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Aims: Left ventricular (LV) remodeling after ST-elevation myocardial infarction (STEMI) is

a complex process, defined as changes of LV volumes over time. CMR feature tracking

analysis (CMR-FT) offers an accurate quantitative assessment of LV wall deformation and

myocardial contractile function. This study aimed to evaluate the role of myocardial strain

parameters in predicting LV remodeling and to investigate the effect of Aspirin (ASA) dose

before primary coronary angioplasty (pPCI) on myocardial injury and early LV remodeling.

Methods and Results: Seventy-eight patients undergoing CMR, within 9 days from

symptom onset and after 6 months, were enrolled in this cohort retrospective study. We

divided the study population into three groups based on a revised Bullock’s classification

and we evaluated the role of baseline CMR features in predicting early LV remodeling.

Regarding CMR strain analysis, worse global circumferential and longitudinal strain

(GCS and GLS) values were associated with adverse LV remodeling. Patients were

also divided based on pre-pPCI ASA dosage. Significant differences were detected in

patients receiving ASA 500mg dose before pPCI, which showed lower infarct size extent

and better strain values compared to those treated with ASA 250mg. The stepwise

multivariate logistic regression analysis, adjusted for covariates, indicated that a 500mg

ASA dose remained an inverse independent predictor of early adverse LV remodeling.

Conclusion: GCS and GLS have high specificity to detect early LV adverse remodeling.

We first reported a protective effect of ASA loading dose of 500mg before pPCI on LV

myocardial damage and in reducing early LV adverse remodeling.

Keywords: myocardial infarction, feature tracking, cardiac magnetic resonance, myocardial strain, aspirin,

ventricular remodeling

INTRODUCTION

Left ventricular (LV) remodeling after ST-elevation myocardial infarction (STEMI) is a complex
and multifactorial process, beginning within the first week and lasting almost until 1 year (1).
Despite improvements in dual antiplatelet therapy and the reperfusion strategies of STEMI patients,
adverse LV remodeling remains an open issue predisposing patients to poor cardiovascular
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outcomes (2, 3). “Early” LV adverse remodeling, an LV
ventricular maladaptive process occurring until 6 months after
myocardial infarction, has been widely described (4, 5), whereas
few studies have also described reverse remodeling in those
patients (6). The latter is a favorable LV remodeling process,
which has been correlated with good clinical outcomes (2, 6).
Cardiac magnetic resonance (CMR) is widely considered the
gold-standard imaging modality to assess LV volumes and LV
ejection fraction (LVEF), to quantify myocardial infarct size (IS),
and to predict improvement in regional and global contractile
function (2, 4). Different thresholds have been proposed to
classify LV remodeling by using CMR (3, 7). Recently, Bulluck
et al. have proved that a cut off of 12% of volume increase in left
ventricular end-diastolic volume (LVEDV) and/or left ventricular
end-systolic volume (LVESV) is more accurate to detect early
LV remodeling, compared to other cut-offs (7). This criterion
has been proved to identify a high-risk group of STEMI patients
for the composite end point of all-cause mortality and heart
failure (HF) at a median follow-up of 5.8 years (8). Moreover,
different factors assessed by CMR within the first week of an
acute STEMI, such as LVEF, IS, and microvascular obstruction
(MVO), have been reported to be independent strong predictors
of LV adverse remodeling and clinical outcomes after STEMI
(9, 10). The quantitative assessment of myocardial contractile
deformation enabled by CMR feature tracking analysis (CMR-
FT) offers deeper information on regional and global LV function
other than LVEF, helping to predict LV remodeling (11, 12).
Furthermore, CMR-FT has been increasingly used in STEMI
patients to assess the efficacy of cardioprotective therapies in
preventing post-infarction LV remodeling (12–14), such as to
evaluate the effect of intravenous administration of metoprolol
on long term prognostic effect in the randomized METOCARD-
CNIC trial (13).

Among cardioprotective drugs, antiplatelet agents play a
pivotal role in improving myocardial reperfusion after STEMI
(15). To date, a wide dose range of aspirin (ASA) is recommended
by current guidelines before primary percutaneous coronary
intervention (pPCI) in STEMI patients (16). However, it has been
poorly investigated whether the pre-pPCI ASA dose may have an
impact on LV remodeling.

The present study aimed to confirm the predictive role
of myocardial strain parameters by CMR-FT in detecting LV
adverse remodeling and assess the effect of ASA dose before pPCI
on IS extent, LV global contractility, and adverse LV remodeling
in a population of reperfused STEMI.

METHODS

Study Design
This is a retrospective single-center observational study. All
STEMI patients included in this study were treated by pPCI
within 12 h after symptoms onset and had undergone CMR in
the early post-infarction phase (within 9 days from hospital
admission) and after 6 months (FU). We retrospectively selected
participants from our Institution’s STEMI CMR registry of
177 patients, 78 patients, admitted to our Coronary Care Unit

between January 2010 and February 2019, who met the inclusion
criteria (10).

Demographic, clinical, and pharmacological data were
registered in the emergency room before any drug administration
and before pPCI reperfusion. STEMI was defined as previously
reported (16). Body mass index (BMI) was measured in each
patient and we defined obesity as BMI > 25 kg/m2. Cardiac
troponin I levels were measured within 12 h of admission
with acute myocardial infarction defined according to ESC
guidelines (16). The normal range for troponin I was between 0
and 0.04 ng/mL. Among angiographic parameters: culprit lesion
infarct related artery, TIMI flow before and after PCI, time to
reperfusion, pre- and post-pPCI systolic blood pressure (SBP),
and diastolic blood pressure (DBP) were collected. Post-pPCI
SBP, DBP, and HR values were measured within 2 h post-PCI.
The above parameters were not evaluated at the CMR time
(neither in the first exam nor at follow-up). Exclusion criteria
were previously reported (10).

For LV early remodeling categories, we divided the population
into three groups, based on a revised Bullock’s classification
scheme for LV remodeling (7) by comparing baseline and 6-
month follow-up CMR (FU-CMR) exams: “adverse remodeling”
defined as an increase of LVEDV and/or LVESV >12%, “reverse
remodeling” as a decrease of 12% of LVESV, and “null remodeling”
as other volume percentage increase or decrease <12%.

To evaluate the effect of ASA loading dose on IS and LV
remodeling, we analyzed a subgroup of 45 STEMI patients,
according to oral ASA dose at hospital admission before PCI (we
included only patients who received a traceable ASA dose). We
divided the population into two groups, one receiving 250mg
and the other treated with a loading dose of 500mg. ASA
dosage was decided according to the preference of the emergency
department physicians who treated the patients.

This study complied with the Declaration of Helsinki. All
participants gave written informed consent to the protocol and
the study was approved by the local ethical committee.

Patients or the public were not involved in the design,
conduct, reporting, or dissemination plans of our research.

CMR Imaging Protocol and Analysis
CMR exams were performed by using a 1.5-T scanner
(Magnetom Avanto, Siemens Healthcare) equipped with a
multichannel phase-array cardiac coil. A standardized CMR
protocol, including the ECG-gated cine steady-state free
precession (cine-MR), T2-weighted short tau inversion recovery
(T2w-STIR) for the evaluation of area-at-risk (AAR), and
late gadolinium enhancement sequences (LGE) for infarct size
(IS), was performed in all patients. Technical parameters and
image analysis details have been previously described (10, 17).
Image analysis was performed using dedicated commercial
software (cvi42 v. 5.3, Circle Cardiovascular Imaging, Calgary,
AB, Canada). LV remodeling index (LV-RI) was obtained by
dividing LV mass for LVEDV at baseline and FU-CMR exam.
Myocardial salvage was quantified by the difference between
AAR and IS (18, 19). Feature tracking (CMR-FT) analysis was
performed offline using dedicated commercial software (cvi42 v.
5.3, Circle Cardiovascular Imaging, Calgary, AB, Canada) as
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detailed elsewhere (11). CMR-FT analysis was applied using
basal, mid, and apical ventricular short-axis, vertical-, and
horizontal long-axis views in cine-SSFP images. LV endocardial
and epicardial contours were traced in a semiautomatic way on
short- and long-axis cine-SSFP images in all the phases of the
cardiac cycle. LV myocardial tracking was then visually reviewed
and the contouring errors were corrected and the analysis
repeated. We measured global radial (GRS), circumferential
(GCS), and longitudinal (GLS) components of the different
LV strain parameters to detect any alteration in myocardial
fibers deformability during the cardiac cycle. Furthermore, all
measurements of CMR parameters (left and right ventricular
volumes, AAR, IS, MVO, GRS, GCS, and GLS) were performed
in consensus between two observers with 15 (N.G.) and 6 years
(F.C.) of experience in CMR. Intra-observer and inter-observer
variability for measurements of GRS, GCS, and GLS were
assessed in a sample of 10 patients; two investigators measured
blinded the same exam, and one investigator repeated the analysis
1 week later, blinded to the previous measurements. To assess the
inter- and intra-observer variability Wilcoxon signed rank test
and the intraclass correlation coefficients (ICC) were determined
for each parameter (GCS, GLS, GRS).

Statistical Analysis
All continuous variables were assessed for normality with
the Shapiro-Wilk test and by examination of their histogram.
Data are presented as frequencies and percentages, mean ±

standard deviation (SD) or median and interquartile ranges
(IQRs), as appropriate. Comparison of continuous variables was
performed using the one-way ANOVA test with the post-hoc
Bonferroni test or Kruskal-Wallis test, when appropriate.
Unadjusted differences between two continuous variables were
compared using the Wilcoxon Sum Rank Test or t-test di
Student, as appropriate. Comparison of normally distributed
data between baseline and FU-CMR was performed using
paired t-test. Correlation between parameters was assessed using
either Pearson’s correlation coefficient (r) or Spearman’s rank
coefficient (ρ), where appropriate. Differences in categorical
variables were compared using the Chi Square test or Fisher
exact test, as appropriate. Comparisons of the CMR-derived
parameters (deformation parameters, ventricular volumes, and
LVEF) between different groups were evaluated by analysis
of covariance (ANCOVA) with Bonferroni-adjusted post-hoc
tests, after adjusting for age, sex, body mass index (BMI).
Interclass correlation coefficients were calculated to assess inter-
observer and intra-observer agreement of LV volumes and strain
measurements. The primary end-point was defined as LV adverse
remodeling. Receiver operating characteristic (ROC) analysis
was performed to compare AAR, MVO, LGE, and myocardial
strain values in detecting LV adverse remodeling and assess
their predictive power. Continuous variables were dichotomized
based on Youden’s J statistic to allow for comparison of the
odds ratios (ORs) in the univariate and multivariate models. In
order to identify predictors of LV adverse remodeling, univariate
and multivariate logistic regression models were used. Variables
with a p < 0.10 at univariate logistic analysis were subsequently
introduced into the multivariate logistic regression model. To

FIGURE 1 | Recruitment flow chart. STEMI, ST-elevation myocardial infarction;

CMR, Cardiac magnetic resonance.

select the best fit, the stepwise logistic regression method was
applied. Associations between the investigated variables and
the likelihood of LV adverse remodeling were estimated using
hazard ratios (OR) and their 95% confidence intervals (95%
CI). The Hosmer-Lemeshow test was performed to show the
good calibration of the logistic regression model. Only p < 0.05
were considered statistically significant. All tests were 2-tailed
and analyses were performed using computer software packages
(SPSS-24.0, IBM, NY, USA).

RESULTS

From 2010 to 2019, a total of 1,285 STEMI patients underwent
pPCI in Policlinico Umberto I Hospital, of which ∼15% had
CMR performed and 78 were recruited as reported in the flow
chart (Figure 1). According to our internal procedures, when
allowed by the clinical condition of the patient, the availability
of the scanner/staff, and in the absence of contraindications,
CMR was performed in reperfused STEMI patients for the
assessment of post-infarction myocardial injury during the acute
phase and to detect complications at short and long term
follow up. Among the study population of enrolled STEMI
patients, 38 (49%) showed adverse, 22 (28%) reverse, and 18
(23%) null LV remodeling, assessed by paired CMR exams
(baseline and FU-CMR). Demographic, clinical, angiographic,
and pharmacological characteristics of the STEMI population
according to the three groups are illustrated in Table 1. No
differences in demographic data, cardiovascular risk factors,
angiographic presentation, or laboratory findings were found.
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TABLE 1 | Demographic, clinical, pharmacological, and angiographic

characteristics according to LV remodeling groups.

Adverse

remodeling

(n = 38)

Reverse

remodeling

(n = 22)

Null

remodeling

(n = 18)

p-value

Demographic data and CAD comorbidities

Male sex n, % 36 (95) 21 (95) 16 (89) 0.646

Age yrs 59 ± 13 54 ± 10 58 ± 12 0.289

BSA m2 1.88 ± 0.2 1.97 ± 0.2 1.95 ± 0.1 0.215

BMI kg/m2 25.6 ± 3.7 27.9 ± 4.5 26.05 ± 3 0.089

Hypertension n, % 15 (40) 12 (55) 11 (61) 0.304

Obesity n, % 24 (63.2) 15 (68.2) 12 (66.7) 0.917

Dislipidemia n, % 20 (54) 7 (32) 11 (61) 0.133

CAD familiarity n, % 23 (62) 14 (64) 13 (72) 0.755

Diabetes n, % 5 (13) 2 (9) 2 (11) 0.874

Smoking habitus n, % 21 (58) 14 (64) 10 (56) 0.881

pPCI characteristics

LAD IRA n, % 23 (60) 11 (50) 13 (72) 0.568

LCX IRA n, % 7 (18) 5 (23) 1 (6)

RCA IRA n, % 8 (21) 6 (27) 4 (22)

Thromboaspiration n, % 20 (71) 8 (53) 6 (46) 0.241

Time to reperfusion min 95

(55–165)

120

(90–256)

120

(95–266)

0.197

TIMI flow pre-pPCI 0 n, % 21 (72) 15 (88) 9 (64) 0.259

TIMI flow pre-pPCI 1 n, % 8 (28) 2 (12) 4 (29)

TIMI flow post-pPCI 2 n, % 1 (3) 0 (0) 0 (0) 0.583

TIMI flow post-pPCI 3 n, % 31 (97) 18 (100) 16 (100)

SBP pre-pPCI mmHg 125 ± 24 132 ± 21 141 ± 24 0.071

DBP pre-pPCI mmHg 77 ± 13 80 ± 12 85 ± 11 0.183

HR pre-pPCI bpm 70 (62–80) 60 (65–77) 78 (65–90) 0.517

SBP post-pPCI mmHg 130 ± 15 126 ± 18 131 ± 16 0.674

DBP post-pPCI mmHg 79 ± 9 78 ± 12 76 ± 13 0.856

HR post-pPCI bpm 75 (65–85) 72 (70–80) 75 (59–80) 0.600

Pharmacological therapy before and after pPCI

ASA 250mg n, % 15 (71.4) 5 (45.5) 3 (23.1) 0.021

ASA 500mg n, % 6 (28.6) 6 (54.5) 10 (77)

Clopidogrel n, % 25 (66) 16 (73) 14 (78) 0.632

GbIIbIIa inhibitors n, % 15 (54) 10 (63) 7 (54) 0.833

ACE-inibitors n, % 31 (86) 21 (96) 17 (94) 0.406

Spironolactone n, % 19 (53) 11 (50) 9 (50) 0.971

β-blockers n, % 32 (91) 20 (91) 18 (100) 0.428

Statins n, % 33 (92) 22 (100) 18 (100) 0.176

Antidiabetics n,% 3 (7.9) 1 (4.5) 1 (5.6) 0.989

Laboratory parameters

Hb g/dl 13.7 ± 1.8 14.2 ± 1.3 14 ± 1.8 0.635

CK MB peak ng/mL 163.2 ±

127

150.4 ±

141

192.2 ±

228

0.707

TnI peak ng/ml 30.3 ± 44 9.3 ± 17 37.5 ± 80 0.165

Creatinine mg/dL 0.88 ± 0.2 0.92 ± 0.2 0.89 ± 0.2 0.784

CAD, coronary artery disease; BSA, body mass index; pPCI, primary percutaneous

coronary intervention; LAD, left anterior descending artery; IRA, infarct related artery;

LCX, left circumflex artery; RCA, right coronary artery; TIMI, Thrombolysis in Myocardial

Infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart

rate; bpm, beat per minute; ASA, Aspirin; ACE, angiotensin converting enzyme; Hb,

hemoglobin; CK MB, creatine kinase isoenzymes MB; TnI, troponin I. Bold values are

those statistically significant, as well as those with a p value < 0.05.

Agreement in strain measurements was excellent with ICC
between 0.922 and 0.943 (p < 0.001, Supplementary Material)
and p > 0.43 (range 0.43–0.85) at Wilcoxon’s test. Regarding
pharmacological therapy, no differences were noted about beta-
blocker, antidiabetics, statins, ACE-inhibitors, spironolactone,
GbIIb-IIIa inhibitors, and clopidogrel use among the three
LV remodeling categories, except for the pre-pPCI ASA
administration. At the first CMR exam, patients with LV adverse
remodeling showed higher AAR, IS, and MVO, if compared to
the other two groups (Table 2). Meanwhile, at FU-CMR, the
adverse remodeling group had lower LVEF, greater IS extent, and
lower LV-RI. At CMR strain analysis, significantly worse GCS
and GLS values at baseline and FU-CMRs in the adverse LV
remodeling group, compared to the sum of the other two groups,
were found (Figure 2, Table 2). After adjusting for age, sex,
BMI by ANCOVA analysis, the only CMR derived parameters
that reported a different statistical significance if compared with
ANOVA analysis, according to the three remodeling groups,
were baseline AAR, baseline MVO, FU IS, baseline GRS, and
baseline GLS.

At ROC curve analysis (Figure 3), AAR, IS, MVO, GLS,
and GCS values, measured at baseline CMR, showed significant
sensitivity (Se) and specificity (Sp) to detect adverse remodeling
at FU-CMR (AAR AUC 0.684, 95% CI 0.563–0.789, p = 0.0040
Youden index J 0.3476 with Se: 51% and Sp: 83%; LGE AUC
0.747, 95% CI 0.635–0.859, p < 0.001 Youden index J for LGE
> 9.7% with Se: 93% and Sp: 40%; MVO AUC 0.637, 95% CI
0.514–0.747, p = 0.0405 Youden index J for MVO 0.39 gr with
a Se: 42% and Sp: 97%; GLS AUC 0.639, 95% CI 0.521–0.745, p
= 0.0306 Youden index J > −10.21 % with Se: 35% and Sp: 90%;
GCS AUC 0.660 95% CI 0.543–0.764, p= 0.0138 Youden index J
>−11.09 % with Se: 43% and Sp: 92%). In pairwise comparisons,
there were no significant differences between the AUC of ROC
curves of the measured CMR parameters by DeLong et al.
(20) method (p > 0.05 for all). About infarct related artery,
significantly worse GCS and GLS were observed in those having,
as the culprit lesion, the left anterior descending artery (LAD)
compared to circumphlex (LCX) and right coronary arteries
(RCA) (GCS values in LAD −13.0 ± 4 vs. −16.0 ± 3% in
LCX vs. −15.1±3% in RCA, p = 0.014; GLS values −12 ± 4%
in LAD vs. −16.1 ± 3% in LCX vs. −15.4 ± 2% in RCA, p
< 0.001).

ASA Loading Dose Effects
Among cardiovascular drugs administered before PCI, patients
with LV adverse remodeling were less frequently treated with
ASA loading dose (500mg), compared to those with reverse
or null remodeling (Table 1). Thus, we decided to assess the
ASA loading dose effect according to LV remodeling groups.
Among the 45 STEMI patients who received a traceable dose
of ASA before PCI, 22 STEMI underwent to ASA loading dose,
and 23 patients to ASA 250mg. No differences according to
demographic and clinical variables between the two groups were
found (Table 3). Patients receiving ASA loading dose before PCI
had lowerMVO and lower IS extent at baseline and FU-CMR and
better strain values (GRS and GCS) compared to those treated
with ASA 250mg (Table 4). Moreover, in the ASA loading group
a significant improvement of GCS and GLS, but not GRS values,
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TABLE 2 | CMR parameters at baseline and 6-month follow-up, according to LV remodeling categories.

Adverse remodeling

(n = 38)

Reverse remodeling

(n = 22)

Null remodeling

(n = 18)

pA vs. R pR vs. N pA vs. N pA vs. (R + N) poverall

LVEDVi at baseline, ml/m2 69.3 (55–76) 66.8 (55–82) 72.3 (61–79) 0.939 0.765 0.563 0.749 0.866

LVESVi at baseline, ml/m2 34 (26–50) 33 (28–42) 36 (29–39) 0.902 0.935 0.687 0.757 0.940

LVMi at baseline, gr/m2 60.7 (54–73) 61.5 (54–71) 58.8 (44–71) 0.899 0.414 0.207 0.415 0.470

LVEF at baseline, % 46 ± 12 48 ± 9 51 ± 7 1.000 0.863 0.191 0.126 0.177

LV-RI at baseline 0.96 ± 0.2 0.93 ± 0.2 0.86 ± 0.2 1.000 0.907 0.242 0.156 0.215

AAR at baseline, % 30.6 ± 19 19.3 ± 14 18.4 ± 13 0.052 1.000 0.065 0.004 0.017

IS at baseline, % 18.5 (12.5–29.6) 10.8 (4.2–19.7) 9.9 (6.2–21.9) 0.004 0.663 0.027 0.002 0.007

Myocardial salvage, % 9.3 ± 18 7.6 ± 10 6.02 ± 9 0.700 0.627 0.512 0.497 0.755

MVO at baseline, % 0.78 (0.08–3.31) 0.83 (0.075–1.44) 0.24 (0.0–0.79) 0.410 0.207 0.017 0.046 0.058

LVEDVi at FU, ml/m2 87.7 (75–105) 54.9 (48–69) 72.5(61–78) <0.001 0.011 0.005 <0.001 <0.001

LVESVi at FU, ml/m2 42.4 (33–65) 24.3 (20–31) 34.9(30–41) <0.001 0.002 0.028 <0.001 <0.001

LVMi at FU, gr/m2 59.4 (51–73) 55.6 (47–62) 56.1 (49–64) 0.221 0.688 0.262 0.149 0.347

LVEF at FU, % 46 ± 12 56 ± 8 50 ± 8 0.005 0.288 0.821 0.007 0.006

LV-RI at FU 0.69 ± 0.2 1.01 ± 0.2 0.82 ± 0.2 <0.001 0.018 0.084 <0.001 <0.001

IS at FU, gr 12.8 (8.5–24.4) 7.2 (3.5–15.4) 10 (5.8–19.5) 0.007 0.413 0.090 0.006 0.016

GRS at baseline, % 26.9 ± 8.2 29.4 ± 5 30.9 ± 9 0.699 0.475 0.198 0.068 0.154

GRS at FU,% 28.8 ± 9 31.4 ± 7 33.4 ± 8 0.762 0.418 0.184 0.074 0.153

GCS at baseline, % −12.9 ± 4 −14.7 ± 2 −15.5 ± 4 0.225 0.426 0.048 0.012 0.034

GCS at FU, % −14.2 ± 4 −16.4 ± 3 −16.8 ± 3 0.130 0.668 0.074 0.010 0.036

GLS at baseline, % −12.4 ± 4 −14.0 ± 3 −14.8 ± 4 0.338 0.483 0.087 0.023 0.063

GLS at FU, % −13.9 ± 4 −16.0 ± 3 −15.3 ± 4 0.141 0.494 0.676 0.049 0.122

A, adverse remodeling; R, reverse remodeling; N, null remodeling; B, baseline; FU, follow-up; LVEDVi, left ventricular end-diastolic volume index; LVESVi, left ventricular end-systolic

volume index; LVMi, Left ventricular mass index; LVEF, left ventricular ejection fraction; LV-RI, left ventricular remodeling index; AAR, area at risk; IS, infarct size; FU, follow-up; MVO,

microvascular obstruction; LGE, late gadolinium enhancement; GRS, global radial strain; GCS, global circumferential strain; GLS, global longitudinal strain. Bold values are those

statistically significant, as well as those with a p value < 0.05.

FIGURE 2 | Comparison of GRS, GCS, and GLS values according to the three remodeling groups. GRS, global radial strain; GCS, global circumferential strain; GLS,

global longitudinal strain. * symbol indicates statistically significant comparisons among groups. *p < 0.05.

between baseline and FU-CMR exams (GCS −15.09 ± 3.8 to
−16.7 ± 3.2%, p = 0.010, GLS −14.1 ± 3.9 to −15.7 ± 3.2%, p

= 0.011, GRS 31.0 ± 7.8 to 32.9 ± 7%, p = 0.104) was noted.
Meanwhile, no significant differences of GCS and GLS values
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FIGURE 3 | Receiver operating curve analysis for predicting adverse left

ventricular remodeling. AAR, area-at-risk; LGE, late gadolinium enhancement;

MVO, microvascular obstruction; GRS, global radial strain; GCS, global

circumferential strain; GLS, global longitudinal strain.

between two paired CMR exams within the group treated with
lower ASA doses (GCS −13.8 ± 3.5 to −14.1 ± 3.9% p = 0.612,
GLS −12.9 ± 3.3 to −13.8 ± 3.7%, p = 0.232, GRS 28.2 ± 6.6 to
27.4± 7.9%, p= 0.594) were observed (Figure 4).

The stepwise multivariate logistic regression analysis was
adjusted for IS, GCS, and GLS cut-offs and related to adverse
remodeling. An ASA loading dose of 500mg remained an inverse
independent predictor of early adverse LV remodeling (Table 5).
The Hosmer-Lemeshow test demonstrated good calibration of
the logistic regression model (χ2

= 1.095, p= 0.955).

DISCUSSION

Our study confirmed the value of the strain analysis provided
by CMR-FT in assessing the risk of LV early adverse
remodeling, according to Bulluck’s definition (7). In particular,
we demonstrated that cut-offs of −11.09% for GCS and −10.21
for GLS, measured at baseline CMR, are highly specific in
predicting LV adverse remodeling whereas those parameters do
not differ between patients with null and reverse remodeling.
Although both strain CMR parameters have been used previously
to predict adverse LV remodeling (11, 12, 21), they have never
been applied to these new categories (7). Furthermore, we
retrospectively evaluated the effect of ASA dose before pPCI in
STEMI patients for the first time, and described a positive effect
of a loading dose of 500mg on early LV remodeling.

CMR Parameters in Predicting LV
Remodeling
In this study, we categorized the population using the three LV
remodeling patterns based on Bulluck’s definition (7), observing
a similar percentage distribution (adverse remodeling 49 vs. 45%,
reverse remodeling 28 vs. 29%, and null remodeling 19 vs. 23%).
For CMR parameters, the adverse remodeling group showed

TABLE 3 | Demographic, clinical, pharmacological, and angiographic

characteristics according to the ASA group.

ASA 250mg

(n = 23)

ASA 500mg

(n = 22)

p-value

Male sex n, % 22 (95.7) 20 (90.9) 0.524

Age yrs 59 (51–65) 54 (46–68) 0.658

BSA m2 1.96 (1.79–2.01) 1.94(1.82–2.07) 0.708

BMI kg/m2 25.9 ± 3.2 26.6 ± 3.8 0.561

Hypertension n, % 13 (56.5) 11 (52.4) 0.783

Obesity n,% 17 (73.9) 13 (59.1) 0.292

Dislipidemia n, % 14 (60.9) 10 (47.6) 0.378

CAD familiarity n, % 17 (73.9) 11 (52.4) 0.138

Diabetes n, % 4 (17.4) 2 (10.0) 0.669

Smoking habitus n, % 17 (77.3) 14 (66.7) 0.438

LAD n, % 16 (69.5) 15 (68.2) 0.862

LCX n, % 4 (17.4) 3 (13.6)

RCA n, % 3 (13) 4 (18.2)

Thromboaspiration n, % 15 (65.2) 8 (36.4) 0.047

Time to reperfusion min 120 (90–210) 120 (80–163) 0.445

TIMI flow pre PCI 0 n, % 17 (73.9) 11 (50) 0.098

TIMI flow pre PCI 1 n, % 6 (26.1) 11 (50)

TIMI flow post PCI 2 n, % 5 (21.7) 3 (13.6) 0.477

TIMI flow post PCI 3 n, % 18 (78.3) 19 (86.4)

SBP pre PCI mmHg 130 (112–150) 135 (124–151) 0.510

DBP pre PCI mmHg 80 (70–89) 80 (77–96) 0.412

HR pre PCI bpm 74 (65–81) 67 (61–77) 0.153

SBP post PCI mmHg 130 (120–135) 132 (111–147) 0.522

DBP post PCI mmHg 75 (70–80) 75 (70–88) 0.800

HR post PCI bpm 75 (65–82) 73 (63–80) 0.463

Hb g/dl 13.7 (12.5–15) 13.9 (12.7–15.5) 0.426

CK MB peak ng/mL 123.6 (67–213) 107.3 (26–333) 0.876

TnI peak ng/ml 3.8 (1.9–27.2) 4.4 (0.7–10.7) 0.669

CAD, coronary artery disease; BSA, body mass index; pPCI, primary percutaneous

coronary intervention; LAD, left anterior descending artery; IRA, infarct related artery;

LCX, left circumflex artery; RCA, right coronary artery; TIMI, Thrombolysis in Myocardial

Infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart

rate; bpm, beat per minute; ASA, Aspirin; ACE, angiotensin converting enzyme; Hb,

hemoglobin; CK MB, creatine kinase isoenzymes MB; TnI, troponin I. Bold values are

those statistically significant, as well as those with a p value < 0.05.

greater AAR, IS, and MVO at baseline CMR and greater IS
at FU-CMR, as already reported (7). Otherwise, no differences
in IS and MVO between reverse and null remodeling groups
were found in our study. Notably, there were no differences in
salvage myocardium extent among the three groups. Although
IS and MVO are known predictors of adverse remodeling (7),
the relationship between them and myocardial recovery is still an
open issue (6, 7). Moreover, at FU-CMR, the adverse remodeling
group showed lower LVEF, LV-RI, and greater IS, as compared
to the other two groups. Regarding FT-CMR strain analysis, the
adverse remodeling group showed worse GCS and GLS values at
baseline and FU-CMR (Figure 5), if compared to reverse and null
remodeling categories as one. Various studies investigated the
value of FT-CMR features in predicting adverse remodeling (11,
12, 22), using different cut-off values and follow-up periods. For
the definition of adverse LV remodeling, we considered LVEDV
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TABLE 4 | CMR parameters at baseline and 6-month follow-up, according to

ASA groups.

ASA 250mg

(n = 23)

ASA 500mg

(n = 22)

p-value

LVEDViB ml/m2 69.2 (54–80) 73.0 (60–82) 0.892

LVESViB ml/m2 36.4 (25–49) 35.8 (27–42) 0.716

LVMiB gr/m2 54.7 (49–65) 59.5 (48–75) 0.716

LVEFB % 46 ± 10 50 ± 9 0.284

LV-RIB 0.9 ± 0.2 0.9 ± 0.2 0.502

LVEFFU % 47.5 ± 10 52.6 ± 10 0.100

LVMiFU gr/m2 54.9 (46–69) 57.5 (48–64) 0.880

LV-RIFU 0.76 ± 0.2 0.82 ± 0.2 0.342

Adverse remodeling n, % 15 (65) 6 (27) 0.011

AARB % 28.4 ± 12 29.4 ± 12 0.888

MVOB % 0.7 (0.09–2.26) 0.59 (0.00–1.57) 0.555

ISB % 19.0 (12–29) 12.0 (6–19.7) 0.031

Myocardial salvage % 7.2 (1.9–13.4) 10.4 (2.8–17.4) 0.375

ISFU % 12.6 (9–28) 7.3 (4–17) 0.009

GRSB % 28.1 ± 6 31.1 ± 8 0.157

GRSFU % 27.4 ± 8 32.9 ± 7 0.022

GCSB % −13.9 ± 3 −15.2 ± 4 0.240

GCSFU % −14.1 ± 4 −16.7 ± 3 0.028

GLSB % −12.8 ± 3 −14.2 ± 4 0.204

GLSFU % −13.8 ± 4 −15.7 ± 3 0.094

ASA, Aspirin; A, adverse remodeling; R, reverse remodeling; N, null remodeling; B,

baseline; FU, follow-up; LVEDVi, left ventricular end-diastolic volume index; LVESVi,

left ventricular end-systolic volume index; LVMi, Left ventricular mass index; LVEF, left

ventricular ejection fraction; LV-RI, left ventricular remodeling index; AAR, area at risk;

IS, infarct size; FU, follow-up; MVO, microvascular obstruction; LGE, late gadolinium

enhancement; GRS, global radial strain; GCS, global circumferential strain; GLS, global

longitudinal strain. Bold values are those statistically significant, as well as those with a p

value < 0.05.

and/or an LVESV delta change of 12%, which is lower than most
reports, and 6 months for follow-up, longer if compared to other
studies, mostly around 3/4 months. Thus, this issue may have
induced a larger rate of adverse remodeling in our population
(49%), as compared to other cohorts (17–24.4%) (11, 12, 22, 23).
In the majority of studies, baseline GLS was the best predictor
of adverse remodeling among all strain values (11, 22–24). In
particular, Reindl et al. (22) reported significant differences in
baseline strain values and infarct size/MVO percentage between
no remodeling and remodeling groups, as observed in our cohort.
Moreover, they showed that a GLS-value > −14% was the
best independent predictor of 4 months LV adverse remodeling
(LVEDV delta change of 10%) with an AUC of 0.610, which
do not differ substantially from our GLS AUC value of 0.639
using LVEDV/LVESV delta change of 12%. In the retrospective
study of Cha et al. (11), at ROC curve analysis (AUC: 0.756,
95% CI = 0.636–0.887, p < 0.001), the GLS cut-off of −12.84%
resulted in high sensitivity (Se: 85%) and low specificity (Sp: 61%)
in predicting adverse remodeling at 6 months (LVEDV delta
change of 20%), whereas in our study the optimal cut-off was
lower (GLS > −10.21%), with lower sensitivity (Se: 35%) and
higher specificity (Sp: 90%), likely reflecting the different criteria

in classifying the remodeling groups. Interestingly, in our study
GCS was the strongest predictor of adverse remodeling among
the baseline strain values, as already reported by other authors
(12, 25, 26). Holmes et al. (12) found that GCS was a superior
predictor of LV adverse remodeling at 3 months follow-up than
MVO, GLS, and GRS, although they considered a cohort of
both STEMI and non-STEMI patients (12), differently from our
population of STEMI only. Similarly, Buss et al. demonstrated
that GCS is useful in predicting preserved LV function at 6
months follow-up but they did not evaluate LV remodeling
groups (25).

For the other CMR factors, we compared strain parameters
and IS in predicting adverse remodeling, demonstrating high
sensitivity for IS cut-off of 9.7% (Se: 93%), whereas the GCS and
GLS may offer high specificity at the optimal cut-off values (Sp:
92 and 90%, respectively). These results support the evidence
that both GCS and GLS values are both useful in the prognostic
stratification of STEMI patients and should be interpreted in
combination with other CMR parameters, to improve risk
profiling and tailoring of therapies.

Lastly, we observed worse GCS and GLS values in patients
with LAD culprit artery, compared to LCX and RCA, even if no
difference of infarct related artery distribution according to LV
remodeling groups was noted. These findings confirmed that the
anterior location of myocardial infarction may be responsible for
a greater myocardial injury and function impairment, as reported
by Masci et al. (27).

Protective Effect of 500mg Aspirin
Administration Prior to PCI
Regarding clinical and procedural characteristics, among the LV
remodeling groups, a strong difference in pre-pPCI ASA loading
dose was found, suggesting its potentially protective role in
preventing early adverse remodeling. Besides, a lower IS extent
in patients who received a 500mg dose of ASA at baseline and
FU-CMR was found. These findings are in agreement with those
reported in elective procedures, where an ASA reload of 325mg
before PCI improved reperfusion indices, reduced myocardial
“no reflow” and periprocedural myocardial injury, by blunting
post-PCI increase of thromboxane B2 production (28).Moreover,
a higher ASA dose before revascularization was also associated
with an improvement of LVEF (28). A possible explanation could
be due to the effect of high ASA doses in inhibiting post-ischemic
LV remodeling process (29), by suppression of proinflammatory
cytokines, reduction of collagen deposition, and left ventricular
hypertrophy as demonstrated in animal models (30). Indeed,
Muller et al. (31) observed a reduction of collagen production
and LV hypertrophy in a model of angiotensin II induced organ
damage in rats pretreated with 600mg of aspirin, reporting
that high ASA doses decreased mortality, cardiac hypertrophy,
fibrosis, and albuminuria independently of blood pressure, by
inhibition of IKK/NF-κB pathway. Meanwhile, Adamek et al.
(29) demonstrated that high ASA doses, after left coronary
artery ligation, suppressed inflammatory response in animal
experiments, by inhibiting proinflammatory cytokines such IL-
1β and TNF, even though not affecting LV remodeling.
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FIGURE 4 | Comparison of paired GLS and GCS values between CMR at baseline and at follow up according to pre-pPCI ASA loading dose. GCS, global

circumferential strain; GLS, global longitudinal strain; ASA, aspirin.

TABLE 5 | Stepwise multivariate logistic regression analysis of predictors of LV adverse remodeling.

Univariate analysis Multivariate analysis

O.R. Lower upper p-value O.R Lower upper p-value

ASA 500mg 0.243 0.073 0.811 0.021 0.243 0.073 0.811 0.021

IS 10.254 2.702 38.912 0.001

GCS 6.857 2.023 23.243 0.002

GLS 3.069 1.022 9.216 0.046

Thromboasp 2.500 0.828 7.548 0.104

Time to reperfusion 0.998 0.995 1.001 0.207

ASA, aspirin; IS, infarct size; GCS, global circumferential strain at baseline CMR; GLS, global longitudinal strain at baseline CMR; Thromboasp, thromboaspiration.

As previously reported, a longer time to reperfusion as well
as poor reperfusion indices can determine myocardial injury and
LV adverse remodeling (19). In our study, although the greater
percentage of thrombo-aspiration might explain the higher rate
of adverse remodeling in the lower ASA dose group, an ASA
loading dose of 500mg remained, at multivariate analysis, a
significant protective factor independently from IS.

Furthermore, for the first time, ASA’s role in improving
myocardial contractility at FU-CMR has been examined. As FT-
CMR has been demonstrated to be a valid and accurate tool
to assess short and long term efficacy of cardioprotective drugs
such as metoprolol (13, 32), no data about the effect of ASA on
early LV remodeling and myocardial strain have been reported
previously. Indeed, few clinical studies investigated the optimal
ASA dose before pPCI in STEMI patients (16), which remains to

be defined. In a retrospective study by Berger et al., the higher
ASA dose in STEMI patients was associated with a greater risk of
moderate-to-severe bleeding than lower doses, but there was no
difference in 30 day mortality or ischemic related outcomes (33).
The CURRENT-OASIS 7 trial compared open-label high-dose
(300–325mg daily) to low-dose (75–100mg) aspirin in patients
with acute coronary syndromes undergoing planned PCI (34). In
a recent retrospective study by Rossi et al. (35), a high intravenous
ASA dose in STEMI patients increased in-hospital mortality if
compared to patients treated with intravenous low doses or oral
doses, but it did not influence cardiovascular events after 1-year
follow up. Recently, a clinical randomized trial demonstrated that
an intravenous ASA dose of 250–500mg compared to 300mg
orally can lead to complete inhibition of thromboxane generation
and platelet aggregation, indicating the efficacy of higher doses
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FIGURE 5 | Patients presenting reverse and adverse remodeling at baseline and follow-up CMRs. Images acquired in two patients with reverse (upper green panel)

and adverse (lower red panel) remodeling, treated, respectively, with 500 and 250mg ASA dose. Upper and lower rows represent exams acquired at baseline and

6-month follow-up, respectively. T2-weighted (A,E,I,M) and LGE (B,F,J,N) images show anterior myocardial infarction in both cases. GCS (C,G,K,O) and GLS

(D,H,L,P) colored maps demonstrate better baseline values and higher recovery of myocardial contractility at follow-up in the patient with reverse remodeling.

in ameliorating myocardial reperfusion (36). The effect of higher
ASA doses in ameliorating IS and contractility and in preventing
LV adverse remodeling in our study may be interpreted by a
complete inhibition of platelet cicloxigenase 1 activity (COX1)
(28). Indeed, as demonstrated in the REMODELING prospective
cohort trial in STEMI patients treated with antiplatelet agents,
increased levels of platelet activation and inflammation may be
responsible for post-STEMI LV adverse remodeling processes
(37). High platelet reactivity is frequent after STEMI and is
associated with major adverse cardiovascular and cerebral events,
especially if associated with P2Y12 inhibitors platelet activity
(38). Moreover, plasma thromboxane B2 has been reported to
have a role in modulating myocardial reperfusion and has been
hypothesized to have a vasoconstriction effect, modulated by
COX-1 (39).

In our study, the protective effect of ASA high loading
doses in preventing adverse LV remodeling was independent
of IS and myocardial strain values at multivariate analysis.
Nonetheless, if confirmed, these data could have a relevant
clinical impact, with potential implications on the clinical course
and prognosis of a large number of STEMI patients. Therefore,
further pharmacological interventional clinical trials that are

adequately powered and possibly multicenter in approach, with
a larger population and longer follow-up, are required.

LIMITATIONS

This study has several limitations. First, it is a retrospective and
not an interventional-randomized study about ASA dose before
pPCI. ASA dose before pPCI has been arbitrarily decided by the
emergency room physician or cardiologist on call, introducing
a selection bias. Second, considering the nature of the study,
no preliminary statistical power analysis was performed and in
particular, the statistical significance of the prognostic value of
ASA loading dose at multivariate analysis should be interpreted
with caution. Third, due to the vast heterogeneity of the study
population, we cannot exclude the interference of the effect
of other pre-existing drug treatments (in particular chronic
administration of ASA). Third, no laboratory assessment of
platelet aggregation was performed because it was not foreseen
in our routine clinical practices; therefore, it could be only
hypothesized that the positive effects of ASA loading dose are
mediated by the complete inhibition of Cox1. Fourth, in our
study, we considered only global strain values, which represent
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validated and reproducible indices of the whole LV contractile
function. Regional strain analysis was not included in the
analysis, therefore it was not possible to assess whether the
positive effect of ASA is exerted directly on the infarcted tissue,
in the peri-infarct region, or the remote tissue.

CONCLUSION

Our findings reported that CMR strain parameters (GCS and
GLS) have high specificity to detect early adverse remodeling,
compared to other CMR imaging indices (IS, AAR, and MVO).
The present study described a protective effect of 500mg
ASA loading dose before pPCI in improving LV contractility,
myocardial damage, and in reducing early LV adverse remodeling
for the first time. Further randomized multicentric studies using
CMR analysis are needed to clarify this issue.
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