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[ ABSTRACT] Aim To investigate the correlation between serum solube growth stimulation expressed gene 2 protein
(sST2) and early reperfusion arrhythmia ( ERA) after emergency percutaneous coronary intervention ( PCI) in patients
with acute ST-segment elevation myocardial infarction (STEMI) . Methods A total of 202 STEMI patients who under-
went emergency PCI from November 2020 to August 2022 in the Cardiac Center of Liaoning Provincial People’s Hospital
were divided into two groups based on the occurrence of ERA within 48 hours after PCI; ERA group and non-ERA group.
Serum sST2 level and clinical data were compared between the groups.  Univariable and multivariable Logistic regression
analysis were used to explore the association between serum sST2 level and ERA occurrence, and restricted cubic spline
model was applied to identify independent risk factors for ERA. Results There were 83 (41. 1% ) patients experi-
enced ERA within 48 hours after PCI.  Compared with the non-ERA group, the patients in ERA group had shorter time
from chest pain to reperfusion and higher serum sST2 level (P<0.001). Multivariate Logistic regression analysis showed
that for STEMI patients, elevated serum sST2 level (sST2=45.03 pg/L), early reperfusion time (chest pain to successful
reperfusion time<5.23 h), high thrombosis burden, and right coronary artery as the infarct related artery (IRA) were in-
dependent risk factors for ERA after emergency PCI.  The restricted cubic spline model suggested that the serum sST2 lev-
el of STEMI patients was nonlinearly correlated with the risk of ERA after PCI (P<0.01), and the cutoff point was
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45.12 pe/L.
currence after PCI was 0. 827 (95% CI. 0.771 ~0.883).

independent risk factor for ERA occurrence after PCI in patients with STEMI.

is positively correlated with the risk of ERA.
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protein;  reperfusion arrhythmia

S0 ST B #f i 2 .0 WL A JE ( ST-segment
elevation myocardial infarction, STEMI) HA & R
R EBIERMNRR S, AU A5 STEMI B B
PEET- 0] 535 4% ~21% , 2% KR F kA
A7 (percutaneous coronary intervention , PCI) i 13
SRR SR AL i 48 HE AT 1M 32 FE A 1T S B o UL
B FETE (<90 min) J2UU/D IR AL UL 03 AR A I
MWW s MA S FBRZ - FEEEORRE
(reperfusion arrhythmia, RA) {E A #5255 WL 21 () —
Fofvife i PP 4145, oA BT 6 RA % — @ 2 |
WUREARRBUF S, b ABE 48 h P9 &A1 F
FE 3 M 0 R W (early reperfusion arrhythmia,
ERA) 5B ] 58 TR BB ARG AT R
K Pk FE [ 2 8 H (solube growth stimulation
expressed gene 2 protein,sST2 ) 1] 5 5 A 5 R AE S0
TEN I Z R SO AR A KT sST2 2 56k
P 45495 1) 22 S0 SE R AT 270 (HDE I R
WIET MG sST2 7KV 5 RA AH I (9 i PR A 58 4
18, PIABESE BTES BT LG sST2 /K75 STEMI
A ERA IIRIRR R,

1 #ARMAE

1.1 #HRIFH

[E] B M 2 AT 26 B 2020 48 11 H—2022 48 A %t
PTATHEARERCEFOEAALIHATED
PCI ty STEMI & % 202 | 1£ b #F % 3t &, 4 N AR
. DEH AT 18 ¥,Q47 &% PCI 3t HH# i &
o Ja NG g Y 3% B (coronary care unit, CCU) /&
mIE 48 h Qs R E AT K, H R E,
Ot 4w &% =12 h; QPCI KT B # % ;O Ik
5 M & ALAE 3 PCT RO IR 3 ik 36 % A R 8 3
@Killip 2% =3 H = L 7L K AL & i 2 4 AL
HEE;ORMEEAFMALEMEE M ULEF
FRHE ERECHE REEF OHERE
NI EARETECERE R MK A %5 R
EH RENEH AR EREH; ©% REQ B
wOE M ER LA QAR T E L R

acute ST-segment elevation myocardial infarction;

ROC curve analysis showed that the area under the ROC curve of serum sST2 level in predicting ERA oc-
Conclusion The high serum sST2 level before PCI is an

When serum sST2 >45. 12 pg/L, its level

solube growth stimulation expressed gene 2

HORFOBESF L Z 48 h #;@4H 218 KR
g JEE RRGE RE MR E A, ARYE R R R
7 )& 48 h ] T ERA 2% ERA 41 83 72 . ERA
A119 . KB BA R, B8 —H R E
BIER FAMREHE, FTAEETREHR
(EREF2MHRFEEZ) AMRELTHAR
E b3 2 R oo ok [ 3P (2024) K059 ]
1.2 i sST2 ME

TR AR 20 B A N8 9T BT B B Bk SRR 3 Rk F
R G R E T ki 2 mL, B 5K E M E,24 h
WERAA2HESTREEEEITN(WEFEE
K xmnE,BE A2000) , LKL oA % % R
VA 45 25 BRAR I A A A 7 sST2 AP,
1.3 frAid#2

FraERE AN ELEATEAE AN X
(100 U/kg) Fk 36 57 , K 1 AR I ] K 4k 300 mg, &
ok A% FH 300 mg( 2 AL F 7% 180 mg) FEK 7 i /N AL
BT R R EAEELTOR 18 RH B A, PCI
A H S JE AN BA 2 B IR B A O\ A o O AR
T, ERRRE, %% TR & M %355 8 w1 iR
* PCI R G0 m*ﬁ%ﬁgﬁlﬁ%( thrombolysis in myo-
cardial infarction, TIMI)3 &, % & B £ <20% , . ™
EHKE K E, PCIL ARG EHATO R K 48 ~
72 h,
1.4 WEigER

ERA & 3L PCL AR 1 18 25 4y AL F B 52
PR B0 kol K 2 )5 48 h 9 (BY A A AR A R
HFkEATHR) B OB E TR EIEX
o k™ EMR B % (0 FIKT 45 X/min)
E ~E B % £ % [# (atrioventricular block,AVB) ;
% M H BT K 4E (ventricular premature contraction, VPC) |
B9 A& VPC(5 K/min bL b)) F M0 57 3t 3 (ven-
tricular tachycardia, VT) , &4 fnif & £ M4 B £ /0 (ac-
celerated idioventricular thythm, AIVR) Fr JE #5221 5 M
> Z1 it # ( non-sustained ventricular tachycardia,
NSVT) ;& % B 34 (ventricular fibrillation, VF) , Z 4
ME MG £ K F (malignant ventricular arrhythmia,
MVA) & X F 2 st fn 5 % VP
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76 & . (no-reflow phenomenon,NR) & X % 7 i# i1 %
J& 7 35 5 TIML O ~2 4% ELFR Sh i % 2 ZE o 4  3%
Wik %  #E ;18 1tk (coronary slow flow, CSF) % i
JH % 22 A OF #9 TIMI 17 %% ( continuous corrected TIMI
frame count, CCTFC) it %% 3% , F 34 i 4t >27 M, &
AR B fkE % AT A TIMI if 2 2 2 (thrombolysis in my-
ocardial infarction grading, TTG) =4 & # A F X4 & fL
R, B RE ER SR E R A BK
FEFFHRAA, BFEHF MR APHAXE

B AR EE RS
1.5 #APIXRE&E

AARANATHEAREREN B TFRHE R
4 (electronic medical record, EMR) 3% UK T 48 #1
(body mass index, BMI) & it & 4 & 5 K B # %
W JR R, P, E S B R P B R B
15 H (2018 AR EAT RO )Y X v AR B B kR
B & =140/90 mmHg, 3¢ iE 78 R P& R 25 4 48 R
i % % E R ROR th 4 2020 AR R R R
#=7.0 mmol/L b L 41 & =6. 5% = FE 4
HwIT ;R ERFPARICRAWEL BR, A
NBRHOE (L6 NANEE =1 30) REERE
(RME>6 MA)HF, AL HEE4EIFEIEK
DR ERE LRREHA R, FEWUINE TR
ARG, HF 5 H AR I AR L 2 T DR B, OF
ERBIEFHTRIBZE, HRFITRRFHEHK
W F Bk K >20% w0l , N IE R AT /R B0 Bk g ®
B% ALK B # o, A O T E @ 4 A A
FARABRERQE S, KR R I3 AT
HRRTRBRAIREMEERFELER LIS-EMR
AAMEEHIERERTRAR G, BFEREHR
TERE T A7 A AR, &R A H
EPIQ7C # &= % ¥ £ 4, b % FUOAIE E i H AT 2,
DHELRMNEBEANE FRE R AT G EESR
A,
1.6 FitFEFRE

& SPSS 27.0 Stit # # ¢ 4n R4. 2.2 Giit %
% A¥ (http://www. R-project. org, The R Foundation )
HATBT N, HEESHANEBEE N ves X
TOABEBERASIER R, THFEESS
Ay E B AE DA P AR A W LBk o, T
3 & A Mann-Whitney U #5531 8% B DL £ 5k
B (% )&, A B KA x5 3K Fisher #% Y1
ik K % HE Logistic B Bl 447 STEMI & # 4
¥ PCL R JE X 4 ERA Y42 37 5 Fe B &, 4 %] ROC
d & T ML $ST2 3 STEMI & # £ PCI R 5 &

A ERA B WM B, B R WM HE
(restricted cubic spline, RCS) 7 f& STEMI A 3 i1 &
sST2 5 41 PCl K & ERA 2 [ # 4 09 4 & 1 %
Ao P<0.05 A H ZFAHFITFENL,

2 % R

2.1 FARKAERLER

FECT G ERA 4B, ERA 4L sST2 /K-
THE T 66. 8% , i = HHHETERS R 474 T 34. 67%
(P<0.001) ; ERA ZH 2 SR IR L 31| ok 240
/v %% % BB &5 1 HUAEL (neutrophil to high density lip-
oprotein ratio, NHR ) . 0> )L JL 5 & A T ( cardiac
troponin I, ¢Tnl) U {H # J& ERA 4 4+ 5l 7t =
72.77% .19.35% F1 60. 81% (P<0.05) , M4 HH
P AR BMI BRAE oy o s S IR A St il PR R
11375 S H [ B ( total cholesterol, TC) %% B R4 M
RH [& 5 (low density lipoprotein cholesterol , LDLC) . &5
% B Bg A AH [ BE ( high  density lipoprotein
cholesterol, HDLC)  Z5.0> 2 G 1. 732X (1eft ventricular
ejection fraction, LVEF) (N =< %t fin &% K 71 44 ( N-ter-
minal pro-brain natriuretic peptide , NT-proBNP ) I§{H
WILFR 4 [7] T/ MB ( creatine kinase isoenzyme-MB
CM-MB) Wl W22 R Ege it L (R 1) o

* 1. ERA A5% ERA HEEIGRERILER
Table 1. Comparison of clinical data of patients between

ERA group and non-ERA group

J& ERA 4 ERA 41 x>/

1w (n=119)  (n=83) 2z |
B/ [ %) ] 99/20 22/61 2.793 0.095
R Y 59.47+11.93 62.29+12.99 1.592 0.113
BMLI/ (kg/m?) 24.78+3.07 25.62+3.73 1.764 0.079

LR/ [B(% )] 54(45.4)
BRI/ [ (% )] 24(20.2)

38(45.8) 0.003 0.955
29(34.9) 5.513 0.019

W AR/ [ B (%) ] 73(61.3)  48(57.8) 0.251 0.616
39.75 66.02
sST2 L 7.900 <0.001
SST2/(ne/L) (27.66,51.58) (51.7.86.42) 200 <0-00
. 319 333
JRER/ (pmol/LL 1.324 0.186
MLARER/ (pumol /L) (261,397)  (280,431)
TC/( mmol/L) 4.8421.27 4.88+1.05 0.274 0.785
LDLC/ ( mmol/L) 3.1:0.87  3.1x0.73  0.066 0.947
1.01 1.02
HDLC/ ( mmol/L 0.373  0.70
€/ (mmol/L) (0.87,1.18) (0.84,1.18) o
NHR/( mmol/L) 6.20 7.40 2.314 0.021

(4.64,8.54) (5.47,9.36)
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LR
4 4 2
shT ¥ IERA EiE | ER_A A t/x +/ p
(n=119) (n=83) ZfH
41.0 42.0
LVEF, .032 0.
VEE/% (39.0,45.0) (39.0,45.0) 0-0320.975
_ AR
NT-proBNP W {E/ 1.0 1.2 1215 0.204
(peg/L) (0.5,2.3)  (0.5,2.9)
75.1 98.8
- %3 . .
CK-MB IfH/(U/L) (37.2.144.0) (53.0.198.0) 1.606 0.108
34.7 55.8
Tnl W/ L 2.739 0.006
<Tnl WE{E/ (/L) (14.1,80.0) (33.6,80.0) o
6 3Fg 25 F-HE R AR /h 6.00 3.92 3.933 <0.001

(4.00,10.58) (2.87,5.92)

2.2 L PCIIERILE

AT ERA KA RN 41. 1% , 15 40 8 5 A 5L
AR BNK (infarct-related artery, IRA) 22534 L1t
X (P<0.001) ,ERA 41 i 1 ¥ 74 A CSF/NR
Fo o] A S BN ZI00 % 5 T I8 ERA 41( P<0.05) , IRA
AR 2 R G EE XL (P>0.05;3%2) .

% 2. ERA A5 % ERA & E PCIHXERLLE
Table 2. Comparison of PClI-related conditions between

ERA group and non-ERA group

4 4] 2
it it s ow
FIMRART/[(Fl(%)]  27(22.7) 33(39.8) 6.823 0.009
CSF/NR/[H1(% ) ] 14(11.9) 22(26.5) 7.105 0.008
IRA/[ (%) ] 17.619 <0.001
2 1M 9(7.6) 7(8.4)
LAD 64(53.8) 24(28.9)
LCX 17(14.3)  9(10.8)
RCA 38(31.9) 51(61.4)
FRASTROL/ [ % ) ] 1.264 0.532
blidzs 44(37.0) 36(43.4)
B 49(41.2) 29(34.9)
B 32(26.9) 19(22.9)
LI/ H(% ) ] 64(77.1) 82(68.9) 1.641 0.200

ARJGEIZZ/ (R /min) 78(70,92) 87(78,96) 2.931  0.003

LM N2 £ F (left main stem) ; LAD i §ij [% 32 ( anterior de-
scending branch) ; LCX 4 [A]Ji& 37 ( retrograde branch) ; RCA A 45 &1k
h ﬂﬂ(( right coronary artery) ,,

2.3 ERA ARAEOEREXBEEMF ST2
b/ &0 5%

A ERA AT E] 5328, 40 AR H ERA 43 14
(21.3% ) ,RJ5 ERA 40 i (19.8% ) ; #ii i ERA 2&
RISy g e B MVA 4113 ] (6. 4% ) N HoAh 2t A4
ERA 4 70 1] (34. 7% ) ; Fic PR PR 5l G2 8 Ve A 2R
WP P O AR R 38 1 (18.8% ), ZRAB L

R 45 B1(22.3% ) o XPAIRIZERLC R 0 R
M3 sST2 K347 HL#E, K3 MVA 4 53 17
sST2 /KA HABZE A ERA 4 & THE T 109. 98%
(P<0.05), MiA$ ERA A 5AKR5 ERA 418 #
HPELER KA SEZEHOFE R ERE,
sST2 K F-ZEF LT L (P>0.05;323)

F3. REDERELBEEMNFE sST2 KFLLEK
Table 3. Comparison of serum sST2 levels in patients

with different types of arrhythmia

P LT $ST2 K/ Zf P
(ng/L)
AKH ERA(n=43) 52.67(37.19,70.70)
- 0.835 0.404
ARJG ERA(n=40) 57.22(40.96,81.89)
MVA 4 (n=13) 99.28(79.19,120.85)
. 4.728 <0.001
AR ERA 41 (n=70) 47.28(32.26,67.58)
POl DA R (n=38)  56.58(42.43,81.87)
0.151 0.880

SFIBHEOER N (n=45)  56.37(41.46,75.90)

2.4 STEMI B2E %4 ERA WEEZERZEZE Lo-
gistic B A #7

MG sST2 | PR 22 P v sf [i) 5 P S 2804y
HIHLEE, L ERA R AE | BRI Logistic [71I9 43
M B B A G422 5738 (P<0.05) UA L H & Lo-
gistic M1 730 A7, Z5 R E B, M7 sST2 KV T+
(sST2=45.03 we/L) | F-HE v s (] B (R o 4 -9
RIS ] <5.23 h) & fiAe g IRA A5 ebak
ikl STEMI 3% 212 PCIJ5 ERA K4 B2 1
BN E (P<0.05;3%4)
2.5 ImiE sST2 K FFHill STEMI 22F ERA Z 4R
MES

ROC &5t W, M35 sST2 7K-F-Hliil] STEMI
B ERA &40 ROC #hEE R AN 0. 827(95% CI
0.771 ~0. 883 ,P<0.001) , KB K 48. 90 pe/L, R
JE M 0. 831, K TN 0. 706, Z)845%00 0. 537, Mg
i 25 P B IR] ) STEMI H2% ERA &A1 ROC
M2k T AR 0,663 (95% CI:0.587 ~0.738, P<
0.001) ,#%Mr{E M 5.82 h, REJE K 0. 747, Fp 57
N 0. 546 , 2P HCH 0.293 (B 1A) o W FH FR 6 14
SEOTRE SRR PEAS STEMI 822 rp Il 3 sST2 K F 5
PCI RJ& ERA KAERS AT BEAFTE AR LR C R, 46
RPETR I Z M R AR PEAR D (P<0. 01) , BT AT
45.12 wg/L, YL sST2 /KF>45.12 peg/L A,
PCIARJE ERA KAz XU B sST2 7K F- 4 w85 1 1
Jn(E1B) .,
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F 4. ERA BETNEZH S EZE Logistic B39

Table 4. Multivariate Logistic regression analysis of potential predictors of ERA

skt BRI Z R (AL 1) ZRZE ST (B 2)
OR(95% CI) P OR(95% CI) P OR(95% CI) P

sST2 K F-F i 3.728(1.825~7.617) <0.001 3.917(1.805~8.501)  0.001  4.150(1.919 ~8.974)  <0.001

PR T s ] R 2.011(1.035~3.911) 0.039  2.287(1.077 ~4.856)  0.031  2.259(1.077 ~4.738)  0.031

5 NHR® 1.246(0.529 ~2.935)  0.615

i ¢TnI” 1.327(0.723 ~2.434)  0.361

B PR 2.126(1.126 ~4.014)  0.020  1.742(0.852~3.560)  0.128

e I 70 A 2.249(1.217 ~4.165)  0.010  2.265(1.133 ~4.530)  0.021  2.165(1.092 ~4.292)  0.027

IRA(LAD) 0.350(0.193 ~0.634)  0.001  0.643(0.236 ~1.750)  0.387

IRA(RCA) 3.397(1.890 ~6.107)  <0.001  1.929(0.718 ~5.183)  0.192  2.850(1.525~5.329)  0.001

T : Z K Logistic [MIABTRIFYHER FH 17 J5 545 73 Wk 5080 1 9 AP REFRINIR) 0 278 i R BIOFS |5 A2 5777 .TRA (LAD) TRA(RCA) ;
FETR 2 . FEARTR 1 JEAl L BR PR . IRA(LAD) o a 378 NHR>11.281"2) b 3/R ¢Tnl=80 pg/L,

A 1.0
0.8
0.6
)
&8
I
041
miEsST2
0.2 — B i B R
— 5K
0 1 1 1 1 ]
0.2 0.4 0.6 0.8 1.0
1-H5RE

B BB PE=0
JEL %X BX PE=0.008

sST2

E 1. MiE sST2 KM STEMI £ ERA %k £ WM ESH
A IS sST2 Ko i 28 P T i) X5 STEMI B2 PCL ARG k4= ERA BB BIANE ; B ML TH sST2 /K F-5 PCI AJ5 ERA MY
RRL 14 37 5 B 4 T R 1 7 D B SRS AR R 1 W 5 04 4 o ) | o IS 7 fer B2 IRA SR A etk sl ik

Figure 1. Analysis of the predictive value of serum sST2 levels for ERA occurrence in STEMI patients

PR A — 4TI 81, — 5 T 4 R i L
2R AR O WUARE A6 1 AR 55 — T 1 al fih 240 JUL AR
DR 7S G VA S G/ i e ) [ I N 2 I 2 78
ot WL SR oM 5 #E 3 B A5 ( myocardiacal ischemia
reperfusion injury, MIRL) , 5341, P98 32 4% Bl n] )
SHMVA,FEERIE S AR WUBR IR, B i X
ANt iy DX LR A R S | 2540 Tk 32 55 5 T
e e, PR R — POk T xSk s e BB
RA. 5T ERA B9 KA 41.1% , 5 BEAER
ER AR IEAR B K 1.6% ~4.4%
STEMI (&3 7EAE R H B (19 48 h A Al g & 2B e K

AR R Z O LA TS &, A B
FERBL, R MVA Al g PCTARJF D LEEA R
SO LB AR I — 48 b5 . Bk, R ERA (1
A RO )y % T 5 STEMI B3 PCI LT % Tl
B AR S O JULPEJRE 3 400 40 P o L S R R A
AEEM KRR X,

MIRI 5 |2 .0 ILAB 005 7] B8 o 2 e e 280 WL
B3 50% , BT s> MIRD H 2O L5 9 0
WU A 2 —1 . MIRT ¥ KX ZFi {55 5+
T2 M2 R A AH LA T, R GE S N AE MIRI 4 % Jié
SRV R R NN R DR A AL SRR I ERE 2= /7Y
Z& 1 B1 (high mobility group protein BI ,HMGB1) ifJ&
WFEH F o (tumor necrosis factor-ac, TNF-av ) B BE il
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DA R rP R 20 B T LA PN B 2 AR,
KRR FE A 2 F H (growth stimulation expressed
gene 2 protein, ST2) J& T FH 41 i /- & 1 (interleukin-
1,1L-1) SZ ARG, AU UL 38 s 458 43 sf 2 38 384
YRR, Wt 5P R M 1L-33 45
B VRO E SRE SN B G g S, 1L-33/ST2 3
FEALFE MIRT 7 PN 4 22 Fh 0 1 9 40 P R B0 R A 4
PEVERT, BRARAFST & B0 MIRT AT & 25 42 5 K BLO AL
YA T1-33 J% sST2 7K, 11.-33 38 e P42z s o] J2e 4 ol
IR R HMBGL AR O WA A e 52
JiE J 0 B2 MIRIY™ | Seki 2817 BFE 48 11, IL-33 1]
BEHEE Bel-2 5 Bax HU{H, BEAIC cleaved Caspase-3
AR T H, EAh, TL-33 38 nT DL i 90 4
p38 MAPK AEHLR HPTIHT-VEN . B4 1 40
FRIETE N AR Z A T 9 0E 19 41 i P mT 1 2 3
SN RPN S i BE RN - S IR RS RN S Y A [
P L (2 I 20 ok ok A 1k i Jre ol B B 2 D) R A
SLF AL T B MVA'TY L BE AR A OGP B T IR,
sST2 540450 5 B 8h 76 N 1 0 28 5 1) 4 E S £F
AEALHLHIAEE' . {H sST2 5 ERA [0 37 AHC X &
A — W IR R, IL-33/ST2 {5 5l K AEL
Fifr MIRT R At 0o lIE 5 995 v 149 16 6 7T 6 A JF 8 1Y)
IRIT RIS HE TR A, H TR I AT i R W]
REIM I 1133/ST2 {5 5l %k MIRT A9 /E e
BT DL B SERRT ST, B RTIG PR A T 100 RA A9
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HERE T AEM T EA EEE X, ARiE
HH 1 IR 67 T 5 58 4 P T A DI 6 X R
JUHL P B W A B K Y Tp-Te [8]F% ( T-peak to T-end
interval, TPE ) , R J5 ¥ &) & £ MVA K0 U8 M J%
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