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Organ damage and protection of extracellular vesicles during cardiopulmonary

bypass
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Expert consensus on leukocyte activation and poor prognosis associated with

cardiopulmonary bypass
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I RN Y AR A A% AL
Ma B ] T Rk N A
b VA LS AR I HAT 0k A A B ]
In SEAREWITRL, 1ESENBL T TR AT AR
®2 GEIESFRIGE L
UEHE A2 TE X
AL LT Bt A BT IR S A AT A B S A
B % FET A BT e (Y BEAILXT Rl WL MBI 5 1 A8l S
C% BTGRP B 54T R Sy

HEEWB: BHEEEH 2030- TRIE (2023ZD0504400-5 )
EZ AL 610041 BUAR, DU JKAAETE R BERRIFRL (KL % .

Be ALatERIEE AR [FZ00 MAR PG BAMNERERIMERR L (oK FEIRTE . X0 W, R )

B =R — R (G )

JE AT W R L AR R XUEERT ) 5 100037 dbat, HEESARE

400010 F K, FKE

BIEIEE: 145, Email: dulei@scu.edu.cn; FUKEE, Email: jibingyang@fuwai.com
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P, o JREE CPB AHOC H ML AL B Bl S LT
FEIT 1

1 BHEBERTEERSTE

1.1 a@wpis %Mﬁ]ﬂ*%%*ﬁ?*ﬁj‘ (Coronary
artery bypass grafting, CABG ) (83, AR 40
RS 1) R 5 AR s I T i R AR T KU 1)
BEIAEOG . AHT AR ITE> 8.1 x 10°/L 5 B AT
B I T A G RIS 5SS 3 R A di 8o im S
JERYL B YT AHC 5 T A EEL A L) ST BRI 5 R
Je U B Bl & A ARG P

AN Ll I T AR AR Hh R A0 i 14025 900/l
5 %= (I AR x 100%] AT TIIA S
P s (SRR & A
1.2 SIRS SIRS HYiZ Wi O IEA TS 48 h Y AL
LI PR OFAIEEcE > 12.0 x 107/L
2 <4.0 x 10°/L; @ WA 4> 20 K /min 2 3 Jik
AR 23 E < 4.3 kPa (5% 32 mmHg) ; @0
#>90 I /min; @R >38.0°C

— B A: SIRS, DHEAR G I AR FIAET KBS
Hhn: AR5 SIRS W& A4 FE 4 B I RE AT I X
BN 2.69 £5 ™1 SIRS HELEHT ] 1 4 K D) R
J5 L B B ST 90 d 7 v iy KU B3 i 4.5 4%, HL
FET KB 10.7 £5 1.
1.3 PHEMRS K@it/ (neutrophil and
lymphocyte ratio, NLR ) ARHI NLR>3.5 5 R 5
30 d NARFFET#DIAE " RS NLR THeE 045
KT LR CABG B R A DA VIIF IR 25411
FOG M, TSN 12 TSR B, AT
NLR F+ & S5 ARG 2 E#i45 (acute kidney injury,
AKT) 1Y % Az DL s 8 1 2 1 B IR AR T & 1
A TEi S R B L IEF AR ¥ & B NLR
W5 1CU I [A) R S5 P I AL [A] SE ARG, HL
50028 R G RRE L BT AU I AR 56 1

WAHPITR B, BARAREH 1K NLR THE
TIN5 L AKT &R, (EANBETII A J5
1 AKI" DA SO P Esh i kA T, — IR Sk
FEkRZEFAR (n=744) WM ER, K5
NLR FE RREFIA S 30 d 56T ", nf b, i
FH NLR ZEFFICo il 48 FARBE T XU 5 T W] Bk =
Fe S
14 F M- ke mie kA bR LA

( monocyte—to—lymphocyte multiplying platelets

ratio, MLPR ) #e 3 4% 40 & 55 #k © &9 Jo bb 4

( monocyte—to—lymphocyte ratio, MLR ) ~ MLPR

FE SCHBRZ AT x 1000/ CIRELA 4L x
MRS, ARETTHE R CPB LIET ARG AKI
T KU R 2R

AT MLR = 0.47 I, ARJ5 AKTR A US40,
HAJG KA OHR M B 28GR 2B IR
I7 BFET I XU o o 127
1.5 MH&wie /C R A& & WAL (lymphocyte and
C—reactive protein ratio, LCR ) 4&‘%?7&’:‘:‘,
ARH LCR B AR AT 38 AR J5 9F 5 MUK, AT
133.46 1] FOLCoIEAR S5 B AR G FET- % P 1
AR AT AR AR S TUS LR 3.

2 EBERSREMS TR

P 20 BTG Al i b AR SORS I R AR A 23

SR R A Tn 7/ I =X (Y R L E A = B O
BMIEAS . A PR R s . 5 At 4t L ) A E A
SRR, R RE ROV PR G E R . A
TR I T 4B AR A . AR A R
FAR AR AR R AR ) = A5 w5 HUS 19
KR
2.1 FhampiicEs CPB B FUE  RAL
TEAAR T A ARETE AR S 5 B W3k 4.
2.1.1 A ECDI/CDIS K% CD11/CD18 K%
£34% CD11a/CD18. CD11b/CD18. CD11c/CD18, 7
HAMETE LG L. Hid CD11a/CD18 £ T 41
B 4N . PR AN M A Rk g0 Rk, 2
RREMILT A BERIGS 2 KA 3 REH M
FI4IAE CD11a F1 CD18 ki @1 hn

CD11b/CD18 3= EE7E H P4 240 A A1 A% 2 |-
#ik, S 5RMAEEE- . HAPSEIH CPB
J& CD11b 3K 1y b 38 I A ALATIE: 20 MRS BT i) 1
s, HFEIRAY F S CPB R I 48 E K A E,
AR Ry HLIS A B0 A . ik LR AR S 9k
o5 AR RN )45 R SR AR P R,
INLFE R ORER T AT, IEBA R A
W—IHF3E & 2 50% Norwood T A 5 LR 4
CD11b 7€ CPB J5 . F F+ =, HIFARR T A 5
AKI &A= P4,

2.1.2 CD14/CD16 CD14/CD16 335 & % 5 B k% 4
MR R T in b . AR LRI RHE AN W]
HR a4y R . 4R (CD147CD167) | HiE]
B (CD147CD16" ) FIEL ML (CD14°CD16™) &

2 MR (] B BAAZ 40 (CD14™ ) HAT 4
RGN, HARJEECE BRI O A R SR
KA B i, v a) Y B 20 A A 3 s 2
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ARG O G BB (R A ST FE B R 2

AR S AR 8 MR B A0 R 1) T TR U 5 R S e
S VRLRT e E RUBS 338 A 2 27, HLmT REML R 76 T
WEE RS EHEN S CD14 8 11 K Toll B2 1441
HAREATW S SME T R R, SR T
RGN, RIS 3h SIRS & A4 P,
2.1.3  CD64 fR A4 T Al 5 B H M Al rh o
Y F R CD64, FEFEE RAE N N ME 4 T
W, KRR AR E AR R . L, CDe4
AR R A 40 TG B SIRS AR ARG -

— ISR ST 40 A P8 R O I 0 - R
BIL (n=201) K, AR5 24~48 h CD64 KA
VRS ARG K A WAL A il 4 1 XU 344 Jn A
P SIS R R, CPB S 3 d Rk
Y L CD64 H5 % [ ( Mk 4 il CD64/ ik T 4 iy
CD64 ) / ( P4 CD64/ FRHERI 4 CD64 ) 13
EORFTIE R, $R CD64 8 5 At s i) 2% £k B3k ]
S CPB J& I 9 E S0 P

5 C- & B % H ( C-reactive protein, CRP)
RS R F L, TPYERI AN CD64 Fik iy IR
VB SR A G 1 R AMEHE AR T Ry T 5 BV Mg A
CD64 FE LAY 5 CRP 7K By 388 vl J T e %
SiE B2 T
22 @i F e e AR ES S CPB B
UG AR SR A AR R BRAZ £ i TR P R A
CD200R ., IfiL ¥ sCD200R 7K LA K CD95 Hl CDI95L
TR LIRS O NEAR G S AE B FE EE S INAH 5 B,

CD163 J 1ML 21 28 i 8 e 24K, A Bz 4

il - B AN S R ARk . —TFSE (n=40)
Won: 53E CPB A L, CPB & S A% 40 il
CD163 ik 35 L, R R34 in B

— IR AR LA BRI SY (n=41) IR,
CD3' T 4ilfifi<1934 1~ /ul, CD4" T 4HBhZfI<1 203 4~ /jul
Al CD8 4R T 4 <327 4>/l S5 A J5 L&
ARG B9, T CD8'CD28” B CD4'CD28™ T itk I 4
LA AT gk 7 AR S O B B ) e
23 miaEiaEtER LS CPB 4G
231 FikfH o E- R (CD62E) | Il & 4
M ZEL BT =1 (vascular cell adhesion molecule—1,
VCAM-1) . 4 M 8] 5 B 53 + -1 (Intercellular
cell adhesion molecule—1, ICAM-1 ) CD62E .
VCAM-1 1 ICAM-1 FZ7E M55 N J2 i 335,
M F AR SN . WBE | R B 2 A5 A i A=
Yt e v,

CD62E Gtk N B2 AL & B, A= F1 4R Y
WILRTR 5 ] VP A0 1) 285 B 43 R 5 44 it 88
B> 7 (SICAM=1. sVCAM-1) W4 3 5 40 j 5
T AL N B ARG B o 3 BB B 4075 B/ E N B
P AN AL AR IRR A o PR 0 0 SRS s R
SN R EA R Y —TOREESE (n=17) &
AR J5 VCAM-1 #1 CD62E #] {4 CPB 5 1 & 35
MRS B R AE AR i Y
232 P-#EHE (CD62P) . I/ — [ 41 il
AW 5 Bh cD62P ik, /N AT 5 o
20 e il PR AN B 5 TR AL /N — 1 A0 R A A
( platelet leukocyte aggregate, PLA ) , Jfif—254¢

R 3 ARSMERREIA A A0 X AT R AR R S R PR

L IEEAFE MR
HEAE 12 BRI AN S 0 5 AR5 T ARE S AL T RS I AR G B II'b
A 20 SIRS A MIAJS RIS . Ot B AVEGAR I S hE LA 22 5 B D RE AT IS T XU n B la
HERE 3 ARATEEARJE NLR Fhm nl B JG 1CU B a] LRI ALA B A e, B AKT, B ERRIRYT B b
MZ R GEIFIAE BB B in
EAF 4: ARHT MLR T 5T AKL, BB RIAYT . (RO 255 AR L R SR T XU R 38 InAR DG B b

i¥: SIRS: B RIAERINLEAAE; NLR: PR Sk tb(E; AKT: SPEE8i05; MLR: SR A5 ik e 4n i (s

&4 RIMERAIS AN bR S S TS

HIY RS HER SRR
#:#% 5. CPB J5 CDI1, CDI8 ik FIAIER JERE SOMFRBE AR bR, H S ARSI REIEAAX B Ib
HEF#E 6: RJ5 CD64 FRIkHG N5 KUK HE AR G C Ib
WEHE 7. FIAIRIGALARES) CD163 Fik k5 AR5 48 AE S A 56 B Ib
Wt 8: ARJF CD4/CD8 HAFRAICIS A i I e KU C Ib
#e#2 9. ARJF CD62E, VCAM-1 HEANFIA G F WM it FEAT A E C b
He#72 10: CPB J5 sCD62P e EEHE M ARG PLA FHim S5 ARG OB AT S . ALT 50 AKT U AR G B b

7 . CPB: UG ; VCAM-1: MAF4RMEE 0T 1; PLA: /MR - HAIIEREER, ALL: ZVEMifidi; AKL: 22k B
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SN b, AR PLA B9THE 5 AKT LU 3 4
LR AR AR ™),

WFC A, STV P- PEHEZ (sCD62P)
7 CPB {SHLI R, ARJ5 8h BET & Y. CPB G
SCD62P el T 5 7] SEIET AR . (RER AR AN
ZMER A (acute lung injury, ALL) 1 XUSH4 N o1

3 EBERERNARETFERE

308 A I 9% T 4 B %) 45 o 241 B X 1A By
FHMH
3.0 AR T WA A0 R e R
(CCL2., CCL4, CXCL1. CXCL4. CXCL8) fF ik
— SR AN A T TR Y P
WEH -1 ( monocyte chemotactic protein 1, MCP-1,
R CCL2 ) 2 Fh PN R A AE S PR R 7= A g —F
. RIS % MCP-1 BT b al 8 hn & A
AKI XU Y5 HPRWE MCP-1 /K E38hn 5 AR J5 18 1k
B KU A G B2
32 @a@iei4 (intedeukin, IL)  FA4UEELS
RO IL 28, Rk B R THm 5  ARs eRs
FERIEMIDC. HRMFSOIEIE 2 A0 )E 11-6 5 11-8,

ARG TL-6 ACFH NS FARBIZET % | it
BRSO TIRERL A AKT 9 & AR m YA W, |
AT Z 45 H IR A LR AR . FEARE . A5
YePh AR 30 d FET XU 4,

IL-8 Jhy 11 40 Jifd Ak B . A8 /N L0 IE T
AR kB, ARG ICIE 2 LT 1L-6>293 ng/L 5§
IL-8>100 ng/L, &= AKI 2~3 ZLAY UG 23 5134
ALY, RE IL-8 K F T E iR SR G
O DIBERERT . 1CU S [B) A B Ao 1] 1) 2 4 ) R
BEAIRIAET - S IE AR E

BEAl, BRA M FH A PR B4 ARG I 245 25 o LAy
5. B4 IL-6 F MCP-3 A] FUl & 45 .0 I T AR A
JRIE MR W B IL-8, CCL3 FIAE % Al 1
ML IEFAR G 245 B DIReRrg iy & 4 1,

IL-10 /i £ Fh &6 & F0bk B 40 i 7= A=, 4o

CD14°CD16" 4t i A 151 T 4Hffd. 1L-10 4F R &
BLPTAR AN IR -, AT b MR A A 5 PN R 4
MIPA AR, IR e gEThae. SR, —ITH;
BEME SRR ST 0 A CABG H 3 (n=32) KM.
CPB JF I H% IL-10 & BE3E i SR J5 O A R 35
R BRI BSRFAN ALL 0 % 25 I F A Ao B,
33 TR E@MEVIKBAEXERZRES
( neutrophil gelatinase—associated lipocalin,
NGAL) CPB . fJEF AR, it 90% 11 i 3
NGAL U5 T pkr 4 i 7. — 3540 A 52 T fiff
FEHIZERSHI L (n=13040) , R ¥ A1 1ML 3
NGAL ¥ & 7T FH 15050 AU AKT™ .t 5 BfF 5%
K, CPB T 6 h JRUE NGAL ¥ B 14 fin B - ifi 75
JULEFZKSE 34, I ] 54 S0 B A0 Ik TR fR
AKT 9 %15 ) — I iR DS A S K 21
PRUE NGAL B LB /NE s, 5 PR B e 340§ -1
AT, P ERG I AKT (9 44 B
WAWFFEINH, NCAL/ FFEE 1 -25 i AT
AR G AKT B3, ARG AKT A B
NGAL BEA R TL-18,  JUIA] S8 - Fim) AKT FiH:
AR RS P
3.4 T EM CD40 Bk (sCD40L)  sCD40L 7E
T 240 M At R G AL B R, S5 RIE M
RER . TE CABG 1, AT sCDAOL 1 1= 1Y i
RS5O BBl ry KRG 1.97 5. HphARJE 6 J4
TR0 s R, sCDAOL K3 i B2
3.5 Fas A B Fas WA APO-1/CD95, J&—Fh
iz RN EE N, 8T IR R T 32 ik
Fe, HiEid Fas/Fas BRSSP T, ONETF
REEARSG M Fas KT8 & FFAAT, Hig
(B A A B 1 =5 S K BEL T o) A 8 AR S
CPB AR J&5 F 4R MAR AR ML P+ 5 15 L3R 5.

4 BHREBEUENEMRSESTE

4.1 o AW o F 8 B B ¥ —1 (syndecan—1,
SDC—1) HKJE M3 SDC—1 A4 2 it &b 35 5 [

&5 MIMEFAS AR T 5 U5

Y RS SN
HEFE 11 BRI MCP-1 FHE SRS AKT sl B KU S AR G B Ma
WEFE 12 M3 TL-6 A1 IL-8 K V- Th iyl AR 5 R . ITHRERRN . AKT, Z45E DIREREFFIAET- 1) & A LA B Ma
KA B st ] ) SiE 4
HERE 132 PRV IL-18 FHEMTHIMAG AKI, #B4 NGAL FHEBNECR L, IFn BN R BUs C b
Wtz 14: RIS IMZEAPRIE NGAL FHim nl F 00 AKT, 0] 5w/ Vg% B lTa
HE#7E 15: RIS Fas K3 Ia] 14 900 KN & AR C b

7E: MCP-1: Hgiffiiafbd s -1; AKL 205 IL: BAE; NGAL: PRI A DGR TS 4R 5 Fas: —FPREASE A
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R 6 MIMEIAE AR HAUAR S S R

iy AR R
X2 16: ARJ5 SDC-1. VAP-1 IRJEIE 5 AKI 19K A=A ¢ C b
42 17: RJG sTNFR-1 AT REZ O AEAR 51522 R TEHR b5 C b
¥ 18: CPB J& 40 min 5 20 min BHEIR T ofDNA 25 (85 AR 5 4N M8 WU . WML SR 1) AR C b
52 A ) S5 S L
HE#E 19: ARJG MIF Frs SATIRERERR . O NUEE D Resm il AR B Ma

i SDC-1: IS BEE > TR MR —1; VAP-1. MAFEMIE A -1; sTNFR-1: A% ME MR R AEIR T2 4K -1; ofDNA: 4 iz 2

DNA; MIF: HWEANT RS0 K7

BT, HIRETEBR ST & B, 78 CPB .LJIET
A SDC-1 #IE S5 RYER T (1L-6, TL-8 I
IL-10) ACFARE ™ ARJFER 1 K SDC-1 ¥ JE
5 AKL &R ™Y,

4.2 f F 4 W& 8 —1 (vascular adhesion pro—
tein—1, VAP—1)  [IBRPEATFE A B0 HET AR B H
CPB J& 12 h VAP-1 K-35 W] AR J5 72 h A
AKI iy kA ™,

4.3 TN IRIEF AR —1 (soluble tumor
necrosis factor receptor I, sSTNFR—1)  —IiFjHEM:
BAFIWFSE (n=318) KB, ARJ7 sSTNFR-1 AJfigJ2
T IEA S 8 22 AT AEFR 7 P

4.4 m i % B DNA (cell-free DNA, cfDNA )
ofDNA = 2 ¢y 2k 40 g R it £ 4 Uk T, CPB
BEE, TG H ofDNA K8 A0, 2 3 3 bkt
JICE, K V- 35 B W R, — T00EA O S 2 BA )
i 58 (n=71) % ¥, CABG & & CPB Ji7 40 min
55 20 min BHEFRH ofDNA 225 ( AcfDNA, ) 5
HNRIMAE RSB KA . ARJF AL SCRRR ], ICU
155 B S TRD RV B sf (] 2 67 AH G BT

4.5 Evmfeit A4 BT (macrophage migra—
tion inhibitory factor, MIF ) MIF J&—FhE F1f 4l
Rk T RS R B L e S U 6 o
TELHEFARBE B, AR MIF J+5 5 CPB &
Jili Dy g B A5 19 &2 A= . LS Z T (troponin I, Tnl)
18— SERTFIIREE TH AR AR MIF [ AR
AT BRI WU AR D RE B IRAMIE IR AR IS 1140
TR HA bR & 5 BUS W3R 6.

5 %iE

FIA TG A CPB 1 O JIE T ACHH S S AE SN
AURFIEVERR B, Al A SO R A 1~
HEHMgM e XA EYE—ERE 5
CPB A YT HASC. A, Ml 5 20 B 0 A pm
YA, XTI CPB g XU R . R
THR T A E EEE L.

MzgnpsE: Jo

E—HEAN: AR

HEMEAN: FlbkiG . FEE. QIR
M, WEGE . XIPkiE

B M UK

WIRER (LRBRHEFHR) « BRI (B
BEER MR e B be ) |« AR (DUIRAEAE
PEEERE ) | B e (BRI AR 22 DR B ) |
BEEE (CEHREERR M m 22 el ) | #85 ( b
MLl R A M R REEBE ) |« W UkEE (R E R
PHeBe BANERE ) | ZAmig (I ERR B B
SPEEBETRINEEBE ) |« B dRbE (SRR —
MHmEERE ) « 2F (R [RIF By Be ki
JEPAIEERE ) | ZERk (B H RS Rl BEbe )
I SN NREERE ) B4 (TTaa AR
Bebe)  XUPL ClIARRAFr & b ) | Xife (5
DU CHERGEEBE ) | SR (il R = B 25—
BEBe) . Rih (mmd RN RER) « £
i B KA E R 2 e i L R 2 )
TANC R IEZ BRRE ) | s (R RHEEBE ) |
MR (REZERE RS MR ERE ) « BEbsH (U
NIRAAAEPE B BE ) RRERBEC R RSl — B )
VPSSR QIR L BERE ) il (BT IRt
JECMAERERRE ) | BB ()7ARE AREERE) |
B2 CEEREERI AR 2 ot pe ) |« RO ()
KAENRERE )

ERER: BERIY (EEER AR
ZytlERE ) « ER CEARERM - MR b 504 it
Bebe)  mUL (PUJIRAAAE PR R )
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UM EEROE ATR 3 B ke )2 R i FH Y
I PR 5T

BmEk, BEE, K &, R OAx, 2 M, T B, ¥ #

[HE]: BE 1AL del Nido S S & MR T2k A B Elk 22 TARKOIUA SR, Ak [k
AIHT AR TR = AR EERE 2020 4F 1 ] 2024 4 8 F N &tk A B EShkJe 2852 22 AR B 151 BB E . MRIEA
rF SR (R D PR AR e S ISR 2. (f55841, n=95) Fl del Nido (54534 (DN 2, n=55) . RAMEMAENE 1:1
PERE, SR ARRFIA PIEREEI ) 2 AUREAAE B, BRI AR 48 h JUBRILHIF T B (CKMB) | EHUIL
FERH (HS-TnT) o REMFFTLAFEARST 48 h ARG ENE (LDH) | WIRREE (CK) | o- BT RIEN (o-HBDH) |
AJG 48 h ZZZ G340 (LVEF) | HUHGESHTE] . 1CU 45 B . XERTTAAAE T CKMB>4.87 pe/L A9 85 902 537
LER A EVCEAS R 2 248 32 BIREAS, AFTARGHIZH 48 h CKMB., HS-TnT ¥R FL 25 (P>0.05) ; KENIY
LIRS o WA HIARRT O B E (fE5241 n=66 ], DN 24 n=19 ] )R )5 48 h CKMB( P=0.086 ) . HS-TnT( P=0.103 ),
BTS2 25; CK (P=0.042) . LDH (P=0.001) 54 W& & T DN 4H. 4518 del Nido (S HRBURIE S & 1115
BTN T A R E e 2 BB AL O SORAREL, ST DA A9 82 del Nido (S AT RETT A 5

[ K4IR | RIMEER; del Nido (5 & M, Stk A BRSO

Application of del Nido cardioplegia in type A aortic dissection surgery

Gao Lanying, Bo Zhiyuan, Chen Jian, Chen Jie, Wang Wei, He Lin, Jia Bin
The Third People's Hospital of Chengdu, Sichuan Chengdu 610000, China
Corresponding author: Jiabin, Email: 631636984@qq.com

[Abstract]: Objective To compare the efficacy of del Nido cardioplegia (DNC) and conventional blood cardioplegia (BCP)
in myocardial protection during emergency surgery for acute type A aortic dissection. Methods A retrospective analysis was
performed on 151 adults undergoing emergency ATAAD repair at Chengdu Third People’s Hospital from January 2020 to August
2024. According to intraoperative cardioplegia, the patients were divided into BCP (#=95) and DNC (n=55) groups. Propensity
scorematching (1:1) generated 32 matched pairs with balanced baseline characteristics. Primary endpoints were postoperative 48-
hour creatine kinase - MB (CK-MB) and hy-sensitivity troponin T (HS-TnT). Secondary endpoints included postoperative 48-
hour lactate dehydrogenase (LDH), creatine kinase (CK), a - hydroxybutyrate dehydrogenase (o - HBDH), left ventricular ejection
fraction (LVEF%), mechanical ventilation duration, and ICU stay. A subgroup analysis focused on preoperative myocardial injury
(serum CK - MB>4.87 pg/L). Results After matching, no significant differences were observed in 48-hour CK-MB or hs-TnT
between BCP and DNC groups (P>0.05). Secondary outcomes, including LVEF , mechanical ventilation time, and ICU stay were
comparable. In the preoperative myocardial injury subgroup (BCP: n=66; DNC: n=19), CK-MB (P=0.086) and hs-TnT (P=0.103)
remained nonsignificant. However, DNC demonstrated significantly lower postoperative CK ( P=0.042) and LDH (P=0.001)
compared to BCP. Conclusion DNC and BCP provide equivalent myocardial protection in ATAAD surgery. However, DNC
may reduce postoperative myocardial enzyme release in patients with preoperative injury, suggesting its preferential use in high-
risk cohorts.

[Key words]: Extracorporeal circulation; Del Nido cardioplegia; Blood-containing cardioplegia; Acute type A aortic

dissection; myocardial protection
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AP A B 3 3 Ik I 2 (acute type A aortic
dissection, ATAAD ) J2&—F /™ 5 /.0 M55 B0
ATAAD [E By W58 10 B8 o om H R IR 32 29
12/100 000, I 474 K K45 2] S B ROIE 19 B
FIAET-. % T ATAAD, —%£ & 40 F AR
w7,

TR, s BKBEBE R, FES
oy B I F s ke 2 8RR s bR 7T EAFAE L
WU, PR GRS e B2, AaE G
I A5 RO TF- AR MR 32047 5 £ B4 T I 7 2
A IEMFEM . del Nido (R —FP AN RSN L
WY, el FHF /N LOIESNEFFEAR, 72 4)
JLUETFA Y del Nido U IREA5 835 B U v ] 412
PR IR 180 min B A O AILEREY ), J5 kg i n
T RN OISR T ST LR E N A2 s
¥ del Nido AN FH OO RSN, 8K
RRYE, BXTFHHT ATAAD BE 22 FARM
FHRIFR D

1 #REHFZE

1.1 AFRARE AR EEM: . o iis.
WA AR T A — N R e O IR I 48 A RE 2020 4F
1 H %2024 48 HFARHK ATAAD ¥ (n=151) .
PAFRAE: DFR=18%; QKFE=40kg: B
ARHTIZWih ATAAD HAT 22 F ok E#HRA; @
AR i del Nido #5485 48 & A5 4. HE
BrbndfE: OBFLRSE L Z; QRIWITH I3
Wk LB AR FARE ;. OB/ IR, iR ol st
I B SERRR T LA s DO IETF AR B
OARFAELEISHEETEARE ., AHRE
PSR RCER T2 = N RSB AR RS 51 234t ([2023]
S-183 %) .

1.2 AR A E R ARG I
W (540 ) 5 del Nido 5% (DN 4) fhik
BT REE IR BT R &, AR50 & s P .
rnfA R 1:4 , del Nido #5400 = ARy 411,

PR ZE A S AR TRE D7 TR L3R 1 ZE T 32 3 IR BH I
J5 DM 4 28 3 S KR SRR 3 kO 1
AT HETE . AL 585 A5 P W A6 WE T ) (45
FOE R R G AR ) A 150~220 mmHg, L
16 sl 45 1k J5 1 R 1 A 150 ~200 mmHg 4 £33
£ 5~8 mine FUHEFER Y 20 ml / kg, HLUKH
KHIH 2 000 ml, 30 min HE T —IK, &
A bk E 43 i R, AR M R (O T 4
5 7E 150~200 mmHg ) ; del Nido 5 4 ¥f 28 ¥ 3
Jhk AR ERHE v e 1R 200~ 240 mmHg, 2 IE A e ik
F 53 BV FE BT R 78 170~ 190 mmHg; & 7 524
20 ml/kg, PAYKEKHE 1200 ml, % 60 min T
HET—IK

1.3 FAREREG X A BERMNESHRE
BRI, AP LINIAEY . #7275 K . 43 RFEPKIE |
IR il fe L TR S AR R IR . TR A
RN TR IE PO AR, 7R B IR AT AL BE L
1] >480 s J5, Zrol 2 ek sl ik / 26 506
B KRN 1 B E K /o0 B SR A N0 I i
( cardiopulmonary bypass, CPB ) , BT E Bk,
IGUA S 88 T MR A5 PR A R 1, 58 LT AR A
JG RO, 20 lE 78 43 HE SRS i SH
8, FIHMT0FR. MR EEHE CPB 45T
WEAPAMFRG, LSCH%R ICU, CPB
O JUORAP (7 FH 8 ] 2R VR s 2 = T St AL A
XA G, I Bk Bse, ST
A 4000 U,

14 FRR& & FEHFAL: AR5 48 h LR
P4 TR ( creatine kinase isoenzyme, CKMB ) Fll
EHOIEEE A ( hy—sensitive troponin, HS-TnT ) .
WEWF 5T 2805 AR5 48 h ZLIR W 20 (lactic
dehydrogenase, LDH) . BRI ( creatine kinase,
CK) . o- % T M i % B (a-hydroxybutyrate
dehydrogenase, o-HBDH ) | RJ5 48 h £ % 4 [543
B (left ventricular ejection fraction, LVEF ) . HLA
AT ICU i)

F 1 AL S MR del Nido B8 ST (ml)

g4 DN 4

FLRREAMRAE I (U )IRHE ) 500 ST HUAR I S (EFALJR ) 500
10% S AL 3.8 10% S AL 10
5% iR M 10 5% BRTR SN 11
25% iR sE 1.25 25% lRtE 4
20% H i mE 8 20% HigEE 8.15
2% FlZ R 2 2% FZRH ( 3.25

S ARG S IR M S AL 124 5 del Nido MR SR 4:1; DN: del Nido fZ40%
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1.5 kEair IARBEHE TR REME LA A
F2EGORCERI L AR R B ) B IFBm (&
IMH . BEPRI ) F ARSI ARAI 7k ( CKMB
HS-TnT. LDH. CK. a-HBDH. B EFI4M KRG .
W& (myohemoglobin, MYO) . KRITA AR
FILFEREME . BRF5R)E . LVEF) | RilER 7R
(CPB B[R] S BKBEW ] . AR BREE |
AshE k. JEIFTaE ) |« RIGIEIKTER (R)5
B0 B BN ICU HLAGE < |) . ICU {5 B
WA . ARJ5 48 h 172 h LVEF., f¥pe K%k, ¥
W) FARFE (FFEIPREIRA + IMETFR
Bentall+ VR TR . F+ 80 JPKCE R + AR IR
K)o W2,

1.6 %it 5 oA i G 1H2% 5 SPSS #
29.0 WX, SR BT IR BT A IR AT R
BRI + brifi2s (X +s) SR AEAPY S
BIM (Q1,Q3) | Fom; /dAra g (E5y

F2 kAR Z

) [n (%) | FoR. WEMHAZETE, fFEIE
B ES A R A I a2 5%, R
FFEEA A B 22728 7R F Mann—Whitney U £
5, o RERR R, MM ARTTA
FRAFAE 225, KA 1 1 a3 DT i s
BEARFTAR RIS E o XA IO WL 1 &
HHATIAH T, P<0.05 HEFAG L,

&R

2.1 BEHFH L 151 B AR E AN, H
HLgid v 95 il 61 1] (64.2% ) 1 DN 41 55
o 34 6 (61.8% ) BFEATARESNIKS EHRA,
FrA BEAR G YA B 44l S DN 41,
ARETN FFRHIE S IHE SR T2E 2 5 (P>0.05 );
AHii DN 26 CKMB ( P=0.001) . LVEF ( P=0.021)
AL G4 s HS-TnT (P=0.012) AL 541K,
AJ5 DN 24 CKMB( P=0.001 ), HS-TnT( P=0.018 ),

2

RAE ARG PRBOR

) VC L i VT e fe
A H
B4 (n=95) DN 4l (n=55) PfE 45 (n=32) DN 41 (n=32) P
N TRFAE
B n (%) ] 58 (61.1) 37 (67.3) 0.486 18 (56.3) 20 (62.5) 0.799
AEIB[% .M (Q1,Q3)] 58.0 (48.0, 66.5) 550 (47.5, 62.0) 0478  55.0 (45.0, 68.0) 54.0 (46.0, 60.0)  0.577
kg, M(Q1,Q3)] 64.0 (550, 70.0)  65.0 (60.0, 76.0) 0.97 60.0 (55.0, 70.0) 67.0 (60.0, 77.3)  0.110
Bilem, M(Q1,Q3)] 1650 (1560, 1700) 167.0 (160.0, 170.0) 0240 165.0 (157.0, 169.0) 168.0 (162.5, 170.0) 0.106
BIFBE [n (%) ]
MR 89 (93.7) 53 (96.4) 0.711 31 (96.9) 31 (96.9) 1.000
eI 40 (42.1) 18 (32.7) 0.298 12 (37.5) 7(21.9) 0.274
ARHIEARAZI M (Q1,Q3) ]
CKMB (pg/L) 8.10 (3.49, 12.50) 3.01 (1.49, 835)  0.001  7.01 (240, 15.82) 3.63 (144, 8.62)  0.167
CK (pg/L) 89.40 (52.65, 153.35) 76.00 (45.00, 11525) 0.195 97.20 (29.50, 306.30) 92.40 (55.70, 213.50) 0.75
LDH (U/L) 20130 (15430, 308.40) 19420 (14625, 332.50) 0.553 289.80 (155.80, 452.20) 21835 (148.00, 404.60) 0.256
o-HBDH (U/L) 132.50(108.40, 191.95) 139.0 (102.85, 192.25) 0.995 148.30 (98.00, 193.20) 132.50 (98.00, 193.20) 0.224
BNPSTAT(ng/L) 136.30 (59.30, 353.90) 129.20 (41.75, 354.90) 0.682 182.50 (55.45, 384.60) 15835 (7230, 3667.60) 0.479
HS-TnT (pg/L) 96.24 (13.14, 427.150) 27.00 (9.83, 86.50) 0.012 135.70 (13.16, 382.30) 37.10 (9.16, 226.20) 0.149
MYO (pg/L) 98.60 (29.07, 321.15) 39.90 (26.80, 235.25) 0.104 105.30 (27.20, 441.80) 97.20 (29.50, 306.30) 0.447
PCT (pg/L) 0.21 (0.07, 0.72) 0.18 (0.06, 0.95) 0919  0.72 (0.18, 2.13) 0.23 (0.06, 1.06)  0.116
AST (U/L) 24.10 (19.40, 44.15)  28.00 (20.00, 50.50) 0.453 33.60 (16.90, 58.50) 24.65 (17.80, 55.30) 0.757
LVEF (%) 55.00 (50.50, 58.00)  56.00 (54.50, 58.00) 0.021 56.00 (54.00, 58.00)  56.00 (52.00, 58.00) 0.746
TFAMIE 7 (%) ]
AAR/VR 76 (60.8) 19 (76.0) 0.178 30 (93.8) 30 (93.8) 1.000
AVR/ IMETFAR 48 (53.3) 47 (783) 0.002 25 (78.1) 25 (78.1) 1.000
AAR/ FNEFA 61 (70.1) 34 (54.0) 0.059 6 (18.8) 4(129) 0.732
iE: CKMB: WURRAGR T/ ; CK: WIFRWMES; LDH: FLRMMMARS: o-HBDH: o- 3T WML AR: BNPSTAT: B BUF|GHKHET{&; HS-
TnT: BHIESHEN; MYO: WIZIEM; PCT: BRESZEIE; AST: RAERILEM; LVEF: ZAZ=FMmaE (HKAICU) 5 AAR: Fh&

SkER; VR: RBEES; AVR: TdlkE
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LDH (P=0.001) . a-HBDH (P=0.030) . MYO
(P=0.025) . CK (P=0.001) ML T1E5:4; #l
PR (P=0.031) & 8cdlm. MdTHE5)
JDK BELIBT B 18] K2 1CU 45 B8 Bsf [] 130 0 {8 2 e 1o 25
(P>0.05) . W2,

2.2 e EEL PR 101 RS
VERC, 19EIMZ 4 32 il . ARuTAR T BERS I

G225 % (P>0.05) o 1548240 % DN 4 A
Ji CKMB (P=0.573) . HS-TnT (P=0619) FI
LDH (P=030) . CK (P=0061) . a ¥ T % i &
fii (P=0466) . MYO (P=0.530) . ALE A
(P=0.641) 0 EZER (P>0.05) . WE 3 FIE 4,
23 RET<MB4H &L AHH  ARATMTG
CKMB>4.87 ug/L. Ji 85 ], HrP{&441 66 4,

R 3 bk A BEB IR B AR AR REOR

Vit i N
AR H g (n=95) DN 4] (n=55) P &5 (n=32) DNl (n=32) P
CPB /] [min, M (Q1,Q3) ] 1990 (1545, 227.0) 2180 (181.0, 2605) 0.018 2130 (1755, 2445) 2140 (1640, 2380) 0.783
AAC IJJa] [min, M (Q1,Q3) ] 1220 (97.50, 1530) 13300 (1070, 1585) 0.170 1305 (100.5, 1445) 1275 (1045, 1445) 0.559
HBBRE [ n (%) ] 78 (82.1) 48 (87.3) 0.492 25.0 (78.1) 27.0 (84.4) 0.750
HBhEBk [n (%) ] 16 (16.8) 6 (10.9) 0.472 6.0 (18.8) 40 (125) 0.732
JE AT [min, M (Q1,Q3) ] 610 (450, 960) 72.0 (52.5, 100.0) 0.029 66.0 (55.0, 104.5) 69.0 (52.5, 97.5) 0.648
7E: DN: del Nido MW ; CPB: O AAC: TF3:shikEHIT
F 4 LAtk AR EDIRIE)ZBF ARG G IRTER
DEBCHT NGV
AR 54 (n=95) DN 4] (n=55) P& 14541 (n=32) DN 4 (n=32) PE
I RAGIN M (Q1,Q3) ]
LDH (U/L) 395.8 (267.8, 586.3)  284.0 (223.0, 379.3) 0.001 310.8 (223.5, 460.1)  273.6 (220.0, 380.0) 0.340
CK (pg/L) 152.0 (81.0, 225.0) 98.7 (54.6, 168.5) 0.018 136.9 (67.8, 211.4) 92.6 (32.0, 156.0) 0.061
a-HBDH (U/L) 25235 (20195, 32803) 22670 (171.00, 27890) 0.030 24175 (186.85, 287.70) 224.40 (181.20, 261.70) 0.466
BNPSTAT (pg/L) 189.95 (110.87, 41822) 264.75 (124.90, 550.80) 0.285 226.30 (90.20, 480.15) 264.75 (142.80, 450.80) 0.736
HS-TnT (pg/L) 42495 (200.97, 851.62) 276.00 (36.75, 725.65) 0.018 289.40 (132.10, 732.80) 300.70 (32.50, 725.00) 0.619
MYO (pg/L) 347.6 (173.5, 705.1)  259.0 (56.5, 400.7) 0.025 318.1 (108.7, 728.1)  317.0 (67.8, 430.0) 0.530
CKMB (pg/L) 18.66 (10.04, 35.92)  9.10 (2.65, 19.50)  0.001  11.40 (7.06, 23.26) 9.62 (5.00, 2022) 0573
PCT (pug/L) 0.52 (0.21, 2.00) 0.90 (0.33, 3.59)  0.087  0.94 (0.36, 5.32) 131 (0.36, 427) 0877
AST (U/L) 59.25 (40.03, 82.84)  55.00 (34.10, 89.30) 0.833 51.50 (32.30, 94.90)  45.00 (24.20, 97.00) 0.732
ARJGIARZR M,  (Q1,Q3) ]
R [n (%) ] 92 (96.8) 54 (98.2) 1.000 29 (90.6) 31 (96.9) 0.613
MG R (d) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.031 2.0 (2.0, 5.0) 2.0 (1.0, 6.0) 0.641
ICU {5 #Hstfa] (d) 5.0 (3.0, 7.5) 6.0 (3.5, 8.0) 0.142 6.0 (3.0, 9.5) 55 (3.0, 8.0) 0.919
fEBERTT] (d) 23.0 (18.0, 30.0) 20.0 (155, 27.0)  0.076  21.0 (17.0, 26.5) 19.0 (15.0, 24.5)  0.279
48 h LVEF (%) 55.00 (50.00, 57.50)  55.00 (53.00, 58.00) 0.089 56.34+526 (Xxs) 56.19+5.15 (Xx+s)  0.930
72hLVEF (%)  56.00 (53.00, 60.00) 56.00 (54.50, 60.00) 0.942 57.34+3.83 (¥xs) 56.94+5.59 (X+s)  0.565
fEBESEAH (5ot)  19.57 (15.05, 23.99)  18.93 (1522, 39.89) 0.643 21.93 (1539, 26.12)  18.57 (14.69, 24.66) 0.361

7E: DN: del Nido C>JEfS ¥ ; LDH:

FLRME A H; CK: WUFR#ME: o-HBDH ;

a- F TR E#; BNPSTAT 5 B BUFIHAKATIA; HS-

ToT; EEAESE; MYO; WILIEEF; CKMB: WUREHEER TA; PCT: FREGZET; AST; KAEIRFENE; LVEF: A% i/4L
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DN 41 19 i, PRZH N HRRE . G IF5E . ARHT MK
g, FAMIE, REEH LR ERITY 2R
(P>0.05) . AR J5 CKMB (P=0.086) . HS-TnT
(P=0.103) H LB E5IT¥2%5; £44] LDH
(P=0.001) . CK (P=0.042) # DN @555 ML
WAE (P=0.013) % DN 4/, P ARJS 48 h
LEVF. ICU {58 i}a] . a—HBDH ¥7C B #8511 #
25 (P>0.05) , W5,

3 iHig

ABFFERIR, del Nido OISR AT 22 4 1 F
ATAAD 22 FAR, HS5E5E MFHBAHL, P
FxHEE ARG CKMB, HS-TnT /K TE 0525
del Nido #5# ATREXT AT G IO WU A7 1) 5 T
Hif, BARAWAEBELRI2ES, (B2 DNAAR
J 48 h LDH, CK K T1£4:4.,

del Nido fEHE% 77 52 T LIGE# ) 20 42 90 4F
), S DC2EER K24 Pedro del Nido (4% 0
K B B RO A LR O AR BET
) 2 B 0 /N LR GO FILAS RE R 52 22 U8 1 )
AR del Nido (54880 — i LA s 41 b SE Atk
P R B AR, EA i i 32 B ) 4 4 AR
A, BAYRPETE AT TAIRG 90 2 120 min LUEESR I
B R TR SO WL PR, B
T R IRECR . SeriiF AN i MLZ0 i
A BAO N FEEANTR], 31X 530 del Nido O JIE
15 ) AE B O BETF AR R R Z . (H
i 2 e e 1l PRV TR ML R ST TR A, B TR
B WIATRATE S5k ot P9 T 52 403 1 e 5 2 4 LA
M, B 2011 AERR, 120 05 O JF LR 18
del Nido 0o IEASHEE LIARAS S AF O LGRS, AR
HHETTE ATAAD FARUSE ] del Nido Lo EAFHHIK
FIBIFFE AT B2

VY% 2830 K2 [ B e LA AR 2021 4R (1)
—IRRFSE, it del Nido LMEAEHHRAE ATAAD F
AR ELO IR, FE90A 150 6] ATAAD 2,
WFRE51E4 del Nido CHEfSHHEAE ATAAD F-AR
AE T 4 b A O WU PS8R, HABINAR J5 &
RER R A, BT OR . SEERT ], AR T
et ERRE Y, 2022 4F K e PR Keg2AdR b
H)—TEY, T2 AR MIEER T 1) ATAAD
FAREH, HE del Nido {5 A HTK {551
JHF ATAAD FAR 0 JILER 3 R0 AT R T
JE RIS, 45180 del Nido {58360 T ATAAD
5 HTK (S HCA AU O LR R, BRA

T O I 1 B A2 Bk R AR 4O I R e A
R b2 vl I Be 0 IE MR G FAE 0 (8] B A
5% 7 2018 4F 3 J & 2023 4F 3 JI {EARAMER T 47
B JIE R M4 T AR L 38 3 bk BT 5 6] > 90 min
(B, WFFE S SR B del Nido 55 H % 4
ABL, TR AR LA D LR PSR
HoAE s . A sh & B w80 g
] P — T B U I 9T SR A 50 151 ATAAD Hi,
A% HTK 54 5 del Nido #5  7E ATAAD 0>
IEFAR AR, 2553 R del Nido (54835 10
T ATAAD B} 5 HTK 45000 VR SRR AR L,
5 4 5 AR RORE L EL A T e RO D B B AR Bk
RFNEAR IO NEIF R AE KA, 53— s A
JBPERFIEAA 60 BIEE , HLBAL GO NSRS
del Nido {548 T ATAAD T AR kO UL {23
ROR, S50 R AT R R BRI AR R 5
HIBE T del Nido 4, HahE PR AT,
HoAbIE KRR TE W E S22 7. DL ER S
AR —E, del Nido F5¥ 51E50 & i /54
B IR CRAR L B,

FEARGEH, FRBIOCTE T RAT CKMB 3 547
TEC ARG B, A2 2 1 48 h s
Hls, H 4 Ko Lk ok (il 18 M Rih 2k DA
BEMRET, LR TRZXEEERE . R
Hi CKMB 4 =5 7] R 5 ATAAD & 3F & ki i %
ATAAD &I bR B 53 3 B, A Y. 2
&R B KIT 1 Ab g e J2 B s B Y. e 2 Ak fif
e AR B IK A T4 C Y RS KA IE
Sy B A B

A AT CKMB 4 5 = & vl ae e k32 &, F
AR RN, FET-R i m T, 2022 4 H AR
B BRI 220 A8 AR — AT 5T LA ATAAD A
A A I CKMB T 9 F AR S5 R, 45 R BoR
ATAAD B 5 8.0%, 62% Ay H# K0 LSk I
HEL CKMB FH&, D HUESEA S8 T8 8 3 & T
RS . N30 2 R AR T4k K
T ATAAD B R 2l Dk 1A BB A5 b
PR R LB, 2PER S R AN B &
R 13.4%, SHEFERIET- M (18.2%
vs. 7.8%, P<0.001) , X T ATAAD & Ff w4k 5l
Wki5ith (98.5% ) FIKZ%L B BUHAE (72.1% )
TR KB R R, ST AESEE R B R
B (232%) META CHIEE (100% ) 157k
Sk AR A SR ZE Y P

AR LM, X T ARG 2 ATAAD
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K5 Sk A BREBRKICE BE AR T >4.87 ng/L 7020 J5 A I FRFORE

34l S (n=66) DN W4 (n=19) 2/tfx P
UNELES0S
B n (%) ] 41 (62.1) 12 (632) 0.007 1.000
RS (%, Xxs) 56.98 + 12.62 55.63 +11.30) 0.435 0.665
KE (kg, x+5) 6521 +11.16 67.24 +10.86 -0.400 0.690
5 (em, X+s) 165.34 £10.14 167.21 £ 8.69 -0.429 0.669
M [kg/m*, M (Q1,Q3) ] 1.70 (1.60, 1.86) 1.73 (1.68, 1.92) -0.679 0.497
BIFBNE [n (%) ]
HEVRI 62 (93.9) 19 (100.0) 1.208 0.571
o IR 30 (45.5) 7(36.8) 0.445 0.604
AHIRARRE M (Q1,Q3) ]
CKMB (pg/L) 10.80 (7.80, 16.93) 10.10 (8.35, 14.81) -0.107 0.914
CK (pg/L) 89.40 (52.65, 153.35) 76.00 (45.00, 76.00) -0.111 0.912
LDH (U/L) 186.05 (143.50, 303.10) 154.70 (143.80, 267.85) -8.888 0.375
o-HBDH (pug/L) 133.30 (108.80, 192.60) 126.70 (10225, 159.50) -0.876 0.381
BNPSTAT ( pg/L) 126.30 (63.00, 365.20) 345.10 (119.30, 412.25) -1.803 0.071
HS-TnT (pg/L) 256.90 (48.84, 489.20) 87.00 (25.25, 288.60) -1.131 0.258
MYO (pg/L) 203.85 (58.68, 402.30) 289.00 (30.95, 336.70) -0.492 0.623
PCT (pg/L) 0.02 (0.06, 0.72) 0.28 (0.06, 1.20) -1.131 0.282
AST (UL) 24.10 (19.40, 44.15) 28.00 (20.00, 50.50) -0.153 0.879
LVEF (%) 54.50 (51.00, 58.00) 56.00 ( 53.00, 58.00) -1.337 0.181
AR il RBOEL
CPB FMH] [min, M (Q1,Q3) ] 199.0 (1545, 227.0) 218.0 (181.0, 260.5) -0.577 0.564
AAC i) [min, M (Q1,Q3) ] 177.0 (95.0, 137.0) 133.0 (97.0, 138.0) -0.418 0.676
JEIFATIIA] [min, M (Q1,Q3) ] 55.0 (36.0, 74.0) 58.0 (46.0, 76.0) -1.148 0.251
FLFRE [n (%) ] 53 (80.3) 16 (84.2) 0.223 0.823
ARk [n (%) ] 12 (18.2) 2 (10.5) 0.726 0.626
FARFE 1 (%) ]
AAR/VR 52 (78.8) 17 (89.5) 1.102 0.506
AVR/ FMETFA 44 (66.7) 11 (57.9) 0.497 0.588
AAR/ FMETFAR 34 (51.5) 14 (73.7) 2.950 0.117
AJFIGRFE M (Q1,Q3) ]
LDH (U/L) 395.35 (267.80, 538.50) 230.60 (210.20, 309.85) -3.697 0.001
CK (pg/L) 159.65 (69.90, 225.60) 78.50 (26.35, 168.45) -2.030 0.042
a-HBDH (U/L) 252.35 (201.20, 320.00) 225.00 (178.20, 255.10) -1.832 0.067
BNPSTAT ( pg/L) 178.60 (104.60, 354.90) 344.10 (173.10, 579.85) -1.368 0.171
HS-TnT (ng/L) 424.95 (202.00, 851.50) 276.00 (38.50, 725.00) -1.628 0.103
MYO (ng/L) 381.50 (227.00, 789.10) 347.60 (68.85, 439.50) -1.261 0.207
CKMB (pg/L) 20.26 (10.30, 35.00) 13.60 (4.83, 24.20) -1.719 0.086
PCT (pug/L) 0.40 (0.18, 1.42) 130 (0.40, 14.44) -1.623 0.105
AST (pg/L) 56.8 (37.6, 77.1) 42.1 (24.6, 96.8) -1.719 0.442
B DEE [n (%) ] 65 (98.5) 18 (94.7) 0.878 0.380
ML (d) 1.0 (1.0, 3.0) 2.0 (1.0, 40) -2.497 0.013
ICU &3] (d) 5.0 (3.0, 8.0) 6.0 (45, 95) -1.657 0.098
fEBERTTR] (d) 23.0 (18.0, 30.0) 20.0 (15.5, 27.0) -0.232 0.816
48 h LVEF (%) 55.0 (50.5, 57.5) 55.0 (53.0, 58.0) -1.571 0.116
72 h LVEF (%) 57.0 (53.0, 60.0) 55.0 (52,5, 61.0) -0.18 0.914
fEBESH (1o8) 19.57 (15.05, 23.99) 18.930(15.23, 23.99) -0.277 0.782

7E: DN: del Nido /0> E {5 # %; CKMB: JULER 36 5] T ; CK: WUER ¥ H%; LDH: FLE2 WL S 5; o-HBDH: o- 32 T M2 M &
BNPSTAT: B AIFIGHAKATIR; HS-TnT: SEIESEH; MYO: WL H; PCT: FREEEE; AST: KRR &, LVEF: 2= HHil /a4
CPB: Ui AAC: FEESIKEHM; AAR: JhEZINKEHR; VR: MBS, AVR: EshkE#
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B del Nido {5 FERAEA . WLER SRR 7] il
AR, FAVHEMATHES del Nido {55 ) —Lb
Fe BRI OG: (DRI ARG R HJe P i i) 4
QBRERFAR: del Nido (5 & HUHF 2 — 2
TEF R PO AR 5 5 B del Nido
(SRR R AR O LBk I IS WUES T /K7
T B R . @ del Nido 459 7E ATAAD
HIBEFA A DU i LR AP, KRR
B A AR R R AT L2 R
B T O UR RS S, fET AL, &R
P 0. 75 LT RI-FEE T 4 SR X o UL PR AP 2 S B
X AT ILBGEG w= AB, TRERT BRI R
A B DL SRR R O LIRS S, AR 24
PrkdE . FAREARUKAG M,

ARIGURIESE g Frp [ B PE TS, 3R] AE FR
TARBISMENE, TR AN [ DX A R 3 mT RE IR
A AT DT AR TR PR A DN AR B 28 S B
ENGILSEZS e =3 R b N VA s 4 R G 8 G )
AT A B BESFIC RS, T REAFERE A
SERE AT AR A Rl ARIC SR LA T TR 25 )
R, fEfEEAERE T, XL T RS
S B T R IS BEUIAR G, AT R
IR AR AR . RS REBFTR
BT kDX BE AR 2 OB, il ] BEJC YA 2x T
PSRRI L BTG BL, BRI T I 5E X ik PR S B ) 4
R RIRIERS

4 #ig

del Nido 5 4 W& 1 1% 48 & il 45 #5587
ATAAD #5222 FRIGITIRE, ORI R
lo XFFARAAAE U B, del Nido (548
WL LA RSCR AT BE R A

SE 30k
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PRAIMIE S G ST AR TR A 1 [ BB 5

mooK, xR, 2O, 2O, TR, O, TRF

[HE]: BM  BESPHERIMEE S (ECMO ) SCRRBE PR A0, Fik  [Rmrp [ B 2g B2 B B Ak B2 B 4
AMEA SO BRI, AR 2017 4F 3 & 2022 4 8 A IR 95 6] ECMO SCR7HH )5 I B A s FHPE 0 . e /B I
PRGEEL. ECMO SRR )56 A A A5 IR RS I 00 . PSR I (. ECMO iz 1B BB 45 R, SR BE TFIEL
(51+14.4) %, B 62.10%; bk - ik ECMO 3§, #k - sk ECMO 92 f5il; 95 il 5 v 89 fil i B pebrAks: H PHE
15 BIPRERABAYE, 3 Bl BEFRbRAPAPE . brA Rk G- FFR B ML 86 Bk, JEHET 3 057 153 HZ AT 58 5 T8 1A B | Hil S MLt B
BRSNS Ko G+ BREEBAMEIL 82 Bk, JEAET 3 7 (/e R M A A Rk . BRI AERE . IEkE; Kb BRIk
64 Bk, JERT 3 DL R ISEERE I . 2R . FUIRZLBERE R . G- AP P SR S R R R E BE N FET RIK 76%, K.
PR 22 AR FUBA S BB BENAE T %K 60% , G+ PRI & s A AT BRI R B BN AU T %35 53.8% . 4518 ECMO LR
() B AR A PG R AR AR T 3 ECMO SZREBERIEGE, RBENIKT, W 4IF LR sk

[ SR8 | IRIMESE G Sk - ShAKIRIMESE G s eTREe s B N

Microbial profile in patients undergoing extracorporeal membrane
oxygenation: a retrospective cohort study

Chen Wu, Liu Gang, Wang Jing, Wang Jian, Wang Tianlong, Teng Yuan, Ji Bingyang

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

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

[Abstract]: Objective To retrospectively analyze the microbial distribution patterns in patients receiving extracorporeal
membrane oxygenation (ECMO). Methods This single-center retrospective cohort study analyzed 95 patients with microbiologically
confirmed infections during ECMO support at Fuwai Hospital from March 2017 to August 2022. Clinical data, pathogen profiles from
specimens, infection biomarkers, ECMO parameters, and mortality outcomes were systematically evaluated. Results The cohort
(mean age 51+14.4 years, 62.1% male) predominantly received venoarterial ECMO (V-A ECMO: 92/95). Respiratory specimens
demonstrated the highest positivity rate (89/95, 93.7%), followed by urinary (15/95, 15.8%) and bloodstream infections (3/95,
3.2%). Gram-negative bacilli (86 isolates) predominated, with Klebsiella pneumoniae (26.7%), Pseudomonas aeruginosa (22.1%),
and multidrug-resistant Acinetobacter baumannii (18.6%) as leading pathogens. Gram-positive cocci (82 isolates) were primarily
coagulase-negative staphylococci (34.1%), Staphylococcus aureus (29.3%), and Enterococcus spp. (19.5%). Fungal infections (64
isolates) featured Candida species (56.3%), filamentous fungi (23.4%), and Candida albicans (20.3%). Notably, A. baumannii infections
correlated with 76% in-hospital mortality, filamentous fungi with 60%, and S. aureus with 53.8%. Conclusion During ECMO
support, patients exhibit a significantly higher positivity rate in sputum specimens compared to other sample types. Patients receiving
ECMO are critically ill with compromised immune function, frequently presenting with polymicrobial co-infections.

[Key words]: Extracorporeal membrane oxygenation; Veno-arterial extracorporeal membrane oxygenation; Pathogenic

bacteria; Nosocomial infection

RIMESE A (extracorporeal membrane oxygen—  JFKILZR ML 2R 5| 9t H 2R 28 0 B At 4805 J i [l 4K P 91
ation, ECMO ) 22— T/ E.OMMIRE il s ARG, s &m0 sem/EH,
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{EZ B AL 100037 dbat, hEBE R B ALt A B 7 B B 500 M08 0 o0 BLANEE Be AR SN ER ol (B X
XUNI E o, . Bl BB, 5K 5 563000 8 X, 38 LEBFRAESE S IR b e R (R 2
BIEIEE: UK, Email: jibingyang@fuwai.com
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FAGER BETE QIR MEA RO T s
TR o vy (1) SRR AR M B ECMO B 1
fad, WHIFTZAEDRNE, TENHZME
Rk g (MERHL, FreetE BRI . £k
BREYESAHAE ), HAE ICU IRYT W [B) B YR A 2
JEGL AR A R 3. AN pFSR R, ECMO B
8] A& Az g P9 S e T AE K TCU A Bg s fa] . AILIGE <
A A)AT ECMO SZRERR] 50 b i b8 i 3 K %
e, MRS, S X e R R T AT
XPHERIT LR B2

BT 0] 43 B ECMO 32 5 B 3 10 56 I 1
A, NI REE A 7E ECMO SZER&YT R AR %
SRR T RS AR i v [ R
2 e FRLAD S B AR L o A 22 01 o W A b o (2022-
1777)

1 ARESHE

1.1 ZANFERARAE  WE T E RSP R R R
Bt 1A A1 A il SR FL AU 2017 4F- 3 H & 2022 4%
8 HUSIG I ECMO ZHf . IAbRHE: OF
T BRI, ECMO 2 Hp 0] 4590 i 24 A6 0
BRSSO TF 1 B @ ECMO A E] AN [H]
(B S BR A a0 8 75 8 AH R R, ISR T 56 — 1
PRARIEE AL, B “JEEEM 4R, HEbRAR .
AR /NT 18 %3 2 ECMO ST 5T [H] <24 h, AR
P CBEpeRG izWibRE (47) ) , ECMO #H¢
B e lie 8 . ECMO JE 35 24 h & ECMO 15
1RS48 h N R A Y B el g

1.2 B FARE I ECMO S B3 AR
WL MR SRR R, AR . BRI
iE . L0 R 22 O DI RE A S ECMO: [ #L
A ZE S0, &R IE . B 3 X,
BT L SAAHLE B ; ECMO SZ R[] 20 i 4
[9 (RESEWER . P4 S35 T I
VEW) WKL L BRSBTSk R
I35 % A kA e B 97 ;. ECMO Bl
4% (white blood cell, WBC ) WAE . ki
20 i A ( neutrophil count, NEUT ) EAE, C-J2
WA ( C—reactive protein, CRP ) I&(H . FFF5 R
( procalcitonin, PCT ) WA

1.3 %itd sk RH SPSS 22.0 HHATEURA T
THECGERR R IR E ke, R G RS IE
BOTMITHEGORFRR W + bR (X£s)
K ¢ K AR IE A TR PORER R 8k (Y
M) M (Q1,Q3) 14K,

2 R

2.1 ECMO B R4 B IGRREHE LR 1,
95 {4l ECMO /& 35 P ¥ 4E I (512 14.4) %, H 1k
B2, N 62.10%; BHIAFETEE (24.0+43)
kg/m®; HBFHAIFEMIE Y 31.57%, &8 MR &
34.74%, WEIRHG 5 18.95%. 3 1l F 47k —
ik (veno—venous, V-V )ECMO, 92 fii] & & 17

ik - ik (veno-arterial, V-A)ECMO. 3 ffi|{T V-V

R ORAMINESE S B I ARFFAE (n=95)

S| g
MRy (%, Xx5) 51+ 14.4
B (%) ] 59 (62.10)
BRI (kg/m’, X+5) 24.0+43
KBS MATE (%, Xx5) 420+163
NYHA 3% [n (%) ]

1% 4 (421)

14 20 (21.05)

[|[E73 19 (20.00)

V4 52 (54.74)
BIFHE [n (%) ]

1D 30 (31.57)

TR I 33 (34.74)

WEIRI 18 (18.95)

PV e R 6 (6.34)

i a7 A M e 7(7.37)

PV RH ZEPE 2(2.11)
ECMO[n (%) ]

K - Wbk 3(3.2)

Hk - Bk 92 (96.8)
ECMO & HAL [0 (%) ]

JieH ik - Beshiik 83 (87.3)

JRER K - S5P9 K 3(32)

Bk - T E3h ik 9(9.5)
ECMO BB [n (%) ]

2 W AN 2 3(32)

YIr e 92 (96.8)
ECMO & M5 [n (%) ]

FARE 44 (46.3)

ICU JK5% 50 (52.6)

2R 1(1.1)
ECMO i RIE [ (%) ]

CIESPRA T 58 (61.1)

(CABG. M, ONERAT )

CEAMER R
?%Eg?ﬁii%ﬁwwgﬁ%ﬁﬁ> 24(253)
DES AT ARG 13 (13.6)

7. ECMO IRAMEA A ; NYHA: 41200054y ; CABG: &Ik
Bk HERAEA
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ECMO 35 28 Bz A1 R 25 il B8 CBREEik — 35 P9 i
ik ) , 92 il V-A ECMO #&ETYVIITEE, Hrppk
Rk — Beah bk A8 83 4], ek — F+ 3= 3hlk 9 il
A EF ARG AR B IR S BERAEAR R B 46 )
42 ), OISR 16 6, BRI 12 6,
22 EBEAFAKBEL 95 HIEET, HBIRAK
HBHE 89 B, JRARASPHYE 15 61, 155 IR bR A
WEHMERA (361) (E1) .

B RSMBAE S SR B AR A B PERE  (n=95)

23 JRREKBFE BRI RAN(G-)
FR . B2 IRBHTE (G+) KB Z, HREIKRZ.

VR s AR I G- AT FHMEIL 86 Bk, PR AR
HAKRMRA 29 A CRIIFEEARRERR ) ,
H R D AL SR 3 LA 23 Bl Al R s FR AT (21

R 3 A IR N G+ BRI PIMEAL 82 Bk, KA
HERTRRA 21 DMeAs CREASREAARMR ) , 3L
TR JE T 3 A2 9 S 1) 2 R [ i I PR A A BR A (30
R . e aAEE (138 . HERE (98K ) ;
PrRA R Y AL 64 R, ALETT 3 A2 ES
FERERR (20 #K ) . Z2REE (10 0k ) | FIRZ2lE
B (7HR) (3R2) .

2.4 ECMO ZEAT B AR B B 347 2L ECMO
K ODL B R G F8 A L3R 3. 95 R E
ECMO 24 B[ Fh 4504 139.0 (88.8, 186.0) he
ECMO LA 68 il (71.58% ) ; ECMO B M AL
T-49 7] (51.58% ) . ECMO 3¢ 35HH ] A0 10 e 4
FRrI&fE (WBC. NEUT . CRP. PCT ) ¥ TIEH
Ko

25 HdmRALEERARTE G-HHET,
o = RN SHAT A R BN SE TR A 76%, H:
*®3 R

At TR EMNLEGAE AR (n=95)

Kt

zfritE [h, M (Q1,Q3) ]
B [0 (%) ]
BENAET % [n (%) ]
SRR GAR PRI (M (Q1,Q3) ]
P40 ( x 10°0)
TR (%)
RN (g/L)

139.0 (88.8, 186.0)
68 (71.58)
49 (51.58)

20.6 (15.8, 26.7)
94.5 (923, 95.7)
81.7 (24.8, 173.7)

Vo) . SR (6 bR) . BUSRIFFH (6 MR (un) 165 (41, 397)
R 2 IRIMEAA BFERIR AR AL (n=95)

o CBIER (BR) MR (n=86)  HEZIRPHMER (KR) A (n=82) OB (BR) B (n=64)

F W B bR 29 A R 21 HWELF T 26

it 9 s AT 21 Gk [ B 41 A 2 ek 30 2N 10

Y 5 P T 6 G B ATER T 13 P 22 B 7

i S AP 6 Jsk 9 [isaba] 6

WG ZF AR 5 BRI 3 IR 2L BT 3

PN 3 F AR 2 F SR 3

PN O R AT 3 Ve MR ER T 2 TR T L e 2

Fﬂ/@%ﬂlﬁ 2 il 9 B ER T 1 [FEaT:) 2
PRI 2 5Bk 1 B PR R 24 2

Fﬁ%b A 2 PR 24 B B 1

PR s A A 1 IIER b Ea b 1

A SEARTEAT R 1 YU 2L e 1

KIGHT o 1

PR 1

I 55 AT IR TR 1

WEAZ ZE AT LA A 1

WEH 1 1
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YRR SE AT (57% ) . i 2 A A 1 1 ik
(33%) 5 G+ BRIET, & A ERE R R
BENAET- A, 15 53.8%, HLR B BRI (44.% ),
58 [T ) M A AT ER B B SBT3 i I (36.7% ) 5
LA h 22 R LA T R BN AE T R R A 60%,
HW R AR LB (42.8% ) , FelRJE2Emerkm
38.4% (Kl 2) .

428 3g4

4
33 6.7

B2 5B ) B A T S A R B M BE TR

(n=95)
3 itig

B ECMO & & AW 563, ECMO iz 4t
WALAEAREY K, I 10 45k, 2R ECMO )i
PR PO i ¥, AR ECMO A IA R ERS
TARKRRHER, BT ECMO B4 A B bk . H
B CEREARSERE, X ECMO SZRE[E]
(A5 HIE B T R APk . B ECMO % B[]
e, BEPE T TR, W07 AR T IR RRE (R |
Wi eI, FRZE . RUARERIMIRIEAF ) Y& AR
SN, AR RV ECMO SRS IF A IE
RAEFEIR 77.6% , Horp BRYYREH W IEAE,
Bt N R YL 4 % AE 5 ECMO $3#252 I 8] 22 [A) 778 B 3%
FHOGHE B [ AMIF 7 4GE B ECMO 19 8] B Y
JEL 2 ok 20.5% ~50.0%, W Az Bt P9 IR
BB ET Rk 639", il PR B 1 i R
AR IR, gl sy PCT,
CRP 7K s 12 Wi gk e 2 AR B Ol s [ P~ 1
AZEXT 100 BIARSMIE RO EAR S5 85 01 TIR G R
FRAMHT, %P WBC. PCT. CRP B GFhes 1, H
A BRI R AR R AMIE IR L R v, 22 R 25 ) AR
UM e ARV e R G, IR — R
A T R R B 2 ) R g P AR
BE R A OIEAR G B, ECMO S5 a) &
PN LTS =Sl s U 1 et e[

ARAFFE &I ECMO 3451 1] 5 35 R AR A K H
T (93.7%) , WRERA (15.8% ) RZ, Mtk
A (3.2% ) Fe/b o BRARAKE H 3 5 A T e i R

DFEEFE ECMO SCHReN], #2572 TR B
P AL S RERYY, EESEVIT, G485
Ry . SOETFBCFEEAE, FTHE T AE R IR R,
SRR AR TR QK I B
LRI RNGYY, FEURE AL iR
T EGEE R, ROEEERE S N, N
RN REHEH, ZM s 1 R B, 3k b 20 R
ZOHIRE T RAPIEE; QKM Kl iEAE
FHOR T, AT REG AR R AR R T AR
Y BR A H 2R A 4388 4 S R A 91 285 i 355 3 )
B4, 7E ECMO HA AR BB S B 15 55 ) PH PR 45
SR

AWK G- FFH . G+ BRIEJE L, HEIK
Zo XEW G- FFE 2 ECMO WA R4 H AY P
B, EELIMR TR . PSRRI . #2
REFFE R E, XS REERGE A — " BEARF
5% AT V5 I il B A 5 BR R 2 ECMO 3 e e AL
(14 LR G S B Y, ARBIF SR PR A 45 SR G+
BB R RE DLGE [ A O M A A Bk . & i (B A Bk
WEZ ., XEEERI 2 o0 e kR ENEH R, e
WA AT ) BRI, APk
BEFENOIEARG, IATFRYIIFES, Waes
ECMO & R A AR ZA G, AWF5E B
W DREERETR . Z2RE . FURZBEREE O 325
HOP R R, X5 SERTIF A S,
A BB RAGRIBGHA A [E]AH G

BTG BE B BB Wibn e | 45 A
I PRAE R B4l By, BB AEAZE ECMO 1 i) jk e
WG, AT T ECMO SR ARAKS: HY BH AL 3 i =
PRI A BENFET R ([ 2) , KRB HE
ANEIFF R BENSET - R m ik 76%, 4 (A%
BRI BE NAET- %N 53.8%, 220K B B H B At
T2%R 60%. X EEA 2GR W R w, K&
HERER . AT AR ECMO SZHr 3 2500
DHESMEIAR G, 2D FARFRE T, JRiE G,
HAICU JG R AMSAEE, ERiitm, &5
BIEIMET, Stk 2RI m Y. ESMIT5T
2 38 0 S R S AT BRGSO TR AE 17% ~52%, i
23 {1 BRI TR R L BE TR AE 18% ~39%, 3 I HIA
YL BIGHRN 54%, FET-HN 53%, ARWFTEEER
HH-5" Hit, k> ECMO W] & A BE
YL, FEAR T R T Be PR i 35 1L s A A
A AR AUAGE SRR . sER T AR
SRIE RS R . A BSR4 AE RE it
AR D LS, R ECMO A A A 2
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F, e R E R R

AT SRy B . OARHIFSE by B 1 [l i
WF5T, R BIECE A R, QBRI 58 35 Fbr A
Rt A p AT REAF AR IR 25 . OARWFY EZLL V-A
ECMO A%, V-V ECMO 5/0, SrMifte R .
DAAFFE H ECMO S8 E KR ik b2k
2, O R L oA MR S R T RE —
SERFEM, HE—F O HERR IR I

g L prik, A FdE R ECMO SZRF
(i) R AR AR PHAPE R 25 A o e TR =22 LA
G- FFIA . G+ BRI JE £ ECMO SCHF B H W 16 fa
&, RIEICT, HA IR R R g
ECMO fE S HL, 7% W g 250 I 2 MR e 8
ARk, Bl Ik B N ERAR PRI, SR E TS .
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IR IR E ISR B IR R B
Itk R s S LBEIR
o A, RIE, KRR A, FRERME, T 4E

[(WE]: B HIHEIMEA S (ECMO) PG ES BN IAYT (CRRT) B MY I RR S RIUEERIT -
Fik AL EEPET 2022 4F 1 H & 2024 4F 5 H Jb Rt KA# E R s B EE B4R 20 Fl1E3Z ECMO J697 B35 MG RS
PRI R Rl 6. SR SRR 1261, AET- 9 B, HrpASbO I E IR B IET R Ny 85.71%, AEmIkes:
HAEBF LT N 60%. ECMO G CRRT BH MFH LN i (75% ) Katsmefisiim (33.33% ) o 12 #lF 8 f4i
(66.67% ) 1 HIRTRBRA il MR ANTEE, 4 1] (33.33% ) (i FH R id MR BNl , (i -5 A i P AT SR BB 2L i o
IFRERERTRFEZR (P>005) o &t ECMO BEPEA CRRTIGITRILLEIR, WiR2E, ST, Hi &k
GEATERE AR R, AT R IR AE

[ K88 . RIMESR G EEEBIEERIGYT; SrEE; PustiasT

Clinical characteristics and anticoagulation therapy of patients with
extracorporeal membrane oxygenation combined with continuous renal

replacement therapy

Qiao Li, Zhang Qifeng, Zhang Shuanglong, Xing Xiaohui, Wang Zheng
Intensive Care Unit, Peking University International Hospital, Beijing 102206, China
Corresponding author: Wang Zheng, Email: 493486375@qq.com

[Abstract]: Objective To investigate the clinical characteristics and anticoagulation therapy of extracorporeal membrane
oxygenation (ECMO) combined with continuous renal replacement therapy (CRRT). Methods Clinical data of 20 patients
treated with ECMO in the Intensive Care Unit of Peking University International Hospital from January 2022 to May 2024
were retrospectively analyzed, and their clinical characteristics and anticoagulation regimen were compared. Results A total
of 12 patients were included, and 9 of whom died. The mortality rate of ECPR patients was 85.71%, and that of acute coronary
syndrome patients was 60.00%. The complications of ECMO combined with CRRT included bleeding events (75.00%) and
distal limb ischemia (33.33%). Among the 12 cases, 8 cases (66.67%) were treated with heparin combined with regional citrate
anticoagulation for anticoagulation, and 4 cases (33.33%) were treated with regional citrate anticoagulation for anticoagulation.
There was no significant difference in the incidence of complications among patients who were treated with or without heparin
for anticoagulation (P>0.05). Conclusion The proportion of ECMO patients treated with CRRT is high, the prognosis is poor,
and the mortality is high. Among them, the survival rate of patients with acute coronary syndrome is high, and bleeding is still a
common complication in such patients.

[Key words]: Extracorporeal membrane oxygenation; Continuous renal replacement therapy; Acute kidney injury;

Anticoagulation therapy

EAINEE A ( extracorporeal membrane oxygen— 3 AKT Y R 0] 53k 26% ~85% 2 RIS
ation, ECMO ) J&—Fhj"™ SR IR AR g B E ) ECMO JRY7 I AKL &, A 40% 1835 75 2508
WEN SRR B, B REAEN T ECMO /i b 22 B AR YT (continuous renal replace—
WAAAE S B RF I 0, S f R AEE S ment therapy, CRRT ) R UBUAZ IR A 7 far . 9] 15 HY
(acute kidney injury, AKI) , HiRiEE/R, ECMO  fimmzEEL
PR B 102206 T30, sk BRI BT ECMO 5 CRRT S5 £ LT O W R L 17
BIEEE: T1F, Email: 493486375@qq.com SY RN, AH I TP RMA YT RECE A BR A i S b e
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TR BES, PUEFE BRI 2R, 155
B4 JE R et =X mT RE 3G o, R ot A JRURS: T
SEHEST U I, CRRT 45 R FH Mk iR Bt Bt mT
RAAR 4 B BRI, DA IR/ a1 2

ABIE ST 0 I IR 3 A F, A R G
ECMO BX5 CRRT {GY7 834 1 I R 1E SO [R]4T
P58 TR WS X OB AF T A RS2, Sk I AR 1
BEPUEET RILHMKYE, MM IR LT 2. FEAT
TRIT AR, s B TS . AHTFSE B Q15T
PETE F IR AT MR BT BE £ ECMO B¢ CRRT
THIT R AR ROR Ik, X—RR BTN
PRAFESE H i Ab FRTVE B BE . AR 98 8 SR I AMZ 4T
BUARGR 2 1, R EE R LR A BuR SR AL T
TR AL R e

1 X&57H%

1.1 =% IdE 2022 4F 1 H & 2024 45 5 H b
K2 [ By B2 B 0 B2 24 20 il #2532 ECMO I8 97
BE MG IREE . AAbRHE: OEIKEEZ ECMO
GYT 0 #, © CRRT ¥R K FH M0 % % 4l bt
B OFFE 2012 4Bl 2Bk B I FiliS LSV fi
() CRRT JAI7 $64E ™. 1 WLEF 34 0 1.5~ 1.9 £%,
o 1fi AL 4 0 0.3 me/dl (= 26.5 mmol/L) , 1
JRE<05ml/ (kg+h) , FFLi6~12h; “HIK
PR, ™ B LE R B IR B A e
1) ECMO 55, HAb ™ SE i i iz 6L, DL
Gy &) I By R CT M 2K B, HERR AR E: (DAE
<18 % ; QM KD TR 2, 20 BB &
12 4 (60% ) $5% CRRT VAT, MWAKRWIG,
AW FEARAT A 5 K E PR BE B Ae 3 22 5L 2 Ak o
(2024-KY-0048-01) .

1.2 ECMO #= CRRT 7% HEEEFE ECMO
NG R R (AR DI NE, MR &
Ui AR b 17 e [ e i ECMO B, 12 45 5 35 PR
G T 2, Yl R K - B K (veno—arterial, V-A)
ECMO, Rli@E ) | #ilhk &8 5T ECMOIGYT,
ECMO it S 4EHF7E 3.5 ~4.5 L/min.

i A 1 i e AE ML (Prismaflex, ¥4 52)
oy (2eARJuilr, 8 ) % AKI 8 & ¥ 4T CRRT,
CRRT 5 57 B 1 i A\ i R 14 i 0 ) 6 A
B E B LIRS, BRI SR K — K R
PERIAS, MV B (T LRI ER 25 Ay
AR A F, #t 5 H20080452) 2 000 ml/h, il K
L 100~200 ml/h, % A5 Al E He. CRRT 4
% I FH MR R B TR (b I AR R T

L5 H20043860 ) Lk, )4 i yRH BE A i 3t i
1) 1548, A IE THFZEIE A 5% ) AR A5
W [0.9% 1= R EL 7K 150 ml+10% % 24 4l 12 45 75 Wk
150 ml ( AE3EBUES R R 250 (B5RE ) A FRAF],
fit5 H37021227 ) | #EATHRN, W IR R A
15 R 400 i B T B 5% A4S CRRT JE S 81
CRRT ¥ 7™ A i #5350 8 AT A 2 7 sl A fig
skt PRSI 72 h, SEREHGHATT

1.3 &  7E ECMO B A CRRTIRYT i fE
P TR WS 1) T2 R 5 A0 4l B 19 M i i A XS 32
IR TR, G IF R BUBE . M iR a4 e
KR, OXFICIEshPER . /M5
= 50 x 10°/L, T/ EAFDIReRE, HXHRAES
(14 I /N U/ A S R, TR T R e
QX FAAENF RS R B, anid shik i
ML/ <50 x 10771, B 7™ 51T 2 E i
(NRRAILFERLM | KA AR AL B D
ETVE, IFIIRE S C 9L ) , W PEMUAS IR BT EE -
X T i v XU (L ot JXURS: 5 i A s 2, TR
FAGF R B A M R e bise ,  DAVAE il 5
A JRURS:

1.3.1 434l ECMO BKA CRRTIRYTIY 12 il
FoR 2SI RPiEEE WITRA (n=8) , K&
MIIEE2E, REFMKFFEEE AR, L CRRT H i
i MRS AR AL (n=4) .

132 HUBEWE I E E A S S Ak A fa)
(activated clotting time, ACT )  #B43#E I 175 B A
[f] (activated partial thromboplastin time, APTT )
S UEAS 5 IS B F /KT, AR 4R Ao I 285 SR 3 A5 0]
PR, X TP RPUEE R E, ACT e
180~220s, &K T 180 s, WHEANATFZ &, &
=T 220 s, Mg/ R i . APTT Hirw
WA 1.5~25 fFIEH (A, 2 3 %1 % (H sk
P, WIEHEAF R, A A D- SRR K
AN REPEAR BE MR ZS o AR R 4L UG 2% 5 105 4
FFIE 0.5~0.6 mmol/L, #KT 0.5 mmol/L, DIFEAK
FR AR e sl I Es b 72, #5%F 0.6 mmol/L,
WS AR R A0 o, AR RO BE SR, [l A ok
B AR INAE Y &2 o

1.4 LR34 ESEREEGEEHARS, M
JEE S BT 12 5] B I DR ek, S R —
ORk: PG AERY . IRBTRAEEC. RPN
%, IRIT T : ECMO K CRRT JRH | 2k B
g @R E T (acute physiological and chronic
health evaluate, APACHE 11 ) . ¥4 E e
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P43 ( sequential organ failure assessment, SOFA ) |
SR ERALTR (RAEME . FFEIRE. Gk
IIEE. oMb iC Y. Sh kI TS ) |
ECMO 5 e i i B 45 240, CRRT W& 24K
LA FH I 18] 25

L5 itk BRI HrR A SPSS 29.0 el 4k
. fii I Shapiro-Wilk 45 56 15 0 RHE B 454 1
B o THEBURM R RS M R I + pRiE2E
(x+s) Fns AREEI MR AAL (U480
M, (Q1,Q3)]3m; THEGRHAGIE (E 2L ) [n
(% )37, FRITHATEL < 5 BHFH Fisher KB4 55 .
LL P<0.05 AN A G X

2 #R

2.1 BAEAGGRTAH WEEREL 1246, B
RAT— %R, ECMO+CRRT 697 15 i & T & 4
S ELR L 32 1, 3 4 ECMO (B 5 A T 8l ki
Uity A DA AR R i T . TR R S AN ]
e IR O e i = K11 IR G =TT 1 E4A N
AR MRITEUG A DRI mE T =
I LEF AR 2R BB B T 3B FR A A A
5 L it D5 i) S A A [ PR A o AL OB T 5 L TE R
K ECMO £ 48 N Il #2 5% CRRT 24 % rf = 2 1l
R B A B DU iR e (LS B e
JUURR e ) Tt ) S ok s Sk <A AT R
FELEA[RIRR B AR AL RE FA g e R b 2. T
BE T DR /M 25, JUHEOR AR A
ECMO 78], HUARE < a) 7 i, o 1 K
I EALGE S (P 10~14d) &

22 EBHGREMARAIHEEE L 124
ECMO 845 CRRT & i 7 1 R Sb.0 il &2 95
(external cardiopulmonary resuscitation, ECPR )
(58.33% ) , SET- 61 (85.71%) ; Atk ke
BAEEE 5B (41.67%) , HET-3 6 (60% )

23 mEMAFEAELER HWKRIFRAN
8 55 SR T 3R 2 BB HR T Rl T A R
i A g i 4 & A= R T B B 25 5 (P=0.236,
P=1.000) . W% 2.

3 T

ECMO & — a7 WP A/ sl08 20 52 0 1) AR
SRR, A E RN 3, 0 UEE
WK, TN T A MR R ARG, AKI
J& ECMO BT RS fa 6 R & P, ECMO Bk
A CRRT IBI7 IR SUFE T R 4545 AL, A ads

R RINBEE GBS LB IR OATT Y
I PRBERE (n=12)

EiELA Bl

FHEn (%) ] 8 (66.67)
FE 1%, M (Q1,Q3) ] 55 (44, 71)
BMI (kg/m’, X+s) 25.46 +3.79
GIFEEREEE [n (%) ]
[T INER S} 5(41.67)
S 2 (16.67)
WEbR 4 (33.33)
ML TR 4 1(8.33)
A ICU i SOFA[ 4%, M (Q1,Q3) ] 17 (15, 18)
APACHET (4}, X=s) 35.67 +6.72

MH# M (Q1,Q3) ]
FAnAEI% ( x 10°L)
MLIEA (g/L)
/MR ( x 10°/L)

JTFEShEE M (Q1,Q3) ]

12.34 (8.51, 19.17)
81 (71, 99)
138 (105, 220)

JUUET ( pmol/L ) 160.00 (95.00, 214.00)
JREA (mmol/L) 12.71 (851, 19.75)

ALT (U/L) 37.00 (18.00, 126.00)
AST (U/L) 52.00 (18.00, 346.00)

HEH (gL, X+s5)

BEIMINAE M (Q1,Q3) ]

HE MR E]) (s)
TE AL S0 BRE IS BT 1] (s)
fgYEAE (g/L)
D- “H{K (mg/L)

DR GiARCY M (Q1,Q3) ]
WESHE T (ng/L)
NT-proBNP (ng/L )

kT34 M (Q1,Q3) ]
pH
ki s> (mmHg)

Ik ARG E (mmHg)
FLA2 (mmol/L)
ECMO $#£¢0] [h, M (Q1,Q3) ]

347 £ 8.2

15.90 (12.60, 19.60)
41.60 (30.10, 54.70)
240 (1.58, 3.49)
1.15 (0.66, 6.35)

126.80 (77.59, 9873.00)
48140 (126.80, >10000.00 )

7.21 (713, 7.42)
207 (83, 422)
27 (23, 44)
7.60 (3.80, 14.60)
84.50 (13.50, 123.25)

CRRT & ## IS A [h, M (Q1,Q3) ] 53 (10, 72)
FFZEMR [0 (%) ] 8 (66.67)
TUHETE R 0 (%) ] 6 (50.00)
ECMO #if# [L/min, M (Q1,Q3) ] 3.5(28, 40)
FUIBT M2 [n (%) ] 3 (25.00)
EmAE [n (%) ] 10 (83.33)

HLBGESHE [h, M (Q1,Q3) ]
ACT 7KF[s, M (Q1,Q3) ]

120 (47, 278)
201 (192, 225)

BT [n (%) ] 9 (75.00)
BITTIFRIE [n (%) ]
TH AL H I 7 (58.33)
SERIS B I 2 (16.67)
I8 Vi PR AR e 1 4 (33.33)

FE: BMI: By IR B 35 8L SOFA: ¥ 51 8% B o BE = 3 3 40
APACHE: ZMEAP S8 MERRET4r; ALT: NEREILH T,
AST: RITXZRREFE R/ NT-proBNP: J#HIKETHA; ECMO:
IRIMES A CRRT: HEMEIEEAIAYT; ACT: THALEEMLATH]
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R 2 ROMNBEA GBS L B IR AR YT B F TR AL
AEHFRALILE 0 (%) ]

Ff HZEH (n=8) HEHER4L(n=4) PMH
i 0.236
) 7(87.5) 2 (50.0)
¥ 1(125) 2 (50.0)
e AR L 1
H 3(37.5) 1(250)
¥ 5(62.5) 3(75.0)

i HICIIA <S5, SR Fisher KiBESS:, P=1.000

2, WA I R DA SR R KA e R
AW, AT ECMO SiBhRIF IR E T,
60% (1) 5 & [F] B 4% %2 T CRRT iA J7. ECMO Bk
4 CRRT IGIT I IET- A 75%, Horp Ak
KZR G AE S B FEZE R 60%, ECPR 5L # A
85.71% . ZNMETEPKLE AR B H LT R 5 E N
FAMESE R —5, ECPR B H LT RMAR Tk
Y, ECPR MBS Rl it rh 4 B ) vz Sl e 4 4t
i, BT THALE R B, B ECMO
N5 2L ER EUMERR ) KRR IR B A AL
PRGN, R 5 R DO BRER S 2 ECMO JF iR
EEEIIT], AR R R AR

BIRITAEARA FHIIE IR - 2K (veno—
arterial, V-A ) ECMO B4 CRRT iR 7 1Y i 5 g S8R
BB, HE I8 R A &5 59%~61%"""",
AT P E A ICU B SOFA $F43 4 17.00 47,
APACHE T P43 &35 35.67 4%, [RIBFAT V=A ECMO
J CRRT 835 W sE 5 0 i i TR s, %R
R ERGEREA X,

AW 5% ot ECMO 5 CRRT (4 85 4 5 58k IF
Bt A TG 2 SR PisE, A5 TR A
F14) JRy P R T BT 45 A % JR 00 s R I PR P 95
ECMO JRYTHT B F 4 ToAs &, PR R RE
PUEEZS Y, BT CRRT fE 3R B b il i sl 341K
W SRR TIFRIR)Z, W CRRT MK Pkt 2
KT ECMO B % 548 A4, KAWL, @
i CRRT ¥ S0 R S Ak PR B, ZEAERF AT
ROPTEESCR RIS, ] B AR 4 B TP 2h )
FRER . X — RS IUHAE H T AR I = i 3=
M, IR 5 B s e T R bs i & . (615
HREMIE, R MERRPUEE T LUE K CRRT 4 8%
(A A5 12, [RJ IS Ay sl ik ) (2R
Giani M %5 7 3 7' 24 ECMO 5 CRRT Bt & W
i, CRRT JE a4 58 MR MR PLEE. A rhol
SR, BCAPUEERNE (JFR + MR ) Al

RAEVMRIE S ECMO [0 % i i 28 2 15 4 1 3
PUEE, 1 CRRT Jay b ik R B 25 D) o) 2 fif ke A
HMIEIR S BERAS, X R JZ P B X T BEEE A A
T 15 AR KRS 0 sh AP, ARBFSE R, X
WA MRS WEE, PR TIFREARK
B RRANPTEER =, A R MR R R
%, CRRT ¥R i S ok R e ikt . (545
HEMRE, WA BEYARLLE CRRT 4 1% e 5
F, H™E i Ak 4T (75.00% ) 5EIZE0F58H
Fb A DL v 1, S0 JRy 0 A B 45 7 R KK o
o XURS: T LA TSRO, B R W ] R i
VD T 2% A P ARG s XU o i PR35 ACT il
SE MG I RN APTT B9, 5 5 5 by kit
Tr%. WA REE R MR, B ACT Hinflix
SETE 180~220 ', APTT HbRILHI7E 3L FIRIE
() 1.5~2.5 f5 U, AR B e U8 248 o U B A vk
JE AR 22 0.25~0.35 mmol/L 1] 35 £ 35 AR A 31 BERK
R g R fa R KA AT IIRE R,
TE R MO IR B ey S UEE T, K B #R I U 5 5 Uk
B HILE 0.50~0.60 mmol/L 22 [6], Joif ¥ &7
N HIFEPUEE, WA BE I CRRT 41k 7 i
SRCER B b A IR T R A B, AEBTERESR M Ak
T, FRATEBCR A T #5t . O ARkt
BEVEAN AR R, MR R AR M XU P43 (4 HAS-
BLED #¥43 ) Fufige KU #F45 (1 Padua ¥4 )
SR PTEE R, QumibPrEE s, BR ACT,
APTT ZEAE5e 464540, AT 454 A 5 RIPEAG S
A QX RS B, SR H Atk
FRPTEE )y %6, Jrlad o B Bes B8 ok W ( R
G, UEARIEEG . RINES ) Bl etk @HET
ZERHUEAS P BN, FEREE S . M. 24
2 AL E B AR TR

A LA BT 1 ECMO A 97 1 18] 0L 0 IF
BAIEALFE B, AT R, Y. I, AR
Ty RE R . R M A B A U, AR T ok
WD) AR F0F, 0T RS A PUBE R I 1A R
2, H IR 75% ) i & Az 2R R A7 7 E—
ARACBUEERIE . AR AT R R MK IR U SE VR JE 1
R e s F AR, 0 36 S A 1 W Y [ Bl
RBRARGE, VISCEUE NS 40 Ao e B, M B
A= FEALH 2 T 43 HT, ECMO BE4 CRRT 1697 1Y 5
IR RAE K A R AT S LU ALERIAE G . Ol 514
BN PR 2 il G DL/ INBR B 5 i R B N,
FIEBE S P R G s Py QAR HE M
T BTV 135 K 4G P B AR, R SR T
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T #8 atn 3 Ak s () L PR v Ak R R A 1
AEMBEERENT (CIEANER -6, MEIRIE
o) it “fsE - k" 58 BAEHINEL
A Xk s HLH L [E S 8 ECMO B3 AL T
oA — i U RS A B AS, E— A
BT AR RSt TR (75% ) S i kA4 %
(75% ) WINFESRER . YIRIE T CRRT IGY7HT,
bR T8 A I AES, CRRT IRYT 8 0] fEXT 24
W53 A SR BE = AR ARFSE R, R AR IR
e I AORE S L E (75.00% ), R Wi )
H R AR A SR, AR Sty e i & A SR A
i (33.33%) . REFRASIEFRARED
i (P=0.62) KSR (P=0.45) KAFT
Giits2i S, (HXAh BTSSR e A EE
I PREE R FEfE T B (SOFA $F43 17.00 43 )
JU T B B I 25 L T REE T DL SR IS 1Y 25 55
PERON, LUK R MR R AL B 1T RSl A 2 A B
FIm il TG A MY, BRI TR R
AR RURS: , 55 A AR e if B 1T 5 ECMO 4
P BEEE IR SRR 8h e R R A, ik
A e 1 R AR R TR £
AS Ay M, EEI PO R SR AN R . AT
FE LT R M R e B I B ST 2R B HA ol
R R T B AL B, IR ik
WZIFRIE R ER R EZS (P>0.05) o AW
FEAE N B MBS, B ECR 3>, IR
BEA R, RGN RmRY, 45507
REAFAE IR, BEZ ECMO FARMIT IR, LIMA %
PRt O iseE, e AP b F5E ECMO B
4 CRRT IRY7 B I R 5 S T

g L rid, AR5 A ECMO Hifid —2F /)
BEFREZZ CRRTIRYY, MREBEW)EZ, It
TR, otk SR E N AEFRE T
ECPR %, 456 BEMRN, T EAHHNE
Prik, Jmi e A IR EMPTBE S5, CRRT ¥4 3% G
AT
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[FE]: BH O TRZACH AR MM RAMNCTF ARG 20 A BIEahlkIe 2 (ATAAD ) BEN R, BIET
i R SZHAIGIT ATAAD AR Fik BB R R 2R U S B 2020 4F 2 H & 2023 4F 12 A1 & E 3k
SEHFARMNES, AR AEES 90 ], Horb 45 642 TR &Ik B R 2B R E AR (MRH ) |, 45
Bl T — W BZse B G AR (4e3cdl) , i BE TR RINA ., SR SRAFEE 60 % DL 13 6], 223841 11 4]

(P=0.634) , ARuEmbE &M ¥ERWE . O PA LR ZERTGT=E X (P>0.05) , WALERHERIIEIIREA S,

ODAIIEZE R G E R L (P>0.05) o Z3CH AN R AT . FESDIRPEBTIT ] ARG i ] 22 5 X Gt X
(P<0.001) o BEASFIRAGHIM] | ICU AR ARJS RIS R . YR FE L iP5, W2 e R eseit2= s L (P>0.05) .
RIGH I Z 2 B RERERLEANE LA T R A (P<0.05) o &5t TTHIZRSIRYT ATAAD REfS4E RS MIG A
FFIED . SN KRBT ] B IR S R, ARSI AAEDE e RAMNRTFAR, AR 85 KEEAR i — B TR AT

[R$EIA ). AR A BIEFNKIZE; MRIMNCTFAR; 2FIkoBEAR

Analysis of the efficacy of type II hybrid in the treatment of acute tapy A aortic
dissection

Li Xiaoning, Zhang Siyu, Yue Zhifeng, Ma Hongliang

Department of Extracorporeal Circulation Group, the Fourth Hospital of Hebei Medical University, Hebei Shijiazhuang
050000, China

Corresponding author: Ma Hongliang, Email: 846358274@qq.com

[Abstract]: Objective This study compared the early and mid-term efficacy of type I hybridization technology and
improved Sun’s surgery in patients with acute type A aortic dissection through retrospective analysis, aiming to evaluate the
effectiveness of type I hybridization technology in the treatment of type A aortic dissection. Methods Data of patients who
underwent aortic arch replacement surgery from February 2020 to December 2023 at the Fourth Hospital of Hebei Medical
University were retrospectively analyzed. A total of 90 patients were selected in this study, of which 45 had modified aortic arch
replacement and elephant rhinoplasty stent placement (modified group), while the other 45 patients underwent a phase II hybrid
repair surgery (hybrid group). All patients were performed surgey successfully. Results There were 13 cases in the modified
group aged over 60 years and 11 cases in the hybrid group (P=0.634). There was no significant difference between preoperative
hypertension, diabetes and coronary heart disease (P>0.05). The two groups had preoperative differences in preoperative
hypertension, diabetes and coronary heart disease (P>0.05). There was no significant difference in renal insufficiency and
pericardial tamponade (P>0.05). The transit time of the hybrid and improved groups was (191.31 + 30.61) min and (235.03 + 46.84)
min, the aortic occlusion time was (130.67 + 26.50) min and (175.71 = 40.35) min, and the low flow time was (2.53 + 0.66) min
and (5.64 + 3.47) min, the differences between the two groups were statistically significant (P<0.001). There was no significant
difference between the patients in CICU residence time, postoperative hospitalization time, and secondary thoracic hemostasis
cases (P>0.05). Multi-organ dysfunction syndrome was the only postoperative complications which was better in the hybrid
group than that in the modified group (P<0.05). Conclusion Type II hybrid treatment for acute Stanford A aortic dissection can
shorten the extracorporeal circulation time, aortic occlusion time and low flow time. The postoperative complications are better
than those of modified Sun’s surgery, but the long-term efficacy still requires further in-depth study of large samples.

[Key words]: Hybrid type II ; Stanford type A aortic dissection; Modified Sun’s procedure; Total aortic arch repair

YEFEAL: 050000 A1 500, AU BERMR 2= 58 DU B B Ak S Mg R4l
EIEEE: D5, Email: 846358274@qq.com



HERSMEF LA 202544 F28H 234 %28 Chin JECC Vol.23 No.2 April 28, 2025 119

20k A BBk I2)Z (acute type A aortic dis—
section, ATAAD ) J&—Fh ™ F (AL IMLE BN, B8
Tk, e A Sk, TR AR
i, HAGEITAE <14 d, fRiEfEa, vhEmE,
BER AT RE B O I SE . EEhknt e . FEAE AR
AN RS B0 L S2UE Y A RIS IESE,
KZIRIT B ATAAD ) 24 h JET-F A 35 50%, T
PZ DIEANBFFARIGIT BB 48 h BT Al 2
4.49%"%, PRl AMEFFE AR S B ETAYT ATAAD P
— AR N, IR EINSL BB AT
FR” BLUS AIGIT ATAAD 32 A AT B bR AR
AP INEFARIEIAIT ATAAD B, FEAERRIR
PRI SR R AT “R R B AMA E Bk
SR E A, SR IRAIGEASE R 0T BB | & — R A5
RAE . BIL, CONEAMEREE A — B AR TR N E 3
HHFARIT R, MERLHERWTIA, S55TF
O TF AR i B 1) 2438 F-ARAE R L B Fn
B PE S, MR Tz, HAEARE 2 H
e KUY ATAAD FARARAS T iy epofn2d 4 1, AR
i (AL TFARIGIT B I E Sk s EeAE Ay [ &
FIL) |, KT RESEM ATAAD, Ttk
HMBFF AR T E S kR =S AR, TRl T
RAHEEAR R A SR 5> M T 7EA B #2232 2k
RAMNCTF AR B8 iy A B E s ke 2 FR
FE R TERE, LU G s PP HA AR 28 4k
FAT 8k

1 FRFFE

11— FA AR EEE 8T T 2020 4F 2
A 22023 4 12 H W RIFEAS BE ) ATAAD 4552 4>
FAIk D BT AR EE . IR R 2 AL
BB 55 DU BE B (e PR 23 1 25 HEfE ( 2024KS154 ) .
PAFRUE: D ATAAD 5 ; QFIR KT 18 5/
T75%; @I EFALEZIUE. HRaHE: OF
FE 1M R G OB R 5 AFAE LA™ 0
At 9 ORGP R 3 B IR IR OGP AR Al 12
RRGER K ; DR LA 2, XL
SHCE . R E S THEW CT E kA FR
SO S ER A, DR Rk T, K2
BRIV, Je 20 O E, RS A
F BRI A 4 Je 2 A B A TR 323
ke vty AT iy KT 60 5 AFTEAE I i FE IR R 1) HR
T, ek I AR ss EE KB AR, LR
90 ], o 45 il Z T o R4 E Sk B i
FEEBIIEAR (MRAL) , 45 Bz T —

I AIZAEEAR (Je3ed]) o HrbBdE 68 4, 4
PE22 01, 4l 29~ 71 %, 5 FF R ML 68 191 75.6% ),
WD 4 1] (4.4% )
1.2 BAFTG &
12,1 B RABFIRELEEW N W Er b )
M, B e sh Dk AT shIikam s, e F3hliks 3
73, BAOHEERE, EALEEIMN R AR,
FHRSMERR . A BRI E 200l RE, A E5)
J0k 5 SR T 1 s BELET =3k, YITF T+ 323k,
HZc . AEIF OO (HTK W) , O
JEASBE, RAT S SO 2 I TE, XS 2
MR, TRANAMEA AR =R RS
B I E AR, a2 S N T A 48 5 T 50
WKARER . ATHRREZ 25°C, VIWEKE T+ ahbk,
e, mum S KT IR, VI ZE SRSk,
e S, AR SR, 5 T sl i
Ui oy SO, AT UMK HE . 15 2 SRR L%
VENGE T, AATF SR BB, 0] 3 o B T 32 5
ik 2 2 SR Bl K Ui o e 2B A AR S
28, EARETESIKEIE, PHWTRE T sh Ik S g 53
RS A X, KE TS bt va sy
S AE e vy A I S SR S v e EL AR E Bk, A
BEME, THCESIK. ORI, =50
M5 N A 73 30 AT s M), SRR A4
SMERR IR, AR P RITER .
12.2 ZRSCHBF RIS . el BE T
RIGIEZE T ARE —WI5E R, DR HER4E
FYEU R ITRFEZE 28°C, UINELE T
Bk, VTumderA, v s KA TG, DIk
LeBUENK, EmIeHl, s Ik, HLE
Bl A A I v o SCAH R, AT SN T 45 R
PR RGE T, UEe ESkS, R E
S BKEEWTEE, PR 2 B A, ORE T 4
5 B ES KTV A, KT MR B
= S 5 NS 0 3203 S AT S W)
WIRAEAMERR G, kR AT AR, 2R3k
BN MO, SRR o) i 1o 3 3l K
B L/ R B I S TN = VA RN N || K58 = ¢
Tor ST g . AR T BOE IR SR S BUE R
KTy EE, I RSk, T EET
TF T
13 MLRIRAF RSMER AL B 3h Ik EH
i [T (0 = P £ I N7 = 1 I (O] Ol 2
RAETE] , 2 VEREI 38 255 1E (acute respiratory
distress syndrome, ARDS ) . AMEE s (acute
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kidney injury, AKI) | £ %% B 2 g i 1% 25 & ik
( multiple organ dysfunction syndrome, MODS ) |
IAESE . O . ZUOTF Ik R AR S AEBE S
IR =g s
14 seit 3oy AR HrR i SPSS 26.0 £ 1F
T IEAMERE K Shapiro-Wilk #2538, 76
IERPARTHE GO I + ARifE2E (Xxs) fi
iR, PR AR JHASL FEA K. O A H]
Y% K 95% B A5 X [8] ( confidence interval, CI)
Fone AR R TR FORHLUh A% (s
B M (Q1,Q3) 14t i, 4 18] bt %2 2R ] Mann—
Whitney U £ 56, 200 {E LA H 037 502 2% K 95%C1
T THECEE R DIBECRT B 3 e iR, JRRH 2
K305 Fisher B VIMERR 1, OW AR LIRS [ 22
(relativerisk, RR) J H 95%CI & 75, P<0.05 H

ERAGHE X,
2 R

2.1 RATIEARFA  Z2ACH R ARG RS
BT, 258 e L (P>0.05) o W& 1.
22 BEARBIEARTA R AR IMEIRETE
o) S o 1 I v i 3 R T = i e vl |
(P<0.001) ; it RAMZAACAA TR, BEAR
JERAE R DN TCU 45 B i E) . AR S AR BETE]
ZRTG T E X (P>0.05) 5 Z R IF ik i)
BN LR, Z2RIgiit2rE L (P>0.05) . WK 2,
23 AKEFAL LI AKI. ARDS. %L,
DEMA R, Z5Igit#E X (P>0.05) ;
MODS PIZ e, Z25c A Folt R4l (P<0.05) .
W 3,

Fz1 2 A BEINIZTFARLLEERFRIRTE R (n=45)
& R BERE MR 4l P RN/ aR(! Pl
B n (%) ] 33 (73.3) 35 (77.8) 0.241 0.624
=60 % [n (%) ] 13 (28.9) 11 (24.4) 0.227 0.634
BMI (kg/m’, X+s) 26.80 + 4.57 26.75 £3.07 0.027 0.884
Ze Ay [%, M (Q1,Q3) ] 62.0 (57.5, 66.0) 63.0 (60.0, 65.0) 0.044 0.673
E LSS [n (%) ] 37 (82.2) 31 (68.9) 2.166 0.144
BRI [n (%) ] 2 (4.4) 2 (44) 0.000 1.000"
TEOR [n (%) ] 2 (44) 2 (44) 0.000 1.000"
BHREAS [n (%) ] 5(11.1) 3(6.6) 0.549 0.459"
DMLIIE [n (%) ] 2 (4.4) 3(6.6) 0.212 0.645"
iE: 7. Fisher fPIERE
F2 2k A BEINKIZTFARPILLEE FBABIGR TR (n=45)
Il RTE A R4 A MD B fE (95%CT) P i
HEHLEHE] (min, X+s) 235.03 + 46.84 191.31 +30.61 40.77 (23.87~57.67) <0.001
T PKFLWTIE] (min, X+s) 175.71 £ 40.35 130.67 + 26.50 43.08 (28.96~57.21) <0.001
MR (min, ¥+5) 5.64 +3.47 2.53£0.66 3.11 (2.05~4.16) <0.001
AJGHAETHE [h, M (Q1,Q3) ] 13.0 (8.0, 35.5) 15.0 (11.0, 53.0) -2.00 (-7.00~3.00) 0.382
ICU {58 mHA] [h, M (Q1,Q3) ] 131.5 (75.7, 224.0) 123.0 (79.0, 216.0) 11.00 (30.00~53.00 ) 0.573
AJa i BERtE [d, M (Q1,Q3) ] 18.5 (14.7, 24.3) 19.0 (16.0, 22.0) 0.00 (-3.00~3.00) 0.921
iE: MD: s e
£ 3 2k A BENIE)ZTFARABE ARG I LRI (=45, n (%) |
ARG IFRAE BRA Ml RR (95%CT) PE"
YT 1k i 4(89) 1(22) 4.00 (0.76, 21.02) 0.095
LB 5(11.1) 3(6.7) 1.66 (0.53, 5.16) 0.505
ST A 2R AR 1(22) 1(22) 1.00 (0.09, 10.73) 1.000
Zn B UIERR LR B AE 4(89) 0(0.0) 0.011
JafsE 6 (13.3) 2(44) 3.00 (0.89, 10.09) 0.083
RS2 1(22) 2 (4.4) 0.50 (0.05, 4.34) 0.665
FE: RR: MG : Fisher M bIMESEIL
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3 itig

AWFREY], 20 F kI 2 A fiFiayT
FET AT 60% , PRSFHIRYT AEAF IR T 1451,
I HIRFE KA F AR o ek AR Kot 34 1,
L, T —Fhe A2 F AR T 0k TR IR
B BF 28 B 5. AE ATAAD W, ZH 75%~85% 1)
BERZUEY R E 2D X0t B XSk,
A 15%~20% 1) A& R A F A T E 8k,
PRI, AN T3 A8 2 TC 1k 50 4k fe iz A [ = 3
BN R kY, Ze38 Bk 5 82 ARt
FIFAREGNAFRAOGEE, LR T 5 Lshkdk
Gy SR NAE B AR SR INGE, FARMERE S
S EFPK S ERAR, JCT RIS PR HARSME
IRV, BRIV A DR R I Dy fi e i 1
A B R R 2 R G R I R AR R A . PR
11 B Ze A8 02 F Bk 5 8 2 G — KE1H, AR
it 32 AR AR A I R B R L T T Bk

1T #2252 E Bk 582 AR NURESAE T+ £
SKIEAE , 1A Be Az i A 2 i B S 2R A A B AL
T A I A RE DX, [ Ao g T s XU
FANT RIZRAE F- AR D AETH Sk, AT LAFE o
TR T ARUEY, BRIRTARMERE, B4 O i
4 RV A AR ] U0 A B SE R, RAMIA 3R
AR ES k2B EARA G R AR R R EZ
SR PR R Y R AR S AR I RO UL PR R
WEAEAN T R I, BB RSMEIET R E K, 18
i e R G5 o P P e 0247 1) DRSS e 76 A T 1
T rpE R AE R B BN B — T A B 7E
$552 AV s8 FE 3k S B E AR 122 BB,
A JG FIATET I KA & AR 53 510 9.2% F
15.6%, 5 815 flfT FE3hlka = BN RS SA
M EE AL, T B 222 TR i 3 K T D g
ANEFEFER AR AN, KRR SMEER
P ZUEF A, BEE RS MIE R ] i) 28
K, AR IIHAWIE mr R, FLRRErEEN
FARE, RTEAN RN EHEESER, KRR
TRAMIGERE T2 R R AP FlS i — A2 R &

AT LR BR, T RIZAIEIT ATAAD 5
HRAMCF AR, TR RIGREIER, AR
BIATH 2 F ARG K o RSN ] . 3= 31 ik BHLIBT
Bf] . IO S I [A) 34 B W B AIG, AR5 I &0 5 ek

RAAM W RA S, it TR PRI
PG IS A TFREEAS, 2o Kk
VIEEHE— 5T

S E 0k
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[(WE]: BH SV REIE (MUF) SUEARGEISIER, FEERH L RS, Ak W g
gL BRI 12 4RO (CPB) iR R AR MUF BUER RGeS, xR ARIRE . s, Fls
HET L. R 20134 1 AE 2024 48 A, RiffJLEEE2EPLITHIFR CPB FoR 34 519 i, Hrb MUF (g3
RGNS FFT 18 ] (0.05%) , NKHHEBRFHEARFEL 96l N RHHEFES, HEEINHRERDR 8 6, JMEFEABIERR
1), FARMZER 9 IE sk B HEGE T D ST sh K RE, MUF IS ShAEE TT COWAE s BERTEL, 18 fIZE ¢, 3 4l
FBULHIURFEIIME R G I AAE, 1 It HARTHEERE, i MUF 56 RG2S AR 28 8k
TR TT O RAT SIS BERTEL, ISRAMRFE S A SN BRAE 11551, AR RS AZ A AN, AR AR S 0 T 0 ) L 4y
T RAe o8 Je A, PTRRAICHE S R R B A B Ay Ak B SR m s/ D H i ) A

[ REiAE ] ARIMEES; SR EIE; RNEF:; OIEFA

Etiology analysis and management strategies for air embolism in circulatory
systems during modified ultrafiltration

Guo Zheng, Zhang Wei, Shen Jia, Jiang Lei, Huang Jianhu, Wang Wei
Department of Pediatric and Thoracic Cardiovascular Surgery, Shanghai Children’s Medical Center, Shanghai Jiao
Tong University, School of Medicine, Shanghai 200127, China Corresponding author: Wang Wei, Email: wangwei(@,

scme.com.cn

[Abstract]: Objective To investigate the etiology of air embolism in circulatory systems during modified ultrafiltration
(MUF) and to propose prevention measures and management strategies. Methods We conducted a retrospective analysis of air
embolism events during cardiopulmonary bypass (CPB) at Shanghai Children’s Medical Center over a 12-year period. Data on
causative factors, management approaches, and clinical outcomes were systematically evaluated. Results Among 34,519 CPB
procedures performed between January 2013 and August 2024, 18 cases (0.05%) of air embolism during MUF were identified.
Human factors accounted for 9 cases (8 perfusionist errors, 1 surgical error), while technical factors comprised the remaining 9
cases, all attributed to arterial cannula orifice proximity to the vessel wall, leading to wall suction during MUF. Clinical outcomes
included transient neurological complications in 3 patients and 1 mortality, with no significant sequelae in the remaining cases.
Conclusion Air embolism during MUF primarily results from human error and arterial wall suction by cannula orifices.
Implementation of comprehensive training programs for cannulation and emergency management, rigorous intraoperative
verification protocols, enhanced surgeon-perfusionist communication, and timely equipment maintenance can significantly reduce
air embolism risks. Prompt and appropriate management strategies are crucial for minimizing complications.

[Key words]: Cardiopulmonary bypass; Modified ultrafiltration; Accident; Cardiac surgery

EEUETE W) AE TR K R 786 T 38 i i 8 R 2 ( modified ultrafiltration, MUF ) ‘& H T-=#HL5 M.
BRK AU T BT — SR . B IS T 0l Naik T 1991 4297 4 I& T MUF, L6 CUF BEAT 8K
Wit (cardiopulmonary bypass, CPB ) HH[H], FR& M HuRBRAASURIBIK S, SO lfithae, We4s MR
#HE ( conventional ultrafiltration, CUF ) , 2B g AT I R AR SC T KA, MR — e B E [
SR, [ A (2470417 %Fﬁ‘*ﬁ@fl\})ﬁ s h’{UF HIACR B 4F, E'EE?\J{L%
PR, 200127 [, LHSCEAEABE L, oD 3T s PR, {1 MUP LR AT SRR
T o L NN AR A RYUIE A RFFRAE B, AP Sl B
BIEMEE: T5, Fmail: wangwei@seme.com.cn AT 2 RGEIT R AE, HRIET . ARSO LifE
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JLEEE 20T 12 523K CPB W H MUF BUEH &
G GRS By A TS TS I T AT
A A T BT i it LA B A BSR4

1 #BFTTE

1.1 B30 BIBARE 2013 4F 1 H & 2024 4
8 J 4Lt JF J& CPB F K 34 519 f4], Jrp 35 Pk
19 872 fl, 41k 14 647 f], 4Fi% 0.2 d~28 %,
K HE 1.1~98 kg, F AR A % K MO DK
W, ANHF AT B 20 1 g 3 K 2 R 2 B
i LEEEP L EEERSHA (HALH S
SCMCIRB-K2024241-1) .
1.2 CPB #= MUF 7 % Pkl ¥ & im e
Bk 2 A BRI R 17 CPB FA, FHESKA LT
Js kAT B A HE ST CPB, R M LA AR DR
BB A . ARl Stocket 11T 7Y
Stocket C % | Terumo System I B A 1. 0> fili #L,
Dideco, Maquat, Medtronic, Medos, Terumo % %)
A 4 A 7%, Dideco. Maquat, Medica A5 e
#; CPB WiFE MG k5 2 ar—a ¥ AR AR
Hp R RO R ST CUF, 155 CPB JAH #
1T MUF 7~12 min, {5 1k CPB i J 34k tH — 4R
FRIIRE AR — MR A0 5 F MUF,
2013 4FHE, ABEXt MUF & B60E T TRl (I
B 1), H—W4 3 mm 2588, 25 5@8uE4
RS T e ) — AL R AR A AL T RlE
CERE, JEMFeiAk, CPB45HR, i e i bk nl i
EITH =7 Y B) 558 Ay W) . MUF 2 f2
MM T Sk Mg g4, SR et
WG b7 MUF RIS, 4k A Dk 45
AR KA, R DA B O RIS 22 48 G
M, WA CPB (R AL T 1 58 10 45
RS . MUF P 5l 5 4E 5 7E S~ 10 ml/ ( kg * min ) o
MUF 33 5 i Bifi 5 BB D A B 1, ik = 2000 [l
NI AN T B FIRN, FERAEA e
FEzhik

B SR R

2 R

CPB T K 34 519 f4i] Hr, MUF 29 ¥ & 4t
HEFE I 18 1, KAEFE K 0.05%, Hri,
BYLE, a6 FR2d-11%, (KE
3.3~42.5 kg, FRBIHER S HTEER 1,

2.1 MEERF %A 9B ST RSN Bl ik
AT OSB3 kA BE, MUF JFER )5, LR 7
WG, ST DA S KA BE R IR K
TR, BIARE, AP A S A 25 A
IR B A RE O Do 5 10 MUF 45

& LR S TR G, BT RR S BT
i, R R, HUEER MUF 4 B9 I
Hes g, FBSEREAS O 1 CPB FF G
AR A BORUE R T, BB B NP
BCRFEEIE R, 4 CPB JR4G, A TFHRIKIG & WF ]
S5 A N IE R, AR R IR A A HE A AT 0 7
1 6 MUF st f v, & BB A A 106 3 o bk
P ARG FE N, MUF Z AT 76 bR a8 5%
T AT O KB R 1 9 PR S A S R TR A HE
R, MUF B 38 56 5538 48 N SR EA S Do 1
1) Ay R U8 AR TR A 7 ) e iR, R S@ s HES
R, AUREEA SRS BB ST R, AR A
NN

22 43Ik 184 MUF 3G RSk 1,
17 B ARSEad A O it AR, 17 i, 8 Al
R A s s AR B HESC, 3 IR FH A s far A A
fEHER S A CPB A BIHES, 2 1R F A b g s
i HEEE A I Sh Dk 28 fHESC, 1 912k A CPB T i
SBKDIFHER, 1 BIOCR A Sh Bk ZE g e, 1 )
ST RIEE CPB, 1 Bil5E 2 R T4 B far el HES,
JE B CPB AT TR HE < 59 1 f, <Ak
IAFTETFARSME B b o 1200k B U8 28 R4Sy I 45
BRIE K, & IUE S RIS RS B HE O S U
], A AR AR E SR

2.3 FUEHL 3 BIRBEIIMZ ARG AE, 16
FET. HAREIL, A S BE .

231 159 B MUF 55, shfikd@asik e,
PR ISR e BOR AR A L o AMRHE
R IR R, sk, SeiT Ol T,
PR AT PR A S a0 R HES, HERJL A HIEEF
ToikdEfy, HEARARINEER, EBREMSIEMN
T+ E Sk PSR . B S FRK CPB, FEIRITET
AT IREKHE S, fe 2z B DR O 2 50, JC MG
B CPBET,
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2.3.2 10 SR B MUF FFERREE, HEhfikddss o
WA Bl kA BE R ST R ut, BURUAHEALT O R
JUBE R H BRACEBR 35, A R, %
WS, PEIRARFRE . VT 8 B i HE O
TR CPB #B1 30 min J&, RIEAL, BILRJE K
fiii MRI $2 /R 22 A B R /Db, 3 HE &4k
fiii MRI 275 IEH o

233 11 59K M6 MUF 455, shfikiEeEkt)s,
TR MR U SR A BOR =R AL 5. AVRHES AR
SEZIRARAG D A HE SO, REAE R IERR A

FIE O R I E BB AN A 2 mm BRI,
AR WA, R EE CPB, B4MERIFEIE
BO. ARJG B MRT #2786 i Ah H 1f, 7
SRR . BERT, Ak MRT $E/R H i
TR /D . —4F )5 Sk /i MRT $27R8 JCHA S 5 5 o
2.3.4 16 SR M MUF i F#2 i, ShkideE o mAE
SR BEAR S A, AARHEAAG O, R B
R OHIGERFRI. K CPB 4B 20 min,
MEANMEHL (HAR G S50 B B /R WA, Be i
A S e

1 BHEOFERAPIEAI IR . X (RIBREA )
ﬁ 5 ﬁﬁ ﬁi A SR HESUrik e
1 ks 3 5 VSD f&4h MUF ZE3, L EAMRHER + DA, ST
T iR I S e i CPB+
SERKIATEFEHE S
2 B 5 7.6 VSD &4h MUF ¢, A s e A AMFHE S p¥Estiths
5% i 108 A e
305 3 45 VSD &4k + MUF 5k, A b e A R JoJR I AE
Ze i T AR E T
4 L 132 27 VSD EHEAEUE + MUF A A1 Pt A S + pWEptiths
VSD f&#h SR B A I R il h ik 2 S
5 5 9 6.2 TOF HRif MUF ¢, HH CPB+ JCJestE
TR AR IE SR Jiti g Bk DD FFHE
6 & 12 11.1 ASD &4 i) iCHiKESIaN| i s AR RHE R TCJ e
W% A 3 Bk e e
7 4 48 12.3 SV SA S/P Gleen+ SHBEAHR, T MUF Fi B i HER TeIe e
e i T
8 & 2 49 COA VSD PDA #434 FIkIGEE Fi Bt A HER ToJG e
WA Bh A BE
9 B 132 425 AR + BT T A s M HE S + JeJa e
il st bk iy 413 W e ok s e Jits 3 ok 2 HES
0 % 0.06 4 TGA ASD #3A Bl 1 F e + ZEFE AN i
WA Bh kA Fil CPB bWS () =piiehd
1 % 3 4.5 VSD &b MUF 5¢%, A1 Dt A S, + /LB DA S I
TR AR E T #il CPB pWIS () =piighd
2 B 12 10 MG VSD &%k SR E IO i s AR R HE R pWEpiths
WA Bl ks
13 & 1 3.35 VSD &4h BIkdEE O A P fp AR R + TS e
WA Bl ks R i CPB
14 L 5 6 ML ASD &%h Ei)iCHikESIan| Jits s ok 2 HE R TCJa e
W% 3 ke R
15 B 66 18 MR ASD b SISO A s far F A HESC TeIe iBAE
WA Bh A BE
16 % 0.2 3.3 TAPVC #4if SISO i B Al 7K i
WA Bh A BE e KM e
17 & 84 27 2R ASD A&%h FBUETIE L, EHHEA, JeJa sE
SHE I PG -y
Bk B
18 % 96 29 Mg ASD &4 CPB i, 1Rl IE R igEcs HEzCPB JCJR I AE

A IR IRE T

CPB JTft, AT E R 5]

R IR B R

iE: MUF: sk BHIE; CPB: OJWFM; VSD: ZWHBEEA; ASD: Frulb@sfi; SV. BALE; SA: BULG; S/P: ZIRTFAK : COA:

SIMKAAS; TOF: PG IUBIE; TAPVC: S8Vl bk s 07 %45 ;
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3 it

B SCHRIRGE, CPB 4N &R RN 0.38%.
FAEGT CPB AR EINE AN 0.1%~0.2%.
— HAE AR KA TE CPB AN, T-RE L
18% ~249%", i JLEEE £ H MUF B AT IL
# CPB LK, BUS T RIFARER ", {H MUF i 2
r R ECURTE O HE AR N I SRR A
FE Y HAth Ot g TR 2R S AR Y AR ST b
MUF SUEA RGN, 55 TR H it LA B
SEFRT5 vk, DASH RARORE DG 3 R A 2R 0L 5
30 FEBARXRZAAANGRRE
3.1.1  #57 CPB B £ 3 kil &4 %R MUF
b, PR ) SR AR, FE R IR AR D a2
R, EShBAmE I O s Bk RE, T3
JKARAS . R 8 2R R O 2 [ A I 8 P R TR il
Wi E SR, R 1. TR A EAE
TR B, R A A A B R A2 I
B, ARSI AEEH TR AMAR, A A5
ST XA PR BB FEAF RS
TRRIRIEA . ISR R A G EREARN, <
R AT SRR E AN R K, K
RS ZBIE R FE A 5o 9 Bz, 4618
INTF S kg 9 BRL L, 4 50 R 02 B A 00 E TR
NS A LT ESIPK NG, B TR R
/O (0 1(1B%i 3 1R 7) N v B A e o) 7 G VA L AR 1
AR EBMELIIEE . LIRS, 16
BRGNS DR . TR RS, 5
AN ) 1IN S T ARG 2R G
3.1.2 RAEIEEGEH K HMIe B, 5
B2 MUF 455, SMBHE L AR5, R ilied
FORIE RIS, KA A, JFRREE
R MR HEZS |, Bl R AR Rt AL B
A0, AR AT S I T A B R A SR A
JETE LR KA, 3 LA, A Ok
MRl . IR R ANE R KA 588k, JE [
Al R E G S 55 1 B CPB T 4R Fi 5 il g
TN 1S B R o 2T R AR B AR AR
S iE]— GO MHUBIE R A R R, e R A
P
313 H 5B TEIBE@EAY 1628 MUF i
e, SMREA AATIR RS BKIR T, AR ATE
WA, AU E A KRR
3.4 TAERZRE KBS 261, HHhE
PRSI IO T HER, B IR B R AR

32 WEHE FXSIKEE N B RE MUF
PEA, AN, insm A i A NAE I 24l L
ol ik B RE S RS I, WEVE 7T, CPB R
G BL, WETE TR 4TSS s kR R, AT R
i AN RL R 4 A 7 B . MUF JF 8RB B, B
WML, B, FPWEEEZL,
PR ST 2S5, ARG A R AT L
FEAF B S B A ARG 0L, MUF R 3 45
il 7£ 5~10 ml/ (kg * min) , fix & A o 20 ml/
(kg * min) o HIMEL, AEAHMATHSH UK
I FE A =50 mmHg, 8 i B E 325 R R
TH %I BN K

HoAth = b F A AR 2R i PR
OISR e FOR TR, R IR s S )
WAE P> AN KA. CPB R IR R 2
HHRPATEN BB, KRR T fREEEH TR
NBFAREGHESE, BFINRES N R T OHE .
DANFARAR G FHE IR LA B 2ok Ay, HE
VEL TG Va 38 o 3 Ak, AT W ke & i R
AT B TR 2R AN K AR IniE CPB R M
PUREUN, A7 Bl T8 o VR 1 i o) T 4 1 o
CEWAR
33 AEHE MUF BUEH R G H T kAR
SR, ALBEASY, KR AT i BT VA R R AR
T EANRE | VETE R I S A, TR,
R, S, RIERIEA RGT L ZCAE
MEUEIE M AL, JT I P i kA I o VTR B
PR A HE AN, ] kO R 7 S B B, Y
DEARTEL L, WA SR, RIS
FEFRAL, 38 SRR S I [ AR HE . B
AR AN By S, e A AT i
LS UM A BB HE R R AL . R SR SE AT O,
HPRRBE A T AN AT DA A A, HERRUE
MG A A IARAE, 38 A Y A A SRR R
YE RPN . i R AHRH Ty, R AL
T3 i L B A O, AL SR X il ) e s
BRATE O N SR T e Bl 75 5 1 2 T HERR T
o WEIRE, WEHTUA ) CPB, HBh.O DI RE MY
[, O3l ks B HE

X598 K A7 0 RGN, SMRHE A A RE
PLORER BERZ MK, O B =458k, 2RI
PR o RO ANAFAE A2 A D H R I 251
IR S OCR I I fE R R 1 A sk
AU, SVRHEE AL Se AT 0 IR S R A
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Ak, MARIE R AT RBIR S, — O AL E
RERAUR, oML R PR A 20 ik
53 30, i PN T AL ORI L, AR I I
KA AT RMA R, 8 i bk e AL,
FEAFE DK 55— 7 T TR RSO O
OAMEIET , A0 B AR AT PR Dk 52 0T F
1] i AR Ik O JULE 4 10765 P, Pl ] i A
TERBIK , FE AR ST 1 39 1] 3 AT 3K

HOHARJE, THELOHSATERE. Rl
fife i) AR AR e AT O BB ES R R, R
FeOf BB b B, AP A R G . H RS
I ey P i 4l 2 Pt 2 A0 i ot A0 L A B Tl
WA W, AR — B A SR RS, W2
o o oL BRSO AR, e e R
NSRBI K o ik PR R, 3 5 B R TR [
R A L SOPFE R, 4 s W ARV B, R i
AL, ST R T A 2H 2R AR T . Y
AbFe A IR A B TAZUER:, IR HEA
FRKZRGE . PR P T, M BB R 4
W), WLEINDRE B IR i b R KA T AT
ITPRE YT, (R R FE SRR B T HE . A HRE
AT IREVE R A] R 1~2 min, VR IE 2SR,
TR A A DA B KR v TR 20~ 40 mmHg Ry H AR .
AT B AT BN HE T ] 2l 5 min, AR R AR
300 ~500 ml/min, LA K EAS 2 25 mmHg 24
B AT IR, ] W R 3P B
kS B MEZ) KN SR HE D o 3004 T R 3 [ ]
P I AR HE R B, RS BN ST SR
FUEE A M AR A Bl XTFII2EE, SRR
TRYT = i L S BORYT TB, R A
S B A P 54 h 37 AR YT
AR B RE

4 %Hig

CPB 1 MUF B RGN 22 AN
L2 A T B BRI T AR Sk B TR i
SRR A= A RE J AN T DR A A B RE ) BT
A A A R, ORAGARE  E I) RL 4
AR , B RRis a6 SN ARG, T AR R XU
TR AN, BRI LE B 1) Ak B SRt ] ik
DI RRE I A HE

SEHf
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[(FEZ . BM  IWAEMOE IR TR OBE MRS AR EUNUE B IR R R e . ik milE g A 120 4
DEAMEIAR G IAAUAE FR A, SR FHREHLACR I B35 4 M IR RMAE SR RZ . IRFRMY B S 4L T 1CU P2 ARFEM 7
WAIRIT, SHRABITE AT . TR TR AAGYTIG 24 hy 48 h 72 h Wi Ak AR AE 34T A0 . LUAR W 4E HR
MBI ST e (Pa0, ) | Bk bk (PaCO, ) | S GHEE(PaO/FiO, ) | BRI (Sa0, ) skt A (Spo,) .
A ERIAR G I R AE e bR, SR SXTIRAMLL, JAYTHT Pa0O,. PaCO,. PaO,/Fi0, Fl SaO, $U{AFMALLIS 24 h, 48 h.
72 h BAEATARAE (R, 3R PR Ui R AIET IR ) e E 2R (P>0.05) 5 MfRMGES B ETEALS 24 h,
48 h, 72 h ) Pa0), , PaCO,, PaO,/Fi0, Fll SaO, 3 i F T X HRLL ( P<0.05 ) HARG I AAE K AR | BEHLET ] PR ( P<0.05)
510 IREMYEE SIRY T RENS W GE O IS MRIAR IR SAUIAE B A APIRAS, D AR RR , PRSI K A%
SR SRR A
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Study on the effect of prone position ventilation on patients with hypoxemia

after cardiac surgery

Liu Li, Xing Lina, Wang Yuanzhi, Ma Jing

The Second Department of Critical Care Medicine, the First Affiliated Hospital of Xinjiang Medical University,
Xinjiang Urumqi 830000, China

Corresponding author: Ma Jing, Email: 122593910@qq.com

[Abstract]: Objective The study aimed to evaluate the clinical efficacy and rehabilitation impact of prone position
ventilation therapy on patients with hypoxemia after cardiac surgery. Methods A total of 120 patients with postoperative
hypoxemia after cardiac surgery were prospectively included and randomly divided into a prone position ventilation group and
a control group using a random number table method. Patients in the prone position ventilation group received prone position
ventilation treatment in the ICU, while the control group received routine treatment. Vital signs and blood gas analysis results
before treatment and at 24, 48, and 72 hours after treatment were recorded. Arterial partial pressure of oxygen (Pa0O,), arterial
partial pressure of carbon dioxide (PaCO,), oxygenation index (PaO,/FiO,), oxygen saturation (SaO,/SPO,), vital signs and
postoperative complications were compared between the two groups. Results Compared with the control group, the values of
Pa0O,, PaCO,, PaO,/FiO, and SaO, before treatment and the vital signs (body temperature, heart rate, respiratory rate, systolic
and diastolic blood pressure) at 24 h, 48 h and 72 h after treatment were not significantly different (P>0.05). The PaO,, PaCO,,
PaO,/FiO, and Sa0, in prone ventilation group at 24 h, 48 h and 72 h after admission were significantly better than those in
control group (P<0.05), and the incidence of postoperative complications and offline time were significantly decreased (P<0.05).
Conclusion Prone ventilation significantly improves oxygenation status, reduces carbon dioxide retention, and decreases postoperative
complications in patients with low oxygen saturation after cardiac surgery, providing a positive impact on their recovery.

[Key words]: Prone position ventilation therapy; Post cardiac surgery; Hypoxaemia; Oxygenation index
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R B L et o3 s HE ) SEATL A R A S 1Y
EARZ L SR, AEO BESMRIA S IR UILAE AR
b, DR RIMOZ I B4 I PR BRI A2 5 T 1 R A
FIFEWISE . T EIT R 2 R AT R Sk
GARTERA R

1 &R5HE®

1.1 —#&FH ARBFRAIA 2022 49 A & 2023
AF 12 H TH) 120 4.0 JE AN REA S5 AR 48 AT 28 2 1Y
G IRGEOR, MAFRHE: OFEEREE: 18~65 %
Q5 L WEANREFT AR 24 h N IR A i e, A
WP W 2 FE B0, 32 I I 05 % > 20 ¥R /min, ML
Sy HT SR R B KL A 4y R (Pa0,) BEAIG .
TARALR AT E (PaCO,) FHE . A A EE (Pa0y/
Fi0,) < 300 mmHg; @B EFEAJT 48 h I AfE
ICU; @8 #H ReMEBC A IR 8 <IRYT . HERRBR
e OF EEIF RGN RER 45 @24
EBHFLIA A2, @A S Yy Re il 5 ol as B
B, @HA A PR IIRekEar B, 6k
A BRI T B ERALAGE R SR
B E Y AT B AYLET, 82 % AL GE
REFE, WRALSELHE A, R
K18 12~8 emH,0, FEARIEHE (positive end—
expiratory pressure, PEEP) “A 5~10 ¢cmH,0, FiO,
H40%~100%, WIF LA 1:2, A5 FEIR AL
K5 AHRT—3. ADAT, i K I
HAEE (Sp0,) <90% BY Pa0,/Fi0,<300 mmHg,
T e 2l A AR B Sy 2. 45 PEEP B 5%

7 AL, T LR TR R,
AABGE I BEMLECZR T 5838 3 R MO, 4 Fn
HRYL, 4145 60 . BB RIFLLTRIE 1, A
U5 280 i B ) R 25— i g = B AR B 2 B 25
TRIFEE (202213389) , HUfS M R BT
B A R

1.2 897 7k REMY 4 88 35 R IR M AL Ak
WA Al O KR IR YT o X R R R
FRAM M7 HLARR R A il O A 1 R B R TT -
PR MLAHGE 7 2 AL G T 25 K8 TR A 9 1 B
TR IAIT o X TORREM 2, 35 T i R AR b
07 B 58 A T8 bR AGE 0 W e PR A TAILAGE <o
— o7 B B I R 5 10 B2 9\ B s 7 FR s 1 3k
W, Bk E KA AN T GE R Bl A B
NG AR B W, SRR ER S, B
B3 1 e 1 T A A
P | B BRI B S R AR Sk, DA B
WD T, BfE, X TREHRENRE, Sk
A, XTI R, FLERE
R 1 51 - S R A R (10 i 2 11 P 5l
A7 3 SRR, R B R AT ZLARRRN D
£ 16 h DLk o An SRS R R R R JC T T Bk
Tl ARG, WA B B 0K F s i Iml A R
B WEMLeR | SEE SRR Bk R, HER
SEAER S AERAEE (Sa0, ) >90%; JAYT R FR
R R85 1) A5 DR A 0 2 ik ot /= 205 S 18 35 R AL
SH, PEIRAILGE B A, AR TR
12 emH,0, PEEP & 5 emH,0, W PR 1:2,

R 1 ODIESMIAR S A LA 2 I SEAR GRS L (n=60)

FHIE RFEMAZH Xof B il Al Py
M (%, X£5) 45.62 +6.83 46.26 +7.21 0.499 0.619
Bk n (%) ] 37 (61.67) 35 (58.33) 0.139 0.709
BMI (kg/m’, X+s) 25.32£3.23 24.84 +2.90 0.857 0.393
ASA 539 [n (%) ] 0.134 0.715

%% 28 (46.67) 30 (50.00)

& 32 (53.33) 30 (50.00)
NYHA 534 [n (%) ] 0.057 0.972

%% 11 (18.33) 12 (20.00)

IIE3 38 (63.33) 37 (61.67)

V2 11 (18.33) 11 (18.33)
EIILE [ (%) ] 8 (23.33) 6 (10.00) 0.324 0.568
BEIRIE [n (%) ] 5(833) 4 (6.67) 0.120 0.729
SMAE (%, X+5) 46.11 £10.37 45.97£10.22 0.074 0.941
ARAMIGFRIFE] (min, X+s) 126.11 + 8.94 126.79 +9.13 0.412 0.681
T BKFEWTIE] (min, X+s) 85.39 + 12.48 84.44 +13.11 0.407 0.685

e BMI: BPARTCRHERG ASA p: SEEIRBRE A2 20080 NYHA: AR 2
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B4y 8Pl IR HERRFE 8~ 10 Limin, B {6 235 )
7RO B EIPPAL 220 AT A8 IRIT AR E
FAFEME 3 UK, HFR 2~4 h, WITRIAR 95 £ 2 A0 i
ZAGOL (RIS J)2# AR, Wi e B
i 20% HELAE . AR AEARRIEE | DRI AT RN B
(Sp0,) TREME 5% . B FURAE ek ™ &
Rk A S, 7 B2 ARFRM 3l S OF PR 2
fEM ), B 2 h BRI —IR, TR E R R
% A FifiFsf 3 4 AT RMO

1.3 MR AR 0l FIRIT T IR YT 24 he
48 h, 72 h, RAESPKIL 5 ml K PaO,, PaCO,.
Pa0,/Fi0,., Sa0, fH. g0, PP il
GEAT RIS PR . IC IR YT ] W R Rk |
AR KM AN A R G0 R i R AR
T

1.4 %t F 7k ARWF5EE R SPSS 25.0 # 4
R, IERSAELAE R, HE + PRifER”
TR (xxs) , HRIPEAT 855 THEEORER I
BERFR 0 (%) |5 HREECRH R
PR AR S, PEAG AN [RIZ 0 R AR YT HE bR
25, e BEMEKT N a=0.05, P<0.05 B
FEE N -8

2 H®#R

2.1 P4 PaO, A2 PaCO, Al 2L IRIF T4
Pa0,. PaCO,. PaO,/FiO, Fll Sa0, KFTC i & 2= 7
(P>0.05) ; IEMALEFEEAL)S 24 h, 48 h,

72 h ) Pa0,. PaCO,. PaO,/FiO, I Sa0, ¥4 i 1k
TR BE, ZRWEAZRITFE L (P<0.05).,
WS IA MR EM LA S FlEE (Y 8.3%) B
L3 ) 77 2% AN g B SpO, T R i % 1A FEMMp7 38
Ko MEMLEARYIA 55 Bl E TG00 .
W2 2,

2.2 FAAGRIER R JG L EA ML D
N 5 R REAAE AT 24 h, 48 h, 72 h (/B4
PRAE ORI SO PRI | e e AT 5K %)
BB ENEZS (P>0.05) ; SXTRBAML, I
M A A AR S5 I B AE & A 25 AT ) J 2 A
EZRBEAGHFE L (P<0.05) o MAM, MM
ZH AL ST R TCU 43 g i 1) S 254 1 %o iR
o MAET-HFER TG FE X (P=0.465) .
A1 RN ZE RIS REZH 8T RORE & A 238 i 2 (1K T 0 IR
4 (P=0.032) ., W3,

3 g

CMEANBEA AR AEUMLAE R] BE -5 22 M N R A
K, ALSEA T AN K B B R S
RGeS X BE R AR A G IIAE, ik nlhE
FHURE MIEFOIFRIE, 1A B R ER T,
o IR AL A 7368 3R F 7 P I PR 52 B AR
W AT R R MR R R T
BFERAIRE, BRI T SRR A UK,
D T AR I RAER KA . XS IR L, I
BiMOZ 388 A R AENR YT e A A [R] S T 2 B

&2 LNEAN IR AALAE L PR AN RIS Y I R A5 2R (X +s)

T H ] WEEMZER (n=55) XHHRZL (n=60) i P1H
PaO, JRITRT 58.51 £4.22 59.22 +4.04 0.919 0.359
24h 83.52+723 78.41 + 6.82 3.889 <0.001
48h 87.24 + 6.96 79.66 +7.59 4.520 <0.001
72h 90.10 + 8.31 80.91 + 6.64 5.242 <0.001
PaCO, JRITRT 4351 +4.27 44.93 +4.02 0.141 0.118
24h 39.84 +3.65 4122+4.24 2.144 0.032
48h 38.54+3.23 42.07 £4.12 3.613 <0.001
72h 38.06 + 3.88 41.83£3.56 4282 <0.001
Pa0,/FiO, IRYTHT 23434+ 18.23 240.23 +20.23 0.341 0.140
24h 285.03 +22.51 265.00 + 18.16 4816 <0.001
48h 302.71 +25.09 275.23 +20.09 6.922 <0.001
72h 320.10 +282.33 280.14 +22.24 8.472 <0.001
Sa0, TRYTHT 92.33 + 1.41 93.05 + 1.54 0.893 0.118
24h 96.83 + 1.58 9527 +1.85 3.913 0.001
48 h 97.22 +1.38 95.66 + 1.76 3.541 0.003
72h 97.54 +1.24 95.88 + 1.67 3.235 0.004

E: Pa0,: SIS PaCO,: Bk AUERIYIE; PaOy/FiO,: SAATEEL Sa0,: FIKAIMIFIE
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RT3 DMEARSE W B S RLIE B P L AS R A A AR AE B S5 I S A 2%
Ehn I ] PFRM 4L (n=55) XHHRLL (n=60) e PAE
i (¢, x£5) 24h 37.02+0.33 37.13 £ 0.47 1.440 0.153
48h 37.13+0.32 37.25+0.41 1.739 0.085
72h 37.22+0.45 37.31+0.33 0.123 0.221
DE (YK /min, X+5) 24h 80.34 +5.17 82.09 + 6.12 1.649 0.102
48 h 81.12 + 6.09 83.67+7.23 2.036 0.044
72 h 82.61+7.78 84.23 + 6.08 1.250 0.214
I (YK /min, X+s) 24h 18.09 +2.12 19.17 +3.12 2.152 0.034
48 h 19.43 £3.02 2032 £2.15 1.832 0.070
72h 19.00 £2.10 20.10 + 3.08 2218 0.029
Wi (mmHg, X+s) 24 h 120.34 + 10.76 122311222 0.914 0.421
48 h 122,51 +12.23 124.78 + 10.10 1.085 0.363
72h 124.89 + 11.41 126.23 + 13.23 0.579 0.564
&F3KIE (mmHg, ¥+s) 24h 70.23 + 8.08 72.09 +£9.03 1.160 0.249
48h 7228 +9.21 7434 +7.31 1334 0.185
72h 7427 +7.32 76.67 £8.12 1.659 0.100
HUBGESHTE (d, X+s) 543 +2.61 7.32+2.10 0.004
WML (d, X+s) 5.42 +2.65 7.33+2.10 4.301 <0.001
IRIERAEZR [0 (%) ] 15 (27.27) 25 (41.67) 2.743 0.254
it 6 (10.91) 12 (20.00)
JifiAN 5K 4(727) 10 (16.67)
] 5(9.09) 3(5.00)
ICU fEBERH) (d, X+5) 8.51+3.25 10.82 £4.17 0.012
TR [n (%) ] 2 (3.64) 4 (6.67) 0.533 0.465

T 1Y Pa0, 1 PaO,/Fi0,, 33 0 K45 2 W AfF i3 i
SRENS A SR TR FUR S T A BERE Ty, AT
R AR . AEA CE ML AT BB S5 I b
A7 38 AT it 50 00 P 3 A VR A G, dE A R
R R TR 111 RV o 1 B R A0 = 3 G N N /3

HUBBEE SIRY 7 ] LAMGE R 12, SR,
WERFEHAY, Bl RES FRAH LT Y 5K,
il S 52 4T IF RSG5 SO IR ATL A DG 4 il 4%
Pio AL TAPEM A PR HLIEA 738 SR, 7E
EHMFEW T, MR RE A e M, A
T LB AR A A . Rk, A EMSE T BEXT
MR AR AN T T il S AR SR AT, AR M7
WS BENS7E F AR B [ 28 A3 — 5 RN, A2
M s N 0 A A B R 3450, A R T Il 45 X
WGE A B PRI R R A,
TARF MO S () il 25 FRE 0, R MO SRR A 1
WA, gRmitil T MR A Eep], A
RO H g X3 2, el A A RS BR
ARG B, fFRM 8 ST A SR s TR R
) PaO, AE R G840, 76 ICU LT, IfFRD
P38 AR — P R F B O gz N T4

PP el Y B . A Y R B, FRMYE S
AETE ICU ke ZAR G BE W EAKT-,
RE ML BN 1%, A R T4 FALWGE SR a], 42
PEERFIRAE . AN R B M 38 U 24 h
FEH I I 2 0 P R v, IR R 38 RS 4%
I ) 0 A R A0S B S A . PRI B AR
B HLH AR TEVE R, H AT IR EMY il <R
S AR ETT SRR BT A 5K, A AR/ LI L ]
FENG IR 3323697 1 B I S U i, DhREsR <t
sahn, ARECIRSS B BEAER N,
SIEVER WP B g R ecE R RS
BRI A 7, Rewe & 5 Ty, ety
DIIRE, IR FEMYE AT BB A AR IR PR A £ 2
BRAAR . VL EVERPLUE R T IR ML
T ALE T MR R A0 A R I R R I
AORRTR, HaX—He e 24 iS85 1,
WAk, AHIESE & PR BM A < BE S B 2 PR AR
B PaCO,, 7F 24 h, 48 h Fl 72 h TG IT I A
¥ AR T A, 3k R BN MO 38 A
ISR S8 — S At Tt 2 A AR
s R 3 A e e S A, el i I
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FRA A, AT AR AT DR T A
Je BRI AT BELE TR MO T A EE A P08 e 14
PR L), BRLE T R T A, i
R A i AR DA N, 3t o AR A HE
R T R R A R A AR L

ARF R 00 A8 2 A i (AL A4 S L 7E AR B
FUPRE 7O BESER M, IFRME e R
RIS SN 7 N | DA S 22 SN T £ S T RT3 AL L 1)
Wity 7 U7 35 s ARSI A AR A RO R
H AR BERM A= A PRAE A= 838 AN RS P, X
Xt T HESMRIA R B AR A S UM EEE,
DR 3k 6 R I AL TR R 5 ) AR PR
AR AR M A) AE BE G ] BRI = A5 PRS2 B MEE
DRI, R M 368 PR RS S P R 2 A Aol HL A i PR
I BT R T

TEFFRAE S LR T5 I, AT A B MO
IR G IF ARAE K AR RF AR T X A FRAROT R
S PR A 258 A5 A MO 38 ) 40 B0 1 P 2 DA
Ko WHFEHEH, G RERIEGE nT LA R
BRI 2 R G, kAR R L il
IK P EEIEIR R G ACAE B R AR . RAF B AIRES
RN A RSB E R, A TR RS
JERGL RN AR MR 0 Hedh, ASBH S0 WS 3]
ARF B2 38 2 B AL ) S 35 X R, X 3R
AL ROz 368 T S B 0 25 B DR 5 g LG <
SR DAL )45 Y i PR AT REAE T A RS
SR TR TP SrAE, NI 1 R E A RS
ﬁl:*_!ljf [15—16]D

ARUFTAFAE—E R RYE. 5, BFFEaRIr
BAE R TR BNIC R, A7 —E R P Ly,
AREZ MG R EE . R, BFFE RIS AN
OMET AR PEAT AR 308, A AR AT BE 2L
(22 S R REAR R TE /R o AR BIT ST AT L d i
KM 2O B BEHLA BRKS,  E— 2D BRI
WM AEAN RO BIE T AR B A i FHAYRCR o it
Sb, ARBFTERIMEIT K 72 h, RBEFH S K
IR, AR AT DL o RO IR 1 figpRF Rz
AR TS g

LR LRI, ABIFTERM, IEEME A —
MR R BG Y rk, RES W G D RS R
AT R AEUAE B PR AIRAS, R — Sk
B, DG I RAER K AR, JF AR RIS ]
T e . BRI AR e R
A BMALE “AE TCU ] P S Dy B A 5 A1 4L IILAE A8
Y H LR B R . AN S DR MO 18 A

AT AR MUAE £ i R S 4 1A Tk dls,
RUIHAREA B B E AR, AT
DA I ST MR A B . SR, T 4
TP A 1 M8 R e R T SR, AR RAT 5 2
— WS LI A AN R 2R AL O AR TR S8 2
RS PR A IRICR o 0K DA R L il < SR}
FHAIT T SO AR BB S, 4R T
HEANRIA i S35 R A s K

S E 30k
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[(WE]: BH S A TEREARERIMER (ECC) TR TR A TS, SNBSS TAEE N A TR ARG
Bl IR TAESAE S % F3E R CiteSpace #X1%F Web of Science 4% /U B2 5 ZE s s AR 6 SCHR A T AT AL 23087,
FEAEESCRAVE S . FEFRNUMR . ARIEROPFFR sk, s RIS R2, 8 I 116 FHsese
BRAN AL T, R SCEE T 2020 A FFIR SRR ARRRD TS R E B EREBAL VR 226 (78, 4 6.03%)
RPN TPEFZEE (37 5) WA SURZMEZR, & EHAEREA —@E M A1ERS; Annals of Thoracic Surgery iy
SCHRAERE G | e Z IR BRGS0 ECC A BINAY T A DGR el R A U] . B TS TR0 &% ECC % REfLAE B, £
KBS S KBS AL S0 . ARy oRms . e mtilE SR, &g B T4E, AN THERERARTE ECC Piin
ARG LI, SR H 2R AT 48R . JEBUFTE A B AR AT TE ECC Aratb—2E I N TR BEH AR T JRURE: 1) A
HBhEEEE TR ST, WS TAEEARBE RS . Bl T, MR TR A IA PR A 16 T
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Research hotspot and trend of artificial intelligence technology in

extracorporeal circulation based on visual analysis

Deng Xun, Peng Tingting, Liu Lu, Zhang Shan

Department of Cardiac Surgery, Center for Cardiac Intensive Care, Beijing Anzhen Hospital; Department of Nursing,
Capital Medical University, Beijing 100029, China

Corresponding author: Zhang Shan, Email: shanl993ccmu(@.163.com

[Abstract]: Objective The research hotspot and trend of artificial intelligence technology applied in extracorporeal
circulation were analyzed to provide reference for medical workers to apply artificial intelligence technology to assist clinical
work. Methods The CiteSpace software was used to visually analyze the literature collected in the Web of Science core
collection database, including the trend of the annual publication volume, the distribution of institutions, research contributions
from different countries, cited journals and keyword clustering. Results A total of 116 English literatures were included in the
final analysis, and the number of published papers showed a steady increase year by year since 2020. Chinese Academy of Medical
Sciences and Peking Union Medical College (7 articles, accounting for 6.03%) were the most published institutions; China and
the United States (37 articles) were the countries with the largest number of publications, and there are certain achievements in
cooperation between institutions of these countries. Annals of Thoracic Surgery was the most cited journal. The research hotspots
focuses on identification of risk factors, prediction of disease prognosis and intelligent management of extracorporeal circulation.
Future research trends included disease risk prediction, optimizing treatment strategies, and assisting guideline development and
decision making. Conclusion In the past decade, research on the application of Al technology in extracorporeal circulation has
steadily risen, showing growing research interest. It is suggested that researchers can further apply Al technology in the future of
extracorporeal circulation in the prediction of disease risk and the formulation of guidelines, so as to provide medical workers with
more accurate and efficient tools, and to improve the treatment effect and quality of life of patients.

[Key words]: Extracorporeal circulation; Artificial intelligence; Visual analysis; Research hotspot
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BRFA, A HOME T (cardiopulmonary
bypass, CPB ) i AR 87 I 45 A B S 455 0 JIE 1 il
MTfg P, B, AR A AR BRSO S T
FEHERE R B A2 TR WAR UM B, SR,
ECC H £ I 55 24 AR S BT B R & %,
ARG N TR RS T P A B ELACEE N 7 Mk LA ) g
HHLAFB T 5 LR, XA SN
AR Bz WAL A% 32 17 301 Th) S8 25 0 155 28 1k ) T 24
b, USSR ST RTINS HKE, 165
BERGEHTGEDHE Y, E4k, NTHE
(artificial intelligence, Al) FZARMIE—L Kk E,
ot AR B2 7 003 v g R P BE R T AR A AL
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JEE, O ok T R 2 IO 4 g A 1 JER P AR IR
SRR, WAL, S SERHER L TR
AR AR AR Bl AL R S S EIE 1 e
AN A AT FE AT S BB A AR AN [R5 5 U8
LR PR AR b EAT AL, T LTS A B 1)
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T ECC B M AU R 58 . ECC HHE b5
PR A, T By B AR T A DA R R
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AND (extracorporeal circulation” OR  ‘cardiopul—
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learning’” OR  ‘machine learning’
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ARSI

22 AXHMHHT AMREGRER, KXHH
Bl 1384, HAE N 165, BN 0.0175,
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Fh “risk factors” o {EA S B TR] J2 B AT Y BF 5
POEAFM M N 3 R, “machine learning ( #L
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F 2 ERIMERR N TR AR ARHES BT 10 1 3CHk
oAk
L WL RIS
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Annals of Thoracic Surgery 73 0.15
2 Journal of Thoracic and Cardiovascular 55 0.02
Surgery
3 CIRCULATION 51 0.04
4 Critical Care 49 0.07
5 Ciritical Care Medicine 46 0.07
6 Journal of Cardiothoracic and Vascular 37 0.05
Anesthesia
7  European Journal of Cardio-Thoracic 36 0.06
Surgery
8 JAMA-Journal of The American 35 0.02
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9 New England Journal of Medicine 33 0.03
10 Journal of the American College of 33 0.11
Cardiology




HERSMEF LA 202544 F28H 234 %28 Chin JECC Vol.23 No.2 April 28, 2025 135

2% 3 Wonpy s R PER,  “risk factors (AU
RZ ) 7 S o P s s 1 G B 3A] (0.70)
RUYITHAEE b BAT B2 )

266 x4EFREHAH QIEH N 07809, STHA

R 3 MRIMEF LT BEAHCHTICHER i 20 SCHiA)

75 PS 3t g e
1 machine learning ( HL#§¥~ ) 35 0.05
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7 mortality (FET3 ) 19 0.28
8 surgery (FAR) 9 0.16
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10 survival (ZE7F) 8 0.23
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12 support ( %¥F) 7 0.09
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14 children ( JLE ) 5 0.13
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16 congenital heart disease ( JE ML IERG ) 4 0.25
17 performance ( ) 4 0.54
18 cardiogenic shock (/LrJEVEFRTE ) 4 0.00
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1€ ECC i R FH PGS in . —J7 i, S 1325+ A
RAAR S AT BEAE T Ef H 00 AT ECC
iR A RS, AT R i TR SCR A R
HAEAAREL I, B TAEE XL A G E
FE R 5E 248 AT T IG N, S5 — 5T, AHOCHE KW
UK S B TR ST RO BB, 2020 4F
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O HE; outcome: 45 JRy; survival: A5 fF; critical care: B
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4¥; congential heart disease: o R OIER; risk: KU ;
machine learning: HL#%2%>J; cardiogenic shock: [CrREPEIKTE;
cardiac arrest: UMEFFHH; guidelines: 5
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BRI APL A 5616, XAk tiAk CPB R4
PRI SR sl LB e S 2% , AL AR
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M52 REIARJG BBl SR, o
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[(FZE]: BH S0z shids: (CPET) X5REkS AR (CABG ) B3 BT ARWIA Fis s R IZRTE S
VERI LA BT ER OB RE RS0 . Fo5k  YEBRIEABEIE T CABG (35 148 4], LAIBEHIETT 4 R WIELH At B4 4% 74 141,
N CPET X4 DA RESE TR . 2 4B H40d CABG IRYTIR , BRE ML ELAIERINAITAL, [RIRS T g 2 T A2 3
REVIZR. WAL EAEMILR T CPET WAk A iz 2h, Hrh ISR BT — /P e g shii . XHR#E.0)
fit. CPET. izaifig WIS 1 (¢Tnl) | JXENAK (BNP) FLOAEIIEIHRSS A8 H (FABP) kil ki, 58 +7)5,
WL 5 B B SR Y O D REFR bR, T EDUARZH B O DI READN FXT EZHGR (P<0.05) 5 XL WE(E AR . 0 (E
SR RITC A A X EE, SR AR A S VKA . (i B AU R S B AR AT I T+ (P<0.05) 5 SRR
WA S A . WA SR AT R B i AN TR (P<0.05) o St TS, MEBHFR oTnl, BNP, FABP K3
PIH MG, EOWESLEFAY ¢Tal . BNP, FABP KPR TXHIAL (P<0.05) o i€ W CPET 48F CABG FIF AN
HEIZHFZINGIER R, BESARARTHEHE OITIRE, BG5BT ¢Tnl. BNP M FABP ik,
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Aerobic exercise rehabilitation training and evaluation of cardiopulmonary
function improvement in patients with coronary artery bypass grafting during
perioperative period based on cardiopulmonary exercise test

Liu Xiaopei, Xing Fengying, Wang Yinghui, Yang Lu, Shen Qingqing

Department of Cardiac rehabilitation, Xingtai Central Hospital, Hebei Xingtai 054000, China

Corressponding author: Shen Qingqing, Email: Ixp2023102023@163.com

[Abstract]: Objective To explore the guiding role of cardiopulmonary exercise testing (CPET) in guiding perioperative
aerobic exercise rehabilitation training of patients with coronary artery bypass grafting (CABG) and its effect on cardiopulmonary
function. Methods A total of 148 CABG patients in the hospital were selected and randomly divided into observation group and
control group, 74 cases in each group. CPET was used to assess cardiopulmonary function. Both groups received routine care
and standard treatment post-CABG, along with cardiac functional exercise training. The observation group patients underwent
aerobic exercise with CPET assessment based on this, with the power at the anaerobic threshold one minute before being set as
80% of the peak power value obtained from the CPET assessment as the exercise load. The cardiac function, CPET, exercise
ability and cardiac troponin I (cTnl), brain natriuretic peptide (BNP) and heart fatty acid binding protein (FABP) expression were
detected. Results After intervention, cardiac function improved significantly in both groups, with superior outcomes in the
observation group compared to the control group (P<0.05). The observation group exhibited significant improvements in peak
oxygen pulse, peak oxygen consumption and anaerobic threshold compared to pre-surgery levels, (P<0.05) and outperformed the
control group in these measures (P<0.05). Levels of cTnl, BNP and FABP decreased in both groups after the intervention, with
the observation group showing significantly lower levels than the control group (P<0.05). Conclusion CPET-guided aerobic
exercise rehabilitation during the perioperative period of CABG is effective in improving cardiopulmonary function of patients
and reducing serum cTnl, BNP, and FABP levels in patients.

[Key words]: Cardiopulmonary exercise testing; Coronary artery bypass grafting; Aerobic exercise; Cardiopulmonary

function; postoperative ehabilitation
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AR Bk 5% B RS AR (coronary artery bypass
grafting, CABG ) & — Flt 2y B4 35 32 vt O UL I Y 2L
JSRE I B e bk sl s K A% A 380 e 4 e K g A1 S
fFA, ZF AR T AR IR 3h KR 1A
HOrA e BE ARG HE BN B TS 4
2, HIZgIR P ARA T BRI S 2, A
REVEAT I b BEAL B, 2 i B HH B AR P i
PO 55— R R R 0 B AT AN [
18 3 RSN ZR0 (85 AR5 P A6 A RBCR
HEFT R R B RS AN Rl A R R ARG
s, B TR R E SRR, e BRI
A E NGRS E o3 TROME 00 il iz B i

( cardiopulmonary exercise testing, CPET ) J& i 1+ JC
BT 08 A 32 Sl g O il i 26 E 0 Sz B D7
ik, WARCHSA BEHE M Ris s T R
AMFFEAR ] CPET 45 5 CABG Fl F A M IR,
IRNIZA BT X EF AT Ml BE R R0 o

1 W&E5FE®

1.1 AR % BEEEEA P ETT CABC F AR &
148 1, o FH B LA 0 A oy S WS 2 A
XTRRLL, 4% 74 . HAARAE: OFBH LT CABG
FAR, AALINEENRT ~M%; QBEAER
SE AR R I UEA TRV e O R 25 06T o HEBR R
e OB T2 PERLZEE M . B D REAS 4 F G
MAEZEAN; QMR R, &5 >100 mmHg, Y
4> 160 mmHg; QU AT F ARG IMa#E . XF
RN E AN ERINTI S e 2t NP (N SIS
JE . BHAFEAEEC (body mass index, BMI ) | 4Fi%
DA RS oy AR AT IR TE B B2 5, BT H
PEo WELA HME 48 4], Lotk 26 B, WMHEHE 10
B, I AREREMUCAE 12 6], W 7 01, A
(549+68) %, BMI (2593 +3.24) kg/m’. X}
HRZ B AT TR 45 91, 2ot 29 1), WRH R85 11 441
e IR B O E 13 0, A PR 8 ], P AR R
(53.1+52) %, BMI (25.63+£2.93) kg/m’. 7K
e IR G h O BEBEAR RS 51 23 s it (2022
KY-26) , L 3RA5EE HE ) 2 IF 28 38 A5 s

Ch=grR
1.2 7%
1.2.1 S EEIEAL  CPET X £ 0 il 2 fig 12k

s, BFEHTTARIE 28, NHRALTE
I ARTT S, AR AN, M
P I AR L O HIEL R L L R
PRAZHAE AR AT I . Y B s sl A v B

Wbl ANid . PP 1 A A5 e, P AR
H A CABGIRYT I, BRE AL AL BRI
Hb, [RBAT.ONEZ S RE I %k, BARYIZRan T .
O EEGEF R, Kz, @
BAEHEITARIES, BT Rk, B, B
TR BELPE AT R 4200 A 4R s, iilgk 20
min, 3 W GRS B U SR T R RO
Wk, G/ MBE G X AT R BETT 1k, X
SR AT WA St . SR AH R TR AL b AT
A CPET WA A iz s, BT I ZaT 1T
PTG B AN S min HEE . A RIJCSABIET 154
IR B s i, BE TR 4 s
g, BN ZE 30 min, BERPEAT 3 UIZR. FEK
PLlE B ON e ah e PO e O D N 1 | WA ) i S e
AL, =201, Sh#® | T AE E RS A E
SR, B SE RMEE IR B SO FEA T AR B

122 LIREVEAG X ECEORRT X IZk 6 AR
B DI RE AT RN, FE AL S 20 E A K
K # N 42 (left ventricular end diastolic dimension,
LVEDD ) . ZEDF U4 K N (left ventricular
end—systolic diameter, LVESD ) Fll 2 .0» & 5 Ifil 43
0 (left ventricular ejection fraction, LVEF ) . H
e 0 % 4548 45 {55 LVESD #1 LVEDD # ¢,
Forp LVESD IE % {24 23~40 mm, LVEDD iE #
{4 36~55 mm, P& {E 5.0 REZ #1154 &2
1E o LVEF 5.0 JE W48 P BEAH G, 1R # (EH K
50%~70% , BHS5 /0B WERNRER L.

1.2.3 CPET M #4176 HiRyr)a, XA T
CPET, XU AUkl | e {ELHR AL fa A G SR B A T
T, FEA R T2 T 10% B84k,

1.2.4 BB XTI XFBRE RIS 6 ARz shhg
PR AT RS, EEAHE 6 min HATHEE (6
min walking distance, 6MWT ) iz Bl it (exercise
tolerance, METs ) o H.A 6MWT EZ T METs 1
XTI, B RS METs £ 1E ., METs F2F
O IR | 1Z45h5 5 B Ol E R DI RE R IE L .
13 S AR &M TR B el SRR
ARHTAIA ST Bk 2 i 23 I bk, 25.0 (3 000
rpm, AR 10 em ) 20 min WEIMLTE, O ALAL
$EE T (cardiac troponin I, ¢Tnl ) 7 FH it EB6 £ 9%
FOCERI , L APE T CEAT I IR E K (brain
natriuretic peptide, BNP) /KF, Wi LEPU Quant
800 FAAK 45 G i J2 A 43 A ASCR O B i 7 R 45 5
HH ( fatty acid binding protein, FABP ) K,

14 HEHH R SPSS 19.0 FiiH kAT 4k
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PEAHT. TR A K56, YIBOE bR
(Xxs) Fm; THECRBERFH 265, LIBIE (H
(% )] FER. P<0.05 WESAS 5 X,

2 #R

2.1 wHReab ARETHAEE A MHLLO DRSS
bR (P>0.05) , THi5E, P4 .ODIREFE IR
P B i, T SR A 140 T BE A X HE 41
i (P<0.05) o PEANEMRE WL 1,

2.2 CPET TAbxdrb b2 s 5 0 (f ek
A 5% S AN G SR B AR AR A T X b, AR 2 AR
) W SR IOk L 0 1 0 At R I 4 IR B B AR i A

FriE T+ (P<0.05) , P HRER LVEF ¥ &
e (P>0.05) , TEANEE WL 2.

2.3 CPET AR X WZH & I A ks
A {5k S ot RN G S B AR AL AT 0 b, W2 fR
P4 WA (R AR L I (% A ot R I AR R 4 v AN B2
FXTHRAL (P<0.05) o TR0 L3 3.

24 Eahae A FORAHT, WA B ENIE )
e ML (P>0.05) , Zad THijE, WEAR
METs F1 6 MWD S0 R B 08 T X RE 2, RN
W 4,

2.5 iz 7 cTnl. BNP #= FABP K F 3t b F
AT W4 B ¢Tnl, BNP I FABP 3 i5 £ 1)

F1 IR B R E BRI O £G2 34l DIREXT L (n=74, X+s)
Wi g it e 4 pUE<i| il P’
ZEEGTAE (%) yNifl 451+42 449+39 0.300 0.292
VN 492+32 545+43 7.492 <0.001
HH 4.395 14.226
P’ 0.004 <0.001
A WA AN (mm) AT 66.2+5.3 66.3 +4.9 0.214 0.639
VN 543+63 46.4+42 16.392 <0.001
tf 18.239 23.414
PAE" <0.001 <0.001
feb PRI (mm) ENif] 412+2.7 40.9+3.2 0.195 0.716
E NG 332+32 282+26 7.294 <0.001
{1y 12.145 21.936
P’ <0.001 <0.001
P SRR P SRS RRASE 6 A
Rz 2 DRIk R AL R BRI P B Oz ik g6 Ak (n=74, x+s)
i H Xt e pUE=<i| tfH PiE"
TC4AE [ml/ (minkg) ] Al 8.6+ 18 85+1.9 0.082 0.883
¥NE] 119+15 13.1+1.6 4.175 0.014
t1H 2.953 4284
P{E" 0.032 0.019
I % 4A 5 [ml/ (minkg) ] AT 123 2.1 12220 0.080 0.891
ARJE 209+2.4 248+25 3.541 0.023
1l 15.352 19.342
P’ <0.001 <0.001
WEAE K4 ( ml/bpm ) AR 113£23 11.1£2.1 0.092 0.824
N 11.6+23 132+1.6 4295 0.016
t1H 0.531 2371
PE" 0.283 0.042
LU E S (%) N 56.9 +4.9 558 +4.2 0.216 0.629
ENE 56.9+59 57.8+32 0.069
A 0.220 0.841
Piy"* 0.624 0.184

P SARHTIES P SRR RIS 6 1
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(P>0.05) , &+ HijE, W4 B & cTal,
BNP., FABP /K ¥4 AL, H W E 4 & &5 W

¢Tnl, BNP, FABP /K FEHHETXHRLL (P<0.05) .
s,
3 iTie

ARSI kG 2 1 BB A e Hh B R
O WUREFEFNC B0 S AEAR o J % B Ol R 3 i
TR, AR ARIRIG A & B 1 Ao R

A= LR, E LR EE TR B AL A
FENE Y. CABG X ek sh kopke 28 eIk A5 25 W
ks, i ELE AN B TIZIAYT A al, R
AT R0 E AR B T A AL A CABG 3R
I7 , R WU A Y RO A 2 R S P,

Xt CABG (85 #4712 oh 3 & VIl Zk XF vl 4 i
78 N B — 4B AL LA BRI, AT e ol A P R 1)
AE, e AR I A I TR B RO AE T, X
B AR 04 M 5 T i T BE AN SRR st Bk A R AR

&3 IR BTSSR BRI L O s il g AR i (n=74, n)

it H Xif HR AL pUE 2SN 7 1H P
e T 30 45 7.125 0.028
RAg 30 23
T 14 6
[ESIRF &N T 18 39 13.008 0.002
KA 39 22
TR 17 13
VA AUk A T 27 50 18.392 <0.001
RAR 22 5
TR 25 19

£ 4 BRIPSHBHARARMPALBFEN AR (1=74, T=5)

i [ Xt ZH WA tfl Plg”
BEMHE (METs) AT 35+13 3.6+0.9 0.329 0.837
VNG 6.0+0.8 71208 1.838 0.041
il 3.105 3.295
PE* 0.026 0.018
6 min ALATHEES (m) Nl 3253 +6.4 3262+53 0.132 0.941
AJF 334.6+8.4 3723 6.4 27.315 <0.001
il 2239 32.194
Py* 0.034 <0.001

e P SARBE, P S BALE: RIFNAR 6 A

x5 RS RIARTTALEE RN B ARFARSG AT (n=74, X+s)
T H payite] WigLLH 1 Pig"
AT 47+12 46+1.1 0.129 0.783
WS T (pg/L) - »
ARJF 28+14° 12+13"° 6.931 <0.001
{8 2.018 12.351
PlE" 0.031 <0.001
N AT 5342+21.1 538.4 +23.1 0.182 0.618
Mk (ng/L) . .
VN 324.6 322" 124.5+32.2" 25315 <0.001
tE 27.361 42.194
PiE" <0.001 <0.001
S AR 38.92 +8.32 36.93 +7.49 0.163 0.528
REWTRAS & 8H (ng/L) )
N 18.29 + 5.34 6.39 +4.39 19.274 <0.001
1l 25.195 33.821
Piy" <0.001 <0.001

HE: PESORAETICES P SR IRALILES ARSAARSE 2
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F R LA S SR A N A SRR AR
A A PR HEVE T, PR A a) 5 o T 4 M AT P 2
fanfash i ", g T s sh T el O Ll
AU PE, W20 AR I, BEREXT.C I
FALRIEACE = A RUEAR, XHEERR MR 3R
KA G RAGE, SGEZ LU RS BT
VETTORE, DN AL A A R A
ARG, CABG R J5 #E47 12 3l B & Il kXt
O I A5 555 1) P e S R P R A 25 FRAIRPE
R R N Rgs s R O
BERTEAE, SEmREREWE R, ZEdl
MELL=AIRI TR, 38 dhad i S vk A LR B 45
CPET YE MG RO I RETEAS vk, HAWEE
Hek, Ea. BWEICEIEES, TRk SR
Hizd), HEREHETHANIRTT

T B R KGN 32 B0 il D) RE H A AL RE SR AR
RS, ARG EE S EaE s, S5HLk
A AR Ty A U DA (B A T S R B AL
UL fig 25 TIRE, Al ML DI REAS 2 R E iz shfE
I3, DTIRE R TG oG 5 I R A S BN &
A S AR DG U A A R O R A Uk 4 s
HR I3 TR AR, O Bl D B AR AR D A
FEW] A TEAR DG, LR A ROl O Mt D e
CPET X} Il R G A SRS et b A R A H
X KA AU I E | (% A i AT T 4R A 6 A AL
Mz, X CABG BEH A G 12 30 I gt Jm O i
DIRe vl A BRRAEH

AWt CPET 48 % 838 174 Hiz 3l
R, CPET &t P4k 8 5 A A (I 4
JokHE U (AR A R JC R, XK A Y T CPET
15 T BH T A2 s ] 8% CABG 835 190 il
i, THRTE, W4 LVEF 284k, XAlfig
EjREA D R RIS () S 06 . ARG A B
WLER2H 5B 132 Bl RE J1 R SC I F8 AR Y 4 1 1
FIA Tl HAL TR g . X R AY O
3z sl 5 A X MLAARAZ oy (4038 o 1 R i 1 ik, 1
AR R R 12 B BE

FABP % 3K & — 0 LA A i) F 40000 LA 4
P, HEA RO LR S, AT DL e
ORI P BNPAE A —F L E NI Z AR,
HS5HERAHA G, HABSET IR I, 0%
Pk sl 6 fapad U 2 HVEE BNP KT . ol £E
R VA, 50U A, RBRS
TEAR £ O LB 5 7 B AR PO AR R BT
5 4 ¢Tnl. BNP fil FABP ¥4 F&AK, H W%

ZH H 1Y o Tnl . BNP H1 FABP 635 /KA T4 BEAH
L R RS CPET 8 S E A R sl A
R CABG ARJFONETIRE,

2% iR, it CPET 485 CABG BE A4
A GE B E B DI RE R shAE Ty, M
BERGETGE, WKERE L BE.

SE
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HA380 hemoperfutor used during cardiopulmonary bypass in patients with

primary hypercholesterolemic coronary heart disease: a case report

[ SRR |- (MR = RIEEE AT ;s SO MSMIEER

, RRIERIE

[Key words]: Hemoperfusion; Hypercholesterolemia; Coronary heart disease; Cardiopulmonary bypass

1 #EREFZE

11 smA A AW E AR e R A — B B
I PRAJE S 18 B2 B 2t vl [(2021) 128 [t ] 6
(090) 5 1. B¥FL, 238, KiF, EREHK
IRBCHE 10 AR4F, 15 3 )5 d 1 4F T 2023 4F 9 A
3 HAARBE, B 10 REATHIRERZ, KUK
JRBEBE, o0 36 ML R A e AT 25 B i 2R 1 I i et
(low—density lipoprotein cholesterol, LDL-C ) S %
T, 35 20 mmol/L, 12 Wiy i 1 e L [ e o
SE, TULIRZYIRENRIGYTY . SRR TCH] B,
PRGN AW E, BahEd, PERTIHG
HE I 2 J5 M NS, 298 3 R e AT E S
VR, FEONMIETX, FREedoorph, tEA T,
DA, IREJE TSR, 23T 2023 4 5 43
8 Ay KA — UG By J 2 Ik, B M i 2
ANIE, 29 1~3 min JF5AR, JofhiE, BRSO R
AN WU TABE 12, Se ek CT 4 % (CT
angiography, CTA ) #i#rf/n: 12 & REHITE
e - YA 72 T AR PO R
Mg, EhkSEREL LS. BAE TR
LR, O, AR S R

ABEE AR RIR 36.8°C, PRI 20 K /min, 3%
70 YK /min, L& 157/84 mmHg, 2YERZS, DU
KATAE ] UL L2 Kk E AT, XU i, O

7, AR BR MR . AR S UCH AL R

IFEIIRE . O NLEE . BEMLH AL, LGN
TEEBAL: 410011 Kb, HRE R AT — BR B R Az i 52
Rt

BIE1EE: FEFEFE, Email: sjlyao@126.com

JoM B E, H Il =8 0.78 mmol/L, & H [#] P
12.65 mmol/L, =% B g & F AH [E EE 1.06 mmol/L,
LDL-C 12.02 mmol/L., 2023 4£ 9 A 9 H 47k 1f
P CTA K7 A 200 Bh Jok 5% K 22 451 )9 3 ik
RGBS BEE ., OIPERER: 2. ARk
MRS RS, Z2.0DhRRIMELE . 2023 429 J
10 HAPmbRsh o m . O £ FFF 10 B AR
AT UL 24 909% 5 RBeE i S0 v T DL BREER
¥, BT L) 70% yRIETER A, XA D1
BT WL 85% Rl B AE , [nlliE S e B nl U2y
80% SRIBHERAE ; @A RENKI 11 7] W24 90% JRiBR
YRS, T BEAT L2 90% WRIBPERRAS , mBE AT
24 80% VRIBVEMAS

1.2 %97 B IWR JEE M S I R R AE | e
R Bk RERE A O ER , ABEIs T LI iR %
i % (500 mg BID) . & &1 (10 mg QD) .
BFEARABTT (40 mg QN ) AR F i SR i It o
Pt (140 mg) FERRIGYT, BIRIDTAR, S0A% &4t
M/MRIRYY, BAAERR 5 LA . EFEIR IR B L
DIRE, 097 25 KJ5 B I8 R K JC U] 5T R
s, R (B 1. 2) o BFT 2023
i 9 H 28 HAERMIKRIME N0k 3 Ik 5 % 55
A, ARAPBA R MR E R4 (HA380, BRiE
@A R R A A BR AR ) .

1.3 HA380 f @ B R B A 7 x AWMk
TR Ay, B R TS 100 mg (2 ml) EA
HETLAS (SElHhE <), ERERARS B
ABLEERI A FR . R, Bral RS L. R
180° LRI FC /M FEAIG R E o A5 M e E T HE
TRAT, WG TE L A8 7 B AE AR SMIE B 28 B 1) - 3 A
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B R e n) I K AR
7. TC: H [ EE; LDL-C. A% %% B G 45 1 I8 [ e
HDL-C: 5% FE R 25 1 1A ] e

B2 HBHEELEIN KT AR
E: ALT: WERHEER (U/L) ; AST: RAHERHHA
fig (U/L)

SCInl g b, DT i BTA I (KT A X
VR SMIE IS AT T SR S ]I 578 HA380
A A AMEINGY T B, PUBEL RS MIE PR
A, FZAk 300 TU/Kg, TEALEEINLAHE] (activated
clotting time, ACT ) >480 s Joi A] TR RS MIE IR A
BB/ NI ACT, ARHE ACT W R, 4
AR ACT>480 s,

2 &R

ARG B E BRI B, WA B,
FIH Be o A MG P 4 A5 (1 FH I Y D 2 v A I A
EFLIHE] 150 mine AR5 BB 43 BH [ #% A LDL-C
AKE I R, ARG 58 = Kk & K- A
TR (K 2) o BERGHRE RIF, BRaERm
B2

3 g

JUA P v PR B AOLE , SRR Ay 0 v AL
B CRE ( familial hypercholesterolemia, FH ), IR
SEARE IR AE g, A A SRR T RK

R LDL-C, 2 46.3% () EEAT R 5 IR Bl Ik
WS Y B — ISR B AZIGYT, A
fEAE AL YR RO AR 25 iR T O =K
FATT AT DARRAR £ 20 A S Rk AR, Bl
I PR 10 FH A 22 I 2 A T T 28 2 K AR T 22 A1
NEYTFRRES SR IR SRR G YT, MR ss
4 VR % 2 W36 57 T0 AT 8 R A a5 v g T [
WRERT, BT EOR A MK E e . mg g . M
S A TIRYT P I TR T — A ALY
MR AR, B RIME R R E, I A
PRG3R A W B ) A I VR R A, K I
IR TERE R L AN TR R S H A BOR Y TS
Brds, PRS0 I A A, T T
e, UM R, . SRS 2,
WL S 7 B IR SR I R S AR A O
MR, BELHERPOE T IMRE TR A . IR R
W2 B 550 %) e Je Mg ) R P e, 818 AR g
AL BFFAR R LA B A 11 55 PRI BRE 59 L e
BFIAE, FEMEREIR . A PR 25k DL R (& —
PESFRAS I AR A Horb, W RRHARE A Ao
I T B 500 H E i R AR Iz 1. HA380
LA R — R e B M Ay, EEE B =4
RRARGE R B 53 F IR T . SR IRELK R A IR 73+
S 55 5 W B B 2 TR A A O e A I B ARRCR
W BfE42 55 A 537 B LN T 60 000 Dao MLV H A
KW B S WM R LR AR, s
B BT AN 23 B I AR AR P

EIMESRF R 51 BB ERIER N, X5
ARG I BAE FIBET A 5 O, W B R S 2R
AN I HE T R SMIE SR B R AR S A, B2
R T 38 A R B 2 BR AR SMIE R AR b AR Y S
IR -, B0 S B N ek R A . AT
FEUESE, ARIMIE IR A 4 & 4 i DR 7R A 9T
AR ARG B RYER FKE >, i sh 112
WhesE, MAETETEL A R R A TN e
PR A R] L TCU 455 B B[] 0B R R AR A 7 T
Py BARS, i B R IRIT S AN RSB AL
R IR,

A B2 W oh T PE e R B ALRE , AR
Jei F IR 254 B B T S JE S A T BRI IR YT
FERRRCRANIIR , RO D) Re e B 32 1%
5B ki 5 M CTA Y3 7% e IR 30 ik ™ =1 g 42
WA EEIGYT, BITIRIME IR T iR 20 k5% i
MM T AR, A FH HA380 IfiL ik #E Ui 7 v Ak 1
W 150 min, AJ5 BV 30 [ 2RI LDL-C 7K -3
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H AR TR DR AT XS LA ) 52 e
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[H#Z]: BE WFROIECRAFIR (HTK ) X B AR R BRI B TR R AE RO, SR I
R R A S5 M 7 T 254k, FERTRTT HTK AR IR ARAE RO UL R A () 25 A AT BE (4 520
Fik 24 HEPE SD KB, 1A 280~360 ¢, FEALS R 3 4H, 430l 2B F AR (Sham) . HTK AL
PR 8 hdl (HTK-8) 112 h 4l (HTK-12) . FIH Langendorff 2% & ic st O AR L 80 J1 27728 4k . R IR
AN - 2L (HE ) Ge g o NI S5F s, il i3 5 5 S D LA I AR A5 4L, Western
blot HE EE 5 IR SRR FHOC R IRk . SR R s 5071, HTK-8 410k 5E DRk
RN REF AR EZ R m T HIK-12 41, ZFH A4 E X (P<0.05) . HE J+{0 % /8 HTK-8
2 ) LAR R ZE R AR XT R R SE A, (RIS . A M B i R R 7 e )RR EE Y B B 48 F HTK-12 4. &
SR AR I RAR L5, 5 Sham ZHAH ., HTK-8 ZH 1 HTK—-12 ZH 2k AR S 30 ik, ZobiiAis 25,
{H2 HTK-8 4 LR AR 52 F HTK-12 4. SRR TIaE T Il , BEE GRAFR IR K, PR dkifR sy
SURELG RN R 1 R R B, PRERRTIREZ . & WA B O IECRAE BT ] B, o0
WKL AR I S5 N DIBESZ AU, T B0 AR T RE Y TR .

[ KR ] ONEIRECRAE; HTK OV OIURYT S dokitk; KR

Effects of prolonged cold storage in cardioplegic solution on mitochondria in
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[Abstract]: Objective To investigate the effect of cardioplegic solution (HTK) on isolated rat hearts during prolonged
cold storage, observing changes in hemodynamics and cardiac tissue structure, and preliminarily explorring the effects of HTK on
myocardial mitochondria under cold storage conditions. Methods 24 male SD rats weighing 280-360 g were randomly divided
into three groups: sham group, HTK cold storage for 8 hours (HTK-8) and 12 hours (HTK-12). Cardiac hemodynamic changes
were recorded using the Langendorff device, and structural changes in myocardial tissue were observed using HE staining, changes
in cardiomyocyte mitochondria were assessed through transmission electron microscopy, and the expression of mitochondria-
associated proteins was detected by Western blot. Results In terms of hemodynamics, the recovery rate of pump function and
maximum end-diastolic pressure were significantly higher in HTK-8 than in HTK-12, with a statistically significant difference
(P<0.05). HE staining showed that the cardiomyocyte structure of HTK-8 was relatively intact, and the degree of interstitial
edema, cell swelling and fat changes were significantly less severe than that of HTK-12. Transmission electron microscopy

showed mitochondrial swelling and cristae disruption in both HTK-8 and HTK-12 groups, but the changes were less severe

HEE&WMAE: EZRRHHEZERsR SR E (2019-)CJQ-ZD-195-00 )

YEH BAL: 100037 dbat, AR EBEMISE AR ( T —W8) 5 100853 dtat, A 4% 6 Bs BE 25 75 Be 24 vt O I 58 AR
(E—W . ZE0E . (T3 —. H&n)

BIEEE: NG, Email: xcs301@sohu.com
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in the HTK-8 group. In terms of mitochondrial function, the two proteins regulating mitochondrial fission and fusion changed

significantly with the extension of preservation time, suggesting impaired mitochondrial function. Conclusion Prolonged cold

storage of isolated hearts exacerbates mitochondrial structural and functional damage, contributing to overall cardiac function.

[Key words]: Prolonged cryopreservation; Histidine-Tryptophan-Ketoglutarate solution; Myocardial protection;

Mitochondria; Rat

oo JIE B AR ATS SR 2 ol 58 2R M0 ) g v JR S
AT R AR R B e s 1 BARTE R
AL 4E BLBUS T I A ERE, (EARAAC O i
A RMTESR BRI 1 CoERS A A Tz i . Bt it
A M CRAF ISP TR] R S, o JUL A 194 855 i 4
P T, O LA SRR A A B = 1R i
(adenosine triphosphate, ATP ) Vi /0>, BE &= 10 i}
T RERR T . ZORLARJE POIRZ5 A i 4 ML 2, —
HAE TR Ao R S P EPIRAS , FE53 245 T
HEEMREEEA A IIHLCHEMA 1 (dynamin
related protein, DRP1 ) , A& J5 T T B R AR AR
A7 2 (mitofusin 2, MFN2 ) , B 3CHkdiiE, O
I A AR A7 I 0 WL B4 DRP1 AT MEN2 1) - £
BT, SECLIIREZEEL, M5 RGO
HETIRERRERT P S T BRI O WA A B 1O i
FEACPRA T 2o T2 v S5 R AN D BE A9 0 LA KX L D g
Jrr A, A SCH O VR ( Histidine—
Tryptophan—Ketoglutarate, HTK )Xok R BRSO
BRI B AR AT, DLC LA B SR A 1) 256 A
CIVNCVESIR ST

1 #MRfnA*E

L1 E%ah 4 BUEHETESD KR 24 H, f&
T 280~360 g, L ETREL S FRAE o0 SR AL,
{1 134 W] 3E 4 5. SYXK( B )2024-0018, /i 3%
B W ARFE 25°C, W 40%~55%. LK
FUEEAL o>k 3 4], Fdl 8 Ho 5l i FARA
(Sham) , HTK £ {& {& /7 8 h 41 (HTK-8) 0
HTK B RPRAF 12 h 4 (HTK-12) . SCe 2 b
R4 S S W SR A O S W A B DS At v
( BJLongan-1.-2024-00014 )
12 FRRANLME HTK I (I Pt
BT RHEARRA R ) s ZEAIUE S HNC sk RS
BIOPAC MP150 Fl Langendorff %% ¥ ( 3 [& Biopac
Systems Inc A7) ) 3 WHGMITFARG (iR e dr
FHEATR E] ) 5 DRPL, MEN2, B H- I i
(reduced glyceraldehyde—phosphate dehydrogenase,
GAPDH ) ZFHEHPtiA ( I =E AW HARA PR
) ; 7L - FK (Krebs—Hensleit’ s, K-H ) &

(mM/L) : NaCl 119, KCIl 4.7, NaH,PO, + 2H,0
1.1, NaHCO, 25, EDTA ( Z P4 1) 0.5,
GLU (#%#) 11, CaCl, 1.7, MgSO, 1.2, FEA
95%0,+5%C0,, 44§ pH: 7.35~7.45,

1.3 Langendorff A2 A 09 5= KEAREE, L
20 mg/kg I Ll 2 SR EAT I IS T S PRI, O HL A%
1 000 U/kg IFZRHLEE . MMEM [ E , A7 VIT,
A R, PLBOE S, B U E I R R
OE, TGEBGH G HE, TG 2~ 8°CHY K-H ¥
FEETEVE, B TR A ) Langendorff JE 28 B
b, HERFVETE R 90~ 100 emH, 07, T Vi
HERFTE (362 1) C, (LIRS Fl /N R I S A A

(35£1) Co MTTHMECCBNHE T TF 4 (0 sk ] 42 41
140 s LAY, SR AT Be4e 0o LBk il s 8] . DI 22
OH, B7E0 B AL G PRI s S48 i 9 o 35k
PR, DR W A i 1 5 22 18 AR A
ST SR RS o 22 BRI ST e A JEh K
e O E R IRARELESFAE 8~ 12 mmHg. FaEHETE
20~30 min 7, CF0FR (heart rate, HR) . A£E
Wi (left ventricular systolic pressure, LVSP ) |
I E &7 3K K (left ventricular end—diastolic pres—
sure, LVEDP) | /&% N &R B TF/ TR A

( maximum rate of increase /decrease of left chamber
pressure, = dp/dtmax ) FY5E A {E FE V8 R H
K, PR KR R . S, (D Sham 2, K-H
W AR ZEHE T 65 min, (2 HTK-8 2 Fl1 HTK-12 41
FHEE 4CHA I HTK OBESRAFIK 100 ml, FfL
A5 Bk e Ak 22 i, T 5 min, FHRITE
HTK RAFW, 23 SITE 4~ 6 C RS rh i 1k IR AT
8hul 12 h, PRAFLE RGN DAL HT R = Langen—
dorff %2, ZHiE IR % 36~37°C, K-H A
ODMEE Bk, FREERERE 60 min, Jf: R HE )5 i
Tsh F2EAan 0 RO I B A AR WL 1

B RO B A A7 A T S g e e /n B
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1.4 Al 3sAR 5 4w 7 ik

1.4.1  Ifiimssh1ebs 4345 HR. LVSP. LVEDP,
+dp/dimax, HR FIZE%E K12 (2SI = —&F
KA JE ) Fef! (HR and pressure product, RPP ) ,
DA e b KA HH VR ST o 43 I B A T 5 iy LA
FARAE 8 h A 12 h BHEFFURIE A9 5 min, 15 min,
30 min. 45 min. 60 min B0 TFE bR ITWEE T
Wk . AR FR R IR E R = (B HEJR 5K
{8 / EREFTEUA ) x 100%.
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143 OIEEMAEEL TRER)E, BAEE
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VAT T
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B ¢ K5, P<0.05 WERALGIHHE L.

2 R

21 wAHAFHF @A TN EHR, 5 Sham
ZH Fb#, HTK-8 Fil HTK-12 P44 R0 DTS
FrRah kb T AL, TEULE 2, HTK-8 41.0:
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12 20 ) LVEDP W] & i T HTK-8 41 ( X1 2B) .
[F#E, HTK-8 HZAEZE ML + dp/dimax SR KR
T HTK-12 44 (€ 2C F12D) . HTK-8 41 il
HTK-12 4 Z [i] HR A48 bRk 2 % 7 &2 #E 30 min
Al 60 min A G iT2422 5, LVSP IR bRk &2 R AE
B30 min AGLit 2R, Wk L

22 ArkAadrREAe WEREFIGRE S min,
15 min. 30 min. 45 min 160 min B F) 568 kiR S,
IR E R, 5 HTK-8 4AHL, Jhki ik
PRI FAESERE 15 min T EME2ES, HARRE
BHABEEES, Wk 1,

23 SUALIBEFRET OEEWELER LN,
W B A IEAE T HTK W25 R A7 8 h B 12 h,
F2 1 W LIS, 5 Sham 404 H, HTK-8
ZH AN HTK-12 24135 800 L0 i 25 44 i el A, (L
5 HTK-12 4 AH G, HTK-8 ZH.0x LA B 45 4 2L
(RIS A A R B, O LT EHES A AL | ] 5 7K e
2 P e ik R EE Y B 4% T HTK-12 2. DLIEL 3,
24 SILEAERLE M T Sham 41O LA
IRZEF IEH, O WL 4EE W HES A ¥ . 5 Sham
ZHAA G, HTK-8 ZH A1 HTK-12 ZH Y28k 4 52 3
ik, SRiiRISZEEL, I FLREE PRAF I R A HE K
LRRARZEA U S @M B, KRR BRI, 4%
RARP L BLA £ 28 X, LR AR A A BCEETL,
XA AE HTK-12 RIS I R, ULIE 4.
2.5 LBk mbmiEaRr HHENA
ST 5 A I T 5 SRR T BEAH OG0 WG A~ 85 115,
43 5J& DRP1 AT MFN2, i #2523 o 4 43
N, JEE EERELRRRG . B O
MR AE R, DL S I Y B i FERE 14T, DRPI

R RBUES MO A R R A o 70 79 L 08 O 3R 2 3 WA T ORIt i1 R S R L8 (=8, X £5)

S HR & (%) LVSP K& (%) KRR (% )
(min ) HTK-8 HTK-12 P1H HTK-8 HTK-12 P1{H HTK-8 HTK-12 P1E
5 86.0+21.4  622£263  0.73 60.7£265  663x229  0.56 825100  60.7x10.1  0.02
15 815114  89.0+184 038 78.0£20.7  59.5+226  0.12 64.2£53 55.0 £ 4.7 0.06
30 820+10.8  725+344 005 803£21.3  593x225 0.3 56.5+5.4 49.5+5.0 0.04
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60 68.8+20.6  772x252  0.04 733£23.7  56.2:£26.1 0.13 46.2£9.5 382105 0.0l

i HR: 05 LVSP: AWK, HTK: DIURTW; £5IWKE 50 52N SEREAH ;. P NS HTK-8 Hds
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B4 KE AR R P A0 B AR LRSS A 9 E f I B (7 000 £ )
E B EIEALO AN LR B s 5 Sham 4L, HTK-8 ZHH1I HTK-12 ZH AYZRRE IR S B ik, S fAis
HNLIAHL, BEEDRAFIRI A IE R, ORI AZS s 2o @om Wl i, JUHE HTK-12 30 ]

B 5 KR EHURRIR R GA A O E HALR ARA SCE & R Rk
A SAUHCEAMKE; B: DRPL: SJJMHKE 1; C: MFN2: ZORi{RRE4 811 2; Relative protein level: AHXT
EKF; GAPDH: BERRH MBS ; *: 5 Sham 4IHIH P<0.05; #: 5 HTK-8 At P<0.05
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OIS P HE Jea, 5 HTK-8 41AH L,
HTK-12 410 LA B HES 2260, 48 A 0] 5 /K i B
o A G BT AR O LT SR R, L aE
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heterotopic heart transplantation: a model to study ischemia and
reperfusion injury in donation after circulatory death hearts[J].
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[(FEZ]: BE BT ERAILAM (NETs) AN EZhIgE e (TAAD) JERCTIER M. ik JokKInA
B- Z NG ( BAPN )[1 ¢of (kg + day ) | FEE/INER TAAD AR, SR FH I I 56 10 BB A% 28 1 ( DNase 1 )[20 mg/ (kg - day )]
B NETs, 80 H 3 JEWKHENE C57BL/6 /INRBEHL A R HEZE (Con+V) | A& +DNase 1 41 (Con+DNase 1 ) . BAPN+V
ZHF BAPN+DNase T 4. 4 FJFic 44/ TAAD KAESRMESAR, F23h k= 08 7 I i b 3 sh Dk B KA, TRAH -
PP Y INER ESINKEE LSRRI AR , LT 22 2N AR S Sl K BE S 2R AW, 370 SRl i 7% N R 418K (4 H3 (citH3 ) |
PTEER R (ofDNA ) FIAZ/IMAIKOE , S e il citH3 | i EALWIIE AN o— EWUNLShEE 2¢Ok, ARimbric
DGR, SERE R A B S AT A R -1, HATER -6 PR IRSE R F o mRNA 3835, BRIl
W citH3 . AKBEIEAE J IR 20 4, RS EAM 2. RReBEAW 9. VIRGEEIEHEF 1 (SIRT1) . ZEMEX
SKEESEIN T 1 M BEALIRPR p53 ik, B8R Con+V 4K Con+DNase [ £ TAAD KB KGN 0, BAPN+V
2H TAAD KA BRI ZL AN 90.0% F1 55.0%, BAPN+DNase [ 20 TAAD kA: R LZLE N 50.0% F130.0%, 5 Con+V 4H
b4, BAPN+V ZU/NRBSIIKARRE G, MR SR 2R EWT 4B B 5 IMVE citH3 . of DNA AR/ MAKSE B, &
Bk NETs 4= i 223 Fsh Bk SAE FPE W WLADAE IR T8 hn, SIRTI {5 5l ##5 F M (P<0.01) . 5 BAPN+V 41 %,
BAPN+DNase T ZH/INER A Bk AR/, A5 BES); X 3 ) £F e W 240856 5 I35 citH3 . ofDNA A/ MEAKCE T RE, &
Bk NETs 4= 5O /0 s =3 k400 A7 LA 7208055, SIRT1 {55l ik il (P<0.01) . #5ig /N TAAD 1
S5 NETs #5] SIRT1 15530 408 17 _E 4 3= sh kS e A oE -0 WLAR I I T4 56, 1T NETs #05) DNase 1 A3/
TAAD MIER, HA B3 0 A R 8500 o
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The role and mechanism of neutrophil extracellular traps in the formation of

thoracic aortic aneurysm and dissection in mice
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[Abstract]: Objective To investigate the role and mechanism of neutrophil extracellular traps (NETs) in the formation of
thoracic aortic aneurysm and dissection (TAAD) in mice. Methods A mouse TAAD model was induced by f-aminopropionitrile
(BAPN) administration (orally, diluted in drinking water, 1 g/kg/day), and DNase [ (20 mg/kg/day) was intraperitoneal injected
to remove the generated NETs in vivo. Eighty 3-week-old male C57BL/6 mice were randomly divided into Con+V group,
ContDNase [ group, BAPN+V group and BAPN+DNase [ group. After 4 weeks, the incidence and rupture rate of TAAD were
recorded. The maximum internal diameter of thoracic aorta was measured by the aortic ultrasonography. H&E and EVG staining
were used to describe the aortic histological changes and elastin degradation. Serum levels of citH3, cfDNA and nucleosome

were detected by special kits. citH3, MPO and a-SMA fluorescence intensity were detected by immunofluorescence staining.

HEWB: HRARPEESLTINE (82241204) , EHARFIEREAT FIH (82270420) , FRHRFBHESEF
BlaEi 4T H (82300388 ) , PUsQIHIAAEE - KA H4 “IMIKEEZ: + 25527 BHMAE (LHJJ2023-YX15)

B BAL 710032 PH4E, 25 B2 R A — I I8 e O IS AVRE (ol M2 L RERRI . £ B VIR . PRI Bediith | it ),
BB RFLGH RPN G RIRAY2E (R L) 5 441000 FFH, SR ERMEATEE 95195 HBA (MRS )
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Apoptosis was observed by TUNEL staining. The mRNA expressions of IL-1p, IL-6 and TNF-a were detected by qRT-PCR. The
protein expressions of citH3, PAD4, MMP2, MMP9, SIRT1, Ac-foxol and Ac-p53 were detected by Western Blot. Results The
incidence and rupture rate of TAAD in Con+V group and ContDNase | group were 0, the incidence and rupture rate of TAAD
in BAPN+V group were 90.0% and 55.0%, and the incidence and rupture rate of TAAD in BAPN+DNase [ group were 50.0%
and 30.0%. Compared with Con+V group, the maximum internal diameter of thoracic aorta in BAPN+V group was increased, the
vascular wall became dilated, and the elastic fibers broken obviously. Besides, the serum levels of citH3, cfDNA and nucleosome
were increased, and the formation of NETs in aorta in BAPN+V group was increased. Additionally, the inflammation of aorta
tissue and apoptosis of smooth muscle cell were significantly enhanced, while the expression of SIRT1 signaling pathway was
significantly down-regulated in BAPN+V group (P<0.01). Compared with BAPN+V group, the maximum internal diameter
of thoracic aorta in BAPN+DNase [ group was decreased, the damage of vascular wall and the breakage of elastic fibers were
relieved. Besides, the serum levels of citH3, ¢fDNA and nucleosome were decreased, and the formation of NETs in aorta in
BAPN+DNase [ group was decreased. Additionally, the inflammation of aorta tissue and apoptosis of smooth muscle cell were
significantly reduced, while the expression of SIRT1 signaling pathway was significantly up-regulated in BAPN+DNase [ group
(P<0.01). Conclusion The occurrence of TAAD in mice is associated with the inhibition of SIRT1 signaling pathway by NETs,
which subsequently upregulates inflammation in the thoracic aorta and promotes apoptosis of smooth muscle cell. Notably, the
NETs scavenger DNase I can reduce the formation of TAAD and has a significant vascular protective effect.

[Key words]: Neutrophil extracellular traps; Thoracic aortic aneurysm; Dissecting aneurysm; Inflammation; Apoptosis;
SIRT1; Mice
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ERMRZRN LR AHORESCAT . O g oy 3 Sxa  APSC RS EE
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Hﬂ(g@ﬁéﬁﬁ’ﬂﬁ\ ‘f%‘fi[ﬁ%‘@ﬂﬁiﬁﬁﬁﬁﬁﬂﬁﬁ%ﬁ ase 2, MMP2 ) . MMP9 . {ﬁgﬁ{%,ﬁ\lﬁ%‘? 1 (silent
S #R5 NETs E?éjiﬁ?ﬁ?é [8_910‘ ﬁﬂ%ﬁ%ﬁj?ﬁf information regulator 1, SIRT1) kR 1
HJ?’ NETs 512 3 )i ke B@ﬁ}ﬁi%ﬂﬁiﬁﬁ@]*ﬁﬂé ’ (forkhead transcription factor 1, foxol ) . ZHAEIHIE
SR M NFTs 1E IAAD R AE A Yﬁg%o BB (pS3) FIBERR T M EE B S (reduced glyo—
e, APREAUR 2 PO A B- 2N eraldehyde—phosphate dehydrogenase, GAPDH ) $if{A
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( Proteintech, ZEE ) . $T citH3 . BEILKS = R I
PR 4 ( peptidyl arginine deiminase 4, PAD4 ) T
& ( Abcam, £ ) o T Ac—p53 Fild (CST, SEH) |
BT Ac—foxol HTAA ( ThermoFisher, ZEE) .

1.2 ¥k

1.2.1 Zh¥ o 20 KAERS ST SR A ML A 3
BN ML 44 XA (ContV) | X
A8 +DNase I 2 (Con+DNase [ ) . BAPN+V £
1 BAPN+DNase | 4H, ZH 20 2. Con+V 4
IR ORISR B K (X BRI V) BRI
54 J& . Con+DNase T ZH: IEH1XK7KEE4S DNase

1 [20 mg/ (kg * day ) | NS 4 & . BAPN+V 41
BAPN[1 ¢/ (kg * day ) | R/KIRA A BEER K I i 14
it 4 J& . BAPN+DNase 1 2H: BAPN[1 g/ (kg - day ) |
OKIEEA DNase 1 [20 mg/( kg day )] & =732 51 4 4
NS AL, TR OKES 2. 3. 4 Jiks
T TAAD SR SRl A v Bir A SET /NS
RV O B R AR
122 EFKEAEN ] Vevo2100 /Nahii
FEACHEAT /I B 3 Sl DB A ARG I /N B8 5 R
IR S (VD RMOZ [T 2 TP £5 L, 2B MS400 #£
S, EFEEDIKD BRI, HERE T
AN R BB, SRR Sk 2 ARAR IE M Y T 325
k. FEZhKD Ao ESKIE G, LRI E
T B ZE B Sk S A BB R sk bs
ok EME, 1#H Vevolab 3.1.0 {4 & g 3= 5
ke RNAE
1.2.3 k¥ B ( pulse wave velocity, PWV ) K
I eSS SRV IR AL PWV. B
BT HEAT, sl s E Sk S ) 2e M35 5l
Jikze v 1 mm &b, 2SI S ZE AU B ik 23S
Wiy 1.5 mm &b I o 2235 40 75 10 SR A S i
Rt p e RN EN S 1) S = N o a1 = 9 Ui ]
22, PWV AN | il i U R / ) 22

1.2.4  FESIkHLURBEE2EY
1.2.4.1 75 KK Al 21 (hematoxylin and eosin,

HE) Zett iy 3k U 2 T 4% Z R PR,
il %8 B 5 pm JREHL) o SR AR AEAL B

/] HE Q90 v, & ToK Sl KGE WAL 31 s
B, WA T WSS I Sh IR EESS A U TR R
1.2.4.2 PG i TS IR A E T 4%
ZRBET, S pm BAHLY R, S
FIKACANFE TS, {4 ] Verhoeff F1 Van Gieson Y4
Pehr, GIKCEERUK BV PEE R, 85
TR B kORE T A AW RN U OT AR A
S B PR DA S L AU AR 1 O
SR L YESEHETOME IR 2 G R st 27 4k T LR T
WK 3 PONTRPTELT YA W a3 s 4 PO ik
LR B E A TR R

125 [fi{f NETs fraS il SRR MBARAS,
3 000 rpm 5.0 10 min J5 84 B 7. #% B ELISA
A AU, SR A ELX808 AU b5 4SO i i i
H1 NETs R4 citH3, efDNA FIRZ/AMA KT
12,6 REBICRE  FEIhIKIrAL 4% ZRH
P[] Je i 5 pum SRR AR H L) o U 20
RS BT RIS, H 5% 4+ 1% A& F A 1k,
MR EN —HAE 4 CTWF SR, MY R 5
N B PR E 1 h, 46— K3 -2- K
F | ( 4',6~diamidino—2—phenylindole, DAPI ) gu
AR 10 min, NETs HIHT citH3 F1 MPO Hiffdt
Pegtirbmic. N4 £ HHT a-SMA 4t
AHTIRIC

1.2.7 KutricE ( TdT-mediated dUTP nick end
labeling, TUNEL ) 4t F3IfkRALE 4% 2R H
P[] 2 S R 5 pm SRR ARSI o B i)
FH10.1% 1 TritonX-100 % J % & 20 min,
Ji I TUNEL %43, 37 CW#& 2 ho K /5 ] DAPI
P g AN IAZ 10 min, OB R AR BB WA
JHAMR, SOOI T AN

1.2.8  SZ A B A A X N (real-time
quantitative polymerase chain reaction, qRT-PCR )
Rzl 38 3 Trizol 12t 77 $2 WO I 2H 21 b By B
RNA, JH#iH PrimeScript RT T Sk g S
cDNA, K H Taqman & K ik, i H Applied
Biosystems Prism 7000 2 % & 48 3 47 qRT-
PCR. 51y b i L A & 2 R B A A R 2

R 1RGPS

FEH iEm (57 ~37 ) B (57 ~37 )

IL-1P TGGGCCTCAAAGGAAAGAAT CAGGCTTGTGCTCTGCTTGT
IL-6 GATGGATGCTACCAAACTGGA CCAGGTAGCTATGGTACTCCAGAA
TNF-a TCAGCCTCTTCTCATTCCTG CAGGCTTGTCACTCGAATTT
GAPDH AGAACATCATCCCTGCATCC AGTTGCTGTTGAAGTCGC

i T FNE; TNF-a: BRIRSER T o; GAPDH: SR H-IhEs b S
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A fgEE. DL GAPDH BN S, R 2744 5
FEfH H AYFEFE mRNA AT 5 5o

1.2.9 HFEPIE LR FRIARI Rl s iy 32
Bl KA LU U A 280 e A 1R 4 2R PN A T
i B Js FL UK i e B B R R S . FH 5% Bt
PEAIIZIRENA 2 h 5, AR 1 —HT 4°Cl 3y
B A, SRS FIAR L A R 2o S A P Tl A B — 37t
= IRIFE 5% 2 he F ChemiDocTM XRS+ i
BRGRME 5547, H Image] e

1.3 Qi Fod BRI R TOR UL +
FrufE2ERoR, (4 GraphPad Prism 9.0 #K{F#E1 148
oM. PRZHTR] L BCR B STREAS e K 36, 224
[B] 40T 22 578 44 Bonferroni 8 1E 1Y ¥ [a) J5 22537
WM. Lh P<0.05 A2E5H Gt Fa L.

2 #R

2.1 TAAD /) R e & R £ FH PR L P NETs &
EHE MG NETs #5859 ofDNA | citH3
R IMEACE R 5 R B, 5 ContV AL,
BAPN+V ZH/NRUM TS ofDNA | citH3 FIR%/IMA K-
WEFE (P<0.01) . 5 BAPN+V 4I/NRAHLE,
BAPN+DNase I ZH/NFUMLHE ofDNA | citH3 Al /)N
K- B B (P<0.01) . F 3 k4041 NETs
JE I 7R, 5 ContV ZHAH L, BAPN+V £H /)
LI 32 3 ik citH3 5 MPO FL 4L B B 84 £ | citH3
5 PAD4 23k B ERGE (P<0.01) . 5 BAPN+V
20 /N KL AH H, BAPN+DNase [ ZH /) Bl citH3 5
MPO el B /b, citH3 5 PAD4 Fik i & 55
(P<0.01) o WK 1.

B A/ R B S 3k 2H 2 b PR A 7 4l o ek
Ee A IMTERNEARAEH H3 (citH3) KF; B: I DNA (ofDNA) JKF5 C: M3 R/MAK; D s
ML (NETs ) et R E (LLEFRIC citH3, SEFRCHE S (MPO) |, W Gsricaifii, M@
HELRFERIMAE AN, ZL6 S5O MUR NETs; SRR 50 pm) 5 E: SEEEEEERI A0 S IA]; F: citH3 2 0E

T G ISR RN 4 (PAD4 ) @/ 8T; Con: XTHRAL; V. XTHEWEF; BAPN: B- ZIEMHNAY;

DNase I:

Jid SE AL EARL R 15 GAPDH : BAEIR HH eI U8 s =+ O P<0.01
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2.2 NETs F %A DNase [ #& TAAD & %
B EFHMRY K TAAD kARG M RG45
W78, ContV 2405 Cont+DNase I Z1/)NFL TAAD %
H R G RN 0, BAPN+V 4/MEL TAAD %
3K 90.0%, WK 55.0%, 1 BAPN+DNase
I /B TAAD KA Z8 R i 5458 W N B, 43
52k 50.09% A1 30.0%.

ANERAT 3 Ik S M S TR B bk e oK
WA & PWV M, 4538 8 x, 5 ContV 4 M
L, BAPN+V 41 /)y B = 2 ik 55 K N A% 3
(P<0.01) , Sk EY 5K, 5 BAPN+V 40/
AHEG, BAPN+DNase [ ZH/)NFRUIA 3 30 ik fe RN A%
/N (P<0.01) , ZhkY kA2 B 2% . PWV
B 5B kAL R R IEAR G, 5 ContV 41AHLL,
BAPN+V 4/ B PWV {H 14 i (P<0.01) , ik
B A fk. 5 BAPN+V Z4H kb, BAPN+DNase |
/N PWV (EHIE /N (P<0.01) , BhbkiE k15 5
W22 LI 2.

2.3 NETs AR DNase [ 474 TAAD ) R4 £
FIRFE B G i Fe MMPs &3k i 5 k414
PR A2t BN, Cont+V 205 Con+DNase 1 #H
/N BN 3 B0 ik 2 2O 25 15 Sy S A 1) P BAIR

Hh iR T R ek H B RAFH S5, 18
HPE2r 4 1 9%, BAPN+V 41/ B 3 3 ik 20 80

AREY K, PEEOZHERRE EKA, w1
FEEVEA . 5 BAPN+V 41/ AR L,
BAPN+DNase T 4I/NRALGUEEHR T —ERIE
Py, SR W R G, S E A
AR RIS, W 3A-3C.

MMP2 F1 MMP9 % 1 R iIL 45 R B, §
Con+V ZH A [, BAPN+V 41/ BM 3= 3 ik MMP2
5 MMP9 ik B0 (P<0.01) . 5 BAPN+V
ZHAH ., BAPN+DNase 1 2H /) E% 3= 3 ik MMP2
5 MMP9 FikB 8 M (P<0.01) o LA 3D-3F,
2.4 NETs & % 7 DNase I #7 %) TAAD s &
EHR K EARF 5 ContV 4L L, BAPN+V
20 /N BRI 3 3l ik 26 Pk - TL-1B. 1L-6 1 fih 3
WHE A T — o (tumor necrosis factor, TNF-a ) £
KB FE (P<0.01) o 5 BAPN+V 41 # kb,
BAPN+DNase 1 ZH/IN5UN = 8l Bk 5 4K TL-1B
IL-6 Fl TNF-o 3503 R (P<0.01) o WL 4,
2.5 NETs /F M%7 DNase [ #%) TAAD 8 £
IR E L i E % TUNEL M A0 G Ys fo 4k
RER, 5 ContV 4 LH, BAPN+V 41/ 3
Sy k- v LA Pt i 46 2 B bR 7B B ) a-SMA 35
WETRE, TR RS (P<001) o 5
BAPN+V #1 [, %, BAPN+DNase | 4/]NEL i 323
JokF- LR ISR SR AIAR S R T o-SMA Kk B3

B2 R ZEIREE 1 X5/ B 32 shike / e )2 % A 2 K B sh ik sk 1) 52 i
A BOESINKIEMIEE (TAAD) KAERSHEZER, B MENNkERKNGE; C: BOEEEE (PWV) Mlie(E; D. £
Sk S VI AR R, Con: XTIRZH; V. XTHRVEF]; BAPN: B- ZAEMNG; DNase I DEHIRZESNE [; ** N P<0.01



158 FEARAMMEFR L F 2025F4F28H £2345 %28  Chin JECC Vol.23 No.2 April 28, 2025

T, dHREE TR R R (P<0.01) o WA S,
2.6 NETs i# R # DNase | 474 TAAD > R 4
FEF Bk SIRT1 AK-F T3 SIRTI {5 5 A 55
THRIKGER TR, 5 Con+V AHIHLE, BAPN+V 4H
/N U FE B ik SIRT1 & 11 3% 35 B 08Ik, SIRTI
T UF A 53 T foxol F1 p53 LA AR B B 3 T =
(P<0.01) ., 5 BAPN+V #4 #f H., BAPN+DNase
T 2H /)N B 3 3 bk SIRT1 2R 1 2634 55 35 19,
SIRT1 RS> T foxol Fl p53 ZEEALTRE 3%
T (P<0.01) . WK 6,

it

TAAD J& 2l X 32175 % 1 W 3= 3 Jiik s ek 9™
gk, HEAJRZE AL, n] A 32 3 ko a2
B ZRIT R RS . THeS N IR R IA
RANGTTE, TR ZHROE LA E—T7
2L B, RAREIT TAAD AL T il e A
FIBTTHME SE k3 TAAD B FlS (T 264

RIEEZSE FehIEMIZ)Z (aortic aneurysm
and dissection, AAD ) JERAIICEENLE] " REFEAF

3 JBLEEALIRNG 1 Xt/ BN = Sl KT 2 R A RIS 5T 46 s 2 1 A 3 )
AL AR - e @ K (BRI 500 pm) 3 B: EVG ( VERHOEFF S VAN GIESON) Bt @afCERE (AR K
500 pm) 5 C: BHEAPESY; D: GPEENCAGINAAH AR E: BB EAN 2 (MMP2) 2 =501 F: MMP9
K HIIHT; Con: XTHAZ; V. XTRAVAHI; BAPN: B- ZAENNE; DNase 1. L EUZMAZIRNE 1; GAPDH: BEERH i
;=4 P<0.01

B4 i 1N 32 3h ik RE K RS20
A FEKANE B (IL-1B) [HEZPER (mRNA ) £ik500; B: T8k IL-6 mRNA FIEG 1 €. Eshfik
JAPRIEIN T o (TNF-a ) mRNA FIAGE0T; Con: XFIAZH; V. XFIREFH]; BAPN: B- ZIEMNE; DNase I. A HHEZ R
fifi I; ** & P<0.01
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B 5 AR T XN BUMG 32 2 T AR 25 2% ) 52 e
E: A KuFRiciE (TUNEL) K o- FHUUILEHE A (0-SMA ) GEEHE R E (L @ARiC o-SMA, ZEEFRid
AT AR, W EPMCITA A ; AR 50 pm) 5 B: FHEAAIMIET-RET; C: o-SMA FKNHE IR P B 0T
DAPL: 4',6— “JKHE -2 ZREEMIME; Con: XTHRZL; V. XIUAFN; BAPN: B- Z(JENN; DNase I: M SAUROMAZIRMS I;

b P<0.01

B 6 MtAEmRnE 1N U S Btk (s B IH 5 T 105 Sl B f2
S A SRPEENCE RN S MR R B ORGSR 5 1 (SIRT1) g i 3T C: LAl - BS54 H T 1 ( Ae—foxol )

ffoxol KEHAHT; D: Ak — 4R BT (Ac—p53) /p53 KB A HT; Con: XTHRZL; V. XFHEFH;
DNase I i RBZERNS 1; GAPDH: MR H MBS ; ** y P<0.01

FHILANE

FEAE E B R REA R BT e KA I IO e
MR NE, FE PR AN B, AR
i Ak A S . Hoh, B4 REIEE B
ARTPPERIAIIES S T AAD B9 e i 1
W A0 DL 2 Rl O sURAETDIRE, I NETs 76 R
EAH DB T ) R IAEH S8 H o NETs J&(H DNA |
2R RIORE 2 AL RUIRZ5 4 5, NETs 1)
B — Rl & BUAG P PR A 1S Ak vk, ATk
POV 98 i il B s Y ARk, 56T NETS
O P BRI 9T Aok i 22 7% (EASE R
&, NETs 50 094 2 S W0 i = 0 ks A 4 1
TR A br & ', SR, NETs 78 TAAD ()
YEFMATERE . AR AL, 5 ConsV 4UAHLL,
BAPN+V 41/NRIMLIRAEERH NETs #5354 ofDNA |
citH3 %/ IMAACE i 2 5 . [FIB) BAPN+V 2/

BAPN: B-

SUM 3= 3l ik 41 48 rp NETs 240 {43 citH3 5 MPO
HREW IR, AN SFHAEHMNAR LY
PAD4 ik FIH, DL EZE SRR NETs [FIRELE
TAAD JE R R g i B 22 A £

DNase I 1] LLK;: NETs ) DNA “H 28K fift i 1)
SRR, & HATA R0 v T IERR NETs 259 .
WAMNE ST 30, I NETs B9 i mT i 25 s 2>
T30 ko a9 5 U A HIFSE {8 T DNase I [A] A
MELH|, 5 BAPN+V 41/ UM b, BAPN+DNase
1 20 /)N BRI R0 = 3l ik 21 23 NETs 7K 7347 B
T B HE— 20 WA X TAAD JE 1 1Y 52 e
P, 5 BAPN+V AL, BAPN+DNase I ZH/)NER
TAAD & A= 38 Ko 5452 5 0 1 eIk, M 3 3h Pk
KNARN/N, Shliky sk & iEfbrs ) 0H i 22 . Bl
FEPkAL Y A R Bon, 5 BAPN+V 4
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/NERFH L, BAPN+DNase 1 2H/)NERZH 4008 74515 5]
T BB, R R R ENGE, D
FEERF, WK NETs 74 200/ B TAAD
IRERE.,

TR R, NETs iR 2 K.
SR, FEJCHARAEWIR], NETs B77AE 544
PG FIASZ A I 9 RE A & 7, NETs BB T
2D M RV AN S A, R I 3 A 25 At e PR
FRIFAMEHF " 40 r] % MMPs, S5
F= B Dk RE (] T AR I AR AR A5 R B, AT AR
HE = By pkOBE RSP R R E 0 U AR ST
25, 5 BAPN+V 41/ A, BAPN+DNase 1
ZH/NER R B K RE A0 Mg R 7 IL-1B. 1L-6 Fl1 TNF-a
B2k B SR A, [R]HF BAPN+DNase 1 2H /)N U
F Bk MMP2 5 MMP9 ik 8 FRE. LU E2S
FW, i DNase I %5BR NETs AT B 50858 TAAD
/NERE B SEAE T 6] MMPs BYRBEHL

HEATPEF- 1 LA A 25 25 & AAD 1Y 0 — A E %L
FEOE, WI51 & ESMKDIRe R FR T2, S35
AAD R 2d B B AR sh 1) 5 ol ke 41
AU I B T AR R, I B R 2B T4
2 B ok 2 ST e LA R 2 S e e L
AR ICH) a-SMA AT e s s ta, Ao
MEEF], 5 Cont+V A L, BAPN+V 2/ 3
Sk a-SMA Fik 3% T %, [FAf 4T TUNEL %%
R, SEE UL IE TR B TS 1 DNasel
Al B @i PR s . DA SRR, TR
NETs 1] i 306 TAAD /N 5UD 3= 30 k-3 WL4n e
&R

SIRT sz — 7 H0H ot i i M e — A% Y IR RO
R COBERE, SR RAE . AR A O
YEFIAR G P2, I &R 40 Hh k= SIRT1 23 i e 9
PR LA F I8 P Chen ZEUFE 52 P, L4519 ML
SIRT1 $f 2k 5 &4/ BRE 3= 3l ks A AH G
Enkhjargal %5438 ™, 1fi. % 5 ¥ L SIRT1 X T
Bi/NRE B2 EREE . A, Qu kL,
NETs JiG T H BB HEE 3 (METTL3) 4
SR I B A9 SIRT1 mRNA B9 34k, &
HOEE ANE, JEWAR SRR AH DG 2K 45 1
K. BRI, NETs fiEdk TAAD BT8R 5 1
SIRT1 {5 %A CMFFRTY . AMREGEREM, 5
Con+V #H %5, BAPN+V 4H /N B9 3= 36 ik SIRT1
IR B AR, SIRT1 R/ 1 foxol il
p53 L MEALFR B B 2 T, 1 DNase 1 35 bR
NETs 0] B 5 |98 TAAD /N E B ik4i 4t SIRT1

SHERL . DL EEERRY], NETs Al 2iE
P SIRT1 55 I/ B TAAD (I8 B 5 i 2
(EJEH AR B 2 IR ML 5 0 — 2 B

ZE LTk, ARWFITIESE NETs 8 i3 3 58 32 5)
ik B 5 i AN 1 -V LA BRL R T 8 TAAD Y JE
SR, JF H NETs 76 Hoo () 85t ML ol g S5
P SIRT1 5 =38 B % VIAH G [F B NETSs 15 BR
7 DNase T X} TAAD B0 97/ H &7, & X
NETSs T8 BRO A B R ) 8 )~ F50RF 55 1B Ay
J7 TAAD [ HEEHE 2 —.
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A R RN /)N Bl O MLt I PR 30 A ) AR 3P A F AR 92
HAF, B W, WXH, Exa, ¥ B

[(HZE]: BE WM RRERZH (LPS) / THE —y (IFN-y) 5% RAW264.7 B W20 M7E 5 AE 09 VE DL AAE
INEUC LB LR35 (MIRL) HEPERT . F53F  ilid LPS/IFN-y i85 RAW264.7 E A0 A= S8 RE S, 20345t
F (CCK-8) VAl e AL HL 5 ANMITE 1, SEI SO S A5 il S 1oy VAR (1 G2 R IEAN RAW264.7 FIVELN Y 4 0E
N5 A A HE MURT AL, /)N RO I e S AN R RS B D DN AR AL . 3B D e ey . SR8 2 3R Al
SN IR FA A2 ERTIEIN 2 MI/RT S5 U IR S AE SN, iiad Bax 25 P FEIA R A bric s Y (4 2 MIRT J5 U LRI T
R RIS 25 1~ 10 mmol/L AL FRATH] 4 h B AT W 259845 LPS/IFN—y 53/ RAW264.7 E R4 40E, JfH
HAT AR . ArBRIRIGYT 0% T /N MURL 5 .0 S RE AL AR T, 300 T /N MIURL S 1.0 D RE .
S50 Fr BRI RN MURT S AT RAEFL O LA T, 238 T/ MURT S AT RE

[ L4837 . FPRERR; CJUUBRIN — TREEH; RAW 264.7 ELVEAM; CIETIRE; AR ; O E T

Study on the protective effect of citraconate on myocardial ischemia-
reperfusion injury in mice
Feng Linqi, Chen Cheng, Shan Wenju, Jian Yuhong, Yi Wei
Department of Cardiovascular Surgery, the First Affiliated Hospital of the Air Force Medical University, Shaanxi Xi’an
710032, China
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[Abstract]: Objective To investigate the role of citraconate in LPS/IFN-y induced inflammation of RAW264.7
macrophages and its effect on myocardial ischemia-reperfusion injury (MI/RI) in mice. Methods The inflammatory response
of RAW264.7 macrophages was induced by LPS/IFN-y, and the cell viability after citraconate treatment was evaluated by cell
counting reagent (CCK-8). The inflammatory response of RAW264.7 macrophages was evaluated by real-time fluorescence
quantitative PCR and western blot. The MI/RI model was constructed to compare the changes in cardiac function after
intraperitoneal injection of exogenous citraconate in mice. The inflammatory response of the heart after MI/RI was determined by
fluorescence immunostaining, real-time fluorescence quantitative PCR, and protein immunoblotting. The expression of BAX (Bcl-2
associated X) protein and apoptosis of myocardial cells after MI/RI were measured by Tunel. Results The dosage and treatment
time of citraconate for LPS/IFN - y - induced RAW264.7 macrophages were determined to be 1 mmol/L to 10 mmol/L for 4 hours;
citraconate significantly alleviated LPS/IFN-y induced inflammation in RAW264.7 macrophages and exhibited a dose-dependent
effect. Citraconate treatment significantly reduced cardiac inflammation and myocardial cell apoptosis in mice after MI/RI, and
significantly improved cardiac function in mice after MI/RI. Conclusion Citraconate improves the cardiac function of mice after
MI/RI by alleviating cardiac inflammation and myocardial cell apoptosis.

[Key words]: Citraconate; Myocardial ischemia-reperfusion injury; RAW 264.7 macrophages; Cardiac function;

Inflammation; Myocardial cell apoptosis

O MBI TR R BRIET LEEIA, O BRI X 49.2% 7, A ATEEIR S KCFEIEE 1 SR s e
SRR FECOHURG OSBRI EZ R, SREZ TR SO R Y. BRI AR
PRt 2019 AFaxpkh Tok A ORER S IR ASET: Sy ikl DI7e—@ R R bl o MLk i i s, {2

ESTHE: P st kit (2023-ZDLSF-39)
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Jid) | ZEERA )
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Je e RSBk P ZE e M R I, O R R AR
T AR Ry BB A AE S, DA ik — 2 2 21
PO, XA B R AR O LB I - P
#1455 (myocardial ischemia—reperfusion injury, M1/
RI) P HH R SR AR SUBEAE MURT 4540 v 6 4%
EEAE N, 0 H BT RFSAAR B BRI AL,
DA B —Fh T 17 A6 97 T B MURL 45475 1 Y
RAESNL o F7 HERR AT I A A AE T I FL s i
LR b ", A BRI e R E R
B 5 3 o F A RAW264.7 I 241 i 11 fig 22 M

(lipopolysaccharide, LPS) Flly 4% (interferon,
IFN=y) #H 8 (LPS/ IFN—y ) M C57 /NEL MI/
IR AR, PRFTAT IR AR/ B MIIR B SR AE fR 37
YERT, s MI/IR #2458 i 6 97 18 B FG 7
Jitke

1 #REREZE

L1 Atk SCREhY) CSTBL/G MEME /NI K
H 2 B E R IR s, JF&d g
W2 A B HE (TACUC=20240011) . ASZEG
eI 8 JEIHET /LAY CSTBL/6 MEME/INEL. RAW264.7
EWEdn g B B s A YRR RA R, 2
WG SCi i i RA BEEE R (quantitative
polymerase chain reaction, qPCR ) il £ 4t Fll £ )
REBEARY ( 35 Bio—Rad A7) , fb2f &G
% Z 58 ( [E Bio-Rad 28] ) , WF5EHT R H Y
/NI AR R S8 (&K Visual Sonies 2AH] ),
POV R HIAL ( HARBEARE I A ) o F2K
R ELAE: A BEIR L) (58 [E MedChemExpress 23
A, HEURMANHE R RNA 280057 & (db R
MRAEAARAF ) , B . miEan s R
( dulbecco's modified eagle medium, DMEM ) | [ |
CCK-8 21 g 184 58 5 200 25 e A 0 359 2 i
RIRAWIHEW CRDELERAT) o Rimbridik
( terminal labeling, Tunel ) Zi A A TG & (2
DU SRR A R\ ), R e ( DAPI)

Qe iR . ORI E R L TR SR IO I
BN A i B s g e B G SR ES P
ZRAFE) , W SETUR A SYBR Green qPCR
WURW (ALt R AEYARAR ) , ERE
A1 2( nitrous oxide synthase 2, NOS2 ) By EHTA |
PN F 248 2 M A F 2 (nuclear factor—
erythroid—2-related factor 2, Nrf2 ) HL7i[EHIA (2
W= JELEYBARGIRAT ) L B Bax2 ripEhiiA
(Santa Cruz ZEHAF ), Pt CD68 HriEdTIA (3£

ABCAM AF] ) o

1.2 EBdr ik

121 MG F SRS TR RAW264.7 B R4
MLBE e T 5 A 5 5 R IR S W) DMEM %6 4
Rige sk, 7E 37 CHIRET, LK 95% %5 S Al
5%CO, AT P T35 . M8 40 M 2R AR
T8 IR A7 4% 77 3 ) T e sl A AL AR B . TR
T RAW264.7 EKEAN A, il ] LPS/IFN—y &b B
YN 3 h 5 IR MS, AT R T
AT A 24 LPS/IFN—y Ab B 240 o /F Sk 25 (1 %

1.2.2 S e o RAW264.7 F I 4 i &
WIS T 96 fLAkcHh, FRAHAE e 4B T HUik
Ja, XS4 LPS/IFN—y 4R 3 h J5 it in 2549 .
BERLUINA 10 W giEiEaH & (CCK-8) it
F, IFARLEREOEIEE 1 he RAAE 450 nm KT
e AL REAE, IR IR LT AT 41 i
677 sy = [ CSERRFLIOLRE - 25 (FLOL
&) 1 O BRFLIERE - 28 LG ) 1% 100% .
1.2.3 40 0 A1 ZH 20 5 RNA $: B & 5 1 9%
qPCR i FH RNA $2 050 & 4% i FH a5k B 2 1
2O FZH 2R 0 5 RNA,  JF0 3 e S TR U
Wik cDNA. i SYBR Green PCR TR I Al
B 5 51 R & 5 16 CFX Connect 2 qPCR 46 ]
Y5 AT S PG PCR, 40 rp 14 52 1 581
qPCR {#i i} B-actin mRNA F ik 7KF ) ThrifEfk,
O LR B S5 qPCR A B35 1R i e 1
A mRNA 8K FhriEfl.

1.2.4  ZHAANZHZ SR H B O HE s BN 2
ESUAH L I ZH 2 v 5 1R P A R L R TR
TRt 1 ) 510 P49 TS G328 U0 I S R4 YR K A 2 R 4
WIPEAT 4% . FEEFT SDS-PAGE (1 — bt B iR
BRI TOERG ) ¥ s R TR I A A5 ) 2R JORE
A, TEHLIKSERUR , ¥ SDS-PAGE Bk 1Y H i
BRI WO L. B EA 2% 4 %
B PR A 28t O B EA T 1 h () 3f P AR B
RIGH IS — Pt T s . 25, BRkE -
OIS —hUIEFEIE 2 he fJE, MAEE
FCIEPI RO S AT 5%, IFFIH Tmage] 411
XTEE AT T

1.2.5 /MR MURI 28D K 8 JalI% /N ERBERL S R PR
4, BMEFARY (Sham) A1 MI/RT 4. 7E MI/RI
S, NRBEELL 2.0% 1Y S LR TRRIE
JFWE TANEM AT . BEfS, S
AT T MR DL B ER O ME . SR 6.0 S &t 4
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Bk, TR DE RS2 2~3 mm B BT 20,
B R IRBN KR HER 5530, RS LATE 45 9 7 =X
XFAC W R SCHEAT A L AL, AT RIS B 45 HL
LA B0 DI BBk i A 0, I
S H RN, RN T IR, ARk
1M 30 min J&, #FUCTT WA TF S5 FL, LASE
24 h Y FRRETE . ZEBRIN PR 24 h JFHUOEAH S,
BT -80CLRAFFIIA 4% ZRBEEEE, HTE
L .

1.2.6  SEE SR o205 4 24 )5 i BERLIE I 8 Ji
WS E/NERL, 4 R4, — 4L, Vehicle] 542
F R ( Dimethyl sulfoxide, DMSO ) | 1 I
R, o — 2 ARy FERR (575 R 50 me/kg )
AOIE TS . RS IS, A e R LB K
F L (Baseline ) #4li. 43252 h 5, & MU
RIBEHY B 5 76 FREETE 24 h J5 BRI /N RS e
FHOENE

1.2.7  RIEDSICY A K Tunel FEAG I AHML I - K¢
TRAFAETE 4% 2258 Y0 JUE 2H ZUREAS B B A DK
YT R ARG h, R R AR 5 wom 1
UKD . A 1 h 5, ] 0.3%Triton X-100
SEBANMIEE, T e g o B A 52 ol B A . 4

—PiEmEY A L, I E SR IMATE
Pr, #OLIEE 2 h, A5 DAPL XA TR
g, ZIEMAZSEY R AR YA . Tunel ¥
o2 B TR AR KA =R E R L h s, M
0.3%Triton X-100 ZEEAHMIEL, I Seie Ye kst 1A
Ik EHA . B Tunel K& IMAEY] A I 37°C
WG 1 h, SRJ5 ] DAPL X 40 MA% A7 5 %
ZIE T ZSCY R A A

2 #R

2.1 R F A F 6 AT R BR A R 4 24 At R) &F LPS/
IEN—y % 569 RAW264.7 B 20 j07& h 69 %em K
LPS/IFN-y 5319 RAW264.7 EL W41 i 25T A 515
PRI SR Ohy Th, 2h, 4h,
FH CCK=8 i Gt A T4 M Sl . el iR
78, T 1 mmol/L.. 2 mmol/L. 5 mmol/L A1 10 mmol/L
T, 25%/EH 1 h, 2h fl 4 h 5, Z0M055
TARW R ZEAS A, SR, S5l 2 25 mmol/L
F, AHAETE T WL TR, JOF B4R 25 e i )ik
MG T AR R AR, AR T 4 h AR
RIGEHRIT N EAELZ 0], I HAfE T 1 mmol/
L % 10 mmol/L MY fiti 45 257 i X 8], UL 1.

B OREIF e R LA S 25 25 RIS IR 224 / T3 —y 5210 RAW264.7 FLVELIIENE 71 152 (54 n=5)
7E: Citra: FPHERR; LPS/AFN—y: BB M/ T —y; K& A~E: 50 BT R A [6) 50 45 A9 #7 B B2 40 B LPS/IFN—y i 5 14

RAW264.7 BEWEARL Oh, 1h, 2h, 3h. 4 h XFAUME SRR ; Cul: 2S5 EXTHRZH; ns: P>0.05;

FHEE, P<0.0001
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22 R B 647 B BR X LPS/IFN—y i + 49
RAW264.7 Evtm ety X4E R ZHiiREGE
SR 8 AT IR 1) B 25 25 70 B X R] Y 1 mmol/L &
10 mmol/L, EAS R it A7 BRIR 25 245 4 h J5 i
RAW264.7 E I 21 i (14 58 hE AH OC 51 I Jeg IR 46 B
T~ ( tumor necrosis factor, TNF ) . 1412 (interleukin,
IL) -6, IL-1B. CD86. NOS2 Fil#afk X T B ik 9

( chemokine cc—motif ligand 9, CXCL9 ) Y mRNA
FakE, 45 B8, LPS/AFN-y 5 5 RAW264.7
FL WA M5 470 T mRNA 38 & T, EW

LPS/IFN—y i 311755 T RAW264.7 5 I 40 it it &
SiE, TEFTRERRALI)S TNF., IL-6. IL-1B. CD86.
NOS2 fil CXCL9 i mRNA A B R, 25
At E L, RAF R W 2% W% LPS/IFN—y
730 RAW264.7 ELWEAN AR 2 5E, I H HA 7
WK, UL 2A B F, AR ELEAE R R,
FrRERR 2525 I /0 T NOS2 R i 263h, i
INT SRR Nef2 FE 2R, [FRESR R AT R
I 3 % LPS/IFN—y 1755 1 RAW264.7 F. I 41 il
M9 4E, LK 3A £ B,

B2 R AR IR LPS/AFN-y 75 S8 RAW264.7 F WA AIT RAVEF (5541 n=5)
i Citra: FFEEFR; LPSAFN—y: R Z 8/ TH K —y; TINF: MR T IL: AN FE; NOS2: AfLE A 2;
CXCLY: b FREiAR 9; A BE F. A7 BRI LPS/IFN-y 153 RAW264.7 W4 I X 20 i (19 TNF |
IL6. IL1B. CD86. NOS2 Fl CXCL9 Y mRNA & i 1Y 52 M; ns: P>0.05; *: P<0.05; **: P<0.01; *#*. P<0.001;
sk, Pe(.0001

3 R[REIFHE T RERR R LPS/IFN-y 175510 RAW264.7 FLWEARM 0 S8R0 2> TAECHE 3558 (B4 n=5)
i Citra: FPRERR; LPS/AFN-y: BEZHE/ THE —y; Nef2: RN T 2 HEHT; B A ZF B: RREFRERY
FrBEMR L R LPS/IFN—y 1551 RAW264.7 EL AN 401 NOS2 Fl Nef2 25 (1S 52, ns: P>0.05; *: P<0.05;
w5, P<0.01; #%; P<0.001; *ek, P<0.0001
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2.3 AFFEBR T C57 S MI/RI JE S I AR 69 4R 37
AER e/ EU MI/RT 2 % Hoes Ik ) 8 RE 2 o7 4
WO, XA AR R B bR A A R A B
I 200 O 5 G 28 40 A I T, R A A IR R
75, 2805 . LPS/FN—y i 51
RAW264.7 B 4 il 5B % 53 W K {2 R A Jox, ik
MBI LR IE R L REAIN, BERSALHL/ N FL MI/RI
AR R AR IE RN, ERIEHT FRRR IR T X /N Bl
MI/RT BR3P PER . FE3E T MURT ARBRZ i, /N

L DI RS W 25 5. SR, FEVESTAME
PEF IR S, MURIL J5 /N B 22 3 56 1l 20 450 25 4
. X EFRIAAT R IR B 0% 22 % /)N B MI/RT 5 (190> )
REFRAT, UL 4.

24 AEB AT C57 R MI/RI G S k6 £ 52 4%
FAER  MURI /N ER B0 BE 421 qPCR 45 51 1
(WS A~F) |, FEGHT R W 2080 T RAE
tH 5 43 F TNF, 1L-6, TL-1B. CD36, NOS2 fiI
CXCL9 ) mRNA ik, 16 B A B R 03 4% /DN B

B 4 FpREREETC USRI PR B TS O DR (R4 n=5)
B A B B S A B R B T AR R R B B RO Sl A R RN i P R A A
TR e = B MBI ST Rl EF: SFimsrEL; Citra: #FEERR; Vehicle: T HIJLVANZH; Baseline: FEZR¥ERE; MU/

RI: SRS ; ns: P>0.05; *%, P<0.001

B 5 APERERN /N B USRI AR R S5 1) D NERAE A2 (RR4H n=5)
iE: Citra: FPEER; Vehicle: “FIELAN; LPS/AFN—y: &M/ THE —y; TNF: BWEHIEH T IL: HAZE; NOS2:
AACE G 2; CXCLY: L TRk 95 &1 A I F: Fy BRI XS /I BRCo LIS 0L A 145 3 9 O IEZH 210 TNF, 116
IL-1B. CD86. NOS2 I CXCL9 #) mRNA FHIFEMT; ns: P>0.05; **: P<0.01; **%; P<0.001; **#**; P<0.0001
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MURI S5 RS AE 73 F B9 IE . 2R 1 SR REEN I 2
RN, FPERER W E RN T MURT /N RO 41
ZUNef2 B NERIE, [FIRER /R AT R i 0 4%/
Bl MU/RL J5 ORI RAE, UL 6A. HpEstss
R, TS EERR K MI/RT (R.CEZHZR CD68 [
(20 B 0 D, BRORAT R W AR T R E
AN, LA 6B,

2.5 FEBRM YT C57 R MI/RI JG S k4 28
R AMEUE TS MIIR Jo O BF 52 44 2 it 6
=AM, Tunel e R, FrEERRALPEGE
W MUIR J5 D ERI4RREdE T, LK 7A, &
AR ZE R R, Fr FERR AL RS /1N BRI
H 2 Bax & H MRS B EFWD, $oR T OIEHA
A T, ULIE 7B,

B 6 A7 MO /IN B LB L FHEEE 153 003 O CMESRAE R 5 (432 n=5)
i Citra: FPRRER: LPSAFN-y: JEEME/ THER —y; Nef2: LLRAEMZE T 2MEHEF; B A PRI/ N RO L
I FEEE TR T A NI SR Nef2 S S s ise s [ B e Ak BN SO LR 0 FRE 40007 Y O IEZH UG D68 1Y B
PEVOCPAAREEL s ns: P>0.05; *%: P<0.01; *#%; P<0.001; & P<0.0001

B 7 AR/ NSO LR L PR TR 1 O BERAE A2 (B n=5)
iE: Citra: F7PHERR; Vehicle: WA & A: ArRRARALHL N BRCo LG L AR A5 03 1O HIE 2H 2R S JE (S AR 1 v
ARG KB FrBERRX /IS B LB L R T4 0 0 O NEZH 2L Bax R FL & BEAYSEMR s Sham: fBFAR; MIRI: 6k

MAEEFU; ns: P>0.05; **: P<0.01; **; P<0.0001
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3ot

ST EEAEXT MI/RTIRF Y 2 A R R,
182 H TS W00 E MIVRT 35345 09 A5 80 TR 7
2 MURT R AERTEENLGN R 2%, A E45E8 L |
I A (reactive oxygen species, ROS ) Fea L 2R
KA Ty R B A5 AN S F by 5 12, MI/RIT 5 7
HP ) SRE SN B L MR 4 R B 2
It 56 G P A IR0 L, I i PR A R P
e 1) E A 1 TIRGE  7  Tob s SN e
s 5O N b B CHEEH, JFAE MI/RI %
iE N IR 28 T2 W S B sl 12, R4
2240 3 B 245 150 LR 2, K38 TNF—o 11 1L~
1B, 7 LPS/IFN—y f7 76 F 5k B RE 0% 23 3 K 1 {12
ARG ALIE 5 A 1

AR . v IR R JHE R KSR AEAE 1) 54
T, KB JETE L B W i i s g, 25
ARG 28 22 18] 1B 28 L 2 B R AFSE Y, B
TR AE SR A B 19 1] 43 S A AR 0 0 ke A A i
L 304 A9 I R RNk L 25 R e ) A R R 1
AR T 5 A R S L 55 —Fp IRl oy A ROR ], 3
FEAEMLE AN AE L by R 5 A BRI R A HLA e
FEW TR, REASTD WA, 8D g A it P
T, MR EEEY . ASWFIE K I R B B
FAIC LPS/IFN—y 75 5 i) RAW264.7 E W 41 it 1Y 48
JEFIR, Al IR BE A U8 /N B MIVIR J5 190
L LR GRE IR T, b s/ RO b

FE IR XT MURI AR P HIL ] o 75 PR AR ST,
A WFFE R SR AR 2 7RG i B Br SR, I P
A 18] Bk 35 70 12 B A ( succinodehydrogenase,
SDH ) i A b, X — o A il o ek ik 2 &
YT AR, S EOR SR ROS )™
Az 1O SR RIR AR, R AN B R
SDH, fHJ&, 7ERFER XHFF SIS, ROS
et H R AR IR S PR k2 —, &
T A AT REXT Y B R R S A T e Sk, A FE R
WA BE B2 E 8 X kelch #E ECH AHSCE 1 L 1)2F
AR IR IE A TIe 3k, DT ORI Nef2 03272 R
AURIVER 1A A A A (4 S 0, 0 0 0 200 B o
SRR T R BT Nef2 i35 A FH
5, FEELH IR AP EAE R, R
ROS A 7= A= F T 8 1k Bl A 2R 42 10 28 vh g ) 22 ()
AN Al S S5 e 0t O BB T, TR bR AR Y
Nrf2 () b TT B — A 2 Y [ Y
B AT A 0 P A BRE R o LA A i T 1,

P RERRAE A BRIR Y [7) 43 S AR AR [RIARE P BEAE 21
MU AR P I R R FEVE T, ARTSEiE— IR
SET R RN MURT J5 A9 LA IE T

g LR, AR, FrERRRRE St
LPS/IFN—y /551 RAW264.7 EL 4RI 485 v
FEIF AR MIZIR /) B BIE 9 28 i AL LA 0 1
AT X MIZIR /)N RO BE T RE & R VE . AR
F5T 2 BT B2 RE A% B00E O IE O 40 Nef2 B 5804
AR LA K FLREAZ I MI/RT J 9L IL4H B E T
B ELARBLE] 4 T 2 — 58 Fr RERR BT R
PEF B T e R MUK G 28 N 9 i 1Py, HLO £
PR R A 25 R T RE TR R AT e

Sk
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Research progress on the clinical application of veno-venous extracorporeal
membrane oxygenation prognostic scoring systems
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[Abstract]: Veno-venous extracorporeal membrane oxygenation (V-V ECMO) is an advanced life support technique
employed in the management of severe respiratory failure, particularly in patients with severe acute respiratory distress syndrome
(ARDS) who have not responded to conventional therapies, as well as in other conditions requiring temporary respiratory support.
Identifying mortality risk factors and comprehensively analyzing the long-term prognosis of V-V ECMO patients are critical.
Currently, various prognostic scoring systems are widely applied for V-V ECMO assessment, including the PRESERVE score,
RESP score, ECMOnet score, and critical illness scoring systems such as the SOFA, SAPS II, and APACHE scores. This review
systematically summarizes the existing prognostic scoring systems for V-V ECMO, aiming to assist clinicians in accurately
assessing critically ill patients, optimizing ECMO intervention timing, reducing unnecessary resource consumption, and ultimately
improving survival rates and quality of life in these patients.

[Key words]: Extracorporeal membrane oxygenation; Extracorporeal life support; Prognostic scoring system; Critical

illness; Intensive care; Acute respiratory distress syndrome
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Recent advances and future perspectives in anticoagulation management for

extracorporeal membrane oxygenation
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Technology, School of Medicine, Wuhan University of Science and Technology, Hubei Wuhan 430000, China
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[Abstract]: During extracorporeal membrane oxygenation (ECMO), the goal of anticoagulation management is to prevent
thrombus formation within the circuit, oxygenator, and the patient's body, as well as minimizing bleeding complications. Bleeding
and thrombosis are common complications in ECMO therapy and are significantly associated with increased mortality and adverse
outcomes. Anticoagulation is essential for maintaining ECMO circuit patency and preventing thromboembolic complications
but also contributes to bleeding complications. How to reduce bleeding while preventing thrombus formation has become one of
the primary challenges in ECMO support. Therefore, monitoring coagulation status and implementing anticoagulation strategies
during ECMO support are particularly critical. This article reviews the latest research progress on anticoagulation strategies and
monitoring during ECMO and explores the challenges currently faced in ECMO treatment.

[Key words]: Extracorporeal membrane oxygenation; Anticoagulation; Complications; Monitoring; Anticoagulation
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Research progress on the echocardiography in cardiogenic shock patients

supported by extracorporeal membrane oxygenation
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[Abstract]: In patients with cardiogenic shock (CS), extracorporeal membrane oxygenation (ECMO) can help maintain
adequate oxygenation and blood flow in the event of heart failure, providing biventricular support. Timely assessment of cardiac
function and identification of secondary heart failure risk factors are crucial for making informed interventions. Echocardiography,
a commonly used tool for cardiac function evaluation, has been employed even before ECMO initiation in these patients.
However, the impact of echocardiographic findings on the successful weaning of ECMO in this patient population remains under

investigation. This review aims to comprehensively discuss the current applications and research progress of echocardiography in

CS patients receiving ECMO.
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Research progress on perioperative blood pressure variation in cardiac surgery
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[Abstract]: Blood pressure variability (BPV) is a continuous variability that quantifies the fluctuation in
individual blood pressure measurements over a defined period, reflecting dynamic changes in blood pressure.
BPV has also been shown to correlate with cardiovascular diseases and postoperative outcomes. In recent years,
increasing attention has been paid to the role of BPV during the perioperative period of cardiac surgery. This
reviews discusses the fundamental concepts of BPV, its commonly used metrics, and the current application of
BPV in cardiac surgery, particularly its relationship with adverse postoperative outcomes. Additionally, the review
examines the effects of various perioperative blood pressure management strategies on BPV regulation and provides
an outlook on future research directions. The goal is to offer insights for optimizing perioperative management in
cardiac surgery and improve patient outcomes.

[Key words]: Blood pressure variability; Perioperative period; Cardiac surgery; Prognosis
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Advances in the treatment of vasoplegic syndrome after cardiopulmonary

bypass in cardiovascular surgery
Lu Yu, Lyu Qiang
School of Medicine, University of Electronic Science and Technology, Sichuan Chengdu 610072, China
Corresponding author: Lii Qiang Email: qingmull9120@163.com

[Abstract]: Vasoplegic syndrome (VPS) is a common complication after cardiopulmonary bypass in cardiac and
macrovascular surgery, which seriously affects the postoperative recovery of patients. How to reduce the incidence of VPS
after cardiopulmonary bypass and improve the prognosis of patients undergoing VPS has always been concerned by clinicians.
In recent years, some progress has been made regarding the prevention and treatment of VPS after cardiac surgery. In
this paper, we will review the efficacy and adverse effects of different regimen and drugs based on the pathophysiologic
mechanisms of VPS.

[Key words]: Vasoplegic syndrome; Cardiac surgery; Cardiopulmonary bypass; Risk factors; Prevention; Pharmacotherapy
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