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      INTRODUCTION 

 
Cardiovascular diseases represent the leading cause of morbidity and mortality 

worldwide, generating a substantial socio-economic burden. In this context, prevention, early 

diagnosis, and effective therapeutic interventions are essential pillars in reducing both the 

individual burden on patients and the pressure on healthcare systems. Among cardiovascular 

conditions, acute myocardial infarction (AMI) holds a central position due to its potentially 

fatal course and subsequent complications. Beyond the importance of early identification and 

guideline-recommended management of patients with acute coronary syndromes (ACS), a 

major ongoing challenge is accurate risk stratification and prognostic assessment. 

The main hypotheses of this thesis are based on the role of novel echocardiographic 

parameters such as myocardial work (derived from speckle tracking) in identifying patients at 

risk of developing heart failure, as well as their correlation with systemic inflammation and 

innate immune response. Another key hypothesis refers to the reproducibility of these methods 

across operators with different levels of echocardiographic experience, compared to the current 

reference standard—three-dimensional echocardiography (3-DE). 

Based on these hypotheses, the following objectives were formulated: to assess the 

reproducibility of myocardial work measurements when performed by beginner, intermediate, 

and advanced echocardiographers; to confirm the correlation between myocardial work and 

systemic inflammatory response represented by serum C-reactive protein levels; and to identify 

associations between novel immune-related biomarkers and myocardial performance assessed 

by 3-DE. 

This thesis is structured into two main parts: the general part, composed of three 

chapters, and the original research section, structured into four chapters. The general section 

aims to provide an overview of the current state of knowledge regarding the pathophysiology, 

diagnosis, and management of acute coronary syndromes, the echocardiographic methods used 

in the evaluation of ischemic heart disease (2-DE, 3-DE, and myocardial work), as well as 

current evidence supporting the involvement of inflammation and the immune system in post-

infarction evolution. 

The special section presents the results of a clinical study that evaluated 90 patients 

with acute myocardial infarction admitted to the Cardiology Department of the University 

Emergency Hospital of Bucharest, diagnosed with ST-elevation or non-ST-elevation ACS. All 

patients underwent two-dimensional echocardiography (2-DE), three-dimensional 



echocardiography (3-DE), speckle tracking analysis, and myocardial work assessment. Image 

acquisition was performed within the first 24 hours from admission and repeated during a 

follow-up visit 6 to 8 weeks after the acute event. Both visits also included a comprehensive 

clinical evaluation and the collection of an extended panel of biological markers, including 

routine laboratory tests, high-sensitivity cardiac troponin, C-reactive protein, and biomarkers 

of innate immunity and inflammation: VCAM-1, NCAM-1, PRCP, NRP1, FETUB, AOC3, 

and CST3. 

This thesis demonstrates that myocardial work, a novel parameter derived from speckle 

tracking, is reproducible across operators with different levels of echocardiographic 

experience, showing a reproducibility comparable to that of 3-DE and superior to 2-DE. The 

study also reveals correlations between C-reactive protein levels at admission and myocardial 

work parameters, potentially aiding the identification of patients with active inflammatory 

syndrome at higher risk of post-infarction cardiac remodeling. Additionally, it identifies novel 

associations between pro-inflammatory proteins related to innate immunity and 3-DE-derived 

measures of function, supporting the future development of targeted anti-inflammatory and 

immunomodulatory therapies. 

This research was supported by public funding through a European-financed 

UEFISCDI grant (project number 5/2018) within the project entitled INNATE-IM: Targeting 

innate immune mechanisms for improved risk stratification and the identification of novel 

therapeutic options in acute myocardial infarction. 

I express my sincere gratitude to all those who contributed directly or indirectly to this work, 

with special thanks to Professor Dragoș Vinereanu for his guidance, support, and trust 

throughout the research process. 

 

 

 

 

 

 

 

 



GENERAL PART 

 

The general part of this thesis addresses essential aspects related to acute myocardial 

infarction (AMI), advanced echocardiographic assessment of ventricular dysfunction, and the 

implications of inflammation and innate immunity in post-infarction evolution. This section is 

structured into three chapters. 

The first chapter presents general concepts regarding myocardial infarction, including 

its definition, classification, and epidemiological impact as a major cardiovascular pathology. 

This chapter also details the complex pathophysiology of AMI, hemodynamic imbalances, and 

the most frequent complications. In addition, it summarizes current therapeutic directions, 

including early revascularization, antiplatelet and anticoagulant therapies, pharmacological 

strategies, and secondary prevention measures [1]. 

The second chapter focuses on modern imaging techniques used to assess left 

ventricular function. It highlights the advantages of three-dimensional echocardiography (3-

DE) as well as novel speckle tracking-derived methods, particularly myocardial work. This 

chapter also discusses the clinical relevance of integrating myocardial work parameters in the 

assessment of patients with acute coronary syndrome. Myocardial work is an innovative 

technique that incorporates estimated left ventricular pressure into the strain analysis derived 

from echocardiography. By accounting for afterload (estimated non-invasively via cuff-

measured blood pressure), this method allows a more comprehensive evaluation of left 

ventricular performance. Compared to global longitudinal strain (GLS), myocardial work is 

less dependent on loading conditions and more accessible in routine practice than 3-DE [2]. 

The third chapter analyzes the role of inflammation and innate immunity in the 

pathogenesis of AMI and subsequent cardiac remodeling. Special emphasis is placed on C-

reactive protein (CRP), a widely used marker in the evaluation of patients with ischemic heart 

disease. Furthermore, recent data on biomarkers such as VCAM-1, NCAM-1, PRCP, NRP1, 

Fetuin-B, AOC3/VAP-1, and Cystatin C are discussed, underlining their potential roles at the 

intersection of inflammation, metabolic stress, and ventricular remodeling, suggesting their 

utility both as risk markers and as emerging therapeutic targets. 

 

 

 



SPECIAL PART – PERSONAL CONTRIBUTIONS 

   1. Working Hypothesis and General Objectives 

In the current context of cardiovascular research, the integration of advanced 

echocardiographic parameters with inflammatory and immunological biomarkers has gained 

major importance in evaluating patients with acute myocardial infarction (AMI). 

The scientific premise of this thesis is based on the hypothesis that advanced echocardiographic 

parameters, such as myocardial work, calculated through modern speckle tracking techniques, 

may contribute to a more accurate identification of patients at high risk of progressing toward 

heart failure. Furthermore, the research assumes that significant interactions exist between 

these functional parameters and systemic inflammatory markers, as well as specific elements 

of the innate immune response. Evaluating these interrelations could offer novel perspectives 

in risk stratification and the personalization of therapeutic strategies. 

The main specific objectives pursued in this thesis are: 

• To evaluate the reproducibility of echocardiographic measurements of left ventricular 

performance, with a focus on myocardial work parameters (notably global work 

efficiency – GWE) and left ventricular ejection fraction (LVEF), using both two-

dimensional and three-dimensional echocardiography, in inter-observer comparisons 

among operators with varying levels of expertise, as well as intra-observer consistency; 

• To analyze the correlation between systemic inflammation, represented by C-reactive 

protein (CRP) measured within the first 24 hours of admission, and changes in 

myocardial work parameters observed at follow-up; 

• To identify a clinically applicable CRP threshold value associated with increased risk 

of ventricular remodeling and myocardial dysfunction, usable for post-ACS risk 

stratification; 

• To determine the relationship between serum levels of immunological biomarkers—

VCAM-1 (vascular cell adhesion molecule-1), NCAM-1 (neural cell adhesion 

molecule-1), PRCP (prolylcarboxypeptidase), NRP1 (neuropilin-1), FETUB (fetuin B), 

AOC3 (also known as VAP-1 – vascular adhesion protein-1), and CST3 (cystatin C)—

in the acute phase, and the evolution of left ventricular end-diastolic volume and 

ejection fraction at 6–8 weeks following acute coronary syndrome. 

 

    



2. General Research Methodology 

This thesis was based on a prospective, observational, single-center clinical study aimed 

at the detailed evaluation of patients diagnosed with acute coronary syndrome (ACS), 

regardless of the presence of ST-segment elevation. The study included patients admitted to 

the Cardiology Department of the University Emergency Hospital of Bucharest, all of whom 

underwent coronary angiography and received treatment in accordance with current European 

guidelines. The study protocol was approved by the local ethics committee, and participation 

required signed informed consent. 

Inclusion criteria: 

• Age over 18 years; 

• Diagnosis of acute coronary syndrome according to the most recent clinical guidelines; 

• Adequate echocardiographic windows for acquisition of high-quality images. 

Exclusion criteria: 

• Presence of an irregular heart rhythm, preventing the acquisition of three-dimensional 

images; 

• Presence of severe valvular heart disease; 

• Severe systemic pathology or inflammatory syndromes; 

• Hemodynamic instability; 

• Inability to perform speckle-tracking echocardiography (STE) or 3D echocardiographic 

imaging due to technical limitations. 

 

A total of 90 patients were included in the analysis. 

Echocardiographic evaluation was performed within the first 24 hours of hospital 

admission and repeated at 6–8 weeks using two-dimensional (2D), three-dimensional (3D), and 

speckle-tracking (STE) techniques, in accordance with current recommendations. Imaging was 

performed using high-performance ultrasound systems (Vivid E9/E95, GE Healthcare), and 

data were processed offline using EchoPAC™ software (version 203, GE Healthcare). 

Measurements included 2D and 3D left ventricular ejection fraction (LVEF), global 

longitudinal strain (GLS), and advanced myocardial work parameters (GWI, GCW, GWW, 

GWE), integrated with non-invasively estimated systolic blood pressure and 

echocardiographically determined valvular event timings.  

Biological samples, including high-sensitivity troponin, C-reactive protein levels, and 

immunological biomarkers (VCAM-1, NCAM-1, PRCP, NRP1, Fetuin-B, AOC3/VAP-1, 



Cystatin C), were collected both during the acute phase (within 24 hours) and at the 6–8-week 

follow-up, following the same standardized protocols. 

Statistical analysis was conducted using IBM SPSS Statistics, employing appropriate 

methods based on variable distribution, with a significance threshold set at p < 0.05. Bland–

Altman plots were used to assess reproducibility, and the predictive performance of 

echocardiographic and biological parameters was analyzed using ROC curves, with 

determination of the area under the curve (AUC), sensitivity, and specificity. 

 

3. Comparative Reproducibility of Myocardial Work and Left Ventricular 

Ejection Fraction in Patients with Acute Coronary Syndrome 

 

3.1. Introduction 

Cardiovascular imaging is one of the most important tools for assessing left ventricular 

(LV) function in patients who have experienced an acute coronary syndrome (ACS), due to its 

accuracy, accessibility, and non-invasive nature [3]. In recent years, international guidelines 

for echocardiographic quantification of cardiac chambers have recommended the use of three-

dimensional echocardiography (3-DE) for assessing LV volumes and ejection fraction, as this 

method provides a more accurate representation of ventricular morphology and superior 

reproducibility by eliminating geometric assumptions [4]. 

Alongside imaging advancements, the concept of myocardial work (MW) has 

emerged—a non-invasive echocardiographic parameter derived from two-dimensional speckle 

tracking echocardiography (2D-STE), designed to assess both global and regional myocardial 

performance.  

However, for myocardial work to be fully integrated into routine clinical practice, its 

reproducibility must be rigorously demonstrated through dedicated studies. In this context, the 

main objective of our study was to assess the reproducibility of myocardial work parameters 

in evaluating ventricular function in ACS patients, and to compare them with the 

reproducibility of parameters obtained by two-dimensional and three-dimensional 

echocardiography, when measurements are performed by operators with different levels of 

experience. 

 

 



3.2. Patients and Methods 

This prospective study included all patients diagnosed with acute coronary syndrome 

enrolled in the present thesis. The inclusion criteria for the reproducibility analysis were the 

same as those previously stated. 

Two-dimensional (2-DE) and three-dimensional (3-DE) echocardiographic image 

acquisitions followed the protocol detailed in the General Research Methodology chapter and 

were performed by an advanced operator with five years of experience in 2-DE and three years 

in 3-DE and STE analysis. 

Echocardiographic data analysis was performed offline using the EchoPac™ 

workstation (version 203, GE Healthcare). Three echocardiographers participated in this study, 

each representing a different level of professional experience: an advanced operator designated 

as Reader 1 (R1), who also performed the image acquisition, with five years of experience in 

2-DE and three years in 3-DE and STE; an intermediate operator, Reader 2 (R2), with three 

years of experience in 2-DE and one year in 3-DE and STE; and a beginner operator, Reader 3 

(R3), with one year of experience in 2-DE and three months in 3-DE and STE. 

All three readers performed measurements independently using the same 

echocardiographic images. For each patient, measurements were taken sequentially in the same 

order: Reader 1, followed by Reader 2, and then Reader 3. For intra-observer reproducibility, 

each operator performed two independent measurements on the same echocardiographic 

datasets with a one-month washout period to minimize memory bias. All measurements for the 

analyzed parameters (2D LVEF, 3D LVEF, and GWE) were repeated under identical 

conditions. 

In a randomly selected subpopulation of 41 patients from the initial cohort, the 

echocardiographic analysis was extended by involving an additional group of operators. In 

addition to the initial three operators (one advanced, one intermediate, and one beginner), two 

additional operators were added for each experience level, resulting in three evaluators per 

category: advanced (R1a, R1b, R1c), intermediate (R2a, R2b, R2c), and beginner (R3a, R3b, 

R3c). All operators independently performed measurements under the same conditions, using 

the same echocardiographic datasets and software versions. 

Statistical analysis followed the methodology previously described. 

 

3.3.Results 

 

3.3.1.Study Population 



The study population included 90 patients diagnosed with acute coronary syndrome, 

admitted and evaluated according to standardized protocols. The main characteristics of the 

study population are presented in Table 3.1. 

 

Table 3.1. Characteristics of study population 

                     
       Data are presented as mean ± SD, median [interquartile range], or n (%) 

2-DE – 2D echocardiography, 3-DE – 3D echocardiography, ACS – acute coronary syndrome, 

BMI – body mass index, GWE – Global Work Efficiency, LVEF – left ventricular ejection 

fraction,  

 

3.3.2. Comparison of 2-DE Measurements Performed by Operators with Different 

Levels of Experience 

The analysis of Bland–Altman plots revealed low variability between measurements 

performed by operators with varying levels of experience. A bias of -0.9 was observed between 

the advanced and intermediate operators, with limits of agreement (LOA) ranging from -5 to 

4. Between the intermediate and beginner operators, the bias was -4, with LOA from -10 to 4, 

indicating a slight increase in variability as experience level decreases. When directly 



comparing the advanced and beginner operators, a bias of -5 was noted, with LOA between -8 

and 4, reflecting moderate but still clinically acceptable variability (Figure 3.1). 

All correlations between measurements performed by the different operators were 

excellent, with Pearson correlation coefficients above 0.90 and high statistical significance (p 

< 0.001), confirming the strong consistency of independent assessments regardless of operator 

experience (Figure 3.2). 

 
Figure 3.1. Bland–Altman plots for left ventricular ejection fraction (LVEF) 

measurements performed using two-dimensional echocardiography (2-DE) by the advanced 

operator (R1), intermediate operator (R2), and beginner operator (R3). 

 

 
Figure 3.2. Correlations between left ventricular ejection fraction (LVEF) 

measurements performed using two-dimensional echocardiography (2-DE) by the advanced 

(R1), intermediate (R2), and beginner (R3) operators. 

 

3.3.3. Comparison of 3-DE Measurements Performed by Operators with Different 

Levels of Experience 

The Bland–Altman plot analysis for three-dimensional echocardiographic (3-DE) 

measurements revealed very low variability among operators with different levels of 

experience. A bias of -0.6 was observed between the advanced and intermediate operators, with 



limits of agreement (LOA) ranging from -3 to 4. Comparing the intermediate and beginner 

operators, the bias was -2, with LOA between -7 and 4. Between the advanced and beginner 

operators, the bias was -1.4, with LOA between -6 and 4 (Figure 3.3). 

Compared to 2-DE measurements, 3-DE measurements demonstrated lower systematic 

bias values and narrower limits of agreement, indicating superior reproducibility of the three-

dimensional method. Additionally, all correlations between measurements performed by 

operators of different experience levels were excellent, with Pearson correlation coefficients 

exceeding 0.90 and p-values < 0.001, indicating a very high degree of agreement (Figure 3.4). 

 

 
Figure 3.3. Bland–Altman plots for left ventricular ejection fraction (LVEF) 

measurements performed using three-dimensional echocardiography (3-DE) by the advanced 

(R1), intermediate (R2), and beginner (R3) operators. 

 
Figure 3.4. Correlations between left ventricular ejection fraction (LVEF) 

measurements performed using three-dimensional echocardiography (3-DE) by the advanced 

(R1), intermediate (R2), and beginner (R3) operators. 

 

3.3.4. Comparison of Global Work Efficiency (GWE) Measurements Performed by 

Operators with Different Levels of Experience 

The Bland–Altman plot analysis for global work efficiency (GWE) demonstrated very 

low variability among operators with different levels of experience. Between the advanced and 



intermediate operators, a bias of -0.6 was observed, with limits of agreement (LOA) between -

3 and 2. Between the intermediate and beginner operators, the bias was -0.3, with LOA between 

-3 and 5. Comparing the advanced and beginner operators, a bias of -1.0 was found, with LOA 

ranging from -5 to 4 (Figure 3.5). 

All correlations for GWE measurements were very strong, with Pearson correlation 

coefficients above 0.94 and p-values < 0.001, indicating excellent agreement between 

measurements performed by operators with varying levels of experience (Figure 3.6). 

 

 
Figure 3.5. Bland–Altman plots for global work efficiency (GWE) measurements 

performed by the advanced (R1), intermediate (R2), and beginner (R3) operators. 

 
Figura 3.6. Corelațiile dintre măsurătorile eficienței globale a muncii miocardice 

(GWE), realizate de către operatorii avansat (R1), intermediart (R2) și începătort (R3). 

 

3.3.5. Comparison of Inter-Operator Variability and Agreement Among 

Echocardiographers with Different Levels of Experience 

The comparison of inter-operator variability and agreement for global work efficiency 

(GWE) and left ventricular ejection fraction (LVEF) measurements obtained by 2-DE and 3-

DE is summarized in Table 3.2. Bias values were close to zero for both GWE and 3-DE-derived 

LVEF across all operator pairings, suggesting excellent inter-operator consistency—superior 

to that observed for 2-DE-derived LVEF. 



Similarly, the limits of agreement (LOA) were consistently narrower for both GWE and 

3-DE LVEF, indicating a very high level of agreement among operators. In contrast, 2-DE 

showed the widest LOA intervals in all comparisons, reflecting greater measurement 

variability.  

 

Table 3.2. Inter-operator variability and agreement among echocardiographers with 

different levels of experience for global work efficiency (GWE) and left ventricular ejection 

fraction (LVEF) measurements performed using two-dimensional (2-DE) and three-

dimensional echocardiography (3-DE). 

            
 

3.3.6. Reproducibility Analysis According to Categories of Left Ventricular 

Dysfunction 

Figure 3.7 summarizes the reproducibility of the three echocardiographic parameters 

assessed, based on operator experience level, in patients with reduced left ventricular 

ejection fraction (LVEF ≤ 40%). GWE exhibited the highest reproducibility among all 

param. eters evaluated. All inter-class comparisons showed very small bias values (below 2 

units), narrow limits of agreement, and extremely high Pearson correlation coefficients (R = 

0.98–0.99). 

The reproducibility analysis in patients with moderate left ventricular dysfunction 

(LVEF between 41–49%) is presented in Figure 3.8. 

GWE (global work efficiency) demonstrated excellent reproducibility regardless of the 

evaluator’s experience level, suggesting superior robustness compared to LVEF. 

Figure 3.9 presents Bland-Altman plots comparing readers with advanced (R1), 

intermediate (R2), and beginner (R3) experience levels among patients with preserved systolic 



function (LVEF ≥ 50%). GWE demonstrated excellent reproducibility across all reader 

combinations, with notable consistency regardless of experience level. 

 

 

 

 
Figure 3.7. Reproducibility of LVEF assessed by 2-DE and 3-DE, and GWE measurements 

among advanced (R1), intermediate (R2), and beginner (R3) readers in patients with LVEF ≤ 

40%. LVEF – left ventricular ejection fraction. 



 
Figure 3.8. Reproducibility of LVEF assessed by 2-DE, 3-DE, and GWE among 

advanced (R1), intermediate (R2), and beginner (R3) readers in patients with LVEF between 

41–49%. LVEF – Left Ventricular Ejection Fraction. 

 



 
Figure 3.9. Reproducibility of left ventricular ejection fraction (LVEF) measured by 

2D, 3D echocardiography, and Global Work Efficiency (GWE) among advanced (R1), 

intermediate (R2), and beginner (R3) readers in patients with preserved LVEF (≥ 50%). 

LVEF – left ventricular ejection fraction. 

 

3.3.7. Comparison of Intra-Operator Variability and Agreement Among 

Echocardiographers with Different Levels of Experience for GWE and LVEF Measured by 

2-DE and 3-DE 

The results of the intra-observer reproducibility analysis are summarized in Table 3.3. 

These findings indicate minimal variability in repeated measurements performed by the same 

observer.  

 

 

 

 



Table 3.3. Intra-observer variability for echocardiographers with different levels of 

experience for GWE, as well as for LVEF measurements obtained via 2-DE and 3-DE 

 
Parameter Reader 1 Reader 2 Reader 3 

2-DE LVEF (r) 0.89 0.87 0.89 

2-DE LVEF (Bias, %) -0.3 -0.4 -0.5 

2-DE LVEF (LOA, %) -6; 7 -7;6 -7;7 

3-DE LVEF (r) 0.96 0.94 0.95 

3-DE LVEF (Bias, %) -0.2 -0.3 -0.5 

3-DE LVEF (LOA, %) -4;4 -4;4 -5;4 

GWE (r) 0.97 0.97 0.96 

GWE (Bias, %) -0.4 -0.3 -0.2 

GWE (LOA, %) -4;3 -3;4 -3;3 

 

 

3.3.8. Extended assessment of reproducibility based on operator experience level 

The reproducibility analysis conducted in a dedicated subpopulation, involving readers 

from all levels of experience (advanced, intermediate, and beginner), confirmed the general 

findings of the study . Global Work Efficiency (GWE) stood out due to its excellent 

reproducibility in both intra- and inter-class assessments, appearing less influenced by the 

reader’s level of expertise. These findings support the notion that advanced parameters such as 

GWE and 3D techniques exhibit superior robustness in the context of inter-observer variability. 

 

3.4. Discussions 

 

In the present study, we demonstrated that the reproducibility of global work efficiency 

(GWE) in patients with acute coronary syndrome (ACS) is independent of operator experience 

and comparable to the reproducibility of left ventricular ejection fraction (LVEF) measured by 

three-dimensional echocardiography (3-DE). In contrast, LVEF assessment by two-

dimensional echocardiography (2-DE) showed greater inter-operator variability and lower 

agreement. Stratification of patients according to ventricular function confirmed the 

consistency of GWE reproducibility across all functional categories, including patients with 

preserved, moderately impaired, or severely reduced left ventricular function. The analysis of 

a dedicated subgroup of 41 patients, involving additional evaluators with varying levels of 



experience, added significant value to the study objectives and further confirmed the excellent 

reproducibility of GWE across a wide spectrum of operators. 

To our knowledge, this is the first study to comparatively assess the reproducibility of 

left ventricular functional parameters measured using myocardial work (GWE) and ejection 

fraction via 2-DE and 3-DE across users with different levels of experience. In this study, GWE 

was selected as the primary myocardial work parameter, as it is considered the most relevant 

functional indicator and has been shown to be an independent prognostic factor in patients with 

ACS [5]. 

Several limitations of this study should be acknowledged. First, because accurate 

assessment of myocardial work parameters requires high-quality echocardiographic images, 

patients with atrial fibrillation, severe valvular disease, and suboptimal imaging windows were 

excluded. Additionally, all image acquisitions were performed by a single operator, so 

extrapolation of results to images acquired by multiple operators should be done with caution. 

Finally, the results were not compared to those obtained by cardiac magnetic resonance 

imaging, which is considered the gold standard for evaluating left ventricular function. 

 

3.5. Conclusions 

This study demonstrates that myocardial work analysis is a highly reproducible method 

for evaluating left ventricular performance in patients with acute coronary syndrome, providing 

results comparable to those obtained by three-dimensional echocardiographic assessment of 

ejection fraction, regardless of the operator's level of experience. Therefore, integrating 

myocardial work into standard echocardiographic evaluation could contribute to optimizing 

the management of patients with ACS and improving long-term cardiovascular outcomes. 

 

 

4. The Utility of Non-Invasive Myocardial Work Assessment and Its 

Correlation with Systemic Inflammation in Patients with Acute 

Coronary Syndrome 

5.  
 

4.1. Introduction 

New tools, such as non-invasive assessment of myocardial work (MW) derived from 

speckle tracking echocardiography (STE), have recently been used to evaluate both global and 



regional myocardial performance while accounting for loading conditions. Based on these 

results, identifying correlations between MW and conventional biomarkers is essential to 

recognize patients at risk for myocardial dysfunction and poor prognosis after an ischemic 

event. Previous studies have shown that C-reactive protein (CRP) significantly correlates with 

parameters of left ventricular remodeling when measured two months after percutaneous 

coronary intervention (PCI). Although local and systemic inflammation following myocardial 

infarction is expected to resolve within four weeks, a prolonged inflammatory phase may 

persist in post-ACS patients. Most studies on the inflammatory response in ACS have focused 

on myocardial evaluation within the first one to three months after the index event [5-7]. 

Given the recently documented prognostic value of STE and MW [8-10], our study 

aimed to evaluate myocardial work alongside conventional systolic function parameters in the 

acute phase of ACS, and its relationship with high-sensitivity troponin and systemic 

inflammation, assessed by CRP. 

 

4.2. Patients and Methods 

This prospective study included patients from the main study cohort diagnosed with 

acute coronary syndrome (with or without ST-segment elevation), according to current 

European guidelines. All patients underwent coronary angiography and standard optimal 

treatment. Inclusion and exclusion criteria were consistent with those in the previous study, 

ensuring a homogeneous patient profile—sinus rhythm, no significant valvular pathology, no 

systemic illness, and hemodynamic stability. Patients in whom STE analysis was not 

technically feasible were excluded. 

 

4.2.1. Baseline and Follow-Up Evaluation 

Patient demographics, clinical characteristics, laboratory results, two-dimensional 

LVEF (2D LVEF), GLS, MW parameters, angiographic data, and administered treatments 

were recorded. The first evaluation was performed within 24 hours of hospital admission. A 

second follow-up visit, including the same clinical, laboratory, and echocardiographic 

investigations, occurred 6–8 weeks later. 

 

4.2.2. Laboratory Analyses 

Laboratory workup included complete blood count, ESR, coagulation profile, fasting 

glucose, HbA1c, liver enzymes, renal function parameters (creatinine, urea, uric acid), 

electrolytes, total and fractional cholesterol, triglycerides, and other relevant parameters (e.g., 



iron, ferritin when necessary). Key biomarkers were high-sensitivity cardiac troponin I (hs-

cTnI, Pathfast; LSI Medience), measured at emergency admission, and CRP, assessed within 

the first 24 hours of hospitalization. 

 

4.2.3. Echocardiography 

All patients underwent comprehensive transthoracic echocardiography both acutely 

(within 24 hours) and at 8 weeks using standardized equipment. Main echocardiographic 

parameters, including 2D LVEF and MW indices, were analyzed offline according to validated 

protocols, with manual contour adjustments as needed. Myocardial work quantification was 

based on 2D longitudinal strain and non-invasively estimated peak systolic pressure using 

brachial cuff measurements before each echo study. The parameters recorded were: 

• GWI (Global Work Index): Total mechanical work done by the LV 

myocardium during the cardiac cycle, measured between mitral valve closure and opening, 

analyzed through pressure-strain loops. 

• GCW (Global Constructive Work): Effective myocardial work, including 

systolic contraction and physiologic lengthening during isovolumic relaxation, contributing to 

LV ejection. 

• GWW (Global Wasted Work): Ineffective myocardial energy expenditure, 

associated with myocardial lengthening during systole and shortening during isovolumic 

relaxation. 

• GWE (Global Work Efficiency): Ratio of constructive to total (constructive + 

wasted) work, indicating the LV's functional efficiency [83]. 

The same parameters were collected at the 6–8 week follow-up. 

 

4.2.4. Statistical Analysis 

Statistical analysis was conducted using SPSS v25.0 (SPSS Inc., Chicago, IL). 

Continuous variables were expressed as mean ± SD. Categorical variables were expressed as 

count and percentage. Comparisons used chi-square (χ²) tests. Non-parametric methods were 

applied for AUC, sensitivity, and specificity analyses. Pearson correlations were used to 

evaluate linear relationships between continuous variables. A correlation coefficient (R) > 0.40 

was considered indicative of a good correlation, and p-values < 0.05 were considered 

statistically significant. 

 

4.3. Results 



 

4.3.1. Study Population 

A total of 56 patients (mean age 53 ± 10 years, 45 male) admitted with a diagnosis of 

acute coronary syndrome (ACS) were included in the analysis. The essential characteristics of 

the cohort, including comorbidities and angiographic profiles, are summarized in Table 4.1

 

                 Table 4.1. Characteristics of the study population 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

      

        

Data are presented as mean ± standard deviation (SD), median [interquartile range], or 

absolute number (n) and percentage (%). 

 

 

4.3.2. Echocardiographic Characteristics and Myocardial Work Indices 

            Values for speckle tracking echocardiography (STE) and myocardial work indices were 

recorded both at baseline and at the follow-up visit, as presented in Table 4.2. As expected, the 

parameters recorded within 24 hours of hospitalization were significantly lower compared to 

those obtained at follow-up. All initial values were below the reference limits described in the 

literature for healthy subjects. 

 



Table 4.2.Myocardial work indices and global longitudinal strain (GLS). 

                    

Data are expressed as mean ± SD or median [interquartile range]. 

 

LV GLS = left ventricular global longitudinal strain; 

GWI = Global Work Index; GCW = Global Constructive Work; 

GWW = Global Wasted Work; GWE = Global Work Efficiency. 

 

4.3.3. Correlation Between Systemic Inflammation and Myocardial Work (MW) 

Systemic inflammation, assessed via CRP levels, showed a significant correlation with 

changes in myocardial work parameters between the two visits. A negative correlation was 

observed between CRP levels and changes in GWE (r = –0.53, p < 0.001; see Figure 4.1), and 

a positive correlation with changes in GWW (r = 0.48, p < 0.001; see Figure 4.2), suggesting 

a detrimental effect of inflammation on myocardial efficiency. 

 

 

 



A CRP level above 28 mg/L (lab reference range: 1–5 mg/dL) predicted a decline in 

GWE between baseline and follow-up, supporting the use of CRP as a potential marker of left 

ventricular dysfunction (Figure 4.3). 

                   
Figure 4.3.A C-reactive protein (CRP) level greater than 28 mg/L was able to predict 

a decrease in global myocardial work efficiency (GWE) between the baseline and the follow-

up visit (visit 2). 

 

"Bull’s-eye" maps of myocardial work in patients with low CRP levels clearly 

illustrated the role of MW in subclinical LV dysfunction, showing improved GWE parameters 

at follow-up. Conversely, images from patients with a high inflammatory response (elevated 

CRP) revealed a decline in GWE (Figure 4.4). 

                    
 



Figure 4.4.Changes in global myocardial work efficiency (GWE) parameters between visits: 

an improvement in GWE values was observed in patients with low levels of C-reactive protein 

(CRP) (A), whereas in patients with elevated CRP levels (B), global work efficiency was lower. 

 

4.3.4. Correlation Between High-Sensitivity Troponin, 2D LVEF, GLS, and 

Myocardial Work (MW) 

In our study, myocardial necrosis assessed by high-sensitivity troponin I (hs-cTnI) at 

admission showed no significant correlation with 2D LVEF. However, there was a significant 

negative correlation with GLS (r = –0.43, p = 0.001) and with MW parameters measured at 

admission: GWI (r = –0.43, p = 0.001) and GCW (r = –0.40, p = 0.002) (Figure 4.5) 

 

  

 

 

 

 

 

 

Figure 4.5. Correlation between high-sensitivity cardiac troponin I (hs-cTn I) and 

global longitudinal strain (GLS), global work index (GWI), and global constructive work 

(GCW) at admission 

 

4.4.Discussions 

 

In our study, CRP levels correlated with left ventricular dysfunction, as assessed by 

changes in GWE from 24 hours post-admission to two months post-ACS. Patients with lower 

initial CRP showed improved MW parameters (increased GWE), whereas those with higher 

CRP had increased GWW, indicating inefficient myocardial contraction. 

Given the key role of systemic inflammation in the pathophysiology of ACS, the CRP 

cutoff associated with LV dysfunction progression was identified as 28 mg/dL (reference 

range: 0–5 mg/dL). A 5–6 fold increase in CRP may thus indicate patients at risk of adverse 

remodeling or dysfunction post-ACS. These findings align with previous studies showing that 

CRP levels two days after PCI in STEMI patients correlate with infarct size and ventricular 

remodeling [10-12]. 



Regarding the relationship between hs-cTnI and echocardiographic parameters, our 

data showed no correlation between hs-cTnI and 2D LVEF but did reveal a significant 

association with baseline GLS and MW parameters (GCW and GWI). However, hs-cTnI levels 

did not correlate with changes in these parameters over time, raising concerns about its 

prognostic value in assessing post-ACS remodeling. These findings are consistent with recent 

literature, which indicates that while elevated troponin levels may predict adverse events post-

ACS [13], their correlation with LV dysfunction is inconsistent [14]. 

While GWI has been supported as a predictive indicator of mid-term cardiovascular 

events after ACS, the role of GCW remains under debate [15]. Our data do not support the use 

of hs-cTnI as a marker for the progression of LV dysfunction. 

Study limitations include the relatively small sample size and variability in 

angiographic profiles. The short follow-up duration and absence of a third assessment visit 

limit the evaluation of long-term remodeling. Although high-sensitivity CRP (hs-CRP) is 

preferred for assessing inflammation, limited availability in many centers justifies the use of 

standard CRP, which our results suggest is a reliable marker of acute myocardial injury. 

 

4.5. Conclusions 

This prospective study in patients with acute coronary syndrome shows that CRP levels 

measured within 24 hours of admission significantly correlate with changes in myocardial work 

parameters, particularly GWE and GWW. These findings support the early use of CRP as a 

prognostic biomarker to identify patients at risk for myocardial dysfunction. 

 

6. The Impact of the Adhesion Molecule VCAM-1 on Myocardial 
Remodeling in Patients with Acute Coronary Syndrome 

 
 

    5.1. Introduction 
 

In recent years, numerous immunological biomarkers have been investigated for their 

potential association with cardiovascular pathology, given their possible contribution to 

improving prognostic assessment. Among these, vascular cell adhesion molecule-1 (VCAM-

1), a member of the immunoglobulin superfamily, has emerged as a key mediator in the 

inflammatory response. Its soluble form (sVCAM-1) is predominantly upregulated under the 

influence of proinflammatory cytokines at the vascular endothelium, where it facilitates the 

adhesion, recruitment, and transmigration of immune cells, including monocytes, lymphocytes, 



basophils, and eosinophils [16]. Sustained elevation of this biomarker in patients with acute 

coronary syndrome (ACS) has been associated with a higher incidence of major adverse 

cardiovascular events over a six-month period [17]. In patients diagnosed with acute 

myocardial infarction (AMI), elevated serum concentrations of sVCAM-1 have shown a 

significant association with the subsequent development of heart failure, thereby reinforcing 

its prognostic value in this context [18]. 

The primary objective of this study was to analyze the association between serum levels 

of sVCAM-1, left ventricular end-diastolic volume (LVEDV), and left ventricular ejection 

fraction (LVEF), as measured by three-dimensional echocardiography, in patients diagnosed 

with acute coronary syndromes. 

 

5.2. Patients and Methods 

 

5.2.1. Study Population 

This prospective study included patients diagnosed with acute coronary syndrome 

(ACS), both with and without ST-segment elevation. Inclusion criteria were aligned with those 

previously described for the study population. The initial evaluation was performed within the 

first 24 hours of admission and included collection of clinical and demographic data, laboratory 

parameters, and three-dimensional echocardiographic imaging (for the assessment of 

ventricular volumes and ejection fraction). A follow-up evaluation was conducted 6–8 weeks 

later, using the same clinical, biological, and imaging parameters. 

 

5.2.2. Biological Assessment 

As part of the study protocol, all patients underwent a comprehensive panel of laboratory tests, 

including routine hematological and biochemical investigations. Serum levels of soluble 

VCAM-1 (sVCAM-1) were measured using a commercially available sandwich-type ELISA 

kit (Quantikine® Human VCAM-1/CD106 ELISA, R&D Systems, Minneapolis, MN, USA), 

in accordance with the manufacturer’s instructions. Sample collection for sVCAM-1 analysis 

was repeated at the follow-up visit. 

 

5.2.3. Echocardiographic Assessment 

All participants underwent a complete transthoracic echocardiographic examination, 

performed according to current guideline standards using advanced imaging equipment (Vivid 

E9 or Vivid E95, GE Healthcare). Three-dimensional (3D) acquisitions were obtained using 



the 4V probe, as detailed in the Research Methodology section. The images were subsequently 

analyzed offline using EchoPac™ software (version 203, GE Healthcare). 

5.2.4. Statistical Analysis 

Statistical processing of the data was conducted using SPSS software, version 25.0 

(IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean ± standard 

deviation (SD), whereas categorical variables were presented as absolute numbers and 

percentages of the study population. Linear correlations between continuous variables were 

assessed using Pearson’s correlation coefficient. A correlation coefficient (r) greater than 0.40 

was considered indicative of a moderate to strong association. The threshold for statistical 

significance was set at p < 0.05. 

 

5.3. Results 

 

5.3.1. Study Population 

A total of 90 patients were included in the analysis, with a mean age of 54 ± 9 years, of 

whom 75 were male, all hospitalized with a diagnosis of acute coronary syndrome (ACS). The 

mean level of soluble VCAM-1 (sVCAM-1) measured within the first 24 hours of admission 

was 4.65 ± 0.33, while the mean value at follow-up was 4.72 ± 0.29, the difference being 

statistically significant (p = 0.04). The initial left ventricular ejection fraction (LVEF), assessed 

using three-dimensional echocardiography (3DE), was 47 ± 8%. All patients underwent 

coronary angiography and received guideline-directed medical therapy in accordance with 

current European clinical practice recommendations [1]. 

 

5.3.2. Correlation Between Initial sVCAM-1 Serum Levels and Changes in Left 

Ventricular End-Diastolic Volume and Ejection Fraction Assessed by 3D Echocardiography 

Statistical analysis revealed a significant negative correlation between sVCAM-1 levels 

measured at admission and the change in left ventricular end-diastolic volume (LVEDV) 

between the initial and follow-up evaluations (r = –0.42; p < 0.05) (Figure 5.1). This 

relationship suggests that elevated baseline levels of sVCAM-1 are associated with a greater 

increase in ventricular volume during the post-event period. 

Furthermore, a significant negative correlation was observed between baseline 

sVCAM-1 concentrations and the change in left ventricular ejection fraction (LVEF) between 

admission and the 6–8 week follow-up (r = –0.43; p < 0.05), indicating that higher sVCAM-1 



values at presentation are linked to a more pronounced decline in left ventricular systolic 

function, as reflected by the reduced LVEF measured by 3DE. (Figure 5.2

.)

 
Figure 5.1. Correlation between baseline 

sVCAM-1 levels and changes in left 

ventricular end-diastolic volume (LVEDV) 

between the two evaluations 

                   

 
Figura  5.2. Correlation between baseline 

sVCAM-1 levels and changes in left 

ventricular ejection fraction (LVEF) 

between the two evaluations

 
 

5.3.3. Correlation Between Changes in Serum VCAM-1 Levels Between Baseline 

and Follow-Up and Changes in 3D Echocardiographic Parameters: LVEDV and LVEF 

A statistically significant positive correlation was observed between the change in left 

ventricular end-diastolic volume (LVEDV), assessed via three-dimensional echocardiography 

(3DE), and the increase in serum sVCAM-1 levels from hospital admission to follow-up (r = 

0.41; p < 0.05). This association suggests that patients who experienced a more pronounced 

rise in sVCAM-1 concentrations over the follow-up period also demonstrated more substantial 

ventricular dilation, as evidenced by increased LVEDV at reevaluation (Figure 5.3). 

Furthermore, a significant negative correlation was identified between changes in left 

ventricular ejection fraction (LVEF) and changes in sVCAM-1 levels during the follow-up 

interval (r = –0.46; p < 0.05). These findings indicate that patients with greater increases in 

sVCAM-1 concentrations between the initial and follow-up assessments experienced a more 

marked decline in left ventricular systolic function, as reflected by reduced LVEF (Figure 5.4). 



                                  

 
Figura 5.3. Correlation between changes in 

sVCAM-1 levels and changes in left 

ventricular end-diastolic volume (LVEDV) 

between baseline and follow-up 

 

                                

 
Figura 5.4. Correlation between changes in 

sVCAM-1 levels and changes in left 

ventricular ejection fraction (LVEF) 

between baseline and follow-up

 

5.4. Discussions 

 
In the present study, patients diagnosed with acute coronary syndrome (ACS) who 

exhibited elevated VCAM-1 levels at the time of hospital admission demonstrated a 

significant increase in left ventricular end-diastolic volume (LVEDV) at the 6–8-week 

follow-up, as assessed by three-dimensional echocardiography (3DE). This finding suggests a 

trend toward adverse ventricular remodeling. Moreover, higher baseline VCAM-1 levels 

were associated with a progressive reduction in left ventricular ejection fraction (LVEF) 

during the follow-up period. This inverse relationship supports the hypothesis that a 

heightened inflammatory status during the acute phase of ACS may contribute to the 

progressive deterioration of left ventricular systolic function. 

To the best of our knowledge, this is the first study to investigate the relationship 

between sVCAM-1 levels and left ventricular functional performance using three-

dimensional echocardiographic techniques. Our findings support the potential role of VCAM-

1 as a predictive biomarker for adverse remodeling and functional decline during the 

subacute phase following myocardial infarction. Existing literature has already established 

that serum VCAM-1 levels in patients with myocardial infarction are a sensitive indicator of 

post-ACS heart failure risk, being significantly higher in patients with ST-segment elevation 

who develop heart failure symptoms upon discharge [17]. 



Beyond the analysis of baseline values, our study also included an assessment of 

dynamic changes in sVCAM-1 levels at two months following the acute coronary event. A 

significant increase in sVCAM-1 between the initial and follow-up assessments was directly 

correlated with markers of adverse remodeling, namely, an increase in LVEDV and a 

decrease in LVEF, indicating progressive systolic dysfunction. These findings support the 

hypothesis that persistent inflammatory activation, reflected by a sustained rise in VCAM-1, 

may play a pathogenic role in structural and functional myocardial deterioration after ACS. 

Our data are consistent with previously published observations. Elevated sVCAM-1 levels 

have been correlated with infarct size, ventricular remodeling, and the occurrence of adverse 

clinical events at one-year follow-up [19]. Although challenges remain in terms of targeted 

delivery and clinical implementation, advances in molecular engineering and drug delivery 

technologies offer promising perspectives for the development of clinically viable and 

effective therapeutic interventions [20]. 

Among the limitations of this study, it should be noted that while the data suggest a 

potential association between sVCAM-1 levels and left ventricular remodeling, further 

studies with larger patient cohorts and extended follow-up durations are necessary to validate 

these findings and better elucidate the relationship between VCAM-1 expression, adverse 

remodeling, and the progression to heart failure. 

 

5.5. Conclusions 

This study highlights the prognostic potential of VCAM-1, a biomarker of 

inflammation and immune activation, as an indicator of left ventricular dysfunction, as 

reflected by changes in ejection fraction (LVEF) and end-diastolic volume (LVEDV) during 

the post-acute phase of acute coronary syndrome (ACS). 

The findings highlight the crucial role of inflammatory mechanisms in the cardiac 

remodeling process and underscore the need for further research into the utility of VCAM-1 

for both risk stratification and as a potential therapeutic target in managing patients with 

ACS. 

 

 

 



6. Association Between Serum Inflammatory Biomarkers, Ejection 
Fraction, and Left Ventricular Volume Assessed by 3D Echocardiography 

in Patients with Acute Myocardial Infarction 

6.1. Introduction 

Inflammation and immune activation play a central role in the pathogenesis and 

progression of acute myocardial infarction (AMI), directly influencing post-ischemic 

myocardial remodeling and left ventricular dysfunction. Several molecules described in the 

context of AMI and ventricular remodeling have a significant role in modulating the innate 

immune response. 

NCAM-1, by maintaining cellular integrity and reactivating embryonic signaling 

pathways, may modulate the innate immune response by limiting excessive inflammatory cell 

activation and promoting a protective microenvironment in the early phases of ischemic injury 

[20,21]. PRCP (prolylcarboxypeptidase), a serine protease involved in vasopeptide 

metabolism, has been shown to be essential in regulating cardiac mitophagy and reducing 

reperfusion injury, with a positive impact on ventricular function [22,23]. NRP1 (neuropilin-

1) is a multifunctional coreceptor involved in vascular permeability and endothelial barrier 

integrity. Through its effects on vascular permeability and endothelial stability, it plays a 

crucial role in leukocyte trafficking, thus influencing the activation and recruitment of innate 

immune cells (monocytes, macrophages, neutrophils) and contributing to the regulation of the 

balance between inflammation and post-ischemic repair [24,25]. 

Conversely, Fetuin-B, an emerging hepatokine, is associated with metabolic dysfunction, 

inflammation, and atherosclerotic plaque instability, and has been identified as a predictive 

marker for AMI [26,27]. AOC3/VAP-1, which has both adhesive and enzymatic functions, 

facilitates leukocyte recruitment into ischemic tissue and contributes to the amplification of 

vascular inflammation, having been proposed as a therapeutic target for preventing ventricular 

remodeling [28]. Fetuin-B and AOC3/VAP-1 are linked to exacerbated activation of the innate 

immune response, promoting leukocyte recruitment, oxidative stress, and a proinflammatory 

profile that contributes to plaque instability and adverse remodeling. 

Finally, Cystatin C, an endogenous inhibitor of cysteine proteases and a sensitive marker 

of renal function, has demonstrated significant predictive value for cardiovascular events, heart 

failure, and mortality in patients with AMI [29–31]. These proteins appear to play a central role 

in orchestrating the interactions between metabolic and ischemic stress, early inflammatory 

response, and innate immune activation, representing potential therapeutic targets for 



modulating these pathways in order to prevent ventricular dysfunction and progression to heart 

failure post-AMI. 

The aim of this study was to investigate the correlation between serum levels of these 

biomarkers (NCAM-1, PRCP, NRP1, Fetuin-B, AOC3, and Cystatin C) and left ventricular 

ejection fraction (LVEF) assessed by 3D echocardiography in patients with acute myocardial 

infarction, in order to highlight their potential prognostic value for identifying post-ischemic 

ventricular dysfunction and guiding future therapeutic strategies. 

 

6.2. Patients and Methods 

 

6.2.1. Study Population 

This prospective study was conducted on the same cohort of patients diagnosed with 

acute coronary syndrome (ACS), regardless of the presence or absence of ST-segment 

elevation. Patient selection for this analytical subgroup followed the same methodology as the 

original study and involved patients from the same cohort. The initial clinical, biological, and 

imaging evaluations were performed within the first 24 hours of admission, and follow-up was 

conducted at 6–8 weeks using the same standardized clinical and investigational protocols as 

those applied in the main study. 

 

6.2.2. Laboratory Analyses 

Biological assessment for this subgroup followed the protocol established in the primary 

study. All participants underwent a complete panel of routine hematological and biochemical 

tests. For this analysis, serum levels of proteins involved in inflammation, cardiac remodeling, 

and ventricular dysfunction with potential prognostic roles in AMI were determined. These 

included NCAM-1, PRCP, NRP1, Fetuin-B, AOC3/VAP-1, and Cystatin C. Except for 

Cystatin C, which was determined either by automated immunoturbidimetric methods (e.g., 

using the Roche Cobas C system, Roche Diagnostics) or ELISA kits, all other proteins were 

measured using commercially available sandwich-type ELISA kits, according to the 

manufacturers’ instructions. Blood samples were collected both at admission and at the 6–8-

week follow-up visit, allowing for the evaluation of biomarker dynamics and correlation with 

changes in left ventricular function. 

 

 

 



6.2.3. Echocardiographic Evaluation 

In this subgroup analysis, left ventricular function was assessed using the same 

echocardiographic methodology as described in the main study and in previous publications, 

in accordance with standard protocols of the European Society of Cardiology and the European 

Association of Cardiovascular Imaging. 

 

6.2.4. Statistical Analysis 

Data were processed using SPSS software (version 25.0, IBM Corp., Armonk, NY, 

USA). Continuous variables were expressed as mean ± standard deviation, while categorical 

variables were presented as absolute frequency and percentage. The chi-square test was used 

to analyze differences between categorical variables. Correlations between continuous 

variables were assessed using Pearson’s correlation coefficient. A correlation coefficient (r) > 

0.40 was interpreted as indicative of a moderate to strong association. The level of statistical 

significance was set at p < 0.05. 

 

6.3. Results 

 

6.3.1. Study Population 

The clinical and demographic characteristics of the 90 patients included in this subgroup 

were detailed in previous sections of this thesis, as they are part of the same cohort initially 

analyzed. Regarding the biological profile of the evaluated biomarkers, mean values along with 

standard deviations, minimum, and maximum values at hospital admission (V1) and at the 6–

8-week follow-up (V2) are summarized in Table 6.1. Significant inter-individual variability 

was observed for each protein, with some markers showing upward trends during the 

monitoring interval. 

Table 6.1. Statistical summary of serum biomarker levels at baseline (V1) and at follow-up 

(V2, 6–8 weeks later). 

Biomarker Dosing 
Moment 

Median SD Minimal 
Value 

Maximal 
Value 

AOC3 V1 3.3866 0.3985 2.2351 4.2549 
AOC3 V2 3.5135 0.4068 2.3277 4.5791 
CST3 V1 6.2933 0.4793 5.2701 7.7965 
CST3 V2 6.2808 0.5158 4.9170 7.3935 

FETUB V1 1.0551 0.5279 -0.1574 2.1792 
FETUB V2 1.3748 0.4412 0.4898 2.3284 
NCAM1 V1 3.0484 0.4385 2.0509 4.3947 



NCAM1 V2 3.0351 0.3565 2.3201 3.9699 
NRP1 V1 0.7484 0.4311 -0.4135 1.7188 
NRP1 V2 1.1524 0.3415 0.0396 1.7593 
PRCP V1 0.6572 0.4116 -0.3174 1.6629 
PRCP V2 0.7616 0.3664 0.0956 1.5648 

 

6.3.2. Correlation Between NCAM-1 and Left Ventricular Remodeling 

Pearson correlation analysis revealed a statistically significant negative association 

between the change in left ventricular ejection fraction (LVEF) and the change in serum 

NCAM-1 concentration, with a correlation coefficient of r = –0.40, p = 0.018 (Figure 6.1). 

Regarding cavity remodeling, a statistically significant positive correlation was identified 

between the difference in three-dimensional end-diastolic volume (3D-EDV difference) and 

the change in NCAM-1 levels, with a Pearson coefficient of r = 0.50, p = 0.012. This finding 

indicates that patients who experienced an increase in NCAM-1 levels also exhibited an 

increase in left ventricular end-diastolic volume, reflecting progressive cavity dilation (Figure 

6.2). Although NCAM-1 is considered to have a protective role during the acute phase of 

myocardial infarction, this evolution suggests that persistently elevated NCAM-1 levels may 

reflect inefficient reparative processes, chronic inflammation, or progressive fibrosis, thereby 

contributing to long-term ventricular dysfunction. 

 

 
Figura 6.1. Correlation between the change 

in three-dimensional left ventricular 

ejection fraction (LVEF_3D difference) 

and the change in serum NCAM-1 

concentration (r = –0.42)   

 
Figura 6.2. Correlation between the change 

in three-dimensional left ventricular end-

diastolic volume (LVEDV_3D difference) 

and the change in serum NCAM-1 

concentration (r = 0.50) 

 

 



6.3.3. Correlation Between PRCP and Left Ventricular Remodeling 

A statistically significant positive correlation was observed between the change in three-

dimensional end-diastolic volume (LVEDV_3D difference) and the change in PRCP levels, 

with a Pearson correlation coefficient of r = 0.45 and a p-value of 0.026. This suggests that an 

increase in PRCP levels over time is associated with progressive left ventricular dilation 

(Figure 6.3). 

Within the same cohort, a statistically significant negative correlation was identified 

between the change in three-dimensional ejection fraction (LVEF_3D difference) and the 

change in PRCP levels (r = –0.42, p = 0.018), indicating that rising PRCP levels during follow-

up are associated with a decline in left ventricular systolic function, suggesting a potential role 

of PRCP in ventricular dysfunction (Figure 6.4). 

In a separate analysis conducted on a sample of 90 patients, the relationship between 

baseline PRCP values (PRCP_V1) and subsequent changes in LVEDV (LVEDV_3D 

difference) was assessed. A significant negative correlation was found (r = –0.47, p = 0.026), 

indicating that higher initial PRCP values may be associated with more favorable structural 

outcomes (Figure 6.5). 

These results suggest a possible biphasic or context-dependent role of PRCP, wherein its 

longitudinal elevation may reflect adverse cardiac remodeling, while elevated baseline levels 

might exert a protective or favorable predictive effect on ventricular evolution. 

                    

 
Figura 6.3 . Correlation between the 

change in three-dimensional left 

ventricular end-diastolic volume 

(LVEDV_3D difference) and the change 

in serum PRCP concentration (r = 0.45) 

                    

 
Figura 6.4. Correlation between the 

change in three-dimensional left 

ventricular ejection fraction (LVEF_3D 

difference) and the change in serum PRCP 

concentration (r = –0.42) 



                      
Figura 6.5. Correlation between the change in three-dimensional left ventricular end-diastolic 

volume (LVEDV_3D difference) and baseline serum PRCP level (PRCP_V1) (r = –0.47) 

 

6.3.6. Correlation Between AOC3 and Left Ventricular Remodeling 

A statistically significant negative correlation was observed between baseline serum 

levels of AOC3 (AOC3_V1) and the change in three-dimensional end-diastolic volume 

(LVEDV_3D difference), indicating that patients with higher AOC3 levels at the first visit 

experienced a reduction in LVEDV during follow-up. This relationship suggests a potential 

protective role of elevated baseline AOC3 levels in early stages, particularly with respect to 

left ventricular cavity remodeling (r = –0.47, p = 0.012) (Figure 7.8). 

Conversely, analysis of longitudinal changes revealed a statistically significant positive 

correlation between LVEDV_3D difference and AOC3 difference (r = 0.50, p < 0.001), 

indicating that an increase in AOC3 levels over time is associated with progressive left 

ventricular dilation (Figure 7.9). 

Regarding systolic function, a significant negative correlation was identified between the 

change in three-dimensional ejection fraction (LVEF_3D difference) and the change in AOC3 

levels (r = –0.45, p = 0.049). This association suggests that rising AOC3 levels are accompanied 

by a mild deterioration in left ventricular systolic function, supporting a potential role of this 

molecule in adverse cardiac remodeling—both structural and functional (Figure 7.10). 

 



                   

 
Figura 6.8. Correlation between the change 

in three-dimensional left ventricular end-

diastolic volume (LVEDV_3D difference) 

and baseline serum AOC3 concentration 

(AOC3_V1) (r = –0.47) 

                   

 
Figura 6.9. Correlation between the change 

in three-dimensional left ventricular end-

diastolic volume (LVEDV_3D difference) 

and the change in serum AOC3 

concentration (AOC3 difference) (r = 0.50) 

 

                   
Figura 6.10. Correlation between the change in three-dimensional left ventricular ejection 

fraction (LVEF_3D difference) and the change in serum AOC3 concentration (AOC3 

difference) (r = –0.45) 

 

6.3.7. Correlation Between CST3 and Left Ventricular Remodeling 

A statistically significant positive correlation was identified between the change in three-

dimensional end-diastolic volume (LVEDV_3D difference) and the change in CST3 levels 

(CST3 difference) (r = 0.58, p = 0.018), suggesting that an increase in CST3 during the follow-

up period is associated with progressive left ventricular cavity dilation (Figure 6.11). 

In addition, a significant negative correlation was found between LVEDV_3D difference 

and baseline CST3 levels (CST3_V1) (r = –0.60, p = 0.014), which may suggest a protective 



effect of higher initial CST3 values or a complex time-dependent behavior of this biomarker 

depending on the timing of evaluation (Figure 6.12). 

Regarding systolic function, a statistically significant negative correlation was observed 

between the change in three-dimensional ejection fraction (LVEF_3D difference) and the 

change in CST3 levels (r = –0.52, p = 0.011), indicating that rising CST3 concentrations over 

time are associated with a deterioration in left ventricular systolic function (Figure 6.13). 

These findings support a potential involvement of CST3 in pathological ventricular 

remodeling, with implications for both myocardial structure and function. 

 

                            
Figura 6.11. Correlation between the change in three-dimensional left ventricular end-diastolic 

volume (LVEDV_3D difference) and baseline serum CST3 concentration (CST3_V1) (r = –

0.60) 

 

                  

 
Figura 6.12. Correlation between the 

change in three-dimensional left ventricular 

end-diastolic volume (LVEDV_3D 

difference) and the change in serum CST3 

concentration (CST3 difference) (r = 0.58) 

                 

 
Figura 6.13. Figure 6.13. Correlation 

between the change in three-dimensional 

left ventricular ejection fraction (LVEF_3D 

difference) and the change in serum CST3 

concentration (CST3 difference) (r = –0.52)



 

6.3.8. Correlation Between FETUB and Left Ventricular Remodeling 

The results revealed a statistically significant positive correlation between the change in 

FETUB levels and the change in three-dimensional end-diastolic volume (LVEDV_3D 

difference) during the follow-up period (r = 0.52, p < 0.05) (Figure 7.14). This association 

indicates that patients with an increase in serum FETUB levels over time also exhibited a 

tendency toward increased LVEDV, an echocardiographic marker of cavity dilation. Thus, 

FETUB difference may represent a potential indicator of an adverse remodeling process, 

possibly reflecting subclinical activation of inflammatory or fibroproliferative mechanisms. 

Conversely, analysis of baseline FETUB levels (FETUB_V1) showed a statistically 

significant negative correlation with LVEDV_3D difference (r = –0.55, p = 0.049) (Figure 

7.15). This relationship suggests that higher initial FETUB concentrations may be associated 

with a less pronounced progression of ventricular dilation over time, potentially reflecting a 

transient compensatory or protective effect in the early stages of cardiac remodeling. 

Therefore, the findings support a bidirectional dynamic behavior of FETUB depending 

on the timing of evaluation: while elevated baseline values might reflect a relatively favorable 

compensatory state, a sustained increase in FETUB over time appears to be associated with 

progressive structural deterioration. 

                 

 
Figura 6.14. Correlation between the 

change in three-dimensional left 

ventricular ejection fraction (LVEF_3D 

difference) and the change in serum 

FETUB concentration (FETUB difference) 

(r = –0.52) 

                  

 
Figura 6.15. Correlation between the 

change in three-dimensional left ventricular 

end-diastolic volume (LVEDV_3D 

difference) and baseline serum FETUB 

concentration (FETUB_V1) (r = –0.55)

 



6.4. Discussions 

 

The findings of this study highlight the significant potential of several circulating 

biomarkers—belonging to the families of cell adhesion molecules, proteases, and their 

inhibitors—in monitoring and understanding the process of left ventricular remodeling 

following acute myocardial infarction. Correlation analyses demonstrated significant 

associations between changes in these biomarkers and key echocardiographic parameters, both 

volumetric (3D-LVEDV) and functional (3D-LVEF), providing an expanded perspective on 

the biological processes involved in the progression of patients with ischemic cardiac injury. 

The results revealed that several serum biomarkers are associated with echocardiographic 

parameters of post-infarction left ventricular remodeling. NCAM1 was negatively correlated 

with systolic function and positively correlated with cavity dilation, suggesting its involvement 

in adverse structural and functional remodeling. PRCP and NRP1 exhibited a biphasic 

behavior, with baseline levels favorably associated with clinical evolution, while subsequent 

increases were correlated with ventricular dysfunction and dilation—indicating a potential dual 

role: early protective and late maladaptive. AOC3 appeared to exert a protective effect during 

the acute phase, but was associated with inflammatory and adverse remodeling potential over 

time. CST3 and FETUB showed a similar pattern, with initial protective roles followed by 

positive correlations with cavity dilation and declining systolic function, suggesting 

involvement in progressive inflammation and fibrosis. 

Overall, these findings support the concept that post-infarction remodeling is governed 

by a complex interplay between compensatory processes and progressive pathological 

mechanisms, mediated by molecular interactions detectable through circulating biomarkers. 

However, interpretation of these results should be approached with caution in light of certain 

limitations, including the observational nature of the study, the inability to establish direct 

causality, and the lack of stratification based on infarct severity, treatment type, or 

comorbidities. 

 

6.5. Conclusions 

 

This study provides a meaningful contribution to the understanding of the role of 

biomarkers involved in inflammation, cell adhesion, and tissue remodeling in ischemic heart 

disease. The results support the need for continued research in this area and the development 

of complex predictive models that integrate both biological markers and advanced 



echocardiographic parameters, with the goal of personalizing therapeutic strategies and 

improving the prognosis of patients with acute myocardial infarction. 

 

10. Conclusions and Personal Contributions 

 

The present thesis aimed to address a fundamental objective in contemporary clinical 

practice: the identification of more sensitive and integrative methods for evaluating patients 

with acute myocardial infarction, with the goal of predicting adverse ventricular remodeling 

and improving long-term functional outcomes. The study was structured along four principal 

directions, each contributing meaningfully to the validation of the proposed hypotheses and to 

the formulation of clinically and scientifically relevant conclusions. 

Firstly, it was demonstrated that the myocardial work quantification method—derived 

from global longitudinal strain and arterial blood pressure—is reproducible both intra- and 

inter-observer, including among echocardiographers with varying levels of experience 

(advanced, intermediate, and beginner). The consistent reproducibility across experience levels 

supports the standardization of this technique and its applicability in multicenter studies or in 

long-term monitoring of patients with ischemic heart disease. 

Secondly, the impact of systemic inflammation on myocardial performance was explored 

using C-reactive protein (CRP) as a standardized biomarker. Elevated CRP levels were found 

to be associated with reduced myocardial work efficiency and increased ineffective energy 

consumption, suggesting a direct negative functional impact of inflammation on the 

myocardium. This relationship underscores the role of inflammation not merely as a secondary 

effect but as an active mechanism in the deterioration of myocardial contractility. These data 

support the integration of inflammatory markers into predictive models of ventricular 

dysfunction, alongside traditional imaging parameters. 

The study also demonstrated the involvement of vascular cell adhesion molecule-1 

(VCAM-1) in myocardial remodeling after acute myocardial infarction, identifying a 

significant association between its serum levels and echocardiographic parameters indicative 

of cavity dilation and reduced ejection fraction at 6–8 weeks post-infarction. These findings 

support the prognostic potential of VCAM-1 as a circulating biomarker for risk stratification 

of adverse ventricular remodeling in patients with acute coronary syndrome. 



A major contribution of the thesis was the integration and analysis of several emerging 

serum biomarkers—including AOC3, CST3, NCAM-1, PRCP, FETUB, and NRP1—that have 

been scarcely studied in the context of post-infarction remodeling. Correlational analyses 

revealed dynamic and often biphasic behavior of these proteins: elevated baseline levels of 

some markers were associated with favorable echocardiographic progression, suggesting a 

potential protective role in the acute phase; in contrast, increases in these markers over time 

were associated with progressive cavity dilation and decreased ejection fraction, indicating a 

transition toward adverse remodeling. These findings support the notion that post-ischemic 

remodeling is influenced not only by ischemia and myocardial necrosis but also by immune, 

inflammatory, and tissue reorganization processes reflected at the molecular level. 

Personal contributions include: 

• Conducting the first Romanian clinical study to assess the interobserver reproducibility 

of myocardial work across different levels of echocardiographic experience, with 

methodological implications for validating and expanding this technique in current practice; 

• Demonstrating for the first time in Romanian literature a direct relationship between 

CRP and global work efficiency (GWE), thereby adding clinical value to a recently introduced 

imaging parameter; 

• Performing the first correlative assessment between VCAM-1 and left ventricular 

remodeling parameters assessed by three-dimensional echocardiography in patients with acute 

coronary syndrome, supporting its potential prognostic role in early identification of patients 

at high risk for adverse remodeling and its inclusion in future post-infarction risk stratification 

algorithms. 

• Integrating novel biomarkers of inflammation and immune response (including AOC3, 

NCAM1, PRCP, FETUB, and CST3) into an advanced 3D echocardiographic analysis; 

• Proposing a model for integrative interpretation of volumetric and functional changes 

of the left ventricle in correlation with biomarker dynamics; 

• Participating in the standardization of the repeated echocardiographic acquisition 

protocol within the same center, with direct applications in clinical research and 

echocardiographic practice. 

The study offers several technical and methodological strengths, including the use of 

advanced imaging technology (3D echocardiography), dynamic patient assessment post-

infarction, and the integration of imaging data with serum biomarker profiles. Furthermore, 

this complex and multidimensional analytical approach enables a more comprehensive 



understanding of the subtle pathological processes that precede overt dysfunction and may 

guide early and personalized therapeutic interventions. 

Future research directions include validating these biomarkers in large and diverse 

cohorts, integrating them into composite clinical scores that incorporate imaging and 

serological data, exploring the therapeutic role of anti-inflammatory and immunomodulatory 

interventions, and developing predictive models for individualized risk stratification of adverse 

remodeling. 

In conclusion, this doctoral thesis makes a relevant and original scientific contribution to 

the fields of cardiovascular imaging and circulating biomarkers. By demonstrating a significant 

relationship between systemic inflammation, molecular markers, and advanced 

echocardiographic parameters, the study provides a solid foundation for enhancing the 

understanding of cardiac remodeling and for developing personalized prevention and treatment 

strategies in acute myocardial infarction. 

 

References 

1. Byrne RA, Rosello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, Claeys MJ, 

et al. 2023 ESC Guidelines for the management of acute coronary syndromes. Eur Heart J 

2023; 44, 3720–3826.. 

2. Marzlin N, Hays AG, Peters M, Kaminski A, Roemer S, O'Leary P, Kroboth S, 

Harland DR, Khandheria BK, Tajik AJ, Jain R. Myocardial Work in Echocardiography. Circ 

Cardiovasc Imaging. 2023 Feb;16(2):e014419.. 

3. Coisne A, Fourdinier V, Lemesle G, et al. Clinical significance of myocardial 

work parameters after acute myocardial infarction. Eur Heart J Open. 2022;2(3):oeac037.. 

4. Mitchell C, Rahko PS, Blauwet LA, et al. Guidelines for performing a 

comprehensive transthoracic echocardiographic examination in adults: recommendations from 

the American Society of Echocardiography. J Am Soc Echocardiogr. 2019;32(1):1-64.. 

5. Meimoun P, Abdani S, Stracchi V, et al. Usefulness of noninvasive myocardial 

work to predict left ventricular recovery and acute complications after acute anterior 

myocardial infarction treated by percutaneous coronary intervention. J Am Soc Echocardiogr. 

2020;33(10):1251-1259.. 

6. Vanhaverbeke M, Veltman D, Pattyn N, De Crem N, Gillijns H, Cornelissen V, 

Janssens S, Sinnaeve P, C-reactive protein durinf and after myocardial infarction in relation to 



cardiac injury and left ventricular function at follow-up, Clinical Cardiology. 2018; 41: 1201-

1206. 

7. Mares, R.G., G. Marinkovic, O.S. Cotoi, and A. Schiopu. “Innate Immune 

Mechanisms in Myocardial Infarction – An Update.” Revista Română de Medicină de 

Laborator 26, no. 1 (2018): 9–20.. 

8. Zimmer, A., A. Bagchi, K. Vanayak, A. Bello-Klein, and P. Singal. “Innate 

Immune Response in the Pathogenesis of Heart Failure in Survivors of Myocardial Infarction.” 

American Journal of Physiology – Heart and Circulatory Physiology 316 (2019): H435–H445.. 

9. Martin, G., J. Sutton, and N. Sharpe. “Left Ventricular Remodeling after 

Myocardial Infarction.” Circulation 101 (2000): 2981–2988. 

10. Meimoun, P.; Abdani, S.; Stracchi, V.; Elmkies, F.; Boulanger, J.; Botoro, T.; 

Zemir, H.; Clerc, J. Usefulness of Noninvasive Myocardial Work to Predict Left Ventricular 

Recovery and Acute Complications after Acute Anterior Myocardial Infarction Treated by 

Percutaneous Coronary Intervention. J. Am. Soc. Echocardiogr. 2020, 33, 1180–1190. 

[CrossRef] [PubMed]. 

11. Lustosa, R.P.; van der Bijl, P.; El Mahdiui, M.; Montero-Cabezas, J.M.; 

Kostyukevich, M.V.; Marsan, N.A.; Bax, J.J.; Delgado, V. Noninvasive Myocardial Work 

Indices 3 Months after ST-Segment Elevation Myocardial Infarction: Prevalence and 

Characteristics of Patients with Postinfarction Cardiac Remodeling. J. Am. Soc. Echocardiogr. 

2020, 33, 1172–1179. [CrossRef] [PubMed]. 

12. Orn S, Mahenke C, Ueland T, Damas J, Mollens T, Edvarsen T, Aukrust P, 

Disckstein K. C-ractive protein, infarct zise, microvascular obstruction and left-ventricular 

remodelling following acute myocardial infarction. European Heart Journal (2009) 30, 1180-

1186. 

13. Khullar, N., A.J. Buckley, C. O’Connor, I. Alsamawal, A. Catriona, C. Ciara, 

A. Samer, and T. Kiernan. “Peak Troponin T in STEMI: A Predictor of All-Cause Mortality 

and Left Ventricular Function.” Open Heart 9 (2022): e001863.. 

14. McLeod, P., S. Coffey, K. Sneddon, M. Williams, A. Kerr, and J. Pemberton. 

“Clinically Acquired High Sensitivity Cardiac Troponin T Is a Poor Predictor of Reduced Left 

Ventricular Ejection Fraction after ST Elevation Myocardial Infarction: A National Cohort 

Study–ANZACS-QI 65.” Heart, Lung and Circulation (2022): 1513–1523.. 

15. Simóteo, A.T., L.M. Branco, A. Galrinho, P. Rio, A.L. Papoila, M. Alves, R.C. 

Ferreira. “Global Left Ventricular Myocardial Work Index and Medium-Term Adverse 



Cardiovascular Events after ST-Elevation Myocardial Infarction.” International Journal of 

Cardiology 399 (March 15, 2024): 131781.. 

16. Troncoso, A. F., Ortiz-Quintero, J., Garrido-Moreno, V., Sanhueza-Olivares, F., 

Guerrero-Moncayo, A., Chiong, M., Castro, P. F., García, L., Gabrielli, L., Corbalán, R., 

Garrido-Olivares, L., & Lavandero, S. (2021). VCAM-1 as a predictor biomarker in 

cardiovascular disease. Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, 

1867(9), 166170.. 

17. M.R. Mashru, V.K. Shah, S.L. Soneji, Y.S. Loya, J.B. Vasvani, S. Payannavar, 

A. Walvalkar, S.S. Mithbawkar, R. Mokal, K. Kudalkar, A. Abraham, P.K. Thakur, K.K. 

Shalia, Soluble levels of cell adhesion molecules (CAMs) in coronary artery disease, Indian 

Heart J. 62 (2010) 57–63.. 

18. 142.  N.T. Mulvihill, J. Foley, R. Murphy, P. Crean, M. Walsh, Evidence of 

prolonged inflammation in unstable angina and non–Q wave myocardial infarction, J. Am. 

Coll. Cardiol. 36 (2000) 1210–1216.. 

19. Pickett JR, Wu Y, Zacchi LF, Ta HT. Targeting endothelial vascular cell 

adhesion molecule-1 in atherosclerosis: drug discovery and development of vascular cell 

adhesion molecule-1-directed novel therapeutics. Cardiovasc Res. 2023;119(13):2278–2293.. 

20. Nagao K, Ono K, Iwanaga Y, Tamaki Y, Kojima Y, Horie T, Nishi H, Kinoshita 

M, Kuwabara Y, Hasegawa K, Kita T, Kimura T. Neural cell adhesion molecule is a 

cardioprotective factor up-regulated by metabolic stress. J Mol Cell Cardiol. 2010 

Jun;48(6):1157-68.. 

21. Yu P, Zhao J, Jiang H, Liu M, Yang X, Zhang B, Yu Y, Zhang L, Tong R, Liu 

G, Chen R, Zou Y, Ge J. Neural cell adhesion molecule-1 may be a new biomarker of coronary 

artery disease. Int J Cardiol. 2018 Apr 15;257:238-242.. 

22. Hao P, Liu Y, Guo H, Zhang Z, Chen Q, Hao G, Zhang C, Zhang Y. 

Prolylcarboxypeptidase Mitigates Myocardial Ischemia/Reperfusion Injury by Stabilizing 

Mitophagy. Front Cell Dev Biol. 2020 Oct 22;8:584933.. 

23.  Adams GN, Stavrou EX, Fang C, Merkulova A, Alaiti MA, Nakajima K, 

Morooka T, Merkulov S, Larusch GA, Simon DI, Jain MK, Schmaier AH. 

Prolylcarboxypeptidase promotes angiogenesis and vascular repair. Blood. 2013 Aug 

22;122(8):1522-31.. 

24.  Domingues A, Fantin A. Neuropilin 1 Regulation of Vascular Permeability 

Signaling. Biomolecules. 2021 Apr 29;11(5):666.. 



25. Wang Y, Cao Y, Yamada S, Thirunavukkarasu M, Nin V, Joshi M, Rishi MT, 

Bhattacharya S, Camacho-Pereira J, Sharma AK, Shameer K, Kocher JP, Sanchez JA, Wang 

E, Hoeppner LH, Dutta SK, Leof EB, Shah V, Claffey KP, Chini EN, Simons M, Terzic A, 

Maulik N, Mukhopadhyay D. Cardiomyopathy and Worsened Ischemic Heart Failure in 

SM22-α Cre-Mediated Neuropilin-1 Null Mice: Dysregulation of PGC1α and Mitochondrial 

Homeostasis. Arterioscler Thromb Vasc Biol. 2015 Jun;35(6):1401-12.. 

26.  Zhu K, Wang Y, Shu P, Zhou Q, Zhu J, Zhou W, Du C, Xu C, Liu X, Tang L. 

Increased serum levels of fetuin B in patients with coronary artery disease. Endocrine. 2017 

Oct;58(1):97-105.. 

27.  S.H. Jung, K.J. Won, K.P. Lee, H.J. Kim, E.H. Seo, H.M. Lee, E. S. Park, S.H. 

Lee, B. Kim, The serum protein fetuin-B is involved in the development of acute myocardial 

infarction. Clin. Sci. 129 (1), 27–38 (2015).. 

28.  Salmi M, Jalkanen S. VAP-1: an adhesin and an enzyme. Trends Immunol. 

2001 Apr;22(4):211-6.. 

29. Ichimoto E, Jo K, Kobayashi Y, Inoue T, Nakamura Y, Kuroda N, Miyazaki A, 

Komuro I. Prognostic significance of cystatin C in patients with ST-elevation myocardial 

infarction. Circ J. 2009 Sep;73(9):1669-73.. 

30.  Ix JH, Shlipak MG, Chertow GM, Whooley MA. Association of cystatin C with 

mortality, cardiovascular events, and incident heart failure among persons with coronary heart 

disease: data from the Heart and Soul Study. Circulation. 2007 Jan 16;115(2):173-9.. 

31.  Lou B, Luo Y, Zhang H, Wu H, Jiang GT, Liu H, Kan K, Hao X, Sun L, Yuan 

Z, She J. Association between Cystatin C and Cardiac Function in Acute Myocardial Infarction 

Patients: A Real-World Analysis. Dis Markers. 2022 Apr 23;2022:7267937. 

 


