh 7] US0488H Xt
LR (cardiopulmonary bypass, CPB ) K Ui
HE AT GSDMD-C Fil GSDMD-N & il
NLRP3 RAE/NMEFLIL M, HiT US0488H Xif
Jli R4 i mT REAIL I

1 #REFHE

1.1 5 5m  (#HRBAEMEM 9 SD KR
24 H, {KH 350~450 ¢, BEHLST AT AR ( Sham
20 ) . CPB 4 #il CPB+KOR 4 3/ % U50488H 41
(US0448H 41 ) =4, 7218 H. Sham 41{U17
Sl ik o B A R 24T CPB; CPB 4147 s bk
I IATIRANE W 1 hy US0448H 41T CPB
BT 30 min EJkiFEST US0488H 1.5 mg/kg, H A4
CPB 4l . AH5E 23R BN R B AZAE A0 X
A BEE P R Ao P stk (20240131) o

1.2 CPB AR eH & S HEICH " gy KR
Bk Bk CPB A . KERHIZEE 6 h, 251K 2 h,
2% J B 0.4 ml/100 g J8 10 N T SRR B, <45
TR NIl (SEE CWE 2ARIEEME) 17

BUBGE S, IR Z B A 12 ~ 15 ml/ke,
IFEEE 1 2 1, S RS R, BRI

Y15 R HH [8) W B 1 3 S 56 L B 222 R ik 3 B R
FETREE 0.1 mglkgo 530 ZE A B ik . 200
BKFHHHEA 22 G 34, MR R LR, Sent

WEIR B A bk, AT CPB . T
FAbE A ek . A5 Sk T CPB B IT
JHUG CPB, TEFP YT, 3h Ik Je BHLIBT 30 ik
LA 4 °C HTK R HEHECIE 20 min.
CPB AL I A Bl . AR S i <284k, SR
2 36 CH I ik, A FEEBEZEZE N,
SELZE 37°C, CPB HiBIZERF 1 h JFfFHl. =4HK
SUITELE CPB J5 2 h I ARAE,  Jfih G bk il Fn
YRt 20 2RO 20 S AR

1.3 3 A8 338 B -F- o (tumor necrosis factor- o ,
TNF-a ) . @ 4~% (interleukin, IL) - 6 #» IL-4 &
Faymlx W ELISA &) & ( S€[H Elabscience
2 rPEAE) ME AR RMIK TNF- o | 1L-6 Al
IL-4 6 (optical density, OD ) {8, 245
HERN T3S B ARAEARMESL OD fHZHIARE
&, IEAEmALTh AR TS E, SRR
s Fi R G U W B E T PR A

1.4 Ji o 48 Fo do & Sb B K (extravascular lung
water, EVLW ) #= 5 % #& ( lipopolysaccharide, LPS )
KA E ST CPBJE 0 h, 1 h Hl2 h 4% i
FAT S KA, TR - kAR o T 22
(AaDO,) FOEIR 3R ( respiratory index, RI ),
VAR I RE ,  TEEBC H 922 1A% R 00 A 125 D00 7 1t ¢
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K E AN E EVLW 1R/
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RGBT 2 s, BT A R7K TR 20 min,
PR e @ g 6 1 min, FORIKIGEVE, B RS
oK, ZHZEN 2 0, hHERIRE R, fEEE
T I SR A

1.6 % J% ¥ 32 ] & A 28 28 GSDMD-C. GSDMD-N
F2 NLRP3 | Bt R B2 K %R B2 B AT 7R ( pro—Caspase—1)
G ekl S I AL 2 s ok R R i 7
& (FERRMRBE A EEENKRE, I
- e BB R SN R N AR T g B PR Dk 3 B IS R 2
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B ¥ ( polyvinylidene fluoride, PVDF ) R
I, ¥ PVDF B 5 RBEAHT GSDMD-C i Fidt
GSDMD-N #7iff, #&IR L 4CHE LK, —Pit
B GDHRP LA Z R E 2 he @ EALFE
Feial ) S N EE IS AR R G B A KA, e
38 2o G 25 SR A T K BEAEL AT o

1.7 %t 5 4 # K Graphpad Prism 9.0 %k 4
XA TR OB TS 00, LROFEIME + dnifE
ZFIR, ZEN BRI R 200, #—
WP LR 1SD- K 5. P<0.05 NN 227 AE 50

EI-SE
HR

R TNF-a , IL-6 F= [L-4 K-Fe9E 5

2

2.1

Sham #H AH [, CPB ZH K R Ifil ¢ TNF- o Fl IL-6
B, R IL-4 KPR REIR, HESA%
P2 X (P<0.05) , ifif US0488 21 iR TR brAE
AR, 2RI E X (P>0.05), WK 1.
22 KAEVLW. LPS, AaDO, &= RI 8 E 4 5
Sham 41 HL#%, CPB 41K EVLW Bl R, =5
B iFmE L (P<0.05) ; U50488 4 Kl EVLW
It CPB 4 B @ &A% (P<0.05) , ‘5 Sham #4125 5
gt E X (P>0.05) o CPB 41 KR7TE CPB 5
Oh. 1 h#l2h 405 # AaDO, il RI. LPS B i
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5+ . 100 “ 80—
T T 4

= 44 80
S # = = 60-
2 = >
= 34 £ 60 # £
g ° 3
2 > > 40—
) 2 2 404 2 *
£ 1- = 20 = 209
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S
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g 0.0 T T T T 0.0 T T T T
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B2 ZAHKRRIMEINK. AB2hE. FFIAE 80

E: CPB: .ODFER; EVLW: MA54MiliZK; Plasma LPS consentration: [M3ENE MK ; AaDO,: Hiliify — Pk K2
RI: MPWAEHG; 5 Sham 41 ELER * P<0.05; 5 CPB 41HE: # P< 0.05
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23 XAMALRHEFH LA Sham 4K R4
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[HEZ]: B8 # KR EUE R IELO IR (CPB ) Tk 3= Sl AR BT U (5 O O 45 R B i
FiE BEHC10 HUEREYE SD KRR 350 ~ 450 g, WA KR I S RIS U A N Sh e LR Bl <, A8
P IR ZE R A AL LR, R S K ST ARSI RN, BRI EIME. CPB Fhs, 1EThIFMg, FREEONE, BHWT
FEEBIK, 2TFE SRR QAR BLWT 30 min JEIFROTESIK, FRAGALES . AiEE BARE . R,
ML 0 F1 2 R S i A =S 0L, 4301 CPB JFARTT . CPB JF4R. CPB 10 min, FFF= 2 JKBHWT . BELWT 10 min,
20 min, FFHCHEFIK. AFHL. FEIUS 2 h RSB T L S5HFEHEHLE KEIMRS) 2485, &R 7 HREUR
Dy, 1 RAEFF s B v i o R BRAS, 1 STk 20 S U AR e FE T, 1 0PN i e A o R R S 46
FUOMERRE . FEHLASE] (72+12) min, JEIEATAHE] (21 £6) min, CPB /12040 R % T RER AR FRAE, &G
SUAIFE A CPB IERAREELR . 2518 KRUEPIFI CPB F 3£ Sl IR EHIFAS R S —Fh pL A IR . o T S A S SR
A LMERORETF AR B E S BB . OISR BT
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Open chest cardiopulmonary bypass, cardioplegia perfusion on aortic root by
ascending aorta occlusion: a new experimental rat model on cardiac surgery

study

Qiu Bingmei, Wang Lei, Ding Peicheng, Zhang Xing, Xu Rukun, Hu Lanxin, Wang Anli

Department of Cardiothoracic Surgery, General Hospital of Eastern Theater Command, Jinling Hospital, Jiangsu
Nanjing 210002, China

Corresponding author: Wang Anli, Email: 498653912@qq.com

[Abstract]: Objective To establish the process of cardiac arrest and resuscitation in rats with median thoracotomy to
simulate cardiopulmonary bypass (CPB) by injecting cardioplegic solution from the ascending aorta root. Methods 10 adult
male SD rats were selected (weight ranging from 350 g to 450 g). Inhalation induced and intraperitoneal injection anesthesia
was followed with endotracheal intubation and small animal ventilator-assisted ventilation. The right internal jugular vein was
inserted by a self-made drainage tube with lateral holes serving as venous drainage while the tail artery was intubated as arterial
perfusion to establish CPB, the femoral artery was intubated and monitored for blood pressure. At the beginning of CPB, median
thoracotomy was performed, the heart was exposed, and the ascending aorta was clamped. Cardioplegia was perfused through the
root of the ascending aorta root. After 30 minutes of clamping, the ascending aorta was re-opened, and calcium chloride, small

doses of epinephrine and furosemide were administered. Blood samples were collected before CPB, at the beginning of CPB,
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10 min after CPB, at the beginning of aortic clamping, 10 and 20 minutes after clamping, aorta re-open, CPB weaned off and
2 hours after CPB weaned off for blood gas analysis. Additionally hemodynamics of rats were observed after CPB weaned off.
Results 7 rats successfully underwent modeling, while one suffered cardiac arrest during the thoracotomy procedure, one died of
hemorrhagic shock due to faild internal jugular vein intubation, another died of cardiac arrest because of arrythmia due to jugular
vein intubation. CPB time was 72412 min, post-resuscitation parallel circulation time was 214+6 min. Hematocrit level during
CPB was significantly lower than baseline, the results of blood gas analysis at each measurement point remained acceptable as
CPB standard. Conclusion The CPB with median thoracotomy and ascending aorta occlusion model in rats is a low-cost, stable

and reliable experimental model, which can be used as an alternative study tool of organ impairment and myocardial protection in

patients undergoing cardiac surgery.

[Key words|: Rat; Animal model; Cardiopulmonary bypass; Median thoracotomy; Ascending aorta occlusion; Myocardial

protection
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5K EAAIEIS RS, HAF ARG Y,
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1.7 ikt TR A R R S
AL (Heraeus 600i ) WAF MW . 5K S8 E
791 000 r/min, 10 min, BOEFE RIEWR, @
1 IS K P AR A 2L 40 M, 45 T IR ZEK 0.1 mg
PAGEHE K* DA P 5 4 45 59 30 BURR E 179 1
TEHE

1.8 KA TAMEHLOTEE £ bRk
% 8o 8 H # 1 GraphPad Prism 8 ( GraphPad
Software Inc. ) #4751 504T .
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F 1 FARWIKBAEARRIE Mo e bR (n=7)

s ﬁlﬁ & COBIT CPBIFE CPB 10w %gjﬁ% égﬁfjﬁn Bﬂﬂgﬂ e ! gﬁ]'( o B2
KE (g) 4443+ 134 - - - - - - B B
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K" (mmol/L) 4402 4302 43+0.1 5905 56+04 54+03 49+03 4702 45+02
Na' (mmol/L)  1422+30 1395+30 1362+28 134025 1290+20  1299+18 1322+14 135210 1356=10
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2.10+0.20 2.39+0.18 277+026 310029 3.60 +0.49
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Clinical significance and feasibility of real-time CO, monitoring via air outlet
of membrane oxygenator for evaluation of PaCQO,

Duanmu Jianyu, Liang Yongnian, Yu Xiang, Du Lei, Xiong Jiyue

Department of Cardiovascular Surgery, The First Affiliated Hospital of Nanjin Medical University, Jiangsu Nanjing
210029, China

Corresponding author: Xiong Jiyue, Email: Xiongjiyue028@163.com

[Abstract]: PaCO,, which means the partial pressure of carbon dioxide (CO,) in arterial blood, is important in maintaining
blood pH and regulating vascular tone. In physiological states, the body's chemoreceptors continuously receive PaCO, signals and
maintain PaCO, within normal ranges through the lungs. During cardiopulmonary bypass (CPB), however, PaCO, may be out of
normal range, because of mechanical ventilation, artificial circulation, as well as usage of CO, gas for covering the surgical field.
Unfortunately, lack of physiological reflex during CPB would aggravate the abnormality of PaCO, and thus the adverse effects
occur, such as its adverse effect on the cerebral vessel. Therefore, real-time PaCO, monitoring during CPB is significant, but not
implemented due to the lack of equipment. Inspired by the real-time EtCO, to evaluate PaCO, during general anesthesia, real-time
CO, monitoring through the exhaust of membrane oxygenator (OeCO,) may be simple and feasible to evaluate PaCO,. However,
0eCO, can be affected by many factors. This review will focus on the real-time OeCO, monitring and its significance, in the hope
of improving the outcomes.

[Key words]: Cardiopulmonary bypass; PaCO,; OeCO,
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TEAERF TR BT h A A5 E LR ZEMER . Bk
N CO, 4> & (PaCO,) , 1E % A 35~45 mmHg.
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W HERF PaCO, IEH o AL THSN KRS 3 IKIA Y
AP AL A7 I8 32 st P BURGER I 2 co, 4k, TR
PaCO, 115 it R 3 L EAE ], SRR Ol
i (cardiopulmonary bypass, CPB) &, A & %) I
WA L EOLIAR SR T X CO, M IRE, R
AT RETE i PaCO, 54 . AT AREFIRA CO, ik
DRI BE R PaCO, S5 1M ™ 2 HLIA DI BE. K
i BFFEIED] PaCO, /KPR IR 5 M2 R 58
MBI ARG WF R G R RE B UIAHDE 20 PR S
I} PaCO, Wi %S T~ 2k 38 i e B 5
H AT bR b C A A28 PR B S
PaCO, (4 CDI5S50) , SRTTIZAL &8 I A i A TR
FEmICEA

BT R A kR (ECO,) 5 PaCo, I
JE—2, FREEL R, SR ECO, AR
WA —FRTRT L ATEE L MR R A RUAEOR . I
ARk, AR BT Y T M D P A A
CO, (exhaust CO, from oxygenator, 0eCO, ) , H] T
fhitt PaCO,. SR T2 ARG EE Y . A TR
B2, AN B AR )
I TAESGE BF TS, A SRR I, af
Tk s2ma KR TERA

1 PaCoO, HlERENX

1.1 x84 % vk PaCO, 3 5. o K 2 fiE T
R A 3 O R LA 7E — Y
N (<80 mmHg) , PaCO, fiE ¥ BE 4 #i 1 52 i
I 1fi. 7% ( cerebral blood flow, CBF ) , UL & 1, 4
PaC0,<35 mmHg i}, PaCO, [ A% 1 mmHg, CBF
efik 3%, {H Y4 PaCO,<25 mmHg B, % Il 45 Ui
AR PR I e 2 AR AR AL o IR IR INLE 3
iy pH AT 38 Gk 5 A (X A LI 4
L2 UM IFRIFLLE A 10E 107 9000 i e/ 1N 3l ok 1 e
I HEFE 5 P 24 PaCO,>45 mmHg B, ik 50
Jik¥ 5k, CBF iU, PaCO, &7 80 mmHg i,
CBF THm 2 AR M BR 1, 0 i oy i 5

R HP AT B T2 I T 7 il 2 I 2 45 AR J
PRSP BG4 EtCO, < 30 mmHg i, 4 FRF%
10 mmHg " XU AN 7% 24 EtCO, = 45 mmHg
AN 10 mmHg, XSS 109% 7.

AR LI I A & B i R B, CPB HY PaCo,
T Z 3 20 T e RO LA 28 R G0 A AR A A
LAY AN S = R & e S R e L
FIBR A7 . T o e 4 1 R PR AL T
SR LAsJe i PV S 400405 o, D R A i A A

100 —

80 I~

60 |~

40

CBF (ml/100g/min)

20 -

| ] |
375 75 1125

PaCO, (mmHg)

B shlhk ARk S i o R on = A
7E: CBF: I ; PaCO,: —4EALBRIE

RN SR 32 1A, RAENLH S, O L
VETER A ALE—S0 ", 7 T i R ILAE 7T A R A
MR F LS, BT LG i i
RS ™ — B BT A L PaCO, %2 4x 3 i
37.5~52.5 mmHg ",

1.2 xS E RAEM e mRIRINE SR
g L L ey, L= AR pH (A
SEIE W TCEA AL Ca™™ . PaCO, BT 5
RN KRNI A3 S eAs B2 e ok ol it 2>
JIEE O LR B4 Y 2 PaCO, S 20 mmHg i
SEER 2 Bk It 3 982> 30961, RS fat BRE L
LRI A8k, EAE O SO A O FL I ST B
HER R ek s U PaCO, TR BV oA
s, (HS2300 pH TR (FHE ) H W)
AT A, PRI A R L AR AR T 2 2R
B,

1.3 xFdeik a9 ¥ea CO, ML IR i 4 B i
FELE 0, & 20 1%, FEE DR IR S AR B XA,
CO, i 7] 5 2140 M 285 6 T JiC = hk FH R 1ML 2126 11
CO, SLLAMIMAs G e, LLAGE e P 3R AT i
o i B ST B Y B R R e (LR 2) T
MM pH (EBAR, CO, B2 LT AR i
0, &t LIS REUM L IR HY, B#(K Hb 5
CO, HYEAEE, fff CO, fift B g fin 0, X SRk AE
Jili AR FHEH CO,, MifEd A R T CO, 17
M PR RIRERAR, CO, MBS, 5
MLTE AL AR SMGR, 2 IRk

14 CO, H&A#M A= KAV Y555
fEWG . EEBT, A& NS AR, KA
ARG A1 CO, AR, s 20y A AN AH
[Fo =AY CO, 5IHFERT O, LL B AT LA T %
o respiration quotient, RQ ) F o ( RQ =VCO,/
VO,) o IEENOT, WP B CEE, RQ
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S HbCO,

S HDCO,
|

P0.=70,100.500mmHg

PaCO,

SHbCO,

PaCO,

PaCO,

B2 I pH(E. o R AR MR — F AR mLs & B i 52
FE: A: pH; B: &40)E; C: MR PaCO,: Sk —SLIRIME; SHbCO,: —SAfbiResE A B

W1, EVIRINIRY . RQ W 0.7, WHRAIKE,
W RQ AH 0.8,

S L A ety 0 4 0 7 5 A L R
N, FLEE T HCO, BRI 77 A Kk €O, § 3K
RQ H4M. 78 CPBWIIA], ROQ MAIE# (K 0.8~ 1.
N RQ> 1, WHRFLMA: . %S85
R L ARG E BLEF . 9 AT R B CPB T 2 ik
SR HEE RO T AT LB AR A
FIETH

2 CPB H PaCO, ZELEH

CPB 1 CO, £, HEHI S TIE® . 7€ CPB
H, ARz A - TR R ST - il 4 R SR
SJCHEE TAE, wifERHEY Co, Thfg bl & A f
o UNTE PaCO, S A W T 4 55 28 36 W 2L e A
i, WIZEGELRATRES . DT R Y AN R RE
5201 PaCO,.

2.1 BEBFE fFCPB AR, PR
SRS, CO, A A B LR TR B B i 1, %
CRBERTHE 1°C, CO, A BRI 149%™, 7]
BF, BT R e fd CO, PR A B3, o0k
FRHEERT CO, AP S TR anid SRR,
W . MR HOTAE, il CO, A R
E— 2L

22 HHEE A IERTEER T ERER 80T
SR W 0 R A Ak 2 O T AR K B CO,, B
TR CO, AT & A —1d P 3L

23 FRRERE FIH CO,MEEE . mnE

JREE, GORESMEFFEAR TR CO, AR A TR
BY, A RCHE O AR, R SRIE L. A
TR CO, ¥ A LIRS 23 1 B R AT ILAEE o

T LA IR, CPBATRAM B ] 7] % 4 COo,
L. FIHEIA CO, WX T4ERF PaCO, 1EH B
AW HE TN L,

3 BEEREHSOSER COo, HlRE SN A

H 7 CPB HXt PaCO, {1 Wi 3 BAKAS F 1fi /<,
3. 2021 AR [E CPB JH4A & EL, 40% H.CE
Lo BER 30 ~60 min & — RIS, 25% 14 0[]
B ] <30 min™! BRI, PaCO, ZXALYGIGIE
i

JiE il & CPB HEH O, i 5 2. Rl
HE B SR €O, 5 PaCo, B UIA E,
WA FH 2140 W AR I AR P CO,, DT 5
BVEAS PaCO, 0 vl Rl FLR PR, WE A LA
200 ~300 ml/min 1435 B A7 G0 < A il B 28] A )
BN, REPEE S 426 pm PERK ML, R
CO, XFZ Uk B 0 i W S, A% T mT AR 4l 0 4 1)
ZLAMETE MR O SE RS CO, MR, IR B
22 BT T R A M. ErCO, 5 PaCoO, f1
ARBRAH N, BEIT LAY T 34 () PaCO, ™,

¥ CO, Wil e B He e B HE T, BEAT
B CO,, R 0eCO,o i R & B 0eCO, i 5
W& T PaCO,, Z{H—MAE 2.5~4.5 mmHg **, 7
— TR 5T AE 8 IR B WK 55 B RS AR R T LA T
SEHFE K CO, A HT G E B 5 0eCO, IIXR, 45
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BB 0eCO, 5k — S ALt 5 e (PvCO,) —
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sEAIESES
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R 2 A Z MR
4.1 A& HBMa AWM RE
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45 HALWE  IERAERE . BE. KSR
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Clinical application and progress of thrombelastography in infant cardiac

surgery
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[Abstract]: Thromboelastography (TEG) has been recommended for guiding the use of blood products during the

perioperative period of adult heart surgery, but its application and clinical research in complex congenital cardiac surgery for

infants remain limited. By reviewing relevant clinical research in recent years, this paper introduces the basic concepts and

monitoring indicators, and clinical significance of TEG. It also summarizes the application and research progress of TEG in

pediatric cardiac surgery, to provide guidance for its further clinical implementation.
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A H MR ET AR A LT A e 2 — .
Uil 5% i ( cardiopulmonary bypass, CPB ) i #
AR IR (e 2R BRI 2 S MR BE I DD RE , (4 I
TN RO ST & e I 1N 1 W 2% NS
R A S R L0 IE T A M i Y e A
RO AR LB R G R B MR . 2
FALRKBE MRG0 5 AR 58 RO
(eyanotic congenital heart disease, CCHD ) & JL
PR A BT 200 P AR S DR R BE L D BE S 8 . PRI
W ZRFARFEA OGN . IE 2 8 Ak %
USRI I PR B AR g o 45 B X 2240 )L
BFEWE, R ER R e AR

YEE AL 610041 BEHS, DU K2AAE PG B B RRATR (22 48 );
610021 JGHB , DU 2EAEVE R B Be R IR TF-A Ho0( Rl 2848 )

BEEEE: FZR1/E, Email: wr.zhou@hotmail.com

I, Qe fE CPB 5 8 #3X 2 f8 LAY & i 2 ae 2
Bl PR R A L fOCT I mR fp AR A I)R il
# 1 (thromboelastography, TEG ) J& H T 1FA44
J R PN AR A PEBE i D RE R AR Y —Fh 71, 24
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Research advances on hemolysis during cardiopulmonary bypass
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[Abstract]: Various factors such as mechanical damage and inflammatory reaction during cardiopulmonary bypass(CPB)

can cause red blood cell damage and the release of a large amount of free hemoglobin. Early diagnosis and treatment of hemolysis

are crucial, as an increase of free hemoglobin in plasma is associated with adverse clinical outcomes in patients. In this article, we

review the research advances on hemolysis during CPB, including causes, mechanisms, diagnosis, and treatment of hemolysis.
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PEUFAOIRIZRARE, DL/ IR 2R S8 30 A 1
T RIEEIL . Raffaeli 55 N BIWTFE R BUIASME S
(‘extracorporeal membrane oxygenation, ECMO ) 1
e A AR M 9 RO DA K T 4R (reactive oxygen
Species, ROS ) 1A W IFE—2 il S A i nor;
ROS Mt £ 40 JBE A0 B 24, & AR R o i 4k
FLRE, fdi RBCs %5 T 59 U1 1 RO PRI T B 5 9k
{727 N

2 R IME ARG G B AL

I & AR, Hp 5 Hpx 58 B3 FHb FiiE
LT 2 A BR AN f# BE. Hp 5 Hb JE i Hp-Hb
BAA R 5 B /W AN 3R T A TR O O A2 A
CD163 454 1875 Hp-Hb M & . Hb 5 Hp £ M1y
BAEESTFRK (> 150kDa) HEEEW®E, T
PAE R A 9 R AL RZHEY, B UMK FHD 5
WML ZE R “IME NEE" , ik —% 1k
A (nitric oxide, NO ) FEif U2 YA REA R,
THEERIMY FHD B, 1% FHb WM, Hb o B-
CREGET R, i THAS TR/ (32kDa)
ARG E i A bR, A N B NER
SRS 2 Y Y FHD SNSRI T FIE 4 R
S A AR BT LA T R sh R

1137 FHb 23 P Rz 240 B 7 1 78 & el 3R 4
B J5 5 P9 R U PE NO S B A R e B L 2T R A
( methemoglobin, Hb-Fe™) . RBCs f¥ ¥ B it Hb
) ) I R A5 2 R T — 1 e 2E 1 NO B BT IA ) B
L- K& RACEREAR ™, S8NO S alusib. g
5k NO HOAEE & S BUMAS IR s . RAE. &Il
Trhe B g A AR JE A 1 481 Hb-Fe™ (1)
FRUEA R T IMLT 2 R, Ui 5 121 28 1T 3 Al
NRFIG 2 I A A 5 2 M2 IR 85 & k355 715
SRR, PR BT AR IR A
LIRS JRE A % A VA I AF O () S FE DI BB 2 1

3 CPB HEA M2 E S5

e TR 2 EH RIS 565 28 18 A AH 485 X It (432 W6
HATEZ S, MmN B &R (R

Ay ) MR A, BE R IR, &
PORMIG I R 20tk . PR g B 1B IR, AN
PR T 1 Y BBURR TR AR . Takeishi 55 A FOAFSE &
M, CPB.OEEMFABE R EFMER2 ~ 3h
ASHBLHb IR Y BA, WFE EEEAERE
FR IR HERR 1 B S e PRV PR30 . 7™ 5 0 st
SR AT RE BT WUEF e BE T, A T e
L IMAHDCH LR R A A Fehn .
3.1 PFHb PFHb 7K IR0 B L A AL FPEAL
VeI E R I AR  IEH N PRHD B < 50 mg/L.
>4 PFHb ¥R EETE 100 ~ 500 me/L i A% 2 rp BEVIL,
KT 500 me/L HEFEG ", HAT PFHb B4 K
ZITF O, BT PRHD 78 415 nm Fff
AT SRS, A B ] RN E PRHD
W M AR IM LT 2R (IR AR - FBCR R L
BRI Hb SR 5t O (8 77543 A ) A I A
WEEAAGI PRHD /K- ", (R 2, IR
JHe LA B0 HLAR — H IR o e R 45 5 &)
ZAIE PR (iR R C) AT, I
R PEW BN % ( enzyme—linked immunosorbent
assay, ELISA ) 30 FDRUCAAIC .0l PFHD 7K,
S ELRES M DRyl G bR AR I A T 0 I 4 e A T
BFR], PEHb [ PR 22 RIS G 0 15 4 19 T 1o 5% 1) B
Mo HemCheck™ J&—Fg B PRZ5 K0 PFHD 154
A BV RS S B B 4 it B ASAS I PRHD AR, HL
I 285 55 LA ARG 7 3k B — B RC U

B 1T ELISA 073, ARSI 5 i 344K
T PFHb A5 2T AR A A AR, PRt
P A EA PR, MRS R 5454 (5 Hp Al
Hpx ) FIAZE A7) PFHD RIS 2T 2 St 1EAh,
{8 3 G TR I vk i 45 SR 32 il 3R IR 4T R
(HE ) Al H v =R e (anigshE 3R . A
By ) M. (B IR 2T 2 A ML B BT AR AR
LR A AL RS R, IEBRILTE 450 nm 1K
Wi ¥ AT LG I SR AHLT T
32 HtbimpmAnkigdr BEIMZIEA (carbonyl
hemoglobin, COHb ) . Hp. IM/&ZLERM S (lactic
dehydrogenase, LDH ) . [A]4ZHZ1 2R 35 ¥ i A A
PSR b 2 ZFh R 52, COHb & 1LY
TETERR Y, 02T 28 ] 9k i 21 2 AP0l I A A
—& kb, WIEPE—%{bik 5 PFHb 4 COHb,
SR, Bemtgen ¢ AMFFEERM], ECMO ][] COHb
AT e A R G LRI A E P B,
2R PN 7 AR NS 5 | kS 40 M TR L R TR 2 T
O I 2T 2 E AL S 2 COHb T, eAh, Al
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COHb 7K - Fif R %5 R 5 1) S0 58, R R A
COHb 7K P45 1, Hp SR FIEA B otk 8
I, RSN T, Hp K F< 250 mg/L™, If
Hil % Hp ACEAZRSNEE L T4, B+ Hp &
G B PRHD &5 G509 RE A B, 7E% i
Hp G 5 R SRR, IR REAE R B
I 7™ 7 FE (R FRARFE AR . Hp 7B MR bR &9 B
B W R RYE, FFELL . &A1 555 il
3 Hp KRG, Wife RIERAE . BWRLEAIE.
18 P BH ZE M il s £ b, Hp AT B
214 Jf B SRR TR 4 F SR L SIS LDH, I3
LDH /K FA T8 > 2.5 (5B latmsm
{8 LDH 7 H A0 an 248 v AT 2 36 sh . Ol
FEFE kMR s . R IRZE RS2 Hb
AR =4, AE 32 FF Dy RE 2 ) FLY Il s o oo B3R
FEMHLT Z ERHE R 3 ~ 16 mg/L, WINIERT
WHE > 20 mg/L™, RANA LS TR Z LI
BRI B SR M R SRS, O T e A
FIMERGTE, DS ERRE R . M REA,
G MIBARAS KA 0

4 CPB HRiEA M A BT KRB

KAV LR, 8 Sen iz T-#0 B A 5 80 i
RN ZE, i FRadk, e &
HUERAHSE, SRR RE, &2 ~ 4
h J5 BETN R PFHB™, LB A A BRI LU K
il HH AR R WS . 25 R I BOUL IR 5 1 AL
i, KPRt £ PRFHD M HoA # R =W AR &
H . Gleason 55 NRYRFFT R, (i F I fb 2% &
( CytoSorb ) BEREFEAE PFHb FIAMAIK -, i &
X T3 A2 A B TR ) R RO L P AR
PEXNFE PFHD 355377 Hp A1 Hpx A2 35 B 75 1A 5¢
W B RGR T . NUEYE Hp 7= 1985 4
B HAHEAE ] TI697 CPB., Befli. R i Aia
Pin | BT AR SC B 005 2. SR, A BR
TP Hp (9% B . Hpx 721 PRIV hs2 FR 5
HAEARFPER - REVE A &, Hpx ATRESN T
B WERTE LRI 5 L A 22 R G2 Hh PRHD 1Y
R4

NO ¥E3BTE PFHb M5C ) 4 5 A vh HA &
FAVEH, PGl Z R4 e NO 28/ A
KRR BRI o RGN/ s UAGE <
I NO oK PRHD AL R mekimer 8 A, BHE
M3 NO Byt — 25T FEF B 1R M 0s . A ONEF
A A —F LA (INO) RENS 5| AL BERE AT

AR, WO Y, R BRI
(PR FAT INO C 8 58 68 i 24 i i B A8 BILUR)
HEME ] TR B A LA e i3l ik s 1 1, O 4
HH R SR P T N I 0y AR A 8l i v s A
P L A IR WA L B L PR A ) T
i o eAh, AT LA T RR K A AR R
AT NO,  ANASRR st =, (TR
115 A P9 A St 463 0 P e K AT 1 e A2 70 42 A
W R E . #PFE L- TR R RENS S e b IR Y
FFIFHEI NO A ™, WA L5 A 2R
aEAATRTE R NTREE NO BT,
P S TR RS 25 RERS 5 LA NO RO I
Bk N X TR R A E B, REFE
5 PR HE T e 3 2 7 L W PR — 25 B L PR A 47 14 5%
Bo ARTIERM, B/NME pH THE Al REAN ] A
HeA URIR B S fk, XA PR,
(Bt ] BESE N2 M SR A, DRIt PR Uk 4 7
P

5 ING
zi B ARk,  CPB MR AL A% IR J& RBCs 145

1 FZ N, 2545 I R R BN 2 T S0 00 = R P ik
WP RSWIOERGIE . BRI, AT |
UARRGHIE L7 SN E Sy S SIS IES
MR FEARRIPLH], TEBRE 2 PFHD KA
BERFEY) . ANTE NO RERS A7 IR ARG AT ZH R
it
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Research advances in the application of cardioplegia during coronary artery
bypass grafting
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China
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[Abstract]: The coronary artery bypass grafting (CABG) undergoing cardiopulmonary bypass (CPB) is still the common
procedure of revascularization for complex and multi-vessel coronary artery disease. Myocardial protection is one of the key
factors affecting the success of cardiac surgery, cardioplegia is the cornerstone and plays a pivotal position in the myocardial

protection. This article briefly reviews the different types of cardioplegia, perfusion mode, and the comparison of application

during CABG with CPB, so as to provide some references for its clinical application.

[Key words]: Cardioplegia; Coronary artery bypass grafting; Cardiopulmonary bypass; Myocardial protection

F OO IESMRHIEA: LIS, I 742 /. Tl
RET BN ERTAR, BRI OIEIGE,
W B WO RESM R R ) — . L
O NESEI W], HIR T O UL RE T 52 JL 3B i) Bk
L TA), 23 B AR O UL AR B9 T 40%,
T R U 548 U RE JE — 25 B ARG 90%, 3 26 W
A5 RN HIR O WU IR B8 E T BRI LA
19534 Gibbon % W] T A Tt fili #1L, 0 fili 5% U
( cardiopulmonary bypass, CPB ) {9 Hi Bt ik.0 JIE 41
FHEIATE R 70 REA B AT A7, H2 B O
WEZS 5 51 25 S FE S5 JF K GE . 1955 4F Melrose
S IR R B AT O RV, O A, At
WRLTF 1O AR SR P RE o IS AT 24>

fEF B K 400037, [ifi 475 B R~ 45— W) = e I
AR
BIE1EE: MR, Email: chenlin_xq@aliyun.com

e, SRR AR R, e AT
i, XSRS B TR SRR
Bifi 5 N\ 1 2205 4k DL RN B AR 3 7K1 B W
P, e AR Bk ok A A AL RO RS, TR RO
5 (coronary artery disease, CAD ) & 2R il 3% [H
B B 22 000 WE AR o T & 2% 22 S 0
B, ARSIk B AR (coronary artery
bypass grafting, CABG ) {/51H 2 Ifiliz & 8 1Y 32 )5
Ko REAERIMEA T CABG (off-pump CABG,
OPCABG ) TERRASS B 4i405 . WA Hh i 55
T EA @RS, Bl THPARMERE LR, XTF
AR BNER G L LA 8) 15 5 AR AE R, fif
+ OPCABG Bl JH] LL 132 ¥ T [ 2023 4F Chan
26 P [al [5§ T 92 [E 1996 ~ 2019 4EFTA CABG %,
OPCABG i AN 15.7%, 7] W CPB Lo AE4E Bk T
CABG 132 132 5 # Y F AR, CAD BRI HE A5
P TR EA DU R O R
S AL @B 1k ULE— 2B, BB 1k Bk
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I - FETE N E O @I s AE AR
WU R, SR SR AL LA J15 &
By (kWL A P BT, CABG Ry
(EELAITES & A VeIV EE LA ONE 2 I
HMRHEEAE AT CPB IR ) BRE A A 58, JF T
PN R AR Y, RLEREE CABG A sl
BORRE EE T AR A RER A,
LUSBIXH SR & BRI RN R I — 2 25

1 D AEEERRE

WA 2SS A S A, 3 i
FHRCRN 25 LA P M AR i A5 1080 5 2 1
ORI BEAN], - SCRTLA3 S AR B 08 e 4 L P T
BILL R A5HERE B R AN AN S
L1 e
1.1.1 Custodiol-HTK® % 1975 4F Bretschneider
ER/S T BN A SR S R SN e AT
28R o DA B A5 R B, 1979 AR 4 MR,
PR 32 28 4 i 4 24 R (Histidine ) — 8 24 12

( Tryptophan ) —a — filil [ — 2 ( Ketoglutarate ) ,
Wt g AR HTK W (2 1) , HETE &5 2/
b, Fx K Custodiol-HTK". HTK VR F )5 28 i 4
TR SRR, AR B S 10 8 Ik B b JTL 4 e
Hh Na' TR, O UMM Na® 81 7= A
Wett, SIEHRALTCIE ™A, AUTERAR M K Ve
TRLREAF T AP KN . A 2R LA S TR AE N
P, RIS E MM, o - B ZRRIER
REHIEY) . HERBEEERA A It Wa E4CH
iR, 1k HTK W —WHETE, O LRI IR AT ik
120 ~ 180 min, BEREM TAARLMAE TR, ibhE
VER BRSSO . HTK A& = By, 7 —
FEREE L RRE) T ARG R 8Tz B, R A
N EWRETEFEETR 2 000 ml, 5 1 i 8 & i
Tt LA B LA SR A 1
1.1.2  St. Thomas J& 1976 4F, FE{SZ St. Thomas
P Bi ) Hearse DJ S54& ) 1 —F 5 40 B S MR AR5
W, Bifr45 R St Thomas 1 S (£ 2) , HAFLE
pH {EWIR, BATBRIR S BA M s T] L, 1981 4F
ST FFAC St. Thomas 1 S HEN . 45, B5E Tk
B, U AR IR E 40 , 75321 St. Thomas 25#( 2 ),
HEARWRER KA Mg™, REH.C IR,
H 30 min W ZEEHE, FEGIZ 0 MM E,
SIE GO NUK AR P8, 2L, DL HTK 5 St
Thomas ¥ A ) ARG L 1O AESMR
G, HEHES

1.2 4423k (blood cardioplegia, BC )
1.2.1 Buckberg # 1978 4F, Buckberg 52 %] St.
Thomas 2 IR IME A&, $EH T DUIEAE M54
AR LS, IR S I 1 4 B HBIR
B VAT ODMERETE, FRM Buckberg W&, 44 HR™ 4%
1) Buckberg #04 H TE AR5 20540 . IRE 44y |
FERCRTEA TR 3 R, (R 3) &
1.2.2  ffo ARSI (microplegia, MP) 1993 4F
Menasche S5 FF61 M3 1% KCLFI MgSO, 43 4%
800 mmol/L 1 300 mmol/L ¥ B e i f5-#i ,
R R S E A AE 1 66 LLINRE, 15
F MP. ARIEFARLIRE, VA (o A B LUK A
P KW, IRBIFE S i . JFETIR 0 A2
HERHM . MP LS M EIR, BA R
A BER. S BRIEREES, BIRIARE
A, ABIEER 22 YR A5 MRRE T 5 A I YRR A
LK

o i 15t 4 A% J& Buckberg ¥ 52 MP 3475 22 0] B

F 1 Custodiol HTK® W4 ik 4

JE A HeE (mmol/L)
Na* 15
K* 9
Mg;er 4
Ca™ 0.02
2H A R 198
SR AN7 2
o — B R 1
H e 30
pH 7.40 ~ 7.45 (4C)

% 2 St Thomas RS ( mmol/L )

% St. Thomas ¥ 1 5 St. Thomas & 2 5
IR 144 110
ERig 20 16

A 16 16

ERiA] 2.4 1.2

TR S M 0 10

NS R R N 1.0 0

pH 55~ 7.0 7.8

% 3 Buckberg WAL (ml)

i %x ORESRA e R R R
174 AR TR K 392 798 235
T = 60 123 56
WE%%@& 30 61 113
L] 25 W R

AB 18 18 7.5
70% T % b 0 0 26
BRI | REAR 0 0 62.5
a8l fis 500 1 000 500
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20 ~ 30 min EEHEF IR, DERECLRERIEY) |
PRI . TSR B, A O™
EITWr TN A 3, 2 T F AR
TR,

1.2.3  del Nido 1543 ( del Nido cardioplegia, DC )
1995 4 S [F P25 88 K241 Pedro del Nido (4% A1 A
W B LA K T —A ARG ) 4 240 I A1 ik 75 4 4l
W(F4), RAMER S 4 = 18 AR
BEATHET . DC R R K (0 BILAH i 2
1k, RNEEE M VERAL, O P T a7 5K .
FIZ R BER—H Ib 2ot Na® sliE ), BERE
BT Na® S 3H, 425 40 M e (7, SCRE IR/ D 5
JRES —F 3 FTRE ST FE , I BERZ IR Na'Ca™ 1512540t
WD Ca™ I, Mg™ /BN Ca™ MU RERFEPTLH], W]
PASE S PEAN ] Ca™ P SEREEIIK ST -A A B
A Ca™y ZHILFER, A0S AR &
Ao LA EPURh Ry, i1 DC 5 IR A & BN
— P EE RS ORI (R 5) o LAk DC B
NI H SRR f D UK B . T BR A 3, IRIRE
iy P RTER P A BT T 4 RN N pH K. B IR
A 20% A4, eiRaiiRRERE . BRI 2
(R AT, R AR A 2T 4 L 91, AR ot 7 2 i
B, EHEEEE TR . DC BRI B
UCHEE O WU SR AT 3K 90 ~ 120 min AYERS,
HORARAT A B O AEAMRH B ™ BExEfEE T
A B R B R . EAh DC sk /b I B HE T B
BEINF ARG, 465 BT 32 Bk & CPB ],
F1 2014 4F Kim 45 P #2386 52 A1) e 220k e D
FHFBR CABG AN RO IE MR R LK
B N N Y S RTINS i

% 4 del Nido WAL S

% & (ml)
kI -A 500
10% FALA 10
25% WRIREE 4

2% R Z KA 3.25
5% kIR 2 M 11
20% H#E W 8.15

£ 5 del Nido I SE A 4 : 1 IRAE LK THSE

BT W (mmol/L)
Na* 150
cr 132
K* 24
Ca® 0.4

Mg** 6

R =R, R B AT Iz
BCHJO
1.24  BC IR BCHRIEEEAE L4 A3 i
1 (cold blood cardioplegia, CBC ) . LI/
(‘warm blood cardioplegia, WBC. ) | TGRS ( tepid
blood cardioplegia, TBC ) =FfEx, CBC [IRE H—
W4 ~ 16°C, HETH iR 1Z. 1989 4F Daily
SN, B JIUEEE L 20°CRER] 10°C, FFAhal
R ER O UEFER N 03 ml/ (100 g * min) FEAE
£ 0.16 ml/ (100 g - min) , FEAETHEREOHURES
TREEARIR, BRAD BC 22O WL A3 AR BRefe, X
TERKBAE AL EEER B E U E S R ik
VLT BNV B R B . RN AR T AR L D
il LA AL N T BB S5 R A PR 2 Az 2T T
JR5E

WBC FIH 34 ~ 36 °CH A iS55I A it
TIHPEeEvE, Ao BRI, BRIEfR,
TR O WA UG, PR AL A7 22 A 3R R RE 1t I
Yy, BEWT 3 3 bk S AS A7 7E St FE B . 3
WBC FREii ik BRI A, (SR ELZ,
Sy 4 B e B IR , ] s A 1 ) ek B A A B I AR
WG . N 4 B GONE SN EAN . 2021 4F Kot
AERZE RS H WBC 5 CBC fEARJFAE T
O 2B A T A TR 2
s PRI BE 1 BC 308 X B8 3 0 6 1A 7= A 1
YRR . 5 5 WA IR B A IE A CABG
AR, ABIHEZ A IR B A 7%

9 T i CBC 5% WBC ¥ 76 19 AS Fl 5%
1998 4F- Hayashida %54 H SR FH 29 °C 14 454 v v
ODERY T4, 4B 10 ~ 20 min $EE—R. 4]
WFFEUE B TBC 7RI O UL IR = A 1 [ st A
Hl UG 8, 16 RESR s P BT i o0 A AN
BRSO s s, AR T A O E RS,
H21Z 07 i B RTTE NG R b IR 12 (s
Ji PR AT BEAE T O AT 47 SR 1.0 WL FE C 2208
DI 90%, AR IR REHE— L FEAK 5% ~ 10%, 45
G R AGRA TS, FBRACRREEAE, X
R P R A . X R R
HUUME ] T CBC IR 22—

2 EEREEAN

FEH

2.1 ARSHARIAATHE (antegrade coronary perfusion,
ACP) XTSRS K 4r Bk 3 Bk s A7
PAEREF, LTI ARIEAFETE, BHB 3
SHRKLLS , TEIR A AR S N RS i i 2o A e
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ARSI SJHECE RO MEAE >, PO R,
X R Al de 2 i9RE T 7 . TR ST
A, WGE T F AR, R RS
BKIF 1, R R 2l R EAEHE T Sk X v e R sl kT
FE AR SEATRHEE, BEVE R I AR FRTE 250 mmHg
VAW, 205 R0 SRR, wE @Ik s kT
H 5t

22 ZAKFHIKREFEITEIE (retrograde coronary
sinus perfusion, RCSP) 2 BB AR S ko e
PS4 AR 3 ko™ H B 78 BRI AT CABG AR
s, RCSP AR IERE. WK RS Pk
AERIKE, WATHEEA S SR R, XY
Ee Y e Y A [ RS S R S AT R i R e
BRo T O ETER DK B4 DA A O B AR TR
Wksz, ASRAUE AT HET:, TREAS B LI A O
FIAT IR R, SR DK SE
A FEOERFIKSE FAB A H=, BT
SEAEF KRG NRETE, WATHEE S A E R
50 mmHg, FEFHWHEE B, FETEI AT
LAENNLZ, FumARTRE " P RCSP WA
—E I R R

23 ZREHRMREEEZ(HE) CABGARY,
WARSE T B A AW &, T LAZEAT I A8 45
P, 7R BE AT DAL 4 e ik B 2 58 i 1) O WL ZH
2, RO AHANE FRYI BT, X AT RO AL
EERIER, RN TARERAEYG 0 2S
T Mo AR IR T T ) S IR 50 mmHg/
U, AR E T A, Bk i A R
IR mE LT

24 A XBEAFE CAD  BEENNRAE M E
FAEEA—, ACP FETFASHW T BETC A AL H ik
e AE BEIL R, i RCSP R BB, 0=
TRIPERCRAH &, BT ACP+RCSP, ACP+
PrliE . RCSP+ Wil S5 2 Pk G )7 =, LLIK )
PR R B, A RO VR R R K 25
b YREWETE S, TR P BAR T R R
AR BEARBEA], BUIRCE

3 CABG A[E=#E kAR A xT LB R ER

3.1 Buckberg /& 5 Microplegia 7E MP i} 8 2
AT, Buckberg WAE K BC (&AL, HHAF 4L
MRV, ©ZATIT 20 4RI R P s . MP A
3 F Buckberg W /D 1) i 0 5 8, 7 BH W A5 (1]
KA E Zefa s B g, ARG 1 iR A
FI5Z . 2013 4F Algarni 25 F1) FH A8 ) 14 fic X 37 43

( propensity score matching, PSM )X}t T MP 51 : 8
Buckberg i #F CABG RHEIN H, MP AR5 9%
DETZE AR R AR AL, BEA R T OEIIREN
WA . 2015 4F Gong %5 ™ AT — IR 25 2K S A7tk
N, MEET IR S Mk 1 - 8 i BC 4, MP4F
B/ 1 29 515 ml (9 S B, (HOR PG 2H [a] LR
WSRO IR B AR LA SO AT 5 A R AL 2020 45
T T 220 JE L Borden S i[RI EE AT M [a] Ji 43
BET 10 512 A1 24 O IEFAR Il FH 25645
H, MP A E5 1 4 Buckberg i 4108/ T 2
700 ml (1 S AR F A, AR o AR R 2K
SIS PR 1Y AL 2R 5, MP 44l Buckberg & 2H
(1) 1/26, B8 T H MP B2 55 FA Rk . [A4E,
Owen 45 ) YEAT 19— I 2 Ge 25 R AN ZE 2643 #7 Hh 3
i, MP ECH L BC 7EAR HAA T 0 E B 352 Bk
ROBERAIEMM 2 R . AR5 R 1CU 45
B s 1) LA TR Pl e JTL T 5 ) T R o
PL_EFFEYIUESE MP X CAD B BN £
3.2 Custodiol HTK® i 5 DC & {E N HIKFET:
AR, HTK 5 DC R8P 3 30 bk BHLIKT 5] 18]
XM A FARERAER THE, A FIF46 56 3 sk
BELUAT B[] A1 CPB B[], 33 A 2 o9 A 45 483 22 3]
HMREEE Az Wl 1 R R . 2022 4F Xue 25 M3 5
R SR U dle i P AR Y B 9, & B DC B AT
WP A AP IR RE R AE AT, HTK % 4R 2
Ik P e Dy e A T AF B RAPVE T, AR i B2
HTK (5 8, Se &AM 200 ml =41 BC 15
S4EBk, O HTK 4855 7] 6 &8 T A I RUR .
2018 4F- Siddiqi %5 " B T P A S R AR AU
AT CABG W N FH BRI WA G it 22 25 5+,
ELAT e =2 7 e KUBS: 8 25 o 4l 0 3E 4 . 2021 4F
Gunaydin %5 " YEA7 1 — T TRETEBASIRF ST, K50
Fvs= 0023 9 P A 2 U Y CAD JRE e, 2551 4
/N DC 2148 HTK 40 AR J5 A 3 & 1 A & -6 AL
FERR IKOF, KB DC 40 AR 5 0 B sh & A
R ABSCRE E . HILAT WL, 7ERfE CABG
A HTK %8 DC 4 A B4

3.3 DC &5 Buckberg iz DC 788 O JE SN R
(R FH DT sE AN I 10 4F, Bl ok i3z b v
F RN BEANER A8, HA RPE Fn a4 —
FERACERMEL, JoHRE 5155 Buckberg I
(I B — B AEREAT . 2016 4F Timek 45 " 2855 PSM
& TR DCESE AT 100 6] H4E CABG 1Y
5, % T Buckberg M40, DC ZHER T AR
TR MR KA1, FAbIG RAE PRI TESe 25 5



ERAMERR L A 202448 A28 H $22% %4  Chin JECC Vol1.22 No.4 August 28, 2024 337

WESE T DC e 5 Buckberg W AH [A] A9 .00 ILAR
PRCR . 2020 4F Likosky 55 ™ AT T — T £ .ty
KEEA R I EPEREGE, 99N 26 373 KB, ¥r
HHE 50 2014 ~ 2015 4FF1 2017 ~ 2018 4 Hj
Je AN TR B AT LU, R IAE CABG FILC A
JEEF- AR DC A 2 AT Y 19.6% FTH3] T
JEIRY 41.5% . HIET Buckberg #4H, DC ZH4H%
(1) 3 2y Jik BE T B[R] AR 9 7 min 38503 T 5
9 17 min, ZA%E%) CPB BRI A FTIARY 11 min 34
a7 EHAY 27 min, AR EILT RN RE
A REA G2, SRS T RRGE
T T/ BELBT R B AT CPB B Ja] (1% B 2 . ]
AF, Misra % P —IZ A0 415 1, DC 4130
L) BC 1Bk T iy A s Z Bk B 350
JKBELIT AT CPB IS [E] A1, 38 BE B G 2 A Hh A AR
WA . RJE BRI UES S T BRI /D (1) 4
ML, 2022 4 Suarez 25 ) it iy B M Bl AL 56
WELF], DC 2H 5 Buckberg ¥k 2H (19 3 2l Jik BELIKT .
CPB W1 AT 255, DC 2HA45 B8 & i 1 3 B Bk
FAR 5 R VS 2 G, AR b ) i Bs e (B K
i 5 2 AR, 1 H DC AR JE A & A
R Buckberg WK 4% (2.6% vs. 6.7% ) . 18
o BIRAFGE, AMEEIAE CABG AR i H DC %
Buckberg ¥ A F| T4 1954

34 DC 5 MP R4 DC 5 MP ARTERO LR
frep R 200, R PIE HE BC B K
AP 3G, DC Y SR AR 43 7 13K 80%,
MP D] HA B B AR o %o BEL BRI s TR ) B 2
Bl RED OB N, DC i £ 0 SR 42 S8k
B MR B 2017 4F Stammers 25 12 (0] Ji7 4: 3
Wr 7 25 171 BRERERY 16 670 24355 CABG Bk
JEF ARG, KINAESE E Buckberg i 2 MP T
%1 T CABG, i HTK & DC ¥ £ JH Tl i 5
Ay AR uER R HTK 4 it ik 84.9%, DC
HIRZ N 83.7%, MP 4155 =} 40.1%, Buckberg
AV 34.0%. A H AL A0 B A0 1 FH 28 4% 20 22 i)
WA 2R, (R THEER MRS ER,
TAS T HTK 235 A0 21 40 H BT e T e
BN -9.4%, MP AN -7.76%. 2021 4
Urcun %5 ™ BURTEME FEHLIREH 300 4 CABG
FBENL M DC A MP 2, KI T E R F3h
JKBELBTE ] A1, DC 2 R 22 A O 2 50 0l 53451
T3P T MP 2, DC ZHAR S A8 35 25 10 S 4
KWL, MHFHE CABG H, DC XHRFH LI
AEAYLRP L MP EE G ).

4 B4 CABG RAEFAXWHARIAK

CABG A HORTR] Hcy A 25 AN [) 145 P 1
B, I H58H 09 45 RN 2540 56 2020 4F
Timek % }3E T 851 4784l CABG By %,
DC 4 ¥ fdi F ACP J7 2, BC 400 F ACP Bt &
RCSP, 13%] 7 DC AR5 LS & 1 T KF-38 BC
UK, HAFEbr LG 2E 22 R 45 0, IRk
FHACP J7 X VE DC, BEIR1S AN E T 48 RCSP
WE 1 BC AR 1Y 4518, 2022 4F Willekes 25 2 %}
2 506 1] 5= 2 Jik BHWr s 8] 388 35 90 min A9 LA O
SRR AT 5T AR FH 5 Timek AH W] (149 455480 LA
FHEE R, Zead PSM 434, & IR BH W i ] £
150 ~ 180 min 1Y EH, ACP HARGHEEEA T
JKFH RCSP 4, A& 536 T30 34 Jin - oA
Kotk o X — & Ik VF5 BB (] A . 22 E v
R LA i B 2 Y DC RS R0 LA B K b AT
Ko 2019 4F Stamou %5 P NPKE DC L BREH K 1 -A
Je 1 At AR B VR R e K MP, 0 A
B e, P ira i CABG B HERH
ACP JrsCF T EAME T, RS 30 d IMAET- %
U0 2%, BOHRA N

5 E AL A A I OR[N
P BN B 3 6 A i T K 1 . 2015 AR AR
O PR T MP T4l CABG IWRI B4R,
S5 ACP 428k, TRRIEF IS & G, &
— KRS ACP 25 AT T, BEAEW L
15 ~ 20 min BHERZER, WA R T OIS
R, 2018 A 1 ifg v il = Be 7 [ N R 58K DC
FIADHETA, 2019 4R 225 2 5555 7 000 4%
B LR MFUER, BUE T DC R,
TF T RHEVE R B 20 ml/kg, 1R T 50 kg # i
A E 1000 ml, X0 ARE . F B kR
KPR B GRS T2 1 200 ml, FH
Wr At [B) 8 4 90 min B, & HEFIEH 300 ml, XF
G CAD B, B REEDE DC FI& 1200 ml,
HrHr ACP 1 000 ml, RCSP 200 ml, ZJ5 IS HT
W, PRAIE ACP+RCSP+ MV (1 785X, 1% 7
b Q7R | B2 N R o O S £ R L = T ES L D
CABG H (1% 3 4 T T v o AR
5 NG

O WU A5 R A Ay o0 45 8T 0 JOE R I A
RWFA, HAEMVFRERE, 25 Fh 2R A0 0

R % H A ELSERRE S Bk . BETIE A
HOEGE X Ry 58387 (#, A 542 T
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2 SR A B A3 DA SR S B HETE i, AT

A R RE (P 2 AR P R R, DA AR
CABG$7I<B’J FEL, ONWTRREAR R T A & A R
FIFET- %,

S E 3k
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New progress in the diagnosis and treatment of myocardial bridging
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[Abstract]: Myocardial bridging is a common congenital coronary malformation that occurs in about 20% of the general

population. Exertional chest pain, which is common with myocardial bridge, can seriously affect patients' quality of life. In severe

cases, it can lead to myocardial infarction or even cardiogenic sudden death. This article reviews the new progress and controversy

in the imaging diagnosis and surgical treatment of myocardial bridge, and proposes a clinical decision-making path of myocardial

bridge.

[Key words]: Myocardial bridging; Congenital coronary malformation; Diagnosis; Surgical treatment

LUF (myocardial bridging, MB ) J&48 7 5
FE SR S Wk 0 L Y, N 2R T I bR
KPR R B Sh K, R T e R R sh ik
5| AN S TP S TR i) e b O | K=
% (CT angiography, CTA ) ) MB £ tH 0] & ik
19% ~ 22%, EIKEZK RN 2% ~ 6%,
MB I8 KA T AEmikE b B Y, LAEINR, MB
SR R . AR, Ok B A UETE R,
MB A 5RO LBk I . D IUEESE . DITREA 4
OHERE . RbEEZE, R T H,
K Z 17 IR G MB YiZ AN YT .

1 I&ERFRE

O 8 2 MB B WL By SE IR P, Hop
55% ~ T0% F2&=55 S, n] Z B i EE af

HEWME: Py [ RBART s — o e (k)
(2023-JC-YB-815)

YEFEAL: 710100 P42, VHILIC2EME VG 2 E PR 2oy
& e oa A AR

BEEE: K4, zhangjinzhou@000516.cn

[ EEE Q Ptk k.0, MB RJ 43k ik AUFI TR
SRR A0 WUBR IR 2 S MB AR A
KRR BRI, —BoRUE, MB KEBK,
SO JULAR HILRE BRBR BH I8 MIB SRR RS, o0 Lk
R AT R
MB 5 o0 JJLak i, 56 bR 3 Bk i i
( coronary flow reserve, CFR ) T RERIHLE A
FE =51 ™ D MB 51 0 WUSR A 5 W
WEAR SR8 5 AT O, i B AR gl Pk A A 28 %
Al FFSE AT ok P A, gE— 2D 0 LR I
6] &F ok P AR S kD K AEIR & MB 4 CFR
AR EZ R P, @ MB PN ek 3 ik i, 3 5
A Bl S H A IR Bl H e . RS R B,
MB 56 4R 3 ik A U {1l 3t 2 82 A K fH ( maximal
peak flow velocity, MPV ) % MB 3T s 175 %t 14 i1
2% , &P ok /W 1 2 1 i B LU AR diastolic/
systolic flow velocity ratio, DSVR ) 3 B & 3% Jin
2.4 ~2.91% ., @F KNS N (intravascular
ultrasound, IVUS ) &3, MB it v bk ah ik 72 A=
S KR AR AL RES A LA A BRSS9 2 A5 LA
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B
b

MB 2 Wi a4 i 52 W AT s vEAL . #5112
Wrfs B MB AR . KB TRIE ISR R 5%
TIREVEAl T %0 MB 2 75 5% i 56 bR s Jok ot 97 B H
S FECO MUk .

2.1 AWki&EF (coronary angiogram, CAG )  JEhx
wOOLA AR S B BIAG A, “BFARUAAE” & MB
HBETE CAG P HLAFE A% ", CAG n] i
MB 5 800 5w 4R 2 ko 78 18 3R =875k,
ZLRME 136 ms 53X 26% &P H] (4% ~ 50% ) ,
X AT B AL MBS 200 AILER L Y 32 ZEAL ] 1
CAG K #r o 7~ MB %5 [k 2)) Jik BLA% 76 & 5K A 95 /)
24%~58% , WLAE /N 71% ~ 999%™, i Wt 4
e I KBTS AT DR S A R v A I e 7
b — 2 i E M — A A 4 0 e IR 3h ik AR
FEH = 70%, &F 3k b 0 SR B0 Bk 5% s = 30%
B a] 3452 o MB. /45 CAG 75 56 0 76 1R 30 ik
BeAs Hp /R R SRR TS S A e, (HHS Wk A
MB ARG H R I B AR Tt bk CTA, RGN T iT
i A BB O, riE R 2 e, A
CAG TCIEIATIIREVEAL 1, RLBR & T HAE MB
W R

2.2 &Pk CTA (coronary CT angiography, CCTA )
o MB ZERE sl Bk AR RR A5 I . 52 2% 0 il 3 30
T2 RS R R AR AL IR A, Iz MB 3l
AW 2 MM ERERE . DI TR T 55 52
M, SRR h Bk N A RS A e MB R A AR 37
BR . R ELAT 0 = e @A R K AT R
CCTA ZWiERaPE KM 8% CAG = 'Y, H
TEL ORI PR MB 2 I8 17 8] 12 f—Fh JC A1)
Ridr FBe M, A SCEkiE, D8RR A CCTA
f9 MB A& Hi 0] B ik 769", CCTA #5 # ml 1
Tl MB T4, A BEFIVRBE | 28 % sl ik ) 5 s Al 75
55 BEAEAE L, 8-S G PRAR 8 A 351 A4 2 A - 74
il AR AR TT %2 Vs R CT i3 if 45 43 41
( CT fractional flow reserve, CT-FFR ) 3% R ¥4
A DA S MB i XU, — A CT-FFR
/INT0.75 ~ 0.8 B /RAAAe 0 LBk I . A 05T &
BEMB KB H SR ZE X CT-FFR 254 g,
Xt i H A K e Wi . {3 H AT CT-FFR
IR T ERE T, ARTEIGIR) Z I o

2.3 IVUS IVUS A DUKS i U886 ik P9 42 . 1l

XEHE T MB FER O LR L A A

2

$

TR A BEE L, BEAE X TR Ik M 8 BE A T — 48 1
%, MB 5[ 3 Bk 76 TVUS K 5 o SEARAEE <2
FE” SRR OF b ol kR 22 3 7 sk AR ZEAS
W B o 4 B . AL IVUS A5 BT T % MB 28 b5
Sk i WA e . & ok i A T sk SER . MB
JEERE . MB iz siAs A RE AL BESR | el IR B kv E A
Jia) B S R S R YL TVUS R B R 4
EPE R, TR MB G R E 239 TVUS &
RE & IR B K N B | e J2 55 1 P R S )
A 5545 B o IVUS 38 R0 7 &7 5K 300 ifn 37 it 25 70 4K
( diastolic fractional flow reserve, dFFR ) , —Ji&
A dFFR < 0.76 RIAT I R . {H TVUS Jf
AREFRMETNREVEVEOY, 2 454 rh o PRS2 2
Il MB K EESE 5L A, CH FT7E MB 2 W7 i
ZRR

24 % E#%5% CT (multislice spiral CT, MSCT ) / 32
HF AT Al & 244 (single photon emission
computed tomography, SPECT )~ MSCT 1] Hf #fj —
BO@ RS Ik VLS, TRl ik T 647 MB Zhig
PP RIS BRI B 3 # B T il SPECT AT427R
MB 5| E2 Y e O L i sl A el R sh Bk B AR A
245 77 LS 8O0 JUL R e A T et 1T LR 2l P 5
EMIPERAE, IFARME N MB —Zika &)k .

25 AMREEE BT MBRIISHRAE, KW
X MB A2 Wi A BEALJR BR Tl A 2855, T
07 FH 722 I P 2 W iV A %o MIB AT ) K A B
PG R EE X TA IR MB B, T
P A A AT LA MB L O LBk I e 3 22 R] O
2P0 (EAR far R G A X T MB 5 R A O LR I
SURMEAR, AT VE S MB 5 T REPRA (4] 22 46
A T 228 R S AR Sl Dk N 1M i sl 2 A
Z UL T e 2 i dFFR I 52 7] f50CH 9E— 25 1 1)
REPEAL 1,

2.6 AT BT E4245( optical coherence tomography,
OCT) 7€ MB K, OCT Al LA S A 40 b A Ul
B P Ko i Ak BT 20 14 e AR B KO 2 i i 4 4 o
OCT MfEHTEETE 10 pm 905, HRRIE IVUS REE
(REREBR 5 729 10 4% Y. MB 7E OCT # s h 3%
R e S PRI < WSO S0 4 1 300 5 T AR P TR
FARERIE " P, OCT WF9E &3, MB 5 k%
KSR M MR SR E T AR IR R s
200 i 1] 107 PN T A PR A0 B S I A ML PR T, X
AT RE S 5 B8 Sl KA &2 A= Sl ik ok A Al A BB 7 1 I
PRIz — P OCT i ] LIRSS MB Iz siti etk 5 ik
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RE LT 2 ] REIE A, I 2 B0 ik Mt v e AR B0 kR
VLA PSR, R IVUS —RE, W OCT #24F
AR PR, FTREAMLAS MB K. T o
M 22 K PR i S b, PRI OCT IR )2 MB
W e AR B, S s IRIX — e, FTLASS &
LF YA B Sk Wb D iR R MB RTINR, SR X
— I BRI . KL MB 2 W s 5 fii ] 1
fdH IVUS Tk ocT?,

2.7 & A %% % (intravascular Doppler, IVD )
MB 2 % sl ik 1) 1038 8 12476 TVD 8P K 2 v 52
FrsetE “FRRIE” B, Hoh = AN AR 4 B F R
A ot R I 9 A T PR A e v A ot 9 D
KPSk R 530, TVD BE AT BEA T 28 1 4 1
RETTAY . AR R PPAG . O AR A PP AL L 3
R BN AW AR A8 K il 55 N K2 T BEIEAN, iR AT
DIA R MB 3z s BB DL A i 45 d %8 . TVD B
SR, SRS IR BT, 3 MB 3T
30 A Y, TS R S Ik 7R A T T IO 1
IR W A R AR BE BT V) 7, AT Rg ek MB
AT 3 T B BE AR AL BE B U2 MB 2 Wi TVD 1Y
TR SRS I LBEARGR R R S 25
TG — e E, AR 25 P EIE BN 5 H5iE
FRERAE D, Iz EfERent &, BRI T HAE MB 2
W5 T 1 7

2.8 FFR FFR &2 Wi [ @ 5 1k 3h Bk 5 %5 11
bR, —MIN K FFR < 0.75 B o] 2% (&2 W
MB. HU AW AIAR, %5 FFR {U&E T MB
AT ity SRR B0 ok [ 2 e A (2 W e, PEAL MB
% 2 K i3 0 1 A R AN R B
TR AT RE S MB US4 8 T 30C2E R 2 ik P ik
R TR IYT R 7B R R IE H L 2 AU 4 1 R A
BEEEA O, X SRS [F] 5tk o0 ok 1 52 2 2 T 3
(14 08 5 1 57 24 R ke 0 g e R 2 P Sxm]
SELE G FER BI04 59 0 455 391 A 6T ok 301 S 35 1R
Fhin, MRAL MB A9 Il 37 35 2 bk B A
T U ] dFFR 3645 22 X MB a4 746 D
WAL o BIFGT 0 7R #R KR SR 2 2 e 5 e ik
DAL SRR R T 3 0 & BRI 2 MB TR K &7 5K
W B R R PR R BT, FEE B, dFFR
HEHETEEES . (LR E MB sk
ZERF, dFFR AHOCHRRMEEIE b L H LAY 4 H FFR
RSP HIFER EEA B, —J& dFFR K&
D BR I ZEEF SR P, T sk S el AR B0 ik PN A 1) 466
X AR R B A 52 s 2 dFFR ARVFR SR

AL EF KIS R Sk L, P ILTE MB X E7 5K
SN, BIFGE R, T S 22 L e 0 el ok e 4 ik
B KA, B & A BR e R A Bl P i A, i
34 FFR JTCH W AE, 3R] dFFR 25 R Y
MB R F-Be Pl SR, T dFFR i FAAT 4R 28k
HFERF, FERZ RE ST AT,
2.9 BERF AR E L E (instantaneous wave—free ratio,
iFR) T3] iFR 78 MB 2 Wi 1) 0 FH & Je ek
iFR T A5k 5. fefraki “Joik” M
()% S AR B0 ik N R A7 R AR, AT —AN0 Bl S
(142 B 30 P9 BRI 6 BHL ) A e gese HLie/hs, T
I 90 £ 2 A0 3l S B P A B AR T T
iFR ZEFR IR A8 bR, 76 MB AT RETFAN 7
EA RIFH N RIS, 5 FFR A LG, iFR &3
MB Be7s FHE 2T 5 . iFR B TR ERAS T ok
WESEA L, iFR < 0.89 % & PHYE, iFR B4 IE M
L3 25900 i e S8 By SRS T Y MB A BT
PEASATE AL TS g R 2 P, BRI iFR 78 MB A9 R
FUHEAA T IE

3 BFF

3.1 sy YNGR RAREIR MB B
5YREYT I B BB 3, BiRO IUET R IR
S ek Bk iz Fc LHE A BT B - A2 AR BE i AR
—LIRIT Y. X T B - SZARBH A AE =R
(EE I ) AGEEIR 3 ke 28 ) al i 5 B 1
T RH A 7 o MBI 32 1 TR0 FH B8 o 1 i
MRmESE 258y, HALHIE TR AR 259 9k MB
AT Iy AR 20 K- T B0 i S ) I, RO
A AAEBE, e LB AEAR . n 2R £ 15 E B
IR WTBA SEAEAE MB N e K P K 240 i 2 REAS 4>
i, A2 N R RRER IS 2 iR T . S Ab,
K2 MB 3 sy st AR 3 bkt 30 3 Jhk o Ao Bt 1 L%
s, PR A B dE MB R E AT /M i
Y7 L MB R B Bk R E BT LA A
JYAEA I B BRI 2 Ja ek A
ek,

3.2 AMKIRAAN X TZHHNRTT IO MB,
AR SMNRHAYT o A HGE & I REIR B ik S
FEAT] LA MB 28 5% sl k57 AR BE . AR GeE ik
PN AR ML R 7, A e IR 2 Jk oA L 3 o s
ek P S — R 2 e 228 (drug—eluting
stent, DES) 8% 4 J& #f % Z2 ( bare metal stent,
BMS) B AJGEA RFM LA, Ak
WS | SRS . SCHR PR AR A S IR N A I B



342 W ERAME R A A 20244E8 Fl 28 H %224 %4 Chin JECC Vol.22 No.4 August 28, 2024

A O 1) T4 ) B BRI 25 AR DES 7EBC
3% MB 28 BE Sl Ik i i 3h ) 2 B sl SR N P B A
J7 A = KA R AL BB oe 4 S Sk B I
I, Z5WIRY7 ORI MB B W TR PR T4 M
TEARBIIKN SCERE A, JUHGER AL MB,
3.3 SPAF AR HATIE IR SRR DT
2 SR Bl kA A T AR 56 AR B0 Bk 55 i RS A R
( coronary artery bypass grafting, CABG ) . iX
TR AT & A Jm BRYE . S DR i TR BV i
1 DIBRAE w5 7E MB PN e iR 3h ik i i .0 JLET 4 R
AR B e e R sh Bk B i 0 R R
56 KA A AR J5 A BE 1T 29 60% £8.35 i 9 i AR
M, HEHNRES . DLUm ZVEWA . 167
B AR IR G, o0 M A AT
Sk B )L MB BE T, R s PR R AR
s R IR JE AR T SR, R
MB N AR 3l B E A7 B9 AN B E M, MB AR AR AT
RES EAR PRSI . O EEEFAL . RIFH
3 i A A BRI L AR R AR E IR
iE 1O MB P AR Bl R A TR 11 PR
23— B ™ B RAE X E MB (K
JERT 2.5 em, WEKRT 0.5 cm) | 5K MB
LR BNk BLAR /N T MB Sz i e AR 20 ik A2 1 AR
L ANERFHEA TR S Bk i TR T
CABG J&iRY7T MB & AN ARz — .
1T 75% VA MB 2 ZERTFE S, N ZEFL NSk -
& 1 % 32 (left internal mammary artery—left anterior
descending, LIMA-LAD ) /& MB BF AR
MFARITE . AR IAERE AL SO U &
If MB &, ARJE PSSR BRTT CABG R
TR B DR it A B R GO LA A DG AE TR 1Y
R SR, MB B 5 R LIMA-
LAD FARIFRA RFDN, FERIAE MB [HH
LIMA-LAD ARJ& LIMA Ff ] 28R 1R, 2 4R 2
H40.9% Fe A7 M, T 09 B E LIMA-LAD A
J& LIMA 1 10 41 254 5% X 2622 1 7R
Sk Lo S8 F MB L LIMA-LAD ARJ5 LIMA 7
A BEAFAEAN [F] 1 1L 30 ) 2 el s
58 R W, BiFESZ MB % LIMA-LAD R

J B LA PR ZE ML 5 5 Ve VR A O T
G IfiL P H6 AT 0L I ( LIMA ) A 56 R 3 ik
(LAD) MLRAEW) & H AR SE 4l ML, LT
T i AR B0 ok B A A 7 B 01 Bl KA i A8 Py
TE ML AR IS R I B RN, LIMA BEH i 52

Je] WL, LAD 5 A WL LIMA K2 ) i i ™,
SELAD A B VAR, RATIEN
I A 28 T R A M R S A 3 OO T A
SRR S B N 1 25 . A SCRRRGEFR,,  FiTRE 2
MB A I3 i e ok ok B 8 A S B0t bR 30k ple 2 114
B, LIMA-LAD A J5 8 L4838 4% % 8 3 F
AT ity S WK Bl R B A 1 R P AT RE R ML
AT i e AR B kOB A8 T iz sty e bR 8 ik P R AT
LIMA Bf N JE 1, BT LIMA A (4 52 1) I 37
Bazylev 254 17 #1) MB i LIMA-LAD FK,
6 I AFF I A5 PRI 1) S e i 3, v 4 iR A
LIMA #f 1ML 58 P 2€ . 145 LAt 325, LIMA Ff
BT ML P O, A dBar 4 4 Rram g . DLk
IR, o5 I T BT L PR ) I AT
fig /& LIMA-LAD R J5 #r 145 P 2E %) 3= 22 i 1A
TH SR B A% S ) LA B T 4R R 1M g
T FA 52 MB R FH R B i Dk VR S il B A . K
A R P I A S 3 o O, MB AR/ AR
o R, o8& LIMA 82 K FRE K (great
saphenous vein, GSV ) ML ¥4 0] & A=A 5 2E
A GSV PIZERTAL, XAIBES GSV b B 1k
Rl L A7 5 Y, Jeis LIMA Bf ik 2 GSV #i IfiL
B ARG MR RE IR R TR B 9 TE 68% ~ 94% Z
[E], i fa) JC A W ge itk 22 50 ¥ fedln SCHEk A 48
— R T AR T R ——MB i A, Rk
BGE MK BE LIMA B, 53505 MB A H AT H 4b
AR B KA T oW &, ff LIMA #1058 N )
55 MB 8tk s bk o9 FE AR A, AT AT R S L
AJG 36 H LIMA #f i 4 - #5301, {H MB
55 IR AL TR A3 3R A 15 22 D I R 5
LTI

g LTk, EAK MB AR, (HARER
WET RGP, Bar, GRS T MB
RITGIT e it — TG . 456 SCiik) 4 2 MB
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Postoperative delirium after cardiopulmonary bypass
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[Abstract]: Postoperative delirium is a common and critical complication after cardiopulmonary bypass (CPB) and is

associated with poor prognosis. This review will summarize the classification, pathophysiological mechanisms, risk factors, and

prevention of postoperative delirium after CPB.
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