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ECMO #fi A Y7 02 &1 O LR BB IR R EORE . RIS BRI LA A Bt (88 o A A 4L RE T4, L
ML B D IELARHAE . ECMO ATHEAR . ECMO S8 IR IE R AR5 R AR Z MZ 2 Logistic [IA5347
2R 2, I Kaplan-Meier iRl A Al 20 G558 &G0 85 Bl E , B4 34 4l ( 7 40% ), Lot 51 il
(5 60%) ; AR R 36 (24,45) % GEF 14 ~70 2 ); ECMO FiBhi R (112.5 +48.4) h; 58 Bl E (68%) 1k
IO FE R BE . SAEFAHAE I, JET-2H &% 2 ECMO JE stk (h:24.3+10.7 It 18.6+8.4), ECMO Fif
PR S A A E (419%(11/27) 1 219%(12/58) ), ECMO B LA 1% PE2G 803743 (43 : 68.3 +14.7 11 42.5+12.6),
A (mmol/L:12.6 +2.8 . 8.3+ 1.2), JULAT (umol/L: 156.8 +32.5 [ 112.6 +28.3). N K it B FUR4MAKATIA (ng/L:
1248667 . 8 642 +121) Je C- 4B 1 (mg/lL: 124.8 £38.4 L 86.4 +22.6) Y955 H , i 2e 55 St L5 B0 (LVEF .
0.223 +£0.054 1 0.285+0.068 ) CMEFEH(mL + 5™+ m™:25.003.33 F 30.005.00), pH {E(7.21 £0.15 1t 7.28 =
0.12) X EA+8%( mmHg (1 mmHg=0:133 kPa): 152.3 +32.8 [t 186.4 +28.5 )X (#4 P<0.05), 85 il h
B 55 H1(65%) K20 1 ot JhE , EZE A ML(32% ) R (28% ) M2 RGP (15%) N TIREAR 42 (22% ),
FET-HHH LRE A R A A A, L HAN G R GG M D REAR 4 (3 P<0.05), ZHE Logistic [MIIH53H7 i
7~ , ECMO FiFLB /KT (I3 kL (OR) =1.420, 95% & {5 X[8] (95%CI) M 1.179.~ 1.711, P<0.001 J, ECMO
BEHIETA] >120 h (OR=3.261, 95%CI 4 1.345 ~ 7.878, P=0.009) & & J{:-4#12: 2 %t 31 %5 (OR=5.830, 95%CI
1919 ~ 17.713, P=0.002) J& 5% Wi T Ji5 (19 70 57 & B 2, LVEF T} 55 (OR=0.880,95%CI 4 0.786 ~ 0.972,
P=0.012) Z-FH K. Kaplan-Meier ZEFF L M1 7~ , ECMO A ZLAR = 10 mmol/L # 30 d REVEFRLT
FLIE < 10 mmol/L 3 (Log-rank #55% : y ’=5.545, P=0.019) ; LVEF<0.25 % 30 d E2FUVEERILT LVEF=0.25
# (Log-rank ¥ : y *=6.486, P=0.011) ; ECMO #i B E] > 120 h 3% 30 d 2FAAERALT ECMO HiBhis ] <
120 h # (Log-rank ¥4 : y *=5.689,P=0.017). £it ECMO HilIG T 5 A MO LA S B SR A 17 3R
ECMO i = #LE/K T AL LVEF | 48 K& ECMO FliBIR 8] A It R G R Be AR TR ST 2 i PR 22

(&R BARMOIR ; RSN G TG ; R R R

DOI : 10.3760/cma.j.cn121430-20260318-00128

Clinical effect and prognostic influencing factors of extracorporeal membrane oxygenation therapy for
fulminant myocarditis
Huang Mingjun', Yin Liyi’, Hu Conglong’, Peng Xiang’, Huang Rong’, Cao Yan®
'Exiracorporeal Life Support Center, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China;
’Department of Emergency Medicine, Hunan Provincial People's Hospital (The First Affiliated Hospital of Hunan Normal
University), Hunan Provincial Clinical Research Center for Emergency and Critical Care, Hunan Institute of Emergency
Medicine, Hunan Provincial Key Laboratory of Emergency and Critical Care Metabolomics, Changsha 410005, China;
*Department of Intensive Care Unit, Changji Branch of the First Affiliated Hospital of Xinjiang Medical University,
Changji 831100, China; *Department of Emergency Medicine, Hunan Provincial People's Hospital (The First Affiliated
Hospital of Hunan Normal University), Research Center for Sepsis in the Elderly, Hunan Institute of Geriatrics, Changsha
410005, China
Corresponding author: Cao Yan, Email: caoyan202312@]63.com

[Abstract] Objective To investigate the clinical efficacy of extracorporeal membrane oxygenation (ECMO)
in the treatment of fulminant myocarditis and to identify the risk factors associated with prognosis. Methods A

retrospective analysis was conducted on patients diagnosed with fulminant myocarditis and treated with veno-
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arterial ECMO in the intensive care unit of the First Affiliated Hospital of Zhengzhou University from January 2018
to December 2024. Patients were divided into a survival group and a death group based on whether they achieved
successful weaning and hospital discharge. Baseline characteristics, indicators before ECMO, ECMO parameters, and
complication rates were compared between the two groups. Univariate and multivariate Logistic regression analyses were
performed to determine independent prognostic factors. Kaplan-Meier survival curves were plotted to estimate survival
probabilities. Results A total of 85 patients were enrolled, including 34 (40%) males and 51 (60%) females; with a
median age of 36 (24, 45) years old (14-70 years old); the mean duration of ECMO support was (112.5 +-48.4) hours.
Overall, 58 cases (68%) were successfully weaned and discharged alive. Compared with the survival group, the death
group exhibited a significantly longer interval from symptom onset to ECMO initiation (hours: 24.3 +10.7 vs. 18.6 == 8.4),
a higher incidence of pre-ECMO cardiac arrest [41% (11/27) vs. 21% (12/58)], elevated pre-ECMO vasoactive-inotropic
score (68.3+£14.7 vs. 42.5412.6), lactate (mmol/L: 12.6+2.8 vs. 8.3%1.2), creatinine (umol/L: 156.8 £32.5 vs.
112.6 +28.3), N-terminal B-type natriuretic peptide precursor (ng/L: 12486 +67 vs. 8 642+ 121), and C-reactive
protein (mg/L: 124.8 +38.4 vs. 86.4+22.6). Conversely, the death group had lower left ventricular ejection fraction
(LVEF: 0.22340.054 vs. 0.285+0.068), cardiac index (mL-s™+m™ 25.00+3.33 vs. 30.00+5.00), pH value
(7.21£0.15 vs. 7.28 £0.12), and oxygenation index [mmHg (I mmHg=0.133 kPa): 152.3 £32.8 vs. 186.4 £28.5], all
P<0.05. Complications occurred in 55 patients (65%), primarily bleeding (32%), infection (28%), neurological events
(15%), and renal dysfunction (229%). The death group had a higher overall complication rate, specifically for neurological
complications and renal dysfunction (both P<0.05). Multivariate Logistic regression analysis showed that elevated pre-
ECMO lactate [odds ratio (OR)=1.420, 95% confidence interval (95%CI) was 1.179~1.711, P<0.001), ECMO duration>
120 hours (OR=3.261, 95%CI was 1.345-7.878, P=0.009), and neurological ‘complications (OR=5.830, 95%CI was
1.919-17.713, P=0.002) were independent risk factors for mortality, while higher LVEF was identified as a protective
factor (OR=0.880, 95%CI was 0.786-0.972, P=0.012). Kaplan-Meier survival curve analysis revealed that the 30-day
cumulative survival rate of patients with pre-ECMO lactate = 10 mmol/L. was lower than that of patients with pre-ECMO
lactate<10 mmol/L (Log-rank test: y °=5.545,P=0.019). The 30-day cumulative survival rate of patients with LVEF<0.25
was lower than that of patients with LVEF =0.25 (Log-rank test: y °=6.486, P=0.011). The 30-day cumulative survival
rate of patients with ECMO duration>120 hours was lower than that of patients with ECMO duration<120 hours
(Log-rank test: y *=5.689, P=0.017). Conclusions ECMO-assisted therapy yields a high survival rate in patients
with fulminant myocarditis. Elevated pre-ECMO lactate, low LVEF, prolonged ECMO support duration, and the
occurrence of neurological complications are independent predictors of in-hospital mortality.
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R 2R AR I S I RN T 2 J8 A Y
ML N 77 BT, WO R v Bl e AR S 1M 4
TG PEL YR AR U, ARG AR, O L
MR F 57, 875 03 1] R 22 ZE WA D Re i R R
TR, ZE 5505 (left ventricular ejection fraction,
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1.2 (R3S ARG O ARG AN K225 — B s b=
B e R B2 27 A2 3125 01 23 AL HE (AL S - 2023-KY-
0379-005), FH T A [l JB P4 I RAFF T, 8 B S8 25 0
b=

1.3 ECMO J3 ahi@ Mtk : O IR TEIR TS 2590367
Jo &%, 45 FE <90 mmHg (1 mmHg=0.133 kPa)
2 30 min LA b, o0 7 204 1 M 2 W AR R I
[R]F H BRZH LR RETEAS ., WNFLER >2 mmol/L ., JR1EE <
0.5 mL kg -h™' BEINEEAGE; @ E O EEAR,
R RAER 2 MO Bt S0 E LT E, 29WIR YT
B @ IR  RRELE AT O R I, H B SR A AEN]
WPESR I 5 @ 7 E AR AR , 48075 754K (oxygenation
index, Pa0,/Fi0,) <100 mmHg, & ML E < 0%
21k,

1.4 ECMO 2530k : O Anah b i i s @ XERL
FEFERTE ST I 5 B JEE T A B DR 5
@ Wt AEAFEH RN 6 A H BEYERME ; ® B
s K g T LA

1.5 ECMO $AR ik

1.5.1 ECMO 3 : Ira 84k VA-ECMO FK,
FHZ: K2 28 il Seldinger H AR B VI B4 1 )=, 51
T TRk i S K A T RS
A £ A R T R BE HE AL S 0 T4 B B R
19 ~ 23 Fr, #EHEE N 15~ 19 Fr

152 ECMOEH: O WG E A 2.5 ~ 40 Lmin,
WA ML 378 B0 ) 2 A2 SR T I R 5 D LG AR
TR IR T B S A B 1 1 R
Bras i ; @ FE 8 KRR FFE 65 ~75 mmHg,
HL KR ERRAE 8 ~ 12 mmHg ; @ JHE 8 i £ 1k
ATHUsE, (S LB i B AR RFFE 180 ~ 220 s Bl iF 1k,
A LG RS TE] AR R E 50 ~ 7078 5 (&) BF 4T HE ™
FH AR e A Y KR R Ik ke
FEAR (intra-aortic balloon pump, IABP) #4725, 0 o
1.5.3  ECMO HHLbR#E : O MMy s J12#Fase , il e
FH A TSRS s E /NRI R 5 Q) 75 O sl i
7~ LVEF Y% 52 % =0.40 ; B FLZ <2 mmol/L ; @ J¢
FEELLEERHE ;B ECMO s 4 E] 1.5 L/min LR,
B M) 1A AR R . L Z F 8 S LT
fli 56, F8 ECMO 3 B i A B i A I 0%
2 ~ 4 h, #FRE MR BN 1 2E R R

1.6 B USCAE - g R SRR BORL, AR AR IS | M
A AR FE X (body mass index, BMI), BEAR 52 |
IR E ECMO Ji st a] | ECMO JijJ& 75 & Az O I

{5 ; ECMO HT46 45, [ 45003 SF 43k | LVEF
iU JIE 48 %4 (cardiac index, CI)., I 45 1% M 25 ¥ VF 70
(vasoactive-inotropic score, VIS ), SJJKIMLFLAZ . pHAE .
Pa0,/Fi0, , MLZLEE . FH AT, /M £, i
BT . TN 2 i’ % 2 fifi (alanine aminotransferase, ALT).
L WLWLAES 25 1 1 (cardiac troponin I, ¢Tnl), N 7K %t
B 7Y i 44 BK 7 /& (N-terminal pro-B-type natriuretic
peptide , NT-proBNP ), C- 2 v # [ ( C-reactive protein,
CRP) ; ECMO HiBi {5 O , F 45 4 BB L B AL
WILh i BB ) 2 AT A O T 5 IR RE, TN
PRI SR | PR R GEHN L E DIBEA A AT IIREA
4N RCBRI 5 25 RfEAR, 65 ECMO BRI LTS | Al
AL AT BE AEBERE] L ICU AEBERTTE] . VIS=
Z M AR (g kg -min™) + 2 BB T B
(pgekg "+ min ) +10Xx KGR (ug - kg™ * min)+
100 X B b i 2 5] 4t (pg kg™ » min™) +100 X 2 I
B BRI (pgs kg min™') +10 000 X I FH R
FMEE (U - kg - min™)o MR RIRMLAAF
Bk 5 o AP S AE T4

L7 GeitF43 - 3 SPSS 26.0 #F LI R4.2.2
BAFTF RS b TR BORE RS 0 A,
VPR + brife2e (R +s) 2o, PRA Z [A] UG P M 57
FEAS A 5 2 3E i TR AR IR 2 AT i, U ] v
B (U BEEOTM (Qy, Q3) ) o, ALIA] H e H]
Mann-Whitney U #5535, 150708 BIECRA 45 L
T R LB x * A0, 4 B I < 40 BHE
R (B <5 BF, R Fisher R8OGG, 45
A I IRA T SRR A LR R Logistic [A11)H 43
Hr , i i BCMO S Bhify 7 2 2 Mo WU & MBS
S AR R R P<0.1 IR AZL
2R Logistic [W1H 5341, >R F & 20 I 18 ¥4 0 6 1 <7
fak 2 . H Kaplan-Meier B2 30 d A A7 HIZE,
H Log-rank f5; Heassdi[0] 30 d BRAEAFR 227
Ky sKifE o fEIBOTU 0.05.

2 & R

20 BERBORL: JEA 85 BB ILRSE
HOAE A Herh B4 34 1] (40% ), Lotk 51 61(60% );
HLAFIS R 36 (24,45) % (FEF] 14 ~ 70 27 )5 AEA7 I
BE 58 1] (68%), SLT- 27 i (32%). = 1 7, M4
TEAEWS PR . BMIL, BT s 75 T 22 5 g it &
SC(H)P>0.05). AAFH AT E] ECMO JF Sl ]
JETAET- 4L (P=0.012) 5 b, A A7 2 ECMO FifL»
PRI K AR AR T T2 (P=0.045).
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x1 AREPMERARZEONREEBLFHELLR

2151 % FEi (2, ik BMI (kg/m”, iR MR KGEECMO  ECMO LI IRET

() MQ1,0:))  [(#l(%)) xEs) (#1(%)) (B(%))  Jashita) (h,x+s) (#1(%))
Eyei| 58 35(20,39) 24(41) 23.6+3.2 8(14) 6(10) 18.6+8.4 12(21)
il 27 38(27,53) 10(37) 245+4.1 5(19) 4(15) 243+10.7 11(41)
Gt U=391.102  x’=0.145 1=1.007 x’=0318  x’=0.355 1=-2.440 x =353
P1H 0.399 0.704 0.320 0.560 0.537 0.012 0.045

1 BMI AR5 50, ECMO ARSIl &

®3 TEPEAARREOINREEHREREBRILER

o {51% IEHAE () (%))

b (i) Ak 1 gy MaRGHH  BUREAE  FShEERS FRGun
H1FH 58 31(53) 15(26) 14(24) 3(5) 7(12) 8(14) 4(7)
SET-4H 27 24(89) 12(44) 10(37) 10(37) 12(44) 7(26) 4(15)
Y i 10.133 2.935 1.513 14.440 11.126 1.866 1.355
P1a 0.001 0.077 0.203 <0.001 0.001 0.162 0.232

2.2 ECMO Hilifi R F8H5 I ECMO HiBh & < 3 2
7, ECMO Fi, 47741 LVEF . CI. pH {& &% PaO,/FiO,
fm TAET- 4, VIS, FLIR . JJLEF . NT-proBNP J& CRP
fRTFAET-2L (34 P<0.05); P10 P8l ik
M8 FH AT, /M8 ALT ) eTnl
HEEFY TG 2 E L (¥ P>0.05). 7 ECMO
il B I B0 75 1T, 85 4 BB ¥ SR VA-ECMO 455
HEAT I B, F- 34 ECMO # B RHE 2 (112.5+48.4) h
(Ll 46 ~ 336 h), A= 174 ECMO Fiihnsf 1] FesET 240
5 (P=0.020), F:H 26 1 (31% ) & & ™8 fifi 7K
Pl 2 U KBS I TABP BEAT 22D I 1A TT
23 JRAIERAERN %3 Was, 1 85 Bl E T,
H 55111 (65%) K2 1 FpIfRGE , FE I RAE M
i 27 41 (32% ), Herb A 30 A 1 il 12 4 47
AL N 8 1, fE N L S ], A i 2 ]
JE Y 24 {51 (28% ), F v i 8 J% % 16 i, i I J2 e
6 B, T4 M O T YL 2 ] g RGO 13 1A
(15%), T 224 BiFE e 7 1, Bk 15 1, 5500 A& 1E
1) 5 B IhREAS: 19 6] (22%), Horb 12 k734 4:
PEEERARIATT 5 IFDIREA 4 15 6] (18%) 5 T ik
1. 8 41 (9% ), 45 2 I e S I s AR . FET-40
IERAE R A ZR I A A 2 sy, UM 28 R e s F
TIREAN I R A3 T A (34 P<0.05),
24 T ZE . WFREZE Logistic [B1IH 4347 7]
PIEH (£ 4), &5 2 ECMO 3 shifa] . ECMO Fij.Cr
PBRE SF4EIKE . LVEF, CI, VIS, FL% . pH {H .
Pa0,/Fi0, . IfiL /N 3t &, WUEF. ¢Tnl. NT-proBNP,
CRP., ECMO % B sf [8] > 120 h, I & #1148 R G50
S T REA 2 5 S H G (¥ P<0.1),

B R EINAZ N E Logistic 814347 7R

®2 ARBEMARKEONKEE

ECMO BIlGARIEIREEER (x £ 5)

_ 4] 4]
LR (W fmin) 118.6+243  1264+287 -1.223 0228
SEHE PR (mmHg) 58.1+12.4  52.5+12.8 1.896  0.064
LVEF 0.285+0.068 0.223+0.054  4.525 <0.001
CI(mL-s"-m™”) 30.00+5.00 25.00+3.33 5.447 <0.001
VIS (43) 425+126  683+147 -7.872 <0.001
LR (mmol/1.) 83+1.2 126+28  -7.659 <0.001
pH & 7.28+0.12  7.21+0.15 2.128  0.039
Pa0,/FiO, (mmHg)  186.4+28.5 152.3+328 4.647 <0.001
M £LE A (g/L) 128.6+£223 122.4+24.6 1.114 0271
Efﬂiﬂ%% 148442 153+3.38 -0.546  0.587
ml(/ Jj’fg:% 15854324 14264383  1.868  0.068
AL (umol/L) 112.6+283 156.8+325 -6.075 <0.001
ALT(U/L) 286.4+54.6 308.7+463 -1.950 0.056
¢Tnl (pg/L) 29.6+£6.4 328+86  -1.724  0.092
NT-proBNP (ng/L.) 8 642+121 12486+67 -187.861 <0.001
CRP (mg/L.) 86.4+22.6 1248+384 -4.822 <0.001

 EGMO NARSNIEME S , LVEF JyZ5 285 1 2055, C1 Ok
FEHL, VIS NI G 255, PaO/FiO, WA ATEEL, ALT NN
SRTE W, Tl AONUNVESE A 1, NT-proBNP 24 N K B 1 fig
FHIKHTIA, CRP 2l C- B 5 1 mmHg=0.133 kPa

(£ 5), ECMO FIFLE2/K-F-F+ i . ECMO 4 By ] >
120 h, A5 IFPILE R GEIT AT S50 28 K PO LA AR
HBENFET- ST fER R &R (35 P<0.05), ECMO Hif
LVEF 342 ph 7 45951 B 2 (P < 0.05 ). ECMO RijFLiE
BETF RS 1 mmol/L, 2% & MU JILAR B8 3 B N AE T AUS:
BT 42.0% ; ECMO i BIIHE] > 120 h B 15N
FET- XU ECMO HiBhE[A] <120 h 25 &5 2.261 1% ;
GBI RGO AT B B N AT XS BT I &
E =5 4.830 1% ; ECMO Hif LVEF &7} 0.01, &
PR LSS B B BT KU B RFAIR 12.0%
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F4 REMONRBEREZMEZAERER Logistic B35

A BAE s x i OR{E 95%CI P
A 0.012 0.015 0.640 1.012 0.983 ~ 1.042 0.424
Bk 0.124 0.428 0.084 1.132 0.489 ~ 2.619 0.772
BMI 0.036 0.062 0.337 1.037 0.918 ~ 1.171 0.562
KIRZE ECMO J3 3hint ] 0.048 0.019 6.382 1.049 1.011 ~ 1.089 0.012
ECMO R CH PR {5 0.932 0.462 4.070 2.540 1.027 ~ 6.281 0.044
DR 0.014 0.011 1.620 1.014 0.992 ~ 1.036 0.203
Bk -0.032 0.018 3.160 0.969 0.935 ~ 1.003 0.075
LVEF -0.142 0.042 11.431 0.868 0.799 ~ 0.942 0.001
Cl -1.286 0.524 6.023 0.276 0.099 ~ 0.772 0.014
VIS 0.038 0.010 14.440 1.039 1.019 ~ 1.059 <0.001
i 0.324 0.082 15.612 1.383 1.177 ~ 1.624 <0.001
pH {4 -6.842 3.124 4.797 0.001 <0.001 ~ 0.520 0.028
Pa0,/Fi0, -0.008 0.004 4.000 0.992 0.984 ~ 1.000 0.046
%N 52 -0.006 0.003 4.000 0.994 0.988 ~ 1.000 0.046
AL 0.012 0.004 9.000 1.012 1.004 ~ 1.020 0.003
¢Tnl 0.014 0.008 3.062 1.014 0.998 ~ 1.030 0.080
NT-proBNP 0.042 0.019 4.886 1.043 1.005 ~ 1.082 0.027
CRP 0.010 0.004 6.250 1.010 1.002 ~ 1.018 0.012
ECMO B >120 h 1.324 0.438 9.138 3.758 1.593 ~ 8.868 0.002
HH I, 0.826 0.432 3.656 2.284 0.979 ~ 5.327 0.056
& 0.624 0.446 1.957 1.866 0.779 ~ 4.473 0.162
PR RGP 2.186 0.586 13.916 8.900 2.822 ~ 28.066 <0.001
FIREA A 1.524 0.468 10.604 4591 1.834 ~ 11.488 0.001

1 : BMI AR BTREHE S, ECMO SRSB4 & LVEF S A 5115355, CT RO MEFE £, VIS S A& 21155, PaO,/FiO, Tyt G464,
Tl ALOHUIESER A T, NT-proBNP iy N A B AU EMAKTTHA, CRP 24 C- W ERH , OR AEH L, 95%CI 2 95% A X [H]

x5 FRBOINRBEMEZMERE S ER Logistic 35347

A B a 52 x fH OR {8 95%CI PH

ECMO LR (47 1 mmol/L) 0.351 0.095 13.651 1.420 1.179 ~ 1.711 <0.001
LVEF (575 0.01) -0.128 0.051 6.299 0.880 0.786 ~ 0.972 0.012
Eiﬁoﬁfﬁgtgﬂ;ﬁ% }; 120h ) 1.182 0.452 6.838 3.261 1.345 ~7.878 0.009
M2 ZR G I RAE (LIS RE NS IR 1.763 0.567 9.668 5.830 1.919 ~17.713 0.002
i -2.684 0.912 8.657 0.068 0.003

1 ECMO RSB A, LVEF K222 BHA 8L, OR 3L, 95%CT F 95% F{Z X 18] ; 25 AR S TC LI

2.5 AAEIE O - 85 il A 58 4] (68% ) 1T 8] >120 h B9 30 d 2FUVELERILT ECMO 4B
T I A= A7 H B 5 27 01 (32%) AT, Herp 19 B 7E B ) <120 h 14 22 3 (1 53% (18/34) Lt 78% (40/51),
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