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Abstract

:

Background: Measures of global left ventricular (LV) systolic function have limitations for the prediction of post-infarct LV remodeling (LVR). Therefore, we tested the association between a new measure of regional LV systolic function—the percentage of severely altered strain (%SAS)- and LVR after acute ST-elevation myocardial infarction (STEMI). As a secondary objective, we also evaluated the association between %SAS and clinical events during follow-up. Methods: Of 177 patients undergoing echocardiography within 24 h from primary percutaneous coronary angioplasty, 172 were studied for 3 months, 167 for 12 months, and 10 died. The %SAS was calculated by dividing the number of LV myocardial segments with ≥−5% peak systolic longitudinal strain by the total number of segments. LVR was defined as the increase in end-diastolic volume >20% at its first occurrence compared to baseline. Results: LVR percentage was 10.2% and 15.8% at 3 and 12 months, respectively. Based on univariable analysis, a number of clinical, laboratory, electrocardiographic and echocardiographic variables were associated with LVR. Based on multivariable analysis, %SAS and TnI peak remained associated with LVR (for %SAS 5% increase, OR 1.226, 95% CI 1.098–1.369, p < 0.0005; for TnI peak, OR 1.025, 95% CI 1.004–1.047, p = 0.022). %SAS and LVR were also associated with occurrence of clinical events at a median follow-up of 43 months (HR 1.02, 95% CI 1.0–1.04, p = 0.0165). Conclusions: In patients treated for acute STEMI, acute %SAS is associated with post-infarct LVR. Therefore, we suggest performing such evaluations on a routine basis to identify, as early as possible, STEMI patients at higher risk.
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1. Introduction


Left ventricular remodeling (LVR) is a complication of acute myocardial infarction (MI). It has a negative prognostic value and is the main cause of heart failure in acute MI survivors [1,2]. Several studies sought to identify the predictors of LVR after acute MI. Initial echocardiographic investigations recognized LV ejection fraction (EF), end-systolic volume (ESV), and wall motion score index (WMSI) as LVR predictors [3,4,5]. In recent years, additional predictors based on advanced echocardiographic techniques, such as speckle tracking echocardiography (STE), have emerged, particularly global longitudinal strain (GLS) [6,7]. All of these echocardiographic measures, however, are limited, because they represent global, not regional LV function and are influenced not only by areas of depressed myocardial function (scarred or stunned) but also by remote normal or hypercontractile myocardium.



In this study, we sought to verify whether a new measure of regional longitudinal strain—the percentage of severely altered strain (%SAS)—evaluated by STE during the acute phase of ST-elevation MI (STEMI) is associated with subsequent development of LVR and is better than the other echocardiographic predictors. The rationale underlying the use of %SAS is that it represents the amount of acute severely injured myocardium, without including mildly injured, normal or hypercontractile LV areas, thus avoiding a fundamental limitation of global LV function indices.




2. Materials and Methods


2.1. Study Patients


Patients were referred to the catheterization laboratory of the Cardiac Unit of the University Hospital of Ferrara for primary PCI for suspected STEMI between September 2015 and 2017. The diagnosis of STEMI was made according to standard clinical and electrocardiographic criteria [8] and confirmed at the moment of coronary angiography. Inclusion criteria were: (1) age ≥ 18 years, (2) coronary artery disease treated with PCI, (3) two-dimensional (2D) echocardiography performed within 24 h from admission to the Intensive Care Unit (ICU) after PCI (T0 time), and (4) at least one 2D echocardiographic examination performed within 1 year from discharge. Exclusion criteria were: (1) inadequate echocardiographic image quality (defined as inability to evaluate all three standard apical views for strain analysis), (2) absence of sinus rhythm in echocardiography performed at T0, and, (3) death before hospital discharge.




2.2. Study Design and Objectives


This was a single-center observational study. According to the follow-up program for STEMI patients treated at the Ferrara Cardiac Unit, all patients were scheduled for echocardiography 3 months (T1 time) and 12 months (T2 time) after discharge.



The primary objective of the study was to verify whether acute %SAS (at T0) is associated with the development of LVR. Because LVR is a progressive phenomenon detected echocardiographically up to 1 year from the acute event [9], the 12-month period from patient discharge was considered for LVR identification. LVR was defined as an increase in end-diastolic volume (EDV) > 20% relatively to the baseline value at the moment of its first recognition [10], which could be at T1 or T2 from hospital discharge.



To provide information about the clinical value of acute %SAS, we also verified whether this measure was associated with clinical events during follow-up (secondary objective). For this purpose, death from any cause and re-hospitalization for heart failure or acute coronary syndrome were chosen as clinical events and grouped into a composite endpoint. Outcome status was assessed by review of the medical records through the hospital medical informatic platform. If a patient had more than one clinical event, the first one that occurred temporally was considered. The median duration of follow-up from STEMI occurrence was 43 months (interquartile range: 36–51 months).




2.3. Conventional and Speckle Tracking Echocardiography


(A) Image acquisition. The 2D echocardiographic examination was performed using commercial echo scanners (Vivid 7 and E9, GE Medical Systems, Milwaukee, WI, USA) equipped with a 3.5 MHz phased-array transducer. All Doppler and echocardiographic acquisitions were obtained at held end-expiration. Sector width was optimized to allow visualization of the whole LV myocardium in the 3 standard apical views (4-chamber, 2-chamber and long-axis) and to maximize frame rate (which varied between 60 and 100 fps). (B) Image analysis. Analysis of the echocardiographic images was performed off-line using a commercially available software (EchoPAC PC 112 rev 1.3, GE Medical Systems, Milwaukee, WI, USA). LV end-diastolic volume (EDV), ESV, EF and left atrial volume index (LAVI) were calculated using the biplane Simpson’s method [11]. LV diastolic function and the degree of mitral regurgitation (MR) were assessed according to specific guidelines [12,13]. WMSI was calculated using an LV 16-segment model, including six myocardial segments at the basal and mid-portion level and four segments at the apex [14]. The percentage of the extent of wall motion abnormalities (%WMA), was obtained by dividing the number of akinetic and dyskinetic segments by the total number of segments evaluated [15]. GLS was provided automatically by the software as the average value of the peak systolic longitudinal strain of each myocardial segment for the three standard apical views. For the evaluation of %SAS, myocardial segments with peak systolic longitudinal strain ≥−5% were considered severely dysfunctional myocardium [16]. The %SAS index was obtained by dividing the number of segments with longitudinal strain ≥−5% by the total number of segments evaluated. For both GLS and %SAS, an LV 18-segment model was used, with six myocardial segments at the basal, mid-portion and apical levels. The investigators who analyzed the images were blinded to the patients’ clinical information.




2.4. Statistical Analysis


After testing for normal distribution with the Kolmogorov–Smirnov test, continuous variables were expressed as median values with 25th and 75th percentiles. Categorical variables were expressed as percentages. Variables of patients with and without LVR or with and without clinical events were compared using the Mann–Whitney U test or the chi-square test, when appropriate. Values of continuous variables at T0, T1 and T2 were compared using the Friedman test, and pairwise comparisons were performed with a Bonferroni correction.



For the primary objective, a univariable logistic regression, including the clinical and echocardiographic variables, was performed to evaluate the association with LVR. For the multivariable analysis, the following variables were selected a priori: time from symptoms’ onset to STEMI diagnosis ≥ 3 h, peak of TnI, ST-resolution, use of MRAs at discharge, LV ESV, EF, GLS, WMSI, %WMA, and %SAS. Except for %SAS, all of these variables are known to be associated with LVR from previous studies [3,4,5,6,7,14,15,17,18,19]. Variables were tested for multicollinearity with %SAS using the variance inflation factor (VIF), with a value ≥ 5 indicating presence of significant collinearity. Different multivariable stepwise logistic regression analyses were performed, each one including only variables with VIF value < 5. The odds ratio (OR) for each statistically significant variable was calculated together with the 95% confidence interval (CI). Receiver-operating characteristic (ROC) curve analysis was used to calculate the area under the curve (AUC) and the 95% CI for the multivariable models.



For the secondary objective, we performed a univariable and a multivariable Cox analysis. The hazard ratio (HR) for each statistically significant variable was calculated together with the 95% CI. For the multivariable Cox analysis, it was decided a priori to include in the model LVR those variables significantly associated with LVR in the multivariable analysis for the primary objective.



Intra and interobserver variability for %SAS measurement were assessed in 20 randomly selected patients at T0 using the interclass correlation coefficient (ICC) and the Bland–Altman analysis, calculating bias and limits of agreement (LOAs). The statistical analysis was performed using the IBM SPSS Statistics software, v. 25 (IBM, Armonk, NY, USA). A p value < 0.05 was considered statistically significant.





3. Results


Five-hundred forty-eight patients referred to the catheterization laboratory with STEMI diagnosis confirmed by coronary angiography were initially considered. Then, 314 patients were excluded because they were transferred to other hospitals of the Ferrara STEMI network after PCI (n = 303) or died before hospital discharge (n = 11). Of the 234 remaining patients, another 57 were excluded: 8 had atrial fibrillation at T0 echocardiography, 22 had inadequate echocardiographic image quality, and 27 were lost to follow-up. Therefore, 177 patients constituted the final study cohort. Five of these patients died before echocardiography at T1 and 5 before echocardiography at T2.



The echocardiographic examination was performed at T0 within 1 ± 1 day from ICU admission in 177 patients, at T1 after 131 ± 51 days in 172 patients and at T2 after 469 ± 91 days in 167 patients. After the acute event, 30 (16.9%) patients had LVR; 18 (60%) of them had first evidence of LVR at T1 and 12 (40%) at T2. One patient with LVR at T1 died before T2, and another one showed reversed LVR at T2. The percentage of LVR was 10.2% (18/177) at T1 and 15.8% (28/177) at T2. Of the 28 patients with LVR at T2, 12 (43%) did not show LVR at T1.



3.1. Clinical Characteristics


The main clinical characteristics of patients are reported in Table 1. In the overall cohort, median age was 67 years, most patients were men (72.3%) and many had cardiovascular risk factors. The most common infarct site was the anterior one (44.9%), 28.8% of patients had a 3-vessel disease, and 12.3% a previous MI. Although the vast majority of patients had complete culprit coronary reperfusion (TIMI flow 3 in 96% of cases), 37.9% had no ST-resolution > 50% when ECG was performed in the ICU within 4 h from primary PCI, consistent with the “no-reflow” phenomenon. Medical therapy at discharge was optimized for all patients (Supplementary Table S1).



No significant differences were observed between patients with and without LVR in terms of age, gender, body surface area, body mass index, cardiovascular risk factors, systolic blood pressure, heart rate, site of infarction, culprit coronary artery, final TIMI flow, time from first medical contact to PCI and staged PCI during hospitalization (Table 1). LVR patients had higher levels of peak of troponin (Tn) I and creatine kinase-MB (CK-MB), more frequently Killip class 3–4, a longer time from symptoms’ onset to STEMI diagnosis, and a lower percentage of ST-resolution (Table 1). Additionally, LVR patients were treated more frequently with mineralocorticoid receptor antagonists (MRAs), both at discharge and at 12 months (Supplementary Table S1).




3.2. Echocardiographic Characteristics


Baseline, T1 and T2 echocardiographic characteristics are reported in Table 2 and Table 3. In the overall cohort, EDV did not change over time, whereas ESV decreased. Parameters of global and regional LV systolic function all improved during follow-up, while MR severity decreased. LAVI increased over time.



In patients without LVR, EDV did not change and ESV progressively decreased over time. Global and regional measures of LV systolic function improved. %SAS reduced markedly. LAVI had a modest, although significant, increase. MR severity decreased at T1 and was maintained at T2. E/e’ ratio decreased progressively.



Compared to non-LVR patients, at baseline patients with LVR did not differ in terms of EDV but had lower EF and GLS (in absolute values), and higher ESV, WMSI, %WMA and %SAS. LAVI, MR severity and diastolic measures did not differ. In patients with LVR, EDV and ESV progressively increased over time, and LV-EF improved only mildly. GLS improved, and WMSI did not vary. Regional measures of LV systolic function, such as %WMA and %SAS, declined during follow-up, especially at T2. LAVI increased at T2. MR severity remained similar over time and worse than that in patients without LVR at T1 and T2.




3.3. Primary Objective: Left Ventricular Remodeling


In the univariable analysis, time from symptoms’ onset to STEMI diagnosis ≥ 3 h, time from first medical contact to PCI, infarct site, ST-resolution, peak of TnI, peak of CK-MB, glycated hemoglobin, use of MRAs at discharge, LV ESV, EF, GLS, WMSI, %WMA, and %SAS were associated with LVR (Supplementary Table S2). A multicollinearity was found between some variables (WMSI and %WMA) and %SAS, thus three multivariable models were generated.



Model 1 excluded WMSI and %WMA (Table 4). In this model, only %SAS and peak of TnI remained associated with LVR: for %SAS 5% increase, the OR was 1.226 (95% CI, 1.098–1.369, p < 0.0005) while for peak of TnI, the OR was 1.025 (95% CI, 1.004–1.047, p = 0.022). The ROC curve analysis of this multivariable model showed an AUC of 0.82 (95% CI 0.73–0.91, p < 0.0005) (Figure 1A); AUC of %SAS and TnI were 0.80 (95% CI 0.71–0.88) and 0.76 (95% CI 0.66–0.86; p = 0.483 vs. %SAS), respectively. Optimal baseline cut-off values were 44% for %SAS (sensitivity 76.7%, specificity 77.2%) and 49 ng/mL for peak of TnI (sensitivity 82.8%, specificity 61%) (Figure 1B,C). Correlation between %SAS and peak of TnI was 0.45 (p < 0.0005).



Model 2 and 3 excluded %SAS and included WMSI and %WMA separately (Table 4). Neither WMSI nor %WMA were associated with LVR. Of note, in these two models, GLS became significantly associated with LVR, whereas it was not in model 1 when %SAS was included in the analysis. LV-EF and ESV were not associated with LVR in all three models.



Figure 2 and Figure 3 show the example of two patients with similar LV-EF but very different %SAS. Only the patient with high %SAS developed LVR (Figure 2).




3.4. Secondary Objective: Clinical Events


During the median follow-up period of 43 months, 11 patients died, 15 were re-hospitalized for heart failure, and 15 for acute coronary syndrome as first clinical event, for a total of 41 first events in 41 patients (23% of the entire patient cohort). Because 11 patients had more than one clinical event, the overall clinical events were 55. Survival probability free of clinical events is shown in Figure 4.



Clinical and echocardiographic characteristics of patients with and without clinical events are reported in Supplementary Tables S3 and S4. Patients of the two groups differed in age, cardiovascular risk factors and echocardiographic measures. Of note, while baseline %SAS markedly differed between the two groups (23% vs. 41%, p = 0.003), TnI at T0 was not different between patients with and without clinical events.



Baseline variables associated with clinical events in univariable Cox analysis are reported in Supplementary Table S5. LVR was associated with occurrence of clinical events during follow-up (HR 2.53, 95% CI 1.19–5.34, p = 0.015). In addition to LVR, multivariable Cox analysis included %SAS and peak of TnI (GLS was not included, since it was not significantly associated with LVR when %SAS and peak of TnI were considered (Table 4, model 1)). Only %SAS (HR 1.02, 95% CI 1.0–1.04, p = 0.0165) and LVR (HR 1.93, 95% CI 0.80–4.66, p = 0.0148) were associated with occurrence of clinical events during follow-up, while peak of TnI was not (HR 0.99, 95% CI 0.97–1.01, p = 0.2264).




3.5. Observer Variability for %SAS Calculation


As regards the intraobserver variability of %SAS calculation, the ICC was 0.993, bias −0.2%, and LOAs 5.4 and −5.9%; as regards the interobserver variability, the ICC was 0.975, bias −0.1%, and LOAs 8.7 and −9.9%.





4. Discussion


This study explored, in patients treated for STEMI, the association between acute echocardiographic measures of LV systolic function and LVR (primary endpoint) and clinical events during follow-up (secondary endpoint). The main findings were: (1) in patients treated for STEMI, acute %SAS was associated with LVR; (2) this association was not observed for conventional echocardiographic measures of global LV function in the multivariable analysis, while it was observed for peak of TnI; (3) acute %SAS was also associated with an unfavorable clinical outcome, while peak of TnI was not; (4) a significant proportion (43%) of patients with LVR at 12 months did not have LVR at 3 months; (5) LVR at its first occurrence was associated with clinical outcome. All of these findings have implications for the acute evaluation and follow-up strategy of patients who experience a STEMI.



4.1. Rate and Significance of Post-Infarct LVR


Investigations performed in the decade between 1996 and 2006 reported a rate of LVR of 16–31% between 6 and 12 months after revascularized acute STEMI [4,9,10]. More recently, a registry published in 2020 (collected since February 2004) [14] showed that 48% of 1995 patients with STEMI developed LVR in the first 12 months of follow-up and the majority (64%) during the first 3 months. Because primary PCI techniques and pharmacotherapy have evolved during the time frame of the registry, these factors could not be accounted for.



We observed a percentage of LVR of 10.2% at 3 months and 15.8% at 1 year. In our opinion, this lower LVR prevalence compared to previous studies could be related to the effectiveness of contemporary STEMI treatments (current PCI techniques, staged revascularization and updated pharmacotherapy). On the other hand, the persistence of a significant number of patients with LVR also evidences that development of post-infarct LVR is still affected by determinants not fully controlled by current therapeutic strategies (for example, the no-reflow phenomenon).



In our patients, LVR was significantly associated with an unfavorable clinical outcome in univariable and multivariable analysis. This confirms previous observations [1,14] and underlines the importance of evaluating LVR during the post-infarct follow-up.




4.2. Determinants of Post-Infarct LVR


Various echocardiographic measures of LV global systolic function, including LV-EF, ESV, WMSI and GLS, have been proposed over the years to predict, during the early phase of STEMI, subsequent development of LVR or outcome [3,4,5,6,15,16]. Results, however, were not univocal. For example, in a meta-analysis, 2D GLS, evaluated within 48 h after the acute event, has been shown to predict adverse LVR after STEMI (defined as an increase in LV-EDV and/or LV-ESV by 15 to 20%) [6]. Other authors, however, found that, in high-risk STEMI patients, GLS was not superior to conventional echocardiography in predicting outcome [20].



In our study, LV-EF, ESV, and WMSI were not associated with LVR. GLS was significantly associated with LVR only when %SAS was not included in the multivariable analysis (Table 4). A possible explanation for these findings is that the global measures of LV systolic function not only depend on irreversibly injured cardiac muscle but also on mildly injured, stunned, remote normal and hypercontractile myocardium, which may variably combine in individual patients.



A different approach to prediction of LVR is the evaluation of regional LV systolic function. This approach has been shown to predict LVR in previous investigations based on conventional [21] and STE imaging [22] and seems also better than GLS [22]. In the present study, we suggested a new index to evaluate regional LV systolic function (%SAS), which relies on recognition of those LV segments with severely reduced myocardial contraction. We observed that the percentage of these segments is significantly and independently associated with LVR.



Of note, in LVR patients, the baseline %SAS was high (54% on average). This could be related to the very early evaluation of %SAS in the acute phase of STEMI, when infarct size is still far from stabilization. Additionally, because a larger acute infarct size is associated with the presence of microvascular obstruction [23], the high %SAS observed at baseline very likely includes severe myocardial injury and, therefore, has the potential to predict LVR and outcome.



In our patient cohort, peak of TnI was also significantly and independently associated with LVR. This finding agrees with that of other authors, showing that patients with LVR after STEMI were characterized by higher levels of peak TnI [14]. The association between peak of Tn and LVR can be explained considering that peak of Tn is also an expression of the infarct size [24], a determinant of LVR [25]. Because in our study the AUC of TnI and %SAS in predicting LVR were similar (0.76 vs. 0.80, p = 0.483; Figure 1), one could wonder what the advantage of measuring %SAS instead of TnI is. There are several answers to this question.



First, multiple Tn assays are needed after the STEMI diagnosis to identify the peak value of Tn, whereas %SAS is a single evaluation, and this may facilitate very early prediction of LVR. Second, the correlation between serum Tn after STEMI and infarct size is impaired in case of slow or incomplete reperfusion and renal insufficiency, which delay peak of Tn [26], while kidney disease does not influence %SAS. Third, while %SAS was different in our patients with and without clinical events, peak of TnI was not (Supplementary Table S3); also, TnI was not associated with clinical outcome in univariable and multivariable Cox analysis. This agrees with recent observations showing that the prognostic implications of the peak Tn value seem to be minimal in revascularized patients with acute coronary syndrome [27] and even absent in STEMI patients in the contemporary era [28]. Therefore, in comparison with peak TnI, %SAS assessment shortly after primary PCI in patients with acute STEMI could be more practical and informative.




4.3. Evolution of %SAS over Time


In our patient cohort, %SAS progressively decreased over time after the acute STEMI, with a parallel increase in GLS (Table 2). This is in agreement with progressive regression in MI size from the acute to the subacute and chronic phase, which is the consequence of the gradual resolution of myocardial edema, intramyocardial hemorrhage, and microvascular obstruction [23]. A contrast cardiac magnetic resonance study also showed that progressive reduction in late enhancement in the infarct region is associated with an increase in contractility in the same segments [29], thus linking regression in MI size with improvement in myocardial function.



In our investigation, the %SAS decrease occurred both in patients with and without LVR, but in those with LVR, the magnitude of reduction was much less (Table 3). This can be related to both a larger infarct size and to severe microvascular obstruction. An indirect confirmation of the role of microvascular obstruction in the LVR subgroup comes from the higher percentage of patients without ST-resolution after primary PCI in this subgroup (Table 1).



Finally, in LVR patients, the median %SAS at 12 months was 12%. This represents the residual infarct size, that is, the non-viable myocardium with transmural scar tissue [30].




4.4. Advantages of %SAS


The %SAS is an objective measure of regional LV systolic function. This is an advantage compared to other parameters, such as WMSI and %WMA, based on visual interpretation of myocardial contraction. Further, calculation of %SAS is simple and relatively fast with current echocardiographic technology. In fact, the number of segments with severe alteration of strain can be easily obtained just by looking at the LV polar plot automatically provided by the echo scanner (Figure 2 and Figure 3).




4.5. Study Limitations


This study was a single-center investigation. This implies a limited number of STEMI patients but had the advantage of a homogeneous approach to treatment and follow-up strategy. In general, patients transferred rapidly after primary PCI to the other hospitals of the STEMI network were clinically more stable or had less residual coronary disease needing deferred PCI. This may have introduced a bias at baseline selection of the patient cohort, but it could not be avoided in a STEMI network organization. Although patients with previous MI were not excluded, they were not significantly different in the LVR and non-LVR subgroups. Because our study did not include cardiac magnetic resonance, we were unable to determine the direct influence of microvascular obstruction and presence of myocardial hemorrhage on LVR. Myocardial strain evaluation was performed using echo scanners of a single vendor; because inter-vendor strain calibration is still lacking [31,32], study results may not necessarily apply to strain calculated using echo scanners from other vendors. The LVR was evaluated using 2D echocardiography, although its estimation using 3D echocardiography [33] and cardiac magnetic resonance [1] can be more accurate. However, 2D echocardiography is still the method more commonly used for LVR assessment in current clinical practice. The outcome endpoint was a secondary endpoint, and our retrospective analysis was based on a limited number of clinical events during the follow-up period; thus, we tried to avoid excessive statistical analysis and overinterpretation of data.





5. Conclusions


In patients treated for STEMI, acute %SAS is significantly and independently associated with development of LVR within 1 year and is better than other echocardiographic LVR predictors; acute %SAS is also associated with unfavorable clinical outcome. Thus, assessment of %SAS after primary PCI could be a helpful routine evaluation to identify very early those STEMI patients at higher risk. Prospective multicenter studies on a wider cohort of STEMI patients are needed to confirm our observations.








Supplementary Materials


The following supporting material can be downloaded at: https://www.mdpi.com/article/10.3390/jcm11185348/s1, Supplementary Table S1: Therapy at discharge and after one year in patients with and without left ventricular remodeling, Supplementary Table S2: Univariable logistic regression analysis for left ventricular remodeling, Supplementary Table S3: Baseline characteristics of patients with and without composite clinical events (death from all causes, re-hospitalization for acute coronary syndrome or heart failure). Supplementary Table S4: Echocardiographic characteristics of patients with and without clinical events (death from all causes, re-hospitalization for acute coronary syndrome or heart failure). Supplementary Table S5: Univariable baseline variable Cox analysis for composite clinical events (death from all causes, re-hospitalization for acute coronary syndrome or heart failure).





Author Contributions


Conceptualization, G.A.L. and D.M.; methodology, G.A.L., G.P. and D.M.; formal analysis, G.A.L. and G.L.; investigation, G.A.L. and G.P.; data curation, G.A.L., G.P. and G.L.; writing—original draft preparation, G.A.L. and D.M.; writing—review and editing, D.M., G.A.L., G.P., V.S., F.T., F.F., A.F., G.L. and R.F.; supervision, D.M.; visualization, A.F., F.F. and F.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the local Ethics Committee (Comitato Etico di Area Vasta Emilia Centro della Regione Emilia-Romagna, protocol code 645/2019/Oss/AOUFe, date of approval 11 September 2019).




Informed Consent Statement


Informed consent was obtained from subjects involved in the study.




Data Availability Statement


The data of the study are available upon justified request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rodriguez-Palomares, J.F.; Gavara, J.; Ferreira-González, I.; Valente, F.; Rios, C.; Rodríguez-García, J.; Bonanad, C.; Del Blanco, B.G.; Miñana, G.; Mutuberria, M.; et al. Prognostic Value of Initial Left Ventricular Remodeling in Patients with Reperfused STEMI. JACC Cardiovasc. Imaging 2019, 12, 2445–2456. [Google Scholar] [CrossRef] [PubMed]

	



Carrick, D.; Haig, C.; Rauhalammi, S.; Ahmed, N.; Mordi, I.; McEntegart, M.; Petrie, M.C.; Eteiba, H.; Lindsay, M.; Watkins, S.; et al. Pathophysiology of LV Remodeling in Survivors of STEMI: Inflammation, Remote Myocardium, and Prognosis. JACC Cardiovasc. Imaging 2015, 8, 779–789. [Google Scholar] [CrossRef] [PubMed]

	



White, H.D.; Norris, R.M.; Brown, M.A.; Brandt, P.W.; Whitlock, R.M.; Wild, C.J. Left ventricular end-systolic volume as the major determinant of survival after recovery from myocardial infarction. Circulation 1987, 76, 44–51. [Google Scholar] [CrossRef] [PubMed]

	



Nicolosi, G.L.; Latini, R.; Marino, P.; Maggioni, A.P.; Barlera, S.; Franzosi, M.G.; Geraci, E.; Santoro, L.; Tavazzi, L.; Tognoni, G.; et al. The prognostic value of predischarge quantitative two-dimensional echocardiographic measurements and the effects of early lisinopril treatment on left ventricular structure and function after acute myocardial infarction in the GISSI-3 Trial. Gruppo Italiano per lo Studio della Sopravvivenza Nell’infarto Miocardico. Eur. Heart. J. 1996, 11, 1646–1656. [Google Scholar]

	



Shiga, T.; Hagiwara, N.; Ogawa, H.; Takagi, A.; Nagashima, M.; Yamauchi, T.; Tsurumi, Y.; Koyanagi, R.; Kasanuki, H. Sudden cardiac death and left ventricular ejection fraction during longterm follow-up after acute myocardial infarction in the primary percutaneous coronary intervention era: Results from the HIJAMI-II registry. Heart 2009, 95, 216–220. [Google Scholar] [CrossRef]

	



Huttin, O.; Coiro, S.; Selton-Suty, C.; Juillière, Y.; Donal, E.; Magne, J.; Sadoul, N.; Zannad, F.; Rossignol, P.; Girerd, N. Prediction of Left Ventricular Remodeling after a Myocardial Infarction: Role of Myocardial Deformation: A Systematic Review and Meta-Analysis. PLoS ONE 2016, 11, e0168349. [Google Scholar] [CrossRef]

	



Mele, D.; Trevisan, F.; D’Andrea, A.; Luisi, G.A.; Smarrazzo, V.; Pestelli, G.; Flamigni, F.; Ferrari, R. Speckle Tracking Echocardiography in Non-ST-Segment Elevation Acute Coronary Syndromes. Curr. Probl. Cardiol. 2021, 46, 100418. [Google Scholar] [CrossRef]

	



Ibanez, B.; James, S.; Agewall, S.; Antunes, M.J.; Bucciarelli-Ducci, C.; Bueno, H.; Caforio, A.L.P.; Crea, F.; Goudevenos, J.A.; Halvorsen, S.; et al. 2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-segment elevation The Task Force for the management of acute myocardial infarction in patients presenting with ST-segment elevation of the European Society of Cardiology (ESC). Eur. Heart J. 2018, 39, 119–177. [Google Scholar]

	



Savoye, C.; Equine, O.; Tricot, O.; Nugue, O.; Segrestin, B.; Sautière, K.; Elkohen, M.; Pretorian, E.M.; Taghipour, K.; Philias, A.; et al. Left ventricular remodeling after anterior wall acute myocardial infarction in modern clinical practice. Am. J. Cardiol. 2006, 98, 1144–1149. [Google Scholar] [CrossRef]

	



Bolognese, L.; Neskovic, A.N.; Parodi, G.; Cerisano, G.; Buonamici, P.; Santoro, G.M.; Antoniucci, D. Left ventricular remodeling after primary coronary angioplasty: Patterns of left ventricular dilation and long-term prognostic implications. Circulation 2002, 106, 2351–2357. [Google Scholar] [CrossRef]

	



Lang, R.M.; Badano, L.P.; Mor-Avi, V.; Afilalo, J.; Armstrong, A.; Ernande, L.; Flachskampf, F.A.; Foster, E.; Goldstein, S.A.; Kuznetsova, T.; et al. Recommendations for Cardiac Chamber Quantification by Echocardiography in Adults: An Update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. J. Am. Soc. Echocardiogr. 2015, 28, 1–39.e14. [Google Scholar] [CrossRef] [PubMed]

	



Nagueh, S.F.; Smiseth, O.A.; Appleton, C.P.; Byrd, B.F., III; Dokainish, H.; Edvarsen, T.; Flachskampf, F.A.; Gillebert, T.C.; Klein, A.L.; Lancellotti, P.; et al. Recommendations for the Evaluation of Left Ventricular Diastolic Function by Echocardiography: An Update from the American Society of Echocardiography and the European Association of Cardiovascular Imaging. J. Am. Soc. Echocardiogr. 2016, 29, 277–314. [Google Scholar] [CrossRef] [PubMed]

	



Zoghbi, W.A.; Adams, D.; Bonow, R.O.; Enriquez-Sarano, M.; Foster, E.; Grayburn, P.A.; Hahn, R.; Han, Y.; Hung, J.; Lamg, R.M.; et al. Recommendations for Noninvasive Evaluation of Native Valvular Regurgitation: A Report from the American Society of Echocardiography Developed in Collaboration with the Society for Cardiovascular Magnetic Resonance. J. Am. Soc. Echocardiogr. 2017, 30, 303–371. [Google Scholar] [CrossRef] [PubMed]

	



Van der Bij, P.; Abou, R.; Goedemans, L.; Gersh, B.; Holmes, D.R., Jr.; Marsan, N.A.; Delgado, V.; Bax, J.J. Left Ventricular Post-Infarct Remodeling Implications for Systolic Function Improvement and Outcomes in the Modern Era. JACC Heart Fail. 2020, 8, 131–140. [Google Scholar] [CrossRef]

	



Volpi, A.; De Vita, C.; Franzosi, M.G.; Geraci, E.; Maggioni, A.P.; Mauri, F.; Negri, E.; Santoro, E.; Tavazzi, L.; Tognoni, G. The ad hoc working group of the gruppo italiano per lo studio della sopravvivenza nell’infarto miocardico (GISSI)-2 data base determinants of 6-month mortality in survivors of myocardial infarction after thrombolysis results of the GISSI-2 data base. Circulation 1993, 88, 416–429. [Google Scholar] [CrossRef]

	



Møller, J.E.; Hillis, G.S.; Oh, J.K.; Reeder, G.S.; Gersh, B.J.; Pellikka, P.A. Wall motion score index and ejection fraction for risk stratification after acute myocardial infarction. Am. Heart J. 2006, 151, 419–425. [Google Scholar] [CrossRef]

	



Weir, R.A.P.; Mark, P.B.; Petrie, C.J.; Clements, S.; Steedman, T.; Ford, I.; Ng, L.L.; Squire, I.B.; Galen, S.W.; McMurray, J.J.; et al. Left ventricular remodeling after acute myocardial infarction: Does eplerenone have an effect? Am. Heart J. 2009, 157, 1088–1096. [Google Scholar] [CrossRef]

	



Nicolau, J.C.; Maia, L.N.; Vítola, J.; Vaz, V.D.; Machado, M.N.; Godoy, M.F.; Giraldez, R.R.; Ramires, J.A. ST-segment resolution and late (6-month) left ventricular remodeling after acute myocardial infarction. Am. J. Cardiol. 2003, 91, 451–453. [Google Scholar] [CrossRef]

	



Sheiban, I.; Fragasso, G.; Lu, C.; Tonni, S.; Trevi, G.P.; Chierchia, S.L. Influence of treatment delay on long-term left ventricular function in patients with acute myocardial infarction successfully treated with primary angioplasty. Am. Heart J. 2001, 141, 603–609. [Google Scholar] [CrossRef]

	



Munk, K.; Andersen, N.H.; Terkelsen, C.J.; Bibby, B.M.; Johnsen, S.P.; Bøtker, H.E.; Nielsen, T.T.; Poulsen, S.H. Global Left Ventricular Longitudinal Systolic Strain for Early Risk Assessment in Patients with Acute Myocardial Infarction Treated with Primary Percutaneous Intervention. J. Am. Soc. Echocardiogr. 2012, 25, 644–651. [Google Scholar] [CrossRef]

	



Giannuzzi, P.; Temporelli, P.L.; Bosimini, E.; Gentile, F.; Lucci, D.; Maggioni, A.P.; Tavazzi, L.; Badano, L.; Stoian, I.; Piazza, R.; et al. Heterogeneity of left ventricular remodeling after acute myocardial infarction: Results of the Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico-3 Echo Substudy. Am. Heart J. 2001, 141, 131–138. [Google Scholar] [CrossRef] [PubMed]

	



Biering-Sørensen, T.; Jensen, J.S.; Pedersen, S.H.; Galatius, S.; Fritz-Hansen, T.; Bech, J.; Olsen, F.J.; Mogelvang, R. Regional Longitudinal Myocardial Deformation Provides Incremental Prognostic Information in Patients with ST-Segment Elevation Myocardial Infarction. PLoS ONE 2016, 11, e0158280. [Google Scholar] [CrossRef] [PubMed]

	



Pokorney, S.D.; Rodriguez, J.F.; Ortiz, J.T.; Lee, D.C.; Bonow, R.O.; Wu, E. Infarct healing is a dynamic process following acute myocardial infarction. J. Cardiovasc. Magn. Reson. 2012, 14, 62. [Google Scholar] [CrossRef] [PubMed]

	



Ingkanisorn, W.P.; Rhoads, K.L.; Aletras, A.H.; Kellman, P.; Arai, A.E. Gadolinium delayed enhancement cardiovascular magnetic resonance correlates with clinical measures of myocardial infarction. J. Am. Coll. Cardiol. 2004, 43, 2253–2259. [Google Scholar] [CrossRef] [PubMed]

	



Tarantini, G.; Razzolini, R.; Cacciavillani, L.; Bilato, C.; Sarais, C.; Corbetti, F.; Marra, M.P.; Napodano, M.; Ramondo, A.; Iliceto, S. Influence of Transmurality, Infarct Size, and Severe Microvascular Obstruction on Left Ventricular Remodeling and Function After Primary Coronary Angioplasty. Am. J. Cardiol. 2006, 98, 1033–1040. [Google Scholar] [CrossRef] [PubMed]

	



Cobbaert, C.M.; Bootsma, M.; Boden, H.; Ahmed, T.A.; Hoogslag, G.E.; Romijn, F.P.; Ballieux, B.S.; Wolterbeek, R.; Hermens, W.T.; Schalij, M.J.; et al. Confounding factors in the relation between high sensitivity cardiac troponin T levels in serum and infarct size of patients with first ST-elevation myocardial infarction. Int. J. Cardiol. 2014, 172, e3–e5. [Google Scholar] [CrossRef] [PubMed]

	



Bagai, A.; Huang, Z.; Lokhnygina, Y.; Harrington, R.A.; Armstrong, P.W.; Strony, J.; White, H.D.; Leonardi, S.; Held, C.; Van de Werf, F.; et al. Magnitude of troponin elevation and long-term clinical outcomes in acute coronary syndrome patients treated with and without revascularization. Circ. Cardiovasc. Interv. 2015, 8, e002314. [Google Scholar] [CrossRef]

	



Cediel, G.; Rueda, F.; García, C.; Oliveras, T.; Labata, C.; Serra, J.; Núñez, J.; Bodí, V.; Ferrer, M.; Lupón, J.; et al. Prognostic Value of New-Generation Troponins in ST-Segment-Elevation Myocardial Infarction in the Modern Era: The RUTI-STEMI Study. J. Am. Heart Assoc. 2017, 6, e007252. [Google Scholar] [CrossRef]

	



Dall’Armellina, E.; Karia, N.; Lindsay, A.C.; Karamitsos, T.D.; Ferreira, V.; Robson, M.D.; Kellman, P.; Francis, J.M.; Forfar, C.; Prendergast, B.D.; et al. Dynamic Changes of Edema and Late Gadolinium Enhancement After Acute Myocardial Infarction and Their Relationship to Functional Recovery and Salvage Index. Circ. Cardiovasc. Imaging 2011, 4, 228–236. [Google Scholar] [CrossRef]

	



Mele, D.; Fiorencis, A.; Chiodi, E.; Gardini, C.; Benea, G.; Ferrari, R. Polar plot maps by parametric strain echocardiography allow accurate evaluation of non-viable transmural scar tissue in ischaemic heart disease. Eur. Heart J. Cardiovasc. Imaging 2016, 17, 668–677. [Google Scholar] [CrossRef]

	



Farsalinos, K.E.; Daraban, A.M.; Ünlü, S.; Thomas, J.D.; Badano, L.P.; Voigt, J.U. Head-to-head comparison of global longitudinal strain measurements among nine different vendors: The EACVI/ASE Inter-Vendor Comparison Study. J. Am. Soc. Echocardiogr. 2015, 28, 1171–1181. [Google Scholar] [CrossRef] [PubMed]

	



Mirea, O.; Pagourelias, E.D.; Duchenne, J.; Bogaert, J.; Thomas, J.D.; Badano, L.P.; Voigt, J.U. Variability and reproducibility of segmental longitudinal strain measurements: A report from the EACVI-ASE Strain Standardization Task Force. JACC Cardiovasc. Imaging 2018, 11, 15–24. [Google Scholar] [CrossRef] [PubMed]

	



Mele, D.; Teoli, R.; Cittanti, C.; Pasanisi, G.; Guardigli, G.; Levine, R.A.; Ferrari, R. Assessment of left ventricular volume and function by integration of simplified 3D echocardiography, tissue harmonic imaging and automated extraction of endocardial borders. Int. J. Cardiovasc. Imaging 2004, 20, 191–202. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 11 05348 g001 550] 





Figure 1. Receiver operating characteristic curves showing the capability of multivariable model 1 (A), baseline %SAS (B) and baseline peak troponin I (C) to discriminate patients with and without left ventricular remodeling. AUC, area under the curve; CI, confidence interval. 
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Figure 2. Patient with anterior ST-elevation myocardial infarction (STEMI) showing severe impairment of left ventricular systolic function and high %SAS at baseline. The polar plot in the middle shows the distribution of longitudinal myocardial strain throughout the LV, which is divided into six basal, mid-portion and apical segments. The numbers on each myocardial segment are the longitudinal myocardial strain values. After 12 months, left ventricular remodeling occurred. EDV, end-diastolic volume; ∆EDV: difference in EDV as a percentage of the basal value; EF, ejection fraction; ESV, end-systolic volume; GLS, global longitudinal strain; %SAS, percentage of severely altered strain; Tn, troponin; %WMA, percentage of the extent of wall motion abnormalities; WMSI, wall motion score index. 
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Figure 3. Patient with anterior ST-elevation myocardial infarction (STEMI) showing severe impairment of left ventricular systolic function but lower %SAS at baseline in comparison with patient of Figure 2. After 12 months, no left ventricular remodeling occurred. EDV, end-diastolic volume; ∆EDV: difference in EDV as a percentage of the basal value; EF, ejection fraction; ESV, end-systolic volume; GLS, global longitudinal strain; %SAS, percentage of severely altered strain; Tn, troponin; %WMA, percentage of the extent of wall motion abnormalities; WMSI, wall motion score index. 
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Figure 4. Survival probability free of clinical events (death from any cause and re-hospitalization for heart failure or acute coronary syndrome). 
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Table 1. Baseline characteristics of overall patients and subgroups with and without left ventricular remodeling.
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Overall

(n = 177)

	
LVR Patients

(n = 30, 16.9%)

	
Non-LVR Patients

(n = 140, 79%)

	
p Value






	
Age (years)

	
67 (60–76)

	
69 (59–80)

	
66 (60–75)

	
0.668




	
Males (n)

	
128 (72.3%)

	
19 (63.3%)

	
105 (75%)

	
0.193




	
BSA (m2)

	
2 (1.8–2.1)

	
2 (1.7–2.1)

	
2 (1.8–2.1)

	
0.976




	
BMI (kg/m2)

	
26.5 (24.6–30.1)

	
27.1 (24.2–30.5)

	
26.5 (24.9–30)

	
0.932




	
Smoker (n)

	
101 (57.1%)

	
14 (46.7%)

	
83 (59.3%)

	
0.201




	
Diabetes (n)

	
36 (20.3%)

	
6 (20%)

	
24 (17.1%)

	
0.712




	
CV Family history (n)

	
50 (28.2%)

	
11 (36.7%)

	
38 (27.1%)

	
0.293




	
Hypertension (n)

	
111 (62.7%)

	
23 (76.7%)

	
82 (58.6%)

	
0.064




	
Dyslipidemia (n)

	
80 (45.2%)

	
13 (36.7%)

	
66 (47.1%)

	
0.654




	
COPD (n)

	
5 (2.8%)

	
0

	
3 (2.1%)

	
0.416




	
LDL (mg/dL)

	
126 (104–158)

	
124 (94–163)

	
126 (107–155)

	
0.946




	
Glycated Hb (mmol/mol)

	
40 (36.5–44)

	
41 (36–50)

	
39 (36–43)

	
0.194




	
GFR (mL/min)

	
89 (64–109)

	
92 (62–107)

	
88 (65–110)

	
0.928




	
Peak CK-MB (ng/mL)

	
159.6 (87.1–256)

	
243.9 (170–300)

	
145.6 (83.6–233)

	
0.001




	
Peak TnI (ng/mL)

	
39.2 (18.6–70.2)

	
76.5 (51.6–80)

	
35.8 (17.8–61.7)

	
<0.0005




	
Systolic blood pressure (mmHg)

	
130 (120–145)

	
123 (110–145)

	
130 (120–145)

	
0.15




	
Heart rate (bpm)

	
75 (62–80)

	
72 (58–80)

	
74 (62–80)

	
0.682




	
Killip class

	

	

	

	




	
1–2 (n)

	
168 (94.9%)

	
27 (90.0%)

	
137 (97.9%)

	
0.034




	
3–4 (n)

	
9 (5.1%)

	
3 (10.0%)

	
3 (2.1%)




	
Previous infarct

	
21 (12.3%)

	
5 (17.9%)

	
15 (11.0%)

	
0.302




	
Infarct site

	

	

	

	




	
Anterior (n)

	
79 (44.9%)

	
17 (56.7%)

	
58 (41.7%)

	
0.051




	
Lateral (n)

	
36 (20.5%)

	
9 (30.0%)

	
26 (18.7%)




	
Inferior (n)

	
54 (30.7%)

	
4 (13.3%)

	
48 (34.5%)




	
Inferior and right ventricle (n)

	
7 (4.0%)

	
0

	
7 (5.0%)




	
Culprit coronary vessel

	

	

	

	




	
LAD (n)

	
77 (43.8%)

	
17 (56.7%)

	
56 (40.3%)

	
0.263




	
CCA (n)

	
32 (18.2%)

	
5 (16.7%)

	
26 (18.7%)




	
RCA (n)

	
61 (34.7%)

	
7 (23.3%)

	
52 (37.4%)




	
Left main (n)

	
4 (2.3%)

	
0 (0%)

	
4 (2.9%)




	
IA (n)

	
2 (1.1%)

	
1 (3.3%)

	
1 (0.7%)




	
Number of deceased coronary vessels

	

	

	

	




	
One (n)

	
65 (36.7%)

	
12 (40.0%)

	
52 (37.1%)

	
0.256




	
Two (n)

	
61 (34.5%)

	
7 (23.3%)

	
53 (37.9%)




	
Three (n)

	
51 (28.8%)

	
11 (36.7%)

	
35 (25.0%)




	
Final TIMI flow

	

	

	

	




	
0 (n)

	
1 (0.6%)

	
0

	
0

	
0.377




	
1 (n)

	
1 (0.6%)

	
0

	
1 (0.7%)




	
2 (n)

	
5 (2.8%)

	
2 (6.7%)

	
3 (2.1%)




	
3 (n)

	
170 (96.0%)

	
28 (93.3%)

	
136 (97.1%)




	
Time from FMC to PCI (minutes)

	
57 (43–89)

	
63 (51–146)

	
54 (40–78)

	
0.051




	
Time from symptoms’ onset to diagnosis

	

	

	

	




	
<3 h (n)

	
150 (84.7%)

	
22 (73.3%)

	
124 (88.6%)

	
0.036




	
≥3 h (n)

	
27 (15.3%)

	
8 (26.7%)

	
16 (11.4%)




	
ECG ST-resolution (>50%) (n)

	
110 (62.1%)

	
12 (40%)

	
95 (67.9%)

	
0.004




	
Primary PCI (n)

	
177 (100%)

	
30 (100%)

	
140 (100%)

	
-




	
Staged PCI (n)

	
67 (37.9%)

	
9 (30%)

	
57 (40.7%)

	
0.272




	
Complete revascularization (n)

	
7 (4.0%)

	
1 (3.3%)

	
6 (4.3%)

	
0.814




	
Residual vessels after staged PCI (n)

	
1 (1–2)

	
1 (1–2)

	
1 (1–2)

	
0.584








BMI, body mass index; bpm, beat per minute; BSA, body surface area; CCA, circumflex coronary artery; CK-MB, creatine kinase-MB; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; FMC, first medical contact; ECG, electrocardiogram; GFR, glomerular filtration rate; Hb, hemoglobin; IA, intermediate coronary artery; LAD, left anterior descending artery; LDL, low density lipoprotein; LVR, left ventricular remodeling; PCI, percutaneous coronary intervention; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction; Tn, troponin. For each variable, the median value with interquartile range is reported, unless differently indicated.
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Table 2. Echocardiographic characteristics of overall patients at time T0, T1 and T2.






Table 2. Echocardiographic characteristics of overall patients at time T0, T1 and T2.





	

	
T0

	
n

	
T1

	
n

	
T2

	
n

	
p Value






	
EDV (mL)

	
99 (86–116)

	
177

	
99 (85.5–117)

	
172

	
98 (85–120)

	
167

	
0.335




	
ESV (mL)

	
50 (42–65)

	
177

	
43 (34.5–55)

	
172

	
42 (33–56)

	
167

	
* <0.0005

† <0.0005

‡ 0.465




	
EF (%)

	
49 (41–53)

	
177

	
56 (49–62)

	
172

	
58 (50–62)

	
167

	
* <0.0005

† <0.0005

‡ 0.129




	
GLS (%)

	
−13.2 (−15.6–−10.3)

	
177

	
−16.9 (−18.6–−13.8)

	
170

	
−17.9 (−20.4–−15.5)

	
163

	
* <0.0005

† <0.0005

‡ <0.0005




	
%SAS

	
29 (6–53)

	
173

	
0 (0–18)

	
165

	
0 (0)

	
163

	
* <0.0005

† <0.0005

‡ 0.021




	
Left atrial volume index (mL/m2)

	
29 (24–35)

	
164

	
27 (21–34)

	
171

	
31 (25–36)

	
152

	
* <0.0005

† 0.038

‡ 0.038




	
MR grade

	

	

	

	

	

	

	




	
No MR (n)

	
57 (35.2%)

	
162

	
85 (53.5%)

	
159

	
79 (55.2%)

	
143

	
* <0.0005




	
Mild (n)

	
79 (48.8%)

	
61 (38.4%)

	
51 (35.7%)




	
Moderate (n)

	
24 (14.8%)

	
13 (8.2%)

	
12 (8.4%)




	
Severe (n)

	
2 (1.2%)

	
0

	
1 (0.7%)




	
WMSI

	
1.6 ± 0.4

	
176

	
1.6 ± 0.3

	
166

	
1.3 ± 0.3

	
164

	
* <0.0005

† <0.631

‡ <0.0005




	
%WMA

	
1.7 (1.4–2)

	
176

	
1.6 (1.4–1.9)

	
166

	
1.2 (1–1.6)

	
164

	
* <0.0005

† 0.063

‡ <0.0005




	
E/A ratio

	
0.8 (0.6–1.1)

	
151

	
0.8 (0.7–1.1)

	
142

	
0.9 (0.7–1.1)

	
161

	
* 0.247




	
E/e’ ratio

	
9.2 (6.9–12.1)

	
70

	
8.4 (6.7–11.6)

	
63

	
8.1 (6.2–10.1)

	
157

	
* 0.003

† 0.264

‡ 0.264








T0, baseline; T1, 3 months; T2, 12 months. EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; GLS, global longitudinal strain; MR, mitral regurgitation; %SAS, percentage of severely altered strain; %WMA, percentage of the extent of wall motion abnormalities; WMSI, wall motion score index. p *, comparison between T0, T1 and T2; p †, comparison between T0 and T1; p ‡, comparison between T1 and T2. For each variable, the median value with interquartile range is reported, unless differently indicated.
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Table 3. Echocardiographic characteristics of patients with and without LVR at T0, T1 and T2.
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T0

	
T1

	
T2




	

	
LVR

	
Non-LVR

	
p Value

	
LVR

	
Non-LVR

	
p Value

	
LVR

	
Non-LVR

	
p Value






	
EDV (mL)

	
107 (85–126)

	
96 (86–116)

	
0.260

	
133 (105–159)

	
96 (84–112.5)

	
<0.0005

	
134 (114−175)

	
95 (83–107)

	
<0.0005

* <0.0005

† 0.148




	
ESV (mL)

	
60 (52–75)

	
47 (41–59)

	
<0.0005

	
74 (61–93)

	
41 (34–49)

	
<0.0005

	
77 (59–100)

	
38 (31–48)

	
<0.0005

* <0.0005

† <0.0005




	
EF (%)

	
41 (34–47)

	
49.8 (43–55)

	
<0.0005

	
42 (37–47)

	
58 (52–62)

	
<0.0005

	
42 (40–50)

	
59 (54–63)

	
<0.0005

* 0.005

† <0.0005




	
GLS (%)

	
−9.3 (−11.2 -

−8.2)

	
−14.1 (−16.1–−11.6)

	
<0.0005

	
−12.1 (−13.1–−10.8)

	
−17.5 (−18.9–−15.2)

	
<0.0005

	
−13.5 (−15.9–−11.0)

	
−19 (−20.6–

−17.0)

	
<0.0005

* <0.0005

† <0.0005




	
%SAS

	
56 (47–65)

	
18 (6–41)

	
<0.0005

	
35 (12–53)

	
0 (0–6)

	
<0.0005

	
12 (0–41)

	
0 (0)

	
0.001

* <0.0005

† <0.0005




	
Left atrial volume index (mL/m2)

	
31 (26–35)

	
29 (24–32)

	
0.222

	
30 (24–40)

	
27 (21–33)

	
0.061

	
36 (31–45)

	
30 (24–35)

	
<0.0005

* <0.0005

† 0.007




	
MR grade

	

	

	

	

	

	

	

	

	




	
No MR (n)

	
7 (25.0%)

	
47 (37.0%)

	
0.432

	
8 (29.6%)

	
76 (58.5%)

	
0.023

	
9 (37.5%)

	
70 (58.8%)

	
0.046

* 0.325

† <0.0005




	
Mild (n)

	
15 (53.6%)

	
62 (48.8%)

	
16 (59.3%)

	
44 (33.8%)

	
11 (45.8%)

	
40 (33.6%)




	
Moderate (n)

	
6 (21.4%)

	
16 (12.6%)

	
3 (11.1%)

	
10 (7.7%)

	
3 (12.5%)

	
9 (7.6%)




	
Severe (n)

	
0 (0%)

	
2 (1.6%)

	
0 (0%)

	
0 (0%)

	
1 (4.2%)

	
0 (0%)




	
WMSI

	
2 (1.6–2.2)

	
1.6 (1.4–1.9)

	
<0.0005

	
2 (1.9–2.1)

	
1.5 (1.2–1.8)

	
<0.0005

	
1.7 (1.5–2.2)

	
1.1 (1–1.4)

	
<0.0005

* 0.148

† <0.0005




	
%WMA

	
50 (31.2–56.2)

	
31.2 (12.5–37.5)

	
<0.0005

	
50 (37.5–50)

	
18.7 (0–37.5)

	
<0.0005

	
37.5 (25–50)

	
0 (0–12.5)

	
<0.0005

* 0.008

† <0.0005




	
E/A ratio

	
1 (0.6–1.4)

	
0.8 (0.7–1)

	
0.595

	
1 (0.7–1.1)

	
0.8 (0.7-.1)

	
0.486

	
0.9 (0.7–1.3)

	
0.8 (0.6–1)

	
0.177

*0.368

†0.494




	
E/e’ ratio

	
10 (7–12)

	
9.1 (6.8–12)

	
0.973

	
9.5 (6.8–11.9)

	
8.3 (6.7–11.4)

	
0.421

	
9.3 (7.6–11.4)

	
7.7 (6.1–10)

	
0.012

* 0.607

† 0.004








T0, baseline; T1, 3 months; T2, 12 months. EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; GLS, global longitudinal strain; LVR, left ventricular remodeling; MR, mitral regurgitation; %SAS, percentage of severely altered strain; %WMA, percentage of the extent of wall motion abnormalities; WMSI, wall motion score index. LVR patients: n = 30 (17.6%), non-LVR patients: n = 140 (82.3%). * p, comparison between T0, T1 and T2 in LVR patients; † p, comparison between T0, T1 and T2 in non-LVR patients. For each variable, the median value with interquartile range is reported, unless differently indicated.













[image: Table] 





Table 4. Multivariable logistic regression analysis for left ventricular remodeling.
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Model 1

Including %SAS

	
Model 2

Including WMSI

	
Model 3

Including %WMA




	

	
OR

	
95% CI

	
p Value

	
OR

	
95% CI

	
p Value

	
OR

	
95% CI

	
p Value






	
Time from symptoms’ onset to diagnosis ≥3 h

	
-

	
-

	
0.194

	
-

	
-

	
0.501

	
-

	
-

	
0.501




	
Peak TnI (ng/mL)

	
1.025

	
1.004–1.047

	
0.022

	
1.030

	
1.009–1.051

	
0.004

	
1.030

	
1.009–1.051

	
0.004




	
MRA at discharge

	
-

	
-

	
0.821

	
-

	
-

	
0.969

	
-

	
-

	
0.969




	
ECG ST-resolution >50%

	
-

	
-

	
0.537

	
-

	
-

	
0.894

	
-

	
-

	
0.894




	
EF (%)

	
-

	
-

	
0.051

	
-

	
-

	
0.136

	
-

	
-

	
0.136




	
ESV (mL)

	
-

	
-

	
0.642

	
-

	
-

	
0.775

	
-

	
-

	
0.775




	
%SAS (for 5% increase)

	
1.226

	
1.098–1.369

	
<0.0005

	
-

	
-

	
-

	
-

	
-

	
-




	
GLS (%)

	
-

	
-

	
0.057

	
1.413

	
1.186–1.683

	
<0.0005

	
1.413

	
1.186–1.683

	
<0.0005




	
WMSI

	
-

	
-

	
-

	
-

	
-

	
0.310

	
-

	
-

	
-




	
%WMA

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
0.060








CI, confidence interval; ECG, electrocardiogram; EF, ejection fraction; ESV, end-systolic volume; GLS, global longitudinal strain; MRA, mineralocorticoid receptor antagonist; OR, odds ratio; %SAS, percentage of severely altered strain; Tn, troponin; %WMA, percentage of the extent of wall motion abnormalities; WMSI, wall motion score index.
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