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The cooperation between extracorporeal circulation and anesthesia teams in the

new era in China
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Clinical outcomes of adults with postcardiotomy cardiogenic shock undergoing
venoarterial extracorporeal membrane oxygenation:A systematic review and meta
—analysis

Shao Chengcheng, Wang Liangshan, Wang Hong, Hou Xiaotong

Center for Cardiac Intensive Care, Beijing Anzhen Hospital, Capital Medical University , Beijing 100029, China

Corresponding author; Hou Xiaotong, Email: xt. Hou@ ccmu.edu.cn

[ Abstract] : Objective This study was designed to investigate the clinical outcomes of adults with postcardiotomy cardiogenic
shock undergoing venoarterial extracorporeal membrane oxygenation. Methods We searched PubMed, Embase, Cochrane Library and
other databases to find out relevant studies of postoperative ECMO patients for meta—analysis. Results  Fourteen observational studies
were selected for final analysis. The pooled mortality rate to hospital discharge was 66.0% (95% CI 0.61, 0.71) in PCS patients re-
ceiving ECMO. The pooled 1-year survival rate was 24% (95% CI 0.19, 0.30). The pooled midterm survival rate was 19% (95% CI
0.10, 0.34). The pooled rate of lower limb ischemia was 14% (95% CI 0.10, 0.20). The pooled rate of reoperation was 44% (95%
CI 0.21, 0.70). The pooled rate of renal failure was 49% (95% CI 0.38, 0.61). The pooled rate of neurologic complications was 18%
(95% CI10.11, 0.29). The pooled rate of infection was 23% (95% CI 0.16, 0.31). Most of the included studies commonly revealed
that age>65 years, pre—ECMO or post—ECMO blood lactate, renal insufficiency, long duration of ECMO, and neurologic complications
were risk factors of in—hospital mortality in PCS patients undergoing ECMO. Conclusion The short—term and midterm survival rates of
PCS patients treated with ECMO were relatively low, and post—ECMO complication rates were relatively high. Many risk factors were
related to in—hospital mortality.

[ Key words] : Extracorporeal membrane oxygenation; Postcardiotomy cardiogenic shock; Mortality rate; Complication;

Risk factor; Meta—analysis; Evaluate; Clinical outcome
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RISTAE ) Rk, 7 E O & T RE S EURDL R
HIFET, B LA R N2 85 180 9 B i &2
UEAN A 6 et T B2 T AR AR Y el =
BREA,

TELART IV 20158 T & B ECMO 5 & )F R GE &
WERAIE ) ARSI R, B R A L IR &
SiE , B it £ BE 1 e LA R i SR RVER VEE T4 AN TS 37 7T i
J& PCS (B BT UiBe Rl A 1) EZ R, ECMO ]
(i) Py R B R A RTRT TT B 23 R AR B T e R0 1 &
AR HIMBEA RN FH V-A ECMO O ARG
HWEZIRAE, AU RN, T — 2 B i
WEIKFARFR RN, K1 6E5 V-A ECMO
R R AL RIE L P I AR oG, T Rk I 2 55—
WOIELAE . ABEIE T 14% 09 3 & AR R Bk i,
Ho 1 ST & BR, B2 2 IS Bk VT T ECMO 3 5719
PCS B H 542 2 e ah ik 2z i ECMO SCHpry 8%
Z [ IR e 1M 2 A SR T W 25 S, AR, T 24
Z BV ECMO AR 552 T o

il P2 O G T T A0 T S T AR 7R
4% 5 ECMO 697 PCS 5 F 1y e T 272
SAVE PP A7 | 18 1 ' T 320\ ECMO JT 1R
HIHLBE S A 5K ECMO B # B 2%  ECMO Hif
A S RO R AR A JR B 5 ARG 1 1
kiR A Eh & 5L T2 FAH C A & . ENCOUR-
AGE PRAMERIUL B A >60 ¥ otk MR8
25 kg/m” M P BF B2k P4y <6 WLEF> 150 pumol/
L FLBRIE I AEE 1M 6 D305 M < 509% 2 B8 T 1 FE I A
H, AN, TR PP RIA FE B | v LR A 1) B
RIET G R R . A5 R AER>65 5 b
PRI AR HTE D REAS 4 BB | logistic EuroSCORE >
20% B Al ECMO Hij il FLERYE hn 28252 ECMO
IBIT Y PCS A MIBENIET- KU &

AWFFA LR BR . 5%, I £ & 50
WFFE B A BRI 5, ASBIFGE B E AT BEAE B4 A IE
Tt 7K, 558 v A e O ey DRSS D4 45 £, BRI 0, 1
BV T ARG k2 i, WA 6 k5
HABEFE, Egger KIGH P HEA Bon B E
(% ey o ok, BT ATFSE B9 F RAR A X
GG e F AN oA NI 1 4 N N i £ 2
HULZ B A EAFTE PCS i ECMO SZHF Y 22
5o XUEHEN B E IR, FIK, HA S
T A B NBOE S 100 A, ABF5E 2 86% 1)

R A X 5 TUFSY, 25 Rt IR T SE A 5T
PR . SR, AT SE IR #0047 T S0 20 Ar , UE
ST SRR EE

M2 AR % ECMO 18T ) PCS
BRI RN P A AF R IR, ECMO I AIE ) &k A
AT, R AT RE S /D ECMO J5 3 & E 19 % 4E
AT TS MR R B L ECMO X PCS & 1Y
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JN BB AR T AR R A A A B 5D EAR R
(A S 5 i 4805l B 2 PR B DD RE 407 ) O R

TRE,MEH M M ERY

[(WE]:BH  BIFLOIESMNIAR G B2 B Ik-gh IR SN A A (V-A ECMO) fl B A B2 3R T B3 AR AT 4R i I
B TIATT AR RS (MELD-X1) 5 )G 2 B4 (AKD) 2 S AATE— @B R, LU BB V-A ECMO S35 1) AKL XU K )5
Tk EHA AL 2012 45 2015 453 181 B OIEAMEE ARG 4T V-A ECMO H B i 5 2 118 R Aif MELD - XT 243 I
ECMO #BlIJ5 24 h F148 h (1) AKL R G IF AT AT BERUAECHE . R KA AKLEH 570 AKL BHTE AR 2k MELD-XI,
ECMO R FLER \ECMO %fi B 24 h A1 48 h 1M 35 WLEF AR 28 20 00 7 et W IR ARy Ak B AE E R I e et 2 22 7
( P <0.05) ; /" MELD-XI F43J& ECMO B 48 h &4 AKI BfERi KR, 4518 ARHTHEL MELD-XI ¥4 %D IESNEEAR J5 15
3 V-A ECMO 351 AKL XU A T /R B35 3517 V—A ECMO % Bl 5 7T S i1 MELD-XI DLk g8 3 A AKT 9 KUK

(X8R RIMNERTE S ; 2 S 3405 ; MELD-XI 43 ; fE i A 25 5 D BEANRE B

Association of preoperative MELD —XI score with acute kidney injury in adult
patients after cardiac surgery treated with veno—arterial extracorporeal mem-

brane oxygenation
Ding Xiaochen, Xie Haixiu, Yang Feng, Hou Xiaotong
Department of Extracorporeal Circulation, Center for Cardiac Intensive Care, Beijing Anzhen Hospital ,
Capital Medical University, Betjing 100029, China

Corresponding author; Hou Xiaotong, Email: xt. Hou@ ccmu.edu.cn

[ Abstract] : Objective To retrospect the outcomes of postoperative adult patients in our center and to explore whether there was
a correlation between the preoperative MELD~XI score and acute kidney injury ( AKI) in adult patients treated with extracorporeal
membrane oxygenation (ECMO) so as to determine the risk factors of AKI and the prognosis of those patients. Methods We reviewed
181 cases of postoperative patients treated with ECMO from 2012 to 2015 in our center. The preoperative MELD—-XI score and the mor-
bidity of AKI after 24 h and 48 h of ECMO running were calculated to explore the possible association. Results There were statistical
differences in baseline MELD~-XI score, pre=ECMO serum lactic acid level, serum creatinine and urea nitrogen at 24 h and 48 h
of ECMO running, RRT treatment and mortality between patients with AKI and patients without AKI, P <0.05. High MELD-XI
score was a predictor of AKI after 48 h of ECMO running. Conclusion Preoperative baseline MELD—XI score can be used to
predict the risk of AKI for postoperative patients treated with VA-ECMO. We can calculate the baseline MELD—XI score to evalu-
ate their risk of AKI.

[ Key words]: Extracorporeal membrane oxygenation; Acute kidney injury; MELD-XI; Risk factor; Cardiac surgery; Adult

OMEAR G D I REA A B O IR PR 5 R T
WRNRTPRCR AR BT, 46055 47 1 Tk - 3h Jik A

ELWAB.: EREHESU LT (2016YFC1301001 ) ; & #1If
PRAS €N FHF ST 5 BURHET (2161100000516017 )

YEZ BAL: 100029 JbL 5T, B AR BRI Bt & Ik 5t 42 vt BE Bie O
FIEAMRH G EAE HhO PRSI PR B WA B4 Bh At

BIESE . Y, Email; xt.hou@ ccmu.cn

ALl 48 A ( veno — arterial extracorporeal membrane
oxygenation, V-A ECMO) RE % 4& {1t A7 R0 ik i 476 26
SCRE, HETE A% 2 8O Z A E AN, Sk
5 51155 (acute kidney injury, AKI) , /& V-A ECMO %
B B Y B R AE AL T R o B RS
AKT 2l 0 IIREA 2 BLO IR R s 5 8 H WA —
T B SRR AT RO RO D REAS 42 al e Bk
B IRERI Y R, 4R B — b AR AR i A AR
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I R &S L T 585 & A AKT AT BB 7 ik B
— & B R A

S0 M 45T 51 R 45 (the acute kidney in-
jury network criteria, AKIN) 7EIlfi R | OV &) 12 #:3%
FERE T, AT LAi2 e AKL I %8 H A7 7™ R B 4 2,
HIFARETE AR BT HUIAR J5 AKL 19 & 4, 2RI
i (model for end—stage liver disease, MELD) ¥
I3 ZR G T I0I T bk es H RR A 2 S KT N
kAR TS ), I 2002 4938 2B 4
PO 7 Ry IR AR AR AR R B RO ARUE . AT AR AR
MELD-XI( MELD 434 [ b7 i £ HUAR ) &7 30 470k
A 8 [ TP AP 5 S AT R SR e AR O
O NERS A T AR ST HUBAE P14 B & Rl B s iy
I O e 2k s 0 RS R 5 8% b 5
L OTERGDIEAMNFE ARG #52 V-A ECMO Hi B i) &
HRAEIEAT MBI 23 B, PR R R T MELD - X1
PP ARIR AKL AT —E B AR, LAY B HI iy v
~A ECMO 589 AKT KU 2 951

1 #MEHE

L1 AN X EHRER iR AL 52 s R
Bt 2012 4F 5 2015 4F 208 ffil#32 1k V-A ECMO
Bl R AT B oA, b L3 R A BRI 2
V-A ECMO B i 83 (L4 2k O LR Fg e o
RS (HIk-#IKk-ECMO( V-V ECMO) % B i1y
B RTINS 1 B DI REA 2 A PR B
LA J7 (continuous renal replacement treatment,
CRRT) /&  ECMO % Bly i 8] /1N WK 1) S8
ECMO Z i B H B0 AKL f) £ LR BEORH i 2 B (8
HRIHERR B A 181 i,

12—l RTTAH  MNERR RS RGEER
N FV 2 N RS, A 45 A % PR B v AR
e % B UL 438X (left ventricular ejection fraction,
LVEF) (2t [ECMO {f 57 i 5] [ ICU 45 B4 i [i] | 1k
LT3 250 R0 A8 35 A 25 ) P 55 5 S0 = A A FE b
i 2 B RS A ) AR A, AL AR A B I SRR A Y
MLH AL B L ULEF (Cr) L3 BVHZLR (T -
Bil) JRZ A (BUN) , ECMO % WAt 19 i LR ( Lac )
LA 6 T 25 W ¥F 43 ( vasoactive — inotropic score,
VIS) .ECMO %l 24 h 1 48 h Ay IfiL# Cr BUN %%,
I MR A AR BT MELD-XT 140 F1 AKIN 4335
LUAIBT 2 R AFTE AKL, PR 8 23 T AKT 4 A1
AKI 41, BFFEE R A A I B BE N AET
1.3 ECMO 3R¥Z#E 5 B B O % (Maquet,
5 E &Medtronic, 3 [F) AR A 2% ( Maquet T Me-

dos, 15 [& ) . B 3l ik Al B & Bk 36 45 ( Biomedicu
Medtronic ; Minneapolis , MN , 3¢ [& ) | A% J& 7K 4 | 25 &
TGS AL A MR DR A, Ay R 2R
HAUT T sl bk e 45 7 U r ECMO S,
FILAICE I B kGt S T 3 45 (distal perfusion, DPs) LA
7 Rk il I A& AE

1.4 ECMO %2 B 4ER5 bk A AL
(Sv0,) =65% , V-8 ik & 60 ~90 mm Hg, B4
ARG L5 5 =300 mm Hg, PRIEHLES IR
SEUOR AP e e 388 A< 3, 4 R VK . — A Ak B 43 s
(PvCO,)35~45 mm Hg, J™ % W B Al T AR 1%
QSR T A= 1 308 T YD 0 e T 6 B s O i e
IF SR, il B S TR R 22 AR R R A
JE AERFEG A0 BE 1l B[] (activated clotting time, ACT)
TE180~220 s Z [H], I /MRAE T 50x 10°/L B AR 4
I DU TR I/ M, HR 3 A1 O e B =Sl
BK % ) # (intra — aortic balloon pump, IABP ) Fl
CRRT,

1.5 ECMO 4##L3g4e il F/NRIR PR DL 259
RIVRT 4EH5 ML 80 AR 5 RS5O Bl A 2 R 4
O EE A, 220 AT L7 EX (left ventricular e-
jection fraction, LVEF)25% ~35%

1.6 %its4#2 SR SPSS 20.0 MAC 4t it 4k
7 T i R R A B e b5 M 22 (x25) R, THEER
BERIT ¢ K30, PILEA Ty 2285 IR O 225301 5 1
BORRLR A XA, P <0.05 N 2253 HA S 1TH2#
B, P<0.01 N HEAREMEZES, Logistic 7114
S3HT S AKL B AE BEAE T3 AT REA G I fa R R 2R

2 & R

2.1 ARFH BE AT 2ETOR A B2
S ERALERILE 1, FARIAILE 1,

BAFAR, 11
THAFAR, 2
LEFE A, 2
LML, 4
JeRME
R, 4 A
E )k
)2, 9

Jilife %€, 3
oA, 2

B1 REPAREE A
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F1BE A — IR R (xxs)

i ESd ECMO Bl 24 h i ECMO ##B) 48 h i
(n=181)  J5 AKI(n=91) £ AKI(n=90) P1{E JG AKI(n=81) A AKI(n=100) P1{E
(S 55.9+11.6 54.1+11.6 57.6x11.5 0.039 53.9+11. 57.4+12.0 0.040
Fln(%)] 132(78.4) 66(72.5) 66(73.3) 0.518 55(67.9) 77(77) 0.115
B (cm) 167.3£7.98  167.627.9 167.0£8.1 0.618 167.1£8.0 167.5£8.0 0.721
WA (kg) 68.2+12.5 68.2+12.0 68.2+13.0 0.973 66.7+11.3 69.4+13.3 0.149
EFM (m?) 1.77+0.19 1.78+0.18 1.770.20 0.881 1.75+0.17 1.79+0.20 0.207
TR R B (kg/m?) 24.3+3.6 24.2+3.6 24.3+3.6 0.879 23.9+3.4 24.6+3.7 0.158
ARt Hb(g/L) 137.9£18.1  138.7%19.7 137.0£16.3 0.530 138.4£20.3 137.4£16.2 0.715
ABE Alb(g/L) 39.6+4.6 39.64+4.64 39.6+4.5 0.916 39.6+4.6 39.6+4.6 0.987
ABE LVEF( %) 56.9+11.7 55.5+12.9 58.2+10.2 0.121 55.2+13.0 58.2+10.4 0.084
ABE Cr( umol/L) 81.3225.6 83.1233.6 78.7+15.0 0.310 83.1234.5 123.8+15.9 0.022
ABE T-Bil( pmol/L) 15.1+9.23 12.5+4.10 17.8+12.0 0.000 12.3+3.76 17.6+11.5 0.000
A% BUN( mmol/L) 6.25+2.36 6.67+2.85 5.84+1.64 0.018 6.53+2.98 6.03+1.68 0.163
FE :Hb: MELE 5 Alb: LT FUE
F2 [l ECMO 4B %R (xts)

) 4o ECMO il 24 h I ECMO 1l 48 h I}
H (n=181)  J& AKI(n=91) A AKI(n=90) Pl JC AKI(n=81) A AKI(n=100) P
ABE MELD-XI 8.29+1.55 8.03+1.61 8.5621.46 0.023 7.99%1.60 12.7+2.94 0.000
ECMO R

Lac( mmol/L) 9.73+6.11 8.33+5.50 11.126.11 0.002 7.95+5.31 11.2+6.36 0.000

VIS(43) 25.7+26.6 23.4%21.8 28.1+30.6 0.239 23.8+22.7 27.3+29.4 0.385
ECMO # B H] (d) 5.40%3.59 5.433.52 5.37+3.69 0.908 5.35+3.32 5.44%3.82 0.861
fEBERTE (d) 26.1+14.3 26.6+13.1 25.6+15.5 0.632 28.8+13.6 23.9+14.6 0.022
ECMO 24 h i

Cr( pmol/L) 125.5£66.3  84.0£27.4 168.0£67.2 0.000 85.8+29.2 158.2£69.8 0.000

Bun ( mmol/L) 9.97+4.43 7.97+2.97 12.0+4.76 0.000 7.95+3.30 11.6+4.57 0.000
ECMO 48 h 11y

Cr( pmol/L) 136.1£79.6  92.8+46.0 180.3£82.2 0.000 78.7+23.0 183.0£78.7 0.000

Bun ( mmol/L) 11.5+5.28 9.05+3.70 13.9+5.54 0.000 8.19+2.88 14.1+5.31 0.000
M TABP[n( %) ] 116(64.1) 59(64.8) 57(63.3) 0.478 53(65.4) 63(63) 0.428
M CRRT[n( %) ] 69(38.1) 42(46.2) 27(30) 0.018 24(29.6) 45(45) 0.024
AT n(%) ] 102(56.4) 58(63.7) 44(48.9) 0.031 57(70.4) 45(45) 0.000

ECMO %85 24 h BHA AKI 4 FIJC AKI 40 7E4F
% ABE T-Bil &2 APt BUN BIfEEG %R ( P <
0.05) ; ECMO % 8h 48 h B4 AKI 20 F1JC AKIL 4 7F
AEWE  ABE T-Bil M APBE Cr BIFETESE #2257 ( P <
0.05) ; HAR BRI AN AR I 4225
2.2 ECMO #8h#0a AKI B U & 4% Hilh24 h
Fk AL 48 h I, A AKI 240 /9 A e MELD - XI #¥43 .

ECMO i IfiL# Lac \ECMO % Bh 24 h 1 48 h &Y IfiL 5
Cr F1 BUN W H] CRRT 697 b3 & T 76 AKI 41,
B AR T 0 AKL A ARSI 5 (P <
0.05) ;%1 48 h A AKT ) £ AE BE it [ 8006 AKT
BEER fEESI #2255 (P <0.05) 303k 2,

23 ERBEE M X ECMO %l 24 h 48 h k4
AKI SAEBEFE T 1Y 53 5 Logistic 8115 43 Hr AJ
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REMIGR K 3=, & BRAFE & A1 ECMO % B HT I3 Lac
e J& ECMO 5B 24 h &/4E AKI fa R R &, L3
3, 4E I  ECMO % Bh AT LT Lac ¥ B FIABE MELD -
XI J& ECMO #iif 48 h &4 AKI Wfal K %, W3k
45 T A I3 R R BT VIS D)2 AT BE AE T A AE I TN
EE

%3 ECMO #iBl 24 h AKI AHESE K R Z 400t

TiH OR 95%CI Py
AR 1.047 (1.013~1.081) 0.006
AR it 0.996 (0.941~1.053) 0.876
NI CicE e 0.995 (0.820~1.207) 0.960
ABE Cr 0.174  (0.001~39.703)  0.528
ABE T-Bil 2,611 (0.235~28.964)  0.434
AB% BUN 0.823 (0.676~1.001) 0.052
ABE LVEF 1.018 (0.986~1.051) 0.271
ECMO i Lac 1.072  (1.010~1.137) 0.022
ECMO i VIS 1.000 (0.986~1.014) 0.994
MELD-XI 1.692  (0.599~4.780) 0.321

+& 4 ECMO #iBh 48 h AKI AHESE K I Z 400t

i H OR 95%CI P i
AR 1.052 (1.015~1.090) 0.005
PR it 1.031 (0.974~1.091) 0.299
AR A 0.969  (0.798~1.178) 0.754
AR Cr 0.174  (0.001~26.260)  0.512
AB% T-Bil 3267  (0.309~34.487)  0.325
ARt BUN 0.947 (0.791~1.134) 0.554
ABE LVEF 1.025 (0.993~1.058) 0.123
ECMO B Lac 1100 (1.034~1.171) 0.003
ECMO ij VIS 0.998 (0.985~1.012) 0.803
MELD-XI 1.576  (1.364~1.909) 0.018
R5 FETHCER R
WH OR 95%CI P1{i
A 1.014 (0.986~1.044) 0.325
[NpiF 0.946 (0.896~0.998) 0.042
TR A 1.065 (0.887~1.277) 0.500
APt Cr 0.038 (0.001~1.298) 0.070
ABE T-Bil 0.327 (0.081~1.325) 0.117
AB% BUN 1.152  (0.973~1.363) 0.100
ABE LVEF 1.007 (0.978~1.037) 0.654
ECMO Ff Lac 1.042  (0.988~1.099) 0.129
ECMO i} VIS 1.014  (1.001~1.027) 0.031
MELD-XI 1.866  (0.923~3.770) 0.082

3 W it

AKI 2O EANEIAR JG V-A ECMO % Bh 1% WL
KIEZ —  WIREE IR N Z — A SCER R AR
RAERAE IR 75% 7, V-A ECMO % B i 1] & A=
AKI g R R 22 7, M5 B E OIEARE 2
ECMO #fi Bl Fir 9 6] A 40O HE 25 B AR R 5 Ik g
B PR 25 W) S5 ARG, B 5 B R ET A SRR PR
1 E Sl O D BE AN 425 | 1418 1 I B T
FRASETO ) AR X R R AKT & AR R R
A TR AE 1 PR AR XSS 1R 50

FH 10000 SR8 4 8 2 TS 9 MELD 3743 [ MELD
=3.58 In(T-Bil) +9.57(Cr) +11.20 In(INR) +6.43 ]
K H A A4 MELD-XI[ MELD-XI=5.11 In(T-Bil) +
11.76 In(Cr) +9.44 ], 38 i AR Fi 5 g ds pngri & 01
fili FE A DI REARAS BBk v S Dl e 22, R
Ja R IR RRE R T e s s A HERR T
1AL E 24 2 A [ PR A v AR LA T3, 3
AP K IR FE RS 1) MLED =X 43 1] FH 3k 7l
Mg E EALLOEHBIAE E V-A ECMO
BT RO E R R E T TS . Murata %A
X 388U A MR F A 3 AR R AT BT BRAMF 53R 5 R
HI MELD-XT 43> 12 114 £ 35 AR & AR 5G9 A&k
FFET- g HA AR FT MELD-XIT PF435
RJG ECMO #ih# # AKL ¢ R WHF5E B BTR R/
PRI 28 25 R A BE R BOREEA T T 1B 234

XA BE 2012 4F = 2015 49 H A GEORE R i
AT R, FE ECMO HiBI S 1Y 24 h #1148 h, &4 AKI
) B FAEAE S A BE MELD-XI 343 . A Bt T-Bil \EC-
MO Hif{Ifil. Lac \ECMO %fi B 24 h 1 48 h A1 Cr
F1 BUN i CRRT yA77 26445 TJ0 AKL &3 1 ih
Be B AR T AKL (B P AR ST 22 25 5
T o % B PR 2 B 438 7R, AR AT Cr . BUN AT T-Bil
5 ECMO 5] AKI JoAH A%, fH MELD -XI #4532
ECMO %8l 48 h &4 AKI ffa ks 2 Kt # A
X T RO AR R S R MELD-XT P43
ASOREDOT M ST 4 ) B S 0 2 A A s e S 4 1Y
B 5 s 2 %) P R 88 480 3 0 TR & A AKT 9 XU
TG A AKT 1Y B3 AR IR AT ECMO Hij Lac
AKF¥Im TJC AKL B3 fEEg e 2 5, S0
T AKI fER R R IF 5 a5 R —2807 "7 EARTEFT
t MELD-XI AARIE 5 835 1 Be F8 T2 KU 9 AH 56
PE EBE AR S5 RET VIS SERET-RMX, 5
AR e R A AF 7 45 R — 2
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ARHIFFE AN & 7 T2 1o B 1 AT 5%, 9 91 2k 2% AR
NN T ERlE1 R = o N IR GRS O O S I
SNBSS AT SRS BT, IR B A gk
o il , e B 45 R B R R, i —20 1
WEGEBR T 3 s B B3 i , A0 75 2 43 8 A [R) g
(1) B AR BT MELD-XT W40 5 AKT &,

4 & it

ARHTIELE MELD-XIT 3143 XF O EAMREAR 5 #2232
V-A ECMO 3 ) AKT XUF& A 500 18 1, 35
MELD-XI P43 FIF s B T-Bil 1 Cr Ry AR A S
AR bR, AT LA AR B 345 S ) MELD-XIT 31
4% RIHTERT B #E4T V-A ECMO % Bl J5 Al Jeif it
S MELD-XI DATPAl 8 5 &A= AKT B XURS:

SRR
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kg, HFEARATE N NIRRT NYHA 230390 IV %, ra AR AT 2 M08 75 K CT A% A% (CTA) ¥ 2
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it ECMO HliBh TAVI FARIGIFAL LVEF (A5 4 3 sh olskzs 3 ief it m PR LM, A WU Y=,
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TAVI with extracorporeal membrane oxygenation support in patients with severe

aortic stenosis and extremely low left ventricular ejection fraction
Liu yang, Ding Peng, Cheng Liang, Jin Ping, Tang Jiayou, Ji Pengfei, Jin Zhenxiao, Yu Shiqiang, Yang Jian
Depariment of Cardiac Surgery, Xijing Hospital, Air Force Medical University, Shaanxi Xi’an
710032, China
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[ Abstract] ; Objective To investigate the clinical efficacy of TAVI with extracorporeal membrane oxygenation (ECMO) support
in the treatment of severe aortic stenosis with extremely low left ventricular ejection fraction (LVEF). Methods From January 2018 to
October 2018, 71 cases of patients with aortic stenosis underwent transcatheter aortic valve implantation (TAVI) in our hospital. Of
those patients, four with very low EF underwent TAVI with ECMO support. There were 3 males and 1 female, aged 60-74 (68.5+3.2)
years old, weighting 47-76 (65.4+6.4) kg. All patients had severe aortic stenosis. Their heart function grades were all NYHA IV
class. All patients underwent transthoracic echocardiography and CTA before procedures, and the EF values were 14% , 20% ,17% and
22%, respectively. With general anesthesia and V-=A ECMO through femoral approach, three patients underwent transfemoral TAVI,
and one patient underwent transapical TAVI. ECMO was removed in three cases in the operating room, while one patient was transferred
to the ICU with ECMO. Results All patients discharged from the hospital successfully. The duration of ECMO support was 116 min,
60 min, 38 min, and 84 h, respectively. After valve implantation and withdrawal from ECMO, the maximum pressure gradient ( PG-
max ) decreased to 3—7 mmHg, with the paravalvular regurgitation of 0 to 4 ml. No atrioventricular block was detected. No mortality or
severe complications occurred. During 3—6 months” follow—up, the patients” physical conditions improved significantly. The LVEF in-

creased to 40%, 42%, 48% and 38%, respectively at 3 —month follow —up. Compared with patients underwent TAVI without

E&UH . FR AARFI ST H (81500319,81570231) , B VG 4 1+ & B AT ( 2016SF-225,2015SF-109) , F2BA 5 iR}
WFE RI0H (ALI17J001)
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ECMO support, their preoperative EF was significantly lower, but there was no significant difference in EF at 3-month follow—up.

Conclusion TAVI with ECMO support could improve safety of the procedure and the short—term outcome was reliable in patients with

severe aortic stenosis and extremely low EF.

[ Key words] ;

Extracorporeal membrane oxygenation; Transcatheter aortic valve implantation; Aortic stenosis; Heart failure;

Left ventricular ejection fraction; Advanced age
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B PR REA AT R AR AR S XU . 2017 38 [0 JIE s
Prs/ B ELDREDMS (ACC/AHA ) 457 B8 TAVI T
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#E L[] (activated cloting time , ACT) H 5y [l 180
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W22 WY INAE S22 BN KIR R 2 E A O I, &
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MO 4fBiJ5 ,3 # LVEF {E R, 1 BIJEE ARk,
JEAE A5 B K 22 ( maximum pressure gradient, PG-
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TCACT- MEEIFRAE . BV 3~6 A, BEERE
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%, R FAREE ECMO-TAVI AWK, T8 5K
ARG % B ECMO F i /e ¢, B4 Bend ]
KACU =R Bt W IF o e & 2= 5%, Rl 3 1 H
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20 FBIOR B AR AR PR JE Y
— IR, LA/ AT AN RSNG00 BiE
BRI FAR TS 20, X T AR T g 3 30 Jiome 4 PR
DU BER Y SR B SR AR G BB . B I PRAFFFE AN
Wik, ST 22 A I IR 2 27 UE 3 AE A TAVI K58 B
UEAWHH R, SN AR e B =R ) R i 2

F=1 AR LVEF {H1T ECMO-TAVI £ 3 B A WG K %8}

iH B BH2 B3 B4
P e % 5
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ARHT LVEF {8( %) 14 20 17 22
ARHT AS #5922 (mm Hg) 40 72 68 59
ARATZ LT el - (5143 PR PR
TAVI A% JBesh ik JBegl ik el ik LR
TAVI s 5 Venus A29 Venus A26 Venus A26 J-valve 25
ECMO A% 7e M Sk Fe % S ik 7 F ik Fe % B e Bk
ECMO i (L/min) 2~3 2~3.5 2~3 2~3
ECMO #fi Byt 8] ( min) 116 60 38 5 040
AR Jg B Z] LVEF {H( %) 28 28 26 22
A5 #5722 (mm Hg) 3 5 3 7
A il Tl Pl R
A5 A% B i X I FERK I
RIGHBERE (d) 7 5 5 17
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F 2 ECMO-TAVI 558 TAVI S35 15 %Rk

e ECMO-TAVI(n=4) HH TAVI(n=67) Pi
(S 60~74(68.5+3.2) 60~88(69.3+8.5) 0.684
AR B LVEF(% ) 14~22(19.122.1) 24~52(38.3+5.7) 0.025
FARHFE (min) 121~202( 158+32) 65~136(82+20) 0.015
ICU H1a] (h) 27~168(52+41) 17~120(41230) 0.548
AJGAEBERE (d) 5~17(9.2+5.1) 4~18(6.1£5.1) 0.290
Bt 3 1~ H LVEF {f(%) 38~48(42.124.3) 32~55(43.75.6) 0.586
FARBEII n(%) ] 4(100) 64(95.5) 0.001
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The function of activated clotting time and activated partial thromboplastin time

during extracorporeal membrane oxygenation in adults
Yin Xiaoxue, Liu Delin, Liu Yuan, Wang Minna, Liu Wei, Cheng Li, Zhang Qifeng, Ye Gang
The Emergent Intensive Care Unit ,BeiJing Luhe Hospital, Capital Medical University, Beijing 101149, China
Corresponding author: Ye Gang, Email ; steelye@ 126.com

[ Abstract] : Objective Activated clotting time ( ACT) has been the preferred monitoring index in extracorporeal membrane ox-
ygenation (ECMO) patients for long. This retrospective study sought to evaluate the relationship between activated clotting time ( ACT)
and activated partial thromboplastin time ( APTT) when they were used to monitor anticoagulation in patients undergoing extracorporeal
membrane oxygenation (ECMO). Methods Patients administered with heparin during ECMO were included in this study. The primary
endpoint was the relationship between paired ACT and APTT samples. Results Twenty —two patients who met the criteria for the
study were included. Pearson analysis found weak correlation between ACT and APTT (r=0.114, P =0.003), and weak correlation
between ACT and APTT was also founded in patients who benefited from venovenous ECMO (r=0.229, P =0.001). The levels of
APTT (51.1£27.5s) and ACT (196.1+35.7s) in V=V ECMO group were different from those in V=-A ECMO group (46.1+27.7s for
APTT and 205.4+33.1s for ACT, respectively) with a statistical difference in ACT ( P =0.013). Compared with survivours, platelet
count declined significantly ( P <0.001) in nonsurvivors. Conclusion There was a weak correlation between ACT and APTT in pa-
tients supported with ECMO. The coagulation indices of different ECMO modes were different. Platelet count declined significantly dur-
ing the treatment of ECMO in critical patients and was related to their prognosis.

[ Key words]: Extracorporeal membrane oxygenation; Activated partial thromboplastin time; Activated clotting time;

Anticoagulation; Platelet
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Prevention and management strategy of lower extremity complications after ex-

tracorporeal membrane oxygenation via femoral artery and vein
Guo Jian, Lu Andong, Miao Lixia, Min Kai
Department of Cardiovascular Surgery, 940th Hospital of Joint Logistic Support Force, Lanzhou 730050, China
Corresponding author: Lu Andong, Email ; lad12230904@ 126.com

[ Abstract] : Objective To summarize the prevention and management strategy of lower extremity ischemia and thrombotic com-
plications during femoral arteriovenous extracorporeal membrane oxygenation ( ECMO). Methods Clinical data of 22 patients with
ECMO (V-A mode) assisted treatment for circulatory failure from May 2014 to March 2018 were analyzed retrospectively. The distal
end of lower extremity perfusion and complications of those patients were also analyzed. Results Of the 22 patients, 13 cases were
successfully weaned from ECMO (59.1% ). During 2014 and 2016, a distal perfusion cannula was routinely placed through superficial
femoral artery (17 cases) ; from 2017 to present, distal perfusion cannulation was not routinely placed, and the placement was decided
according to the clinical situation and lower extremity ultrasound blood flow (Of five cases, three were not cannulated whereas two were
cannulated thereafter). Among them, three patients suffered from lower extremity swelling . There were two cases of macula, which im-
proved after the distal perfusion tube was placed under the guidance of ultrasound, and no lower limb ischemia or necrosis occurred.
Conclusion ECMO plays an important role in the treatment of acute circulatory failure. Lower extremity complications have great im-
pacts on the prognosis. According to the conditions of patients, rational placement of distal perfusion, anticoagulant and distal flow
management are needed to reduce the rate of disability and to improve the success rate of ECMO and the life quality of patients.

[Key words]: Extracorporeal membrane oxygenation; Lower extremity complication; Distal perfusion; Ischemia; Venous thrombosis
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IFRAE 2 R BORYT R M, HHE M ECMO 11 R
T O, R FH Y 1) T A i A Ak BN 3 R R PR
SEALI ARSI 25 8 AL, AR 8RR 1 KU, o 2
SRR ZE L, 2 UE 25 T BE w98 1 fE 22 AR
KL, 752 V=-A ECMO 577 B8], I & 4 i 351 B F1 4k
XA TG RS,
3.1 V-A ECMO & A atia & A 3548 BFoE W
£ V-A ECMO KA, V-A ECMO #7 B L2
SIS B AR R R JUHGE T O R SR 5 28 2 v S it
V-A ECMO, PE # 57 V-A ECMO, %52 i 4 A
TE RS G T V-A ECMO 32
(AT RIT R E: FRE O AR S Tl Ay, — EL R AE W A iy
#7 V-A ECMO, V-A ECMO 1% FHF81EA . Db
BFFEARBAMIE, JCIH BIG st i, QMEIRHERL
Heim s 2r Gk, @OIEFEEUK T 2.2 L/(m® « min)
K3 h P, @EBEEIMER, @0 ARG
P E AR AL E (SRR TR RL<100 mm Hg, MUK IE TR
>10 emH,0), Oz 5, BE>-5 mmol/L ik
3hUl, @EELT 0.5 m/ (kg - h)FHLE6 h,
32 V-A ECMO i&47 #4114 49 & 3 Kasirajan'' %5
IANH,V=-A ECMO B, Z}JE 46 4 HOR I A 02
By 1k A i A 3640 TR, A RNR A R A A
N T2, B 1k P A0 4k 2 ) 0 i A T Bk g0 bk
RO BXE B R 5 35019 1 1) 0 38 A2 B, V- A ECMO #
Wk, AnTs 4% G e Sh # bk, N1 I A8 R AT 4 2 RR s gk
B RS RS WG ALBE LA ] (activated clotting
time , ACT) FIG £k 38 43-#5E 1L 15 [ 5F [H] ( activated par-
tial thromboplastin time, APTT) Wi {ill & V-A ECMO
AT IR B W bR, A ™2 0 W RO B
POBTEE T, S b e 2R, Il A i AL A S & e
AR KA ACT (A AT #E 150 ~ 180 s [
T, APTT 4E457E 40~ 60 s/ V-A ECMO i
PR B T IR I I P 25 R R
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SR EMEEA L AR E BT, DL
VT B MO A A BEARLC B 1Y 80% , 2 R R ik
MR AE 70% LA L, sh Ik AR RN EE 95% LI I,
TEARZALRE T, TR KRR SR 7E 60 mm Hg
DL b FRAG I A S PR 25 0 i AR A O
ER o | LR K R BT | i B | 2R Ak
K BB R4 BpIR DL, AT B R I i, Wi e o 2 AR
AL Y 20% , 1 /N IEYE LT 259
Ry 445 i 3 2 1 2F A A AR E O R A SR
OB BT, 22 % 58 1 538K = 40% , B n] 2% [ 4
BLT ZECE AL = Y 20% ~30% , W 1 ~
2 h, R E R AR E WS LR A . 76 T et 14 il />
() [T, 7 K Bk sl ACTT , APTT I I A4 58 7 1, Je
BRI ZR AR, DA 2 5 1 & imAs i Ie i
V-A ECMO HA BRI R N s 8 37 5215, BT GA
7 o AR BRI T ARSI fiy SCHRF A UGE A A G
B, oA SRR 32k LA AL R A 2B 491 i 3L
FR-F-14) 18.7 mmol/ L, 15 T4 Ui B B¢ FIr 4 18 A AH 4%
I (IMFLAR 11.3 mmol/L) .

3.3 THEORARE REIK-IRSIIKIEE V-A ECMO
BB & AT O AE 1 S R KB = T - et
B EHE T RCER K A o AR H RS S R b 3
A LA LSS,

331 REMENERES#EY RIEKRER S
TR A T B KBRS G AHOCTT R D %t
Ji v AL ot OB S, 8 BA A RHR A 1 B A A
753, Beloohlvek ' % Fb A5 T B sl ik A F 3l ik
TR BIIE R IR | I sl B 4 L BB T 2 kA
X TR B BE RO 4, — MR LT, A
JBESh# bR A HEAT ECMO 4 BT | 15 RE 2R A5 2 1Y
V-A ECMO % Bt i, 4 8 IS ot 3k o B 3 ik 1)
JBek BER Bk o AL, ELAR A TR I R Y A
T1~2cm ﬁﬂgﬂﬁlé\ﬂﬁk,ﬁjﬁkﬁﬁ)\ 10~15 cm,
A RIS A BE B, BRAR I SR AR B e
DA 5T £ I B S AR A SR e R A T A, e R B AR
PR (0, 223 8 0L 0 P P T A P A O I ) L
7,k EANEENEA ST EELEN
80% , &1 5 1ML /& & Pl R AT — 2 A TR, mT AARAIE
JC I v At 9D T IR L ) Ak

3.3.2  GmumUEERYFINT 8 UL R R B B R
JE T Sh kIS 18 B R A K & A B S
B, EEEDUE 1 YRR RN /IR R, A B P4 o
AUERA T , NS IS, T Ut O 43 0l 1 K
Hh B AN R ] R AL i — A, B Ul i R g sk T
FEpigsk b 8T S R B E, R RARER A B

R R IRA R A B N R AT R A 2
I 378 7 W R I3 , AR T 1 A, o] ASE
A OV A A A5 R R st ik A v T R,
T, 2R HERR T R K m AR S o R B
SR U 43 e P 25 v VEE 1 AR AR AN Oz i VEE Y 4 43 S Y
T, Bl R P K

333 BRSBTS MR E B
FRE P X} P IOk I A 12 W SRR B o, TE B MR R
T, R A LA 4 157 FH B B I A 5 118 ARG
£, 2017 4 ), AR RRE LA R (0 2235 3 1 3t 8 P 1)
515, #E V-A ECMO 3 ik 8 20 v Jie v 3h ik bR
FHZERIEAEAR B U F K B 51 6 Fr 145 1
RS JEBET V-A ECMO 3% 30 ikl 43 32, 1
JE i sl iz st v, DA A O T R

334 GEEAE WL T B K &R
BIKAE BN , 5 B PR £, 225 8y 3 8 7 W
JRE LA, 2 ~ 3 h A2 R At I 50 ik aze s 98 4%
PV 1R IR A R, O T TR, B
TR I A ST A R A e i — A Ol KA, 1
YA Z R, A4S A 2~ 3 ml MR, B E A Y
P58 YRR Y, 72l S A Y A IR T B
(BRI AR , B4 A AR LA PN P O B M AR, 45
VE R 26200 %5 TC B HRATE , By 1R IR | R B A A4 1 42
TR ™ e | B LB T, 1 s MR 2E

3.3.5 A RSl AR AT A N | A ) 4 R
K AR AT TR S AT T R AR K A, R J1IE T
IR0 3 R T 2R YT . (HAE V-A ECMO
BRI IR N B | 1 A R R O IR Sl Rk A
BTG INERTHEE, B 7| R, B2, )RE
AT, SBHL, 7 i B S 7% . V-A ECMO 3R
I S IE) O A 738 224 4% EE RN AR , 3kt R S i 3
30 AF T 2 % T 5 S50 K LA

4 4 &

V-A ECMO & —IHERIAEAR, il fE R 2tk
AP A 5 0 1 1 SRR it PR ECMO Hh s 9 A
BRI RN, Mok 2 W iR & 225, V-A EC-
MO EHH I AE A 5 W TS () R EZ —
ASPER FH B ol i kA A8 1) e B AL B S8 0 VR A 1)
KT B0 S A5 8 1 5 10 0 R T Ak B
S FIN T HOFRAEBT IR 25 G R AR RAF, EF
ek BT e &

Sk -
(1] PEBE TR A f e 2 b 2. MRS A 1
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(HWE]:BH  WHRIMERRCIETA Pk 2V E B AE (18c0, ) AR5 AR5 INNZHAERSET (POCD) FYAE St | I W4
POCD (MG N E . Ak 109 BLOMETFA B EH AR 4 H; 1Sc0, 175 80% FERiHE H 4 XA 55% LA 1, WEEAR P 180,
IRAE, I SRARSMIBER B[] | FE Bl KBTS ] A b i 2188 1 e A AR B i £ 4 M i A i R S5 LGRSt ] | ICU 45 B i
] ARG R R AR R SRS N ARIEYT REEIERAE, FARN 1 REAREH 4 RMOAFI T RETHAG w5303, I 1A — 5
RANEARSGZ 2 =4 437 LR POCD, &R 88 FlBH 5wl T AT PEAG IR, HoAp 25 ] (28.4%) & POCD, ARH 1Y 1Sc0,
AL{E 5 POCD #0236, ZHEFRERLMAGINANIIREITA S ERH R, & AR 1Sc0,mAR{EH 5 POCD #1¢,1Sc0,
14 e A LTS R 1 — 2B A ST LA

[REBIA] .  ARIMEI  DAEFA ARG AL RE B ; B AR TR AT D e Al ; AL R R 2

Association between cognitive dysfunction after cardiac surgery under cardiopul-
monary bypass and the intraoperative lowest level of regional cerebral oxygen

saturation
ChangXin, Guo Zhen, Shi dan, Xu Hua, Zou Liangjian
Department of Cardiovascular Surgery ,Changhai Hospital, Naval Military Medical University ,
Shanghai 200030, China
Corresponding author: Zou Liangjian, Email. dr_zoulj@ 126.com

[ Abstract] : Objective To investigate whether the lowest regional cerebral oxygen saturation (1Sc0, ) value during cardiopulmo-
nary bypass (CPB) was associated with postoperative cognitive dysfunction (POCD) and to evaluate the risk factors of POCD. Meth-
ods The rScO, levels of 109 patients undergoing elective cardiac valve surgery were maintained during operation, with the baseline
value greater than 80% and the absolute value higher than 55%. The lowest value of rScO, was recorded, together with the duration of
CPB, aortic crossclamp time, the lowest hemoglobin value, red blood cell transfusion, postoperative mechanical ventilation time, post-
operative ICU stay, postoperative hospital stay, CRRT treatment and major organ complications. Two tests of cognitive assessment were
conducted the day before surgery and at the 4th day after the surgery. POCD was diagnosed if the decrease of cognitive score after the
surgery was greater than 4 in any item of the two tests. Results In the 88 patients who finished the whole test schedule, 25 (28.4%)
developed POCD. The lowest rScO, value during surgery was associated with POCD. The ability to perform the tests was impacted by
educational level. Conclusion During cardiac surgery, the lowest rScO, value was associated with POCD. However, further research
was needed to confirm the optimal rScO, safety range to reduce the incidence of POCD.

[ Key words]: Cardiopulmonary bypass; Cardiac surgery; Postoperative cognitive dysfunction; Cerebral oxygen saturation;

Cognitive function assessment; Risk factor

I RGP RAE R RLONEFARBUR OB A Sl CHEAJS A B RERS (postoper-

K, HIG PRI AT DL 2 50 14 DA 00 e A5 380 7™ 2 7 ol ative cognitive deficit, POCD) f) & 4% M 33% ~83%
= S unm———— ARERT BKBFFT R POCD 5 X ARG —, H
i : 200433 110, R4 R SN 2 gk LI o e e 2 s A (3] A R
SBR[ HWT(BFSE2E) |20 R ] 5200030 1HF , 1 03 K % Eﬁ#/n%ﬁmﬁiﬁw e Pocg xﬂazrynaqj
WRORHEBL AR (BT B R SR AE) ) A3 I R 12 3 R B S Y 5
WALEH: SRR, Bl o solf® 126.com W POCD 9RIAE 7Y AT POCD J%
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AR R DR 2R A A < O R B0 DR R ™ R B B B
Lot 28 2000 5 s AR b IR A4 AR I AR 3
PR DR 28 S B 03t B T M AU T AT AR

=L 3 N NG SR U R R IBIEAW ] B
(near—infrared spectroscopy , NIRS ) Jaj s fixi 2 21 52 1Y
FIEE (1Sc0, ) Wil A B 15 POCD , 98 /b £ B B[]
SIS W S E R R, W S
KKK rSc0,5 POCD HIE™ | R —F 4 5 i1 J5l
PRI AT BE 2B 50 8 A B A 0 XA [], POCD 1 & 3L
ANTF], DA R A R AR 22 555

M5 B AE M ELTE 1Sc0, 1E 3w [ i, A
1Sc0, N /2 75 5 POCD A X, [Al B 43 #1 o Ath 55
POCD ISR I

1 #MEHE

1.1 ARzt % 2017 45 7 A % 2017 4F 11 A
T M S B AT 4 3 A AP 35 ( cardiopulmonary
bypass,CPB) T /U JIEARE RS TR 19 047 (4R 1% >18 %)
BE ARG, HEBRPRUE . 22 FAR P& R
G s KR s BBl PR ZE > 60% AR HTIAHIZ AR
el # NRENT BT, RIERE —BOR,
& AR M5 R BT EHE L (body mass index, BMI) |
ZHE R () (B IFAE (R LT, B , B 2 BE
AA) R NHIRTA,
1.2 kB A CPB  BHATFAREFITHMOMEF
AR BRI W 455 o v T KA L 420 R B2 i Pl XL
TR G kol U SR ol ki) SRS N iy 7R S B
JAERIK 2T TR S (MR 1~2 pg/ml) PRIk
e (0.05 mg/kg) EFIFRJE (1 wg/kg) AT IREL
(0.1~0.2 mg/kg) ; 7 FHFEIKEFFLL L T (0.5 pe/
(kg + h) ], SRS 5 200 N Ko B8 A =
T R LERr 25 W O ER K S T BRI ZERR
SUII] 3 2k o R 3 A e ARl R AOR AR AR o1 T
(P, CO,) 4EFFTE 30~40 mm Hg,

CPB [El#%H1 95501 Affinity NT %84 %% ( Medtron-
ic, Minneaplis, MN, USA) . I3 #] M 5fy [k R #4236 7
(Maquet , Rastatt , Germany ) ) 45 i (— X1t CPB 4
AL, TRAERLR BT A R A ], 773 4k,
i Stockert 5 Y B C &Y A .0 ili HL ( Stockert,
Freiburg, Germany) , KPR 0 i 1, 4ER5 5
M 34.5~35.0°C , Btk 34.5~35.5°C . CPB J#E i
#22~2.8 L/(min + m*), CPB " 4E530 bk ifiL % 2>
J& 150~250 mm Hg, PaCO, 35~45 mm Hg, 445714
ik (mean arterial pressure, MAP )50 ~80 mm Hg,
IRAFIKIN A (Sv0,) KT 75%.,

1.3 NIRS $ml @it NIRS(IELLAMA LN A S 4K
e AL EGOS-600, 5 JH % %2 A= W) BT i 1 A
FRA T, 75 il 1Sc0, , B#H A% 5,3 L/min [
B, TE TR B B AMEMY IR P> NIRS 453k
E TR K, 224 45—, 3 min J5i2 5% 1Sc0, 148,
YERFEREE, R ERE 1ScO, B 75 A . 4% {H 7E
55%UA I HEERIME R 80% LA |, FARZE G 15 1k W
0, 1o A 0 ASCRRC AR | 3 SR FR A rScO, IRAIREL, B fIk
(HAUZACFRERFZE 1 min DAL,

1.4 POCD #4&  PPAG 49 I EL 45 ] 55 B IR S
#i A 52 %% ( mini —mental state examination, MMSE ) FI
SREA JR AN FPEA B 3 ( Montreal cognitive assess-
ment, MoCA) "™ ARFT 1 KK PE /0 1E N HEREH
ARIFH 4 KA, S5 28 A
KEwmehzNRHEE 8 S 5 I PSR 24 20
BILA 2 03 I 48 55 20 58 42 0 AN 52 T3
sy AR R M AR A 8 ~ 12 ]
PAT,

H1 T MMSE 5 MoCA 1373 52 #E R ER KR
), PPl > BOis 1% 2 2R R PR R, R i
1 MMSE MRS il s [m] B A S i e . SCRV4R
(RZEF) 1T 70, /M (HHEFR<6 4F)20 71,
Hog ] 22 43, R 24 73 AR 20 R4S
T LA EARER B8 ABFSE 255k MoCA I
FNE ZHE TR <12 4F MRS R B 1 4y,
<9 4N 2 43, VAMRE SZ 20 FE B iy i ey P STN
PR — TR BIRAR G 2 22 =4 53 AW 5T
E X R POCD,

WA JE 5 4 KB HF TR HUGE <, S0 i sh
FOFRE BRI v T A A AN I T AN AN
155 L0 3409 8 < AN B 58 G PAl I
1.5 R¥PAEREKEATH ics% CPB BHE 30
Jok BELUT B 6] A P Il 21 25 ) (hemoglobin, Hb ) 1%
{if A PR IF LA (red blood cell, RBC) it At (AR
JE MURE S E] R 5 ICU 455 83 i ] AR 5 £ B K
B B WGE 22 B R IG YT (continuous renal re-
placement therapy, CRRT) , & 83 1 ik 5.0,
iU 2R R G SR A B RAE
1.6 titadr SR SPSS 20.0 #7484, it
TR BB AT ZE (xt5) Fom , 4] LEBER FIBE L
¢ K8, SHOH ¢ 8 THECSOR LB (43 L) 2R
A IE] FEBCR R 5 K030, Z 808 R 07 1 AR5 HLAGE
SUNTE] RS ICU i) AR AEBE ] A 2%, pU73
TaIFE RN, 416 ook FAE S 50K 558 Mann - Whit-
ney U K, 2800 Z (8, POCD HIFERE R 34T M
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&1 HEIFRAEE X

WE I RERE L

Jigi A

=} 48 h A LT WL BN >27 wmol/L

L 76 ICU P0F8%0<2.5 L/ (min - m?) 452 2 h
DL LA/ 80 R R A >0.5 mg/h /o B
A >25 me/h, Fl/BOR I RS A>1.2 mg/h,

it B S ] > 12 h 853 R AR

AR 5E I I 1) e I PR 3R 23R 40 2
Logistic [{H4347, P <0.05 W2ERA 45 X,

2 & R

HA 121 GIHLAARESE A 12 FlEAR ek As R
3, FIERZAE 109 BIIARTSE . A 1 FlEBESET, 1
R AN, A 21 1(19.3% ) B3 R 58 A
i, SE ALY 88 il AT 25 1] (28.4%) & KA

POCD, ARHEA B E B rScO, MK T4 4HE 55% ml K&
BIERY 80% . A ARHT—MAE oL W3 2, POCD &
53k POCD A ARATEAGIR B E 2R

POCD % 54k POCD & B9 AR H 1ScO, F Ik
H S HAAR T ARJFFEAR A LR 3, AL B E A
H 1ScO, S ARAE AR S5 AILAGE < | R S5 ICU B
] RGeS ] HZIRIE R ARG N EER
( P<0.05), POCD iyfaps 2 1R 4532 Lo-
gistic [FIHAHF (K 4) , IR 1S¢0,<57% )& POCD %
HRFER R (P <0.05)

HRAE A8 2 5 58 BT ARG PR I, 43R o
AL 5 A SE SR, R 4 B AR S I R R L
5. PHLHEARERS ZHERE AJSHUMEE A A
J& 1CU WAl A S5 A Be i ) 1 3 22 5 ( P <0.05) .
A8 TE WA S PEAS IR fa B P2 o R — 2
Logistic FIH T (3% 6) , B/R ZHE RE LA
JE AR SE R fERE P 2 (P <0.05)

&2 SERIMA PR AR HT— TR

TiH POCD #4(n=25) 4l POCD 4 (n=63) S P
Bln(%)] 17(68.0) 41(65.1) 0.068 0.794
[ n(%)] 8(32) 22(34.9)
R (S 59.68+14.31 57.41+13.38 0.703 0.484
BMI(kg/m?) 21.12+2.49 21.14£2.21 -0.039 0.969
WG [(n(%) 9(36.0) 21(33.3) 0.057 0.812
B REH [ n( %) ] 1(4.0) 5(7.9) 0.037 0.812
LR (%) ] 13(52.0) 30(47.6) 0.137 0.711
B AHRTFARIN(%) ] 2(8.0) 5(7.9) 0.000 1.000
AHT 1Sc0,( %) 62.91+4.64 62.06+4.74 0.737 0.463
ARG MMSE 143 28.71+1.06 28.60+1.43 0.338 0.736
ARFT MoCA T4 27.10+1.87 27.56+1.77 -1.061 0.291
£ 3 POCD E#H53E POCD BZ AR 1ScO, BARIE L HAMA F AJGHHR LI
TiH POCD 4 (n=25) 4k POCD 4 (n=63) 24 P
A 1Sc0, HARIH (%) 57.67+3.53 59.32+3.81 -1.811 0.043
A Hb fARE (g/L) 84.0+10.1 85.2+9.1 -0.535 0.594
CPB I [f] ( min) 113.67+34.32 120.39+45.69 -0.632 0.529
= B Ik BELT s 1] ( min ) 80.67+34.96 79.05+44.91 0.154 0.878
A RBC[n(%) ] 5(23.8) 17(19.3) 0.025 0.874
A HUHGEE S E] Ch) (37,19) (24,9) -4.288 0.000
ARJF ICU HffA] (d) (56,53) (31,14) -4.659 0.000
AJFAEBENE (h) (15,12) (9,8) -3.527 0.000
CRRT[n(%) ] 1(4.8) 6(6.8) 0.000 1.000
FEIFRIE(n(%) ] 13(61.9) 33(37.5) 4.140 0.042
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F 4 POCD G ER W Logistic [BIHHr

mH POCD Z4H (%) P1{H OR 95%Cl

iFh<65 8/ =65 % 27.3/30.3 0.989 0.993 0.341~2.894

ARH 18¢0,<65%/ =65% 36.1/11.1 0.070 4.636 0.882~24.360

AR 18c0, HARMH =57%/<57% 14.7/43.1 0.035 3.907 1.227~10.903

CPB I} <120 min/ =120 min 32.7/23.1 0.414 0.475 0.079~2.841

3 3k BH BT ] <90 min/ =90 min 29.5/25.9 0.626 1.633 0.227~11.742

A Hb FA%{ =80 ¢/1./<80 g/L 28.3/28.6 0.652 0.653 0.102~4.161

/75 RBC Hi A 35.3/26.8 0.911 1.129 0.135~9.470

A I HUAGE < (8] <48/ =48 (h) 28.4/28.6 0.124 8.844 0.551~141.921

/7 CRRT 16.7/29.3 0.052 0.033 0.001~1.031

B/ EEIRIE 30.3/27.3 0.768 1.194 0.369~3.864

RS EMEARGE NP A B I R PR L
SERAL (n=88) F5E ARG (n=21) 240 Py

P51 0.567 0.451
BHln(%)] 58(65.9) 12(57.1)

Z[n(%) ] 30(34.1) 9(42.9)

R (R 58.06+13.61 65.48+8.42 3.169 0.003

HEBRE 14.421 0.000
=12(4E) [n(%) ] 65(73.9) 7(33.3)
<I12(4F)[n(%) ] 23(26.1) 14(66.7)

BMI(kg/m?) 21.14+2.28 20.67+2.82 -0.799 0.426
BRI [ n( %) ] 30(34.1) 7(33.3) 0.004 0.947
o REBi [ n( %) ] 6(6.8) 1(4.8) 0.000 1.000
BIMEn(%) ] 43(48.9) 12(57.1) 0.465 0.495

FRRFARIn(%) ] 7(8.0) 4(19.0) 1.239 0.266

AR 1Sc0,( %) 62.06+4.74 62.91+4.64 0.737 0.463

A 18c0, FAfME (%) 59.32+3.81 57.67+3.53 -1.811 0.073

ARFT MMSE 43 28.60+1.43 28.71+1.06 0.338 0.736

ARTHT MoCA PF43 27.56+1.77 27.10+1.87 -1.061 0.291

A Hb fARE (g/L) 85.2+9.1 84.0+10.1 -0.535 0.594

CPB I [E] ( min) 120.39+45.69 113.67+34.32 -0.632 0.529

323 K BH s 18] ( min ) 79.05+44.91 80.67+34.96 0.154 0.878

A RBC[n(%) ] 17(19.3) 5(23.8) 0.025 0.874

AR JEHUEE S E] (h) (24,9) (37,19) -4.288 0.000

AJ5 1CU W& (h) (31,14) (56,53) -4.659 0.000

ARJGAHERERTE] (d) (9,8) (15,12) -3.527 0.000

CRRT[n(%) ] 6(6.8) 1(4.8) 0.000 1.000

BEREHKIEn(%) ] 33(37.5) 13(61.9) 4.140 0.042
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&6 AJTIHALTE RSB N R Y Logistic [B1H 7347

S| A BB I R KA 2 (% ) P{H OR 95%ClI

IEih<65 5/ =65 % 15.4/25.0 1.000 1.000 0.252~3.966
EiV5:s 17.1/23.1 0.205 0.424 0.112~1.598
ZHEE =12 4/<12 4F 9.7/37.8 0.001 10.877 2.778~2.593
ARHIT 15¢0, =65%/<65% 25.0/16.4 0.105 0.260 0.051~1.326
AR 1Sc0, FARAE =57%/<57% 9.8/29.5 0.105 2.745 0.923~16.518
CPB i [E] <120 min/ =120 min 22.2/15.2 0.998 0.000 0.000

= K BELUT At 1] <90 min/ =90 min 17.6/22.9 0.998 >999.9 0.000

A Hb AR (=80 ¢/1/<80 /L 18.9/20.0 0.674 0.587 0.049~7.015
/75 RBC HiA 22.7/18.4 0.702 1.793 0.090~35.534
A JGHUEE ST R] <48 h/ =48 h 16.5/41.7 0.375 2.971 0.268~32.935
J&/7 CRRT 14.3/19.6 0.110 0.055 0.002~1.918
A/ TEEIRIE 28.3/12.7 0.075 3.839 0.872~16.900

3 i @ U3 AR 245 SR SR i A 0 £

A5 R IR 5, H 3 B B . T R4
PEER O A A, 24 AR rp rScO, 4 45 75 4 X 7
55%V) b HEERIE R 80% LA FIF, RJG %5 4 X POCD
RHFH 22.9% ; R 1S¢0, HARME 5 POCD .25 4
% ,18¢0,<57% & POCD & EMTER R ZHF -
AR5 BOR J5 ME L) 58 B A1 Ty BE T Ak 0 3K 1 R

Bifi 2 O ETF- AR AR B k2, X LR 94 B ) 22
SRAAWIEE S, 323N AR IE T FIE ZLE 2
TR 20 XA 1 7™ J I RRE , R IR B LA SRR I
JERIE H S8 EMN, W RGIFRAES OIEFAR
WG FYIM %, Wi, POCD % LR N 33% ~
83% ", HWEFEFHE FH A POCD & XM A% —, 1
Newman 2505 4, F% POCD 22 A ARG PE4r He 3k
Bl E T B¢ 20% , Ho 45 2 0 H & i Be i POCD & A 3%
N 53%,6 JAlJG 36%,6 A~ H G 24%,5 I 42%"
SEBR 1, POCD F-1&G £5 2 AH R A9 B A0, AR K —FR 45
JER & AT POCD J& 8 it i ) 38 i, 8K i
POCD S B AEBE IS ] A= 0% st 2BV B3 A B
RS A W B AR, 5 POCD A
FAONEBRISAVR T R R BRI S fh R
G s | PR AR G i 1 AR OO Ik IR R R
BT MRS . — BB 5T R B R NIRS 5K
A W 1Sc0, , EEGAK AR, A B T #ip; POCD, 18 /0
Befst 1] 546 9% s A B ik s ik
52 M RE AR e FH NIRS W rScO, FREAR 5 A H 2
REREAT | HL At #oh 28 2R G0 I & AT B 5F 0] 228 K A
S BRI, A AT R & BRI 1Sc0, 5 POCD

KA, POCD B AR, B BER A A AN [ 46

ARG HI D) B8 B EAl 8 2 — F 50 I A
R SIS AL T s AT RE S LA 44 L ig g
HE RS T B GERICIZ R W RE T A
BT BRI 4 B 7 R 5 A5 S TA nT ) i 22 B0
A SO, — TGO IE Y R A9 A N T e A
WA R I, T BAS BB ok
PUE A E R 5 e AL R A R 22 0], Rk
oA B AR EE S AR, AL E R 5 A A=
PEARIMRL . MMSE F1 MoCA & E Br F i %) 8
AN, A SO 2 1R PN i FH A DA R
REPEA IR, FLAUERE P S vl s e > AR
[ N AHSEAIE ST, K POCD % S A 19 33 300 35 A ] —
WARBEA G Z 22 =4 24 sLhs L, B e E s
I POCD 5%45 52— W 22 X, iX & POCD &A= 5
AR —MEEFHZ " AWPF5EH POCD &L
RNy 28.4% , G HABRFIT Y45 R 45 2285 R ]
REJE T IR AS TR BT 23

5 POCD AN # 3 LA, 1ScO, B 1E i {H )2
—ANER L, s PR AT AR 7 R R AR R
BRF AR Hb W EEEDY ) i TR (A U R
IEHAEMELLE X, I R _EXT 1Sc0, 2% 2K T i
FARNBIERME . DA O S AR SN 80%
B [ B 246 X5F . 5097, A4 v 22 4, AR F 5 ¢
Y XPEARERAE Jy 55% . TEABIE A BE TAR
1 1ScO0, IR T 80% HEAil (B 45 XHE 55% , TC B & T R
B FEES I, SR AT POCD (9 % 4k, s IH AT BE
LR =AM, B S, I eScO, K FRAE A MAAL 77 1
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AREAIA AL, R B AE I 1E H S L 9, AT & B
1ScO, ;AR 5 POCD A5G, 28 = 52 A HI DI RE Y
FBR 1ScO, A HAM K F B AEABEFE Y [B1H 53
R & BT 3 i LR A POCD G 6 R &%
5= AR g R AL A TR 2 NIRS 7]
PSR 2 ie— 3R 43, Wl oy e 4, (EOR & 43, il
n, e 5 S AR 2 R S AL 2 —7
JyA NIRS W& - v 1 O, 24 4 ik 45 DX S 7
A3, NIRS ANBE S A X I AN I

TE POCD S H 2 19 |3 50 M7, B 40 AT R
J& 1CU BRI RITA J5 4 BE st [|], A e 4TS POCD AT
REE NN, EAN ST AL i b, RJG ICU i
() AR 5 4 B B [ S5 A 4 38 10 20 ) 25 5, HL A e
FA WA FEER L5 RS2 5 4h, POCD 1 & [
IR WA M 2 208 2 5E . MMSE 5 MoCA
WA S 2 H B REA X, il 2 Ha R
HEAT T WFIE0 BT 400 0E . AFFE &AM T
i BCE T bR T 2 2B R B B A, P AS R A
R E BT, Schoen J 275 H XA G E 2 O BF
FEHA R RE A B I e X R 7 RS 52 BT
TR s B b SR T 32 BB B A5, [nl 5
SIFT R Z A R S RE A SE R JE A 4 RITAK
MR AHSC R &

AMFFE 1 Jmy B 2 WA AR I 3 21 A0 3
WA 1~5 d Wi FIL 2h i ASEE e A T fg
RAARHED: ; 53 i o KA R DT PPN

25 1 TERSMIG F 0 I B AR B 1Sc0, 4
FErE4a Xt 55% A 1 HIEREE Y 80% LA 1A, 1Sc0,
RARMES POCD MK, 1ScO, 2 AR FRAT) i3 ik —
ST LA
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B e AR B Dk ok A 5 A O JIE P BB ARSI BR R
U AN 52 6 e AR B Ik 55 6 A% AR A B B 45 SR 0

WIS LT

[(WE]BH  PRIFRTHRIME A5 BEEAR B K 55 B B A8 R ( CABG ) £ 255 768 bR 3l Jik o83 A B8 Ak 10 RS (800998 )
WBIT R BIGRSFR e, AR B 2014 4F 1 A E 2017 4F 10 A WA B TSR IMEREBE CABG 5 R IMEER A 15
Bk CABG [ BEAE .05 R 25 50 BIHEAT MBIPERF T, 43918 B oA (B A] ASEBRA, Eh g i 20 F 2 RO B IS 45 AR IR B A
(] PP LA AR R  ICU 455 BR B 1] A% et E] O UL 26 FKCE WO DI REdE bR T ACE R E 2 JET- %, &R MMEskd Ik
M4 4 > PB4 ( P <0.05) , HARSMIEERAS (] IR ALIE SRS [E] TCU 45% B8 B[] A Be s 181 3 40 F 452 Bk 4 ( P <0.05) . P4l
VAT IR LES & 19 (¢Tn) I .cTnT SHIAIT AT BB ( P <0.05) , TTEVAYT T , AMEBEZH Y ¢Tnl . TnT SETEkLH ( P <0.05) .
PIHIRYT SR A Z ST A40 .6 min 471 B I ACIRYT T BB 82 ( P <0.05) , H: N A 0 il 94 B A7 A 500897 A B B AIK( P <
0.05) , MAEIRYTJa , AMFBRAL A Z2 05 144K .6 min PATHEES K54 ( P <0.05) , 3 NT—proBNP I F 4Bk ( P <0.05) ,
AR 19 IT R AE & A TR TR ( P <0.05) , HAET- WAL T BR4H ( P <0.05) , &it RAKIMEAAIFBE CABG ¥4
7 B U098 T AT SO SR O T RE L R BB KR 38 T B RE R T EE TS .

[REIA]:  FRIINKBEERE O s RIMEIR ; WA ; AR SRS A AR 5 0TI RE ; AR

Analysis of early results of beating heart coronary artery bypass grafting in pa-

tients with severe coronary heart disease undergoing cardiopulmonary bypass
Hu Yanlei, Ru Jiangjiang
Department of Cardiology, Chest Hospital in Henan Province, Zhengzhou 450000, China
Corresponding author: Ru Jiangjiang , Email ; rjj1999@ 126.com

[ Abstract] : Objective To investigate the clinical efficacy and safety of coronary artery bypass grafting (CABG) on the beating
heart with cardiopulmonary bypass (CPB) in the treatment of severe coronary artery disease. Methods From January 2014 to October
2017, 50 patients with severe coronary heart disease underwent traditional CPB coronary artery bypass grafting or CPB coronary artery
bypass grafting on the beating heart were retrospectively studied. The number of graft vessels, CPB time, mechanical ventilation time,
the ICU stay, the hospitalization time, cardiac troponin levels, cardiac function indexs, complication incidence and the mortality were
compared between the two groups. Results The number of graft vessels in the beating group was less than that in the arrest group ( P
<0.05). CPB time, mechanical ventilation time and the duration of ICU stay were shorter than those in the arrest group ( P <0.05).
After the treatment, the levels of ¢Tnl and ¢TnT in the two groups were significantly lower than those before the treatment ( P <0.05).
However, the ¢Tnl and ¢TnT in the beating group were lower than those in the arrest group ( P <0.05). The 6—minute walking distance
and the left ventricular ejection fraction (LVEF) in both groups were significantly higher than those before the treatment ( P <0.05) ,
while the N-terminal brain natriuretic peptide precursor (NT—proBNP) significantly decreased after the treatment ( P <0.05). The 6—
minute walking distance and the left ventricular ejection fraction in the beating group was higher than those in the arrest group ( P <
0.05) , while its NT-proBNP was lower ( P <0.05). The incidence of complications in the beating group was lower than that in the ar-
rest group ( P <0.05), and the mortality was also lower ( P <0.05). Conclusion Cardiopulmonary bypass coronary artery bypass
grafting on the beating heart can effectively improve the heart function, promote the recovery, reduce complications and improve the
prognosis of severe coronary artery disease .

[ Key words]: Coronary artery disease; Cardiopulmonary bypass; Heart beating; Coronary artery bypass grafting;

Heart function; Critical illness

YEF AL, 450000 HM , BAMEAF L EHGES B (TR A REEBE AT 0 ) (BIEEE ) 5 450000 M, T RG24 Bk B2 B ( 2V
BRAEE : ZHITIT, Email :1jj1999@ 126.com
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TEEAR Bl ok o A B A O M (TR0 ) S — A
H e R 3 KA < 40 AR5 R 14 3 ko 2%, B
H A F IR, 55 0o K AN TR &, B
S R RIS 21 SR B kS RS AR
( coronary artery bypass grafting, CABG) J& Il IR [ i&
¥y ERE T 1Y 32T B, DUTE 2 R UK SMIA 3.0
JEF Bk CABG, 3T 4F >k, 14 S & 25 A 452 Bk £ R 72
CABG i3 BN A58 B R A SME
PAEBE CABG 7 HAE T o 107 T A 1l IR T 280 0
BANE NI, XA BEAT A SR SMIE E 5 Bk CABG
LS RIMEFR R Bk CABG 11 51 4E 58 00 5 £ 5 45 50
FEAT IRUBTEAT 5T

1 #MEHE

1.1 AR A AR BEAT % G AR SMMIE R 15 Bk
CABG S{RIMERAIEBE CABG ) 5 AE 76009 £
% 50 7], K55 AT A bR e . D2 6 bk i A
LW |, 22 % 5 15351 (eft ventricular ejec-
tion fraction, LVEF) <35% , B #ff > 4 76 0095 ; @ B
7 CABG F81IE ; @A R A [F) B UL @I R 5%
BHRAEER , HEBR A IFIFE e A 4 DR w45
e

IR PR g, 2 R R X (P >
0.05) , BF50A AT Letk , BOREEAR AN 458k 55 7E 28
] 2z 22 1] 4E#E 51~72(61.43+£10.07) %, LI fE
M2k 3 6,1V 47 ], 2pEONUESEA 35 i, Ik
CABG 11 {5l AR B E 27 B £ 23 B, 47 50~
74(61.98+10.56) % L IIRE 4% 5 191 IV 2 45 9], 2,
PECNUEESEAT 36 1], —¥K CABG 12 f4], W4 1,
1.2 Zik  AFBRA AL SR SMIE A5 Bk CABG,
SIS S REE, E IEh Y O, 35 3 me/ke IF
RN, B B A0 By U =S AR AMIG IR 1
PRAMIEIRCETFBE S , BT 32 3l [l 282 32 30
JKAR NG | 22t R A kS0 1 - 4 93 Il 5 54
W, DR INAY SR 7-0 S X m #1748 5,
F EIBKARTFTAL, R 6-0 GELe Xt T vm b A48 4.

AMEBRAAEARIME IR AT BE T 1T CABG, BRI
TR R MG 5 2 57 [F 45 Bk 2, 58 4™ A2 T
7 3 ok A L PN Bl O D 2 [ s 3 88 K e e Bk A
ARG . GRS TE R KB, 76 R SMIG RO BIEAS
1EBAE L, ARy sh bk i 37 , 1L 5% &0 30~ 50
ml/ (kg + min) , Il 4 90/60 mm Hg, ZLA0ME L 25N
0.22~0.30, >R FH e 4 7 = Sh Ik BT, T+ £ 30
kAT EEFTFL, R 6-0 48k b 1T st &, Kk H
10 SRR 2~3 41, R Octopus [ 52 7 X}
PO A AT R R Sk DI T | A TR bk I N
OyTiAe R 7-0 SEL T IE AR

ARJG 6 b, WA BT 2 5], W R R
RS FHF R AT hUBEAb 3

PI4LBE B TFR T B0 5 BY F 2 8 7 — A
BA o
1.3 WERIEAF LR AL OB I A RO RS
B AT ] P18 AV 388 AR R] L ICU 457 B4 e [a] 3 e B
& L HLWLES & 1 ( cardiac troponin, ¢Tn) 7K 0> T)
REFE IR I AR KA JET-%, Tl ¢TnT, 0> Y fig
FEARELHE LVEF (N A< 3 fili 4 K AT 448 ( N—terminal pro
—brain natriuretic peptide, NT—proBNP) .6 min 217
BB (6 min 4TI £ ERIRIE R E 6 min WA
1R A BT B A0 D RE IR AT FIWT, HOE O TRk
AT, 020 AT IR B R G ) | R A S IR IR O VA S
DAEFRE R 4 A sh AL/ AT G %E Tnl ¢ TnT
NT-proBNP ; LVEF 2R FR (8 225 8 75 2
1.4 %itspas® R SPSS 19.0 %/ 4b A
THECRORE LA T XA S T PR LA T ¢ K58, 43
FNLAB (%) SEHE PR EZE (x+5) FoR, P <0.05,
WA Geit2Em X,

2 & R

21 BmARY REH ks AMERRA B InE
B/ TEBRZH (P <0.05) , HAR MG FR I a] | IF 1
ML ST E] ICU 5= BE B[R] ¢ Tn YK IS ] A3 B A ]
Py TRk ( P <0.05), W2,

F1 WH— BRI (n=50)

TiH {5k AR t/X2 P
B4 (n) 28/22 27/23 0.040 0.841
ER () 61.43+10.07 61.98+10.56 0.267 0.790
LYIHENV K (n) 47 45 0.544 0.461
MO UBEZE (n) 35 36 0.049 0.826
¥ CABG(n) 11 12 0.057 0.812
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®2 MR ARJFHLE (n=50)
WH k4 NG tfH P 1Y
B A% (n) 3.12+0.56 2.630.42 4.950 0.000
RAMIEERBE ] (min ) 115.63+18.42 89.47+12.69 8.270 0.000
I KA AT () 22.35+6.90 15.56+5.21 5.553 0.000
ICU {5 EA Bl (d) 3.45+1.12 2.17+0.89 6.327 0.000
fEBERTT] (d) 12.31+3.47 8.96+2.75 5.350 0.000
&3 PHOIRERIRILE (n=50,x2s)
WH Paxil Bk NEE tH PAH
Tnl( ug/L) YT 0.059£0.024 0.055+0.022 0.869 0.387
TR 0.037£0.015 0.023+0.014 4.825 0.000
tl 5.497 8.677 - -
Pt 0.000 0.000 - -
¢TnT(pg/L) TRITHT 0.029+0.011 0.027+0.010 0.951 0.344
BITIE 0.019+0.008 0.012+0.006 4.950 0.000
tff 5.199 9.095 - -
PAH 0.000 0.000 - -
LVEF(%) JRIT T 38.42+2.87 38.29+2.91 0.225 0.823
WRITIE 43.17+3.02 49.36+3.65 9.239 0.000
t1E 8.062 16.769 - -
P{a 0.000 0.000 - -
NT-proBNP ( g/L) VRYTHT 491.42+59.43 489.27+58.91 0.182 0.856
BIT IR 413.26+41.65 358.32£29.67 7.597 0.000
i 7.616 14.038 - -
P 0.000 0.000 - -
6 min 4THIE (m) R 149.53+38.65 150.78+37.82 0.163 0.871
WITE 200.49+52.47 259.41+67.54 4.871 0.000
xii 5.529 9.923 - -
PAH 0.000 0.000 - -
22 HASHERIGAFER LRI S ¢Tnl cT- R4 I RIEFFET- I n=50,n(%) |
nT HEGAITHT R AR P <0.05) ,H LVEF .6 min 5 fegkal  AEpkal X2 fE Pl
SATHE B I RIR YT BT E TG ( P <0.05) JENT- ik 6O 1@ e 03w
proBNP BHAYT R W EFEK( P <0.05) , MAEIRIT ), PR 4(8) 1(2) 1.895 0.169
AEBRLL Y Tl ¢ TnT PR TEBELL ( P <0.05) , H: LR 2(4) 0(0) 2.041 0.153
LVEF .6 min 17 BS ¥ K T84 ( P <0.05) , H BEAER 9(18) 2(4) 5.005 0.025
NT-proBNP {&F5 k41 ( P <0.05), W% 3, Ser% 4B uo 47 o4

23 AmAFEEALTERE NEBHNITE
i R AR TR AL ( P <0.05) , HAET R T

BBk ( P <0.05), WF 4, 3 3t ¥

e

T A — i DL RO A P, R h e
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AR BRI & A s R R A 95 A8 R B0l A P s BH €,
T T 00 WLAN AR A& A= Sk i S5k 4 s 107 IR Iifs
PRI RE O20R R 310 L AR RO 6 1
o 7 B ™ B i A e o R SR T Y o, EE I SR
TR B 2 X SR WA BB B SR YT, AR AT
Re o RAMRSE 0 Ty oy, B 2 R AR O TR IR A, X
LA A B SR ™ S UM, PR I PR b 75 X6 B el
DR T LB AT

CABG Sl PR 136 97 5 Jed 0 s 1 35 2 B,
15 F AR I LR AR IMEA 0 IS BES |, (H f Tk
AMIGIREE Sy 5 | L 9 iE Js oy A i, PV v 4, B
A TC M 32 O WEASEBRAT o L 5 51 R I &, anfili 5
Y B E AR SR, U EA R S G R A
TR AR O IR 45 Bk A R P 1 A
HMIEFR CABG v, AT RV & s Ik i 48, 552 901 4 5
S 3 VAR TR S MG PR (] ikt DR A S MG
Wit AT 5 40 J N, 5 ) 2R A5ORh O LN 26
BifasE , LT ARNKE , 2ot 5815 IRAMIEER
AMEBK CABG 38 33 >R 22 3L 8 3l ke i =2, >R
KA 55 20 B8 20 kot T 32 Sl bk R I A HEA T A
A B AE PP SR, a2 AR A ot 37 o A U R, R
PO LB R, R 0 L R T
AN IR 3B A R4y CABG 3£ AR AR SMIE BR A 152 Bk
AR AZAR AR FARBEAR M E R &, FARE I
WA G FARBEAMEFT M CABG &5, H
FLTFE AR 7 SE AR ™A AN IS FH i B S A 0 L
W JUE AL TR e K St v 0 1f 4E ELAR
AR 1.2 mm F EEY KRE GIF RISk
TS R AR

AHIEGT K B, A5 B L ) A SE ER R R] | I AL
A ] ICU 45 BR B ] | 2 [ B ] 349 T 45 Bk 2
( P<0.05),H cTnl ,cTnT NT-proBNP #41i T 5 Bk
ZH( P <0.05),LVEF .6 min #1715 B K T 15 Bk 4
( P <0.05) , HAMEBRA] 0 I K& AE K AR FET- R
R TR ( P <0.05) ,3X T84 Ui B SR RS MIEERAS
158k CABG A7 FAE 0o 1997 U TA% Se AR M
O NEFE B CABG , HARSMEI A5EBE CABG 1Y% 4
PR AR, TR KU A, R TS A ol AR
B, 3 2 R PR Sy EE S0 AR I A A A X
L 7EAR A B AT R M, 25 5 Hh B I TR A A
FRAG L, TovE CRUEH MU W) 6 BT i, o T vk R UE AT
148 58 4= 1045 4k, T SR AR MG A A58k CABG AT
W B O ERUN 2= AR AR, DA HLO WUARFE,
[ B A LA Sl VRS (T 2 88 i 4, (6 32 )
[ UV 00 01 A5 PR A 7 1 A, 3 AT R UEATR IS ) 52 4 i

EACRIM W) A, AR RS Y s AN
IR IE 45 IR — B, 7RI ARSI R A5 Bk
CABG B H B0 Y REFE AR (W LVEF) fE F ARG & T
HFARL EH, YR IMEAR A5 BE CABG Al Ay
B BRE D IIEE

ZE L RTIR SR HARSMIE A A BE CABG 697 H
il 6 U 1T AT R R O I R IR TR & 16
ALY I RAE AR T SCGE TS o 1R B A b R IE
IRIMEFR A BE CABG 19 F AR, 38 N AL AR A
WER AR FP L B B A H R S LA B T A
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A S B e 30 K 11 40 B B %
A T2 AR5 5 I D0 B 5 1 BB B

¥ M, E . FEE KK

(HE].BH  IPEMAARSMEFR(CPB) 3 ik E F 40 (WBC) JEB O IE T ARG g IishRERI M, 7i% W CPB T
AT O RIS AR B 3 40 191, FErh 58 21 9], 4 19 40, 4E 8% 22~ 65 %, ASA 43 TR M 2%, RIBEHLEIF R /0N 2 H (n=
20) X IRAFNAIE AL, XFIRAIA ] WBC JE A , 1256 21 78 32 J5 Sh Ik IEs 5 83 7 —4> WBC JE#% , R IR AT T WBC JE #4855 1,
ERITHRJE K55 BT T R g ANR I S WBC, B8 CPB 453, 43 R4 M # CPB B HLAT(T1) , £ KIFHUS 10 min
(T2) ,CPB Z53A (T3) ,CPB 45305 12 h(T4) \24 h(T5) AR IKIMA 5 ml, #3000 1 WBC , HHki 248 i (NEU ) 4R
T8 PR IRSE R F (TNF-a) \FASr 2 -6 (IL-6) | IMILiE PN % ( MDA) Flid S ALy B AL G (SOD) % 4t 5 [F] B 10 S5 4% B s P 2
B SRR, TSRS RN M ( Cstat) RAFEEL(OL) WFIEFEEL(RI) 5 ELA PR JE HLARGE S [R) | ICU 452 83 A [A) S A
JETF R Mg 2 A R BEn (a], SR SX IR A R AR T3~ T5 B WBC & NEU T 8% ( P <0.05) 5
TR AE T2~ T5 B ML TNF-o IL-6 MDA Y& & F1 RI 4 FRAK, ML SOD ¥R B 1A =5 ( P <0.05) 539841 7E T3 ~ TS A Cstat ,O1 1§
= (P <0.05) ;B 7E AR S HLARE S 18] TCU {5 B4 B [m) 4 4, AR U5 BRI EE T B S R IR( P <0.05) . 4518 CPB H3hfiik
H& WBC JEIR T3 10 020 1 7 TG AL WBC, Jii% 42 B 8 N , ik 35 £ 3 T Th BE

[XEER] . FAMIERS  RIMIEIR ; 25 RAE RV ; I TIRE 3 O METFAR 5 B & 4

Effects of leukocyte depletion from the arterial line during cardiopulmonary by-

pass on postoperative pulmonary function
Luo Lin, Wang Dan, Li Meixia, Chen Meizhu
Department of Anesthesiology, Haikou Municipal People’s Hospital (Affiliated Haikou Hospital, Central South
University Xiangya School of Medicine) , Haikou 570208, China

[ Abstract] : Objective To evaluate the effects of leukocyte depletion in the arterial line during cardiopulmonary bypass on post-
operative pulmonary function in patients after cardiac surgery. Methods Forty patients aged 22-65 yr, with American Society of An-
esthesiologists Physical Status I or Il , scheduled for elective cardiac valve replacement surgery with CPB, were divided into two
groups (n=20 each) by using a random number table. In experimental group ( group LD) , blood was filtered with a leukocyte deple-
ting filter placed in the arterial line of the CPB circuit since the start of rewarming until the termination of CPB. Blood samples were
taken before CPB (T1), ten minutes after aortic unclamping(T2) , at the end of CPB(T3), 12 and 24 h after T3 (T4-5) to examine
blood components and serum levels of TNF-a, IL-6 , MDA and SOD. Meanwhile respiratory ventilation parameters and blood gas ana-
lyses were also recorded to calculate the static pulmonary compliance( Cstat) , oxygenation index( OI) and respiratory index(RI). The
mechanical ventilation time, ICU stay time, incidence of oxygen desaturation and pulmonary infection were compared between the two
groups after surgery. Results Compared with control group (group C), WBC and NEU counts significantly decreased at T3=5 in group
LD ( P <0.05). The serum concentrations of TNF-a, IL-6, MDA and RI significantly decreased at T2-5, while the SOD concentrations
increased at T2—5 ( P <0.05). Cstat and OI increased at T3-35 in group LD ( P <0.05) , while the the mechanical ventilation time, ICU
stay time significantly decreased in group LD ( P <0.05). Conclusion An arterial line leukocyte depletion during cardiopulmonary by-
pass can inhibit inflammatory responses and improve the postoperative pulmonary function after cardiopulmonary bypass.

[Key words]: Leukocyte depletion; Cardiopulmonary bypass; Systemic inflammatory response; Pulmonary function

Cardiac surgery; Valve replacement
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fEZ B AL, 570208 ¥ 0T, 0T AR ER (P KA E B D ER) BREEH (P W, T T, 68T, REE)



i ERSMERR L 2019 4E 2 H 28 HEE 17 %45 1 ] Chin J ECC Vol.17 No.1 February 28, 2019 37

PR AMIE R ( cardiopulmonary bypass, CPB) f#i75
OEF ARG LLZ 50, 981 CPB 5 2 1Y B 1
2 B JNE W (systemic inflammatory response, SIR)
e SR ARG K A T O R AE B AU T Y
U, FE CPB 5 & [ R AE I, 1140 il ( white
blood cell, WBC) FJIHI , b BF AURE TS 35 4 4 52 22
AR i AR WBC BAT A et i, nl BT 4a A
F LA — LSRRI 10 - 20z 19 48 05, OF B
M 7E CPB T B 5 At bt 417 P kS il LGB £
FIP S WBC i AR S FI AR 259 )5 1 U BR A8 2R
I PG AL WBC, T CPB i 4 1 4 B R
RE SN, U A il 1) 2k 9 RE AR K i H 2 BB 45
B S A R A I A 3, 2 5 I A B A
WiE, BEAAE G AR5 B ZEITAE CPB )
ik WBC I8 B %00 JIE T A i A28 25 M i RE Y 2
N RS

1 #MEHE

11 —#&FH ARFRCHRARPEFEB LR S
HEHE[2016— (/5 ) —031], I 3 4 B 1 )
B, ESEANA IR E R R 40 B, AR R
22~65 % WRIERAEE 17~29, ASA 432 1 sl M4,
NYHA CIhfig g I sk 9%, 22 %= 53153 50> 50%
REAETC O ETFAR s, Jotg P e s, Toye ke
o R Be2E R e s, IS D Re R WL 8 . SR I B
MBS N 2 4 (n=20) . X BRZL (C 41) Flist
(LD 4) .

1.2 FRE Tk AZEHT 30 min JULPA V5 AR B 25
0.01 mg/kg MBHE 0.1 mg/kg, A% J5 I ik
A W Ee P il B IOk A AR RS (SpoO, ) L e
KR E A A RIS . RIS . K
TSR IR 0.05 mg/kg, 25 K8 10~20 pe/kg, 1K
FEBKHAE 0.2~0.3 mg/kg,é&}%?ﬁ%ﬁ 0.1 mg/kg, JRR PR
BRIETRE NIEE AR, ZHE Driger Primus FREFHL
(f8IRH& Driger f8[E) , MPRHLSER E . AR
J& 80% FFMEATR 10~ 12 YK/ min WEIELE 12 2 1S
it 6~8 ml/kg, PSR — Sk 7 R 4ERFAE 35~
45 mm Hg, ARHFRIKEER A 4~8 mg/ (kg - h) |
IEKJE 10~20 wg / (kg - h) FILEE R % 0.02~0.04
ke/min ZERF R, BIS fHAERF 40~ 60, #kiiE £
EU% 2~10 pg/ (kg + min) FIASER HM 0.2~1.0 ng/
(kg « min)  ZERF I3 8 124 R0 8 . A7 S0P Ik o
B A o g O AR e T S R R R
1.3 CPB & EHURERIE U 0, YO hT

WKTESHIFR 3 mg/kg, &5 FZR AL, TF TG AL BE 1l (1]
(activeted coagulation time , ACT) >480 s J5 & #l F 5)
Jok K b TR KA A, 52 CPB, CPB BRI g
PR bR CQ IR AN 3R B e IR 9 78, £ stocker SC BLL»
AL HL  Medironic JREUAE S 45 A0 Stockert TN 7 25
TR /KAR AR SRR DRI I TE 2.2~2.6 1/
(min - m*) , 4ERFHE R EAE 50~ 80 mm Hg, CPB H[H]
KM o FRASHERFIR B, F A BT

14 FH#E CHAANMLH WBC JEdr, LD 414 5%
J& sh bk UE #% 37 5 % — 4> WBC JE 2% (Pall LG6 &Y,
Pall 22 7], SR IE) | S AT I WBC U 55 %, &2 il
TFUG IS OGP 55 B8 IE I I ot A0 J] it v ) WBC, H 3
CPB %%

L5 trkARELten DHIRELRE CPB HALH]
(T1), EWKIF G 10 min (T2), CPB 45 o i}
(T3) ,CPB 4575 12 h(T4) .24 h(T5) &N sh ki
£ 5 ml, K b WBC T PRI (neutro-
phil,NEU) T1HCF1 L34 H B iid PR 58 1 (tumor nec-
rosis factor, TNF-a) 441 % (interleukin, IL) -6 Ifil
H N % ( malonyldialdehyde, MDA ) Flid 48 fb ¥ 15
AL ( superoxide dismutase, SOD) 7% & ;. FH B K S0 0%
ELISA BEAG LT TNF-o IL-6 1 IL-10 I35
( bR A MR FR A ] ) | A AR Ak Ak
SE MDA VR (B ot U E W) TR ST RT ) | BRI e
GRS I 5E SOD 3G 4 (g B R ) TR 5T
) o [RIAFIC SRS g s e e 2 8 g ik it =, 15 Al
i A 0 B PE ( calculate the static lung compliance,
Cstat) %A 8 %X (oxygenation index, O1) |, PF W 5 %%
(respiratory index,RI) ,

1.6 %t F7k  ESARTHE GOR I B bn
W2 (xxs) Fon , A M BT T BERF LR
FHE S B BT 07 22 73 Bt , P T8] L 55 Sk
AHY ¢ K, THECRORELBCR T XS SR SPSS
23.0 eI, P <0.05 W2EFH G XL,

2 & R

21 —sR WA RE I — B AR R
Ho#, 25 TG 2 L (P >0.05) ; SXT R4 L
B 2 R RS M HLAMGE AU [B)  ICU 45 7 B[]
Y ; M IR TR L, 2R IA SR
(P <0.05) ; P2 F8 3 R i il Jk e & AE SR R e
B ) e 22 S TG it L (P >0.05) , L3R 1,
22 WM EF AR NS RE P WBC NEU 4 &
f P KR BTk R e s 5T s,
BETE T2~ TS B M WBC NEU TR 1fiL 7
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&1 WABEIRKTE (n=20)

S| Xof HRZH X il fH/< Pa
W (Z) 46.70+12.14 47.45+11.83 -0.198 0.844
PR B/ % (n) 12/8 9/11 0.902 0.342
TR REHE B (kg/m?) 25.20+3.02 24.40+3.71 0.975 0.459
ASA 43 /1M (n) 13/7 15/5 0.476 0.490
LS MAEL( %) 59.45+5.64 58.35+4.64 0.674 0.505
FE Bl KBTS ] (min ) 75.15+5.33 73.90+5.07 0.760 0.452
CPB IS} [A] ( min) 108.40+12.32 106.10+14.33 0.544 0.589
T AR A] (min) 191.75+11.63 189.05+11.12 0.724 0.473
FAAL ML 1145 12t ( min) 958.00+104.91 925.50+118.74 0.917 0.365
HUARAE S E] (h) 9.03+1.48 8.03+1.04 2.461 0.019
ICU {5 §A B[] (h) 31.04+3.06 27.82+2.70 3.534 0.001
fEBERFE](d) 21.25+3.02 19.55+2.91 1.811 0.078
AR TRE n(%) ] 12(60.0) 4(20.0) 5.104 0.024
Jil S [ n(%) ] 3(15.8) 2(10.0) 0.004 0.951

TNF-a IL-6 MDA V& FE¥ 5, I SOD e BEREAI%
( P <0.05) ; S5XFHRAL Ho A, i g0 4 ;B A 7F T2~ TS5 |
I WBC f& NEU THECH S0 ( P <0.05) , i 4H
AE T2~ TS B IfiLiE TNF-a IL—6 MDA ¥ & PR
L7 SOD ¥k E = (P <0.05) , L3k 2,

23 mABEF AR SRR 5T
B WLH R AR T2 ~ TS5 B &5 Cstat F1 OT YJFEAK, i
RI U345 ( P <0.05) ; S5XF R4 Hede i 0 41 iR s 1
T3 ~T5 B 25 Cstat #1 O #1955 ( P <0.05) , i 504 H
HAE T2~T5 B AL RIBFEMR( P <0.05) , L3 3,

3 i

CPB % K WU 4 1 SIR 2 ¥ ARG IR 2
AR DIREREAFAISET I E R N, Ho g 19 WBC L
HE NEU &R # SRR #F58 & B WBC
TG & CPB A J5 AL 43 1 16 VE A% &, Bl R
WBC ##ill /& NEU /KF-r3e , 5 B E ARG I EZAER
RHRTAETREVIM KT . WBC AL Py E
R T £ L, T T g A P R e B O 2 A
KPR, IR B R AEA T, 25 9 i K AL
RGBT, I KB ZABE, SR TR
4 AT R S s B AR L JLF T A CPB F
R ARG YA A R L i o e B | 3% 1k Y
WBC ZhFT Bl B 40 048 (4 9 B, I R ik i S Tk
Tl R 4G 1 Pl 35 A5 0 AR ) R ol 4 o 5 A =6 40 o
BV R, SRR ANE TR K, DT
i )38 SR T BE . T WBC BT i

BT HXUAR B BT 52 2%, —Fh 25 9 (e BELIET
— Al A B R I PR i TG — B 2
YIREA B CPB F801 SIR, > B # AR5 1Y
JERAEN  CPB i F] WBC JE #5102 S HE
FRIEAL) WBC, DI T B X HLAA () 452 35, WBC I8
FEAEAE WL 25 R 15 AL 9 WBC, I8 5% 48 i [ v, AR
A 1R IE AL WBC XA R A EVER

TNF-o J& S HE HIK I N 1)) 8l KT, 72 CPB 75
IR SIR At s i 51 S AE H s TL-6 242 & 4 il
PR, X 5 A e Ay AR 2 U461 473 1 7 U
Fa 45 s MDA J2 A 01 & AR 3 U0 S N I 287720, 43
FhEEHR RS EMm R TR ERS, HEA
YA RENE ; SOD S AL 7 A8 480 ) FR BR300 03 (R T A Ak
it , T R WEALRTE BR AR A 3R AIRE S AR K
M, 5 TL W, WA B HEAE T2 ~ TS5 B g 1 i
WBC NEU 8 Rl 3 TNF-o  IL-6 MDA ¥k )
Fhim, ML SOD M ER#K( P <0.05) , #2/R"7E CPB i
PR IV 5 5 4 3 T 422 5 R T ARRE Y K I
B, ABFFEAEIREE L, CPB R T 225 3k % 2% iy 53
i —~ Pall LG6 %Y WBC JE#% (Pall AF],EH) , &
HELHTIF R WBC U8 #5825 B% |, &2 IR ¥ IR J5 6 1 2% 1% OF
TF 4R & 3ok A 1fi i WBC, EL3 CPB 453, &
16 T2~ TS5 WL WBC & NEU 30 I ( P <
0.05) , #278 WBC JE#% A 2 UERE T 6 1L B WBC FI
NEU;7E T2 ~ TS Bf I3 TNF-o IL-6 MDA ¥ JZ 1y
FEAG, IR SOD MR EERS 5 ( P <0.05) , #&/8 WBC J§
A AT B A2 P 8 Rk K F % CPB A & 1Y
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£2 P4UBREAN S WBC NEU HAL M TNF-a IL-6 MDA SOD ¥ Y HL#E (n=20,x+s)
EiEan Wil T1 T2 T3 T4 TS FE* Pla*
WBC 4 10°/1) XF R ZH 5.58+1.58 8.83+1.26 10.92+1.40 12.80+2.31 13.85+2.34 155.458  <0.001
iRE A 5.35+1.23 8.2621.56 9.36+1.62 10.11£1.69 10.73£1.82  138.603  <0.001
¢ 0.535 1.282 3.271 4.206 4.711
PE 0.596 0.208 0.002 <0.001 <0.001
NEU 744 (10°/1) Xif B2 3.531.50 5.73+1.62 7.48+1.61 8.861.61 9.77+1.57  1140.569  <0.001
R 3.401.22 5.35+1.22 6.15+1.22 6.88+1.16 7.53+1.17 529.873  <0.001
{8 0.312 0.837 2.956 4,468 5.117
Pl 0.757 0.408 0.005 <0.001 <0.001
TNF-a(ng/L) X RE 2 26.10+4.65 30.28+4.44 38.12+4.78 34.01+4.80 32.33+4.62  106.969  <0.001
A 25.23+3.56 27.38+3.44 33.33+3.29 30.61+4.28 27.04+4.38  188.678  <0.001
L fE 0.666 2317 3.690 3.369 3.717
PE 0.509 0.026 0.001 0.002 0.001
IL-6(ng/L) it HE 20 15.39+2.09 37.90+5.45 57.18+6.11 47.01£6.77 36.16+6.27  207.808  <0.001
I 14.72+2.43 29.97+4.25 41.37£6.33 32.16+5.58 23.02+6.11  116.083  <0.001
t 18 0.929 5.135 8.039 7.569 6.717
PAd 0.359 <0.001 <0.001 <0.001 <0.001
MDA ( wmol/ L) it HE 2 4.110.33 7.93+0.67 9.02+1.21 6.6920.74 5.0120.82 292.194  <0.001
T 4.05+0.43 6.1120.87 7.15+1.08 5.79+1.01 4.22+0.53 195.254  <0.001
o fH 0.528 7.462 5.154 3.245 3.589
PE 0.601 <0.001 <0.001 0.002 0.001
SOD(U/L) Xif B2 46.14£6.22 39.17+5.33 35.41+5.87 38.52+5.55 40.58+5.64  217.490  <0.001
R 45.12+7.26 43.28+6.50 40.11+5.93 43.78+7.26 45.73+6.65 45.182  <0.001
t{H 0.477 -2.183 -2.520 -2.578 -2.641
Pl 0.636 0.035 0.016 0.014 0.012
E: CFECPEZAS T EL
R3 FHBESHT S Cstat , OL f1 RI AY ELEE (n=20,x5)
Bzt Wil Tl T2 T3 T4 T5 F{E* PE"
Cstat(ml/emH,0) Xf R ZH 25.43+1.46 18.34+1.65 16.47+1.51 19.26+1.59 22.49+2.40  201.264  <0.001
T 24.96+1.79 19.16+2.13 17.84£1.67 20.97+1.31 24.65+2.87  228.458  <0.001
{8 0.909 -1.352 -2.721 -3.709 -2.590
PE 0.369 0.185 0.010 0.001 0.014
ol XFPRZH 415.99£21.09  357.95£19.65 339.06+17.99  369.37+17.12  405.12+19.31  777.075  <0.001
R 422.87+20.79  368.88+18.74 353.33+18.83  383.19+18.85 420.33+17.08  449.150  <0.001
t{H -1.039 -1.800 -2.451 -2.428 -2.640
Pl 0.305 0.080 0.019 0.020 0.012
RI X PR 2H 0.56+0.02 0.7420.02 0.83+0.03 0.73+0.05 0.61+0.04 452.835  <0.001
X hEdt] 0.55+0.03 0.72+0.02 0.81+0.02 0.69+0.04 0.57+0.03 496.522  <0.001
18 1.237 2.546 3.693 2.456 3.244
PE 0.224 0.015 0.001 0.019 0.002

PP RS T IE,



40 AR SRR 235 2019 4E 2 A 28 HES 17 %55 1 ] Chin J ECC Vol.17 No.1 February 28, 2019

RAE TN

Cstat Sz 5 WA M 14 F9 8 A, 50105 6 L 7 1
FRAT . O S S e fiti B S D RE A HE A , BREEK , Fiti46e
RTIREREAT . R 2 S Al ) 500 B8 () 8 7, ml 5
1 P 5 ORI 403 40 A B 50 B v I o/ T ) i e 2
il ik AR R B, 5 T A, A
HEAE T2 ~T5 I A5, Cstat F1 OT BIFEAK 17 RI I 725
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HERE AT E2 MR /M4 R A G-
A N Rz 40 B i A A S A

I B, T BB

[(HE].BH HITEHET B2 #HCHE T (Nf2) /MR A A -1 (HO-1) Z2EK S 5% % K (BBR) /5 A # Ik N Bz 41
Mi(HUVECs) il E LA (H,0,) LR T-LUSFEMPLE . A% AR BBR(5 M 10 wmol/L) AL MANM 12 h J5 , B
F H,0,(200 pmol/L,4 h) M40 My 3 iR R | CCK -8 46 I 40 i 7% 14 ; TUNEL #3308 740 i ; DCFH-DA A 0 40 fifg 1% 1 41
(ROS) /K ; T E B EEEARC Nef2 0PN 5953 A5 B I ; Western blot B4 Nef2/HO- 1 S MR T-HICE (& &, MAh, Wi
THAZMEALR (siRNA )RR PEBHT Nef2/HO-1 J5 , FHE LRk, 558 XX HB AL, H, O, FE AR 20 M 1, 184 4 B 4 7
K ROS /KFE( P <0.05), ANFMREERY BBR A %Ml ARk, B2 “FEKBPE” ( P<0.05), FE,BBR #—24E#t H,0,%
B Nef2 1 RS K HO-1 F3R3 A1 ( P <0.05) . W FH siRNA AL AT LU 40 Nef2/HO-1 (435 4k , ifi ELBA 326 %% BBR X}
HUVEGs FIRE4PEF( P <0.05) , £  BBR i@ #I% Nef2/HO- 1 38 % , 3455 HUVECs 15 ROS BIBE ST , T & 4T H, 0,31
BHPE

[RER] . HEER BT B2 MKEHF/ ML R A B -1 ARk B i ; 6 vk 4 T

Protective effects of Berberine on H,O,-induced endothelial cell death through

Nrf2/HO-1 pathway
Wang Zhen, Ding Hui, Yang Rui
Department of anesthesiology , Shaanxi Provincial People’s Hospital, Xi’ an 710068, China
Corresponding author; Yang Rui, Email ; yangrui20008@ 163.com

[ Abstract] : Objective To investigate whether berberine ( BBR) could protect human umbilical vein endothelial cells ( HU-
VECs) against H,0,-induced injury by activating nuclear factor erythroid 2-related factor 2/ heme oxygenase—1 (Nrf2/ HO-1) sig-
naling pathway. Methods After pretreated with BBR (5 and 10 wmol/L) for 12 h, HUVECs cells were then insulted by H,0,(200
pmol/L) for additional 4 h. The cell viability was evaluated by CCK-8 analysis. The apoptotic cells were measured with TUNEL stain-
ning. The cellular reactive oxygen species (ROS) was detected by DCFH-DA. The distribution of Nrf2 in cells was marked by immuno-
fluorescence. Western blotting was used to analyze the proteins expression of Nrf2/HO-1 signaling pathway. Additionally, the detec-
tions above were repeated after Nirf2 siRNA treatment. Results Compared with control group, H, O, decreased cell activity and in-
creased apoptosis and ROS levels in HUVECs ( P <0.05). Different concentrations of BBR (5 and 10 pwmol/L) effectively inhibited
the changes above in a dose—dependent manner ( P <0.05). Meanwhile, BBR further enhanced the translocation of Nrf2 from cyto-
plasm to nucleus and the expression of HO—1, which was induced by H,0, injury ( P <0.05). Nrf2 siRNA not only significantly inhib-
ited the activation of Nrf2/HO-1, but also obviously reversed the protective effects of BBR on HUVECs ( P <0.05). Conclusion
BBR promotes the ability of HUVECs to scavenge ROS by activating the Nrf2/HO-1 pathway in H,0,-induced injury.

[Key words]: Berberine; Nuclear factor erythroid 2—related factor 2/ heme oxygenase—1;

Human umbilical vein endothelial cell; Reactive oxygen species; Apoptosis
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JR) EBRELIERE T BRIT A, AL R Y
Fe TIRE 2 [BI A7 A6 AH B AE I, 3 P % (reactive oxygen
species , ROS ) 3 U 25 9 0N Jz Dy RE e dig ' #%
F E2 A K F (nuclear factor erythroid 2 —related
factor 2, Nrf2 ) 25 22 (Y H0 SA Ab 1 P g, 32 223 3 1)
ML KA A -1 (heme oxygenase—1,HO-1) &%
ERY), #i# E (berberine, BBR, & 1)) J& 5 i )
T EE PR S R A RS T, FAT 282 PR, £
FEHUI , PUE R PUR AR R R X O
1A RGABA R ERS . BEIEY], BBR i %
I6 Nef2/HO- 1 R HERR ARG 0 R b A3 R AR
T TR, SR P R A0 A4 7 R R ARG AR
BT R N JBE & K Y B2 41 B ( human umbilical vein
endothelial cells, HUVECs) A5 X% 42 | Fl F i A 4k
A (H,0,) M E AR T B TR 8l
¢ BBR A H A -4 15 b Nef2/HO =1 e 38 14 £
o, §7E K8/~ BBR /5 HUVECs B4 b0 i i
PRAL T Y IR LA

1 HEET®

1.1 ZZHMHEAHE HUVECs QMIkk(EH);
CCK-8 a7l & ( i) 5 4 e ROS A&l a7 & ( I
M) s R ARIC T (TUNEL) (72 ) ; DAPL( £ H) ;
RPMI-1640 15323 A 4= 034 (3¢ ) ; BBR MIH -
FETR ZPTIR AW (100x) (Ab5T) s A0 AA% 2R 11 5 40
Jio 2 2R R R & (YEFR) s Nef2 A HO - 1 Bk
(ZEHD) ;Cy3 tric L EPi R LeG ZHL (%) 5 #%
£ )2FE M B(Lamin B) Fl B-WL3l & 1 ( B-actin) FT
TRLL Ko Nif2 siRNA (£ ) ; B o S AL P s 12 1Y
FPRMFEDT R P (L) 3111 B CO, 4 i 3% 57
#6 ( £ ; SpectraMax M5 R Z I HEFFFRAN (3L H) 4
FV10i BOEHE R A B8 ( HA<) ; ChemiDoe XRS+
( Universal Hood I1) %! Western blot 5 143 &5 M 1%
RYL(EH)

12 Rk

121 4iffiE3R  HUVECs 8532 F & 10% 25 i 3%
B 1% BHTR AWM RPMI-1640 B FR 5 B 3R 4 F
h 37°C . CO,MRFIEL S% MR ANB IR, BR R,
FRAIM A 4 3k 90% Ze A7 44K (0.25% JHT ) o HBUR 4
AR IR XT3k 80% A2 AT Ja 4 T T,
1.2.2 SCErEH MG SCEsr LI 4 4.
(DControl 2 ; @ H, 0,4 BL4]; @A H,0,+L-BBR(5
pwmol/L) £ ; @H,0,+H-BBR (10 wmol/L) 4, ¥
Z TR 1,0, BBR T
FETE B ( dimethyl sulfoxide , DMSO) 1, 4°C {77, HI A

DL RPMI-1640 55 57368 B h T /B ( DMSO ¥ B AIK
T 1%0) ,MRIE /3 LHFALFE 12 b,

1.2.3  4iiEiE HdE  LL0.5x10° 4N/ fLE & T
96 FLAR HHIEFP AL, FELH IR 5 MR AL, SBIGA T AR
AbFE  FEEREIREL PBS Pk 3 Wk, 180 E BB g,
FLIA 100 wl B RPMI-1640 110 pl 4 CCK-8 i
F,37°CHFE 2 h J5, T 450 nm P KA E WG,
1.2.4 IR TR LL0.5x10°A~/FLI % JE T
24 FLAR N HIEAIE 7, I 25 T ASTRAL 3L |, 4% (1)
ZERHEEEFEE 15 min, FFHE 1% Triton X-
100 A WA T A0 BERE I 10 min, k&3 B &40
WX AN e, 50% HimE B s I F R BEAL 10
AP T %) 240 MR T (PR T % = A I A
A%< 100%)

1.2.5 ROS &&WE &M 1 : 1000 Ho@ T I
TG IR FE DCFH-DA ( &G R ), i H &k
M 10 pmol/ L, B—ZF 8 iR TAEwRE = T4k
B A AE A, 37°C 6 R 30 min, T 488 nm
WOR AN 525 nm & G4, T2 56 B, H
4li DCFH-DA % W H A2 | Image J 43 BT 45 5, &5
FHALBRZ I 17 FUAUE S Z MG L ER
1.2.6 ZOLyetn  JEEANIEE N 0.5%10°4/ml,
PERP B4 SR B R0 24 FLACD OIS 3R RRAT I
g AT, 53R 4% 2 R P
BIRFEE 15 min, 1%o0J TritonX - 100 R 15 min,
5% P25 1L 35 15 8 (3] 30 min, PBS B 3 WK, A
— 7 LB R Nef2 $T44 (1 2 200) ,4°C it i, Bl
J&,PBS BE3 K, MA Cy3 bRic iYL EHT 5 LeG =t
(1:200),=REOCHFE 30 min, DAPL & YL 240 Mt
10 min, I 57 J5 B SO I BR AR GO T IR YL fa 2
R, IH Image J A4S,

1.2.7 YOG gs e hs b BRI UL A X 4 ik
ATEAE  FE YL 48 h J5 , Western blot ( Fo5 ER I ) ¥
W H R A R R

1.2.8 Western blotting 7317 4HMIAb 35, F¥% 1Y
PBS ¥k 3 WK, I FHE T i A M m i | e 0 R
AIREVRIS BIHW ., AR IEERAE T SRS I A M A% 2R
HWR, sl )s , w28 M, 17 SDS-PAGE (RN
A5 R PG S FELIK ), % 28 11 O 2 B 2 A TR 4 4 3R e
b I 5% AR Wk () TBST (Ve 2% vh i)
FimEA 1.5 h, 730 FH— 2 W BE ) —HT (Nief2 . HO -
1 Fll B-actin 1 : 1 000)4CIHFF R, A
FZPHL(1 = 5000) F=iRMFE 1.5 h, AL AO0E R
5, I A A B A R A i

13 %itFr & A LEEENESE 3 Kk, D
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SPSS 13.0 BEIHRAFA TS it 3 B, SL g4 R DL 5k +
FRifE2E (x+SD) R, R BRI 2 757 22 73BT (one -
way ANOVA) [ 2 5  ft— 20k H] LSD L4 [H] L
B, P<0.05 WHASITEE X,

2 & R

2.1 BBR # H,0,# % HUVECs 15 J& 28 i i 51 %
ROS #9 %%  SLEZR BN, ANFEHE BBR(5.10,
50,100 wmol/L) 4bH HUVECs 4iififd 24 h J5,CCK-8
I % 30, BBR & B 77 1 3 50 wmol/L i), #4541
WG (optical density, OD) i F#EAK (P <0.05) ,#
78 BBR XF 411 j 7= A= g MR, I b 4 5 0 10
pmol/L FIF JF 825285 (K 1®) . H, 0, B & 31l i
HUVECs 458 , 5 %7 B2 AH LU, 40 H 3R B0 A2 5] | i
24 Prorgam , I nr UL B AR BBR FilAb B 12
h AR R334 Ol (X200, B 1©) , CCK-8
GEFPE— A PR | R £H 40 I T 1 B R A, BBR
TR A BT OD i, I 52 A", LA
10 pmol/L H-BBR ZH1E A& AR ( P <0.05, & 1
©), 1A, E 1O, H,0, % HUVECs
ROS WK, RN Lk 55 FE G I, BBR Fikb
BRI i SRR R GRS R ( P <0.05,K 1D), DLk
4534275, BBR X H, 0,355 1 HUVECs i /3 A7
—EMRER

#vm  TUNEL 448 7R, H,0,(200 pwmol/L) 4b# 4
h 5 ,HUVECs "Pr&g st i i (14 Lo ) B3 5t 34 o (1]
2), )% BBR(5 110 pmol/L) FilAb 3 12 h A %%
RT3, 2 5 A S22 X (P <0.05, &
2),UiH] BBR fE @ E M H,0,75F HUVECs &4
ML T
2.3 BBR # H,0,# % HUVECs 43 4 J& 20 #te. Nif2/
HO-1 i385 %" Nrf2/HO-1 J& 5 Z 41 il it &
TR SRR E B, 25 Z R B AR ARHF
iR, H,0,/EHJ5 , HUVECs "' Nrf2/HO -1 i %
BRI , RIA Nif2 [9EE(5 51 N4 ; BBR
SEPRS , Nef2 % fir i — 2035 (P <0.05, &1 3),
Western blot 45 Il [A] B 452, H, O, 34 5 Nef2 7E4% N
R IR I B AR LA 240 i J5T PN Y 75 i BBR A0 3L
BTN, BeAh, AE R Nef2 SR TR A,
HO-1 7£ H,0,/EH N A _FiE , BBR Wik — 4
HIKF-( P <0.05, & 4), LI EZ55EUERT, BBR 1] L)
AR H,0,1% S HUVECs $ii /it #2H Nef2/HO-
1 38 B TE P
2.4 #pH) Nif2 2+ BBR 4% 4% HUVECs 4t H,0, #i 45
% b T Nef2/HO - 1 #£ BBR 45 HU-
VECs $it H, 0, it 0t A, 5255 1 ) Nief2 siRNA
TR Nef2 B35 P, &5 R B, A4l Nif2 siR-
NA X} HUVECs & WLH] B 5P (P >0.05, K 5B) ,

2.2 BBR & H,0,# % HUVECs 445 5 fa i B =45 TN B AN B /K P Nef2 siRNA 258 B 5 FEAI
© Control H,0, s
2.0 : '
_ p
B o 15p @10 : B
b & 29 ;
= 8 1.0 = 205 I
§¥0s
VK 0.0
0.0 # BBR(umolll) - - 5 10

Control

BBR (umol/L)0 5 10 50100

H,0,+L-BBR

H,0, - + + +

H,0,+H-BBR

[\ w
*
£33

ROS &

(xR LA L)

0
BBR (umol/L) = = 5 10
H,0, - + + +

7 :@ % BBR 431454 ; BN ARl BBR(5.10.50 F1 100 wmol/L) %} HUVECs HI#5HAEH ; © Jy AR & BBR

(5 A1 10 mol/L) XF H,0,i55 HUVECs #4475 J5 40 il 25

S (X200) S 454 15 PR 4

(5 A1 10 pmol/L) %} H,0,i% 5 HUVECs i 175 J5 4 i ROS 751k B 45 4 #6: 31 4

RGO AR E BBR
gE R R, frRAREE 50 pm,

P <0.05, 5T L ;P <0.05,5 H,0, 44 Lt ;¥ P <0.05,55 H,0,+L-BBR(5 wmol/L) 41AH L,

B 1

AlAHeEE BBR % H,0,355 HUVECs #4555 41 i35 11 K ROS HI52
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Control H,0, H,0,+H-BBR H,0,+H-BBR

TUNEL
wooBs W
S o o

(%)

TUNEL FH 1t #%
3]
()

DAPI
=

0
BBR (umol/L) - -

wn

10
H,0, - + + +

Merge

i 2B H TUNEL 2 a5 T IR i, S (s e R A T4, 35 L0 eI RANMRZ , Ar AR & 50 pum s A A A0 L R 17
RGATHHTEL P <0.05, 5% A ;¥ P <0.05, 5 H,0,41H Lk ;¢ P <0.05,5 H,0,+L-BBR(5 pmol/L) ZHAH Lt .
2 KN[HHkE BBR ¥ H,0,i%5 HUVECs 45 40 T/ &2

Control H,0,+H-BBR H,0,+H-BBR

LB Nef2 DO A N IR A, A EDOEARICAIAE A Nef2 R, BE OB R AR U TR 50 wm GBI 414
Nif2 %*z%%ﬁ%iéﬂﬁl’él . P <0.05, 5% BELAAHLE ;¥ P <0.05,5 H,0, 4040 ;“P <0.05,5 H,0,+L-BBR(5 pmol/1.) 41
L,

TUNEL

DAPI
Nrf2 8 fif %
(%)

BBR (umol/L) - -

W

10
H,0, - + + +

Merge

3 RIAEVERE BBR X H,0,% S HUVECs 4514735 40 Nrf2 4345 F4 5201
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AR 5 T R BOR M A0 IR | I T e UL i A
PR | XS 2 R 0 K 2 ml T  4E Ak R i
SRV A FE ML ZH 2 sl 4 6 P 1% 4 el i g n
BRI, S B ROS TEVK N B4 M PN & RN T 5 i
AL R AR R, A B R FAELA
FHIVE AT BRI RE AL F sh 25 -, i SRyt /L R 5k
FHUE , e e A S AR TR P 3 AL, T LS [ PN iz
RERERT 7 AR e R B R IR T A DGR
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Y7 I B R UV Ak B 1 ARG N A R R R
PP LA WD AR R T, A R AR S B Y
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DU S 22 85 2 % H9e2 A fifd B i F5-E 1 61 4% 1Y)
52 N AL AR

LM, BRET X B ER

e

VB AR &

[(HE].B8 EREMWEEE R (THC) FWiAb B AE T I8 HOc2 20 i Sk if 79 1 45405 (IRD) FH4R 55 HAR S LA, 7%
HO9c2 AAEE T Ee My H 4B 1 h, FF R 2 1E % DMEM 45536 4 h ALIZE RO WL IRT, Sl A BERT 24 h il A THC,
BB FRANN 50 M LLR 4 40 X3 18 ( Control ) 20 ; THC AL EE ( THC) £H ; #5548 ke ifit 79 14 ( STR) 41 ; THC+SIR ( THC+SIR ) 41, -3
4 h JEREINAS A HOe2 4NYE F1 T (ROS) F= & T B (MDA) & & 8 A /b 915 (Ll (SOD ) 5 2 Jbk 1 I3t 4 1k 4 1t
(GSH-Px) 1t \JHT-% Bax Bcl-2 Fl Caspase-3 & [1FRBIEOL, &R 5 SIR 4AHEL, THC 7T BH 3% 24 i 7% 7\ Bel-2 3=
ik .SOD 5 GSH-Px i /7 ; FAKIAT-% Bax 5 Caspase—3 #3k \ROS ;= il MDA & (¥ P <0.05) , £51& THC T &b 2 vl
i RGN BRI T, B k4% HO9e2 4 TRT,

[REER] . DUSZEE A0 Sl P v 45497 5 PR T ST 3 ; TRk B

Protective effects of tetrahydrocurcum on myocardial ischemia reperfusion inju-

ry of H9c2 cells

Feng Jianmei, Feng Jianyu, Wu Yan, Zhai Mengen, Feng Xiao, Jin Zhenxiao, Cao Lei
Department of Cardiovascular Surgery, Xijing Hospital , Air Force Military Medical University ,Shaanxi Xi‘an
710032, China; Department of Cardiology, Xi‘an Electric Power Center Hospital , Shaanxi Electric Power Company ,
Shaanxi Xi‘an 710032, China
Corresponding author: Jin Zhenxiao ,Email ;13571921011@ 163.com

Cao Lei, Email ; lelegou1982@ 163.com

[ Abstract] ;: Objective To investigate the protective effects and underlying mechanisms of tetrahydrocurcumin (THC) pretreat-
ment on ischemia reperfusion injury (IRI) of H9¢c2 cells. Methods To mimic the in vivo ischemia reperfusion model, H9¢c2 cells
were exposed to an ischemic buffer for 1 h followed by serum—free DMEM for 4 h. Prior to this procedure, cells were treated with or
without THC. They were divided into four groups: Control group, THC group, SIR group and SIR+THC group, respectively. Four hours
after the reperfusion, cell viability, reactive oxygen species (ROS) production, malonaldehyde (MDA) content, activities of superox-
ide dismutase (SOD) and glutathione peroxidase ( GSH-Px) as well as the expression levels of Bax, Bcl-2 and Caspase—3 were
measured in each group. Results Compared with SIR group, THC pretreatment increased the cell viability, the expression of Bel-2
and the activities of SOD and GSH-Px in H9¢2 cells. In addition, THC also significantly decreased the apoptotic ratio, the expression
of Bax and Caspase—3, ROS production and MDA content. Conclusion THC pretreatment could effectively attenuate myocardial IRI
by reducing SIR—induced oxidative stress and apoptosis.

[Key words]: Tetrahydrocurcumin; Cell; Myocardial ischemia reperfusion injury; Apoptosis; Oxidative stress; Pretreatment
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FROACo LR 1P 1 451475 (ischemia reperfusion inju-
ry, IRT) "), IR BB 708 A sk op = A il et
1B I AR O L IRL A RORIE 2 —, A ZE R
(tetrahydrocurcumin, THC) J2& 2% 78 2 76 K P ) 32 L
Rz —, BA ZFGBER, bt Pram
OV PERD (B THC J2 175 B8 16 Wl 42 0 L 41
Ji IRL 1 oK W AR ALK, AR5, T2 iR 40
AP ULEE THC THALFERXT T HOc2 il & IRI fR4p
YERIFRI L BRI L AT REALH .

1 #Rfn7E

11 SRttt

1.1.1 FEEGH THC, = H B AR ( dimethylsul-
foxide, DMSO) Jit A A A4 % BN FLR 2L
FEWR R 2 B i iR ( 2 —hydroxyethyl, HEPES) | & H i
TR0 W TR I 40 141 9] ( Sigma 22 W) 5 U0 B —actin,
Bax .Bcl-2 Caspase—3 BUiR (CST 28 ) 5 Ehi b
PR P (LR P 2B AR M IR (BCA)
B AT EIRH A (Pierce 22 1] ) 3 ROS & &Kl
& (Invitrogen 23 7] ) 5 I 4= L7 ( Gibeo 24 ) ;
DMEM ( Dulbecco “s modified Eagle medium ) 3% 3% #&
(Hyclone A #]) ; CCK—8 2 i FE AN 855 65 (L1
AW a]) s T ( malonaldehyde, MDA ) Wil
R AL W) B AL i ( superoxide dimutase, SOD) i 5]
&AM H KT 4 K W) B ( glutathione peroxidase,
GSH-Px ) 17 & ( B mU A= W) TARRWTSERT) o
112 ZAUMIESR HOC2 40 R [ 36 [ by 1
( American Type Culture Collection, ATCC) , 4l ifd 5%
F AT A

12 ¥

1.2.1  AUMEREALR £y Anwn Rt il i A 7
4 :10 mmol i S #2585 . 137 mmol FALAN 12 mmol
AL 0.49 mmol EALEE 0.9 mmol /K S 1L4T |
0.75 mmol % —FRER 4N .20 mmol FLHE LL & 4 mmol
HEPES (2 L BRI ChR ) , Sk pH 4 6.5, H
B AL IR HOc2 4HM 1 h, 175 & T 1E % DMEM Jo
I A AR R AL 4 b DIBHEIE AR IR,

1.2.2 S Kga 2070 o IEE HE SR E H9c2
ML LT 4 40 . %5 BR ( Control ) 4H . BEANSL 56
BB, HOc2 4 il ¥4 Fl DMEM Ab ¥ ; THC kb3 41 .
HOc2 A i 5644 F THC 6 h, 4k1M 44T DMEM kb3
4 hy ASLADL I P HE VE (SIR) 41 H9c2 41 M e 45 T
DMEM FitZE R 6 b, 2T i i AL 2] 1 b, P98 4 ¥
ALFE 4 h; THC+SIR 41 : H9c2 4005545 F THC Tikk
H6 h QKT BRI AL IE 1 b, FRETERALEE 4 h,

1.2.3  Z0M0E SIE  HOe2 4 MR R HE 1) 4
h, W HE AR AE 8% 3R, TG PBS T Uk 3 WK B LA
JIA 100 ul DMEM 110 pl 9 CCK-8 1 , 38 e fin
RIS 7 A AL 52 MR 28 4 B FR IR AR B2 7E 37°C 5%
CO, AR I E 2 hy FHEEFR U E 450 nm K
AR RO BE (R, DA IR AL A0 M % 1k 100% , 45
S5 2 Y R O B A L 2L AR AR R

1.2.4  FALR BUK R DCFH-DA ( 456
) Y ORI 454 HOc2 4 ROS 77, B 7 k4
RIPER™S IR 12 9 [ He 9 i Az B ER 7K i 45 A 40
OB 50K A e B R) & U B A MDA 7
H SOD 5 GSH-Px it

1.2.5 Bax Bcl-2 Fll Caspase—3 SFHHEIAME 5C
00 435 ORI B LA 2 4 L B PR, B BT 1 i BT
W BCA # A ik 7 & A I 45 4 KR A R
FIMREE . 76 W Vo BE L 9 i A4 i B (40
ng) , 10%Bis/ Tris 53 B 8 H, IF IR 5L 2ok iR
R3] PVDF (R RO ) I 15 5% i s 4 5 4
4] PVDF Ji5 2 h; 8 T Bel-2( 1 : 1 000 Fikf) . Bax
(1:1 000 FiBg) .Caspase—-3(1 : 1 000 Fifg) Fl B-
actin(1 : 1 000 # B¢ ) HLAA, 4°C 3 2 ; TBST V% 3
K, 8 min/ WK ; 2 LI B AH . P (1 2 5 000 F B )
1.5 h; TBST $£i% 3 %%, 8 min/¥K, {#i/H] BioRad M{{%
RGN A 5 455 8 Image Lab #X1F5E 2
1.3 %ito#r  JH SPSS 13.0 Giil2# it it 14: 11
IYHT, SRR AL LA R bR R (x£SEM) 38R 5 25
S 0 VRG0SR FH LR 3R 22 43, PR AL ) 22 = L
B LSD-t K3, P <0.05 T A G FE X,

2 & R

2.1 THC FRA 22 2 A ZIR B MM 5 & HIc2 20
e FiEEEME D HIREERN T ARERE
THC ¥ 1E 5 41 M 0% 240 M 3% i py g, 25 58 WoR,
THC 252472~ 2.5 wmol |5 wmol (10 wmol X 1F
B OH9c2 20 MY 240 M 3% ) TS B 52 e ( P >0.05, I
Bl 1A) ., 5 Control ZHAHAELAH L, SIR £H 40 Ha 7% 71 9
SRR ( P <0.05), 5 SIR ZHAHEL, THC FiAb B AT
A 3N 20 M %y, B R K, THC 252 S
wmol I3 Fl 4 ( P <0.05, WLIA 1B) . [HIL,
T—HEHELHET S umol & THC MHT H9e2 41l
IR VEFH B AHOCHIL ]

2.2 THC TR4 2 8] 2 %1% SIR J& H9c2 4m it A =
% Bax 5 Caspase—3 & ik, 3¢ m Bel-2 &£ TS
UM IRI P E RN —, EFE
TUNEL e #6530 1 4% 2H H9c2 4T3, TUNEL
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7E:200x;a; 5XF B AL P <0.05;b: 5 SIR 4H 3 P <0.05,
B2 THC HiALPEXT HOc2 £ i Bl I P 12 /5 I T2 3R Bax \Bel—2 il Caspase—3 34 U521

e B (SR E) 40 08 T 40 M, DAPT 42 BH 1
(WD) 4NHE R 23R, 4558 2R, 5 Control ZH4H
FAH b, SIR 21 48 i 9 T2 26 B R 3 hn ( P <0.05) .,
THC TRALHE T L)L 3 REAL SIR SR AR TR ( P <

0.05) . HAZ%5T THC X 1E 5 4 i I8 T2 T W] i 5
Wi ( P >0.05, ILIE 20~®) ,

Wehh, 28 HE— BRI T P8 TR O B 1 Bax
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AT TRy T, T Bel-2 AP0 T 4y 1,
Western blot 2% 3 i 7~ , 5 Control ZH 41 i #H Lt , SIR
ZH MY Bax Fl Caspase—3 Fik i B BIE N, ] Bel-2
Fk B BRI ( P <0.05), 5 SIR 2040 AH L,
THC TALH AT B 8 380 Bel -2 3k I (%A% Bax Al
Caspase—3 ik ( P <0.05) , H.4li%5 7 THC X IE&
4l Bax Bel-2 F1 Caspase—3 (4334 & Tt H 2 5% i
( P>0.05, 1K 20~®),

2.3 THC #4227 54K SIR & H9c2 % i ROS =
=4 MDA &% HRIICFHE SR T ROS By &7
AR FECO N Y OCEE R . H9e2 20 i P 1
J5 4 h %t DCFH-DA Y (86 7 4% 2H 40 Jfd
ROS f= 4, 45 W7R, 5 Control 4140 A #H L, SIR
ZH 40 ROS P A I I ( P <0.05) , 5 SIR 4140
MaAHEE, THC T4k BE AT LA 2 B AIK SIR J5 HOc2 41
M ROS %t (P <0.05) . i ROS AJ F 2k ki
ISk, T 2 I R 200 g ) A T B
T, MDA BRFidEfbimbrdten+., 5 &MU,
55 Control 2141 Jfi 40 L., SIR 2H 41 Jfd MDA & 0 i
AN ( P <0.05), 5 SIR ZH40 i AH L, THC i &b 2
AL B FEAR SIR J5 HO¢2 4Bl MDA &+ ( P <
0.05) ., HL4liZ5T THC XF T IE# 4L Py ROS 7= 1 I

@ Control

DAPI

DCFH-DA

MDA & B 520 ( P >0.05, WIE 30~ ©)
2.4 THC FAL 22T 3% An SIR J& H9c2 4w fie SOD 5
GSH-Px & HUANERA Z R A LBk X4 A
H X ZH AR ML 450 . b, SOD 5 GSH-Px J2
PUATE B i R OCHERG , 288 Rl 1 e i P v
Jii H9c2 4Hffi N SOD 5 GSH-Px A8 fk, 450 8
7~ , 5 Control dHZNAIAH L, SIR 4141 fL SOD 5 GSH-
Px WG PEITIE R R ( P <0.05) . 5 SIR ZHAEAH IL,
THC AL FE AT LB 3958 SIR 5 H9¢2 40Py SOD
5 GSH-Px #fith:( P <0.05), A4liZyF THC ¥ FI1E
WA SOD 5 GSH-Px W& YL B ( P >
0.05, LE 3D~®),

39 i

BRI O JILAR 495 2 AL )0 I 22— , LB
FERMEF R O LB & A B iR A
et DX 3 iy 3 A A O L U B R T 2
— AR E O WL 2K & LIS, ROS B K &2
A, 5 NG B AL A 2k 1 o 2 A LR T RIIR AT X
PGHRN O WL TRT™ KR RF 5T UE 52, 481k 17 3
PR AE O WL IRD (4 0 B G f2 b & 9 T B AR
R R, TR A BOEIT 7 S i P

THC+SIR

~
[5)

\S]

ROS 7= & (f B4 1b) ®

Control THC  SIR THC+SIR

THC SIR
®2.5 r

©,,

e 0.8 a 2.0f

E o

S 0.6 £ 15¢

g ba =)

g =

=04 Q1.0

<

a 2

=02 0.5
0.0 0

Control THC SIR THC+SIR Control THC

®200
S50
g ba
2
Z 100 .
2
L 50
0
SIR THC+SIR Control THC SIR THC+SIR

3£ :300x;a; 55X IR LA P <0.05;b .5 SIR 4H [LE P <0.05,

B 3 THC FiALBEXT HOc2 4 i B i F 7 E /5 ROS MDA ,SOD 5 GSH-Px A4
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I R P AR LR O ORT R T — B N AR S e R
FEIHAR

THC & Z RN BRI =2 —, )
AHUEM BURAT- S LR AEY F Y, Xiang %
5L B, THC Al 38 3L 3455 FOXO % 5% PR 1l il 24
PR B4 I N T 2 S K 75 Ay VR FH . Gao 2511
KB, THC 7] LA o JE A Wi, 40 ) A0k N s =
H)EAE AN L 2 R 2P B (A e i 2
RAEGOVGYERG B 1E T, Wei 250 g —2E 5L,
THC 32538 5 3405 Nef2 {5538 B0 i 4 i 0 =,
AR BP0 . Song 4581 38 3t 7E AN B 1A BF
FEUESE, THC W] LLZE fift B JIE 20 258 A0 R 380 I, #
T RS> T Caspase3 HY NG , 400 i 4 T, 36 771
WO IR 5 S 1 B R 3, S AR SR 5 R B, THC
Ab PR R AR A TR YA RS i — Lin 250
WESE, THC 38 23 96 5 240 i 85 5 98 55 3% il 10 41
GRASP65 Wl Ak A #E Pt i IRT AE ., (A1 E =R
& LA RS, THC AT #is8 S il P 5 ke
O ERT, Ali S 3 i R RO LB o T A Y
K, SEF ARG, O LSk i AR g R R A
KIABLC VS g BT E A & L A b S AR
FRTEPE R A BEH K>, i THC Ab3 AT DB
M FARMCAE , H THC J& 75 B4 AE T 0 L 4n g
WTCAHOCHE . BT H9e2 4H M iz 1 T 0 L
IR AASERF5E 7, IR L AR 55 2R I HO2 41 i #4655
THC (R4 1 ] B JARAE HIAIL I

TR AR A I I8 2 S B0 L IRT A
FEEHNED ) HOC2 N HE: 4 h 5 2EH B
Kl T HOe2 4RI IN ROS F= i, 45 5L i 7k THC REMS
AR SIR J& H9c2 4 fs ROS f= 4=, MDA J&
ROS 3 577 A= 5 R i E Ak i) £ 2= 2 —
T RGN L i, 2B A B, THC A B AT DL B I8 R AR
HOc2 i Bk if 79 7 J5 MDA & &5, SOD 2k N
UL 2 — , T DK ik 2 04 2 8 Ak A R R 3 4
AT GSH-Px Al ad S AL & Sk 7K LA B
Wi i I S A 3 5 A 2R S e 4G
HOc2 4 it i 1fi F-34E 73 )5 SOD 5 GSH-Px 1%, 2&
HEUIES, THC BB 25 SOD 5 GSH-Px {4,
TR 2 b A e

YRR T —Fh B SRR M B R )T
MIFET IR, X Z AP0 & & RIS 2 G2,
GRREAM I TR T R —, A
JH I X 26Ky X DNA ( mtDNA ) #5145 A 1 7 #125
PR T BREERT P T R 7 38 45 22 e o 3R s g Y
WF9E KB, ROS 52 b AR 428 1 P06 2 DA G, 26

[N

BN ROS 7= A i fe 2 BB, 2ok AT A
[ ROS REAE I T SRR DY 843, 61 40 mtDNA | 534
Fo A AR S 1 . ZekiiA DNA it i 2
5 AR A 2R T A A, S BV WA ) RE Y
I, ROS A7 A iE— 25 1A, 4k ke (4 B L 7 19
FEJANATP G Az, X 6 58 o 2 b ik ik 45
RASEANME T, @3 TUNEL YL R T4
KER FAFIB K T-RE M, 28 15 R IESE, THC Rgf% I
AN HOe2 AR AR ER L FE S A T AL, THC 4T
JATVEFR R &2 7T fig 5 H W BR ROS MIFEHIA G,

25 FRTR A BFSE N HO2 40 i 7K SF 1 YR AIE 52
THC Fii4b P EE % B o ol sg.0 L IRT, H 3= 24 AL
] Ay 1 S e 0 P 3 5 A %) 200 B A 1 38 Sz 1 AT 44
Mg T, AIREUAR JE THC 3897 IRT #E— 46
KHMUFIRFFE , IR PR R THC 3697 Sl v L
I KB FR AL TR I BRI
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Research progress in changes of immune system during extracorporeal mem-

brane oxygenation

RITIR, F ok F

[ 4R
[ Key words] :

PRI S BE N 5 RAEINE 5 #MA R G 5 A DA 1 A Wk 2 5 oA B2 200 5 BRI AR 4 5 # ik R &t

Extracorporeal membrane oxygenation; Immune response; Inﬂammatory reaction ; Complement system

Cytofactors; Phagocyte; Endothelial cell; Clotting system; Contact system

PR HR i 48 A ( extracorporeal membrane oxygen-
ation , ECMO ) & — U ™ L0 il D EAS 42 Y S8 2
PRI AR i SRR R EOR, BEAR AU O A 2R 1M 2
AE S 805 DI RE , SR A% B DI AEIK R , L (A 4%
AT IRk ECMO FE fis 5 R I Ok
Bz BRABGE R 2 O T RE S 08 B P e i ob | i
0 J& 2 AR A0 il 52 05 | i A% AR O I #% R 2 4
BRI BUR BRI SN A Ay S 4 2H 4 ( Extracorpo-
real Life Support Organization, ELSO) %4 i 7~ , EC-
MO HYFAE A5 b T (0 B 0 e | i 55
FHIIFRAE ) A2 A AR 20 . ECMO AT %
REAR R b5 B H R RGeS WA 5%, i)
SR E LS L B S MIE ThRE R AR
B TEXT ECMO HIRHLIA G R G AE M E—425A

1 #MERZ

WMAR G 12 2 SHUATIA: Wy B i B 5 e gz
P (HA AT SRR B . AMA R G =
SRR MR SRR BEERER,
HIE R A A R R IR B . AMA RGN 5 2
PRI R R S WO K S Y (terminal complement
complex, TCC) , —F HENE % Hh PR br 41 B 5 PR A% 41
e AR T 7 A 45 o A TR T, S B R
s 210 B N R 40 R s 2 g, 5 1 A — R A B A
@[7] .

ECMO 18], ifiL ¥ 5 A= Py b 42 fi s BRI 305

EF B AL: 100037 dbot, i E B 2= Rl 2Bl Jbat Ph B 2 B
L R0 A5 s B A0 I g A I 3R et [ 5K 5 8 (F 5T
4]

BIEE : % 7K¥E, Email ; jibingyang@ fuwai.com

WMERSGE . AIFFERIN ECMO SB35 Kb A, &3
ECMO JF6 5 1 h Zidy  #MA BT AR &) C3a Bb,
Se5b-9 TCC 4 BT sk B (', gho o &
L, ECMO FRAMATET |, 520 i 3¢ e D RE , 250 18
HEFAL, 1 ECMO A SIE M LEAIE . A
PROMIFFE M UE S, ML 15 28 W0 b B fil i, A AR 3R
Gt BEIMLARGE | 1 A0 B 5 AR | i P AMAS R
PO RAGN T R THEIF R IR 2 ECMO &
GErP T 2R U2 A e, 2 S AMATOS AR A 5%
FEVELEIN (I H 1) S A= AT, al LU S i il
MR RGN

2 HHpEEF

ECMO ] % LE LA G e S0, 7 R AR 56 PR 2
D R A PR A R -, — 3 Z )k 2o -, S5k
JEEE AR SN 5 A UIRe s, H T, R
IR ELE TR ECMO F5 1A N 40 i R i A2 4k, &
PLRE S A <7 I R 25 = (4 LR W) 22 bR a5 )

2.1 &A% (interleukin, IL) -6 &N IL-6 %
RHEHERREM, HEgBiES T N RE ST
1k B i ) 43 A HC At 20 B R (A TL-2) iR
KU RS ECMO HilA] IL-6 etk T,
PR H AT RE i A ) . Risnes ZF3L44 A
22 4 ECMO B K IL-6 7EfEG B T-4H 2>
[ fFAE 2557 A7 4 TL-6 g (2 d Z ) TR
B HBET- 4 1L-6 G A PR FF e R K E BT
( P<0.05), K, ECMO %8 2~3 d )&, 5146
TL-6 7KF R REAE S — 001 PR &S Ry B s

2.2 9B IR A F — o (tumor necrosis factor— o,
TNF-a) TNF-a &2—FERHF, FLEHTELD
BRI AR A L A X il A P R S N R
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PR AR BRI, R 51 & — R B G SO,
S R A R PN R A R R R B 4T B
BRI RS T 42 A ECMO i
R BLEG A BB RN TNF-a 7KE7E ECMO £
37 24 h JE RIS T ERWLAETIH BAS T T
(P ELEE P <0.05) . X #E7n Al RE 5 & O I REIK
B SIGIRPTRIGIT A C, ISR, #5
PREFSE K Y 96 Pk I F A A R R BB T AN
RS

23 IL-8 IL-8 B&—FhFZafe R+, HnaTPA
0 R R o VA1) AR e ol VA 1 O VA1
T 4UAE A Ea LY, I ECMO %) S5 56 BF 58 31E 3K,
ECMO JF#5 2 h P9 MR P TL-8 iGE T, H.24 h
PREEFERRAKSE D) (B R A IFSEIE I IL-8 Al
PIER—T0 ECMO 35 B RS Rbr b

24 IL-10 IL-10 2—FPrR T, K IL-10
e SR PR PR A MR T S Bh A i, HifE
g 10 o) P I 200 R R 6 PR A B, ELRE IS InHT R
PER PR, —TY8 A 23 44 ECMO & 5T &
P, IL-10 AT RAVE A HIl ECMO TS A 56 AR 59
HAEREE N 91.3% , ECMO B KK -1 1IL-10
HARRAUGA R HRES IR, If R
SEL N 1L-10 ZE4T R A FK 00 8 g , R 2
HAOAT X8 B PR A BOVE FHLEIAH 2458 2% R
T T AT RE S R A PR S8 RAE R AR

3 HELHAE

A s 240 I 455 v A 0 i A A i % W 44
i, ECMO S 1] b b 4 i 0% 2 22 B 2 Fh R 52
M), PR 2 A — TG 2 e A U B, B i
YA REPER , Q0 rb PR A A SR R RS e
it % 5 PR A5, O HLHL A B ok < P U bR R AL
B R TR MR, SRR R B4, 51k
ECMO Wl 8 B>

A 250 = W57 38 1 K L—selectin ( CD62L) |
CD18 B2 | rhvitobr 4 o >k g st 2 11 il 55, R
ECMO K [8] 5 G B4 R firh 5 S50 05 240 I 330
HEIT AR G SN, EL TS 14 A7 W 200 B 5 A BT
TRAMETE RS0, 7] g 2 66 T 558 05 DY i 40 i
RETHLHND 5B —I T ECMO Xt ki 4i
JHL I3 R P9 352 M %) 17 RS A AT 5, 0 o 0 A W A S

EFRFH]  ECMO 58I 5 d J5 , ks 20 i Y 75 AR
FARA A P R AR T A 2 2 g >

4 NEHBE
LS PN B 40 M oK 5 48 18 B A, (HAE EC-

MO G 5 M | W Th AT & HE 2 CBEAE . IR A
ECMO RSt T3 = A= 4 5[ 0 TNF-a  IL-
18 55 ] MG = 45, RENE (1 & N iz 20 il 3%
T, FECREI T2k HG 0, TS | H P 20 B R
) R e S W =S B e PR A R v i 26
SR M FEAT , I ZE B ECMO AH G 2R 4 B
B

5 BMAS

S AR ) R AEAT = ABAR IR R BE I & AR |
AN AR JE AR BR T S ML
(R T 88 It 38 A 2 P SR 7 T 4 B4 L B
fiti X Z T A% A0 5 SRR A i B A B AR,
It H e R M0 A 25 9], 58 I iR RE RIS 3L
TGP R G, 8 m s P BE R R, I S BOh b
AR LR 516 1k, BeAh, 8 i i BE A8 B E0E b
PR 4N I R AR

7 5 A U o D ) i e 8 R 1T 9% i
I R] | € 1L T FSF [ | e 26 ol g I 55, &5 SR 0 % I 7
ECMO s FEH, JEie S N U 1 58 1l 28 40 38 2 AR
EEIMFR GE IR  BEm - (a0 VIR TR
IX P75 ) AK S REARG, 4058 i g T /K SF-_E 7, € it B
[ I H A IEROR B 2218, a2 A R (n v
) 7E 24 h G AR TFARKE 27

58 1ML 6 A MAIECTE ) A BRI I/ MR, R TRCEL
R NAY), BiS LA T E A BT A
KAF A s H 4P ECMO WA BR T 1M/
BRITECT K, /N B 288 B R4 R Dt 25 1 B s
B BANE I SR R, L% B-TG KF-7E
ECMO FH45 72 h J5 B i T %, GMP—-140 /K F-7E EC-
MO Fi# 12 h 5 B (5 5 RTE LR 22 R A 5
PHeFE ) 3R B-TG FIl GMP-140 7 LIAE N ECMO
TN IR R F S TV /) A

B R 505 HoAth R G0 A B AR . O bk
it B 200 55 /Nl 22 R 2 % AR A EAE T, S Ek
FHEOE R T b R EVE . 16 1R I
/INHRA BE AR 2 1 A SR A (R AL AL ) |, B
F 440 AR 2 1 A0 i R 34, A A i e ik 4
URF 2 DR A 2 2k e S e F 40 i 0 1 25 )
(A R LB D AR T 1, FMA R 58 FIEE Il R Sl
S RAEAEAER  Xa P 035 R ik it B 1% 224 fig
Cls, TS Bl AMA 28 LR A2 5E 1 B B LTS C3
C5.C6 B A, IR e ik g e 24 i C5 A1 B A1,
Xla AEZ4fH C3, BEMLEGXT C3.CS MIFVE AWM IFRE
RIS T C3a 1 CSa E Ay JE R Y
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T2 fioh 2248 1 — 28 1M 3 A H 4, B AR XA 5 X
543 F 2 3K E (high molecular weight kinino-
gen, HMWK) | 3% JIk B i 6 it ( prekallikrein, PK)
A5 o HOH A S ik SV S Sl N IREE AR, -5 UK
LR AAMASE RGEMHIK R MRS PR SME I He il )5
SEONA 7246 i Xlla FF-FXIE A5, Xla 7l
PR 54708 1% A 1) P50 BRORE T30l , MWK % 728 1ol 22 T8
JIK o VU R 8 T R AN, ZRUUIKRE
HE— A AL TNF-a IL-10 FORERL

7 B2 %

25 b, ECMO M) /2 5 s D s i A2 fb A 4 &2
Ze B R MR R G E KA R M T
A AW RO | 20 T )RR P B A
YL S BE I R G5 e R E A BEAE A, SR
JRVE 5 | S 2 2 A i 5 40, (H 2 LA @ o P A
BIL SR X BL AR 45 5 1) A AR B, i LAKE DA
FEIE ECMO By g8 N R e A H i 4. H
B, N ECMO 8] 60 52 D) Rl 24 A 1) i R P F 58475
SRAED  H v Jo I 1 RE A8 Al 7 BUI ECMO 45 )5 1Y
HEWEEFEAR , B AR R RIS — 7 ),
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Research progress in extracorporeal membrane oxygenation combined with con-

tinuous renal replacement therapy
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Bifi 5 AR S MR 48 & ( extracorporeal membrane ox-
ygenation , ECMO) £ A 7E It PR (1) i H , 201 B 6t
(acute kidney injury , AKI) B H £ I A SE 2 —,
PidiilE ECMO 35 AKT % 4 A= 50T @535 70% ~
85%' . ECMO FNi%k £ M I A 18 ( continuous
renal replacement therapy , CRRT) BX-& i FH BE 0% A& %
2 ADEH A AT REAE 5 2 AR fiy SRR A9 e 3 A
X tio ASCHSE ECMO BE5 CRRT RSEARREE &
SCRE T AR KA BEEUR AT A LAY
SR RS2 B P (A R A 2

1 ECMO BXx& CRRT IENX

1.1 ECMO # K ECMO J&3& ¥ ifin & M AR N 51 3]
PRGN, 22 Rt 4805 I P FH 20K 1 T AR N, AT R A T
AP IRLO A S F5 1 — R B R HAR R — Rl B
(AR SIMIERE | T2 B A X — Se PR g L 28 02 P I A 21
TEVR 1) FEE 3 2 X T A A B ) g A K B ] ) A K
HEE, dERFHLIR IR BRI 30 12 AR R,k
LT RE R &2 A5 5 BT I [A] . ECMO A7 19 i 5
=X, B V-A ECMO #l V-V ECMO, V-A ECMO &
Jik—3h ik ECMO, BRIV 1 #5 Py e Fik sl e e Bk A 47, 8
ST e a0 1R WA R = =l 9 SR CI L TR
FIPKILAE . V-A ECMO F 5 AT X HEHR I AE, A
I A 4 B PF IR B BERYAE . T V-V ECMO J2&
Jik -k ECMO , [RIBE 46 30 3k £51 p i ok sk Bt e ok i
B IS | A S T F A, =BT Sy
MR I fE , ECMO I8 R iF 32 52 ™ 5 1Y 2 O il o
RETEWR Z9RTT TCAKL, W45 T VR S A6 34 T RE 1) 32

YEZ B AL. 100853 dbAT, MR 25 R R B 58 — PR 2= v O I A
HE

RO s RS B IR YT s S B0 07 A I 4

Extracorporeal membrane oxygenation; Continuous renal replacement therapy; Acute kidney injury;

FFLAGRBE A Ay 22 & RS, W IEAR J5 | 55 5E O WL
4 2O UEE S 800 O WA T | 2ot e 2E
T 2 M A LA AE A B0 5 5 B U A
57 IR AR AR T A I 0 S HE | T C Bk ) AR S R
£
1.2 CRRT CRRT 2¥8HrfH #2424 h KDL I %
2B BR/K A RN I 6T =R Rk
1.3 ECMO B4 CRRT #9 & L 7 ECMO 4fBhid
e 2VE'E #1495 (acute kidney injury, AKT) FI {4
HEGT (overload fluid, OF ) &% W #IF & 5™ o 5
A, AKT 76 5RE 3 0 & AR 02 5191 I 7E
ECMO & o kAR 0T [k 70% ~85%"" . H2E#H
$& i ECMO AHCE i A&, F 22 T ECMO
WA MR T BEA AR 2R, $5T
ECMO B R kA, HEAENG EE S 4
By RAE I B AR A 2 B B0 A B A a1t —
TR I I B AR A AR IR B R E L ] (4 184 fin
RJF K g sz mig 57, OF W 24 % F AKI 5k
AEHYAERIRIT, AKL 5 OF nfHE4k %, HY
Z TR I RE B A FIFET - 2R 38 2 VA G

2017 4F I 4 A 22 I R I A & R AR 2
i, CRRT J& ECMO i B o AKI F1 OF WA 23697
FBt, HAE 520 O I T BE S RRIA YT 3 hl I  TE BR 7
RMREN TR, NS . B, ECMO
FI CRRT ¥ E3R97, T LR #5745 B L35, 2012 4F
PRSI Ay CRF S — T A 45 5 SR, ECMO []
WIEFT CRRT JRY7 BY3E N IE 2 )& OF (43%) L AKI
(35%) \OF Wil (16% ) . HLfif I 35 6L (4% ) A HAth
(2%) ", A SCHRIRIE, ECMO HiBh s b g
50% ~60% 5 k4T CRRT 35977,

REEKFE  ECMO B4 CRRT A7 1Y = it J&
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ECMO 5 CRRT HEBIRYT SRV I 3 2 B30
Z ) 3 2 0y =X 1) T, 3 A 2 A 5 O A A o
M\ B R SCHRGE SR F , T8 =R =X 400
B EARE TN — IS o CRRT MLIE ]34
ety i B A RS ECMO il CRRT 43 i 2
BEPIA AR B AT B 200 SRR SR 2 3
I YR P2 AR, HAE SR B3R i Hoh
CRRT JE#5 75 22t F A R 7 i i P e 7, iR 4 hm 17
PR B MERE " i L R R i e T 2 B BRI
H SR T LAY 240 J AR 8/ 6 0 P P £, (LI
k2 A USRI A, T ELAS RE 7R 3R 1) R
JIECE HE A R D8 i, DA RR A B A U R
BORGERFR kB AR I BOAR T R UE (B
oy R e AR s FE B R, BN B ol St 2 B
A = A 2K CRRT ML #8321 3R % h X
oy AT DA/ i g 9 ELRG i M g i ER 08 12, TR
BENTTZNE,

SR, K CRRT HLE H2E 5] ECMO F i,
FEAE—S B 5 T ECMO BREE N AY IR 11 AR &A=
HURZS, I, 76 5 ECMO Jiht F CRRT MLiE 5 3
A T AR F s 17 Ab ol 3 2 e S % 4T
1 ECMO 5 CRRT #4219 JE 25 3E 3 s
) ECMO Wit R, 485 CRRT & % 15 1 16 7] iz 5 (1)
LRI, CRRT W15 ECMO A I i 8
FHOE, 2% ECMO [ IfiL 3 5 ok 48 ml LAk AR 1% SE K g,
T H#E— 20 5 CRRT 45 #% 19 J& 77, CRRT 45 [ i
R S48 CRRT 5 1Fi2 %%, S80I H b, i
PRAXAN )R BT — Rl PR A R R R
ik ECMO i & M AE ECMO 5 CRRT A9 3% 4% 7
K, RBORE , R B IR A A 2 A Tl B
Uit ARAZ R oA i 4 0y 2R B T i I A

1€ CRRT L5 ECMO # Y i% 4 07 XL, AT
R BT TAFIRE, AFE A CRRT
A FU (SR ) SEAZAE 05 B CRRT 3 1135 (75K )
HEETE SN 105 T ()5 B R ) U Ricei
SEUTURGE CRRT A 34 76 58 I , i 1 7 5
AT CRJGHERT) o Ayse 55 B4h T = 4R 76 LRI b
Z W ECMO 285, D4 CRRT A H s A H
Uiy EL 36 H2 3] ECMO 5 BE AT 24 T 300 (42
TIRAT) . 2017 4FAH % E " AT T — T ARAN SE 56
B ECMO i1, & i rh 78l 7K, B CRRT 55 #% 51

i3 P45 51 ECMO 4 3% 14 5 S sl RS ), 12 1. 3 122
AR, 700 S AR AR5 MRS A CRRT 55 %
B TR B R e — E BRI iR PR ) F55
S I 7 34 AT AR A 2 A T S N, X H AT D
WLB O T P BR B 34 I 22 42 T g OIS UE R T
R Jn AR )T R 2 A Xl o 4 e R ST iR
RN

3 ECMO BE& CRRT HYM FIAK

31 FEAA  HAT ECMO B #45 CRRT Ay}
PURRARIE K 22 B 5 25 SR 1) T2 390 107 P mf
AEAkaE ., 2R Y AR T 0 E R 1T ECMO 4
BhIfIFH CRRT B3 29 1], L6 KDIGO &'
P16 R S B R R 1 S A L AR AE , 4 3 43 i
FRIEHT CRRT 4 VA M8 1E)5 CRRT 41, 25 5 W 45
fETT CRRT 4 A B i 38 % B (K T 45 ik )5
CRRT 4H (42.9% vs. 80% ) , Ui B 7E .U AR S5 ECMO
R TE KA AKL R I HETT CRRT, Al fgek %
BEWUG . 2017 4F ML 4 202 I PR & 4¢3t
P g ECMO 5B EBIA T 20— s
DIRE R . ARG I EF TREA 4, AKT 1 111
SRR S AT CRRT IRYY, B Ik 4% & 1 Z k4R DR
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32 EAzZE  XTF ECMO B4 CRRT h AR
WAL e, BN R RS R TR A AR
S S i R PR R A ) R ) R P RS L 1)
TRITRCR , R INFLRE S R A R I AE 24 S HF , 2
54 01 NN I = P A S0 V=B 1] e T o TR
135 % ECMO i B 9 S S8, e U2 A& AKI
Je3% CRRT 402 =21 (1A KA AKL 4, &4 AKI
BA$EZ CRRT 4, &£ AKI H4%% T CRRT 41) ,
RILNH CRRT {67 I ARG N & I ECMO Fi B
HEIRF BERSET R Al L R T RS
R HZ 4,

SR, 2014 FF R R —W RGETFMTPHAT 19
T SCHR 2R3 T ECMO BX& CRRT MR HACR 745
) 23510 2 TR 2 5 YR A Y A8 R e o Ly T 22
ZETAT 30, AE 2 3K A 2 AT B8 5 A 9 B 2R R K 1Y
ECMO HBIREIN S H M, 1 X — 45
AT REAE T 58X G 18 AN [F], CRRT 397 A & H
FE R FEIE AL — A R, (8] 42 59 5L F I EC-
MO HHBIRFRIA G, R 3 BB 75 RE 52 5 4E
R AFIAT,

4 ECMO BES CRRT RIPIEBE

Hl, %% F ECMO B4 CRRT & Y% # %
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B, TAH IS TR 1 R JRR e S 22 T 4% ) il o ol A 5
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REEMFHRETA R TAEM 258 Xl Gt
JEA R RIER T ), A Y R R T T ARG
FART BP 4T ECMO BXA CRRT Wibrid 72 iy
WA B OB RO . 3K AT R 32 B 5 i I,
AR W iR bR 2 A 2 55 Bl A ¢,
TAERKG NG A B T i e s e w1 . &
SMIFFEE T ECMO BB F AKI 2% 4T CRRT
IRIT I HRGE , TSI HE T ECMO Al CRRT & #%
F1R) 322 2 )AL, A S s o 1) A8 B 4 T B DA R
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BEFE AT BB M H I PR I A9 £ ) 8l 2 — AR
OE A INAT A AR IS ST
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TAER AT T — SR8 R, moKESE EA W
ECMO % I 5eml [T T 268 ECMO 1§ &
4t , RITE ECMO Bl bk g b 430 3 42 10 Ak 1)
o5 | i R0 [ g 53 52, — R SE BRI R ECMO 45 % [+
A AT MR 48 AL A TR 97, D8 T B PRI
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5 2
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Evaluation and monitoring of nervous system after cardiopulmonary resuscita-

tion in patients with cardiac arrest
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Cardiac arrest; Cardiopulmonary resuscitation; Neurological function; Electroencephalogram monitoring;

Brain injury; Prognosis; Biomarker; Imaging examination

5 2 W1 36 [ B Ah 0 IE 3R 45 ( cardiac arrest,
CA) I &A% 0 110.8/10 J7, £ R H 10.6%"") .
GG CA B BRI B AR , SR, AU 3]
1/3 SEAFE ML RE ™ o RO T i 8
BEsh CA 1% 4= %k 80/10 J7,10% B35 771 &
B AA 5% 1T LIRS 52 s 2 ThRER &) #E
FEAEAEA I 50 7 N kA CA, i Be A A7 R 1A
1.3% , 3K RAFh 2D REMRE 19 H 05 10.2% . CA
S ke I 5t A e 2 T 2 BB B A T R O R
KA VISR AR 3 SR s i - R AR, BETS 5
AR IAYY S ME— B UESE o] DL BB ph & DI Re s
PR AR A FIEIRIRE G &k R R
2T Be PEAT 5 95 ) B 2 I DR R 3R A EE 2R
o SRMIAH LTI REGES SRS i BRI g — iRy
b, I, B ACER TF CA 5 S ifi Bk 420 4 15 8 HL
il , P22 D BE TR 0 W8 Bk A K b 28 1) g 4 47 1) O
m o FeERE I A EEE Y,

1 CA JeiR I R & 3 fe 53 4% B9 %5 A AL

Sl iy Bl ECPE G R T B CA BB IE TS AR 4 1)
RETHU AN R Y F2 2 J P e ot ke S A 458 4 11 g B2
PHHLAI 4352 2%, H TR FE A Sl i i 5 ik 45 43
MLTIALHE PR 5 T8 CA S il I S0 088 1 45 1 b s 1 ) D
PRI 5 LR O i 2 5% Je i o 0 9 7 P 2 o A 1 —
YR A5 A95 (RIS it — P E AT ) o
1.1 BAMEBGAE  KIGFEA R G250 20% ~
25% , 2 X i AR R I A BBURR I A5 . CA JE Ao o
P, P24 S SR e AR R AR T fig Sk, Ak ini 2
7K i i J AR B SR BT PR T, AR K A B A B R

YEF BAL: 100853 LT, v A RS BB e O L4 PR

M Na® - K" I T BE R g, 20 i P9 465 8 28 LA
T A B W R T S S I A L

1.2 R MG AE kAP 2 T R 1 ad
82 = A BEMLIVE A . OO 1 e R i
51 &R 05 N B2 T REAS 42, i ik B B 3R, ik
A TR o8, 325 82 8 008 A L 3 3 AN AR
B, QA MR E A FET S A KR
AL B, VO AN R S A i, S B 2T SRS YR T
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AT, @XasPEE LR AN AR - A4 2 Sl
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2 e A B T LR S b 22T I
SARIRIA YT XA 45 5 LT 1A 52, A 44t % 2k
A IRE S LS S im R
2.1 %2 15 (continuous electroencephalogram
monitoring, cEEG)  cEEG &35 T [F] Y I L A i %
MEBESEAT AN Y, T4 = CA Eo5Jn Bk
FHHUS AWK a0 e i B (B0 T U Y
WL 3l R (FRIE /N T 20 WV ) Kk i A
R AR B, TIURAS R A M2 DI RE LS )R Farid X
CA K75 Bk 825 B I 58 A A e 25 400 ol A A B ik
P FH T 22 D RE 0L S 0 1) SR B R e 2
IKFE T 100% ,cEEG JEBLH Rz AT
2.2 HhiEEAInw A (amplitude integrated electroen-
aBEG J&—F L T i 70 A Y
MR ITT ik, HAE CA EI0 )5 Bk iy
A5 R A S PE A R B A S0 A B, Kazuhiro [R]85

cephalogram ,aEEG)
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W5 T 70 24422 RIRIGT 7 IBE S CA BB 45
REREH A ETEIKEE 24 h N 3% 22 0F 5 19 ik
LI E 0N sk 22 T RE T B 41 UK R R S 5 3%
e,

2.3 JiE WA 5 # ( Bispectral index, BIS)  BIS J&
I TA B JRR TR B2 W) 7 2 , ) Bk o 1 A 25 Dy g Al
FLAAR w3 14 B B0 A (B — TR RS PR o 3R
W1, CA % A EEFMRE S 24 h, I BIS=0 Fl b
ZEDIRETE AN B B BEAE SN AE R 1009% , B 5 0 {6
N 55%

2.4 % & B45(evoked potential ,EP)  EP A BN
[F] i 22 D) RS 0 A5 17 100, 405 SR AN B 32 BRI SR AN
RIS AR L RZ i, )87 & FL 37 ( somatosensory
evoked potential , SSEP ) A B 5% f M IR A, AE T H
TRIRIAYTY S IR 5 th 2 D e iYWl 38 v DLAEAR IR
IEST I EEA T W R s 28 S AR AN 38 XA
N20 e W4on BE M AT RefUS A R, HAEA [F
(10 R TR] A A7 0 225 S B A i B — B
T 52175 & L3 ( brainstem auditory evoked potential ,
BAEP) 132 FIWFFE A BB K1, Fabio % A% 65 44
B G LB BAEP FI Wil £ DI RE TS A R 8
JEME N 60% | Fi5EBE R 719 , AEHL SR S T F4 5
FEPR M R A R

25 JEsmfey AW K40 A BRI AT L
VI F ik Kz J2 1 0 48 1 5e B P [ sk ml LU 20 i J2
U5 0 il 522 3% i 5t i R 40 ki 453 £ 0 kg £ 37 AL
il EEAEE R AL SRS Z It
DA, i X I PRIE P (L E— A B E ™

3 EWRREY

3.1 AP & T AF S M M BE AL B ( neuronspecific eno-
lase ,NSE) NSE HHIJ " iZ HI T4l CA 905 Bk
BEMLZIAETUS . Nielsen BT F I F2: T+
=11 NSE 7K V2 22 D e IS AN B ) 5 T 8
[IRHEIE T B AR HLGIS 2 33°C 5l 36°C , Xt
AWK S-S AN, H 2 T 40 W7 i 28 ) i il
Jo BT 3 VA S I« i L R AR A
78, 31.03 we/LfE} NSE 78 CA J5 B3k 48 h #1&
TIHE T 5 F T 1) T (B SRR 83.9% , 4 53 8 1K
96.9%'"" | Claire Roger 55 " #7585 CA J5 72 h
NSE KT 28.8 pe/L B 6 A H MR WG 22,
ROC M F AR 0.92, NSE &340 I B 45 5
LR AN AE AR (BT SEPE 32 B AR
(Uit 7 R 3k 18 S M 20 3 o S ARG 00 32 A
FEASRAE 7 Gt — 2D B T4 5 e i

3.2 S-1008 S—1008 J&— 7l 5 WA 475 ) il 35 A
B, A R SO 2D RE UG |, U AR S
JEJLTF NSE | Stammet 5 AXF 687 44 H 3 1A 5E
TR AT H AR IR 1% E A2 S—1008 H i
PRAH 4, e £E 1 T30 B [B) 75 J2 7F CA J5 24 h
P2 BT S—1008 FH T H Wi 2 D RE T A 1T
{H (cut—off point ) J§ 213t FEI A, FLAG I 45 5 1) A vfi
fEFn3E AP A frt— ™

33 Tau®9§ Tau H[E Mo mE A R
GNPREEN, HAE A E S CA BENARME
IhEET )G %I AH ¢ . Mattson MESE T Tau &£ 115 CA
Ja 6 A H A RIS A, UG A R4LAIMLTE Tau
FE AR 38.5 ng/L T 2T HE UG B 44
R IMLTE Tau 8 FIEKE4 1.5 ng/L, HIMALAE
bt NSE BEAE, $27R 764 I I PR 512 e B v X —
FEbR R AN (>

34 #J RNA /) RNA(microRNA) ZEFE A 1fi
() AR AL S0 M 0 R Bk B s 2 T e TS
A ME AT B ™, Devaux ZERFFEH & L, 7§
R AR B9 miR-122-5p S IIRETE A B
A, a2 i 2 AR 8 BE AT R miR-122
=5p 1 LI AUl & 55 S5 A Al S g R -
B2 4 miR-21 .miR-124 .miR-208b FI miR-499
- 5p ¥ miRNA 7EJER I TH A9 & /284 5 CA 5 1Y
P D RE T AR St AS 21 g i >

4 MEBEERE

4.1 & F 3 F B E 42 35 ( computerized tomo-
graphy,CT) CT T CA B )5 Sk B EFPEAY AN
AT DASRARE G 7 i 45 b 22 D) REAS R T35 F6 b, 3 7T
DAHERS Hy TN ) 10045 38 i CA 5L PPAN 5 12
AL XA K BT 5T LY ( gray matter to white
matter ratio, GWR) ™" | BFSEIE 32, 78 8 ZARIRIG T
1) CA &, GWR<1.16 Wis #l 2 U RE IR R 25
Ja o J3 IS UESEAE CA J& 24 h INATAUIN CT A
#,GWR<1.22 BURMZYIFER A R LR, GWR H]
THUS VAL A im FEAZ 3k T CT 58 J80 A i [] 158 2
AT T3 SR SEI i TCGE— ORI
4.2 #EEA% (magnetic resonance imaging, MRI)
MR Xof 5 ffe I ffe S0P Pl 453 4 () A 1 B R R, 9
HOI A4 ( diffusion —weighted imaging, DWI) A F
93 I A P k458 47, JH v WL R R £K (apparent
diffusion coefficient, ADC) FEAK 5 AN K+ £2 T) RE il Jii
FUIAASE W52 IESE ADC {HTE 10% ) 3 75 1k
KT 650x10™ mm’/s, R AN R L IRETUS . 9k
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HUK & 1% ( diffusion tensor imaging , DTT) |
JBi4% 1] 5 7 43 %X ( white matter anisotropic fraction,
WWM-FA)7E CA & th 2RI PPN A AR &
WREREE . — L OB KB, & WWM-FA
(AT 0.91, F W A R i 28 T 8 TS 19 BUREEE
89.7% , F¢ 5 £ N 100%, i@ i ROC i £k L %%,
WWM-FA B B 1 g T A ) A

5 HERGZER

M RGBT CA 5 BFRBETS W E
TR 4 48 bR A4 i T B S (R B
I WEFLXT B B 2R ), 328 3h 55 (09 il 3% g
BBl RN B IS AR LIS 3 R0 ) LA RO AR R
A WREZE
51 xumesla R4 A EERKENS 72 h M
AR FLAT Y6 2 B9 4 2 b 22 TH BE T AN L %) 560 5000
W fe e bEm . HEMERREIS 72 h RS
RBURZDIRET G A R, 5810 A R E 5 72
h F RS A AT A 2 Tl BE IS L 4 DB o 4 0
MHEAR 60% , (HAFHE R R, 5] AERIRRIRIT
Jei , SF BB AR R FL O O S AT WA S S - 7
R AFFabR , (A28 3 U 52 B B FUULA 259
SRR, AN REAE S 1A Sk b o 90 e
52 A B & 48 7 5 (Glasgow coma index
score, GCS-M)  GCS—-M PE4 85 H T & T e il f5
WAL PPy <2, 3R TR AN B, BUSE T35 929% 1
AEAE A PR 2 8 1 ) L, 1 AN BEAE A — Ak 57 1 7F
FIHZR , W5 AR AR AR
53 MMERE  JIFFZER LSRR Z M
HRUE S RE S AR S b I W7 AN AR T RE TS , AN e 2
S CRIRYT P B R O 2 R LA SR,
AR ARIE & A I WUBEZE 19 R A e vl 2 T g
PRAZ ) AREE 0

6 RE

D RERR IR IR R 2 I RE A T ik S A LS
AR M RG AR LU 2 AT 5, TR 1
e PRIFA O HE R, 2R i 7 5 S IR I A5 1R 1 LT
MALRER A REAR . AR A A 32 ) T ARG Y e R
P, LR LRI SR B, 2045 & HoA 5 b
LEEFIR T FRIC ) B A I B A7 68, (HA L
VRGN J5 3 N2 25 R L 140 JC 48— AR, 3 R 4 i
7 PR EEG n] X 825 #1282 Dy e AL AL it A7 3%
L2 Z R T, eI PR 0,
W] SR R 2 D RE RS A ERR DAL . AR

SRR PO AR AT HE— 2Rk, 4R = VA 1Y
e | SEAE IR 55 T PR S Bk

SO A 50 i Bk SR A DT A 5 RS O AR 3P4
REUGEH SRR R 2 I RE S . MRS
M FL X G ST SR A1 D i PR DA A9 B, BA AR i
HIZRE . EEG LA PR 554 i S | T4 S e
ZUIRERI U | KON A Ak B Y o A P 6 SR 2 T
J iz s eI R SE R . AR AR iC M ARG T Y 1%
B EA RS A Bl HE S T2 B4 (0 P R G 2
AE. RS IEAG A AR P A — E Y R BRI, 2R
WS IRG PR TT ik, B I R AR it A HRAS:
A, A WIFRIC YA DN AR AR A BT R s
TR TR S L I DS . AR Bl 2 e 5
e PR S92 B ) 2 Jo o il A2 0 I e S8 Y LIS o 2
R RER
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