Intramyocardial Hemorrhage Leads to Higher
MACE Rate by Increasing Myocardial Infarction
Volume in Patients with STEMI
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Background and Aims: Whether IMH can directly cause persistent myocardial necrosis after reperfusion therapy in STEMI patients

is still unclear. We conducted a prospective study to compare the cardiovascular parameters in patients with STEMI with and without
IMH to explore the potential correlations between IMH and poor outcomes.

Methods and Results: We prospectively enrolled 65 consecutive patients with newly diagnosed STEMI admitted to the CCU of the
Second Xiangya Hospital of Central South University between April 2019 and November 2021, all of whom underwent primary PCI.
Of these, 38 (58.5%) and 27 (41.5%) patients were in the IMH-absent and IMH-present groups, respectively. At a mean time of 5—7
days after reperfusion therapy, the volume of MI measured using LGE sequence was larger in STEMI patients with IMH than in
patients without IMH (34.2 + 12.7 em® vs 21.1 + 13.1 em?®, P<0.001). HSTNT levels were significantly higher in the IMH-present
group than in the IMH-absent [2500.0 (1681.5-4307.0) pg/mL vs 1710.0 (203.0-3363.5) pg/mL, P=0.021] group during
hospitalization. The LVEF measured using CMR in the IMH-present group was lower than that in the IMH-absent group (30.7 £+ 9.8%
vs 42.3 £ 11.0%, P < 0.001). The rate of MACE at 12 months in IMH-present group was significantly higher than in the IMH-absent
group (9/27 VS 2/38, P=0.012).

Conclusion: IMH can lead to further expansion of MI volumes in patients with STEMI, resulting in lower LVEF and higher MACE
rate in the post-discharge follow-up.
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Introduction

Acute ST-segment elevation myocardial infarction (STEMI) is an emergency, severe cardiovascular disease. After the
1970s and the 1980s, with the introduction of reperfusion therapies such as thrombolysis, percutaneous coronary
intervention (PCI), and coronary artery bypass graft surgery (CABQG) in the treatment of acute myocardial infarction
(AMI), the survival rate of patients with STEMI has greatly improved.l’2 However, cardiac function does not fully
recover in 30-50% of patients, even with vascularization therapy, owing to irreversible myocardial necrosis, ischemia
reperfusion injury (IRI), and other factors.* IRI often results in coronary microvascular injury, which includes two
manifestations: intramyocardial hemorrhage (IMH) and microvascular obstruction (MVO), which can be visualized by
cardiac magnetic resonance (CMR).5’6 Although epicardial vascular patency recovered because of microvascular injury,
the vascular endothelial gap and erythrocyte exosmosis increased IMH.” Previous studies® '® have shown that patients

with IMH have a worse prognosis. Some cardiologists have proposed that IMH can cause adverse left ventricular
remodeling, and myocardial injury is further aggravated due to blood cell extravasation, iron deposition, and local

inflammatory reaction.'! Despite various speculations, the specific mechanism by which IMH contributes to an adverse

prognosis remains unclear.

Additionally, clinical questions have plagued us. STEMI patients with IMH usually present with more severe

conditions and higher laboratory test results such as troponin and NT-ProBNP levels. These conditions indicate that
patients with STEMI and IMH are likely to have worse clinical outcomes. This may be related to infarct volume or
infarct area. Whether IMH is a concomitant phenomenon of severe MI or might IMH be involved in the worsening
progression of MI remains unclear.

Therefore, we conducted a prospective study to compare the cardiovascular parameters in patients with STEMI with
and without IMH to explore the potential pathophysiological correlations between IMH and poor cardiovascular



outcomes.

Methods

Patients

We prospectively enrolled consecutive patients with newly diagnosed STEMI admitted to the coronary care units (CCU)
of the Second Xiangya Hospital of Central South University between April 2019 and November 2021, all of whom
underwent primary PCI. The diagnostic criteria were based on the fourth edition of the Global Definition of Myocardial
Infarction (2018). Patients with clear prior reperfusion therapy (thrombolysis, PCI, or CABG) for ischemia were
excluded (for specific inclusion and exclusion criteria, see Supplementary Material). The study protocol conformed to the

ethical guidelines of the Declaration of Helsinki'? and was reflected by prior approval from the Human Research
Committee of the Second Xiangya Hospital of the Central South University (ethics approval number: Y2021453).
Written informed consent was obtained from patients while the patient was in a clinically stable, non-congested condition
or from their family members who could provide informed consent on behalf of the patients after they were informed
about the objectives and procedures of the study. Their right to refuse participation at any time was assured. For this
purpose, a one-page consent letter was attached as a cover page for each questionnaire stating the general objective of the
study and issues of confidentiality that were discussed by the data collectors before proceeding to data collection.

Data Collection

Medical records were obtained from inpatient and emergency medical systems. Data including demographic character
istics, comorbidities, laboratory testing results, electrocardiography (ECG), PCI records, echocardiographic findings, and
treatment were obtained. Follow-up was started at the time of STEMI diagnosis. The primary clinical endpoint [major
adverse cardiac events (MACE)] was defined as a composite of cardiac death, reinfarction, and the occurrence of new
heart failure (HF) after hospital discharge for the index event. To avoid double counting of patients with more than one
event, each patient contributed only once to the MACE endpoint (death > reinfarction > HF). Data were obtained from
medical records or telephone interviews with patients or relatives by two trained doctors. The final follow-up date was
September 30, 2023. Survival time (months) was measured as the duration between the first day of hospitalization when
the patient was diagnosed with STEMI and the date of MACE.

CMR Protocol

After admission, patients underwent CMR on 3.0 T scanners (MAGNETOM Skyra, Siemens Healthcare, Erlangen,
Germany) with an 18-channel body coil combined with a spine coil to determine whether IMH occurred. All CMR image
analyses were performed using CVI42 (Circle Cardiovascular Imaging Inc.) by two radiologists with more than 3 years
of CMR experience in consensus. IMH was assessed by T2 or T2 mapping quantification using a breath-hold, cardiac
gated gradient echo sequence with eight echoes obtained in three matching short-axis slices before administration of the
contrast agent, which was defined as a region of hypointense core within the infarcted area with a reduction in T2 signal
intensities < 20 ms. The infarct volume and MVO were measured with left ventricular short-axis delayed

gadolinium-enhanced (LGE) images.

Statistical Analysis

Normally distributed parameters are expressed as mean + standard deviation (SD), whereas non-normally distributed
parameters are expressed as median (Q1-Q3) with interquartile interval (IQR). The classification values are expressed in
numbers (percentages). Categorical data were reported as frequencies and percentages and compared using the chi-square

or

Fisher’s exact test. The unpaired Student’s ¢-test (if normal distribution) or Mann—Whitney U-test (non-normal distribution variable)
was used to compare continuous variables between the two independent groups. If more than two groups were compared, the
ANOVA or the Kruskal-Wallis test was used for analysis. The Kaplan—Meier curve was used to evaluate the difference in the
incidence of endpoint events at 12 months post-discharge (log-rank method was used to calculate P-value). All tests were 2-tailed
tests, and the statistical significance was set at P < 0.05. In this study, SPSS 26.0 (IBM Software Inc.), EmpowerStats3.0, and R
(version 3.3.2) were used for statistical analysis, and R (version 3.3.2), GraphPad Prism V8.0 (GraphPad Software Inc.), and

PowerPoint 2019 (Microsoft Inc.) were used for mapping.



Results

Clinical Features of Patients According IMH

A total of 65 STEMI patients were enrolled, of whom 53 (81.5%) were male and 12 (18.5%) were female, with a mean age of 57.8
+ 10.5 years. Of these, 38 patients were in the IMH-absent group, and 27 (41.5%) were in the IMH-present group. The average age
of the patients in the IMH-absent group was 58.3 + 11.4 years, and 33 (86.8%) were male. Patients were examined with CMR 5.5 +
2.3 days after presenting with AMI symptoms. Twenty-five (65.8%) patients had a history of smoking. Patients in the IMH-present
group had a mean age of 57.1 £ 9.3 years, and 20 (74.1%) were male. Patients underwent CMR 5.4 =+ 3.1 days after AMI symptoms,
and 74.1% (20/27) of patients had a history of previous smoking. Demographic character

istics mentioned above, no significant difference was observed between the two groups.

The average systolic blood pressure (SBP) was 118.3 + 19.1 mmHg and the average diastolic blood pressure (DBP) was 71.6 + 11.5
mmHg in the IMH-absent group; The mean pulse was 81.1 &+ 15.3 beats/min, and the patients in the IMH-present group had a mean
SBP of 116.5 = 21.2 mmHg, a mean DBP of 74.4 + 15.6 mmHg, and a mean pulse of 79.1 + 14.2 beats/min. In the IMH-absent
group, 16 (42.1%) patients had comorbid hypertension, 10 (26.3%) had comorbid diabetes, and 7 (18.4%) had hyperlipidemia. In
the IMH-present group, 14 (51.9%) patients had comorbid hypertension, 7 (25.9%) had comorbid diabetes, and 4 (14.8%) had
hyperlipidemia. The remaining comorbidities are presented in Table 1. There were no statistically significant differences in patient
comorbidities between the two groups.

Table | Clinical Features of Patients According to IMH

IMH Absent (n=38) IMH Present (n=27) P-value

Age, years 583+11.4 57.1£9.3 0.497
Male, n (%) 33 (86.8%) 20 (74.1%) 0.191
Day CMR after M, 5.5%2.3 5.443.1 0.446
days SBP, mmHg 118.3%19.1 116.5+21.2 0.665
DBP, mmHg 71.6£11.5 744%15.6 0.571
Pulse, Times/min 81.1£15.3 79.1£14.2 0.562

Comorbidities, n (%)

Smoking 25 (65.8%) 20 (74.1%) 0.476
T2DM 10 (26.3%) 7 (25.9%) 0.792
Hypertension 16 (42.1%) 14 (51.9%) 0.473
Hyperlipidaemia 7 (18.4%) 4 (14.8%) 0.702
Stroke 2(5.3%) 0(0%) 0.507
COPD 3(7.9%) 1(3.7%) 0.636

Medications, n (%)

Aspirin 37 (97.4%) 25 (92.6%) 0.565
Clopidogrel 26 (68.4%) 14 (51.9%) 0.176
Tigrilol 8 (21.1%) 9 (33.3%) 0.267
Tirofiban 5 (13.2%) 3(11.1%) 0.855
LMWH 17 (44.7%) 9 (33.3%) 0.355
(Continued)

Table | (Continued).

IMH Absent (n=38) IMH Present (n=27) P-value

Infarct related artery, n (%)

Left anterior 17 (44.7%) 19 (70.4%) 0.040
descending Left 9 (23.7%) 6 (22.2%) 0.890
circumflex 11 (29.0%) 2 (7.4%) 0233

Right coronary artery | (2.6%) 0 (0%) 0.396




Left main

Killip-class on admission, n (%) 0.357
I 5(13.2%) 7 (25.9%)

I 12 (31.6%) 11 (40.7%)

n 13 (34.1%) 6 (22.2%)

v 8 (21.1%) 3(11.1%)

Notes: Data are (N) Mean (SD) or (N) n (%), Median (Q3-Ql), where N is the total number of patients with
available data. Boldface indicates statistical significance (P < 0.05).
Abbreviations: COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; CMR, cardiac
magnetic resonance; DBP, Diastolic blood pressure; SBP, systolic blood pressure; LMWH, low molecular weight
heparin; T2DM, type 2 diabetes mellitus.

After admission, 37 (97.4%) patients in the IMH-absent group and 25 (92.6%) in the IMH-present group were
prescribed aspirin antiplatelet aggregates, with no statistical difference between the two groups. See Table 1 for the other
medications used. There was no statistical difference between the two groups in the use of drugs after admission or in the
Killip class.

Cardiac Parameter Differences According to IMH

In the IMH-absent group, the culprit vessel in 17 (44.7%) patients was the anterior descending artery, the culprit vessel in
nine (23.7%) patients was the circumflex artery, the culprit vessel in 11 (29.0%) patients was the right coronary artery,
and the culprit vessel in one (2.6%) patient was the left main artery. In 19 (70.4%) patients in the IMH-present group, the
culprit vessel was the circumflex artery, in 6 (22.2%) patients, the culprit vessel was the circumflex artery; and in 2
(7.4%) patients, the culprit vessel was the right coronary artery. The culprit vessel of the IMH-present was more
frequently located in the anterior descending artery when the two groups were compared (P = 0.040). The routine blood
examination results of the two groups are listed in Table 2, and there were no statistical differences in hemoglobin, white
blood cell count, and platelet count between the two groups. The lipid profiles of the two groups of patients are shown in
Table 2. Low-density lipoprotein cholesterol (LDL-C) was 2.4+ 0.7 mmol/L in patients in the IMH-absent group and
2.6+£0.8 mmol/l in patients in the IMH-present group, both of which were not statistically different (P = 0.273). Serum
levels of C-reactive protein (CRP) were significantly greater in the IMH

Table 2 Laboratory Examination and Cardiac Parameters According to IMH

IMH Absent (n=38) IMH Present (n=27) P-value
HGB, g/L 130.6+20.2 130.7£19.3 0.986
WBC, 1079/L 9.4+4.0 9.6+4.1 0.814
PLT, 10A9/L 218.0£94.2 230.5£71.0 0.563
TC, mmol/L 1.5+£0.9 1.6+0.8 0.708
TG, mmol/L 3.2+0.5 4.1+0.9 0.424
LDL-C, mmol/L 2.4%0.7 2.6+0.8 0.273
CRP, mg/L 29.4+32.9 81.9+68.5 0.010
CK-MB, u/L 52.7 (25.8-303.0) 161.6 (55.5-540.5) 0.011
HsTnT, pg/mL 1710.0 2500.0 0.021
NT-proBNP, pg/mL (203.0-3363.5) (1681.5-4307.0) 0.821

1618.0 1901.0

(863.5-3066.8) (750.0-3233.5)

(Continued)

Table 2 (Continued).

IMH Absent (n=38) IMH Present (n=27) P-value




ECG findings, n (%)

PR interval, ms 161.4+30.1 153.0¢17.3 0.229
Corrected QT interval, 456.1+45.3 449.4+41.5 0.554
ms QRS duration, ms 118.8+143.7 91.3+20.2 0.348
Q wave 20 (52.6%) 17 (63.0%) 0.407

Echocardiographic findings

LAESd, mm 38.1+5.7 37.5+43 0.310
RAESd, mm 334443 32.1+4.1 0.446
LVEDd, mm 56.7£9.9 53.947.1 0.434
RVEDd, mm 32.1+£3.7 31.6+55 0.329
LVEF, (%) 46.8+12.2 41.311.1 0.065

CMR findings, n (%)

MVO 14 (36.8%) 23 (85.2%) <0.001
Ventricular aneurysm 12 (41.4%) 11 (44.0%) 0.846
Infarction volume, cm® 211 £ 13.1 342+£12.7 <0.001
IMH volume, cm® - 5.6+4.1 -

Cardiac output, L/min 5.3%2.1 4.9+2.6 o.10
LVEF (CMR), (%) 42.311.0 30.7+9.8 <0.001

Notes: Data are (N) Mean (SD) or (N) n (%), Median (Q3-Ql), where N is the total number of patients with available
data. Boldface indicates statistical significance (P < 0.05).

Abbreviations: CRP, C-reactive protein; CK-MB, creatine kinase-MB; TC, total Cholesterol; TG, Triglyceride; LDL-C,
low density lipoprotein-cholesterol; LAESd, Left Atrium End Systolic diameter; LVEDd, Left Ventricular End Diastolic
diameter; RAESd, Right Atrium End Systolic diameter; RVEDd, Right Ventricular End Diastolic diameter; LVEF, Left
Ventricular Ejection Fraction; IMH, intramyocardial hemorrhage; MVO, microvascular obstruction.

present group than in the IMH-absent group (29.4 +32.9 mg/L vs 81.9 + 68.5 mg/L, P = 0.010). Serum levels of CK-MB, a marker
of myocardial injury, were also significantly higher in the IMH-present group than in the IMH-absent [161.6 (55.5— 540.5) U/L vs
52.7 (25.8-303.0) U/L, P =0.011] group. HSTNT levels were significantly higher in the IMH-present group than in the IMH-absent
[2500.0 (1681.5-4307.0) pg/mL vs 1710.0 (203.0-3363.5) pg/mL, P =0.021] group. NT-proBNP levels were not significantly
different between the two groups [1901.0 (750.0-3233.5) pg vs 1618.0 (863.5-3066.8) pg/mL, P = 0.821]. Regarding the ECG of
both groups of patients, all but 2 patients in the IMH-present group had sinus rhythm. There were no statistically significant
differences in PR interval, QRS duration, or QTc duration between the two groups.

The mean IMH volume in the IMH group was 5.6 + 4.1 cm’. The IMH group had a significantly higher MI volume than the
IMH-absent group (34.2 £ 12.7 em’vs 21,1+ 13.1 em®, P< 0.001), and LVEF was also significantly lower in the IMH group than
the IMH-absent group (30.7 + 9.8% vs 42.3 = 11.0%, P < 0.001). Twelve (41.4%) patients in the IMH-absent group present with
ventricular aneurysms, whereas 11 (44.0%) patients in the IMH-present group present with ventricular aneurysms, and there was no
statistical difference between the two groups (P = 0.846). Undescribed narrative results are listed in Table 2.

IMH and Clinical Outcome

These patients were followed up for a median of 16 (11-17) months, and 16 patients experienced a MACE (death, n = 1; new
congestive heart failure, n = 11); reinfarction, n = 4). The Kaplan—Meier curve was used to compare MACE-free survival in the
IMH-present and IMH-absent groups. The rate of MACE at 12 months in the IMH-present group was significantly higher than in
the IMH-absent group (9/27 VS 2/38, P =0.012), as shown in Figure 1.

Compared with the MACE-absent group, the MACE-present group have fewer men (62.5% VS 87.8%, P = 0.05), with a higher
CK-MB [342 (1112-624) u/L VS 56.0 (24-216) w/L, P = 0.005] and HSTNT levels [3600 (2489-6551) pg/mL VS 1700.0



Figure | Kaplan—Meier curve showing the risk of MACE according to the presence or absence of IMH.

(253.3-3076.0) pg/mL, P < 0.001]. As for LVEF, LVEF measured by echocardiographic (39.1 + 10.7% VS 46.3 + 11.9%,
P < 0.001) and CMR (28.7 + 8.8% VS 40.4 + 11.4%, P = 0.002), and the MACE-present group was smaller than the
MACE-absent group. The incidences of IMH (75% VS 30.6%, P = 0.02) and MVO (87.5% VS 49%, P = 0.07) were
much higher in the MACE group than in the MACE-absent group. The remaining differences in clinical characteristics
are presented in Table 3.

We investigated the prognostic factors for MACE using univariate and multivariate Cox hazard analyses in our study,
as presented in Table 4. This study reveals that not only MVO (HR 3.940, 95% CI 1.000-10.250, P = 0.049), but also
IMH (HR 3.151, 95% CI 1.000-9.931, P = 0.039) are independent risk factors in patients with STEMI.

Table 3 Patient Characteristics According to Major Adverse Cardiac Events

MACE-Absent (N=49) | MACE-Present (N=16) P-value
Age, years 58.3(11.1) 56.3(8.6) 0.510
Male, n (%) 43 (87.8%) 10(62.5%) 0.057
SBP, mmHg 118420 117£19 0.520
DBP, mmHg 7213 74+14 0.410
Pulse, times/min 80 (68, 89) 86 (71, 96) 0.332
TC, mmol/L 3.84 (3.56, 4.56) 3.92 (341, 4.41) 0.845
TG, mmol/L 1.37 (1.00, 1.84) 1.25 (1.03, 1.58) 0.815
LDL-C, mmol/L 2.35(2.08, 3.02) 2.29 (2.00, 2.99) 0910
CK-MB, u/L 56 (24, 216) 342 (112, 624) 0.005
HsTnT, pg/mL 1710 (215, 3070) 3600 (2489, 6551) <0.001
NT-proBNP, pg/mL 1287 (809, 2796) 2683 (1169, 3698) 0.110

(Continued)




Table 3 (Continued).

MACE-Absent (N=49) | MACE-Present (N=16) P-value
Echocardiographic findings
LAESd, mm 37.915.5 37.6+3.9 0.857
RAESd, mm 55.2+9.5 56.5+7.0 0.613
LVEDd, mm 33.1%4.5 31.9£3.0 0.332
RVEDd, mm 32.3+4.7 304434 0.144
LVEF, (%) 46.3x11.9 39.1£10.7 0.035
CMR findings, n (%)
MVO 24 (49%) 14 (87.5%) 0.007
Ventricular 14 (36.8%) 9 (56.2%) 0.188
aneurysm IMH 15 (30.6%) 12 (75%) 0.002
Infarction volume, 24.2+13.4 33.7£153 0.020
em? Cardiac 5.5+2.5 4.4+1.1 0.114
output, L/min LVEF 40.4£11.4 28.7+8.8 0.002
(CMR), (%)
Infarct related artery, n (%)
Left anterior 25(51.0%) 11(68.8%) 0.215
descending Left 13(26.5%) 3 (18.8%) 0.744
circumflex 10(20.4%) 2 (12.5%) 0.756
Right coronary 1(2.01%) 0 (0%) 0.490
artery Left main
Killip-class on admission, n (%) 0.523
| 10 (20.4%) 2 (12.5%)
I 18 (36.7%) 5 (31.2%)
n 12 (24.5%) 7 (43.8%)
v 9 (18.4%) 2 (12.5%)

Notes: Data are (N) Mean (SD) or (N) n (%), Median (Q3-Ql), where N is the total number of patients with

available data. Boldface indicates statistical significance (P < 0.05).

Table 4 Univariate and Multivariate Cox Hazard Analyses of Predictors for MACE

Variables Univariate Multivariate

HR 95% ClI p value HR 95% ClI p value
Age 0.980 0.930-1.020 0.366 - - -
Male 1.540 0.5304.510 0.431 - - -
SBP 1.005 0.975-1.026 0.968 - - -
Killip-class 1112 0.788-1.226 0.834 - - -
Hypertension 0.690 0.250-5.491 0.183 - - -
Diabetes 1.521 0.247-1.978 0.428 - - -
Smoking 1.796 1.186-2.721 0.490 - - -
LAD infarction 1.090 0.360-3.270 0.882 - - -
MVO present 4.080 1.010-18.26 0.032 3.940 1.000-10.250 0.049
Ventricular aneurysm 1.480 0.540-4.100 0.444 - - -
IMH present 3.240 1.03-10.210 0.031 3.151 1.000-9.931 0.039
Cardiac output 0.77 0.51-1.150 0.143 - - -




Note: Boldface indicates statistical significance (P < 0.05).
Abbreviations: HR, Hazard ratio; Cl, Confidence interval; LAD, Left anterior descending; SBP, systolic blood pressure; LAD, Left anterior
descending; IMH, intramyocardial hemorrhage; MVO, microvascular obstruction.

Discussion

AMI, a highly lethal acute and critical illness, has a significant reduction in mortality after the invention and promotion of
reperfusion therapy, especially PCI, but still a proportion of patients, despite receiving timely and effective reperfusion
therapy, the prognosis has not improved significantly, and cardiologists are considering that there may be other
mechanisms  involved."> However, given the limitations of research methods, most are limited to animal and autopsy
pathological studies, and some mechanistic questions regarding AMI still need to be explored. In recent decades, with the
continuous development of noninvasive imaging devices, such as CMR and positron emission tomography (PET), let us
understand more about AMI and reperfusion myocardial injury.14 Reperfusion myocardial injury often leads to coronary
microcirculation disorders and the no-reflow phenomenon after PPCI in STEMI patients.'”> IMH and MVO share
microcirculatory damage as a common pathophysiological mechanism. Previous studies'® have been relatively clear on
the adverse effects of MVO after reperfusion therapy in STEMI; however, the significance of IMH in STEMI patients is
limited to poor prognostic factors, and the specific mechanism remains unclear. Previous studies'’ suggested that IMH
mainly causes chronic adverse remodelling of ventricular remodeling by iron-containing compounds deposited in the
interstitium of cardiomyocytes, which further contributes to the worse prognosis of patients with STEML."® Bulluck et
al'' demonstrated that iron deposition after IMH is closely related to persistent inflammation within the myocardium and
adverse left ventricular remodeling. Behrouzi et al'” demonstrated that sustained deferiprone administration in a post-MI
pig model reduced the inflammatory response and myocardial remodeling in pigs with MI combined with IMH. We
speculate that IMH can directly cause persistent myocardial necrosis after reperfusion therapy in patients with STEMI;
however, the available evidence is insufficient. Therefore, the present study aimed to answer this question by analyzing
the clinical data of the patients, as well as the CMR records.

The present prospective study suggests that at a mean time of 5-7 days after reperfusion therapy, the volume of MI
measured using the LGE sequence was larger in STEMI patients with IMH than in patients without IMH (Figure 2a). The
difference in MI volume was more pronounced in the IMH group than in the MVO subgroup (Figure 2b). At this point,
patients in the IMH-present group had a lower LVEF, whereas patients in the MVO-present group did not have a
significantly lower LVEF than those in the MVO-absent group (Figure 3a—c). We believe that IMH caused further
expansion of myocardial infarction. It is possible that the

Figure 2 (a) The IMH group had a significantly higher Ml volume than the IMH-absent group; (b) The MVO group had a significantly higher MI volume than the MVO-absent
group; (c) HsTnT results during hospitalization of two groups of patients; (d) Relationship between IMH volume and MI volume. (***p<0.001; *p<0.05).



Figure 3 (a) LVEF of IMH-present group was lower than IMH-absent group; (b) It was no significant difference between MVO-present and MVO-absent group; (c) LVEF of MACE-present
group was lower than MACE-absent group. (***p<0.001, **p<0.01).
Abbreviation: ns, not significant.

LGE-based measurement of the myocardial infarction volume and IMH volume was inaccurate in this study. Therefore, we
consecutively collected daily hsTnT results during the patients’ hospitalization and depicted two sets of curves, as shown in Figure
2c¢. We found that the peak value and area under the curve of HsTnT in IMH-present group were larger than those in the
IMH-absent group, and these two indexes can also suggest that the time and intensity of myocardial injury in IMH group were
much larger than those in non IMH group. We also measured the volume of IMH and MI. Theoretically, IMH can expand the
volume of myocardial infarction, and the volume of IMH should be related to the volume of MI, but we did not find a linear
relationship between these two variables (Figure 2d). This may be because of the small sample size or the fact that the volume of
IMH is not linearly related to the final volume of the patient’s MI, and we do not know how to interpret it.

The critical factors determining the volume of myocardial infarction are the size of the vascular bed or the amount of myocardium
downstream from the culprit lesion, as well as the duration of ischemia in that territory.”’ Therefore, the restoration of myocardial
perfusion by opening the occluded vessel as soon as possible is key to reducing the volume of myocardial infarction in patients with
STEML. In a recent animal study, Liu et al*! demonstrated that IMH causes further expansion of the MI volume in a beagle dog
model of MI. This landmark study, through CMR and PET examination of the heart in a beagle dog model, suggested that IMH
could affect cardiomyocyte salvage in an animal model and let us refocus on this negligible phenomenon of IMH. Our study is
complementary and confirmatory as it provides further evidence that IMH can result in larger infarcts in humans. In addition, we
believe that this is the key factor for the worse prognosis of patients in the IMH group, rather than the chronic remodeling of the
ventricles, as previously thought, due to iron deposition.

The present study has some limitations, the first of which is the small sample size. The sample size was small, mainly because
enrollment in prospective studies is difficult, so even though we enrolled 65 patients over a 2-year period, although there were some
significant differences, inferences to larger populations should be made with caution. Second, data on serial myocardial activity
profiles of patients with STEMI were lacking in this study. If it is possible to perform a cardiac scan of a STEMI patient with IMH,
it may be possible to fully confirm the conclusions of this study. Finally, it is ideal to use the LGE sequence to evaluate the MI
volume. However, the time of CMR detection for each patient cannot be fixed after PCI, because the clinical patient status is
different. This may have led to the difference between the myocardial infarction volume in this study and the actual myocardial
infarction volume in the patient.

Conclusions

Using data on CMR and serum troponin levels, this prospective study demonstrated that IMH can lead to further expansion of MI
volumes in patients with STEMI, resulting in a lower LVEF in patients who also had a higher MACE rate in the following
post-discharge follow-up.
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