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[HE)] B B MIEHLuEEFEGELEE (neuron-specific enolase, NSE ) 7K-F 5k -
sh kAR SME M %4 ( veno-arterial extracorporeal membrane oxygenation, VA-ECMO ) 735 .0 IF 28
5 (cardiac arrest, CA ) A MAREANRIGIIER ., Fik BB TE 00 S 2 2 Be b s de
MNTTEE — NREERE . W R“FEABEMHESE BT 2018 4 12 A & 2024 47 2 ASUA N2 VA-
ECMO #7194 CA B3, W — MOl PR ORI ECMO FF 3l J5 24, 48, 72 h I IfiL 7% NSE 7K
o AR BERSAE R RS - VO2E BRI TN RE R B34 ( cerebral performance category, CPC ) K £ # 4
M RGLE /AR R (CPC 3~5) FIREFA (CPC 1~2), WA NSE ACE 245, Zik
B TAERFOE R 2. F P-4l =0 BE I 7E NSE AKE T CA B3 RN RANE R G4 e 0 eafvE, IR
11 Youden 48 B 1 fie R . 3 3k 22 P 328 58 RT3 43 T 5 I3 NSE /K- 504 RGN R 45
JABER, LUAERY . MRS, CA Hbfs . (RSN E F5 (extracorporeal cardiopulmonary resuscitation,
ECPR) T, SR AWFFEILAA 120 BIFFE SR CA B, Hob 88 4] (73.3% ) H
BEm 2 RS JRAN R . 76 BCMO J3 35 24, 48, 72 h, M RG4S RA BLH 14 NSE /K14
T RAFA (34 P<0.05). 72 h ALY NSE /K- F0AS B 45 s ) AEf P fe i, 2T AR (area
under the curve, AUC) Jy 0.91 (95%CI: 0.85~0.96 ), #{WifE & 42.0 ug/L, 24, 48 h iy AUC {H 4y
IR 0.78 (95%CI: 0.69~0.86 ) F110.87 (95%CI: 0.80~0.94 ), ARWH{E 73510 70.6 ng/L Fl 64.5 pg/L.
ZNZBH RIS 7R 72 h 1 NSE /KPS RGEA RS A X (P<0.05), 72h NSE >42.0
ng/L BT BL45 R ST a2 (OR=20.29, 95%CI: 2.90~92.15 ), WWLHAMHT45 iR, 1E4E
% <60 % . Wtk BESMBEN CA. &G T ECPR M T, 72 h i NSE /K P& CA
BEMZRFEAR R RIS ERFE (P<0.05), it VA-ECMO JE3J5 72 h 1fiLiE NSE /K
T CA BEMAREARTGH KL, HWEHEN 42.0 p gL,
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[ Abstract ] Objective To investigate the correlation between serum neuron-specific enolase

(NSE) levels and poor neurological outcomes in cardiac arrest (CA) patients supported by veno-arterial
extracorporeal membrane oxygenation (VA-ECMO). Methods This retrospective analysis was conducted
on adult CA patients treated with VA-ECMO at Hangzhou First People's Hospital Affiliated to Westlake
University School of Medicine, and Second Affiliated Hospital Zhejiang University School of Medicine,
from December 2018 to February 2024. General clinical data and serial serum NSE levels at 24, 48,
and 72 h after ECMO initiation were collected. Based on the Glasgow-Pittsburgh Cerebral Performance
Category (CPC) at discharge, patients were divided into poor neurological outcome group (CPC 3-5) and
good neurological outcome group (CPC 1-2). Differences in serum NSE levels between the two groups
were compared. The accuracy of serum NSE levels at three time points in predicting poor neurological
outcomes in CA patients was assessed via receiver operating characteristic curves, and the optimal cut-
off values were determined by the Youden index. Multivariate logistic regression analysis was performed
to determine the relationship between serum NSE levels and poor neurological outcomes. Subgroup
analysis was based on age, sex, location of CA, and extracorporeal cardiopulmonary resuscitation (ECPR).
Results A total of 120 eligible CA patients were included, with 88 patients (73.3%) having poor
neurological outcomes at discharge. Serum NSE levels at 24, 48, and 72 h after ECMO initiation were
higher in the poor outcome group compared to the good outcome group (all P<0.05). The serum NSE
level at 72 h had the highest accuracy in predicting poor outcomes, with an area under the curve (AUC) of
0.91 (95%CI: 0.85-0.96), and a cut-off value of 42.0 pg/L. The AUCs for 24 and 48 h were 0.78 (95%CI:
0.69-0.86) and 0.87 (95%CI: 0.80-0.94), with cut-off values of 70.6 pg/L and 64.5 pg/L, respectively.
Multivariate logistic regression analysis suggested that the serum NSE level at 72 h was associated with
poor outcomes (P<0.05), and an NSE level >42.0 pg/L was an independent risk factor for poor outcomes
(OR=20.29, 95%CI: 2.90-92.15). Subgroup analysis showed that serum NSE level at 72 h was an
independent risk factor for poor neurological outcomes in CA patients aged<60 years old, male or female,
out-of-hospital or in-hospital CA, and whether to perform ECPR (all P<0.05). Conclusion Elevated
serum NSE levels at 72 h after VA-ECMO initiation are associated with poor neurological outcomes in CA
patients, with the cut-off value of 42.0 pg/L.

[ Keywords ] Cardiac arrest; Neuron-specific enolase; Extracorporeal membrane oxygenation;
Neurological prognosis; Risk factors
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D HEPEIE (cardiac arrest, CA ) J2 il A AL 1Y)
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AR AT %84 ( veno-arterial extracorporeal membrane
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CA BN R RG4S Jm) Z [A] ) G
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1 #EMEFE
1.1 RS

WG Z s I EERFSE, HEE 2018 4 12
H % 2024 4F 2 HWriTABUN T PIREBE (PE#IK
PR BE M B BTN TS — NRERE . Wi K2k
PR m A s ) AR R BRMETGPE CA Sl TEIR
SEM%3% VA-ECMO S5 CA B o HEBRFRIEN «
(1) FRANHE 18 A% 5 (2) J33 ECMO Ji5 72 h &
Fi I8 24 h 4 [6] BF R4 T NSE #2205 (3)CA RifE
FERR D BEREAT 5 (4) R BT R b i . i A rh sl
B3 k45403 T 2 CA 5 (5) J3 3 ECMO J5 F735
AHEA AR 72 ho ANFFT PG K2 B 2 e B AT
M — NREFCHZE RS AL, s .
11T-20230420-0077-01 ,
1.2 IERERE

AR A AR GG IR TE R, iGN DS EE .
CA M5 . Hilid. s#WME LI IR, HERE . CA
| ECMO J3 3 [a] . ECMO 5. & 398, 4y
IR, SEgeER A . JRYT . PPAr5E. NSE TE9 AT
TR B B PR SC 0 = 5 IOF RS H , 1
filf FAR IR NSE a2 s Rl & ( 255 ik,
gE s E R R A RA R, TE ). D)
ECMO J5 /) 24, 48, 72 h L REMBFEAR, Ehit
VAR IE NSE M7 o FLER /RIS Il AR AR U R HE R

fifi FA& S 0 BF - DG 2% 28 B T B % B 4>
( cerebral performance category, CPC ) 37~ it B i)
P Z RGEINREIRE, KB E I WA R G4 R R
U2 (CPC 1~2 %t ) MIMAE RG4S A RA (CPC
3~54¢) ',
1.3 ECMO &1

H &Ik A ECMO H AR E 8 1E, IF48 A 3l
VA-ECMO 3k . L4800t % 75 20 min JF G H &
G & (return of spontaneous circulation, ROSC ),
oA IR B E B A PR O VR PR TR Bl F DA
REdERFITESL T, AlJE 3 VA-ECMO. VA-ECMO 1)
R T BEFE R R T 1, — e DA A5 B 17
B, ECMO ¥ HlJ5, H &Y ECMO 297 b
TR E RS, RO A A O I RE
WA . FESCFFRE T R A s LAS i e
YeF5 R MR sh Sr2E R e iy, IR, Bl AL
DG HATIRE oS30, IRIT IO, UEIFRAE . i
FARE A S RRAYTE, WHEBR VA-ECMO,

1.4 GitEH%

K FH SPSS 4 (25.0 hix ) IR {4 (4.3.2
R ) X e 3R 17 40 ¥, fd FH Kolmogorov-Smirnov
Ko B0 R i o 1 S AR T RS, RS AR 2
R IES AT RS R + drifis (xxs)
s A (i) (M0, 0;) ], flE AL
FEA ¢ #6556 5 Mann-Whitney U #5563 47 FL 8. 40
A g KR AR (B A0, AR D7 K g B
Fisher KA g0 47 LA, THHE CA BEMAE RS
45 Jny B AN R4 2 1) i DRSS DL S 24, 48,
72 h IfiLiE NSE K922 5. 2l 52103 TAEARIE
it £& (receiver operating characteristic curve, ROC )
PPAGAS [A] B B ) I3 NSE /KX Fiill CA & A
R A2 RGEE R HEw e, PR AR A& T
M A4 (area under the curve, AUC ). HUEE . 5
J£ F1 Youden 5 %%, 115 Youden 8 %5 KB XJ i
(4 1ML 75 NSE 7K V- Ay S AR B T (. {7 7 0 R 3R B
& Z R ZHE W53 BT 4478 5 5 VA-ECMO S §F
T CA BEANRMAERGEL IR, TFLAER .
P, CA M. R k0 fili 2 75 (extracorporeal
cardiopulmonary resuscitation, ECPR ) ‘i i)t # 17 .
HopHr. L P<0.05 25 BA g # 5 L.

2 #£R

21 WMNBERN—RIGKRIR

20k, A 120 BIFFE S1F CA BEMA
AW (1), o 88 4 (73.3% ) P4 RGe4b )R
AR (CPC3~5 %), 320 (26.7%) M RG4ER
R4f (CPC 1~24), 424 (35.0%) fEHBERFET:
(CPC 5)%%. 85 fl( 70.8% )\ HFEN CA,86 17( 71.7% )
SUETE CA, 37 191 (30.8% ) A ECPR.

WAL RR, MAERFE HARAERE
My BRI, % 22 PE S IR AR YT (continuous renal
replacement therapy, CRRT ) Fu.f3 . % I fifg i Asf ] |
EPRbrEf (e . WLEF, ZLIR. JP B ae B il iv
/1 ( sequential organ failure assessment, SOFA ) I
2Pk A B 508 PE £ B F 43 (acute physiology and
chronic health evaluation, APACHE 1 ) ¥& T BRI
A, i SRR B PES> (Glasgow
coma scale, GCS ) LT RUfdl, HANAS =AML
ZRZER TG FE . AN RHBE B EE S
z= (intensive care unit, ICU ) {¥ P48 B if-2H %
W1,
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Table 1 Comparison of clinical data between good and poor neurological outcomes of CA
o BN R4 ENE .
ekt (n1=120) (n=32) (n=88) B P
— G BL
S ()" 52.28 +15.53 50.88 + 12.20 52.80 + 16.61 -0.687 0.493
ik 89 (74.2) 22 (68.8) 67 (76.1) 0.671 0.414
BIE
e I 47 (39.2) 11 (34.4) 36 (40.9) 0.422 0.517
Wi PRI 21 (17.5) 2(6.3) 19 (21.6) 3.829 0.050
SR B K AR Ak O IS 52 (43.3) 13 (40.6) 39 (44.3) 0.133 0.718
PR ) 27 (22.5) 5(15.6) 22 (25.0) 1.184 0.277
EAERR 7(5.8) 3(94) 4 (4.6) 0.307 0.577
CAHis "
Bedh CA 35(29.2) 9(28.1) 26 (29.6) 0.018 0.880
HHiE#E 120 (100) 32 (100) 88 (100) - -
VRN V=i 106 (88.3) 30 (93.8) 76 (86.4) 0.634 0.428
BB 65 (54.2) 24 (75.0) 41 (46.6) 7.625 0.006
T FES
2 7 RN ARIT 42 (35.0) 12 (37.5) 30 (34.1) 0.121 0.729
L NERIRYT 95 (79.2) 20 (62.5) 75 (85.2) 7.348 0.007
F Bk N R 7 4 44 (36.7) 9 (28.1) 35(39.8) 1.370 0.242
H b s 111 (92.5) 29 (90.6) 82 (93.2) 0.008 0.938
A AE ®
L3R (YK /min) 97.27 + 18.02 97.89 +20.10 96.97 + 17.53 0.121 0.903
W5 (mmHg) 114.61 = 12.36 111.89 +9.85 115.89 + 13.43 -0.801 0.433
#F7KE (mmHg) 74.77 +9.92 70.56 + 7.95 76.76 + 10.31 -1.588 0.124
SEEIBIKE (mmHg) 86.14 +8.22 83.15+8.32 87.55 +7.99 -1.344 0.190
P (YK /min) 17.02 +5.52 16.11 = 1.41 17.45 + 6.64 -0.593 0.559
S EE Ky ©
MELLEH (g/L) 94.00 (77.00, 116.00) 104.00 (85.50, 126.50) 91.50 (73.00, 115.00) -1.566 0.117
HANM (x10°/L) 14.80 (10.10, 18.90) 14.80 (12.00, 20.20) 14.85 (9.33, 18.88) -0.694 0.489
IR (<10°/1) 120.00 (82.00, 176.00) 140.00 (112.50, 198.00) 113.50 (64.25, 171.25) -1.991 0.047
Y I R[] (s) 19.20 (16.50, 25.15) 17.40 (15.55, 22.75) 19.80 (16.93, 25.40) 22.191 0.029
[EPRFRIEAL LUAE 1.69 (1.34,2.32) 1.46 (1.28, 1.94) 1.74 (1.38, 2.35) -2.087 0.036
HHELZ (umol/L) 18.90 (12.40, 37.60) 16.80 (12.10, 22.55) 19.35 (12.65, 45.67) -1.689 0.091
WUET (nmol/L) 145.00 (101.00, 184.00) 116.00 (84.50, 171.00) 151.00 (107.50, 185.00) -2.200 0.028
LA (mmol/L) 8.89 (5.60, 13.80) 7.50 (4.01, 10.04) 10.50 (6.10, 14.40) -2.000 0.045
A4ME (mmHg) 195.60 (102.30,331.50)  217.40 (112.75, 339.60) 195.25 (103.28, 303.65) -0.522 0.606
AR R (mmHg) 31.70 (27.20, 37.70) 30.80 (24.95, 34.95) 32.10 (27.68, 38.72) -0.991 0.320
SEBRERIR S & (mmol/L) 18.80 (15.10, 21.70) 19.10 (16.80, 21.05) 17.85 (14.30, 21.93) -0.655 0.507
ECMO &% ¢
CA ZE ECMO J3 i) (min)  89.00 (62.00, 177.00) 85.00 (63.50, 138.00) 98.00 (62.75, 184.75) -0.991 0.325
FFEEmTHE] (d) 5.21(3.96, 7.78) 4.71 (3.96, 6.98) 5.29 (3.98, 8.25) -0.466 0.637
WA H R (L/min) 3.20 (2.90, 3.60) 3.25(2.91, 3.70) 3.20 (2.90, 3.50) -0.063 0.956
WA (L/min) 3.00 (3.00, 4.00) 3.50 (3.00, 5.00) 3.00 (3.00, 4.00) -0.172 0.866
, e 3/500.00 3 620.00 3.500.00
AR (</min) (3 060.00, 3 820.00) (3 325.50, 4 057.50) (3 001.25, 3 742.50) -0.207 0.227
War e
GCS W4 3.00 (3.00, 3.00) 3.00 (3.00, 5.00) 3.00 (3.00, 3.00) 3.114 0.002
SOFA 43 12.00 (11.00, 16.00) 11.00 (9.00, 12.00) 13.00 (11.00, 16.00) -3.329 <0.001
APACHE I #¥#/3 29.00 (25.00, 35.00) 25.00 (22.00, 31.00) 30.00 (26.00, 37.75) -3.353 <0.001
NSE (ug/L) ¢
24h 67.72 (41.88, 129.05) 43.60 (32.96, 59.90) 88.10 (56.60, 164.03) -4.471 <0.001
48 h 88.53 (36.61, 201.45) 33.65 (24.30, 48.12) 121.70 (63.91, 255.57) -6.199 <0.001
72h 103.75 (32.10, 287.48) 24.25 (20.29, 34.00) 159.05 (76.90, 326.50) -6.862 <0.001

1 CA ADIESR(E, ECMO RRIMEEliE &, GCS JAKHIHaf &akiT4r, SOFA NF A E WIEITSy, APACHE I &M AR Sk
ATy, NSE g S tEm i il s A x=s, "Bl (%), “AM(Q, 0y)
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%2 VA-ECMOTRIT I
LMERRE
(n=227)

HEBRARHE (n=107)

ERATISEL (n=6)

JHEIECMOJ5T72 hy A 4LHE24 hifl it 17
NSEES:HIE (n=57)

SR BT oL i e v 0 95 A 454 495 i
HIICA (n=8)

CARTAFAEAPZ I RERT (n=10)

JAZECMOJ572 hNFFEEESET: (n=26)

INTFERIFEE

(n=120)

Mz ARG R R AT MERGHRARA
(n=32) (n=88)

T : VA-ECMO Wk IRSME A £, CA S LMESRET
1 PABFE R
Fig 1 Flowchart of inclusion patients

2.2 NSE 5AREZRBHIRERTSE

I 1 R 2 B 2R, VA-ECMO # B J5 24,
48, 72 h By IS NSE KCF 728 RGU4T AN R4
MR 20 2 18] 1) 28 5247 Geit2 5 L (34 P<0.001),
AN R NSE ZKF-B i i F R

D1 D2 D3
4004
a a a
— — —

300

=
)
3
}:_ ikl
s 200
CPC 1-2
2'\‘ =
CPC 3-5
2

J-l {F

i ]
T WL A, *P<0.001
B2 4L I NSE KFRIFEE K
Fig2 Boxplots of serum NSE levels in the two groups

ROC MR T AN[A I B 1L NSE /KF- 1
I VA-ECMO T CA HE A B 45 R (0 v v,
ULIEI 3 F15R 2,72 h NSE /K- AUC 4 0.91( 95%CI:
0.85~0.96 ),48 h 1Y) AUC 4 0.87( 95%CT: 0.80~0.94 ),
24 h ) AUC K 0.78 (95%CI: 0.69~0.86 ), DeLong
R 7, 72 h NSE £F Hll #h 28 R A B 45 R 7

1 1 F 48 h A1 24 h ( ¥ P<0.05). Youden ¥& %k 5t
RIS A I35 NSE 7K V-8 5 O fre (BT {E, 72 h
42.0 pg/L, 48 h N 64.5 pg/L, 24 h N 70.6 pg/L.

1.0
0.8
0.6
1
& L
0.4
02" —72h: 0.91 (95%CI: 0.85~0.96)
—48 h: 0.87 (95%CT: 0.80~0.94)
—24h: 0.78 (95%CI: 0.69~0.86)
0 0.2 0.4 0.6 0.8 1.0

1- FER

B3 REWE NSE Bl A K45 R ROC #hZk
Fig 3 ROC curves of NSE predicting poor outcomes at different time
periods

%2 A[FIETEL NSE WA B 45 R i iEn 48 b5
Table 2 Evaluation indexes of NSE predicting poor outcomes
in different time periods

B W Youd & T
Bl AUC (95%CI) il e UK HESPIE
i feH (95%CI) (95%CI)

240 NSE 0.78(0.69~0.86) 706 049 0.87(0.70~0.96) 0.62(0.51~0.72)

)
48hNSE 0.87(0.80~0.94) 645  0.66  0.90(0.74~0.98) 0.76 (0.65~0.84)
72hNSE 0.91(0.85~0.96) 42.0  0.74  0.87(0.70~0.96) 0.87 (0.78~0.93)

TE : AUC IiZ FTEIFR, NSE A# & ehe st mme b i

Z N ZZ M X 1 P<0.05 iy 4 5
VA-ECMO X5 T CA B EARRMARG L 52
[ R AT T 400, S50 R, (L 72 h A9 IS
NSE /K5 RE5JmA K (P<0.05), 1M 48 h il
24 h i NSE /KK, 72 h NSE>42.0 wg/L &1
N R85 R (Al ST fa B R 2, OR=20.29 (95%CI:
2.90~92.15 ), W3k 3,

PLAERS . PRI, CA Hi i, ECPR #4730 4H 4
Br, &RER (F4), TR =60 FHEE T,
ECMO Ji8liJ5 72 h (UL NSE /K5 CA B il
ZRGEAREE R (P>0.05), TEAEH <60 % |
BAES Lot BeAhE BN CA L JE R HEFT ECPR Y
Bh, 72 h (913 NSE /K2 CA B EH A R
SARZ RS fERFEER (¥ P<0.05), H&A
W5 NSE Z RIANEEACHAEA
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Table 3 Independent risk factors for poor neurological
outcomes by multivariate logistic regression

B3 B SE Z P{i  OR(95%CI)

72hNSE>42.0 pg/L 3.01 099 3.03 0.002 20.29 (2.90~92.15)
48hNSE>645 wg/L 025 1.17 021 0.834 1.28(0.13~12.75)
24hNSE>70.6 wg/L 125 1.13 1.11 0265 3.51(0.39~31.85)

o B -0.86 0.83 -1.04 0300 0.42(0.08~2.15)
CRRT 0.11 1.12 0.10 0919 1.12(0.12~10.07)
I/ 0.00 0.00 -0.07 0.943 1.00(0.99~1.01)
GEE 11 S ] -0.12 032 -037 0.713  0.89 (0.48~1.66)
[ B A L A 1.85 335 055 0581 6.34(0.11~46.94)
LIS 0.00 0.01 030 0.767 1.00(0.99~1.02)

BN -0.12 0.08 -1.42 0.154
GCS 4 -0.40 029 -1.37 0.169
SOFA ¥4y 0.16 0.16 1.04 0300 1.18(0.86~1.61)
APACHE 11 {4 0.02 0.06 039 0.697 1.02(0.91~1.16)
7 : NSE W&ot MG REILE, APACHE I b attErS
12 VAR EEPE4y, SOFA AP BHA B H il PF4y, GCS A& hiiaf &
HIF4r, CRRT AL E B IATT

0.89 (0.75~1.05)
0.67 (0.38~1.19)

*a I NSE 7K P52 CA JE A RAFZ U5 1 2 4
EScd nIER &R gi

Table 4 Subgroup analysis of multivariate logistic regression
on influence of serum NSE levels on poor
neurological outcomes in CA patients

A i Bl (%) OR (95%CI) P PAH{E
A 0.097
<60 % 84(70.0)  1.05(1.02~1.08)  <0.001
=60%  36(30.0) 1.02(1.00~1.04)  0.100

PE5 0.299
Bk 32(36.7)  1.02(1.00~1.05)  0.039
Lk 88(73.3)  1.04(1.02~1.07)  0.001

CA Hiri 0.338
Besh 35(29.2)  1.02(1.00~1.05)  0.026
BE N 85(70.8)  1.04 (1.02~1.06)  <0.001

ECPR 0.229
g 83(69.2)  1.04(1.02~1.07)  0.001
= 37(30.8)  1.02(1.00~1.04)  0.046
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