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	  Abstract

												Background

												
												Adverse left ventricular remodelling (LVR), defined as progressive ventricular dilatation, distortion of chamber shape, myocardial hypertrophy and deteriorating function, begins in some patients who suffered from acute myocardial infarction (AMI), sometimes even after successful percutaneous coronary intervention (PCI). If uninterrupted, it could lead to congestive heart failure (CHF) and a poor clinical outcome. 
												

												Aims

												
												This study aims at evaluating the value of speckle tracking echocardiography in predicting LVR after successful PCI in AMI patients. 
												

												Materials and methods

												
												Eighty-four AMI patients had a complete echocardiographic study, including speckle tracking, performed two days after PCI and then two months afterwards. The patients were then divided into two groups based on the presence of remodelling; R+ (remodelling) group and R- (non-remodelling) group. 
												

												Results

												
												At the baseline study, group R+ showed significantly lower strain parameters than group R-. These included global longitudinal strain (GLS) (-11.14 ± 0.5 VS. -16.78 ± 0.4, p ˂ 0.0001), longitudinal strain rate (-1.01 ± 0.05 VS. -1.07 ± 0.04, p ˂ 0.0001), culprit longitudinal strain (CulLS) (-9.74 ± 0.59 VS. -15.68 ± 0.49, P ˂ 0.0001), and culprit longitudinal strain rate (-0.95 ± 0.05 VS. -1.02 ± 0.04, P ˂ 0.0001). In the follow up study, all of the strain parameters studied were again significantly lower in the R+ than the R- group. The most sensitive and specific parameters were the GLS and CulLS (sensitivities of 91.7% and 95.8%, respectively and specificities of 95% and 96.7%, respectively). 
												

												Conclusion

												
												Our findings show that impaired indices of LV deformation detected two days after successful PCI for AMI may provide a predictive value in early detection of LV remodelling. 
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										Introduction 

										
										Improvement in the early diagnosis, invasive and medical treatment of acute myocardial infarction (AMI) lead to a reduction in the mortality rates associated with early and late complications of AMI. However, even complete revascularization does not exclude the risk of adverse left ventricular remodeling (LVR) [1]. 
										

										
										Left ventricular remodeling is characterized by progressive enlargement and change in the shape of the LV cavity leading to systolic dysfunction. It occurs, as an adaptation to the tissue infarction, as a result of macro and microscopic changes at the cardiomyocyte, leading to structural and functional changes. Left ventricular remodeling is associated with worse outcomes and predisposes to heart failure [2].
										

										
										Although various studies evaluated multiple clinical factors and routine echocardiographic parameters to try to detect LVR as a consequence of myocardial infarction, there are still gaps in our data, and some of the clinical factors or diagnostic parameters failed to identify patients prone to LVR [3].
										

										
										Speckle tracking echocardiography (STE) is an echocardiographic method for evaluating and measuring global and regional strain (longitudinal, circumferential, radial and transverse), the precise indices of ventricular function. The main advantages of STE over strain assessment based on Doppler tissue imaging are that measurements are angle independent, and that it can distinguish active from passive movement of wall segments. Strain-based parameters have been validated in experimental and human studies as sensitive indicators of regional and global cardiac function [4].
										

										
										Our aim was thus to evaluate the value of STE in the prediction of LVR in AMI patients after primary percutaneous coronary intervention (PCI).
										

										Methods 

										
										This study was a prospective cohort study conducted in Fayoum University Hospital, including patients from the emergency department and the in-patient cardiology department, after approval of the research and ethical committee.
										

										
										Eighty-four patients diagnosed with acute myocardial infarction (AMI) were included. Inclusion criteria included typical chest pain, elevated cardiac biomarkers (troponin and CK-MB) and ST segment elevation on the electrocardiogram (ECG). All patients underwent PCI with stent implantation according to the ACC/AHA guidelines for STEMI. Prediction factors included number of diseased vessels and time to reperfusion. All patients then had a complete echocardiographic study [including 2D echo, a conventional Doppler study, tissue Doppler imaging (TDi), and speckle tracking echocardiography (STE)], performed two days after PCI. The following parameters were measured: End-diastolic volume (EDV), end-systolic volume (ESV), ejection fraction (EF) and wall motion score index (WMSI) (by conventional 2D echo); E & A waves, E;A ratio & deceleration time (DT) (by Doppler); s', e' & a' waves (by TDI); global longitudinal strain (GLS), longitudinal strain rate (LSr), global circumferential strain (GCS), circumferential strain rate (CSr), culprit longitudinal strain (CulLS) and culprit longitudinal strain rate (CulLSr) (by STE). The patients were then followed up after two months, where a new echocardiographic study was performed and all the above parameters were remeasured. The occurrence of left ventricular remodeling (LVR) was looked for specifically. LVR was defined as ≥ 20% increase in the end diastolic or end systolic volumes of the LV on follow up echocardiography in comparison to the baseline echocardiography. The patients were then divided into two groups according to the occurrence of remodeling; Remodeling (R+) group and Non-remodeling (R-) group.
										

										
										Exclusion criteria included history of prior myocardial infarction, heart muscle disease (cardiomyopathy) with regional or global hypokinesia, valvular heart disease, significant arrhythmias (including atrial fibrillation), previous pacemaker or cardioverter defibrillator implantation, previous coronary artery by-pass grafting (CABG) or PCI, and very poor image quality.
										

										
										All patients received best guideline directed medical therapy as per the ACC/AHA guidelines for STMEI, including aspirin 75-100 mg once daily, ticagrelor 90 mg bid, a high dose statin, a beta blocker (dosed according to heart rate and BP), and a renin-angiotensin-aldosterone system (RAAS) inhibitor (dosed according to BP).
										

										Data entry and statistical analysis  

										
										Data was collected, coded and analyzed using SPSS (Statistical Package for Social sciences) software (Version 25) on Windows 7, and a simple descriptive analysis in the form of percentage distribution, means and S.D. (Standard Deviation) was executed. Categorical data was analyzed by computing percentages, and consequent differences were tested statistically by applying Chi square tests for comparisons between groups; students' T-test to compare between two groups, a p-value of < 0.05 was considered statistically significant. 
										

										Results

										
										This study was conducted on eighty-four patients from the emergency and in-patient departments of Fayoum University Hospital in the duration from May 2017 till September 2018.
										

										
										Basic characteristics in both groups (R+, R-), were as follows: the mean age of R+ group was 58.9 ± 9.3 and that of the R- group was 58.3 ± 6.9. In the R+ group 70.8% were males and 29.2% were females, while in the R- group 68.3% were males and 31.7% were females. Regarding different risk factors, in the R+ group, 62% were smokers, 54% were diabetic and 58% were hypertensive, while in the R- group, 56% were smokers, 48% were diabetic and 56% were hypertensive (Table 1). 
										

										 
										
											
											
											Table 1: Basic characteristics and risk factors in both groups. View Table 1
											

										

										

										
										Regarding the angiographic results in both groups, the only statistically significant difference was in the time to reperfusion which was longer in the R+ than the R- group, with a mean of 18.75 ± 8.8 hours and 5.55 ± 2.45 hours, respectively, and a p value of ˂ 0.0001. On the other hand, there were no statistically significant differences between both groups regarding the number of diseased vessels or the infarct related artery (IRA); in the R+ group 50% had the LAD, 16% had the LCX and 33% had the RCA as the IRA, while in the R- group 48% had the LAD, 21% had the LCX and 30% had the RCA as the IRA (Table 2).
										

										 
										
											
											
											Table 2: Angiographic results in both groups. View Table 2
											

										

										

										
										
										The basic echocardiographic results in the baseline echocardiography study showed that only the wall motion score index (WMSI) was statistically significant, where its value was higher in the R+ than the R- group, with a mean of 1.58 ± 0.08 and 1.23 ± 0.07 respectively, and a p value of ˂ 0.0001. The EF, EDV and ESV were less in the R+ than in the R- group, but there was no statistically significant difference.
										

										
										The follow up echocardiography study showed that there was a statistically significant difference between both groups regarding the EF, EDV and ESV; the EF was less in the R+ than the R- group (mean values of 50.6 ± 2.27 and 54.8 ± 4.1 respectively, with a p value of ˂ 0.0001), the EDV was higher in the R+ than the R- group (mean values of 106.3 ± 11.3 and 87.5 ± 8.2 respectively, with a p value 0f ˂ 0.0001), and the ESV was higher in the R+ than the R- group (mean values of 52.4 ± 6 and 39.6 ± 5.9 respectively, with a p value of ˂ 0.0001) (Table 3). 
										

										 
										
											
											
											Table 3: Basic echocardiographic results in both groups. View Table 3
											

										

										

										
										The Doppler study done at the baseline echocardiography, showed many statistically significant differences between both groups regarding the A, E/A and Deceleration Time (DT) values, where the A wave was lower in the R+ than the R- group (67.5 ± 2.5 and 74.2 ± 2.5 respectively, with a p value of ˂ 0.0001), the E/A ratio was higher in the R+ than the R- group (1.2 ± 0.03 and 1.08 ± 0.08 respectively, with a p value of ˂ 0.0001), and the DT was less in the R+ than the R- group (151.8 ± 8.8 and 183.1 ± 6.8 respectively, with a p value of ˂ 0.0001). There was no statistically significant difference in the E wave value between both subgroups.
										

										
										In regards to the tissue Doppler imaging (TDI) study, the e' was significantly lower in the R+ than the R- group (5.2 ± 0.3 and 6.2 ± 0.6 respectively, with a p value of ˂ 0.0001), and the E/e' ratio was significantly higher in the R+ than R- group (15.5 ± 1 and 13.02 ± 1.4 respectively, with a p value of ˂ 0.0001). The a' and s' values did not show significant differences between both groups (Table 4). 
										

										
										 
										
											
											
											Table 4: Doppler results two days after PCI in both groups. View Table 4
											

										

										

										
										
										The speckle tracking echocardiography data derived from the baseline study, showed statistically significant difference in the following values:
										

										
										•	The global longitudinal strain (GLS) was lower in the R+ than the R- group (mean values of -11.14 ± 0.59 and -16.78 ± 0.49 respectively, with a p value of ˂ 0.0001).
										

										
										•	The longitudinal strain rate (LSr) was lower in the R+ than the R- group (mean values of -1.01 ± 0.05 and 1.07 ± 0.04 respectively, with a p value of ˂ 0.0001).
										

										
										•	The culprit longitudinal strain (CulLS) was lower in the R+ than the R- group (mean values of -9.74 ± 0.59 and -15.68 ± 0.49 respectively, with a p value of ˂ 0.0001).
										

										
										•	The culprit longitudinal strain rate (CulLSr) was lower in the R+ than the R- group (mean values of -0.95 ± 0.05 and -1.02 ± 0.04 respectively, with a p value of ˂ 0.0001).
										


										
										•	However, the global circumferential strain (GCS) and the circumferential strain rate (CSr) did not show a statistically significant difference between both groups. 
										

										
										In the follow up LV deformation study done after 2 months, all the parameters showed a statistically significant difference, where:
										

										
										•	The global longitudinal strain (GLS) was lower in the R+ than the R- group (mean values of -11.48 ± 0.59 and -17.9 ± 0.51 respectively, with a p value of ˂ 0.0001).
										

										
										•	The longitudinal strain rate (LSr) was lower in the R+ than the R- group (mean values of -0.99 ± 0.05 and -1.14 ± 0.04 respectively, with a p value of ˂ 0.0001).
										

										
										•	The global circumferential strain (GCS) was lower in the R+ than the R- group (mean values of -17.03 ± 0.39 and -17.32 ± 0.57 respectively, with a p value of ˂ 0.023).
										

										
										•	The circumferential strain rate (CSr) was lower in the R+ than the R- group (mean values of -1.26 ± 0.05 and -1.29 ± 0.06 respectively, with a p value of ˂ 0.01).
										

										
										•	The culprit longitudinal strain (CulLS) was lower in the R+ than the R- group (mean values of -10.14 ± 0.59 and -16.63 ± 0.49 respectively, with a p value of ˂ 0.0001).
										

										
										The receiver operating characteristics (ROC) curves of variables, which were significantly different, from the baseline study, showed a significant difference between the R+ and R- groups. The most sensitive and specific parameters were the culprit longitudinal strain (CulLS) and the global longitudinal strain (GLS), where both showed sensitivities of 95.8% and 91.7% respectively, and specificities of 96.7% and 95% respectively. Out of the non-strain derived parameters, the wall motion score index (WMSI) and the deceleration time (DT) showed the highest specificity, where the specificities were 90% and 93.3% respectively (Table 6).
										

										 
										
											
											
											Table 5: Speckle tracking echocardiography (STE) results in both groups. View Table 5
											

										

										

										 
										
											
											
											Table 6: Echocardiographic parameters at baseline study predicting LV remodeling in the 2-months follow-up. View Table 6
											

										

										
										Discussion

										Time to reperfusion

										
										Our study shows that there was a significant longer mean time from first symptoms occurrence to reperfusion in the group of AMI patients who suffered from adverse LVR, where the mean duration was 18.75 hours ± 8.89 versus 5.55 hours ± 2.45 in the non-remodeling subgroup, with a p value of ˂ 0.0001. This result is comparable to the results of a study done by Hsiao, et al. [5] in which the door to balloon time was longer in the remodeling group. Also this same finding was detected by Liszka, et al. [6], but other studies done by Bolognese, et al. [7] and cerisano, et al. [8], did not detect such a finding.
										

										
										The first symptoms-reperfusion time consists of three parts: a) Time to first medical contact, b) Time to medical center and c) Door to balloon time. The relatively long overall time to reperfusion found in our study was mainly due to patients' unnecessary emergency call delay despite clear symptoms or ambiguous and atypical general symptoms, which were not primarily recognized as serious cardiovascular symptoms (e.g. gastrointestinal-like symptoms in inferior wall ischemia). The LVR occurring despite successful reperfusion may be a consequence of a lower number of viable cardiomyocytes in the infarct area at the time of reperfusion, which is not sufficient to prevent adverse remodeling [9,10].
										

										Wall motion score index

										
										Our study shows that there was a significantly higher wall motion score index (WMSI) value in the remodeling group than in the non-remodelers. This finding is comparable to the results of a study done by Loboz-Grudzien, et al. [11], who found that a WMSI value of ≥ 1.5 was predictive of progressive left ventricular dilatation (PLVD) after myocardial infarction.
										

										
										In a study done by Eek, et al. [12] it was found that a WMSI value of more than 1.44 indicated an infarct size of more than 12% of the myocardium (infarct size was calculated by infarct volume as a percentage of total myocardial volume, quantified by MRI). Final infarct size is a strong predictor of mortality and major adverse cardiovascular events. Current reperfusion therapy is effective, resulting in a relative reduction of infarct size achieved, typically 40% by thrombolysis and 60% by primary PCI. The reduced mortality rate observed in the reperfusion era is largely attributable to a reduction of final infarct size. This WMSI value is comparable to the cutoff value in our study which is 1.4, at which both the sensitivity and specificity for the prediction of LV adverse remodeling were 87.5% and 93.3%, respectively (Figure 1).
										

										
										
											
												
												Figure 1: ROC curve of the Doppler ratios and WMSI. 
													View Figure 1
												
											

										

										
										
										Doppler echocardiography

										
										In the study done by Cerisano, et al. [8] it was found that the assessment of LV filling pattern on Doppler echocardiography provides additional and important information in the setting of AMI, allowing identification of patients at high risk for progressive LV dilation after AMI. A restrictive filling pattern, as expressed by a short DT, was the most powerful predictor of LV remodeling, and the degree of LV dilation was related to the severity of impairment of LV filling.
										

										
										Previous studies have demonstrated that infarct size is one of the major factors that promote LV remodeling [13,14]. On the other hand, the size of the infarct zone has been shown to influence the diastolic filling pattern, with the large infarcts exhibiting a "restrictive" filling pattern. Therefore, a short DT, indicative of a restrictive filling pattern, might simply reflect an increasing infarct size and consequently a higher risk of LV dilation [15].
										

										
										In agreement with the aforementioned observations, our study showed that the R+ group (with remodeling) showed a significantly lower value of the A wave, shorter deceleration time and a higher E/A value. The tissue Doppler also showed a significantly lower e` and a higher E/e` values in the R+ group.
										Our results thus also suggest a restrictive filling pattern in the R+ group, with the DT being the most specific Doppler parameter (at a cutoff value of 172.5 ms, sensitivity of 87.5% and specificity of 90%) for detection of LVR after 2 months.
										

										
										Our study thus shows that early noninvasive assessment of trans-mitral flow velocity by Doppler echocardiography allows identification of patients at high risk for progressive LV dilation within 2 months after reperfused AMI. A restrictive filling pattern is a powerful predictor of LV remodeling, with the deceleration time being the most Doppler specific parameter (Figure 2).
										

										
										
											
												
												Figure 2: ROC curve of the mitral inflow Doppler parameter. 
													View Figure 2
												
											

										

										
										
										Speckle tracking echocardiography derived strain parameters

										
										There have been extensive studies about global longitudinal strain (GLS), global circumferential strain (GCS), and longitudinal and circumferential strain rates (LSr, CSr), proposing them as predictors for reworking. However, most of these studies had the limitation of small patient number. Some studies demonstrated that GLS may be a powerful prognosticator for reworking, others claimed GCS to be the best prognosticator, and other studies even claimed that circumferential strain rate was the simplest predictor of transforming.
										

										
										Our study shows that, out of the various strain parameters measured 2 days after PCI, the GLS, LSr, CulLS and therefore the CulLSr were significantly lower within the subgroup of patients that afterwards suffered from adverse LV remodeling. In 2008, Park, et al. demonstrated that GLS predicts remodeling, where remodeling was defined as > 15% increase in EDV. They targeted only anterior wall infarctions with a patient population of fifty. Lacalzada, et al. [16] also illustrated that GLS predicts remodeling in STEMI in a study including ninety-seven low risk patients. Only 20 out of 97 patients developed remodeling in their study. A large study by Joyce, et al. [17] reported an association between GLS and adverse LV dilatation after STEMI in 1,041 patients. The population was divided into 2 groups depending on their GLS (above or below -15%). Patients with baseline GLS less than -15.0% exhibited greater LV dilatation at 3- and 6-month follow-ups compared with patients with GLS equal to or above -15.0%. This is almost similar to our study that showed that at a cutoff value of -14%, the sensitivity and specificity of GLS to predict LV remodeling were 91.7% and 95% respectively. On the opposite hand, Bonios, et al. [18] stated that in their research on potential predictors of LV remodeling in patients with acute anterior wall myocardial infarction, apical CS was a stronger predictive marker of LV remodeling as compared to LS. One potential pathophysiological explanation of this finding is that LV CS plays a more pivotal role in maintaining LV structure, hence a worse circumferential CS might contribute to LV remodeling. In support of this hypothesis are the results of the study by Aikawa, et al. [19], where, in patients with an anterior infarction, apical regional wall stress was an independent predictor of subsequent LV remodeling after AMI. But it's worth mentioning that in both of these studies, only patients with anterior myocardial infarction were included.
										

										
										The VALIANT Echo study, in contrary to our study, demonstrated that circumferential strain rate was predictive of LVR but GLS and LSr were not. That study investigated 603 patients with LV dysfunction or heart failure after myocardial infarction. Only 311 cases had adequate image quality to allow assessment of all longitudinal and circumferential strain and strain rate. The GLS and LSRs were derived only from the mean of apical 4- and 2-chamber views. Probably, the mean value of all complete 12 segments was not representative of worldwide values. It is worth mentioning that those patients were enrolled before the systematic use of primary PCI and other guideline-based anti-remodeling therapies [20].
										

										
										In our study, we also investigated the culprit longitudinal strain and strain rate (CulLS, CulLSr) which were defined as the average longitudinal strain and strain rates of the territories of the culprit vessels, and both showed significant difference between the groups of remodelers and non-remodelers (both were significantly lower). These results are in partial concordance with the results of the study by Hsiao, et al. [5], which demonstrated that, out of both of these values, only the CulLSr showed a significant difference (was significantly lower within the adverse remodeling group) (Figure 3).
										

										
										
											
												
												Figure 3: ROC Curve of the LV strain study parameters. 
													View Figure 3
												
											

										

										
										
										What is the best parameter for prediction of adverse LV remodeling?
										

										
										In our study, the CulLS and therefore the GLS (longitudinal strain parameters) were the most sensitive and specific parameters for the prediction of LVR with sensitives of 95.8% and 91.7%, respectively and specificities of 96.7% and 95%, respectively. Gjesdal, et al. [21], discovered that the GLS level identified by 2D speckle tracking echocardiography is closely correlated to myocardial infarct size as determined by contrast-enhanced resonance imaging during chronic ischemic heart condition. A strain value of -15% has 83% sensitivity and 93% specificity at the worldwide level and 76% sensitivity and 95% specificity at the territorial level (territory of the culprit vessel) to spot infarction.
										

										
										Longitudinal strain is more sensitive to early cardiac attack and circumferential strain may be preserved initially. This is often because subendocardium is more susceptible to ischemia. Because longitudinal fibers are in the subendocardial region and circumferential fibers are within the mid-wall region of the myocardium, thus the longitudinal fibers are more vulnerable to ischemia, resulting in cardiac long-axis systolic dysfunction which is reflected by impaired GLS. Consequently, it is reasonable that GLS is an early marker for cardiac dysfunction and GCS gets impaired in advanced patients with decompensated heart failure, which may explain why GCS was not found to be an early predictor of adverse LVR in our study. This hypothesis should be further verified [22].
										

										Limitations of the study

										
										1. Our cohort of patients was relatively small, and it was limited to patients with few complications. Patients who required mechanical ventilation were difficult to be included due to poor image quality. 
										

										
										2. Deformation imaging based on speckle tracking technique relies on above-average image quality for good data extraction, and continuous endocardial border motion would be the major determinant in enrollment.
										

										Conclusion

										
										Adverse LV remodeling occurred in 30% of AMI patients even after PCI. The 2D speckle tracking echocardiography proved to be a promising, feasible, and noninvasive modality to evaluate myocardial deformation in this cohort. In our study, CulLS and GLS were the most sensitive and specific predictors of adverse LV remodeling.
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