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[ Abstract ]| Objective To evaluate the correlations between cardiomyocyte injury markers and cardiac function,
infarct volume and reperfusion injury in patients with ST segment elevation myocardial infarction (STEMI). Methods A total
of 53 patients with acute STEMI were enrolled from Zhongshan Hospital of Fudan University from Sep. 2022 to Dec.
2023. Cardiac magnetic resonance (CMR) was done 4 to 7 d after percutaneous coronary intervention (PCI). The patients
were divided into intramyocardial hemorrhage (IMH) group (33 cases) and non-IMH group (19 cases). The differences and
correlations of CMR parameters and cardiomyocyte injury markers were analyzed between the 2 groups at different time
points. The diagnostic value of cardiomyocyte injury markers at different time points for IMH was evaluated by receiver
operating characteristic curve. Results Compared with the non-IMH group, the left ventricular ejection fraction of the IMH
group was significantly decreased ([47.25+8.501% vs[55.08£9.01 %, P=0.003), and the infarct volume percentage was
significantly higher ([36.82413.33 1% vs [ 19.73£10.90 %, P<<0.001). There was a negative correlation between IMH
volume percentage and left ventricular ejection fraction in the IMH patients (7,—=—0.640, P<<0.001). Cardiac troponin T

after PCI immediately had a good effect for diagnosing IMH (area under curve was 0.890, P<<0.001), and it was negatively
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correlated with left ventricular ejection fraction (7,=—0.453, P<<0.01) and positively correlated with infarct volume
percentage and IMH volume percentage (r,=0.540, P<<0.01; ,=0.773, P<<0.01). Conclusion IMH can lead to more
severe myocardial infarction and has short-term adverse effects on left ventricular systolic function. Cardiomyocyte injury
markers may provide a convenient way to detect IMH in STEMI patients after PCI. Higher cardiomyocyte injury markers
indicate worse cardiac function, larger infarct volume and more severe reperfusion injury.

[ Key words | acute ST segment elevation myocardial infarction; ischemia-reperfusion injury; intramyocardial
hemorrhage; cardiac magnetic resonance; cardiomyocyte injury markers
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ventricular stroke volume index, LVSVi ) . 84K .
R DU FEEL (left ventricular mass index,
LVmassi) o
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1 Spearman Bk AH 5 3 #7146 56 45748 F: 18] (19 A S PE
THECR R BIBCRTE 2 8on, SR G Mgt f 4
] b, 2l U A bs s 2 B IMH (%) ROC i
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B 1 STEMI £#& CMR B
Fig1l CMR images of STEMI patients
A, B: CMR images of STEMI patients without IMH. LGE imaging showed infarct (A, arrow) and T2* mapping (B) indicated no
IMH. C, D: CMR images of STEMI patients with IMH. LGE imaging showed infarct (C, arrow) and T2* mapping (D, arrow) showed

IMH. STEMI: ST segment elevation myocardial infarction; CMR: Cardiac magnetic resonance; IMH: Intramyocardial hemorrhage;

LGE: Late gadolinium enhancement.
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HAM R IFAX (r,=0.647, P<<0.001) ; IMH %
FUE S . FESEA B A 4 L5 LVEF 2 5 A 3¢
(r,=—0.640, r=—0.423, $#P<0.001) , 5%
e U E BRI AR S H A — 2 B ARG (IMH



WEAETELE RS 2024 4E 6 J, 45 45 4 e 735 -
ZSFE 4SS LVGRS . LVGCS M LVGLS A - £ —0.383. 0.475. 0.489, ¥ P<0.05) . #tdEIMH

B —0.403 . 0.459. 0.515, FHAEAFRE 40 L
5 LVGRS. LVGCS K LVGLS /48 3¢ Z %43 51 K

A, FIEEFE 43S LVEF A O 2 B0
AU A ZH T (¥ P>0.05) .

F1 74 STEMI BEIGRELZER
Tab 1 Clinical baseline data of STEMI patients in 2 groups
Index Non-IMH group N=19 IMH group N=33 Statistic P value
Agelyear, x T s 54.10+11.10 55.21+7.69 t=—0.424 0.673
Gender, 1 (%) 2 =0.339 0.561
Male 17 (89.47) 31(93.94)
Female 2 (10.53) 2 (6.06)
Body surface area/m’, X+ 1.84%+0.20 1.83+£0.14 t=0.210 0.835
Time from onset to PCI/h, M (O,, Oy) 5(3,20) 5(4,10) Z=—0.077 0.939
Hypertension, n (%) 13 (68.42) 20 (60.61) £=0318 0.573
Diabetes mellitus, n (%) 6 (31.58) 11 (33.33) 2 =0.009 0.924
Hyperlipidemia, n (%) 7 (36.84) 16 (48.48) £ =1.045 0.307
Smoking, n (%) 11 (57.89) 22 (66.67) £ =0.400 0.527
Location of culprit vessel, 7 (%) Z=—1.823 0.068
Left anterior descending artery 11 (57.89) 24 (72.73)
Left circumflex artery 6 (31.58) 3(9.09)
Right coronary artery 2 (10.53) 6 (18.18)

STEMI: ST segment elevation myocardial infarction; IMH: Intramyocardial hemorrhage; PCI: Percutaneous coronary

intervention; M (Q,, O): Median (lower quartile, upper quartile).

%2 V4 STEMI & DR HIRIFIELL R
Tab 2 Comparison of cardiac magnetic resonance characteristics of STEMI patients between 2 groups

xts

Characteristic Non-IMH group N=19 IMH group N=33 t value P value

LVEF/% 55.084+9.01 47.25+8.50 3.133 0.003
LVEDVi/(mLem %) 74.534+10.50 80.75+15.01 —1.594 0.117
LVESVi/(mL'mfz) 34.4849.12 42.69+11.33 —2.694 0.010
LVSVi/(mLm °) 41.29+8.70 38.16+9.42 1.186 0.241
CI/(L*min " '*m?) 2.76+0.58 4.70+1.03 —17.535 <0.001
LVmassi/(gem ) 57.681+10.59 58.93+11.30 —0.394 0.696
Infarct volume percentage/% 19.73+10.90 36.82+13.33 —4.744 <0.001
LVGRS/% 27.47+4.90 21.90+5.31 3.745 <0.001
LVGCS/% —16.78+2.04 —13.86+2.41 —4.452 <0.001
LVGLS/% —13.66+2.51 —11.19£2.70 —3.260 0.002

STEMI: ST segment elevation myocardial infarction; IMH: Intramyocardial hemorrhage; LVEF: Left ventricular ejection

fraction; LVEDVi: Left ventricular end-diastolic volume index; LVESVi :

Left ventricular end-systolic volume index; LVSVi: Left

ventricular stroke volume index; CI: Cardiac index; LVmassi: Left ventricular mass index; LVGRS: Left ventricular global radial

strain; LVGCS: Left ventricular global circumference strain; LVGLS: Left ventricular global longitudinal strain.
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1M CKMB 7K V- 76 R J5 565 3 K I 42 3 1E W K P
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Tab 3 Levels of cardiomyocyte injury markers of STEMI patients at each time point between 2 groups

Marker Non-IMH group N=19 IMH group N=33 Statistic P value

¢TnT/(ng*mL ), M (0, Op)
Before PCI 0.06 (0.01, 0.41) 0.06 (0.30, 1.33) Z=-—0.862  0.389
Immediately after PCI 1.31(0.45,3.41) 10.00 (4.54, 10.00) Z=—4.886 <<0.001

Change immediately after PCI
1 d after PCI
3 d after PCI

NT-proBNP/(pg*mL "), M (Q,, Oy)
Before PCI
Immediately after PCI
Change immediately after PCI
1 d after PCI
3 d after PCI

1.67 (0.88, 3.68)
3.19 (142, 6.61)
1.05 (0.37, 3.10)
Peak 3.41(1.52, 6.61)

39.75 (20.77, 104.22)
148.00 (44.00, 334.00)
65.45 (12.62, 143.70)
584.60 (310.90,979.30) 863.10 (614.30, 1 998.00) Z=—2.019  0.044
390.10 (336.00, 620.90) 832.20 (482.75, 1 027.25) Z=—3.060  0.002

Z=-—3.988 <0.001
Z=-—2562 0.010
Z=-—3.753 <0.001
Z=—3.963 <0.001

8.60 (2.90, 9.94)
6.48 (4.01, 9.76)
3.40 (2.49, 4.98)

10.00 (6.04, 10.00)

Z=—1.884  0.060
Z=—0.836  0.403
Z=—1.119 0.263

119.50 (32.65, 562.15)
164.00 (58.90, 707.85)
89.30 (21.90, 244.75)

Peak 710.50 (543.50, 979.20) 1 035.00 (705.20, 2 048.00) Z=—2.299  0.021

CKMB/(U-L™")
Before PCI, M (Q,, Op)
Immediately after PCI, M (Q,, O,)
Change immediately after PCI, M (Q,, O,)
1 d after PCI, M (O, Qp)
3 d after PCI, x %=
Peak, x+ts

22.00 (14.50, 63.00)
97.00 (31.00, 150.00)
54.00 (9.00, 89.50)

173.00 (77.50, 220.50)

30.74+11.56
175.26+124.88

23.00 (12.00, 99.00)
245.00 (157.00, 438.00)
173.00 (74.00, 390.00)
173.00 (77.50, 392.00)

34.361+13.58
330.21+206.67

Z=—0302  0.763
Z=—4.143 <0.001
Z=-—3.320 <0.001
Z=—1.280  0.200
t=—0.977 0.333
t=—2.964 0.005

STEMI: ST segment elevation myocardial infarction; IMH: Intramyocardial hemorrhage; ¢cTnT: Cardiac troponin T; PCI:

Percutaneous coronary intervention; NT-proBNP: N-terminal pro-brain natriuretic peptide; CKMB: Creatine kinase isoenzyme MB;

M (Q,, Op): Median (lower quartile, upper quartile).
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Fig2 ROC curves of cardiomyocyte injury markers for diagnosing intramyocardial hemorrhage

A: ROC curves of ¢TnT for diagnosing intramyocardial hemorrhage; B: ROC curves of CKMB for diagnosing intramyocardial

hemorrhage. ROC: Receiver operating characteristic; cTnT: Cardiac troponin T; CKMB: Creatine kinase isoenzyme MB.



WFELER AR 2024 4F 6 H, 4 45 %

e 737 -

2.5 SR AR E M KT L CMR A% 6948 %4
547 BUIMH 4 KR IMH 4l 2 (8] 22 R A G4
SRR A O WU Oih5 5 5 CMR S50 AH M55
Br, 45K WK 4. PCIARJ5 Bl %] cTnT. CKMB 5

LVEF & LVGRS & i # ¢, 5 LVGCS, LVGLS,
WU FE ARG 4 b & IMH 258 B 45 L 3% 2 1F A
* (¥ P<0.01) .

Fz 4 STEMI EEF DO IRGIREYS CMR SHBHEXES T

Tab 4 Correlation analyses of cardiomyocyte injury markers and CMR parameters in STEMI patients

rirg
Marker LVEF LVGRS LVGCS LVGLS Infarct volume percentage IMH volume percentage
¢TnTi —0.453" —0.443" 0.528" 0.569" 0.540" 0.773"
¢TnTc —0.334" —0.430" 0.467" 0.354" 04217 0.643"
¢TnT1 —0.254 —0.285 0.346" 0.345" 0.296" 0.428"
¢TnT3 —0.311" —0.367" 0.467" 0.354" 0.433" 0.544"
¢TnTp —0.417" —0.398" 0.479" 0.549" 0.487" 0.689"
CKMBi —0.430" —0415"7 0.489" 0.507" 0.487" 0.659"
CKMBc —0.331 —0.407" 0.459" 0.249 0.437" 0.519"
CKMBp —0.468" —0.339 0.437" 0.430" 0.540" 0.528"

'P<<0.05, "P<<0.01. STEMI: ST segment elevation myocardial infarction; CMR: Cardiac magnetic resonance; cTnTi: ¢TnT
after PCI immediately; cTnTc: Change of ¢TnT after PCI immediately; cTnT1: ¢TnT 1 d after PCI; ¢cTnT3: ¢TnT 3 d after PCI;
cTnTp: Peak of cTnT; CKMBi: CKMB after PCI immediately; CKMBc: Change of CKMB after PCI immediately; CKMBp: Peak
of CKMB; LVEF: Left ventricular ejection fraction; LVGRS: Left ventricular global radial strain; LVGCS: Left ventricular global

circumference strain; LVGLS: Left ventricular global longitudinal strain; IMH: Intramyocardial hemorrhage; ¢TnT: Cardiac troponin T;

PCI: Percutaneous coronary intervention; CKMB: Creatine kinase isoenzyme MB.

A5 PCI AR BIZI] ¢ TnT A9 {3741 5.55 ng/mL,
B 2 K cTnT 4 (PCIARJT BIZ) ¢ TnT<
5.55 ng/mL ) A% cTnT 241 (PCI AR J5 Bl %] cTnT=
5.55 ng/mL) . ik cTnT 415 B0 NAEIE AR H
43 R IMH 258 E 2 LU T & e TnT 41 [ (22.6+
11.16) % vs (38.55+£14.05) %, P<<0.001; 0 (0,
1.38% ) vs4.79% (2.37%, 721%) , P<<0.001] , ifij
LVEF 5 T cTnT 41 [ (54.224+7.92) %vs (46.00+
9.09) %, P=0.001] .

3 3t i
AW ERYER . (1) /746 IMH R ER T

IMH 1) 85 O U AL A B A 43 b H A2 O 0
e 25 (2) ¢TnT K CKMB /KTt & %F IMH
1R A A HERVEH, HA AR S BIZ] cTnT A2 Wik
femeft, A AETIG FAES 2.31 ng/mL, HE S
ARJGEVZ] cTnT KV EW A B E ODIREZE . ML
B, FREES ™

IMH J2 P9 7 301 405 09 EE ZE ML, 7 PCI AR5
IMH ) % 2 3K 25%~50% "', IMH B % iF 52
SO EEM RN R L EA X . CMR
eI PRITH IMH 19 35 52 7 3%, A8 5% i 1 CMR
T2* mapping J¥FIIFAl IMH, &M &L IMH 51
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