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[ Abstract] Objective To analyze the clinical effectiveness of extracorporeal membrane oxygenation( ECMO) -

assisted cardiopulmonary resuscitation(CPR) in the treatment of children with cardiac arrest(CA). Methods The clinical
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data of 8 pediatric patients who were admitted to the Pediatric Intensive Care Unit(PICU) of Shanghai Children’s Hos-
pital and received ECMO-assisted CPR treatment due to CA from December 2015 to December 2022 were retrospectively
analyzed. These clinical data included primary diseases, pre-CPR Pediatric Sequential Organ Failure Assessment(pSOFA)
score and Vasoactive Inotropic Score( VIS), CPR to ECMO diversion time, ECMO placement method, ECMO running
time, success rate of ECMO weaning, survival rate at discharge, and laboratory indicators before ECMO diversion and
24 hours after ECMO diversion. Results  Among the 8 pediatric patients with CA who received ECMO-assisted CPR treat-
ment, 5 cases died and 3 cases survived. The success rate of ECMO weaning and the survival rate at discharge were
both 37.50% (3/8). Among the patients with primary diseases, 7 cases suffered from fulminant myocarditis and 1 case suf-
fered from septic shock. Right internal jugular vein/carotid artery dissection was performed in 3 cases, and femoral vein/
femoral artery catheterization was performed in 5 cases. The median ECMO running time was 50. 50(3. 00, 210. 00) hours.
The shortest interval between CPR and ECMO diversion was 18 minutes and the longest interval was 150 minutes. After
diversion, 6 cases received bedside continuous renal replacement therapy (CRRT) adjuvant treatment, and 4 cases
underwent left ventricular decompression during operation. ECMO-related complications included bleeding(8 cases) ,
disseminated intravascular coagulation( DIC) (6 cases) , hemolysis(3 cases) , thrombosis(1 case), limb ischemic nec-
rosis( 1 case) , and neurological injury(1 case). The levels of serum creatinine( Scr) and serum liver enzymes[ inclu-
ding alanine aminotransferase( ALT) and aspartate aminotransferase( AST) | were significantly higher in the pediatric
patients 24 hours after ECMO diversion than those in the pediatric patients before ECMO diversion( P <0.035). The level
of lactic acid(Lac) in the survival group was significantly lower than that in the death group 24 hours after ECMO diver-
sion( P <0.05). Conclusion The pediatric patients with ECPR still have a lower survival rate at discharge from the hos-
pital and a high rate of bleeding and coagulation events, and a rapid decrease in Lac level 24 hours after ECMO diver-
sion may indicate a favorable prognosis.
[ Key words] Extracorporeal membrane oxygenation(ECMO);  Cardiopulmonary resuscitation; Cardiac arrest;
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1RSI A 75 (extracorporeal cardiopulmonary resus-
citation, ECPR) FHE & 1972 4L, 1976 4, 1 IK
B HAE LS00 il &2 75 ( conventional cardiopulmonary
resuscitation, CCPR) JGRL 1.0 P BR 15 ( cardiac arrest,
CA) B R RMEIRS T . O il 2 95 ( cardiopul-
monary resuscitation, CPR ) 1} [B] 3 1< 512 ffe 44 4 MR ity 42
4 (extracorporeal membrane oxygenation, ECMO ) 3
AR, AT BRI AR T 5 R A A
DEPR IR B ) A BRI 5 B 25 4 43
HrifFTEs R ECPR Al i 5 i CA B X B i
AL A A7 A, 2019 48 3 [E.0 I B 25 (American
Heart Association, AHA ) CPR 8 7§ 51 I8, H. £ ECMO
BORUFE Al T BAFI B A5 14 B 7 B , X A7 AE 7T
IR CA 3, 125 IBFEHT ECPR AR .
WL ECPR TS AR 7E R 2R W B, e R 7 FH 491 KA
B FORUBE AN R, e LTI PR 2R e AN
AR 2015 4F 12 H 322022 4712 J] Bifgi JLE R
¢ )L HRE Wi 4P = (pediatric intensive care unit, PICU)
Weia i 8 il ECPR &8 JLIm R GERLHEA T 1B 7347
SN R L Il RIS
1 #ZREHZE
L1 —fRYORE 47 2015 4 12 J 28 2022 4F

12 A7E b L#EBERE PICU [H CA #:52 ECMO %fig)
CPRIBYTIY 8 Bl LI IR RL, AL &
ECMO #fiB)y CPR SZHFEAE: (1) CA R ]38 (2) £
R H AL CPR G5 15 min REEWKE A FIEH K
H EEMELIE B 1 5 AR E % . ECMO 4 B)
CPR SCRFHFBRIRE : (D) FAAEA AT A R
P 5 (2) TrEAE TS SR I 5 (3) 2RI 5
() FAAEA R TARBCHA Iy 2UROA 1 5 A B 5
(5) BILK B AR EAT ECMO HiBhiayr. 8 il L
B 24, 2 6 5, HP i A1 75. 40(53. 00,143.00) H i,
H LA 22.00(15.00,43.00) kg, J5U& P : 7 191
LA RRNMEC LS, T B IR PEIR T, 8 58 LY
RBEN A CAL3 2 0 LR LT ECMO 3
FRKE S R p R A4 CALT B R O LA S A B
KM CAL#54E CPR 112 min 23z ECMO HIBAF];
S ECMO, ABFFE L bt )L BE Be e PR ZE D 2%
fILH#E(2018R016 FO1) ,

L2 I RBERHEE il ERE T P R SRR
JUIGIRBERE, (1) — Mkt 4RI Ml R E 5% (2)
R WLZEHE b5 : CA iR CPR i I 83 4 245 W) 0
(Vasoactive Inotropic Score,VIS) fll )L #E /P T #s B i i
fili (Pediatric Sequential Organ Failure Assessment ,pSOFA )
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P (CPR 2= ECMO %% i i ] 8] B (B0 46 7T v it O
(RE S —MCRIER A O = B gl 8O kv
FHCEE ) GB1TH I RAE ; (3) ECMO AHICTER :
ECMO B4 2 BN B MOa T 5 (4) LI s 4
b : ECMO 3535 B FI 5% i 24 b J5 pH i FLIR (lactic
acid, Lac) 5 88 B W AESEF5; (5) Im R )5 - 4 PICU
] S 45 Sy A5

1.3 ECPR 7k MAEHE  CA L% CPR K2k
1A, 752 15 min KRR B E065F, JF 1R J5 3 ECPR, B
A ECPR 2 JLuk## k-2l ik ( veno-arterial , VA ) ECMO
B MR R L RGO B A A RO 43 e s
A I 250 A e Bk 850 0 Jk R 28 BB Ik P ket 4 A ST
ECMO., #igh ik b JBe s ka4 — i b M 45 SRR Db
TFEE . SUNERIKS BRI E — b BhE R AR B
ITEPRSS 5 | T T o A, s i it
7 R PBE Sy fk J2 oi E ERE AE DADR B2 O PR A A2
ECMO SRR G E R 80 ~ 120 ml/ (kg + min),
WA AR AN EE P48 ik (mean arterial pres-
sure , MAP)  FRU0 8 ik S8 7 FHEE (central venous oxygen
saturation, Sy 0, ) J Lac JH%& ECMO I ifi&. RHE
KT 2R 583 4 By U B, DRAF 1% AL BE I IR [A] (activated
clotting time , ACT) 7F 180 ~220 s, ECMO %37 [a],
IRSF DR 0 22 3% Wy 2l A5 WSO D R . 47 R 25 kP
O I S IR sh e e O B A e D i T
PESGRAAC O E AL , 5 I8 A0 DI, Tl o0 s
WA OIE, B2 ~6 h PEAGREFL AN S0 ST,
FHLCE LA AT ARAE DL ) ECMO 24 71§00, ECMO
5 ECMO MR = %% 10 ~15 ml/ (kg *+ min) , 5,
MEE 0. 8:1 ~1.5: 1, e NEUATR 3485 21% , 45 LA T
FabR 1 ~2 h LA b (1) TEFOHRILE ; (2) IEH R
JEF1[ MAP -H.0 ik ( central venous pressure, CVP) ,
IEHFERA (S5 + 4R x 1.5) mmHg |5 (3)S¢y 0, >65% 5

(4) 0345855 ( cardiac index,CI)3.3 ~4.0 L/(min - m”)
205143 %% (left ventricular ejection fraction, LVEF) >
40% ~50% ;(5) Ifil. Lac <2. 0 mmol/L,

L4 Geibedrik N SPSS22. 0 GEit#i A T4l
AERH, THEEBTRIL o 7 8 (e IMEL, B R A [ M (miin,
max) | 5, R EBCR TAESERR ARG . THECH0R}
LM CF 3 3) [n (%) 1 3R, 4 IA] L B3R ] Fisher
IR, P <0.05 hEFALIE XL,

2 HR

2.1 CA BJLECMO HNEBL 3 B8 LA
WK/ S BRI AR VI &4 . 5 Bl i bk
Wl KBS, i bk X R FH 2 R A, LSk 4 )0
DITFEA 1) 0 28 0 84 (CA Fi sk & B 5
). 8HIEILH,CPR % ECMO &3 Al A e
S ECMO #3288 )L (150 min) ; B[] f 46 45 > ECMO
R EE LR kA CA L, ECPR gy I [ Ay
18 min,, 5 FIEEJLEAWIIGE A RO, S 158 )L ECMO
FETRTAAE B 5. ECMO izf7i1a],6 & LI &
1 SRR AR A 7 3 S 1 B DR AR YT (continuous
renal replacement therapy, CRRT) ,4 | & JLE 20> 8
JKATZE O . ECMO iz 7R a2 K Sy 50.50(3. 00,
210.00)h, W% 8 i )L ECMO izf7 A I &, £l
FE 8 ), R I 45 PN #E I ( disseminated intra-
vascular coagulation, DIC)6 ], %Il 3 41, Ifi e 1 44,
P R G (IRAEEE) 1 1], el Jok 00 Ji o B
IS I 1 451, ECMO R4 H Be A0 3 491, 4
PUSENA Be i Be A7 16 481y 37. 50% (3/8) o {1 PICU
B[E] A 3.50(1.00,56.00)d, W31, Hpi)g 3 ™A
BETT 3 A7 8L, B REAE R ) LA FRCAA LT MR 52 T
WA AR T B LR LA B S AT, JeATE R
5 AHRIZNB 332 R 55 1 LR IR

%1 ECPR &)L —# e & 7k

I PR B atsl 1 atsl 2 st 3 e it 5 Jatsl 6 it 7 st 8
DB BRMEONR BRMEOIR  BEMEONE AR BEEONR BREOIR BEMEONR  BEMEOIRE
CPR B pSOFA 43 (4}) 12 15 6 16 11 10 10 12
CPR 7T VIS(4}) 215 400 200 400 400 25 105 215
Mo LI T 80 150 90 33 50 18 47 40
BT O 5 = = 4 = & = =
LGRS LYl & = i P & i 2 2
ECMO BE& T3 IBiS 2l + YIIT UIBIS UIBLS 2l + Y1 R ZEf + I 2 + U
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CRRT 7 P & & = P J& &
H A AE

I, & & & 2 o 2 & &
DIC 2 J& I J& D w J& J&
Il - = i i [ = = i
iR - i i i E‘ = i i
ARG - i o i i & é? i
Rt 1. - i i i i i & i
ECMO sy 7 & & # 7 2 J& &
Tl T BET BET: T T AEE et 715
ECMO izf7hf4 (h) 3 67 30 26 34 210 186 210
{E PICU Bf4:(d) 1 3 2 3 4 13 56 27

TE: — FR B TR (3 h) , AW

2.2 ECPR HBILE AT ML 24 h 53250 EH5 45
AL LA LR 24 h 5 AT 4R 1 L (fibrin-
ogen, Fib) I FREML(P <0.05) , JLEF (serum creatinine,
Ser) 55 [T (P <0.05)  HA7 6 523 T 5 (P <
0.05) . il pH {f \Lac J Sey O, fEFEIE IR o2 5%
TG EX(P>0.05) , W2,
%2 8| ECPR & L% i ol fo 4% i 24 h J5 5240 % 48 4%
AL 3 [ M(min, max) ]

'K ol munE 2z P
1 pH & (6.87(5,075.32) (6487(;,275.42) 1102 0.270
Lac(mmol/L) 51(?,' 2399 00) (. 8105,' 10'59 00y 0732 0.464
Sev02(%) (6. 0202,'4529 00) (2L 83',(8)(1). 00) 1855 0.064
Fib(g/L) . 922f3]_ 80) (. 606 725 %6) 2,317 0.021
BUN(mmol/L) ¢ 6101,'2319 40) (6. 6102,' 7 40) 0290 0.772
Ser(pmol/L) 4y, © . i08. 00) (53. (gg?igg. 00y 2348 o0.01
TBIL(pmol/L) 1171;551? 1) (8 8259; Aagy 1725 0.085
ALT(U/L) (13. 0306,' S92, 00) <259.20200ii209%. 00) 2878 0.004
AST(U/L) 321, 00 6340. 00 3144 0.002

(32.00,792.00)

(933.00,7659.00)

1 pH NERHIE ; JK Z & (blood urea nitrogen, BUN) ; g HZT % ( tot-
albilirubin, TBIL) ; 2+ PN %% % if} ( alanine aminotransferase , ALT) ; 2% B 4%

Z il ( aspartate aminotransferase,

AST)

2.3 FRIRARISET-4] ECMO Fmt i A% 24 h 5

1L pH {EF Lac K- LE#8 42 TS 70 M AR FISE TS

2H, A et 1 () ECMO iz4 i [a] 54 3 h, i LASET:
HHA 4 BIEER 24 h J5H pH Al Lac 5085, 5561
S LI, FEIE 4 )L ECMO #5357 24 h J5 Lac /K
FRE TRE(P <0.05), W3,
%3 HE4AfT 4 ECMO & 35 iifadt % 24 h &
i pH {8 1 Lac 7Kt %X [ M(min, max) ]

e e e

" T b2 {‘J:CF!‘J Y24 b S 22 {nuéi h 5
i pH (mmol/L) i pH (mmol/L)
7.26 9.50 7.33 1. 00

A (71477.32) (4.5013.60) (7.32.7.42)  (0.80.4.00)

N 6.85 15. 00 6.97 15.00
s (6.80,7.19) (10.90,29.00) (6.80,7.25) (15.00,15.00)
P 0.071 0. 089 0. 057 0.029
3 i

3.1 7ESEH, BAEA L 15 000 i) LEE AR Be i ) A
KA CA 72 CPR™ Horh PICU fEBe LR 1.8% %
Az B PN I B 152 (in-hospital cardiac arrest, [HCA) , H.
OURHERG & ARSI, AT 20 45K B ECPR 3%
ARI %I, L THCA 1 BEAETS 30 9% ~13.7%
TV 35% ~50% 7 . [EBRASME iy S H54H S (Extra-
corporeal Life Support Organization, ELSO) #it 15, i &
2023 4E 4 ] ,ELSO %4¢ ECRP JL#g 6 729 i, Hi B fF
RN 41% ", Lasa 25V 00T T 6 O IE PRI
T -5 R EICAL 2000—2011 AFEi%2E 12 4ERE N CPR £
SRt =10 min FBLAIEREE , 45 R B ,3 756 4]
B Lo 84% % CCPR,16% % 4 ECPR; CCPR #H 1 P
FEIGZE N 21% ,18% B A R GG R4F; ECPR 20
HBEAETE RN 40% ,27% P R GG RAF. 5 CCPR
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HIEG, ECPR (1) H e 4715 32 F R A7 pf 26 R G0 i 1) Ee
Bl . ARSI BoR ECPR &L H BEAE G
RN 37.50% , 55 BE AT HRAE AL

3.2 A5 I, CPR 2 ECMO # ] SRR A
I ], S5 CA BE BUS I EZH ZE, CCPR 1
ReR UL IE B O H Y 25% ~33% i CPR B[]
FEK ,CPR % H FIGFMK A M ] BETERAR . 16
A LT, &4 CA E] ECPR g7 D [a]
] bk , fR R A7, AL CPR JF16 8] ECMO 7
SEIFE ARSI S min, JRIESRIG N 4% 1, H ECPR #
STIE] SR R HUG YA L Sk Bk E R —
TRFFE 7, CCPR 20 min JG3REEMRE F EEH#H
FFif ECPR %4 30 min Ji5 745 525t ECPR 41 5 A A7
RIB T o Reynolds 257 Z AUl AFIIFST R,
2579 ~21 min 5 5iH CCPR J53L)iE ECPR 19 23,
HAWAIRE TS el o %5 1, 520t ECPR (1) AR A i
JE3E4T CCPR 20 min LAY, #5 CA g it CCPR &
52 H FIEF Y AT REMEEAR, T ZEE 10 ~ 15 min Y52
JRJE T HEFT ECPR I PRSE o AHFIE AR A3
L CPR % ECMO % 3t i ] ] B AH X 4, HLAR iy
BA L Sh R K 15 20 ECPR @37 i fe], P BB 2 UG R
IR . RN, 2 5B B\ UMERE T AR Y
B SRR MG CA i35 )8 35 ECPR (1
AL TC I o

3.3 AW ER,ECMO #4924 h J5 LA Ser 7K
PEEFRATI B LT, 2R A GEE (P <0.05),
PR ECMO i217)5 2 K B i, $ailiE, ECMO Jf
R APEE B (acute kidney injury , AKT) [ & 42 28y
26% ~85% "7, HAE VA-ECMO 1 Hy # fik-#5 ik ( veno-
venous, VV)-ECMO T4 WL (61% vs 46% )" . %/
AKI [ fa R T ES ECPR #if L i 14 22 , sk i P
HEERU, 16 A, LA S VA-ECMO 1 8] °F- i
PR B R O I3 I A R - A R K 2T [ ) R
4, NG 2 B A i A o6

3.4 HEiETFILE ECPR Wim# i R Z i,
— I T L3E ECPR A A7 N R K 1 RGN 2
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ST AR A S A i, HEUR: pH (R RE™ o Lac
Ve —Fh G A=) , CAIE S S 4 S T 1)
AEEPERR, IR B R A S B R E AR
vy RT3 . S A pH {f < 6. 60 fl Lac >
18 mmol/L JZH#R UMK 5h ECPR nlREMERYHZE
FE PR ECPR #5845 9 BR , AP LR 4 Lac (B
J¢ ECPRJ5 6 h 12 h i Lac (IR FIET-4H . A&

RN A L ECMO $497 24 h J51fi. pH  Lac /K-~

B ATTC B 22 5 (HAF TR AU 24 h Lac 7K1

# THE(P <0.05) #7563 24 h 5 Lac K- RH T

K PTRESE N TS R4

JLEE THCA ZE T2 5, AU XURS: B4k 5 ot

T CPR Jf KT ECPR 677 AT LR R IR B i 1 fin

P R HUG PL2 . HHTTXET ECPR sz HI

T 51 22 Bk A, U] e 3 A 91 L 5 2 P R AL

(M CPR 2 ECMO HJmpmf[a]) e e 4 B S RE I

FEPUSATIA IR . AETE A B/ MRS (] BT

BT BRI AT — R MO R MRE IR R 22510 o
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