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Development and thinking of extracorporeal circulation in non-cardiac surgery
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Application of extracorporeal membrane oxygenation in non—cardiac procedures

excluding lung transplantation
Li Shuanglei, Wu Yang, Ren Chonglei, Wang Jiali, Feng Zekun, Du Zhongtao, Lai Wei, Cheng Zhou,
Hou Xiaotong
Chinese PLA General Hospital First Medical Center, Beijing, 100853, China;
Beijing Anzhen Hospital, Capital Medical University , Beijing, 100029, China
Corresponding author; Hou Xiaotong, Email; houxiaotong_2013@ 163.com

[ Abstract] : Objective This study aimed to evaluate the clinical efficacy of extracorporeal membrane oxygenation (ECMO) in
non—cardiac procedures ( NCPs). Methods This study analyzed data of patients who had ECMO assistance to overcome unstable
breathing and circulatory conditions during NCPs from the Chinese Society of Extracorporeal Life Support Association ( CSECLS) data-
base between January 2018 and October 2019. Demographics, type of surgery, ECMO-assisted mode, ECMO intubation method, EC-
MO-assisted time, mechanical ventilation time, length of hospital stay, and survival rate were analyzed and evaluated. Results A to-
tal of 19 NCP patients from 7 medical centers were enrolled including 12 males and 7 females and the median age was 9(1-68) years.
There were 6 cases of thoracic surgery, 9 cases of airway reconstruction surgery, 3 cases of severe post—traumatic surgery, and 1 case
of obstetrics and gynecology surgery. The ECMO assistance types included 6 cases of V-=A ECMO and 13 cases of V=V ECMO. The
median ECMO assist time was 96(2-471) hours, the median mechanical ventilation time was 154(12-1344) hours, the median ICU
stay time was 9(1-58) days, the median hospital stay time was 16(2-58) days, and the overall survival rate was 84.21%. Conclu-
sion The application of ECMO in NCPs showed good clinical efficacy, especially in thoracic surgery and airway reconstruction surger-
y. Besides, the application of ECMO could be more beneficial to patients with severely traumatic NCPs when it’s combined with good
coagulation system balance and lower anticoagulation criteria.

[ Key words]: Extracorporeal membrane oxygenation; Non—cardiac procedures; Clinical efficacy evaluation; Life support
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BMI 15.9(9.92~22.86) 21.5(13.56~27.55) 24.7(23.39~24.68) 26.6 21.1(9.92~27.55)
ECMO 244
V-A ECMO(n) 4 2 0 0 6
V-V ECMO(n) 2 7 3 1 13
ECMO BF[a] (h) 48(5~262) 83.5(2~312) 259(256~471) 182 96(2~471)
HUARAE S E] (h) 64(12~1 344) 142(18~330) 338(337~478) 302 154(12~1 344)
ICU WAl (d) 5.5(1~56) 7.5(2~58) 24(20~24) 18 9(1~58)
FEBERTE (d) 11(2~56) 23(8~58) 32(21~32) 29 16(2~58)
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7E:FA . femoral artery, Bt 3fik; FV .femoral vein, Btk ; JA : jugular artery, #iBHIK; JV: jugular vein, #ERHK,
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PRSI PR AL e N5 B R 17
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A A RAR L 2 IpA, L F,E

(WE].B8 B2 AR BT R TR RS ME R RIALE AT B T AT B & 90 IV 20T 6 8 ko 1 9 SN RHRIG F AR B9 %
B, R ICR TR AT T e ik, ik 18R 2016 4F 1 A = 2018 4F 6 H , TEARBEAT B A9 IV T s i o 1 B SR
FA S Gl , bR FM 4 6, Lo 16, iE3RET AR REGRER I TS 00T, R ARABERFIHT , AFH
1 BB E TARSEE—RICT SRR R BT REZETL . BT A BRI &3 B . FRETTE] 510(337.5~653.3) min,
RAMIEIARE 72(51~87)min, €518 FERSMER AL A H B 17 B & 90 VR T B ioE R aEBRFAR,, FARAY
4 R AT AR,

[REIR] .  IRIMEI; T IERIK B AR A  HLEE ASMREFA

Application of extracorporeal circulation and robotic assisted technology in pa-
tients undergoing renal carcinoma and level IV inferior vena cava tumor thrombi

resection surgery
Li Dong, Zhao Yuancheng, Ma Lan, Wang Jiali, Wen Yu, Wang Cheng, Xiao Cangsong
Department of Cardiovascular Surgery, General Hospital of PLA, Beijing, 100853, China

Corresponding author; Xiao Cangsong, Email; xcs301@ sohu.com

[ Abstract] : Objective To investigate the feasibility and safety of robotic assisted surgery for renal carcinoma and level IV infe-
rior vena cava tumor thrombi undergoing extracorporeal circulation. Methods From January 2016 to June 2018, five patients with re-
nal carcinoma and level 1V inferior vena cava tumor thrombi were selected for surgical treatment in our hospital, including 4 males and
1 female. The perioperative clinical data were recorded and analyzed. Results There was no operative death. One patient died on the
first day after operation because of massive hemorrhage and coagulation disorder. The pathological result showed that tumor margin of all

patients was negative. The operation time was 510 (337.5-653.3) minutes, and the cardiopulmonary bypass time was 72 (51-87) mi-

nutes. Conclusion extracorporeal circulation can be used in robotic assisted renal carcinoma and level IV inferior vena cava tumor

thrombi resection surgery safely and effectively.
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Extracorporeal circulation; Inferior vena cava; Renal cancer; Thrombectomy; Robotic surgery
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(1) AUt (2 ) oI (3 ) AL
BRGS0 B A A Bl A [T R 2l bk B 3
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Jilifll, Terumo Rx25 % & #%, 2K JG 0 25 b A 0l %
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[(HZE].BH BRI FEAR M ARIMEE S (ECMO) IGITMIGIRZ %, Ak BIBASHT 6 415 KM gl (CDH)
FEI AR HAZEA B 4232 ECMO 8T SBULMIIGIRGEORN (55 3 B, % 3 I, 4F#% 12~74 h,1RTE 2.71~3.88 kg) , Sh45 ECMO i i UE FTHT
HLEEE: ECMO T HBFHRZ T ARIHL B IMAIMARTE B A AE R IRZ R, &R A4 1 Bl 230k S %% &9 CHD &R
RAMEFAA S5 BEALIEMER: S ECMO, 5 141 £ 35 A1 BBl AR G R il e R b 7 IR AL B T8 e S ECMO, e 1 il f8 L4 AR e ECMO
A2 JE 78 4 Hb IR B 257 ECMO , 1217 F-RUG §4 12 AR ;4 BIARFTE L ECMO, IR M 5 78 ECMO B 47 IR L& b
R ARJG RS ECMO 5 1 BIBRAUE RN AR G H 300 = PR A I IE | 26 $90%0 45 A 7 i k- o Bk ( V-A) ECMO,, ECMO #i Bh i
6] 73~170 h, 6 LA 4 FHBE 16 ECMO 85 21 d SE TR T, 1 4] ECMO Fh3t & SR FEE/INMB 45 1 48 1l DIC 3E
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Clinical experience of extracorporeal membrane oxygenation for perioperative

hypoxemia in congenital diaphragmatic hernia
Ye Lifen, Fan Yong, Shu Qiang, Lin Ru
Heart Institute, Children’s Hospital, Zhejiang University School of Medicine, Hangzhou 310000, China
Corresponding author; Lin Ru, Email :6303016@ zju.edu.cn

[ Abstract] ;: Objective To summarize the clinical experience of extracorporeal membrane oxygenation for perioperative hypox-
emia in congenital diaphragmatic hernia. Methods There were six neonates with CDH (three boys and three girls, aged 12 to 74
hours and weighed 2.71~3.88 kg) supported by ECMO in our center. Medical records and patient management notes were retrospec-
tively reviewed. Results One patient was implemented with ECMO owing to failing to wean from cardiopulmonary bypass after opera-
tion, 5 patients were implemented with ECMO after failing to achieve adequate oxygenation with traditional therapy. One case was im-
plemented with ECMO at local hospital and transferred to our hospital. CDH repair were performed with ECMO in 4 patients and ECMO
support were continued after operation. One case was implemented with ECMO after CDH repair operation. ECMO running time was be-
tween 73 to 170 hours. Four patients were weaned from ECMO successfully and discharged home. One patient died from neonate entero-
colitis and disseminated intravascular coagulation during ECMO. One patient died from septic shock 21 days after ECMO withdrawal.
The main complications were bleeding, thrombosis and severe capillary leakage syndrome. Conclusion ECMO is an effective rescue
method for CDH which is refractory to conventional treatment. Individualized therapy method including transferring plan, ECMO timing
and repair timing depend on patient’s illness state. Appropriate timing of intervention, accurate coagulation and volume management are
important factors to improve survival and reduce complications.

[Key words]: Congenital diaphragmatic hernia; Hypoxemia; Extracorporeal membrane oxygenation; Operation opportunity;

Complication; Personalized accurate manage; Extracorporeal circulation; Non—cardiac surgery
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genation, ECMO) ) =218 N IE, RN iy SRR A
HAAFIE R 50% 247, B P ik 8 70% )  ASC
B L [0 B2 A 2015 4F & 2018 4F 3 18] 76 A B 3% %2
ECMO /Y719 6 191 CDH LAY 517K, 4Tz it
TR FH B ECMO 454

1 #MEHZE

1.1 W RFAH 201547 H % 2018 4E 8 A fEARE
52t ECMO 4 BhiY) CDH #iAz L 6 fil, Ho 55 3 4],
3 0] AR 12~74 h K 2,71 ~3.88 kg, 6 il L
— BRI 1,

1.2 ECMO i miEfe af ALk 4F  HG6) 1 FERTIZ W
FEN@A, A SR SR R A, 28 T RS, PEL L
R 12 h e A AR I 4 it A R v # A R B
2Bt ECMO A1 BN 2312 J5 76 24 1 < B 73 37 ECMO,
BAT VPR G s BARE W 2.4.5 7 HTIZ W
CDH , A J5 A B A LEF SR PE RN 3l K 25 & ( persistent
pulmonary hypertension of the newborn, PPHN) flt4&
MR RE, ZMFIRHL, — S AL B A SR YT TCRUEE T

ECMO ;71 3 ASMIEFR T A7 T3k = g | 5 ) bR
SRS SR IUEANA B 25 R e 57 ECMO ;5 i 5]
6 Wi T NBIWUE AN A 0 300 e He AR A il i 2
57 ECMO, #E37 ECMO B i SR 3 36 2.

1.3 ECMO s BRAH 3 ELHCR AL B ATt
T S AEE @ F K -3 K (veno—arterial , V-A EC-
MO Fb, Ay 5 51 88 LY 22 550 PN w8 Ik RN 35058 3 ik 4
T V-A ECMO, ECMO RZiik HIKE T 800 i
i f Al JOSTRA B0 AR,

1.4 ECMO #:2  fl 1 B850 ) il 2 TEAh
FRIGIFIRELZ v B ECMO I i AN e, 1]
BIPRS00, 1 B IR 2] 35/25 mm Hg, 281l st
i A BEUOK YRR BGE R R AL,

1.5 ECMO & & & 22 ECMO ) JiF 2 H & Al
PUBE W FE PR AL FE . % AL BE 1L 8] (activated clotting
time, ACT) | K43 % fb BE Il B [H] ( activation partial
thromboplastin time, APTT) | Ifil. /N i 31 %X ( platelet
count, PLT) ZF4EZE )5 (fibrinogen, Fib) 4§ UL3E 3,
ARG =8 1k 1, ACT>999 s S B H it it 52 FHIF 2

16 BIAULRIGRYER

WiH i 1 il 2 i 3 il 4 14l 5 il 6
Tk () 39 39 3897 41 39 41v7
A (h) 12 36 50 74 38 61.5
PR (k) 3.75 2.71 2.7 3.0 3.88 3.2
210 CDH+PPHN CDH+PPHN  CDH+COA+ASD+PH  CDH+PPHN CDH+PPHN CDH+PPHN

7E : COA ; coarctation of aorta, F Bk = 45 78 ; ASD ; atrial septal defect, 3 18] B g ;PH : pulmonary hypertension fifivE

£2 6 0lHEILECMO XK

[ 1 1 1 2 %13 1l 4 5 il 6
ECMO Hif
pH 7.164 7.25 7.45 7.334 7.265 7.123
PCO,(mm Hg) 72.8 46.3 34.7 34.5 52.6 66.1
PO,(mm Hg) 17.3 42.3 248 37.1 41 68.5
Lac(mmol/L) 3.6 6.0 15 4.9 2.5 4.8
MAP (mm Hg) 57 30 30 35 45 44
T2 ,
[u{jﬁj min) ] @ 10@103)0.4 @0.5 @8 30.12 @isjff? :jn)
IBATIE (h) 73 167 164 90 170 130
ECMO L AR ARHY AJ5 ECPR AHi AR VNE]
s . . . e EFKS Mk
I RAE T CLS NEC .DIC T AIEKH M ol 5
11 ;oMo MR 21 d A s s ikt
JRHET RGP TE

E: ECPR:ASMEIR LI I3 s NEC IR FEME/ MBS AR ; CLS : BAME B IRLEAIE; O Z UK Q. 208 T Q. B EIRE; @ K I1Hk;
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R3 6 FlHEIL ECMO FHiEEH X HOR

WiH %1 1 2 i 3 ] 4 i 5 il 6
JFE[U/ (kg - h) ] 0(0~4.8) 1.0(0~1.43) 0(0~1) 1.4(1.03~2) 3(1~5) 7(5~18)
ACT(s) 240(204.0~999.0)  214(198.0~252.3) 200(178~234) 171(158~175) 189(178~234) 169(157~178)
APTT(s) 80.2(75.9~86.2) 110(87.4~152.3) 73.7(57.5~99.2)  67.5(54.2~89.35) 69.05(53.6~83.38)  39.10(34.6~50)
PLT(x10%1L) 65(55.0~75) 56.5(42.5~85.0) 94(48~179.5)  68.5(60.25~87.25)  78(48.5~93.5)  111(45.5~148.5)
Fib(g/L) 1.27(1.18~1.35) 0.56(0.33~1.33) 1.65(1.02~2.2) 1.2(1.2~1.89)  0.69(0.45~1.56)  2.02(1.01~2.21)
D2(mg/L) 4.61(4.13~5.09) 14.10(3.75~24.31)  13.68(7.94~17.06)  5.49(5.08~20.08) 2.47(1.43~5.14)  4.55(2.54~6.4)

3 BE Y  ch AE (DU EIRE ) ;D2 Ky D-2 B A,

1.6 FReAFFRFX Wl 1.2.4.5 RETHL
ECMO P 355 ok 3% 5 76 ECMO % B R 47 I8 L& %h
AR RIGEREE ECMO S8, 75651 2 & 328 M s B &
AR ABARH ECMO Ji A FRE, ¥ 45 5 s, sl s
FAR, HekEaE@RIEHAR

1.7 MEZHELE SENIGHAEZERESEHHE E
BLIE A =0 R AT =5 - QD ity B AL MR i) BRI
i 2y Jik 5 5 )07 FH B b I 28 3 > B R AR BR i
DA T 2243 VR 1 3 ik G40 R (Pa0,) i
AL (PaCo,)

2 # R

21 WEREFE 6 fiE L ECMO H Bt H] 73 ~ 170
h,4 i B, A7 1 BE L] 66.7% , Fei 4 1 Bl 5
(1 JEZ ) Bt % B4 Wl 2 ECMO #0521 d 3t
FIRPMEARTE 5] 3 ECMO BP9 & NEC,
Z a4k %k DIC BET-,

22 SFREAKELER P2 IR EMINE SN
ZE45ME (capillary leakage syndrome, CLS)'?' | ECMO
3k 72 h BRI IA 1 855 ml, 2 JRIRE B O A SR i
R B AR SE A2 m DARIE 2UETE 6 d
Ji ZHL 2R B AR Y T Rz A, S R AR, KGR
WG S IF K 2 WAGE L, FFR ) 20 ml, 5 U
PR R IR R (AR AN Bl AN 2 d 5
I, 25 SV A R TE P i e, 36 o <
I A1 3 A6l il A2 516 5 i 91 6 I & 3 Bl bk .+ 045 3
NI B HE 2€ ECMO , BE 4t 5= 3 ik 4f 45 Fl ECMO
ARG, [FIE e B v A AR 25 10 b J5 i
5 | i i 2 55,2 d 5 2 A0 R P I A AR
R, RIFRIMERRZE

3 3

CDH 1y ECMO /77 & fl4f ECMO & #l TR |
Jiti = e AR B i 4 S8 I 25 G697, Hoh m i EC-
MO & F I A SC BN 5 4%, AR SCREA 49 1] ECMO
T AR A A LA R BB TR HE

3.1 ECMO i miEfentpt  PEEA)S 24 h NS
ERIE AR T 85% ;)5 1 h 1< pH 6.8,
PCO,100 mm Hg Z2 A7 ; Mt 25 BUNT 15% , GEAFAE
PR i B N R AT A6 s 55 43 17 7 L 1
CDH £ JLBEM ECMO 3K35% . ECMO j/Y7 CDH %
B R MR IR “ L BRI R | 28 3100 % Wb o
£ 45 . Ol v 3h ik %053 & 25 (AaDO, ) >600 mm Hg,
FFLk 4 h; QA A TRE>40, Sk 5 i (Pa0, ) <40
mm Hg,pH<7.15 #5222 b ARAFREH 3 KAk
HMIEER AL IR XMERE 3 ECMO , 1ML "< 36 b5 2 55 37 P 4k
o B )L AR A G TIRRAN , LA S il PaO, il
pH FEARFEARSF A48 AE, HIF & TR, % B Ak 21
JeaEEST ECMO 4 Bl B, £235 LU 66.7%
32 FARE# HETFALEMAN CDH BILEET
AR, T P FFE 25 1] 94 il 2L 20 30 ik 53 U 30 0 B LA 48
IMRE AT DAk 2 | A5 AT5 A IR 4L URE L BTR YT JEaK
g H ECMO 8, ings il 6, ARHiTEE L ECMO %
Bif%) CDH &L, BA BB VLR B4, 7T
PEVERE BT LA ECMO Al ECMO J& , P FR 7 245
A BE  ECMO HFR ARG Jn s it JRURS: | L Kz Bsf I 24 [
A BT ECENTI T RE . Bl PRE A B R
T g FRERER G N, i 5 & i E 0 i) | H Al
B F ECMO HFAR EH A ARRET ECMO 4
Bhka e WA 5 AT IR IUE A AR, # Fl F ECMO
FasE BT MR DI RE 3, H AT BB AR IF AR &
X5 S JEE P 1) R MR AL, TR Ty 2 R 4 M 48 1 L
TR A, s 5 A T 22 A I R AN A R AR
S R DK MY (RT3, IS M0 ECMO 3 = (AR AE
CDH A I H & 25 4 W I B g o0 30 A, S ik 3t
HEAT, A< 2EL 955 8] 3 144 o ] Rl a5 1 3= B ok 4 2 0 A
JEE RS A A, AT DAUSEAT IR AUE R, 28— % B[R]k
A2 J5 FRRE A PO 100 A R TR B Al R 3 Y
FEICT IR IR & T IRFEH: /N7 S5 1 & (necrotiz-
ing enterocolitis, NEC) , $#2 5432 NEC FZFEH
3.3 ECMO #iz2  EWNIH™FHER KREZ AR5 E
JL ECMO HARFFAR LM, COH L H A= J5 46 1 s
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Feiz )i, T ECMO $4ia AR 2R &, AT &
I s WK, A T AZERR A1 0 T 1 e 8 A L
g RGN A B ILRIE A I, 5 B e g T
ECMO , A< 41 % ] 1 A% S AE 2 H 5 7™ 5 ( PaO, 17.3
mm Hg,pH 7.164) ,ﬁ*%ﬁ%iﬂ@&%@ﬁ ECMO,?%
BT FRUG §eis  FHEiih 2 T VR 7 58, B8 g
FRiz PR FRBE /N 28 PR BE RO 4 SR R H U
PRERSEERAT 57 A5 TG PR 24 A R 7K 25 4% I 2
frizigh B ECMO s ARE , 2 WY B 4E 757 i
i, JIEF 15 min £ 4 Bk, R TR R ES
B,
34 FREAALE ARYHHBILELTEDY
CLS, AT RERYJEL A : DECMO i ik 42082 Hh 2 i a] 4 |
S FECEAIM A @SN @A T ECMO i
fIGEE WA R B K R %5, &AM E CLS
B, 7 SE N AR 2945, R UEAT 006 PR 25 1 A4
SV 5 LUk T LR I e 38 A R A K R A IR
W LIS 75 . CDH B UFETENfE & | (3845
ZEHHEA ECMO R G5, #B53 25 b3l o A M 2h ik 48
HEAARIEER X 2200 A 25 2t B far 52 M) AS K, AN 25 230
e FE N M, 3% & CDH A 3l 55 He 8L ECMO i
PR R R 0 B PER e s 2 1 5

B JLEE L DI RE & B A AN T ECMO $E
EHIMERE R EAYH A L ECMO KA il gt &
I, oW L AR A 0 B ot , FEU R W T A
PPN L, A IR R S F A R A A i
FIR 96 100400 Jo R 6 0 DR, 3 R A R T R, K
ST I A B R R ILARGE , AR AU 5 kAR
T OREAGE I, Joi A B 2b A Hea Ak I, 283 SR
FHAS FH 22 R 2D WP 58 3l 14« el il 1%, R 34 3
P M A5 L 5 27 S B U S IR SR R A, R
FRA e I ER AL T VR YT R

Dalton HJ 5¢ KIFEASHIREPEAN 52 & L)L ECMO
E1 LA I AR T AE e AR R R 70.2% 1 37.5% , i
L5 3E T FHE o A G, i A T BRI I AS S S5 58T
RIME AR AL 6 k4T E Bk
5 ER AR B, SRV AR BT, A I P H i s
R ZE 2 Bl 2R AL LA R R : DECMO it i AR A
Wl XA R m A RIS RSk g% HaA R
A4 25 B8 35 S0 VAR P 81 v 2 3 o 3 o o A2
5 RT3 25 S TC S5 7 2 1 0 ik 1T A B B 0
JIEAE S T A B2 WT . QPUEEE B MM BR =% ACT
SMNETESF APTT, Rl 6 ACT — 1578 HARiL N,
{0 APTT A 2 B 1.5 A5, 16 B P PR 38 I 3 28 15
ARABIVH], ACT L& i F /M Fib 570>

B TE ML/ B Fib AR AT 00T A ACT 3
BIF RS R EPREA B MARTE L, @# A4 JLbiEE
1L B T ( antithrombin I, AT T ) AS & , N £b 785857 &5 7K
TR A RN T AT, #h 7834 3 1fn 3% A- 5.8
A EAR AT, Sz 3G 0 1 B i 9y 5, 365 0 i A
T RV ()35 # B 55 25 D) Ml il A7 2 . 2 V)
R VE T X i FLAE Ak, 45w SR LR S AR
BITET 5 oyt UL A SR W 5 ASCA LY ot D I A A S
ARG T 7

4 4 it

B2 ECMO JEAYT 8 AL BT CDH FIA
WAL AE 194G 20 T B, %32 7 %8 (ECMO B HLFN
TR LI 18 107 R 4 s L) IR A ) 2 A Ak )
IRIT S WS AR P RS BRI IR
LA BRI R E RS AR R

SEH:

[1]  Extracorporeal Life Support Organization. ECLS Registry Report
[R]. International Summary July 2019. https://www. elso. org/
Registry/Statistics/ International Summary. aspx.

[2] Kays DW. ECMO in CDH: is there a role[ J]? Semin Pediatr
Surg, 2017, 26(3) . 166-170.

[3] Billie Lou Short, Lisa Williams 2. &Ml &1 I T M.
B2 PRI PR, 5 3 M, baT: AR DA AL, 2015.112.

[4]  Fallon SC, Cass DL, Olutoye OO, et al . Repair of congenital dia-
phragmatic hernias on extracorporeal membrane oxygenation ( EC-
MO) : does early repair improve patient survival [ J]? J Pediatr
Surg, 2013, 48(6) . 1172-1176.

[5] Desai AA, Ostlie DJ, Juang D. Optimal timing of congenital dia-
phragmatic herniarepairin infants on extracorporeal membrane oxy-
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[6] Prabhu S, Mattke AC, Anderson B, et al. Repair of congenital
diaphragmatic hernia during Extracorporeal life support: experi-
ence with six neonates| J|. ANZ J Surg, 2016, 86(9) : 711-716.

(7] bk, REJE B ATERAR 45, RSN T e R is 5
SNEHAST —BIJE SR E 2 [ ] AR/ JLAMRE A K, 2016, 37
(6) :411-416.

[8] YeLF, FanY, Shu Q, et al . Management of persistent pulmonary
hypertension in newborns with ECMO support: a single center’s
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[9]  Van Ommen CH, Neunert CE, Chitlur MB. Neonatal ECMO[ J].
Front Med ( Lausanne), 2018, 5; 289.

[10] Dalton HJ, Reeder R, Garcia—Filion P, et al . Factors associated
with bleeding and thrombosis in children receiving extracorporeal
membrane oxygenation[ J ]. Am J Respir Crit Care Med, 2017,
196(6) . 762-771.

( Wk H191:2019-01-30)
(BT H#.2019-02-16)



334 rh ERAMIEIR 44 2019 4E 12 A 28 H 4 17 555 6 3] Chin ] ECC Vol.17 No.6 December 28, 2019

DOI: 10.13498/j.cnki.chin.j.ecc.2019.06.05

A L E A i e K S A 328 2 10 i e A A AR 2

AR F W FREAR HARIE

(HWE]: B8 BS54 LS S KO 1 (TAPVC) DR (CPB) FUAR S RS H, A3k B 2014 4E 1 AR
2018 4 8 H7E2JfK CPB ™47 TAPVC B rya A= L3k 61 4], Hovrs 17 31 451 .0 F AL 13 ], o8 15 6 IR G R 2 45, s
AR 12.4(4.25,17.0) d, P21 (3.2+0.59) kg, H KT /NT 3 kg (9 21 1, 53 FIFEAEA R KK (O Il ik B R 32 B, 25 58

CPB I5}[8] 44 ~271 min, 3 S KB E] 24 20~ 93 min; RJ5 44 41 8 5 A A b, 7 BIER CH, 9 Bi1T— R RIBIT, 15

Bl B BLENTE . AJEFE 1 BIRIROHEN LR AAEPET, 458 Bk L TAPVC 19 CPB A FR 2 22 0 35 /N A L.
EHL R A R T P R AR 1 R AR, S U Al B ) B BE WA R, W R A SR A R L A E IR
WEEMEM,

[REIR ] B IL; 78 MR I S A7 7422 5 DR IMIE IR 5 O Il O 5 S RO IR 5 SMREF- AR

Management of cardiopulmonary bypass in neonates with total anomalous pul-

monary venous connection
Yao Shiwen, Li Shuai, Sun Shanquan, Xu Weibin
Department of Heart Center, Guangdong Province Hospital for Women and Children Healthcare, Guangzhou
511400, China
Corresponding author; Sun Shanquan, Email ; Brightsun@ 163.com

[ Abstract] ;: Objective To summarize the characteristics and management of cardiopulmonary bypass (CPB) in neonates with
total anomalous pulmonary venous connection (TAPVC). Methods A total of 61 neonates from January 2014 to August 2018 were en-
rolled. The correction of TAPVC was performed under general anesthesia and CPB in all patients, with 31 cases of supracardiac type,
13 cases of cardic type, 15 cases of intracardiac type, and 1 case of mixed type. The median age was 12.4 days (range, 4.25 to 17
days) , and the median weight was 3.2 kg (2.8,3.6) with 21 case less than 3 kg. There were 53 cases of pulmonary venous insufficien-
cy with different levels. Results CPB time was (44-271) min, aortic clamping time was (20-93) min. Fourty four patients were
placed with pacing electrodes, 7 patients had delayed chest closure, 9 patients underwent NO therapy , and 15 patients underwent peri-
toneal dialysis. One patient died of low cardiac output syndrome in the early period of postoperation. Conclusion CPB management in
neonates with TAPVC, especially in those with small left ventricular, prolonging post—opening assist time and reducing flow volume
gradiently are very important for the outcome of operation and the safety of patients.

[ Key words]: Neonates; Total anomalous pulmonary venous connection; Extracorporeal circulation; Cardiopulmonary bypass;

Congenital heart disease; Cardiac surgery

56T K 524V 7% $ (total anomalous pulmo-
nary venous connection, TAPVC) J&—Fh%5 /> UL i) 5
KA TR, i 4 8 8 A O s IR E 19 1.5% ~
3% AT AR T, 75% ~80% 1 i LTE 1 % LIIN
FETS, WO B T ORBEIA , W AR ) B I
ERH IR, AN, Bk R R AR (Eis-
enmenger) ZEAAE B A LIS IR TAPVC BYEJL

{EZBAL: 511400 I )R A TS R e o HE s
BIEE . P54, Email ; Brightsun@ 163.com

FARMEE K R IE R G Ol 3 ( cardiopulmonary
bypass, CPB) HRE 2L & TR, 2B 1k i i 1fi 0
FEOLAK M, el 42 O & /N LA CPB Y 2L
SREE T CPB A A A0 A0 B TR L i 5
—& ., BEEATLH AL TAPVC (9 CPB 4 3

N

ﬁ‘zéio
1 #MEHZE

1.1 —#&FH H201441 HFE 201848 A, 4t
X 61 #4T TAPVC Bria TR, Hrh 5 48 ], % 13 4],
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A ARERE 12.4(4.25,17.0) d, F3KE (3.2+0.59)
ke, A4 37 BIARFTFEL.OTIREFIRT T RE vl AR
iR T EEA TP I AL B 3d S, R IR R U R
CT A2 LLVEAN 220 = & & KOl # bk & & 1% O,
M A O FEFFRE EAL 7.4~18.4 mm,Z {H.-8.6~
-0.17, Hrh 7 <=3 4 38 i,

1.2 CPB % KH stockert S5 I A T.OlifIL,
MAQUERT VKMO11000 5% % /K /& FX05 JiE =0 A &
R E IR IR AE R 3716 Teh, FKAE S 1/4 BE
St MR 4R 28 MQAQUERT Plus BC20 5 HPH Jun-
ior; >R FH F AR -3000 7Y [ 7= 50K I (=1 ChL , P2 o 28
I3 B AL 3, P 125 ml BB O, B0 2 5%
A5 600 r/min, B 125 ml 1ML H 0.9% 4= B Eh K
Pk 200 ml/min HEEVEVE, i PE i 750 ~ 800 ml, 1 HX
20 {1 R i 3 PR JS i S AT 438, PR IO A SR D
1, MR R E R HARS S0 i A T AR 9SS W A,
FEW RS AE B T HL AR T L 20% AL AR T PR L
I 5 %67 T 78 VR A T R BB A, B R A HY R JE e
20 mg/kg,25%HIREE 1 ml, BRIR 4N, i RIRAT,
T FEWAT 35°C 1R

1.3 RPE  FARBERMEPIN, 28K, 5% b
fIGIR CPB, AiHAT S LR 22 28 ~34°C , BHWi T+ 32
Bk, FEN KA R #E I HTK ¥ 50 ~ 60 ml/kg 5~7
min, #4040 B HE %8 (hematocrit, HCT ) 4E £5 7F
0.28 ~0.32 , AR 4l 1L S A 24 1F R Hh 25 A0 R L O
WAIE R I6 e U , 0, HES, RO 8k, 5T
AN K T 150 ~ 160 YR/ min 225 i i 4
i ONEZS IS MERR S O HEE S IREWE] =3
ml/ (kg « h) AL 8 LI5 2R FHOULEE BR (9 7 2 LAAG 55
PREE(15 7 =~ 1 ml) | ##IKEAR A (Sv0,) 65% ~
PRRCE A SSE R AT O Rk —e G I CIR V7S =T 2 WA
AFRRE, SvO, T B8 I 3 Y 4iE < i By B [, 4% 109% ~
20% (AR T FE 10 ~20 min Y83 [l 5 R i 2
A T R R I A T2 W LR B HRR S . i
3 120 min JEHEAE I 15~20 ml, i #id 150 min
FANFUIRELA T fff 1 8 AR HKF B R R
FKFA R T 4R i m iR ik s ads R R It

AT A AR g AEHLET HCT 353 0.35 5L I,

14 it Fam BARGITR SPSS 20, B
TR AU 22 (xs) o, AR IE 4310 BORHU
R PR (PUSHE ) | P <0.05 S EXE S

2 & R

Sl R IR 52 BT AR HBUR] R 25 CPB, L
61 18 LR IR DE 5 7 191 28 ) LAE 5% it 39 1] 5L
%>5 mmol/L,CPB & it ik 78 rfr >R FH 22 - i 8 U .
S LG v R 5 340 10 ~ 200 ml, 5 U A (]
44 ~271 min, BHLWTEF[E] 20 ~ 93 min, 48 B A E] 17 ~
192 min, Horft 7 B ZER SC I | 44 15122 I i) R 2%
MK, 15 BIATIE RSB MR YT, 9 Bl T —E AL AR TT .
1 BIAR GRS TP O HE I i 25 AR SE T, P8
P AILA ] (6.92+0.68) d , A BERTA] ( 18.55+1.34) d,

3 3

TAPVC 2 —Ff /b WA SE KA O MERTIE | 7 229
e RN NI Y 1.5% ~ 3% , fnok KAy, K
FBATTE 3 A WBET, Qi kA ™ o A it bk [l A
B, Z T A G 50H WAETS, HARRAF 2 Br A il i bk
PIARE e 0 D AR 32 | T 2 B2 0] 238 1 5% 1l
B SRR T O B, S ECH D e i R
WA I R 5 VAR A R T 24 1) 43 U DA 4 5 A7
W
31 Fakeygm® Rl B, ARRER
FHEC RS A TE , T 78 5 7 200 ~ 220 ml (£ 5548 38
i SOEIE ) AR B LR T AR 59 45 R 1T SEm A LD
YN AR A S PR UE R T IR R LY
HCT 7 0.30 2247 WK ARS8 R 7 TE 5800 i
MIZKE L, T AR OS85 A b i
FLAERFAE 1 3~1 : 4 Z [ LIAG I A3 15 T, 5
R 2R A 7K S AT ) 190 B B LA S5 7K b B il #5455
L R 00 9 IR ST 0, DA S BR AR Y 21 240 i |
R LR AN P AR AR R IR R AR
Je i , B DA T BN TR VR A T B A A, 4 i T

HYEREAE 200 ~220 ml,

R PEMLPEFRHTS M (n=20)

i H THUEHT Hte P1{H

K*(mmol/L) 22.4(20.5,24.1) 2.6(1.87,2.95) <0.001
Glu(mmol/L) 25.45(23.35,27.60) 6.05(4.12,6.50) <0.001
Lac( mmol/L) 26.3(23.75,27.57) 6.55(5.12,9.00) <0.001
Hb(g/L) 155(150.0,168.7) 190( 186.00,193.00) <0.001

7 :Glu: #2948 ; Lac . FLB2 ; Hb . L £T 7R 1 .
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32 AHATH R R RIFATIE PRI AR 4 i <o
My i 2 B S, i SvO, 2 FF7E 65% ~ T5%,
Pa0,4ERF7E 120~ 180 mm Hg, 3B Ak AR A 4445 ] BE
FE+3~ =3 Z[A], HiFATIE A A KR Ca® R A T
AbFE, BELUT T 3 B KT A T R R U8 HCT 4E45 78
0.32~0.34,

3.3 SMURY  FFRRIRE 34°CH LT, BB 5
Jok , B HTK W, A 52 3R W] HTK WO 2240 LA i
B LA LBk 5 B i BAR | I HTK S0 A0 3 7 o
K, T 5 RAR AN A, e 0 e AR v R A
51,8 D i) HTK BT LA 5, Hod 20 6] HTK
VR I A (0 P o R A K VR IS 1 HTK YA
MR A AR 22 A A 4, DARE S ik 2 300 A fi# il
TR PRIV, FoF HTK R0V v 50 2 I P00 1] i ol
IS SR FH 5 RIRR U | DA 5 8T P-4, 25 Bt 2 K
4% REGUR IR % Bt K, B HTK SN AS 75 Na*, pH
<6.8, 1 HTK Wl H] BE <=3, %5 I ABR R S 40,
ML ATHE 7 5 B AR AR I JE (130 ~ 135 mmol/LL) 5§,
1 K O R R AN B JF O 3 3K i< o
MEABIFEIE R KT, EBJLARE /N, & BB IR R,
PRUE BB B RS R

34 BIHATHER R TFARBRAERE R 29~30C
IO F s ik, B IR DI A R & JE B 10 mg/ke
H125%BRIREE 1 ml, [R5 R 8 RN/ 55 A
I LA HCT AR 153 B I8 4 Ik i AUt i, o
FERCT B kO 95 5 A IE B 1K F, o
44 {51k B 30 () B I R RS PR b, el T AR L
Aol 2/ R R R R RO HE R 2
BAE LA R AR O R AT B O A R 28
O REAR 4 O RS 22 B AT SR I [ 45, A2 0 2%
RIS, T AR il a0, 21 B R
1ML, 40 FlEILH FAOFB/N, MUEA T 4R, R
FHAEA 1l By st 18] 0512

Wi L CPB IT i 2/, i f 78 5 -1l ; TAPVC
BILZHANFRER /S0 E AR, Sl Y
T IEH DR R gt s 4 HARE i FUKF;
REAALATBE, S A RIS A FIRRAEEE AR B =5 e S 4
FETARm A, X FARRISE RHEGE R AR,

SE 3k

(1] BB B/ NLCIER [ M]. 55 4 Mdbst: ARTUES
Wit ,2012.318-325.

[2]  Husain SA, Maldonado E, Rasch D, et al . Total anomalous pul-
monary venous connection ; factors associated with mortality and re-
current pulmonary venous obstruction [ J]. Ann Thorac Surg,
2012, 94(3) . 825-831.

[3] o, X 2o diRe, 45, B4 LRI FR AN [R] 151 78 Ak 47
TRIOXTECBRFEL )] AR SRR R, 2018, 34(5) 303
-306.

(4] RVEME, BB, HIE A, R LR BT A L A S 35
B MR Ry PE [T b A 2, 2010,23(6) :433-435.

(5] R0, TR SRV S5 I3 Mo 40 e B e A DG i B 02 2%
M (NGAL) 765 B4 L 5e O AR T 2P It 43 1) 56 3=
[J]. BURA = 20k )8 ,2017,17(8) : 1570~ 1573.

[6]  PR3E HTK WO (A oA Jg o FUL Ik it #4598 450 5 14 £ B/
[D]. JEntbpRIBE 2 be b BE AR A B AR E =i Lt
PRI 2 B o R B 2 B4 2, 2013 1-107.

(8] g  RAERA, JRlae . So RO MER R IR LAY A4 A1 31
EHARL[)]. BB RAEA (R ,2013,53(2) :81-82.

(9] LU, EIZE, E5R, 45, A0 K/ B8 2 e il i Dk 5 1325 |
TAEFIETIE TR S A5 A a2 e [T ], b e . o 5 AR S
,2015,31(3) :129-133.
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A B2 L SR 2 1 56 R AME O IR TR B AR 71 2445 3

I F MRT HEF ASZ SRR R

[(HZE]:B8 SRR EILE &R OIERFARNEIMER (ECC) - L MAR ., Ak [ 70 #lL4AE
BILE 2 Se KON F AR A ECC B RIS IR R, R 4241 ECC 5Lt ] ( 115.38+35.48) min, 322 Jik BH Wt A [A]
(65.32+28.15) min, BIUFMEHL, A5 HUMGE ST E (60.0+£47.2) h, ICU 5 BB E] (5.7+3.8) d , RIGIF R EREM R 4 4], I & &
DR 4 3 6 RS I A AROHERINFET 1 ], 38T 1.43%,, 518 DAL, 4e 45 608 W L1 40 M b5 S T i 2, NS T
P AT R B R RGO LB, Sl I T B LR 2 S KM AR AR S5 2 5E BT 3R 1K) ECC BIASCHE

[XEER] . RIMER ;B Z P R0 IR E L, 5t ; I

Management of extracorporeal circulation during complex congenital heart sur-

gery in infants with low weight
Wang Lei, Chen Liangwan, Yang Liping, Du Jianzhi, Lv Xiaochai, Hou Yanting
Department of Cardiac Surgery, Union Hospital of Fujian Medical University, Fuzhou 350001, China

Corresponding author: Chen Liangwan, Email; chenliangwan@ tom.com

[ Abstract] : Objective To summarize the experience of extracorporeal circulation (ECC) management during complex congeni-
tal heart surgery in infants with low weight. Methods The ECC management and clinical data of 70 cases of complex congenital heart
surgery in infants with low weight were reviewed. Results The ECC time was (115.38+35.48) min, and aortic cross clamping time
was (65.32+28.15) min. All patients weaned off ECC successfully. The postoperative mechanical ventilation time was (60.0+47.2) h,
and the ICU stay time was (5.7+3.8) d. Four cases were complicated with severe pneumonia and 3 cases were complicated with renal
insufficiency after the operation. One patient died early postoperatively due to low cardiac output,with a mortality rate of 1.43%. Con-
clusion Optimizing ECC priming, maintaining the appropriate hematocrit and perfusion flow, strengthening the management of fluid
balance and good myocardial protection are the keys to reduce the complications and mortality of complex congenital heart surgery in in-
fants with low weight after ECC surgery.

[ Key words]: Extracorporeal circulation; Complex congenital heart disease; Infants with low weight; Priming; Ultrafiltration

BEFE O EAMR} A0 e, AR A A o 2 L A2 Z i | EREE
S RAECIER T AR LIRS /N LI 1 . ’
HURF S S RAA R KAE B FARLARSMERR 1.1 IsRFTA 70 BB LIRS IG R T R |
(extracorporeal circulation, ECC) 1Mt 52 4 25, i H PR KRR 7 0 Bl L BB 2 W, SEAR I PR} DL 3R
b 3R LA e e R DR R ECC AR 1o 3 BIRJLIN A5 0 T3 3 3 A A DRI 7 4 il
REE HERNRAEE—0/NLOEFAR ECC®E JRITBRIBTAR,
BEEE T 2R AL MRS BCC BEVEE N b 1.2 ECC k(I # S Stockert AU A
BHEE T RBEEE T 2 0ok AT BB ARrgei TOMBL B L s 2R AR AR 2R (H SRR
AT 2016 4E 4 A % 2018 4F 10 A 70 flfkE  K) JMIEEN 803 (FKFI Belleo S.r.1.) \— WM
T 10 ke BULE Ze P Se Tk DR WTE BRE ToA Ry BV Rl gt A 6 H 5l Bly i ok 5 LA (vacu-
ECC A& BB 5 % Il RV 1T 2500 s 4% um assist venous drainage, VAVD) 2& & ( [ /=7 fd) |

M PTCHL (CAST) o 58 W 73« 8 B P2 4L 4

e AT, 350001 M AREEERHCERIR R o IR S %R U R\ 25% B EE
SR} AT e, 2 A £ A0 S R A
BIFMEE : ISR, Email : chenliangwan@ tom.com w IEIH&HL{%I;*’EE?JI[L[JJ&Q“E?LE& \[%‘%Eﬁ %ﬁi/\o Ja5)
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F1 BERARKER (n=70,xs)

igE| Ael:

B/ (n) 40/30

() 1~12(7.49%3.92)
<3 1H(n) 13
3~6 H(n) 17
>6~1241H (n) 40

K HE (kg) 3.5~10.0(7.06+1.92)
<5 kg(n) 19

PIK PUERIE (n) 37

56 A AU K L5 [ (n) 15

SE AT YR (n) 8

AR H (n) 5

58 MR BIKEE AL (n) 2

il 3 ok P 8 () 3

JLATFARZE 5 BRI 7228 15 BE ORI e Ui i 7 Y ik
% 36.0~37.0C, BILBRHASENEHETRRE S
R, TP E 3 me/kg 174 B IFE AL, 16 1k 4 1 5 [
A E] ( activity coagulation time, ACT) >480 s J& , 177t
FMk, N EFIKIGE . ECC % W B L, & i i
W22 30 ~32°C I BT FH F= B ik , 28 3= 2 BRORR 7 3
L R — €0 2 R — ) 13— T2 T I ( Hlistidine —
Tryptophan—Ketoglutarate , HTK ) # 30~50 ml/kg,
Pt FB UL PRI 119 52 232 8 B R T A e T i R FH v
R PR P R U RAGIRIK R i ECC
D5, AR RN R AR R VAVD 25 84 ik
KRl B 2140 HE ¥ (hematocrit , HCT ) ZERR7E
0.25~0.30, FEFARDIRE WG BN 16 2218 52 i
T YR A B ROR B  FIO B kL O E
Sk 5~10 min J5 , H AR EHEIRES 1.0 g #2m0
FIENSc s 7, TR B AR 9 S 2V 1 2B HCT
HEAT G R BRALAR 2 2K 4y, 4= HLET HCT =0.35,
RS W ISE- 2 30 kO | PO #i KO R R M
ACT Sl LR | UG 20 K o 10038 55, O 19 4%
BISHAEE T E N, FHEIE IS 2 10 3h ) 25
FE, SR IA F] 37.0C ATIR 36.0°C 5 &L, K
i ECC 2R o438 MK ECC BRH pH-F2
BIEEHINA,

1.3 %t F5 & ARGt SPSS for
Windows 25.0 GEitH AL 5E 8, X4 AE b 47
TRYE AT, T PR (x£5) R, THECSERE L
BRI R RN

2 # R

PeA LA HL, Hor 2 Bl /L T AR i

OIIREZE TSR A R R BUSHLIRE , T 18 <
JEFEATRE B ], ERF K | R AR I R B , 2 15 il
Ve, B n AN, 1158 kR Bl k% £ e
ECC 15HLIR ST Ayl G Co JULAA e oo JUEE i i 5| 7
AR Eh H A AT TR M, IR EAR S 2 d T
RN, AR 3 0, Hoh 2 BRSO )
FFP R I, 1 ) D e A 3d i s i BRI, 4
B LA R I G /5, T NS SRS SR T R
il 98 I e Wi, 3 R LAR S R A 1t 3
FRIGE , TATIR R EATIR YT, I 4E 3~5 d Ja IR i
W PR E R4S BT, 1 6158 kR 3l k%

PG I AR HE il 2545

fEARJE FISET, ST

AR 1.43% , KA L TP ARBOR L, IR R R AR

e, W# 2,

®2 BH ECCRFMAJEHE (n=70)

Tt H HfH
ARt
s (ml) 180~400(267.94276.73)
AL MR (U) 0~1(0.65+0.35)
b g S & (U) 0~2(1.71£0.53)
TCHE MRS (n) 9
ECC "R H Il (n) 4

ECC ¥ 318 ( min)

60~206(115.38+35.48)

= B bk BELIF s 6] ( min ) 27~147(65.32+28.15)
BE Wit R B IR E (°C)
=30~32(n) 40
=26~30(n) 15
=23~26(n) 10
<23(n) 4
Wit [ ml/ (kg - min) ]
120~200(n) 40
90~150(n) 15
50~90(n) 10
0~40(n) 5
O F B BER (%) 100
HEUE AL (ml) 200~400(310.45+80.86)
JRE (ml) 10~40(21.57+9.80)
FEIROCH (n) 1
AR5 5L
ICU 5= 83 mtfal (d) 1~18(5.7+3.8)
HLAEIE ST ) (h) 6~216(60.0+47.2)
W3 95 s A BE R ] (d) 4~36(11.0£6.4)
TR ENE (n) 3
HRENT 52 (n) 4
B g A4 ATHEBENT (n) 3
RO HERIAZET (n) 1
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3 3

2 MR S KA O e B LR AR, SRR K E
ANBUE O WEAS B A7 A 35 ™ F A il ) 2 B R TiTO
EE2 , FAR K ECC ¥t Al K, ECC P 4 1fiL i 3h
T2 SRAE RN | IR R | AIGR A5 X AT T 4R
K, IR ECC YR B/ o B % il g (]
PR ATA SR B, ZEF A LA i 2L,

31 HALECC FA  ECC ™ IR 548 18 72 1 42 fi
WS T JAE RN, FEUR L ICU 5 B IR AE K R
JE I RE S FET R BNY  ECC 48 18 R i iR 202
WA S S5 17 A R ) L /b ECC A E K
TP AR ] b R T 70 f R i, LSS AR S5 19
IEERERBET-H ) R, AT 77 4 20 9 151 24 R
A SRR R 2 0070 7 &/ i o LR =X A
ECC NN 1/4 57 3/16 , 3 i3 4 465 4 8 K
WNETE AR B VAVD 2 8 (R 5 45 18 46
5 5FARG & 2200 5 800 B ks R
YRR | PR E ik 5 | 3738 W , 41 700 5 o o A1 &2
180 ml, M4 LT 78 ik 32 22 R F PR o & 11 &
F, (HEF WARYE A BLI A B RS 2 Ble
AT K TF 8 kg AT HCT>0.33 2R HIJT &
FIAR P TUFE , AS 2R FH A L 790 7, DA i o /20 B 1f O %
0E MR, 75 ECC #5374 A B8
W AEAES TS L AR EE R A AE
P S8 B BB, D38, 2 4 7 1 78
WAL G T 1 J7 Uskg, B3R JE 10 mg/kg LA
PR A RE SR Y gk S il 1k 4R Ak AT
PR AR SN AR

32 SEadip s BLHTRACHETIE R X B
(TR A2 P25 i 25 4 /0 PR VB 5 A 98 59 ML A 5
% ECC MR BT ST 23 HCT Sl 3 eiA 2 3% e
T R, S B0 LS8 B K I S 5T R
Ik, /NL ECC i R WFE" . AA i H
FRAE LR 8 KOR T HOT 500 , 770 S8 W b i ALL
MR PR R TP AR S 1 HCT MR 2 %
JE., ECC " i T 68 5 8O G I & AE , WA J5 HLAK
AT A E R TCU 45 B4 I ) 4B K | I 457 P 24 o
B, B R IOMAET R SR AR JE SE T Rk ST
FERE R ZEN " H L, SR E KT 8 ke R AT
HCT 7£ 0.33 Dh b Ay B LR B IS i 79 5t , 38 3 s
ATFE R ek /D I R, LA T R i R D
AR EAR T HCT 2 57 55 5 /K 7 DLARIE AL 1 45
e, T ECC H¥ilfil, Wolfgang Boettcher 55 4
T 3 BHAE/INT S kg MO BEFARBILHACEE

A BRI 2R T AR 1k i 1, 38 sk 98/ )y ECC A8 38 191 7 f ik 47
TR BB A BT X TR R UL
SEPRTC I M e - AR RE . 53 A1, R R - o 1L
SEL 2R FH I TET WSCAL XS P2 ol 320 4737 6 DA 25 63 J2 .
TR BN L B A R LR S N R A DR A T
3.3 A ECC Pl I i H AR T is b 908 K
L PS4 45 % HLH JE ( conventional ul-
trafiltration, CUF) , - #7#31€ ( zero—balanced ultra-
filtration , ZBUF ) A2 K #H € ( modified ultrafiltration,
MUF) =Ff, @45 H17E ECC f i, A &%
WS B0 HTK W00 198 BR 1§ 00 K HCT i, ¥ AT
CFU ZERHILIA Z 42 i 7K 43, 1 5% i h HCT 4ER51E
0.25~0.30, f5=HL)J5 HCT =0.35, fRIEHLIA RS & T
S R A ZBUF 3 RYEF T, BREHLET
UL HCT B E 38 HARKF, 25 4191 R 4T MUF,
X =P IR AR T AS A BHE R 1Y, AR P8 AN [7] f&
I EARAG DLR T — P sl 22 Fioa 8y =X, (A 7R
ECC H4ERsA3E r9 HCT, 9 /D i i H 12, 98 /0 R i
JINE, e K LR BT PR BT A4 .

34 HEAEFAEEE BY)LERER ACHE
B BERIFE R ORI 2 A% A AR 2
BB LB N T EE S R T . A
TE ECC h4EReAL i U T It i, R 3 A AE A 391 43
Uit Bl kA8 R AT B S PR Y R L & ECC oA
UE S 05 I A T T DU B e W e k(o TR AR
£ 30~60 mm Hg, ¥ G IR 1 i i S BN AR5 G4
Pt X TR IE DUBE A7 50U A5 2R 270 5 K
PR A8 L, PR S A B0 6, R O A [Tl
2 07 BRI BE Mt , DA RV I AR BT

35 SMURY OURI RO IESNRE AR KB Y
WU TR A O WUPRAP I 3 A 5 1 A5 A
WA HTK W8 T 53 . HTK AR RO WL 4
W, BA BRI VR TS A5 e SRR AR Y
DR FRAREN IS B O LR, O &
HAMR/ HARLZ ARG, & OER - R
R Gy, &4 A B BRI H e, AR T
ATP (A BUCFORAE | 75 SR L P08 1 5 fig ek 204 A fl
Tt Bl LA GO LS4 1 RO 1 2% , &
FECOIIA S IS HER SRR ) 22 AR A
T sk VR T 1 R I B A 2 T R 32 B AR (H T
FALR BT PEAR, 5 52 8 A B, P, 22
P 353 2R L HTK WA RO WLER 3, 33K 7 BEL A i (1]
BRI LRE 22 5 0E S KM O e R, AT
22 U RS 1 B ) WILK e s e SR BT AR Y
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HT, X A O LA AT o i R
W LT, A A ML+ NRERISY F i RS5
A5 0 LR B o e A BIOIR S . HTK 35 75 1M 5
T O LR T T8 25 A DL Bk s, (EO6F T J10E &2 2%
S RN F A FAREHAHE &, i HTK 3% A]
REHE HA DL B HTK 3B i ok
Sy | MY B, DM ZERE R HTK B 75 VI 45
T o 5 A B2 HTK WA ] 388 0 15 (] 4
PEERH T R it AT A g, 3kt O 5 | A ol A R L AIK
BIMLAE K N FRBE 2L, 4l il A sh & Bk, R 5
A1 B £ BRI HE Il i 25 A E SR S HTK
i SR IUNN IR AL €
3.6 H# OREEH, BILAZERERNTAARKE
PRI FE AT FE WOINIR 2 36~ 37°C B A5 LIS ML
RS IR 28 FIFRTT S A O Wi gy, R B2 5 IR
ENREIR L 37°C ATIRIE 36°C BHEML, 1= HLE T 22 IR
IKBEARSE IR, TR] -t 75 36 A 1 Y A e 37°C i 36 1l
Wit , @44 BIAE ECC i 72 rb g i Wil 1fn <0
I3HT ARYE AR R BB A I pH-F3AS N o A2 25
R LA A 2, 7R IR ECC BER o183, 78
TRAKIE ECC B pH-Fa 7S, 4k v fife -y .
AR R RS B T R A A v Rl 3k A PRI
B AREES RO R FE DR BE 5 ~ 10 min J5
TR P55 70 34 s O JOLMAC R 7, sl R) ot Y Lk
B B ARG IR PR I T S0 (RS INUAE

g5 b IR AR B 2 b S R e 2R L, 7E
ECC ik # HA TR )2 1 Bl 7e /MW B A 4
I g A T KR K AR ek b TS R, IR s
VAVD 3¢ B {RIE Ik 5 8 1 , AR 40 54 LAY
SRR I ST M 05T, ATl o Y A e i
ECC 3 [B] afn ] 4 4 PR B 0B B R, 5 4b, il ad
FRE ISR A TSR R A AT 0 B D AP
AR YERE G350 HCT FEF W, (1 HTK N
WU, Vb 22 URE 2 0 ILER 9 8 s o 1 - L
K ek AT B8 48 [ e 100 WL ) e 3 T e 5
A AR I ST N IR RS X L2
WA L Ze S RO BB ECC AR IF:
FAREFICT - S B FARBIIRN ECC AR CHE,

SE Lk

[1] Donmez A, Yurdaksk O. Cardiopulmonary bypass in infants[ J]. J
Cardiothorac Vasc Anesth, 2014, 28(3): 778-788.

[2]  Harvey B, Shann KG, Fitzgerald D, et al . International pediatric
perfusion practice: 2011 survey results[ J]. J Extra Corpor Techn-
ol, 2012, 44(4) . 186-193.

[3] Pappachan V], Brown KL, Tibby SM. Paediatric cardiopulmonary

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

bypass surgery: the challenges of heterogeneity and identifying a
meaningful endpoint for clinical trials[ J]. Intensive Care Med,
2017, 43(1): 113-115.
Boehne M, Sasse M, Karch A, et al . Systemic inflammatory re-
sponse syndrome after pediatric congenital heart surgery: inci-
dence, risk factors, and clinical outcome [ J]. J Card Surg,
2017, 32(2) . 116-125.
Hirata Y. Cardiopulmonary bypass for pediatric cardiac surgery
[J]. Gen Thorac Cardiovasc Surg, 2018, 66(2) : 65-70.
Chang HW, Nam J, ChoJH, et al . Five—year experience with mini
—volume priming in infants <5 kg: safety of signifificantly smaller
transfusion volumes[ J ]. Artif Organs, 2014, 38(1); 78-87.
Elhoff JJ, Chowdhury SM, Zyblewski SC, et al. Intraoperative
steroid use and outcomes following the norwood procedure: an a-
nalysis of the pediatric heart network s public database[ J]. Pedi-
atr Crit Care Med, 2016, 17(1); 30-35.
Zhang Y, Zeng 7., Cao Y, et al . Effect of urinary protease inhibi-
tor( ulinastatin) on cardiopulmonary bypass: a meta—analysis for
China and japan[J]. PLoS One, 2014, 9(12) : e113973.
Wang S, Rosenthal T, Kunselman AR, et al . Evaluation of dif-
ferent diameter arterial tubing and arterial cannulae in simulated
neonatal/pediatric cardiopulmonary bypass circuits[ J]. Artif Or-
gans, 2015, 39(1): 43-52.
Boettcher W, Redlin M, Dehmel F, et al . Asanguineous priming
of miniaturized paediatric cardiopulmonary bypass circuits for con-
genital heart surgery: independent predictors associated with
transfusion requirements and effects on postoperative morbidity
[J]. Eur J Cardiothorac Surg, 2018, 53(5) : 1075-1081.
Murin P, Boettcher W, Ozaki S, et al . Asanguineous cardiopul-
monary bypass in infants; impact on postoperative mortality and mor-
bidity[ J ]. Thorac Cardiovasc Surg, 2019. [ Epub ahead of print ].
Wang S, Palanzo D, Undar A. Current ultrafiltration techniques
before, during and after pediatric cardiopulmonary bypass proce-
dures[ J]. Perfusion, 2012, 27(5) : 438-446.
Guo Z, Hu RJ, Zhu DM, et al . Usefulness of deep hypothermic
circulatory arrest and regional cerebral perfusion in children[ J].
Ther Hypothermia Temp Manag, 2013, 3(3): 126-131.
Li XW, Lin YZ, Lin H, et al . Histidine—tryptophan—ketoglutarate
solution decreases mortality and morbidity in high—risk patients with
severe pulmonary arterial hypertension associated with complex con-
genital heart disease; an 11-year experience from a single institution
[J]. Braz J] Med Biol Res, 2016, 49(6) : €5208.
Bojan M, Peperstraete H, Lilot M, et al . Cold histidine—trypto-
phan—ketoglutarate solution and repeated oxygenated warm blood
cardioplegia in neonates with arterial switch operation[ J]. Ann
Thorac Surg, 2013, 95(4) : 1390-1396.
Chen Y, Liu J, Li S, et al. Which is the better option during
neonatal cardiopulmonary bypass; HTK solution or cold blood car-
dioplegial J]? ASAIO J, 2013, 59(1): 69-74.
Lin YZ, Huang JB, Li XW, et al . Clinical comparative analysis
of histidine — tryptophan — ketoglutarate solution and St. thomas
crystalloid cardioplegia: A 12—year study from a single institution
[J]. Exp Ther Med, 2017, 14(3) . 2677-2682.
(Wks H #9.2019-04-09)
(1537 H 11.2019-05-06)



rh ERAMIEHR 44 2019 4E 12 A 28 H % 17 2555 6 3] Chin J ECC Vol.17 No.6 December 28, 2019 341

N —~
- A
DOI: 10.13498/j.cnki.chin.j.ecc.2019.06.07

gy Jok 21 2l Bk e B 98 R AR AE /N L T AR o i 1 H

INORGRBE A FL W R

[(WZ]:BH  LESIBK-shhkk R IE (MUF) A3k -k MUF 7E/NLOHEFAR P REOR . FiE 2EH2016 48 1 A
2017 4F 12 H AEABERY 68 44 DHETFAREIL(3 N H <Ak <2 % (KT <15 kg) 1ERARURBITEN G, $ HBEHL /3 X5 B (n
=33) A7 MLk RS, SR 4] (n=35) 178l bk-sh bkl ROk . WG W 4L R JLAE AR MG PRI [8] 452 BIL I 0 R 98 25 TR )
CLANM LA AR o ROBIE S RS 4 h 204N MR TE B RS 6 hoC BRI AR S AL B0 P[5 R 2l
W], Z5R PILLAERAMIE PR (5] | e R DR IS 2D LU A s P AL Al By BeF Ji) 60 9 s i B s TR B W S 25 5 ( P >
0.05) , fHIE S IR A A BRI 1S SR IEJS M AT RS 6 h LIRS [ LRSS 4 h Z040 M8 e i 07 T/ T30 BR AL, A
MR 225 ( P <0.05), Z5i%  Shk—shikidk R IE 7% nT AR 0 45 Rk 8 ek 1) 09 S8 LA A2 1k , 980/ 21 40 i B A i

[KER]:  AIMER S RIE  SIK-3Ihk /ML D REF A

Application of arterial —arterial modified ultrafiltration in children undergoing

extracorporeal circulation
Sun Xu, Zhu Yueqgian, Yang Jing, Yao Hao
The Second Affiliated Hospital of Nanjing Medical University, Jiangsu Nanjing 210000, China

Corresponding author; Yao Hao, Email; Email ; yaohao@ njmu.edu.cn

[ Abstract] ; Objective To compare the effects of arterial—arterial modified ultrafiltration (MUF) and arterial-venous MUF in
pediatric cardiac surgery. Methods Sixty—eight children with cardiac surgery admitted to our hospital from January 2016 to December
2017 (age<2 years, weight<15 kg) were randomly divided into control group (n=33) for routine modified ultrafiltration and experi-
mental group (n=35) for arterial—-arterial modified ultrafiltration. Observation of the two groups of children with congenital heart dis-
ease included extracorporeal circulation time, hematocrit at the end of CPB and MUF, body temperature, duration of MUF, blood infu-
sion volume 4 h after operation, pericardial mediastinal drainage volume 6 h after operation, postoperative ventilation time and ICU stay
time. Results There was no significant difference between the two groups in the time of extracorporeal circulation, the hematocrit be-
fore and after MUF, the time of ventilator assistance after operation and the time of detention in the intensive care unit ( P >0.05) , but
there were significant differences in the length of ultrafiltration, the change of body temperature after ultrafiltration, the pericardial me-
diastinal drainage volume 6 h after operation and the infusion of erythrocyte suspension 4 h after operation between the two groups ( P
<0.05). Conclusion Arterial—arterial MUF can significantly decrease the ultrafiltration time and body temperature changes in chil-
dren, as well as postoperative red cell transfusion.

[ Key words]: Extracorporeal circulation; Modified ultrafiltration; Arterial—arterial; Pediatric; Cardiac surgery

24 R R U (modified ultrafiltration, MUF) J& Naik AN BIERS K # % S S BURILAR TR, A&
ENT 1991 1 W IR — TR AMIEER  BFFE I 8 0 1 S - A0 0 R - DB e Tk i
(extracorporeal circulation, ECC) ${ AR, H FE H Y IEAS-F kg MUF #4520, 5452016 461 A&
B TR AS KAy R AR R RIS IS RN . H 2017 4F 12 H AMEARBER 68 #l.0EF A £ IL(3 4>
R HELZ 69 MUF 4507 o0 Bl k- -ug A <HFR<2 ¥ IREE <15 kg) MIRRZS
LT R SN S 4254 s o QTN | [ B T 1 AR5
T D08 R 32 o PR 43 YA I Sy W I T R A e
1.1 —&FH 2016 4F 1 H & 2017 4F 12 H AfEAR
e AT ; 210000 B0, FE R ERN R4 B EEBE AR BERYSTERIE O RN L, HEBR A A7 fili 3Rk #2 1M
BIRAMEE: Bk 5. Email:yaohao@ njmu.edu.cn Fob g BILE A 68 BIALE, T BULARTZ
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DAEEH D HE#Z, FAR R R —/ N e, R
M B AR AL, SRR (n=33) F7H 31
MUF, 55 14 %], Zc 19 9, 525960 2H (n=35) 178 lIk-3h
Jik MUF, 55 16 19, 2 19 4], PHZH R PR AR A
FEHRHEZEF RGIEE (P >0.05), W&k,

R PR —BOIR R BORAN T AR J5 5 A

POk Mg

SiH o B el | i
(n=33) (n=35)

W (H) 14.0£10.5 13.5x11.5 0.852

HBln(%)] 14(42.4)  16(45.7)  0.785

AT (kg) 9.2+3.1 9.5£3.4  0.706

B IR IE AN AR [ n (%) ] 15(45.5) 16(45.7) 0.89%4

FEMFEEAR [ n(%) ] 18(54.5) 19(54.3) 0.894
1.2 7%

1.2.1 JREMFART X I FARBRAHRES
AR, B A ORI, HRLE IR, b s
ik T+ E B PkAE S S ECC, O NHRIESS R, 15
% B =35.5°C B&= 11 ECC FFiR MUF, P4l L
FARIFA LG 7257 P>0.05), WgI1,
1.2.2 ECC X i & ¥ A A T.0 ifidl
(Maquet HL20 #Y) R4 5 #% ( Terumo RX15 ) |
1ML AR A AT B 21 40 i HE 2 ( hematocrit, HCT) W 4%
(Medtronic BioTrend) 8 JI€#% ( Maquet BC20 Plus) |
SRR IE AR M ECC 4518 (E =R ZLA) .
4°C 57 HL AR RS MR (B kT A) 500 ml +10% Ak
B 7.5 ml O IE PSR 20 mi/kg O LT O
WUERAFT . SR FH 3R B Jise RV S0 (FE 32 T ik ) & ek
FsE 20% H #5187 20 ml, {AH <10 kg HBILHIRE S
TIA 2 U 21 40 2 R 5% ik R E 41 40 ml, 4% il
il 75 W # ASETZE 100~ 150 ml, PiZH AL ECC Y
[ERRSE M A B Ik 01 A, R &1 £ 8 8, MUF 7E
ECC 453 5 ¥ 46 , 42 0l 88 18 5 2 B2 200 ml/min,
PEIT R R I A K F7 A BRAEI L8 VT TE S0
ml 7K P, MUF 22140 b 28 (HCT) W S 7w B AP
51k, XTHRZH MUF #8207 =000 1, i sk b 42
MBI Ty 1], B Sk o MUF I 1), 525
1 MUF #3207 L 2, 800 55 3k 420 W 5] I
Ty ), £ Sk 27 AR OB 8 I I3 7 1), SRR 2
MUF — & BEAEFF RS 7053 HERR A2 0 W 5148 N AU,
ML G e A1 A2 0 F 5 [l = 22 (8] 1) 3 2, IR 1R
MUF, H ifi 3 77 1) 20 8 (8 55 Sk I

1.3 WEaeAr o ADIREIHIC sk AL B L ECC I
] A5 HLAT MUF 53R HCT MUF IS [] gL A Al

M 5 %
BB

I R ET]
— 1

EiLR

!

Bk E R MUF; 86873k 22051,
B 1 ##H MUFRER

TSk
a0 E
= Ft £ B Bk

Bk BBk MUF; @535 220810 ;
21k W MUF,
B2 shik-shlik MUF 7R B E

MUF S5 5T B BT | b MUF &R, 10 s 5 41 52
JUARJG 4 h 2140 ff B i i 1 = .6 h OB IR 51 it
i P ICATL A By BT ] R AW B 5 W BA B TED b e 7 A
MUF J5 %A S5 B 520

1.4 itk A BdEEIR A SPSS 19.0 AbHH,
THEGORER FI B AR E 22 (x£5) TR, THEBORER
R (Ao Fos . AR ELBCR FH R ST REARS ¢« K
55, ABEFE b S B AR S PRSI DERC | — e Ay
TERE AR I R FEAE 23 47 5538 1 Pearson” s X2 45 50 5%
student” s ¢ KB HEATGE 50 HT . P <0.05 A Giita

2 & R

PIAH B LEG A Be . BT 6~ 12 D, 49K
BRI, XRS50 41 A ECC IR MUF R je
HCT A8k AR5 WAL A6 B A 18] 0 0 4 2 3t 64 1sf [
¥ITCH 225 ( P >0.05) , {H 2SI 7E MUF BHE |
MUF iR AR5 6 h D YT & LR AR
J& 4 h ZL4H AR T TN T IR,
A EES(P<0.05), k2,
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2 PIHAR T BEARIGFER LG5 R (x2s)

WiH XTHEZH (n=33) S (n=35) P
ECC 5 8] ( min) 85.0£54.0 84.0256.0 0.941
{EHL HCT 0.245+0.03 0.250+0.03 0.457
MUF 253 HCT 0.330£0.02 0.341+0.03 0.082
MUF 5[] ( min) 10.0+2.0 7.022.0 <0.001
PP B ER (°C) 36.2+0.3 36.2+0.3 1.000
MUF 453 5 e (°C ) 35.6+0.2 35.2+0.2 < 0.001
ARG 4 h LM B TE R (ml) 100.0+30.0 80.0+20.0 0.002
ARG 6 h ARG i (ml) 80.0+20.0 60.0+30.0 0.002
I I B B I ] () 6.0+3.5 6.5+4.0 0.586
W g i R st R] (d) 3.0£2.0 3.0£2.0 1
ARG W E R L HCT=0.30, 78 HCT<0.27 4 41 40 kit

DA IESRL) o

3 3

19 42 70 4EARK , Magilligan 2584 H €+ AR 5|
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0, s~ 16, TFESk-RE A 2 0, B R SRR - TR T AT ECC, YR 3~ 4+ 1 % 5 Lo LR I
ZROARYLONEA BB 20 01 (83% ) AKERE 2 B, Horb 3 GIPHSEHUR DG IR I BEAER, SL BRI F-UCIE R4 B 10 min 224745
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Management of extracorporeal circulation in redo cardiac surgery
Yu Xiang, Liao Shunqi, Tan Zhaoxia, Luo Ming, Du Lei
Department of Anesthesiology, West China Hospital, Sichuan University, Chengdu 610041, China
Corresponding author; Du Lei, Email. 2296566345@ ¢q.com

[ Abstract] : Objective To summarize the experience of extracorporeal circulation (ECC) in 24 cases of redo cardiac surgery.
Methods Retrospective analysis of 24 cases of redo cardiac surgery in recent half year was performed , including 10 cases intubated via
the ascending aorta and the inferior and superior vena cavae, 11 cases intubated via the femoral artery and the inferior and superior ve-
na cava, | case intubated via the femoral artery and femoral vein, and the other 1 case intubated via the ascending arota and the right
atrium. All operations were performed in mild and moderate hypothermia with (3-4): 1 cold oxygenated blood myocardial protection
solution. Results The heart rebeated automatically in 20 cases, and 2 cases were defibrillated. Three cases had circulatory unstability
after ECC and recovered after 10 minutes of extra circulation assistance. Two patients suffered from acute kidney injury, and 2 patients
suffered from incision infection. Three—degree atrioventricular block occured in 1 patient, paraplegia occured in 1 patient and pulmona-
ry infection occured in 1 patient. No hospital death happened among those patients. Conclusion Taking comprehensive measures to
enhance myocardial preservation and cardiopulmonary bypass management is important for patients undergoing secondary surgery be-
cause of their long history of disease, poor cardiac function and prolonged ECC time.

[ Key words]: Extracorporeal circulation; Secondary cardiac surgery; Cardiopulmonary bypass; Myocardial protection
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EF){H 40~67(58.79+6.7) %, M, s e e ol il
2 AT 610041 WUHS, UK P B IR RO T
BRI WA ) sel00ms s, e 00 A SRR R RSB

B 2 e ( B ) F B R SO S A N R R T P AT =
BIRAEE # %, Email:2296566345@ qq.com PRI E R 6 1], “ e E e+ =R IE 4 #, £33




346 rh ERAMIEIR 44 2019 4E 12 A 28 H 4 17 555 6 3] Chin ] ECC Vol.17 No.6 December 28, 2019

Jok e B e 4 5], Bentall A 1 7, 4 KAk IERGA S5
T E RS i sh KR A | R
JEE R, 3 2 WO B i A R AT A & O A
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1.2 BERL5%E& AAUEBRELMHH Stockert S5
NTORHL (FEE) A A 75 (Medtronic ) ; IR
Wit ( HAS) DL LCR0RS A 14 -3000 7 i 8 [ HL
(tFED .,

1.3 AEB5F K7k A REYRHAE N
EHIKE G2 F KB T FAR ATIET I, 273
SKFN BN B g 57 ECC 10 ], 2 e sl ik -
R RS E ST ECC 11 4, 2T 8 k-5 5
ST ECC 2 1, & e sl - kA4 3. ECC 1 ],
6 191 = I B4 fE SR I AT 00 A5 8K T
AR AR FAE F S WKL WO A= Bk T 58, B3
ZAETT YR R EF T I, 5 — IR GE G AN 22 5 1B
JE AP S5 TR S O AL A
FHH R ECEY TR 43 B, B8 0 R 20 3 e A i
P WL GEAR B K, 7853 2 AR AL ST AR AR
WAEEES AT Y FFRRRE, O BA 3 43 AL T IR 1T

1.4 ECC #1070 DAL RR MR A T L A SR it
(BEFABEII S v 5 o 3, I A Z b, o B
FUA DL H 8215 250 ml 50% AL & 10 g, AEAR
AUE SLEERRPE A B IR e e B IR S AN % T A AR
Y R IR R B v 4 R 4T 40 LK % (hema-
tocrit, HCT)0.25 ~0.30, AR 4i5 A Fij i 06 0 5 5 e
FESETT ECC A AT SMA 2 IR LL 4, HER 3
mg/ kg 4= 5 P EE, 35 AL EE 1L 8] (activated clotting
time, ACT) >480 s #64L, £ 47 - Jili # ik o 55 (8]
HAZE DS , w0 FEWAK, ZEH5RE,
Bk =8k A, R R F 33~35C, K
3 1~4 1 HA M UURY, 4 330 KR ¥ 58
7 AR E WK EGUA T O A, LR A T
TEARFRIK SRS AT, Horh RS R
SR 8 U RIREER (3.0 g) DM, A F HEvE
S JCHE S R AT (0.5 o) WA ; B YRIE T 7 420 20
ml/kg, B 15 ~25 min B B JILHLIE B P8 1 —
URASE B, 7704 9 10 ml/ kg, 5 v W 00 ok ot 4010
FIEE(Sv0,) >70% ARHE A 48 AL 5 SRETE I, k45
R BT 60 ~80 mm Hg, %24 JL 30 ~ 50 mm
Hg, 0T ARBAEZ R FETF G5 20, IF Bk

s R IE B TR ECC 2,
2 &% R

SR — RGO ECC I Ta] | 5= 3 Jok BHL W i 1] AR
g R ORI AS I TR) TCU 457 B IR ) | L 9 [l i
i AR HCT ARJEHN SR 1, A4L0NEH3)
Sk 20 191 (83%) , AR AhER R 2 {1, Horb, 3 {5 A 45
PUR AR CHE M 5255 ARG PRI REAN R, FE T HIL 4K
SRR 10 min 247, HARIBIUAMSHL, JCAET:
T AT R A 2 B 2 B, 2T A T
ARDI YL 2 4], 20 QIR 2 iR AL = =S
BEH 10, R A0 YT 1 8O R A Sl
Bt s Bt 1 B, PTG I B s R T B S
B

F1 ECCARPEARSE—MIFEH(n=24)
TiH Hifd
ECC B[] (min) 53~354(130+69.06)
= 51 Jjk BELT s 8 ( miin ) 0~247(66.13+65.18)
ECC 1k HCT 0.22~0.33(0.26+0.03)
ECC #1K ik HCT 0.19~0.32(0.27+0.03)

AR B i & (U) 1.5~3(0.94%1.26)
AR 2% A A (ml) 200~450(87.5+158.28)
AR ifi /N (U) 1~2(0.75+0.52)

A H R (ml) 20~1 150(333.25+286.59)
ABE R (ml) 0~10 000(2 045.83+2 110.88)
HW AR (g) 0~2(1.08+0.95)
el (U) 0~3(1.04x1.06)
HHEAR(g) 0~2(0.38+0.7)
IR A9 (10) 0~600(141.67+248.19)
AR i R (ml) 100~400(234.78+75.81)
ARJESAEH R E] (h) 7~167.28(46.45+49.69)
ICU 1553 E (d) 0~15(3.67+3.1)
ARIGHIML(U) 0~6(1.93£2.18)

AJEH I (ml) 0~400(33.33+110.55)
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(AR BE AIRAH IAE | = 20 IRE 55 ), T9UR) 4% JL A
RO, LHER NI R 22 S hEK
FIFEET O M T 3R G T i ke i 51 2 1 0 LB
P, Rt 22 e O 5 S R UEZE O 5 | i |, AR
(8 B L0 2 5k B T B v A s P S e, AR
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TR AR I 10 2 1 5 0 s i , 20 B g
AYE R b RO R R LA, TR PR
Je Il s B, HE R BB A8 AR R E 2k
LR, PR A AR iy, T s 8, AR S I &
it /b, FLIRISCI) AR I 4 T A S5 A O 200 0% 1 e 455
SURE TR , 305 T SR Gt A S A AL 7T 35 i 8 A
PI, JEZ  ECC 3, 3 s sk 2 i 40 B %) AT A
IR 305 14 I 8 e A 1 A i Y i, 2 s AR v
RS H IR IR T PR 0 R A it AR AL RT
A RN R AR ) A R I [ L

323 PHIFASMASETE  REA IR



348 rh ERAMIEIR 44 2019 4E 12 A 28 H 4 17 555 6 3] Chin ] ECC Vol.17 No.6 December 28, 2019

3 0 I L AR T e (IR 2 A i/ 4
ST , DT 91 By o S JUE 4 5 1l k4, 4 =5 ECC
(Y2 A VET A AR R R A 32~ 35°C,
P TEARFTA 1M, TR IEA RO ZHZURE T, %) D
ARG RAREM R AERA MR o e P A 2R
R ot X B DK A HEHFTE 60 ~ 80 mm Hg,
/NL35~50 mm Hg, JK#E>1 ml/(kg + h), SvO, >
70% , AR5 MG 3N 1 # R . AWFFEGE , O TR
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T R, SRR H T, ECC PR atil
TEAMRBE A 4 e 4R AR AR A RS O0 , e 2
MHE M ECC, AR MR & H S PO R 5 A Wik
B RAFIY IR MSOR , BN AR IR PN IR R

WAL, T % 1& ECC JFBEIM DI REZ B T HH
UNSR—BRIB TN RS TR, B i gt — 20 45 e
MmIIfE,

3 B Y| SR G B Nl PN B o o e o
SOk D ITREZE , TR S A RIR I AEZ
HARE WHRARRSEAS . PR 480 58 O e T HE 25
FALC WUPR AP 55 09 R 3, DR TR IE A5 R 4 3,
PE A B S if 13 FH 45 20 E PRI TR ECC A
R

SRR

[1]  Bruno VD, Zakkar M, Rapetto F, et al. Early health outcome
and 10-year survival in patients undergoing redo coronary surgery
with or without cardiopulmonary bypass: a propensity score —
matched analysis[ J|. Eur J Cardiothorac Surg, 2017, 52(5):
945-951.

(2] s, Tmede , Jel o, 45 S MEPRSMGFR A R AR T/ L
ARG e e TS B[] o MR SMIE 3R 24 5k, 2017, 15
(1):9-12.

(3] sR/hot, Z=NI, EA, 45 0o RIS T 28 L0 IEF AR
M RBCR TS [ 1] BRSO 2%, 2018,16(2) :76-79.

(4] ZMR, AR, BRKE, 5 SU0 MBI Z 8T ARIGIT
[J]. e SRR, 2011,27(9) :564-565.

[5] AR AIMEFRZERLM ] Abat. AR A, 2011,371
-373.

[6] Engelman R, Baker RA, Likosky DS, et al . The society of tho-
racic surgeons, the society of cardiovascular anesthesiologists, and
the american society of extracorporeal technology: clinical practice
guidelines for cardiopulmonary bypass — temperature management
during cardiopulmonary bypass[ J]. J Cardiothorac Vasc Anesth,
2015, 29(4) . 1104-1113.

[7] Padmanabhan H, Aktuerk D, Brookes MJ, et al . Anemia in car-
diac surgery: next target for mortality and morbidity improvement
[J]? Asian Cardiovasc Thorac Ann, 2016, 24(1): 12-17.

[8]  Kanji HD, Schulze CJ, Hervas—Malo M, et al . Difference between
pre—operative and cardiopulmonary bypass mean arterial pressure is
independently associated with early cardiac surgery —associated a-
cute kidney injury[ J]. J Cardiothorac Surg, 2010, 5. 71.

[9] Lex DJ, Toth R, Czobor NR, et al . Fluid overload is associated with
higher mortality and morbidity in pediatric patients undergoing cardi-
ac surgery[ J ]. Pediatr Crit Care Med, 2016, 17(4) . 307-314.

[10] Wilder NS, Yu S, Donohue JE, et al . Fluid overload is associat-
ed with late poor outcomes in neonates following cardiac surgery
[J]. Pediatr Crit Care Med, 2016, 17(5) : 420-427.

[11] Ziyaeifard M, Alizadehasl A, Massoumi G. Modified ultrafiltration
during cardiopulmonary bypass and postoperative course of pediat-
ric cardiac surgery [ J ]. Res Cardiovasc Med, 2014, 3(2):
€17830.

(Weks H i .2018-11-07)
(53T H11.2018-11-28)



rh ERAMIEHR 44 2019 4E 12 A 28 H % 17 2555 6 3] Chin J ECC Vol.17 No.6 December 28, 2019 349

-

S E -

DOI; 10.13498/].cnki.chin.j.ecc.2019.06.09

JICN A M A A I et 7L R I E P A4 S R AR O IR R

RN, AR AR E R R

[(WE].BH  HITBOHEREA B & 7L IAE R SME R (ECC) MR E R, ik Xt 212 BIEAREAT ECC O AEF
ARG A TCU WAI7 BB B3 HEAT [ B 0B . 7E RIS 35 (T1) L ESh KBRS (T2) O AEE BKIG (T3) AFHLET
(T4) FAREEHF(TS) (A ICU B (T6) Wi i FLER /KT, WL 7L IR (B A A8 Tk ka4 | [ B 4317 3 B 45 52 il 5 7LIRR It /) ECC AR
KHFE, R ECCFARMEIKT 3 h FEHLEHE KT 2 h FHEASEIKF 60 min FEEREALT 60 ml/ (kg + min) JEEELE
80 mm Hg LA b B2l 4l L 25 (HCT) 7E 0.20~0.25 # & BB MFLIAK T F &, A5 ¥ 25 (P <0.05), &ie AL
WEAR A F ARSI mFLRACEF R BE Z R E  HERREE A & KBRS W58 B 2 b5 R ZLRS & 1 ECC A % 4
FEEERARERY EIRZ—,

[REIA] . OIEEETFA  RIMEIR ; B ; 5 LB ME ; AR5 M v i

Extracorporeal circulation related risk factors of hyperlactacidemia in adults af-

ter heart valve surgery
Zhang Xiaozhen, Wang Shuwei, Yu Pengfei, Li Gang, Yang Qiaoling
Department of Cardiac Surgery, The 988 Hospital of People’s Liberation Army Joint Logistics Support Force
(The 153 Hospital of PLA) , Zhengzhou 450000, China
Corresponding author; Yang Qiaoling , Email ;xsl_one@ 126.com

[ Abstract] : Objective To explore the extracorporeal circulation ( ECC) related risk factors of hyperlactacidemia in adult pa-
tients undergoing heart valve surgery. Methods Two hundred and twelve patients undergoing heart valve surgery with ECC in our hos-
pital were enrolled in the retrospective analysis. Blood lactic acid levels were monitored at time of anesthesia induction (T1) , aortic oc-
clusion (T2), cardioversion (T3), ECC termination (T4) , post—operation (T5) and ICU admission (T6). Risk factors of hyperlac-
tacidemia during cardiopulmonary bypass in adult patients undergoing cardiac surgery were also analyzed and summarized. Results In-
creased lactic acid level was significantly associated with operative time longer than 3 h, ECC time longer than 2 h, aortic occlusion
time longer than 60 min, the perfusion flow lower than 60 ml/ (kg + min) , the perfusion pressure above 80 mmHg, the HCT range be-
tween 0.20 to 0.25, and deep hypothermia ( P <0.05). Conclusion Various factors contributed to elevated lactic acid levels in adult
patients undergoing heart valve surgery, and the ECC technology was the key point. Improving perfusion technology and controlling re-
lated factors could reduce the lactic acid level and improve survival rate.

[Key words]: Cardiac valvular surgery; Extracorporeal circulation; Adult; Hyperlactacidemia; Postoperative monitoring
Perfusion pressure; Perfusion flow

M3 AR RIUAH R GA R EA—A IR LR DA — R A QIR L, R A0 1 7L 1R ke 2

TR RAR R SR S E AR A e b 2 A A B C R
Rt LA 7= PR AMIRFR (extracorpore-
al circulation, ECC) 7% B i 4 A BRE 7 S & &
BUREPAH A B I ] S e A R S s L
PR IMAE AV R, H A s FLAR MAEAT 2 O MEAR

YEZEAL: 450000 A, rfv A RSB0 B AR B A L
JONEBE (JF R 25— = BEBE ) O ESME)
EITEE . %157, Email :xsl_one@ 126.com

ATH IR F8 i o 7 PPAG A8 — I0T B B4 Rt
Wre MR JE L B O RSN 5 A9 1M 7L K
AR TS A B AE R O EAR S
5| 0L PRI i i R AR 2 0 fih (83 B B 2R R
BEH R VECC LA R AR5 M 4 45 55, AR BF 5T H AT X
ECC HEEEAXS BFH AT A MLFLR 15 0 T
[ B 34
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1 #MEHE

1.1 W RFA  ATETE R BT SE , AZEXT SR
2016 4F- 5 H % 2017 4 8 A TEARBEAT ECC O K
TR 212 BN B (FR>18 ) HEBR AT
SR RS s J . b 55 108 44, e 104 4], 4
1% (58.08£10.79) % 1A (58.46+11.07) ke,

12 &k

1.2.1 JREI5E ORPKEZE 0.05 mg/kg, &7 25K
JE 1 wg/kg, ¥ EIREE 0.8 mg/kg 155, QAR R
PIIAY 40 pg/ (kg + min) M ZEREZ 0.1 mg/ (kg « h)
ek, QFEIRATHEZENE 5 ne/ (kg + min) FBHIT:,
1.2.2 ECC /¥ ECC 1 STOCKERT S3 % ( Sorin
Group Deutsch Land GmbH , 78 & ) A\ 1.0l L 5¢ AL,
T 7 AR AR fofT P T R B PR 1 S ( 4 D R, L
LI A FRZA ) 1 000 ml, 4% 5 FA P B e ( D1 1Y)
BEy7, W E ) 500 ml,20% AL & AR DMK, 98
EIZNFE DU AE P ) 2545 FR 2 ) 100 ml, 212 1]
BV 4 B R, 1E R T R 4 ol 3T B I B[]
(activated clotting time, ACT) >480 s J5 @ 7. ECC,
BV 40~70 ml/ (kg - min) |, BEVE R 4ESRTE
60~80 mm Hg, WELHT[E]IALEAR T 60 mm Hg 75 7]
S R T AR LU, SIS R R
IR B B R 3, 2 38 = WE VE Ui & & 80 ml/ (kg -
min) , I, g5 B H e EE 60 ~ 80 mm Hg A1
80 mm Hg LA EXFZLERAGSZIA , 4P K =80 mm Hg
DL 3 YRR i, {475 7 40~70 ml/ (kg -
min ) TP, BT 4R RS HRAOHER R . ECC ARG
FHARBILL YO H ZS (hematocrit, HCT) I3 # BEBE | 4
FifE AR HCT=0.25 , AR Fi5 7 1 ol 7 6 B2 4R %
H1HCT 7E 0.20~0.25, %A 3 it OV T I i £ 19 0.6 ~
0.8, S L% 25 33°C B4 77 3 S0 K BELUBTT, 3 20 kAl 8
W4 1S IR, SRR T 2 36.5°C, B
I 35.5°C HLIML I 81 1 2F R g B AL

13 ZlBmbEd S iaEfea  EWHMFLR
WREAE 1.3 mmol/L 2247, I 3 5 if LR vk JiF
>2.25 mmol/L x& XA = FLIR ILAE , 10445 ifn 7L i ok i
>5.0 mmol/L, A I pH {f<7.3 & X NFLIRIR b
2 BEAR I GT R WL IE T A S i FLER MR >3.0
mmol/L A& 78 5 45 2%, ECC o 1fiL 3L R 16 {8 = 4
mmol/L 5 AR5 G FAE 1) & A4 A FE A G, B
FEEHLET (T4) M FLER M >3.0 mmol/L 1A H 5
FLER MAEZH (n=89) , ML FLER ¥ ¥ < 3.0 mmol/L
BEENAESARIMAEA (n=123)

1.4 HIBKE  AROEGEH BT, 38 5 A i

T D7 [P W B f AR DG e R, R AR
FERRIRS S5 (T1) =S BKFH IS (T2) 0 EAE Bk
J& (T3) fFHLEF (T4) | FAREE R (T5) (A ICU B
('T6) fh it 45 20 ik 1 <43 #r , I WA A 19 F AR B
(] A AILERT ] | BELUBTT B ] 8 0 3k i P38 3 kO
H HCT S5 2R /K- A5 M0, 43R5 1511 o) FH v A TR
ECC, PR A 55 A 1118 1 B % 2L AR 1 52 i, ECC
e AR 422 R 7E (6.7 +1.5) mmol/L ( IMLAHAK T 3.5
mmol/L B 45 50% (1) & %0 , IUFE = T° 9.0 mmol/L
BTHRER).

1.5 itz & Gitsrprii A SPSS 22.0 5E ., f
FH Shapiro—Wilk 8 >k 73 Hr % 25 45 & 19 70 A, IEZS
SI ARG AR 22 (x+s) o, AR IE S 431 L
RS U R R . Z R R 2 4
[EH M A1 ZTT Logistic [BIIH 4T, P <0.05 ik 25
SAEGIHFE X,

2 & R

21 EHE AT gl B IR 5
ECC FA, HAZET 1 6], AR5 H BUAK O HE i 2 25
AHE, A HE(DO,) [ DO, =0.0031xPa0,+1.34xHbx
Sa0,) xCO, IE# {4 520 ~ 720 ml/(min - m*) ] 3§
PREEPTA LA TP A it 25 5% (P <0.01) , iy —
REFORRT L, oGt (P >0.05) . WL 1,
2.2 WLEIEAF  FLRR(E M4 WERFEbRAE T1 ~T2 i
(B f A P2 [H] 22 e ¥ e g it2 i L (P >0.05) 5 F
ARIHE =3 h b <3 h PR FLER(ETE TS5 ~ T6 i [i]
M R 22 A Gt E i (P <0.05) ;5%
HLUIHE =2 h Fb<2 h PRI FLER (E7E T4 ~ T6 H[i]
SR AR 22 A G R (P <0.05) 5 BHIBT
iFE] =60 min <60 min P4 A FLER(EAE T3 ~ T6 i
[ S BT A G2 % 25 5 (P <0.05) s HE I
i 40~60 ml/ (kg - min) 2B TE T3 ~T6 i ] 15
P, 5 60~80 ml/ (kg - min) ZH #2554 Gi it
2 (P <0.05) ;HETEJEAE 80 mm Hg A F# 3R
{BTE T4 ~T6 B [H) 25 351 0w =5 , 5 <80 mm Hg 41 LK
LSRG (P <0.05) ;HCT 0.20~0.25 41y
FARBHEAFRELE T3 ~T5 WA S5, 5>0.25 41
Fii 2 A ST (P <0.05) ,7E T6 B[] 5 2%
SRGIFEX(P>0.05), WE2,

2.3 Sk ZELAMENA ST, TA kT R I A
JE ) il LR e i BAT ZR P [0l JH 56 &R, Logistic [8]15
A3HT + FEHH TR A 18] A AILAS [a) 931 25 L R Il E &
A R ST S G PR 2L (EL i 6] JSEL BT AR AR 8 v 37 2
i A ARG M FLER K B m WLk 3,
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R BHEBIEREOR

WH TR LR IMLAE (n=89) R FLRRIMAE (n=123) P
FI(E) 58.55+10.31 57.62+11.28 0.539
BiE(n(%) ] 51(57.3) 57(46.3) 0.127
RTE (kg) 57.67+10.58 59.26+11.57 0.307
RF R (m?) 2.03£0.15 2.05+0.18 0.393
DO, [ ml/(min + m?) ] 341.45+55.16 366.51+54.13 0.001
FLE (%) ] 3(3.3) 2(1.6) 0.652
LB MAIEL( %) 48+11 51£12 0.064
RAETE RS n(%) ] 2(2.2) 1(0.8) 0.573
MEFAR[n(%) ] 87(97.7) 122(99.1) 0.573
CABGHRIETAR[n(%) ] 2(1.6) 1(0.8) 0.573
BT (n) 1(0.8) 0 0.420

i :D0, : A At CABG . iR Sk S5 BR AL HI AR

R 2 4] A LR W (E (mmol/L, x+s)

MEAE TR B (n) Tl T T3 T4 T5 T6
TR ]

=3h 147 1.01+0.22 1.56+0.43 1.19+0.35 2.750.09 3.43+0.51 3.48+0.65

<3h 65 1.03+0.31 1.53+0.18 1.18+0.42 2.79+1.10 2.68+0.49 3.19+0.96

Pl 0.593 0.588 0.857 0.661 0.001 0.010
BEHLA ]

=2h 136 1.41+0.23 1.48+0.42 0.930.36 3.88+0.11 3.01£0.55 3.38+0.99

<2h 76 1.3420.32 1.51£0.19 0.86+0.41 2.89+0.13 2.18+0.48 3.09+0.98

Pl 0.067 0.556 0.198 0.001 0.001 0.041
ISEL 7 it ]

=60 min 74 1.01+0.09 2.3520.32 2.95+0.34 3.48+0.51 3.98+0.49 3.8820.97

<60 min 138 1.0120.04 2.41£0.29 1.98+0.56 2.57+0.13 3.45+0.86 3.57+1.11

Pl 1.000 0.167 0.001 0.001 0.001 0.044
TH T I

40~60 ml/ (kg + min) 83 1.33+0.32 1.49+0.33 2.05+0.42 2.66+0.13 2.38+0.44 3.36+0.98

60~80 ml/ (kg - min) 129 1.28+0.21 1.52+0.28 0.91+0.35 2.08+0.06 2.000.55 3.08+0.99

PE 0.170 0.478 0.001 0.001 0.001 0.044

- Bk

>80 mm Hg 46 1.23+0.22 1.36+0.42 2.130.36 3.38+0.52 3.78+0.49 3.38+0.97

60~80 mm Hg 166 1.3020.31 1.51£0.49 2.0920.41 2.21£0.15 2.98+0.46 2.47£0.14

Pi 0.153 0.059 0.548 0.001 0.001 0.001

HCT

0.20~0.25 77 1.25+0.17 1.71+0.32 2.76+0.71 2.87+0.15 2.99+0.57 3.17+0.88

>0.25 135 1.2620.19 1.69+0.27 1.26+0.33 2.17£0.14 2.21+0.45 3.09+0.91

Pl 0.702 0.628 0.001 0.001 0.001 0.533

R3O EFLIRIMAE K A ER N R 2T Logistic [B1H 3473

S R B i Wald f& OR {8 95% CI

FARmF] 0.012 1.401 0.988 0.923~1.012
LRI -0.015 1.403 0.981 0.941~1.009
REL U B i) 0.013 0.395 2.013 2.005~2.566
T 0.026 1.505 0.975 0.955~1.008

WETEE 0.021 1.418 1.013 0.975~1.049
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FEHSURMET: N IR | o bk il 4275 1 A 45
THOLT AR A S FESZ B, — R R G P4 TG I A1) 52
B, (75 T0 U A 1 3 AR B T, e R LR, b
JEFGAY R SRR N R R FLRR Y . EBIRES TR, AL
P2 11 2 SRS o A 457 Bl 2 A A A o s T s ik
DERS FECE FLRR MRS o LR VR B B LR
VAR R P AR A K o S R N R
() E B bR, L 7L R A1 Sk T 8 2 15 T
RS 2% 8 b — B LR Z 2.0 BESVEHY
T RET

WNGGHE ECC A J5 i LR ILAE 9 & 4 R %
FILE A SE R, A58 H AR ECC 7 AR 3 Al
LR IMAE AU AR JC I R, 45 5 R AE T1 ~ T2 I} A]
MOALREESH R Z A 25 ( P>0.05), FA
IE =3 h <3 h BZLERIETE TS ~ T6 B [H) 23 Jd 1= ;
FEHLAFIRI =2 h Ho<2 h A FLERTEAE T4 ~T6 B A] 5 ff
751 3 BT (] = 60 min H <60 min (A FLER{ETE T3 ~
T6 B [H] S W B F &, A S ¥ 25 (P <0.05),
ECC A B iy 3E A= PR 14 25 5 ol 4= B o8 ) SR 2 200 1
AR ECC B[R] 1) 2E K 0T /-5 250 2L #R /K SF- T
B WSS E Logistic 17115401 22 B F AR i} 8] A1
LGNNI Bl e =B Nl (1 e s P L VAl N 54 P R |
A s ] OEL DB ARV P8 3 9 2 0 A A R P B R I 3L
/KB 0 34 . A SN O i FLRR I AE 5 ECC
A1) K = 2y ik BHL W sF [ 1) < J6 O 08 A 2% 4R 1 Tk
R (HE | HET ECC X —# vk v i AR,
b 3 h AR TR R R S R i 1A
2 RGO USRI RE B 17 B IR A 401 5, AUt/ 5 2R
iy e S AUHE A IR AE BT

X E R 2 — TR, 45 2R R DO, 5% i I 7L R
KA G225 (P <0.01) , AR R A
TE T3~T6 Bf ] S LR & TR 4, R
HRIRE RS T I PR E B T O R 1 K LR
HEADERS , FHEELRACEE N A ECC
o LR I A A = i DR R T (R R
FEAK DO, , 1 Bl A At /75 I A7, Mo B 5 0 %) ko, 4 51
JEAE S TR B 5 v G VA DU R LA A4 B 2H 21
W N ITAR AT A PR 25 DERR 25 B DB, (0 — Rt =
()9 H2 T BB 23 0T 000 5 R sl A 40, Wi B O A 1 7K
i, SR S A AT RS S ) R ECC
H R 2L (3 B AN (7] A s i ] i L 3 e ) 2L,
P (A PR LA G U e /IR 5 2R, DT I8 5 3
T R T LA SRS . R4 SR s I

£ 80 mm Hg VU I # FLIR(ETE T4 ~T6 i [H] i 5 TI%
VEE R R EE R s, A I A R BH 3
i, SRR, S0 JE 2 B M A AU 2 B, LR A AR
Han, Pk, 7l A RE A R0 At A
FEAIE 1Y R R A REWE R WL T 2

HCT 7£ 0.20 ~0.25 [T AREFH T3 ~T5 B FL
PR B =7 o R I 0 o 0 HE 4RU B T B AR, 32 JR ik
NFw  FEEHSURREE . ECC IR A9 R A M A
FEAT LA 20 200 S AR, 5 B R vk B2 1 ]
FHE ', AER ICU J5 (T6 B8] &) W% 40 L T ge
RS, MR HERR TR IR B A (H ECC X
TR R £ TR 2 A I et 1 A T s I
B %) T 5 5 i 2L R /KT T R S IE AR OG, IR ECC
1L R R A A B T R I LR, R S

AL T BN, A R AR AE T4 ~T6 1 [A]
JFLRRIE A Tk, R ECC o B2 Hp i i 4%
5 Sy il A0S R AN MR i
R R ECC IR AR AT 5] K4 B RAE RV 25 G,
0 AT O ST 2, FLRR A 2 . RIS 24 h
BIPKIMFLER <2 mmol/L, JHFIEZE 0%,2.0~4.0 mmol/L
WHLHRIK 2% ,4.0 ~8.0 mmol/L WL %35 30.8%, =8
mmol/L AL RIE 66.7%, Arnold Fl Shapiro a2l 4y,
N ILFLER >4.4 mmol/ L J2& /™ 5 4 SUIRHE VE bR s,
PRt T DA SOAET R -2 — ., ki 7L
MK 5F ARG BE RIS G AR T R 2 —
FE B IEAH S, Bl ok i FL R K OF B, F 22 B[R]
K, R E, JET R, WUs 2,

BN ECC 5 R FLIR ILAE () & A R 2 I,
FAREMG MR T S P HL N 2 ECC R
A LA P A A IR BRI B TR A S IR R
PR SRS 2 M Al P, 24025 {1 LR /K P T
o SR HAETA V2 HLH AR B, (1R E
28 AR & AE LI B AR B, Rkt S R 5 L
PR T v i BB T AN R TS, B A 1 2 7 R DO
FLBRIG R, U0 BECC BEA BB AR M e | i %
i A U AR P4 o 0 T e A R R R T LA B
IR R A B R S ZLRR AR DG 1 R
BH%, RAGHAMN ECC T Ik, M &
45 15 7 B [i) K S W7 s ], K98 3 4% 31 7 60 ~ 80
mm Hg , VEPEA 18 10 7 1 I 0 S 20 B8 I Y0 B, TR AIK
i ECC HARGESE  nl Ak /b5 | ke 2L IR 1 1= 1) AH 56
2, BRI = LR ILAE A T A

SE 3k
(%55 344 T1)



rh ERAMIEHR 44 2019 4E 12 A 28 H % 17 2555 6 3] Chin J ECC Vol.17 No.6 December 28, 2019 353

- HeEII SR -

DOI: 10.13498/j.cnki.chin.j.ecc.2019.06.10

T L MRS B AR R FTREE " BUr i LR iR &

M, REm,REH B F,ekE

[(HE]. B8 S ARTRIES SIS EAEHer iR 2. Tk FEXPIUR BRI Hud b, it ik S 5T R
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Strengthening the teaching of preoperative conversation in the standarized train-

ing of cardiovascular surgical residents
Liu Jincheng, Liang Hongliang, Zhao Diancai, Yang Yong, Jin Zhenxiao
Department of Cardiovascular Surgery, Xijing Hospital, Air Force Military Medical University, Shaanxi Xi‘an
710032, China
Corresponding author ; Jin Zhenxiao, Email; 13571921011@ 163.com

[ Abstract] ; Objective To summarize the experience of strengthening the training of preoperative conversation for standarized
training residents. Methods Standarized training residents can participate in multi—disciplinary pre—operative and multimedia pre—op-
erative explanations and inform patients and their families about the treatment options and surgical risks of the operation through a good
pre—operative conversation. Results A good pre—operative conversation can increase the initiative of the patients and their families to
cooperate to maintain a good doctor—patient relationship as well as to reduce medical disputes. Conclusion In the process of teaching
the standarized training residents, through the involvement of multi—disciplinary pre—operative conversations, multimedia pre—operative

explanations and the integration of sincerity, objectivity, empathy and respect, it can improve the learning effect of " pre—operative con-

versation" for standarized training residents.

[ Key words] ;

SRR AR ES ATT B AR5 B 2 (]
R, A Al S A A T A RE R
Mo TR AR S R e T B AR OGN L, DA T
PEATEWIANGTY . O MU SRR AR B MERE G X
I R e, R T AR AR R IR 2 S MRHR T Y
HEINZ— XOMRHAT A AR mZ AR, B
SRR AR O N AR ST I BN NI,
“RRFHRIE” BB X AR A2 R 0 1 A SR
WUES P2 A HAT BRI,

ESWE : DA RHLRIHTRE ) S 1T (2019PT-24) s Bk
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Cardiovascular surgery; Standarized training resident; Preoperative conversation; Skill; Doctor—patient relationship

1 H=EABMAE

1.1 @@ ARaT#E WA SIREHE MR E e
WalE (KA ) EEEEXT RIIR T T &, IR TF AR A
W, A5 BB M RRA GRS , /vl RE S B0
A SR R R AR B AMRE TR IART  EEE
PLRFART i FARRE AFIHITE,
12 %H=EHFLSEFE BELRINRIGEEE LEE
N K 37 F AR G F e TR 05 vl g s B XU, AT
PIHRE i FR O S @ W HANEF AR L &
1.3 RAT S8R5 98 ISR T 0 B 5 A Ak,
iR SR A SR B 5 0 5 B R, SR R B B b AT
ARETHE RS, DA BE OB A, N
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INFET LR 50.61+3.15 22.69+2.64 26.70+3.73
s 60.35+2.93 21.32+3.17 18.33+2.48
K2RV E 71.26+4.35 18.06+2.05 10.68+2.31
Pl <0.001 0.119 <0.001
P2 <0.001 0.009 <0.001
P3 <0.001 0.070 <0.001
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Comparison of isolator and pressure transducer for monitoring pressure during

extracorporeal circulation
Chen Jie, Jia Zaishen, Liu Feng, Sun Zhiquan, Li Jiao
Department of Extracorporeal Circulation, Center for Cardiac Intensive Care, Beijing Anzhen Hospital ,
Capital Medical University , Beijing Institute of Heart, Lung and Blood Vessel Diseases, Beijing 100029, China

Corresponding author: Jia Zaishen, Email: jiazaishen@ 163.com

[ Abstract] : Objective The aim of this study was to evaluate the accuracy of isolator versus pressure transducer for monitoring
pressure during extracorporeal circulation (ECC). Methods Adult ECC system and infant ECC system were used in our study. The
results of isolator and pressure transducer for monitoring positive or negative pressure were compared. Results When monitoring posi-
tive pressure in adult ECC system and infant ECC system, the results of isolator were comparable to those of pressure transducer.
However, when monitoring negative pressure in adult ECC system and infant ECC system, the results of isolator were significantly
higher than those of vacuum—assist venous drainage ( VAVD) , and the results of pressure transducer were comparable to those of
VAVD. Conclusion Isolator was cheap and could be applied for monitoring positive pressure in ECC system, but not suitable for
monitoring negative pressure due to significant error.

[ Key words]: Extracorporeal circulation; Manometry; Isolator; Pressure transducer; Circuit; Negative pressure
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—assist venous drainage, VAVD ) 2& & #ij i 19 71 %, Lo
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VAVD i tHh ) 5H 4 22531

13 %t Fk PrafidickH SPss 22.0 itk
PEHEAT AL T, B PR 45 32 FEe AL b 2 i LR 45 12 42 5 g
a5 740 RE A% s 1Y 1E R BUER FHBCAT ¢ 462 56 %oF
FeHE S, BHFRA & He s RE A% B e de it 8l S
VAVD fii H B 50 25Tk HTBCRTS ¢ K256, P <0.05
HAREEER
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2.1 A ECC P&t 4024 1.0 L/min 2.0 L/
min 3.0 L/min 4.0 L/min 5.0 L/min 6.0 L/min A,
JI I BEL B g 32 DL R 15285 5 R 4 e S e 2= (Y
AAADCHE TR EME2E 5 (P >0.05) ; BHIR %% 40
RE A LA 7 48 B % L B 22 (3 A OGP ¥ T8
WEMZER(P>0.05), WEI,

2.2 BN ECC FRii%E#H: VAVD 28 1 R i 72
B, BELRR 2 1 DL 8 5 VAVD H i) £ s 2022
(EYA A CHE 98 B 25 (P <0.05) ; K )1k
REAR A0S VAVD Hi th () 10 R 5025 (6 34 A0 e
¥R EEER(P>0.05), &2,

2.3 ZJL ECC FREEMIE it v i f 43 9k 0.2
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1.2 L/min B, BHFE#F MU ER 3505 R 4 g #5132
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B #5538 40 R AR 50 TR ) e R A SRR 2 (A AH G
P TEEMZER (P >0.05), WK 3,

2.4 JLIE ECC FF&i#EH: VAVD I i Fe i 72, B
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R ORAINEE T HBREHEYLIR GEHBE T I B RE R IR R B ¢ KR4k

BEL & EDLINER vs. HE J7 4 B

FRLF 8540 RE R vs. TR 145 BE

i (L/min)
28 (mm Hg) 95% Cl1 P1i MRS Z{6 (mm Hg) 95% CI P HIEREL

1.0 -0.6 -1.5~0.3 0.140 1.000 -0.9 -1.8—0.1 0.064 1.000
2.0 -1.1 -2.4~0.2 0.08 1.000 -0.3 -1.1~0.6 0.516 1.000
3.0 -03 -1.3~0.8 0.598 1.000 -0.6 -1.5~-0.3 0.140 1.000
4.0 -0.4 -1.7~0.9 0.448 1.000 -0.3 -1.6~1.0 0.604 1.000
5.0 -1.1 -2.9~0.7 0.185 0.999 -1.5 -3.9~0.9 0.177 0.999
6.0 -1.6 -3.9~0.7 0.148 0.999 -1.4 -3.7~0.8 0.172 1.000
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R 2 AN R AES R IR AEAR RS VAVD B th A SO BB ¢ KR g R

BELBR &8 e BE RS vs. VAVD i EEL

FES1RERR vs. VAVD 5L

2(8 (mm Hg) 95% CI P1i R REL F{6 (mm Hg) 95% CI P R FREL
1.0 11.7 1.4~21.9 0.033 0.974 -0.5 -1.6~0.6 0.296 0.999
2.0 11.3 1.6~21.1 0.030 0.993 0.7 -0.6~1.9 0.235 0.998
3.0 12.7 2.2~23.2 0.027 0.993 -0.3 -1.8~1.1 0.576 0.999
4.0 12.2 2.1~22.2 0.026 0.979 -0.3 -1.2~0.5 0.363 0.999
5.0 13.5 2.3~24.7 0.027 0.946 -0.5 -1.4~0.4 0.203 0.999
6.0 11.3 1.7~21.0 0.029 0.964 -0.8 -2.1~0.4 0.141 0.998

£ 3 ZILAE MRS U E BRI RE AR (E R AT ¢ A g A R
BELF #8 MRS vs. e I Hefig g FELF 753 He B2 vs. TR J L BERS

& (L/min)

218 (mm Hg) 95% CI P HLREL 22{H (mm Hg) 95% CI P 1A HLREL
0.2 -1.4 -5.7~2.8 0.444 0.998 -2.3 -4.9~0.4 0.080 1.000
0.4 -0.1 -4.5~4.2 0.939 0.998 -0.4 -1.6~0.7 0.407 1.000
0.6 -0.5 -2.0~1.0 0.451 1.000 -1.3 -4.6~2.1 0.409 0.999
0.8 -0.5 -24~14 0.563 0.999 -0.3 -2.3~1.8 0.785 0.999
1.0 -1.8 -5.8~2.1 0.286 0.999 -1.2 -4.2~1.9 0.374 0.999
1.2 -1.9 -4.8~1.0 0.168 0.998 -1.1 -4.6~2.3 0.452 0.997

F 4 )LEAFEHBHIE AR IR GEAS AU ) 3 28 2850 a0 5 R EBO T ¢« K g AR
PELRG % ZE e FE 2% vs. VAVD 71 E5L JESIHRERS vs. VAVD fFEBL

i (L/min)

218 (mm Hg) 95% CI P1i HIEREL Z{6(mm Hg) 95% CI P HIEREL
0.2 10.7 1.8~19.5 0.027 0.924 1.2 -0.4~2.7 0.110 0.997
0.4 8.8 4.1~13.5 0.005 0.991 0.3 -1.2~1.9 0.611 0.998
0.6 8.8 22~15.4 0.018 0.981 -0.8 -1..9~0.2 0.093 0.999
0.8 8.8 42~15.5 0.004 0.992 0.5 -0.9~1.9 0.415 0.998
1.0 8.5 3.6~13.4 0.006 0.986 -0.2 -0.6~0.3 0.363 1.000
1.2 9.7 1.3~18.0 0.031 0.968 -0.2 -1.2~0.9 0.695 0.999

3 i

AT /IN T CRBEAT I ML PAT A 7% ) G A B i 5 3

KA B E S A8 Akt BECC XD T
ECC WMol Fe 77 9 5 220 H 25 9 R K AL, BUAE 1= Y
W/ DA B ECC AN Wi 2y Jik pE il 487 P9 %) e g 5 B
U AN AR B ASWT &R, S AR B 35 R O
HMBE—AF WA BT 1), TR B IR FAR B R W £
XHELXT ECC HARSR 1 7 5 iR 1 225K, #8512 VAVD
FARBIRHH 252, H 2R RHRZFARRAT G
T, VAVD BN HER TH M ECC W& IMA T
BEAURIE R AL R B S L e M
TR H T BT 5 R R T (S i s B AR IR AR
AR F il D i A 3 9 B, DTSR B 5 |
(B o 3% B SR A7 A — 4 TR0, a5 B i 0 ot 45 174

£ 1 4 5 M O L R 4 B R T, A ) 2 ) ot 9
DRI D) e (ol 4 A 5 L N 3 A A 5 LA
FLAE 513 52 AN G, B A 2 A 2R TR iR B —
P2l ECC It B e R B H L
DRI 00 A ™ i, 88 ) 67 H gl 8 A5 A FE 2

ECC A I IE s G At ZE I, i, B
F J7 4 B i L 3k [ ALY BEAS 2AR G ) fige ke, (HRE e
FIHRBEAR AR & Bt LA b — S8 HE T N B [ A 3 35
AoEaW L,y TIREIM R H 89 AR 2 A8 A
IR ARIR A LR AR | AR B ARSI 25 SR s - 7R AN [R] O
I BHFR e SR A DU A RE A5 1 T ) g
I AT ) ZE R BA 25 22 5, U AE S5 BH B
i A I R BE AR I T4 RE A SN 23 HiE IR — 46 Af]



rh ERAMIEHR 44 2019 4E 12 A 28 H % 17 2555 6 3] Chin J ECC Vol.17 No.6 December 28, 2019

359

S, A R D 1f, A A 67 s BEL B 2 B A e e R
VAVD i H (9 67 AR HCA B35 22 5, TN T 7 4
AE#R 5 VAVD far it 9 5 R %A 3% 25 5, Ui I R
RELRR 25 A AR AN BE I T ECC i B It 671 e

4 & it

FE ECC Hb il I 1E JH i 2% )8 1) 28 5 ) i ] LR
JH L B 45 325 12 460 B i slOH LA I g 262, i 7 0 i 67
I TR ZE RO, AR HIBERR A

S Xk

(1] JeRh. AR b RR B AR SMIG PR B9 56 2 [ 1] v B R S 34
Z47%,2019,17(1) :1-3.

[2] 2Bk PEEIMERGIR S R[] P AREE SR,
2016,31(21) ;15.

(3] HRHIFE  ZLitl. WAL T 2 SR SR SMIG B b (9
[1]. A HiZ W 507 4445,2010,24(12) 1 1231-1232.

[4]  Goksedef D, Omeroglu SN, Balkanay 00, et al . Hemolysis at dif-

ferent vacuum levels during vacuum —assisted venous drainage: a

[5]

(6]

[7]

[8]

prospective randomized clinical trial[ J]. Thorac cardiovasc Surg,
2011, 60(4) : 262-268.
Cho JH, Parilla M, Treml A, et al . Plasma exchange for heparin
—induced thrombocytopenia in patients on extracorporeal circuits:
A challenging case and a survey of the field [J]. J Clin Apher,
2019, 34(1):64-72.
Giomni C, Pezzella C, Bojan M, et al . Impact of heparin— or non-
heparin— coated circuits on platelet function in pediatric cardiac
surgery [ J]. Ann Thorac Surg, 2019, 107(4) :1241-1247.
Boettcher W, Redlin M, Dehmel F, et al . Asanguineous priming
of miniaturized paediatric cardiopulmonary bypass circuits for con-
genital heart surgery: independent predictors associated with trans-
fusion requirements and effects on postoperative morbidity [ J].
Eur J Cardiothorac Surg, 2018, 53(5) :1075-1081.
Bennett M, Thuys C, Augustin S, et al . The safe addition of nitric
oxide into the sweep gas of the extracorporeal circuit during car-
diopulmonary bypass and extracorporeal life support [ J]. J Extra
Corpor Technol, 2018, 50(4) :260-264.
(Weks HHA . 2019-07-04)
(1537 B #.2019-09-05)

(55 355 D)

[5] AERD®R, m R A5, FRIFARRHRIGE A ZARMELT]. hE ks
#HH,2015,7(29) :70-72.

[6] Z=BR,JRHE, RITE, 5. ZRFIA RFTIRGE B BT 24
SCERAHT[T]. R E B FE,2016,14(2) ; 14-16.

(7] ZEBME 2 WG . Z BRI AR R R BTRE i R
M. sPAes 5 AERE ,2018,11(2) :133-136.

(8] Xy, il MR, A% B AR B R1E 78 7 B 95 28 P i i
RELFH[T]. A E B EE 252435 ,2018,20( 10) :46-48.

[9]  RFE, uh, B, 5. B 2 B 0 IE B T R

[10]

[11]

[12]

BEEREHE 1] 9% ,2014,29(04) . 76-78.
ZEbp AR DREIL, AR A 2 AR R A O B SRR BT R
TP IRR [ T]. HIESEAEBE2:,2012,21(9) :463-464.
BHE. P RIRBTRIEN EAR SHEIG[T]. HEEZEM,
2013,11(11) ;372
VR L. BRONE AR B RP R TSR )], &
JRBE 2RI ,2015,19(24) :3394.
(Weks HHA . 2019-10-10)
(5T H1.2019-10-27)

2020 EHEEYEFIEFZSMIMEIN

B 181 :2020 4= 3 H 20~22 H

2020 FEEIMEIRZER KRS

§

i

i

i

i

i

i

D SEBMURSMERER T RS
i

i

}

3 At i : 2020 4F- 8 H 21~23 H
i

i

3

RS 28 7S 7S 7S 7S 7S 7S 7S S IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS IS AN IS A A A A AN

Mg B LEE SO REARESBUT,

Mo PR T P RUE (AR PRSI ) .

SFERZRITX

SIS TSN NIRRT NN NN IR

P

N



360 rh ERAMIEIR 44 2019 4E 12 A 28 H 4 17 555 6 3] Chin ] ECC Vol.17 No.6 December 28, 2019

- ARt -

DOI: 10.13498/j.cnki.chin.j.ecc.2019.06.12

JC ML 3 58 K BR A1 JA i Bk - sl Bk AR IR R &
AR 3 ST A0 20 IR

BRI KT, E B A, E ki

[(WE]:BH @ RmIsm K R#E K-S KA SMEA S (V-A ECMO) B8 Syt — BG5S 58 ECMO Rl 28 &
TP B A R AR S e 258 ) JB0S E Reml . 5% BEALGEER 5 FU8AE SD MM R R, BB E SRR, FE K E A A Hl 2 4L
BRI | A A e ks s , ZE M B sk & A 22 G — YR P P VK B B ) i, s, A 0 B sl ik 8 A TRk B o Sy sl ki v
Ui o DA I i 2 Jk 3 % 45 7 I 2R (500 U/kg) HLE, TG AL BE LA ] 35 400 s LB FF 4R ECMO i8%%,2 h 5#F1kis % ., 4031 FAR
i, AR 1 h,2 h =AM B B S AT, 0 S A i TR SE, T AR dr se it Memlic sesh ik 03, &88R A K
SRR 58 L B8, I TERIBR ECMO J5 FIRERR A FARFE , A0S A Z5 LR, AR F0TE 300 K/min ZE 47, JCEHEL
BRE MRS P S PELERFAE 70~90 mm Hg, £5i8  ASEE A K BAMNE V-A ECMO #E#] A FiJE/H Mg Wi 5e
AR RRBRVR BE R 1 4% P IRAE PR E | I ACEE R R E R S AT, R, W A T FSE ECMO ) i i ) ) 2= kAR TR
(S U 25 15 03 PO AL R 1o S T TR YT P A F ST B v R

[ KRERGHRIMEE S ; SRl ROMIEER ; A= fi S 35

Establishment of veno—arterial extracorporeal membrane oxygenation model in

rats without blood priming
Cai Liming, Zhang Qiaoni, Li Yongnan, Huang Yonghu, Ji Bingyang
Department of Cardiopulmonary Bypass, State Key Laboratory of Cardiovascular Diseases, Fuwai Hospital
National Center for Cardiovascular Disease, Chinese Academy of Medical Science and Peking Union Medical
College, Beijing 100037, China
Corresponding author; Ji Bingyang, Email; jibingyang@ fuwai.com

[ Abstract] : Objective Extracorporeal membrane oxygenation (ECMO) causes many complications, but the underlying mecha-
nisms are unclear. The purpose of this study was to establish an veno—arterial ECMO model in rats without blood priming, so as to lay
a foundation for further discussion and research on mechanisms of organ injury and corresponding protective strategies during ECMO.
Methods A total of 6 adult SD male rats were anesthetized with sevoflurane, and a homemade catheter was inserted into the right jug-
ular vein for venous drainage. The left femoral artery was implanted with a 22 G catheter to monitor arterial blood pressure, and the
right femoral artery was implanted with a 22 G catheter as the arterial perfusion port. Heparin (500U/kg) was given to the left femoral
artery for anticoagulation, and the ACT reached more than 400 s to start the transfer. The transfer was weaned after 2 h. Blood gas anal-
ysis was measured at three time points ( pre—operatively, 1 h peri—operatively, pre—weaned). Arterial pressure and heart rate were mo-
nitored continuously. Results All the 6 rats completed the experiment successfully and were sacrificed under anesthesia after weaning.
Conclusion This successful ECMO rats model with no blood primed preoperatively was characterized by precise control of anesthetic
depth, high success rate and easy operation. It could be used in study of organ dysfunction caused by ECMO.

[ Key words]: Rats; Extracorporeal membrane oxygenation; Animal model; Extracorporeal circulation; Life suppor
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R AP 4R A ( extracorporeal membrane oxygena-
tion, ECMO ) J& & ZMIG 857 R 78 e AR FH L A4 4iE e
YR, A B — Rl T O ML i 387 2 A0
UFE ARV R 1) 200 B A8 S5 A B o il T ) M T AR5
PR ALY JEBEAR IR ENEY Y H Y, AH I PR A
7R, ECMO Ay F I e ) 58 38 07 e W] 52 4 T &
E 1 AR B BUAE 19 i AT AR B3, ECMO 4
ARME ARG R & mEAERY R AHC
IR R AL BT I AT A Ttk — 2B 0T,
PRI — A JCAER S 1Y Sl 0 R A 3 57 % ECMO 4
AR SR oy B

XF T ECMO #Y BL PR K bk 58 2 48 18 i R
PSRRI, AR SR h WA B Ay 7 A S8t 48 32 G
P LSRG RS IR N T W) T AR,
AN T R FEABIBFSE , TR AN AR AR, BAT 5
NN K= WS ON & TR BT PRE# N
FBt o AL AL GRS MBI SRR ASAE AR
BB, g5 R, AP B A
ARSI A= i SRS RRRL 7 > B kA it — Pk R
HAL T RRGNEFR K- K (veno—artery, V—-A) ECMO
B [ R b R SR R TR I8

1 #MEHZE

1.1 Sy ALK EEFR R AMNE
BEsh sy e 2 Bt 24tk (2014-5-30-GZR ),
TECSAE fit B MEYE SD KR 5 H{AHE 350~ 500 ¢
(FAREEh Y o4l

1.2 REBRARINES BEPLERCEIE KR, T AR
12 h 256 4 h 20K, FREJF 4% ~ 6% L REEH K
% 10~ 15 min J&7 , VU & F g defe &, A 16
G 'R0k FH 8 Ik B8 & %1 ( Becton Dickinson A 7)) 4 H
SENRE Bl NS R IR AL (i R BB
AEYEARA A A 47 HLHGE R (60% H A5
40% ARG SMAE R ,2% ~ 3% L F bt 2
TR BRI , IR A5 R 3% 5 A 70 ~ 80 YK/ min, 1] H2 6~
8 ml/ kg, FEIR AL Z B 8 2 ik i 25 b A7 R 4
W SGR L 2 I I IS B AT 3~5 em
SR I AR

1.3 shARES FARIBALE K THFE A 7 0L
B 20 ok O 2 0 A UM e sh Bk 0 22 G — 1k
PR P Ik B A (O N AR B2 7 25 B 1 A PR 2
F)) IR A BB bk #2457 500 U/kg IFRBUEE,
AR WA ( PHILIPS ) #E 47 1l 3 20 7 27 W i A
JBE Bt ik 25 0 A8 A D) I 7 4% ECMO B0 JikE e i 5 A
A B A I SRR DK I T AR EAS R B K |

WA, R R T ERRIKA L OB K MR iE R
ECMO B k51, A b BT AT M55 3 v 22 2 45 4L,
T Uiy 22 2 [ 5, D7 1k A S ot R AR
1.4 ECMO ¥¥% & %% ECMO R (WA 1)
AL I B2 NS S i AR ARG BR A ] ) M i &
REMCHRAE , 10 ml 73 5 %, e il /N sh W B L4 A 2
(ARZERHREST HI A H]) . ECMO R AHER,
KH 8 ml 6% ¥ L 5 yE My AT TC Il F 7E

B 1 K ECMO &ZZF4

1.5 #iaadsE AmEEELSERES ECMO &
Bl K A, PR UE A g R R )
TG AL BE LI 8] (activated clotting time, ACT) , ACT &
400 s DL FIFIT IR ECMO 35 | MRAJ 5 37015 1 ] 4% i
BN T R KA A 7 B A R TR AR
A AR LA S AR & RIS, R
DL 14 K/ IR AR S B i A< 25 SR EA TR, DAESRE pH
{EF — LR 73 TR (PCO, ) SEAH G bR IR E 5
65 v SIS AW D . SR SF- 28 B Ik R B %, 2 B
FEA &R R, B B e i o, WA LS4 T I O 1 24
YRR, ECMO iz 5 0f Rl R 2 h, 7 rh i &>
10~15 ml/(kg * min) ,

1.6 #®EXE KLY FARET AP 1 h2
b =T A5 3k B3 i ot A2 A, 3 SR A% R D I
SBUE, IF T AR A SE I S B sl O Bl
1.7 %tz W SPSS 23.0 # A B S it 45
BT, BB P B AT 22 (x28) o, R IE S AT 8k
ERWII ST REAR ¢ K, P <0.05 ZRA G E XL,

2 & R
5 FHOR BRS¢ S 30 5 F AR RBOR S T
SERIARAE BT A SRR SR EEAS ORI 3l 1 2

RIS as R WL 1, 45 R 87/8 . ECMO FHi5
155 J5 4T 40 i HE ¥ (hematocerit, HCT) F AR 0.292
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R EARTOR M 25 RS AT R EHE (n=5,xs)

240 Nl A1 h A2 h PE
I (g) 407+16.43

M (°C) 35.23+0.32 31.18+0.45 33.87+0.13 0.0125
Sk (mm Hg) 103.25+13.24 87.52+15.46 95.74+12.68 0.0240
L3 (YK min) 368+21.57 329+25.74 353%23.12 0.0132
pH 7.508+0.57 7.406£0.90 7.367+0.33 0.0060
PCO,(mm Hg) 24.54+5.43 40.06+5.42 40.30+3.82 0.1518
PO,(mm Hg) 109.80+33.01 188.80+85.98 238.80%57.25 0.2256
BE (mmol/L) -3.622.9 -1.422.6 -1.422.3 0.2639
HCO, ™ ( mmol/L) 19.3+3.0 23.5%2.9 24.1£1.8 0.0701
TCO,( mmol/L) 20.0+2.9 26.4+3.7 25.4+1.8 0.0754
S0,(%) 98.4+1.1 99.2+1.1 100.0+0.0 0.0051
Na*( mmol/L) 136.0£12.1 138.0+3.9 135.8+2.8 0.0005
K*(mmol/L) 4.72+1.85 4.7420.63 5.38+0.20 0.0415
Ca* (mmol/L) 1.07+0.08 1.46+0.18 1.42£0.10 0.0889
HCT 0.29+0.04 0.24+0.01 0.26+0.01 0.0418
Hb(g/L) 99.4+13.0 79.6%5.4 87.0£3.7 0.0423

P AEDNARH 2 h SORRETEEORE BB L TCO, : A EBREE T,

TFEZE 0.236; Il 21 75 4 ( hemoglobin, Hb ) ¥ J& i R
f199.4 o/L FREZE 79.6 o/L; K" e BE il R i 4.72
mmol/L "% 5.38 mmol/L;EfﬁJﬂl%Z‘%&ﬁjﬁjgﬁ
FREIEHEEH . ECMO g 5%0f[E2h 2 h, i
10~ 15 ml/(kg * min) ,

3 3 g

ECMO 4R A T £ 2B 1T AR S A iy <
FREAR AR BY SRR A [F RT3 V-V EC-
MO Fl V-A ECMO, {5 F 2 H T S +F, J5 5 BE
AU S8, SORT DV O B S0k, R
R0 T 31 R 7™ F A2 45U, ECMO AR 1 i FH g 8 2
MIEfF A B, AWFFE /R V-A ECMO A LAk
A MO VR PR T B0 R IR A5 R B B AR AR (H
] 96 97 e R ) 9 e E A O TT 22000 1Y ]
T ST BB AT B Sh P BT ECMO i 2
AH G (] AT 5% B ok s RS ), [ N AR 5
KT ECMO s i 4 is (R 2 2 R R/ N
R A RESE 2R ECMO o 3 A 301120 i
SR SRR R BRI R, ARSI AT E
LI A ST A% G AR SIMIG B e TR AT T 455 0 B 45 R BRUAE
R FERRLEE ST A R T B AR, AW I TE
LA SR () Sl b | IEAT— o P B ) AR et
WIS KB V-A ECMO BRI ffi ECMO 1 8] 1fi. i
Bl 128 B B G AR R R AT R T RE

31 BRIk

3.1 FEMERPKS R ECMO 5 #1455 ) 5 2
— ARSI SR A A K G A T DAGRIE B4 R
Jik e | i i, de kS | O A R BT h K NS 2 T T
FUGT I A8 BE A5/ 08, I A K5 | 0 8 T A7 0 Dy
K PRI T 785 HARE 5 1

3.1.2  ECMO 1Eh—Fh & AR IR SMIE R R 50, 7E I
PR HR R oy FH 0 It D R sl B IRy L (|
J& ECMO AH I [ AL W 52 3 A -+ 53 B aff, 1 30
FEMAHT A TR I 35 26 1 30 ) 53 18 JF AN fig 58 2 1L U
ECMO 11995 PR A= BHLad F2 | AS S50 78 1 30 A 5 i) S Al
i TR, LR R R IR R S il
HFE TG IR ECMO e, KRR =5 158
SR ECMO R4, 2R 48 P9 e g 9 0 I 2 1 2
F B 7RSI S50 T T SE I A 32 PR AR ME S
AT RGE 7 WD, PR, 3 e e R I, A K
ST ESE 10 ml {48, 15 2% YR S (AR 131 72 LA Bl
775K, ECMO 32 17 1 (8] 18 052 0 56 4% PN VT 719
A UK M R G N R T, St A )R8, Had #8
TS R AR TS O I B 5 | A AR S A %
PEREERGL , TEIR S0 I sh 2 AR AL e TR
F, 0] USRS 240 0 64T 0 R T, L (R
— W RGBS BN T LT, 6 R R A
/N AR ECMO W3t 2 B In~F-R2, B 148 B () A
W R = T S50 B L%
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32 SRR A KRB 5E L%,
1 EdE /R ECMO JF iz % J5 5250 K R A R I |
SIS BRI B B TR, IR R V-A
ECMO FE R IR fig 58 B0 AR B e, 23 X6 R BRUAL
Aty ok — e BREE M R2 ], ARG LB (22
B i A AR I TC I WG PR S, 3 2 R4
MUt 25 R B, ECMO 1938 5% DU B ISR A 7R 1)
il FH oA AR AR BR S DR I 2 S 1L AR i i - 167 5 >R —
SEFRFE RS, T A 280 R G I F 78, ECMO
iE Nk AR I R B A W S B R
HCT Hb 2455 ek 28 . ECMO iz 17 3 8] e bk o 12
SHARROE SRR, JCHH R R, SR RGN R B R
U N O TR 2 S a7 (e M o i = e S
WA O, TR Tz e 30 il U A
FEAIBRNIE R ECMO ZLR BRI R A i T
ChRUE, T2 A A P T LA R
33 EBRAERE HTAZLEET V-A ECMO
KRR, I ECMO 128 55 1 a] 45 0, i
FH AR R B, 5 58 Bl PR, AT A7 AE AR [R), Ol 3
IR ECMO X IE#§47 K (05 mi) | 75 2Lk — 25 3 K
ECMO iz [a], 76 K BB B 81 384T ECMO 1Y
WEFE, AR ECMO 1A 1] (1 955 P A= B 40 A8 B0 422
IIGIR . A S50 R A% 2 R A e R R4, i i
TR 20 T AR 5500 PR FH A 0 2R SR AN TR
SR A A AN R 58 438 B IR I A9 15 FH A v
IR 2R GE i — 20 2 B (T I2ORE AR XoF ik R i) A B o
HA 58 R T ORI AR R 5 5 I 7E

4 & ®

=A

AR S AE PR UE 853105 | i o AR A O 1 1 0
T A SRR T i — R BN TR
FAMNE V-A ECMO #E8  iZ 3 Y B AL TE 2 4t 2H 1
J5 T 43430 ECMO I R S, PR e Head
V-A ECMO AL 80 J1FAH S, i AR
AT, ) AR rhRR IR B T 4, KRR AR A AR AR
FFa S ECMO 8] (495 B A B2 5 0E 284545 0F
9%, LA ST FUE ST 1A i A 4550 B BLAilh

SE Lk
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[(WE]: B8 X IARZERDEEST S R 7 IR 5 A U= A G 45 5 I Maquet 24 7] % Quadrox—T = A &
i XM AT, RO IR RDF RS MRS . ik ARFIEsE 9 HAkm g I 8, Zh W i w5 1 (85
+5) kg, BEL A SCH0A L IRE T AR IR A A 6 H R B . Quadrox—1 IR A48 3 . SO MiE 3 (CPB) , 7E/%
W E AR R CPB FHLRERAEM e bR, R EEL S8 br Bk 243 H (Pa0, ) | 4k 53 £ (PaCO, ) B 2% i i
ROWBLEAERR N LA HR JE 7 A IR BB e P S T4 R A A L B . IR B2 AT H B A 24 4
PPN, ARSI A S S S th s S YERR S R A L1, R #E CPB il & b SEI0 20 5 % R4 PaO, L4 1t
#2552 (281.2£67.2) mm Hg vs. (223.0£106.4) mm Hg( P >0.05) ] ,PaCO, TS 22 5[ (36.2+2.73) mm Hg vs. (38.1£1.40)
mm Hg( P >0.05) ] ;i3 %R 5 8 IR M R LS 1125 5[ (0.4820.24) C/min vs. (0.43£0.13)°C/min( P >0.05) ; (0.47=
0.11) °C/min vs. (0.46+0.07)°C/min( P >0.05) ], FEEFEALR MIIER | Fir A S5 50 3l Wi &5 i 21 2 KP4 R A S s s 1
PR Z A JESt i 22 5 [ (192.8+94.1) mg/L vs. (169.0+79.8) mg/L( P >0.05) |, A& a R A LA B BB | h 2 47 e
KB, HEURHEAIPM LI TR CH, LU AR SR IE A R SRR, &t BIESRER
KRR E AR A TEGE . A R RE ) A RAE ) SR A AR LR E LR,

[REIA]: BAAE R IBE T IR BT 5

Animal experimental study on domestic spiral diversion integrated membrane

oxygenator
Li Jingwen, Li Yijiang ,Tao Jun, Wang Zhen, Peng Jinxing, Zhou Xiaojian, Hu Qiang
Department of Cardiovascular Surgery, Shenzhen Hospital, Southern Medical University, Shenzhen, Guangdong
518101, China

[ Abstract] ;: Objective By comparing the spiral diversion integrated membrane oxygenator ( Ke Wei Medical Device Company )
and the Quadrox—I oxygenator ( Maquet Company ), we aimed to assess its safety and to provide basis for future clinical research.
Methods Nine Bama pigs were selected, and their weight ranged 85+5 kg, which was randomly divided into experimental group (6
pigs, spiral diversion integrated membrane oxygenator) and control group (3 pigs, Quadrox—1I oxygenator). Cardiopulmonary bypass
(CPB) was established, and relevant results were collected at the lowest temperature point, and the time of and weaning of CPB. The
primary outcomes were arterial oxygen division pressure, carbon dioxide division pressure and temperature change rate, the secondary
outcomes were loss of blood cell, leakage of dynamic—heating device, hollow fiber rupture, and oxygen plasma leakage. The histopatho-
logical evaluation of viscera was carried out in hematoxylin—eosin staining. Scanning electron microscopy was used to evaluate the struc-
ture of hollow fiber membrane and micro—thrombus membrane. Results There was no statistical difference in arterial oxygen pressure
(281.2+67.2 vs. 223.0£106.4 mmHg, P >0.05) , carbon dioxide division pressure (36.2+2.73 vs. 38.1£1.40 mmHg , P >0.05) , the
cooling rate and the rewarming rate (0.48+0.24 vs. 0.43+0.13, P >0.05; 0.47+0.11 vs. 0.46+0.07°C/min, P >0.05) between experi-
mental group and control group during CPB. With prolongation of CPB time, the level of free hemoglobin showed an elevated trend in
all experimental animals, but there was no statistical difference in the level of free hemoglobin between the two groups (19.28+9.41 vs.
16.90+7.98, P >0.05). No dynamic—heating device leakage, hollow fiber rupture, and plasma leakage occurred in the oxygenator. The
organs were evaluated by histopathological and no damage were found in our study. The surface morphology and the filter material were
normal in experimental group. Conclusion There was no significant difference between oxygenation performance, carbon dioxide dis-
charge capacity and temperature changeability of spiral diversion integrated membrane oxygenator and Quadrox—I oxygenator.

[Key words]: Membrane oxygenator; Intergration; Spiral diversion integrated membrane oxygenator; Preclinical study; Pig
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FE O ME BT AR, o0 Jifi % i ( cardiopulmonary
bypass, CPB) J& A 1§t/ il 3 43, HAT 50 AR Gk A2
HFARLAGREFEW " . B A AR CPB
BN 2 — 15 = o T LT R AU W il
e SR sE e, 8 O, F CO, M a4, s 2F i
SRR A LSS 8 1Y 32 LR A B 0 JRE A
OIS, X A i NI A TR, AT AR i i BHL
71, R MR, B R TG IRE, H TR
B IR Y BOSCRAME, 25 5 30rh 23 2 4 R
SRR XA R AR B & B
AR U A e, e A TR MR S A 2
A S SR (18 1) o — T3, AT AP IE
MR LA 5 0 A iR TE 2 757 U0 IR I 8l S )
] BT, R 2241 S AR P30 LR A T — IR i
SR AARTEAR 8] 5 i 1) ) 38 S04 5 53— 5 T, mp
DAPRIE I 21 AT 1Y 22 TG K5 AR 42 7 ] A0 ik
b B B 2 | L VRRBE IR B 1 38 T R I 3 T
R o AFEE R FH 0 8 5 9 4 L B =0
KRB 7 L/min, 763 5 0 LA, 0T 2L
SEMLIMB A G5 A ARRARRR , 9819 I, O B
AR BB IR 8 & AT LAt 38> 38 pum 1YL T
KL, ASBIEST H 02 o B8 T o AR R A B 2
5 Maquet A F]# Quadrox—1 B A 7 1 HLEE, X
HAZ M S A RCESEAT IR PR ETAIESE , AR ok A1l R
WSS AR

1 RS

1.1 A AW RS R I, sh R
FElh (85+5) kg, MEMEANFR , IEH IR &, 04 B T M ARDR}

WFFERR . W i A IR A G 2 AR SE R =
I e AT FR 2 A) #2448 ) Quadrox —1 JE U4 & 25 1 H
Maquet A7) o HAW FEE L5045 5 MR 5 < BRI
HL( Drager N ,%@lﬂ) V2B W N (I S F] )\
N T (Stocket 23 7], ) | il 404 A1 A6
¥ ( Medtronic 23 &), £ #) AF IR K F6 ( Stocket 23 H]
P8 ) % Ak BE MLE 8] (activated clotting time , ACT)
AL (Medtronic 23, S [ ) FLIERAAR (1L ZR B
FATD) FRCIETERY 130/0.4 EALHNTESHR (b5 2k
AR LA R]) R E A (S — A2 A R
INE]) HIABY (AstraZeneca N ], FEE ) | 5 5UE (Ab-
bott Laboratories 23 &] , 52 [F ) =

12 7%

121 S rdl Ml s Bk o 1 I
PLECFRBENL 532 - DL 56 20 (MRE T It 4R 1l =X e
XAGH) 6 2, 4 JUNPREIA SRR 2 ]
ARG 30 KRIHLEAR , @%] R ( Quadrox—T 5
Aaan)3 KO AREIRH LA,

122 CPBEWRA!  Fr i SEsh Y RFT 2 12 h
SEK 8 h FBREER FHER R BERL R LA N TR, 7 2R
RGBTSR HRREEAIL, T PF IR LA Y
WP 58S 10 ml/kg, PRI ECH 16 1R/ min, &
Uit 2 L/min, R 50% . BRIk 7w ikoa i
FRIK N M2 T I (2 ~ 8 me/kg) AEFRFIRRIE, AR
Wl & A IR A S RbE (0~ 5% ) 25 T TR ARR
iz S5 N NG ARl BB 7/ M #2117 AN a1 9
Jy ARG AR | B PR AR K ACT 48, R 100
mg JIFZ 500 ml FLARBAMAR (1 000 ml 2L IEGEHT (10
mg FERIZER I 100 mg AL EFATITE CPB i,

A2 T BRI
B 1 A A ) R S T A A R R

A I R T S U 7S R ST AR
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FARABRBOE PR, I T E kO
PREB T FRYIFF A, B im0, & BT (3
mg/kg) T BB KA 0 5 4 ~ 0 Proline XX
TIALEEA  FF B0 T A2k bt B AR TE 19 3l ki
B OWHFRIKIER . 24 ACT > 480 s J5JTFh CPB, %
F 70%EWE 2.5~3 L/min MBI, 4 F
7 L/min %(fﬁ:%}ﬁ, PAN F%YEI'L, KA E R
30°C , B 28 B 32°C 455 1E R I T 445 LR B, DA
50% %8 A 2.5~3 L/min i E4EHF 2.5 h 8§
A4 h JEIFIRIR, AR BRI 70% KA I EE 0
H37°C IR B EIIR 36.5°C , FEHiAI N 3 h 5L 6
h (5L, BRIFEFIE A 3 h B 2 RS2 s ARG 30
d WAL WAL, KRR IIEARG 1 h, REE
I FERI J5 AR B
123 FEAGSREL SRR BTN,
OF A HERE . sk <53 (Pa0,) > 150 mm Hg;
@ = S Ak b HE 1 RE T2 B ki <A A ik 4 R
(PaCO,) < 45 mm Hg; @A % . B3 % 0
T U 928 105 8 52 T 2 00 U o U sl B 3R 45 A 1) S 22
(AT) IR 22 (At) Z L, B (E) = AT/At, E(°C/
min ) BORHR AP I, R EEL S bR . O i 4 i
YR ¢ I 2 00 55 1L 41 2 FH <200 mg/L; @CPB 4 2
AR E B IREBUK MRS @ s 4 4 &
R HRMIR G ; @FE A A HEIL R G A 2K 3
s, 7€ CPB 4R35 2] H AR i it J5 1 FEZ{E (TO) |
Rl 22 fe {1 A (T1) AR 3 (T2) & CPB S HL AT
(T3) R4 FIRFEIR,

1.2.4 R KEMPL (Hematoxylin and Eosin, HE) 4%
o S LU AR KA R AR A 2 2R
b, G Bh BE K 30% . 50% . 60% . 70% . 80% . 90% .
95% (452 h) I 100% (LUK, K 45 min) K,
Fie A AR Y) il A Ok VIR JREE 4~5 pm,
AT AR YO IEATH SR N, P28 FH R
SRS, B6 TS 12 9 S5 A K (il AR E
100% 95% 90% .80% 70% , &YX 1 min) , 75 A 2 Y
,0.5% R BRRE 3 1L, EUK K, 1% e o )5
BRI R TR I K H AR B R R 70% |
80% 90% .95% .100% , 5 YK 1 min) , —H ZKiEH 5
TP i B, E R T ISR A 2R A R A
PHAEPAR | XSS SR A TR A

1.2.5 FAFH BRI SO0 A A d o0 R E I
P UITFA A BEHLIER 5 em® K/ b s 2F 4 i
SR DR AR, I H DL R A A AEA A e IR
FEat R 2.5% % —RE 8 28 I, 76 4°C UKARHEA TR o
K, V8 VR TG I WP RE fb iR A T 25 0% 4 SR AR S HL A 3L

B, R R A R EIES , o dr bk & I
SH

1.2.6 %itF 4 I8 Minitab 17 BAFH1T5
AR TEAS S RO Ly 257 i, PR B e
25 (x8) FrR , ZHL 2 [0 BB HL R 7 2253875
PRSI AT IR By 22 AR 55 I, 22 28 R 41 35 80 L
B AR, 1 B 25040 FH v 87 250 ( Y 437 [ BE)
FR, P<0.05 N EEER,

2 & R

21 EBRHHARER

2,11 ARSERAFSY S R AL A g g 9
JIT A S s e S A A A AL
2.1.2 LR 1 HEDEFARIFNE, &3040
K% S BB KRR, KA S BAE TS, KA 8
S0 7 R BOR SE S e, Herh i 3 H
XTHRAL 3 HAHEHL 6 h, A HIFAKE LTS 1 h J5HL
S 2 HEFEHL3 b, RJE 30 d B, if sigs:
Y CPB i B VA A5 HLE WK E B IR AT 2
B S B[] 25T

22 EZBAEIAR TE CPB ad B, AH L T X HE
S0 2H A BE T AT A I R 5 oK, A& I E] AR
Pa0,>150 mm Hg, 7E54HL 6 h J& , Se5u2H 5 X FR4H
AARTEN IG5 (P >0.05) ; A uiHERRRE
TFFEMIRTS 2R, 4515 8] £ /% PaCO, <45 mm Hg,
TeGiita¢ 2 5 (P >0.05) ; HiFRIR# R 5 & i &
WG 225 (P >0.05), g1,

2.3 REBAEIGH  TE CPB 6 h WA], BE 55 LN
[ HEH | T S50 sl ) i 2 0 285 00 21 2 1 /K2 2
BT E A (HH R T 200 mg/L IEH{H, L5
550 HR A 45 Bsf A I 07 5 100 21 B KO- ¥ e S i
ZEF(F2) , BT U A AR I TR IR
THE T AR A2 5 () 28 7™ il A AR 1S I £ 4 M e R 1) &
R FTH LIS YILE CPB s A $ oK & AR 78 i
BB PSSR N B,

24 WBBRBFEMS LIAT 3 HIWTERL
GEWAETE 1 b a3 O O iR R )
h, 4T HE g8 PPAN E 2R AR A A 15 0 . e B
CINROPN 17375 SRS NV d %2 i b2l i S
PR TCK S A s @B A WA 5k K, R U 4% 1
A [ R LU /D 2T N B B0 ILEE # I
WK WG RGN ARG ; R/t &5
FATE A | A LA 58 S50, P A WL AR PESRAE , A DL 46
PEYHARIR T ; & /INEREEFI A UL S8, B I 4 ] O 72
I, Ry /NS T T AT L 22k e A i i, LI 2,
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R TG IR B RARAREE R (xxs)

WiH A A PG (n=5) X HREH (n=3) P{H
Pa0,( mm Hg) TO 260.1261.9 229.7£77.6 0.561
T1 333.5+135.9 229.7+77.6 0.280
T2 272.4%30.0 223.0+29.3 0.127
T3 281.2+67.2 223.0+106.4 0.164
PaCO,(mm Hg) TO 38.0+2.8 37.3+1.5 0.715
T1 38.8+10.0 38.3 +1.19 0.941
T2 37.7+4.37 36.8+1.56 0.740
T3 36.2+2.73 38.121.40 0.328
[ % (°C/min) 0.48+0.24 0.43%0.13 0.771
B RHER (°C/min) 0.47£0.11 0.46+0.07 0.915

R2 PILLIMIR U S MLLEE I RS R (xes, mg/ 1)

R T B SR T LA R 5 it B iR A

i PR AT RCE A2, h K o 1Y 1l PR BF 2

A A S (n=5) IR (n=3) PiE
TO 48.8+11.9 65.0+11.9 0.112
T1 77.3£59.3 87.0+53.4 0.824
T2 18.57+11.3 13.61+55.6 0.512
T3 19.28+9.41 16.90+79.8 0.728

BEVE A0 5 HERG 00 2= KA, e di b o) 2 RIS
ML 3 hAFHLE , B ERFIRRE WL 716 30 d, &
WDIREIE R, FEE K IEH , K/MEHEH IEH

2.5 HFLLEN  CPB 6 h 5, VITFE G #BENL

;;’

E:Xﬁﬂﬁgﬂ:A:EIXIA;B:HHT;C:‘L‘;D:H:;E:'%;

IS om®BEAhEAT A AL BE VLS . A L TR AT 450
FARI, LA A A AR LSRR, RIS JF
LY S A4 /N R 3% 2R R e i 2 9 2>
VFRORE TR RN, R DL B I8 5 RIS 0 (8 3) .

AR S 2R YRR B S 2 2R 4RI L R
FHBHBKUEAR AR s D - i H 5 Sk & 2B
3 SRS AR TS A SR

(g SORILEESE LR Ww iy

i%’ﬁéﬂF:HTKI;G:BTIT;H:IIL*;I:H?;J:'%‘o 3 -i;'l- f%
2 ALY RIS A IR0 WSR2 70 0 B R L 5 U P

fiy, A Bl b s 21 R RS8R A A e s e,



368 rh ERAMIEIR 44 2019 4E 12 A 28 H 4 17 555 6 3] Chin ] ECC Vol.17 No.6 December 28, 2019

AEB A SZIRAE ) £ T s i 5
WIREFAEHES . — 5 T8, % Hh 25 2F 2k JEORE bt BE AT 2k
PE ANERRITR 2B, AR LIAT R0 i v A
2 AN S T M5 T , i R LA v AR AR A
SRR, 53— 7 I, XA e N S AT
b, BEING BEAHRAT s 2R 4B AT DU R S
5 AR AHRBR AE T, 3 T L) R BT U0 5 % it 40
FRSENE A5 A AT ML 9 4 B X 2 S B0l 4 i Ot
NP H o R LA A, BRI E AR,
Graefe SF BT NP A 4%, AL NI, A 3%
b PR VB X, B S AR i SRS AR A AR
WHFE R B, BRI A wT LR AR /MR, 9
MBI R MR LS S S5 A B LV A E A
AT 5CHE H LI A AR SR O PR BE st i /b e
AR I ELARAIE IR AR 52 488 S S v S8R el e v
DR 73 M2 B EIR o

Sk g e T LA S80I SH S Ok, 2 R
BHERAERIEN G BRI L5 CPB 4 %
T, Bk e — S A F, BEE AR T
REHRBERE A5 3h ki ke BB G T I A, i
AN 4 5T bt 5 AR N AR fih T AR, fR I 8
FE A, B REL, Ba Sk IE f RS
SRS AL Bl 3 = 18] 45 4 B i (7] f 35 e
R,

AT R A PERE AR AR BE T AR TR AE
73 MR SR IR A5 22 A 05 TP SR S U A A
KEG A TERE, A LT X IRAH, SCER2H 1Y PaO, |
PaCO, J2 2 R Y EW AL I PR EDR I B R 28
ity PO, B AL 8 OR 484 o afw 400 JHd ) R 2 1
B2 AR TR 1| I -3 e R o US| B S 1
FIFE B AT, 8 A A% N EROR DL ™ 5 3 98 5 Rl

Y e B Ak
}%Jj&#l%o

e CPB i frh  WRUiE T i A U U4 5 AR
SEATERE AL HE L BE T S AR RE T 5 H ATl
PR b i BT PR RE AR 4 1) 80 i AT HE G A 8 22 5

PR LU R R 5K, O 22 9 W PR AVE S 482 3t 1
905 HERR 2 5 IR
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U B 2 2 T L S 0 0 M A O 5

Mo fe AT Lk i % AdREs AR F

[(WBE].BH HEREWREMEYNREEFE (THC) REE I 2 ZE A (DOX) 2tk 0 BE g P 54) 25 1 B HAE T HLH
Fik R R DOX vy St R /N BB B 5 A 1 U8 H 44T THC, 71120 100 mg/kg, 3
REBE 5 K SEE /NS 9% B (Control ) £H ; THC 20 ; DOX 40 ; DOX+THC 4, DOX AbFE 5 K ¥4k O UG B A O EIR 4647
TETIEE AR ARG T B, SR 5 Control 4/ EUAHLL, DOX ARERJS , /Iy BLC LAR A 3 B 28 A8 1, 0 IR 4 T
KIIHER A2, TETEE(ROS) 7 B 3 5 O N LR P T2 1 Bax I cleaved—Caspase 3 ka0 LR T2 3R B i 34,
MEOAALHIAT 1 Bel-2 Fik W R FFE, DR Z A AT IR0 5 DOX 51 M L0 LB (35 P <0.05) . 45t

VU 4 25 0 25 30 o 0 o) R L 17 S A0 R T 22 2R L B R O R R

[REBRA]: O WEEEE, ZRE OUEFME; SR ET /MR

Experimental study on the effect of tetrahydrocurcumin on cardiotoxicity in-

duced by doxorubicin
Chen Xu, Feng Jianyu, Ma Jipeng, Feng Xiao, Jin Zhenxiao, Zhao Ping
Department of Cardiovascular Surgery, Shenzhen People’s Hospital, Guangdong Shenzhen 518000, China;
Department of Cardiovascular Surgery, Xijing Hospital, Air Force Military Medical University, Shaanxt Xi’an
710032, China
Corresponding author: Zhao Ping, Email. Zhaoping714@ 126.com ;
Jin Zhenxiao, Email.13571921011@ 163.com

[ Abstract] : Objective To investigate whether the curcumin derivative tetrahydrocurcumin (THC) could alleviate the acute car-
diotoxicity of doxorubicin (DOX) and to elucidate its mechanism of action preliminarily. Methods The mouse model of acute cardio-
toxicity was established by a single injection of DOX intraperitoneally, followed by daily administration of THC by gavage at a dose of
100 mg/kg for 5 days. The experimental mice were divided into control group, THC group, DOX group and DOX+THC group. Myocar-
dial pathological changes, cardiac systolic and diastolic function, oxidative stress injury and apoptosis were evaluated 5 days after DOX
treatment. Results Compared with the control group, vacuolar degeneration of cardiomyocytes was observed while cardiac systolic and
diastolic function was significantly impaired. The production of reactive oxygen species (ROS) and the expression levels of proapoptotic
proteins Bax and cleaved—Caspase 3 in myocardial tissue were significantly increased, while the expression of anti—apoptotic protein Bel
-2 in myocardial tissue was significantly reduced after DOX treatment. Tetrahydrocurcumin treatment could markedly reverse the above
—mentioned damages caused by DOX (all P <0.05). Conclusion Tetrahydrocurcumin can alleviate the acute cardiotoxicity of DOX by
inhibiting oxidative stress damage and apoptosis.

[ Key words] :

Myocardial protection; Tetrahydrocurcumin; Doxorubicin—induced cardiotoxicity ; Oxidative stress; Apoptosis; Mouse

% % 1t A (doxorubicin, DOX) & B IR 10IT 24
R FEEZ Y Z —, F 20 4l 60 4F AR Ik A sE

BELW A . BXARPFEL W H (81570231)
YE& B AL 518000 BRI, TRINTH N B B Be.Oo B K i 4 A0 B
(B JB,#X $#E) ;710032 8%, 25 B & K247 5 B B 0
MAEHMBE (B M8 1 %, 4 PRI%)
WIS B P, Email ; Zhaoping714@ 126.com;

4RI Email : 13571921011@ 163.com

B PR R, DOX Rl K bz il R R 9T
Z2 P2 RS AT A 40 O 2 1 25 0, (91 n SRR ( FLIR
I8 IR SRIEE R i e ) AR I RO (9K LR R L
M) ' AN, DOX R E F R AR 4 Bl
FUBHR BT . SRTAT, DOX A4l PR 1o FH 3 5 PR 57
A OGO TR 52 2 Wt B, 228 ¢k Tad & DOX
R M )RR I R A R BOET T, H I,
MRS R 8% DOX L EREME MBI i
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R RE U,

DU 2 ¥ &K (tetrahydrocurcumin, THC ) J& 22 1%
REFE Y 2 — M T 2 E EZ A TR
oAb o i T HEPUE LR THC B 0ESL
A LA RH s 5 R O i Th R g (H
THC BE 2 DOX WO IETEVE I IO I, Ntk A&
WS B TEIRSE THC RERIEE DOX O IE LI 20
PRITHAHLH

1 #REFZE

1.1 S #A#  THC(Sigma A H]) ; DOX ( Cayman
Chemical A %)) ;91 B WLsh#E H (B-actin) Bax Bel-
2 .cleaved—Caspase 3 $iLIR(CST A A]) ; EPi e . RHT
RBUA (JE A2 S A D) 5 & L WE (dihydro-
ethidium , DHE ) %% ¥ ( Invitrogen 2\ ®) ) ; Jify 24 IfiL
(Gibco 237]) s DMEM %37 ¥k ( Hyclone 2 #)) ; HOc2
MM ZR (SEE ATCC 4% ) ,

1.2 %%k

1.2.1  DOX /0> Uk 25 1% 2l P 155 78 1) e 7 ] 4y 4
C57BL/6 /INEL(8~10 JEHA ,20~25 ) a8 424555 K
S0 eI B/ 18RRIt b & S S By S i) O 1 B0 3G
FFRFHE DOX (15 mg/kg) HA7/NEL DOX o IE
FEPERE R YER)T 22 DA Selk s 0 L Sz
SUBEHL 4> 4 40 . XF & ( Control ) 45 THC 41 ; DOX
2. DOX+THC 41, THC 252555~ 100 mg/ (kg -
d) 25T 5 d, 45 257 O REE o IR Ry e
B2 LIE THC 7EMRSER =

1.2.2  DOX CERFEPEAH IR A EE N7 S o2 Gy
JERM ] DOX(1 wmol/L) 203 H9e2 4 il 24 h #4
# DOX O LEFPEAN AR . HO2 4HAE S 20N T o %
& ( Control ) 40 ; THC 4H ; DOX #H.DOX+THC #H, THC
5 DOX [RIAY 45245, THC 252577553 4 1 pumol/L
2 pmol/L.5 pwmol/L Al 10 wmol/L, Z5 24518 24 h,
1.2.3 iM% /il E  H9¢2 41 DOX Al THC Ab
PH 24 h J5 R MTT 35D 2 LAEAT 20 B 3% Al
BEANFZH A 40 i 3 FP 3] 96 FLAR B, SRJE, ¥ MTT
W20 pl,5 mg/ml, B fET PBS H) I A &4~ 1L
W IRLE 37°C TR 4 h, SR I 492 nm Ab B I
FCRE . A S2565 2H W) O BEAE A Control ZH 1 AH X (H
(Control HIZEN 1),

1.2.4 DIEMFES) 1M DOX A1 THC 4b¥E 5 d
Ja i P EEARVEAG O MR 3 bR, iS22,
i P R B G B G2 (50 mg/kg) IR/, 5B 2
15 548 (SPR-838 , Millar 2% 7] ) i i 45 #0543l ik i
ALEDE B RGBS ot R R A O E

P d5e R T 8 3 R (+dp/de) FIZE O N ER R TF
B AR (=dp/dt) o

1.2.5 DA ARR KR DHE Y4 H T4
TA Py b7 A 1M 4 (reactive oxygen species, ROS)
7= A BB E 1k 5 2% LIAE SCkIRaE ™ K
L] FrHa 4% 10 APEVLERE R OLET I Image J
AR YT E & 426 EE N Control
20 AR E ( Control HIKFE N 1) .

1.2.6 UEZZ! Bax Bel-2 Fll cleaved—Caspase 3 £
FIZIAIE ) RIPA (S 28 w240 /N B
JEZHZT SRS TE 4°C LA 12 000 rpm 75 5 85 .0 LA R4S
FWEWPHSUE A, ] BCA Jr i E A
W, RIG B R AR TE 10%SDS (T ke A iR
B -SRIV IR EE I Th 48 F % PVDF (2R i 96
L)L JFEACUTN S P E k., WEd
WE BREEVE 3 KR EATS ZhiE =R T
A 1 h IJFFRUES 3 IR, RS ECL(Hfb2: k&
J6) KOG (Millipore 23 F) ) A I BN, A< 52 58 v
FHB—Hi 24t B-actin(1 : 1 000) Bax(1 : 1 000) .
Bel-2(1 : 1000) F cleaved—Caspase 3(1 : 1 000) $t
&, i Image Lab EG8IF 1188 A 200 K E
fH, B-actin fENARLEHNZS,

1.2.7 O EHLTRAKE - L1 (hematoxylin and eo-
sin, HE) J¢{,  DOX 1 THC AbBE/NEL S d Jm, BLL
HELH LT 10% /R B AR 5E 48 h, 2K 25T
LI AT F HUR A S BT 5 pum (.0
WAL R, UL R 1T HE Yl g0 L
UGBS

1.2.8 TUNEL ( Jsif R dmbric ) G 8246 .00 i 2H
ZUHT R B OIEEZY (5 um JB ) JBA 855 55
Ko SRJE RS H FRUL T 5 20 BR A ] TUNEL 3057 &
R WL S g A PR T L, AR Bk R AR
10 MR PLETF (400 ) H13 148 TUNEL FHELIA
1.3 %t o4 K GraphPad Prism #F2E17450
2R . SR LS R LI BRI 25 (xs) TR, 22
S 0 PR B0 R FH BRI 3 25 40 T, AL ) P L R
FH LSD—t 36, P <0.05 A A Geit2a X,

2 # R

2.1 THC 4 ¥ 2 & & DOX 5|4 649 s & s WL dm fie,
B EE HE G kil 7/ BC WLZR I A 35 5 155
M, 45BN, 5 Control ZHAHHL, DOX 4LFE 5 d )5,
O WU 22 2 B A 2=y AR PR ) BIK A2 P | 4R
O NLARAE & AR 455, T 5 DOX A AH L, 457
THC &35 /N BRLCo LA A« 23 i A8 Pk B g el 3



rh ERAMIEHR 44 2019 4E 12 A 28 H % 17 2555 6 3] Chin J ECC Vol.17 No.6 December 28, 2019 371

5 Control AL, 4145 T THC A A 25 T 0
WLAR M & A < 28 A e, WL 1,

2.2 THC &2 2 &% & DOX 7] A 89S Ik 45 5 47
KA DOX ALBE 5 d J5, it Millar 45 4%
ARAEMKG I 25 /N A D HEDE . 5 Control ZH4H
L, DOX Ab 5 /I RO I 47 RN ET 5K D) R 241 BH f 22
4, 2B R +dp/de Fi—dp/de BHEFEG( P <0.05) , 5
DOX ZHAHLE, 45 F THC AbF 5 0T LA S48 A1 +dp/de
Fl=dp/dt, o IR 4R FIET TR DIRE ( P <0.05) ., 5
Control ZHA LY, BA4liZ5 T THC b BN .0 W 46 Fn
EFIRTIRETCHH A ( P >0.05) , WLIE 2.,

Control

2.3 THC 428 27 & DOX 51485 H9c2 % LR
A THC BB ELEAE 0 L40 i
KR ER £ & it DOX AL BE HOe2 0> LA I
FAE AR DOX U LA #5 PEASEAY | AN [) 3k B2 1Y
THC AZb¥E HOc2 A0AE, {8 MTT 05 325 74k 40 e 7
J1, LIERSY THC 4447 H9¢2 40fE % T DOX FEPERE
J1, 5 W R, 5 Control 4 40 o AH tb, B 4l 25 T
THC A3 H9e2 41T 1 o sz ( P >0.05) .
DOX Ab38 24 h 7] I 2 FEAR 40 L% 77, i THC Ak 3
AT e B A 1 b ok S A S, AR S
wmol/ L IR FeA4E (P <0.05) , WKl 3,

DOX+THC
Ay (7 g

10000 1 8000

5 8000F @ 6000 “
iz = i
£ 6000 p
£ £ 4000 \
3 40001 g
o o
T 2000} 7 2000

0 » < 3 < 0 » < 3 <

009\&0 «g‘?‘ 00 X«g‘?‘ 0660 Q‘Z‘ 90 X«g‘?‘
* s o
Y Y
7E:n=6," 5 Control AL, P <0.05;*5 DOX ZHAHEL, P <0.05,
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Application of del Nido cardioplegia during cardiopulmonary bypass
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del Nido cardioplegia; Extracorporeal circulation; Myocardial protection; Myocardial injury; Cardiac surgery
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PR3 B8 KO- B B 3 i, LI T 98 3 K7 A
O A B fE 6 PR 3 L TE AR G it L ot 375 98 K
SR DR ER A R A L O R ) A ST A 6 TR
1 I R R 5T R W R S O R Y
MCHER R A TR, 24 MI/R B, A
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/N2 O R & A E Tk, BH
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KU BN PR 2R 0T RS K /N RO
MU/R (T 3206, bR T B0 LRSS, 58 R i
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DA ol 5 0 1 1 R RE S, 5598 R ANTR], APN #E
Bt PR R & ML/R R E B i, —
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o KB VAR PN S350, 5 SR 3 Ik 9 1 AU 2t £
FASE BN RN B APN ZKSER] LU L6 52
B A5 BFFEIER APN AT L3 i A R 2
(calreticulin, CRT) /- BT T- M A fL i 12 & 1%
O WU E R AR APN IILAE 2540 [ s, M
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PR 2 R BN T 0 A AR ST AN S A
WEATE BRI MI/R BF, APN B3 /N B WLES /45
PO M B 1 U T - B 3K 2 B 2R 1 ( CaMIKI -
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e R A, T AN VR M BR AU 5 4 K APN RE G
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Ko TEGPITEIR B K55 B B AR AR I, A8 35 I3 1R 4T
FOKFI R T OF B S A AR 0 (RE AR
it 8- RIS ) FLC WL 7 72 BE (JILAS 2
T) S IEARSE etk 30 bk P Fz 41 i S Ak 452 495 1 B
A FR A2 MR 5 i B AN 2 1 32 2 R [
Z—o FRBUR AP T4 3 N TR B K A B 20 A ik
By AU B 1t i S A 8 ] — E AL RS
B FAMEBHTR W] AR 7O WL, TR
HRBTF AL BE AT {2 0o JL A0 A AT 4100 4 JUL 4 A
%6 5 TR FARBT IO L TNF-a 205 R
O, BT R M/R VR AT SR A7 7 18
AR AR IE TS E R, HP R AT DL O T
PI3K/ Akt FIEE A C {558 B PR 4O JULZR L, [+)
A3 T DAFE PN EZ 4 B AT LR B 0 Ake f55
T [, e 2 0 LA AR T 98/ N R TH AR
MITE MI/R & 450 BEG- P 7R V2 L i HAR
e dE AP R T RE7E RS 3 ML/R $453E 25 iR )7
ORI IRE . MI/R /DN BRUR # Dk AIRHT 2R
LI A W7 (8] 78 5T+ 20 i (adipose —derived mesen-
chymal stem cells, ADSCs) J& , B T AL BEAY AD-
SCs 4, /N RZe 0 % 3 1l 0 300 8 B, MIVR 75 3
.0 ILEFZEAL O JLZR BRLOR T B S BRAIC A8 i
DX I 1005 A T S 3, i — 2P B SR SRR R
i L s ERK1/2-MMP-9 {553 [ 2 #F ADSCs 7
Sl AP B8 v B 1S 5 AT A% T3S 9 ADSCs X
MI/R HI78

3.4 CTRPs CTRPs ZJi%2 APN [AJR 555> 7%

i AV 170 171 1 I 27 1 = 04 o -
B BRI E 2 W # CTRP3 fil CTRPY 5
DA A B VIR I RAFSE & Bk
DGR BRI CTRP3 A 3 T/, F9TIE
O URE SE R AR T ARSI ZH 4L CTRP3 Rk K, [A] At
IR R b CTRP3 &, dE— 4 B ML B 55 3IE
S CTRP3 M 3#00E Akt 9020 ILAREYE T, 41 il .0
JLTED ST £F 4 Ak, , 384 mco LR i i 485 P-4, DTG & 44
ODWUREVERRT . CTRPY S35 & SR g 5 4 7, &
FIK AL I R HH B BROIR X e 2 HEAE IR 3R 7
TERFEIE, CTRPY W 5AREEE Z 1K 1( AdipoR1)
M- E A 46, G 2 M E 515 S kA
YrEVER ., CTRPO = ZE 975 UL AN it AT P Bz 440 i

D RE B RO A R RVE T, DF5E 3R MIVR
J& , 138 CTRPO A LA /D0 IR SE T AR T HLos %
RAA SR O T [FIE CTRPY 18 i i
45 CRT, #4355 PKA-CREB i #% , . L4 i i T,
Pt MU/R 5 A0 LS

35 AMRE WARER, 4% MMk e 6 I A% 0 % %
fit, ARSI 2R 352 A s A0 M o3 0k, 2 i i TR
TR, AR A BSON A ME T AR
SESFZFIIRE, T2 S 5T RERE B R, B ks
BERE AL RO I 3 05 25 2 R BEE RS L B 5T
FHH N A 2R 2 e 0o s i Al ST 5 B RV 2R HL 5 e ikosk
AR BE AR SE T @ AT 100 1) SO LA
BE2E K et R BNk A A A G 85 s M BE 2R KF, 4
Spearman AT s, WA R K50 WUILES &
F LR S [R) T C RO 88 I %% B2 g A IR
R R IEAH DG, RUTNAER 5 MU/R O LB 5 0™
FAEE AR BLRIBFZOA N IR E 25 MR
B O LB, P 285 P 1 o 5 O WL 200 AR
gk Jrz J R A — K% IR ( NAD+) & AN JE FT ATP e JiF
RS O LB Il MI/R L 7 48 oy 55 g B 4% 14
TR 3 G OCEEAL . AMEMESS T IR R S Tl
it VLIRS B NAD f9 Rk, 4R S ae g A
AL SR T A B, 0 O M A B O R
B0 (i 32 455 PR 2R T LTS PI3K -
Akt MEK1/2-Erk1/2 MAPK Z54¢ A= 7725 11 Il , 1%
BRI} 1OES 7 TR N 11RO A 1| DR N O O 3 i
AP ML/R 51 i L2048 P9 152 20 i 9
T AN, NIRE S S Humn B BEA S 8.0 L
P4, Sl i 40 2R RE SO WL UM BE B ik i,
HETTHE A AL F W (2 A RS AR RS s
Ve AR R A, MBS O FUL A Sl i i 520 A g
&, IR R MR VR B SR A (EAIL 5 AN 58
IR

3.6 AiEk RN MIEREBIARMEN,
VR R O R AR T 57 Sy N A U0 ST T RO E
TR 0 2H 23 RO T I 7657 R0 R 1 s I 240 9 326 D v
WML R ML R 21k ChemR23, KL R
WE—FAR DT ¥ A7 W58 3R IR SR S0 ok ok e
A9 75 DX 3R P 76 A 200 L i AP i AL 440 B S R i
BE W LH LR EREG I 2 T AR e R HREB
FEAE R AL R A A A R o -1 R Bk
B AR R AL S A, 38 0 46 T 2 1 1l 5 o
PR ERE 40 B 434k , o B I A5 A AN el Bk A AR
J3Ah, Bk R N R T R R B R 2R
ChemR23, Ifil 45 55 g 115 73-0h i) Rafk 2R, 38 40 55 53 WAL
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I ChemR23 il — 1k 20 & B Az 1L, 51 R i 45 1
25 i ELAE R BROR TR 1y v /NSl ke 5 R TR B 2
B PR PE R TL 2 AT BE 2 A e s 1 TR R
B HMEERR D 2L 2 A 5 e ik A WA AL R BRI
LR O SRR I (9 a1k 3R RE T Sy
S5t S SRR RO 7 AL LA 40 A P SRR Y L B
U — TSR S, 4 P il BE L 0o L4 A e 1k
R FA L R AL BT @ A Ake BEER AL 30
caspase—9 )24 fi# HEBESONmET, %
b R EES S MU/R A58 0, 35
fEZA BRI MI/R R ALEE Y

3.7 Stip Sfrp SR kI E H K, Sfrp FK
A AN G B3 4H % ( Sfrpl | Sfrp2 |, Sfrp3 |, Sfrp4 | Sfrp5 ) |
FEERTARWTAM, Sfrpl  Sfrp2 F1 SfrpS B AT TH)
FEFIARABL T B U9 2 Strpl T 516, Horh Sfps Al
Sfrpl 5.0 MAFHR IR EY] ' SfrpS 78 A g i
PP RIRACT A, LR R W] 5 B A RN AR L
Strp5 A EEBR /N B MU/R 5 O L 405 72 8 o Ay ™
T, RPN O U AT 1 R A 0 LA B Y T8
O NEDIREW S5 . 10 AN 45 T SfrpS, AT 38 I B
WntSa/JNK {5538 #0858 MI/R J5 RAE R, & 4%
O WURPAE T IESE Strp 5 AT RS2 HAPLRAEH I
OV T SHE IR Strpl 2 —Fhdi
KRG , RSN FEESE Sfepl AT LA BHL W A
2P0 P SRS R R R I R R, e BB A R A
Strp 1 F14 B B 20 M 3100 58 DX 3R, BB o ) 38
AT 2 6 11%) 2R A 0 5 P PR 1) 5 ek B S R A, A AE
TR /NS L 5346, Stepl X0 UL 20 Ml A B 432 1)
PRYER, Sfipl W] LUE 9P Wit {5545 S5
AMMLTE 7 ek il SR AR LR O LA R R T
HAF R, Shpl BVERT P BBt 5 H T ab v & A
X%, O ILEEM: 259 22 22 e AL/ N C LA L P Sfrp 1
e, M N Srpl 43 W, FL G AL 248 B B v 1Y
Sfrpl i# it 5 2 ADP B R G W -1 A T AEHI AT
PRI AS 52 2 22 b B 00 T AM 23 W 1Y Sfpl
INE 23 R E S 00 L B Shpl ] fig B
A2 EIER, HRA M EARE R4 B s
A MI/R SERIFLAAE X O WA A Sfrpl 22 5 5% i) &
JEPI AR Sfrpl A& A FEC WLBR I 5k ML/R P A/E A
] (R AH DG HGE R 3R 85 SR ] g 25y ik — 25 Y
PR S

3.7 TNF-a TNF-o EZHRIEAM™ 4, ZER
RAEM . TNF-o 0] B A 7 4t ™ Az | BRI B Ay
JEARE SR TNF—o 5.0 1045 955 955 25 VT A
K TNF-o 78 MI/R $5t 450 2 H A 28 L0 O

ik 5 g IR BE IR F Z K 1 (TNF - receptor 1,
TNFR1) Z56 51 & 908 RN, 5 | A2 145 P Rz 248 e A it
T LA M Y D B8 ZEELRLO LR PEBR Y L B
AT A — I 5% % B Noteh1 {5 53 5% 52 151 il BE 24
S INF-o TE MI/R O U455 00 8 38 %, 45 T
TNF-a $5 508 P4 3 B2 #0E Notchl 155 235
MI/R J& O RN AR D BE 0820 LA 8 1, 9 KA
TR, FIH siRNA ¢ 5 PE R BR O WL notch1 3 4%
Jei , OB B i S 0 A R kA B I 8 14 T
A ARTR VG 5 %0 WL ) PR 3 4 FH B S 0055, 1IE S TNF
—ou R T 58 3 Notchl 415 4 80 Akl Ak 410 1
ST MU/R 451455 . TNF - 38 %5 H A A 17 -
BIEWAEH, AMEREAGE (AIG)E 3 X),
TNF-« LA APN T, #E 138 i MI/R J5.0 0L
AL A —E AL E = AR DL R O R R SR 1
B, BRI O I MU/R B BB N, 25 TR
ABPGE 5 Al 5 RN 2K APN ZKSF 9l 61 45 J5 4
b/ AL BRI MI/R B BURPEL®) L R AR
FHFE i B0 TNF-« 5 TNFR1 454 806 F i
FEA T, 53 HbO AL 8% A6 I 2% 35 TNFR2, TNFR2
AR X O LA DR AP T 2 2 0 WL AR 37 5 s
(R BRI o 12 AR 4 T AR SO0 JUE X 58 i
Tiif 5% , ML E S48 P e e e A A 0 R A 1K ik
JE ) TNF -, [R] 36 TNFR2 780 JULE 2635, (R
FE ) TNF-o REECN AR HEE G TNFR2, LA 8 4
TR A S5 O B 1 SR AR )55 5, 18> MI/R 5
O E AR B AL

3.9 IL-6 IL-6 J&H — RSV 4 1 £ D) Re 2
JHL PR, O U it A5 ] 161 174 i 5 200 B e s B 35
WA 1L-6,1L-6 i3t 5 1L-6 Z &K (IL-6R) 45 &
HOE AR AN, SR gpl130 B BN T RIK, R 3h
U s, B 5 LR G R R LA
IL-6 FESKF AL BER AT E , 25 MI/R O
L4535 96800 99 A8 25 1400 LA 49 7R JBE R g B
TORMISE S I PRSLE i TL-6 HPTIER MI 5k
MI/R B N & AE 7K R0 LR A0 2 B A9 AR 4k,
BT PFCER AP (IL-6 ZARFEHUH) vl LA 3 R AR
Ik ST Bedfrim AL U SE ( ST—segment elevation myo-
cardial infarction, STEMI) 5 # 28 Bz 5wtk sl ik A AR
ML C 8 A ALG LR AR ic Y ILAS B 1 T
IR, R BAAI ] IL-6 A5 1) 8 1 e R A K= A=
MI/R J5 D LR 55— 001 AR A 7% % B4
il TL—6R 1] L) {5 R Ik NSTEMI 5 40 &E i b
& C5a 324K 1 F1 C5a 324K 2 Rk, A ¥ 501
AR T ZKFREARIEARSG, 34k, AT Pk IL-6R 7K
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