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Abstract

Hypertension is one of the leading causes of cardiovascular diseases, and the condition causes
several changes in the heart muscles now referred to as cardiac remodeling. This case-control,
cross-sectional study aims to investigate the dynamic changes in hypertensive cardiac
morphology and function in patients over time with a follow-up period of 5 years, looking at left
ventricular mass, myocardial fibrosis, diastolic and systolic dysfunction, and cardiovascular
biomarkers. In the current study, hypertensive patients’ cohort was investigated with
echocardiography, cardiac magnetic resonance imaging and strain analysis and measurement of

natriuretic peptides and inflammatory biomarkers. The findings presented in the study show an
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increase in LVMI while there is a transition from compensatory to the detrimental form of
cardiac hypertrophy as diagnosed by LGE and higher ECV. This was associated with a
progressive decrease in GLS of the left ventricle, an early measure of systolic function even
when LVEF remains apparently preserved. This led to a deterioration of diastolic function with
increased E/e’ ratio and reduced mitral inflow velocities, increased LAVI and higher risk for the
development of atrial fibrillation. High BNPs and elevated hs-TnT index indicated the increase
of myocardial stress level and subclinical cardiac damage. thereby, early diagnosis and treatment
of hypertensive cardiac remodeling recognized the fact that hypertensive cardiac remodeling
plays a critical role in the increasing incidence of cardiovascular events, which include heart
failure, arrhythmia, stroke among others. These findings suggest routine, expanding clinical
practice that involves myocardial strain measurement, fibrosis imaging, and biomarkers
assessment in hypertensive patients. Several interventions for consistently lowering blood
pressure, reducing myocardial fibrosis, and clearing inflammation may play the core role in
slowing the disease progress. These findings offer vital knowledge of the calendar and ways in
which hypertensive heart disease occurs and which other disease develops, and it presents
helpful information to use in regard to future research in arresting other unfavorable cardiac
consequences among hypertensive patients.

Keywords: Hypertension, cardiac remodeling, left ventricular hypertrophy, myocardial fibrosis,
diastolic dysfunction, systolic dysfunction, global longitudinal strain, heart failure, atrial
fibrillation, cardiovascular biomarkers.

Introduction

High blood pressure also known as hypertension is one of the key lifestyle diseases that is a
substantial cause of CVDS and a burden to both the individual and society (Williams et al.,
2018). Hypertension affects more than 1.28 billion adults worldwide, and a significant number of
them have a primary diagnosis and insufficient treatment (Mills et al., 2020). Organ damage in
hypertension occurs as a result of chronic elevated afterload which leads to a series of
pathological and morphological changes of the heart tissue known as cardiac remodeling(Cohn et
al., 2000). Although LV remodeling does afford initial protection to the heart and helps in

maintaining adequate cardiac output; chronic and recurrent hemodynamic stress brings about
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further deterioration that primarily leads to heart failure, arrhythmias as well as ischemic heart
disease (Borlaug and Paulus, 2011).

Cardiac remodeling in hypertension involves progressive changes in myocardial morphology and
structure such as left ventricular hypertrophy, myocardial fibrosis, increased left atrial size and
changes in systolic and diastolic functions,(Drazner, 2011). LVH mainly results from chronic
pressure overload that subjects the left ventricle to a process that increases the wall thickness and
mass of the LV; this condition is often quantified using LVMI (Ganau and d’Amati, 1992). This
particular structural modification seems to be initially useful in sustaining ventricular function,
yet prolonged hypertrophy leads to an increase within myocardial oxygen demand, a decline in
coronary supply, and progressive myocardial fibrosis which further limits cardiac function
(Weber & Brilla, 1991). Myocardial fibrosis is defined by deposition of excessive collagen in the
matrix of fibrosis, this results in myocardial stiffness and diastolic dysfunction all of which
characterised hypertensive heart disease (Zile & Brutsaert, 2002).

Diastolic dysfunction, which is a result of hypertension, is usually asymptomatic in the early
stage and may lead to HFpEF, which has been receiving attention from researchers in the recent
past. It has been documented that E/e’ ratio from doppler echocardiography is a marker of
diastolic dysfunction in hypertensive patients (Nagueh et al., 2016). Furthermore, left atrial
hypertrophy, another haemodynamic change in hypertensive cardiac remodeling, also attributed
to chronic pressure overload, raises an echocardiographic risk factor of producing atrial
fibrillation and thromboembolic risk factors (Tsang et al., 2005). Though LVEF is still valuable
in the evaluation of systolic function, updated speckle tracking echo technology have also shown
the global longitudinal strain (GLS), which is found to be a newer marker for the subclinical
systolic dysfunction in hypertensive patients (Marwick et al., 2015).

The RAAS is therefore a significant factor in the orchestrating of pathophysiological changes
associated with hypertensive cardiac remodeling. RAAS consists of angiotensin Il that influences
vasoconstriction, sodium reabsorption and cardiomyocyte as well as fibroblast hypertrophy as
well (Schmieder et al.,2007). Aldosterone also promotes fibrosis, fibroblast quantity and quantity
collagen in myocardium, which results in increased stiffness and decreased relaxation (Brown,

2003). However, the sympathetic nervous system (SNS) is also activated in hypertension and it
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leads to increased heart rate, cardiac work and vascular oxidative stress that also act as an
effective stimulus for myocardial remodeling (Esler et al., 2010).

The clinic implications of hypertensive cardiac remodeling are very important. Several
longitudinal epidemiological studies have shown that LVH is an independent risk factor for both
fatal and non-fatal CV events, including stroke, heart failure and sudden cardiac death (Levy et
al., 1990; Verdecchia et al., 2004). Furthermore, it has been reported that myocardial fibrosis
indicated by LGE on cardiac MRI can portend a high tendency of ventricular arrhythmic events
and adverse cardiac outcomes (Gulati et al., 2013). Therefore, the present study indicates the
necessity of early diagnosis and the use of treatment strategies that would prevent further cardiac
remodeling of hypertensive heart disease.

Specific pharmacological treatments that have been proposed to block components of the RAAS,
in-fact ACE inhibitors and ARBs are proven to have a positive effect in the reduction of LVH
and the inhibition of fibrosis (Solomon et al., 2007). Other selective blockers that have been also
pulled off as having the impact on the myocardial stiffness include the mineralocorticoid
receptor antagonists, including the spironolactone. Apart from pharmacologic therapy, sodium
salt restriction, weight loss, and aerobic exercise are crucial in the non-pharmacologic
management of hypertensive cardiac remodeling (Briasoulis et al., 2012).

However, several issues regarding the time course and the development of hypertensive cardiac
remodeling are still obscure even though great progress has been made in this field. Therefore,
there is a strong need to carry out long-term investigations that aim to track the pattern of these
changes in order to define the phenotypic markers of adverse remodeling. Therefore, the primary
objective of this research proposal is to determine the temporal changes in cardiac structure and
function in patients with hypertension utilizing echocardiographic, CMR, as well as biochemical
markers. Thus, with the aim of identifying key biomarkers to predict the development of
hypertensive heart disease and in order to design effective prevention strategies, this study
proposes a detailed analysis of the structural and functional changes in the disease process.
Literature Review

Hypertension is a known universal condition that acts as a major public health issue that poses

threat to individuals’ cardiovascular health. Hypertension is continuous pressure on the
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cardiovascular system that brings about alteration in structure and function commonly referred to
as cardiac remodeling. In recent years, much effort has been devoted to the understanding of the
processes, progression, and consequences of hypertensive heart changes. This section thus
discusses the literature on the mechanism for HHD, the timeline of changes, Effects, and New
ideas on how to reverse the remodelling process.

Left Ventricular Hypertrophy and Structural Remodeling

This hypertensive cardiac remodeling has been a subject of interest for many years and the most
thoroughly researched is the LVH, which has been found to be a primary predictor of further
clinical complications (Kizer et al., 2004). Chronic hypertension exerts high pressure on the LV
wall putting pressure on the cardiomyocytes to increase their size, synthesis of proteins and alter
the fibers arrangement (Diez, 2010). These changes are not uniform throughout the ventricular
walls and the LVH brings about changes in geometry that are not uniform across the population
and hypertensive individuals show predominantly concentric hypertrophy. Concentric
hypertrophy involving the wall thickness of left ventricle with normal or even reduced cavity
volume or end-diastolic volume is essentially due to pressure overload (Drazner et al., 2005). On
the other hand, concentric hypertrophy characterized by increased wall thickness and reduced
chamber size is typically seen in pressure overload and is best explained as a component of
hypertensive heart disease primarily seen in the later stages (Matsui et al., 2011).

The Internet and electronic devices have clearly become an integral part of people's lifestyle,
especially the youths. Some of the initial works done on animal models also showed that chronic
exposure to hypertension exposes the heart to myocardial fibrosis, which causes stiffness and
poor ventricular filling (Rosenkranz, 2004). The deposition of Collagen in ECM is attributed to
activation of fibroblasts and increased levels of profibrogenic stimuli including TGF-8 and MMP
(Sun and Chua, 2016). Myocardial fibrosis is compounded with oxidative stress and chronic
inflammation that causes endothelial dysfunction and capillary rarefaction (Virdis et al., 2010).
Fibrosis can be identified non-invasively by cardiac magnetic resonance imaging, particularly
LGE which has been strongly associated with increased risk of arrhythmias and heart failure in
hypertensive patients (H-statistic, p<.05; Gulati et al., 2014).

Diastolic Dysfunction and Heart Failure with Preserved Ejection Fraction (HFpEF)
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Diastolic dysfunction due to hypertension is another type of cardiac remodeling that has received
much attention. Diastolic dysfunction stems from abnormalities in the diastolic properties of the
myocardium due to changes in sociodemographic profile; reduced ventricular compliance,
impaired relaxation, and left atrial enlargement; and reaching the stage of HFpEF (Shah et al.,
2016). Doppler echocardiography has been shown to be effective in evaluating diastolic
dysfunction with E/A ratio, E/e’ ratio, and left atrial volume index being used (Pieske et al.,
2019). Cross-sectional studies have shown that hypertensive patients with mild diastolic
dysfunction are likely to develop cardiovascular problems, such as atrial fibrillation and
thromboembolic events (Karam et al., 2020). Furthermore, left atrial enlargement due to chronic
elevation of left ventricular filling pressures is a determinant of chronic diastolic dysfunction,
and several studies have associated it with increased risk of stroke and systemic embolism
(Abhayaratna et al., 2006).

Subclinical Systolic Dysfunction and Global Longitudinal Strain (GLS)

Notably, systolic dysfunction in hypertension has also been identified as another early sign of
ventricular dysfunction. Currently, conventional ejection fraction (using LVEF as an example) is
frequently normal in hypertensive patients; nonetheless, speckle-tracking echocardiography
aimed at myocardial deformation indicated that GLS is abnormal (Lindman et al., 2014). GLS
has been proven to reduce in hypertensive patients, prior to the development of heart failure
symptoms (Kosmala et al., 2017). Such findings indicate that myocardial deformation imaging
might have the potential for screening early systolic dysfunction and risk stratification in
hypertensives.

The Role of the Renin-Angiotensin-Aldosterone System (RAAS) in Cardiac Remodeling
Renin Angiotensin Aldosterone System (RAAS) has been extensively involved in the profile of
hypertensive cardiac remodeling. RAAS activation increases the levels of angiotensin Il which
causes vasoconstriction, inflammation and myocardial fibrosis as stated by Nishikawa et al.
Aldosterone, another component of RAAS, also impounds adverse force on cardiac remodeling
through the promotion of fibroblast multiplication as well as the retention of sodium. It can be
considered that ACE inhibitors and ARBs which are the part of the RAAS inhibitors are
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effective in preventing the cardiac remodeling process. Other clinical trials of ACE inhibitors
have established that enalapril and lisinopril-reduced left ventricular mass and enhanced diastolic
function in patients with hypertension (Solomon & Lee, 2019). ARBs like losartan and valsartan
have also been proved to have similar effect in suppressing myocardial fibrosis and enhancing
myocardial performance (Yusuf et al., 2016). In addition, mineralocorticoid receptor antagonists
(MRAs) such as spironolactone and eplerenone shown to have antifibrotic properties, so these
drugs could be considered for treatment of HFpEF patients with hypertensive heart disease
(Zannad et al., 2011).

Lifestyle Modifications and Non-Pharmacologic Interventions

Apart from medicinal management, non-pharmacological measures are pivotal in the prevention
and reversal of hypertensive cardiac remodeling. Sodium reduction has proved to have efficacy
on reducing blood pressure and an effect on the left ventricular mass (He et al., 2013). Aerobic
training has also been speculated to enhance diastolic function and to decrease myocardial
fibrosis due to improvement in endothelial function and autonomic tone (Hambrecht and co-
authors, 2000). Furthermore, weight loss interventions particularly from hypertensive obese
individuals have been confirmed to enhance the left ventricular functional capacity as well as
decreasing the cardiovascular risk (Neter et al., 2003).

Emerging Biomarkers and Imaging Modalities

New biomarkers and imaging technologies have been developed and explored to enhance
diagnostics of hypertensive myocardium remodeling and risk stratification. Some of the most
important biomarkers include brain natriuretic peptide and the high-sensitivity troponin in
hypertensive patients, where myocardial stress and fibrosis can be detected (Wang et al., 2021).
Also, Cardiac MRI T1-mapping becomes attractive for assessment of diffuse myocardial fibros,
enlargement concerning the conventional LGE imaging depicting morphometrical changes
(Messroghli et al., 2017). Such developments in cardiovascular diagnosis may further help
identify at-risk patients more accurately right from the start and help frame better management
protocols.

However, there are certain weaknesses nonetheless in the extant literature focusing on

hypertensive cardiac remodeling. There is still uncertainty regarding the timeline of remodeling
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for the structure and function of hypertension in a hypertensive population hence the need for
well-controlled longitudinal studies with a view of charting the pattern of remodeling over a
period. Moreover, the effects of new antihypertensive agents, namely neprilysin inhibitors, as
well as sodium-glucose cotransporter-2 (SGLT2) inhibitors are not specifically studied explicitly
regarding the cardiac remodeling. Future work is also required to examine the genotype and
phenotype correlation in hypertensive heart disease more adeptly, given that a number of new
studies indicate that genetic factors may modulate remodeling responses in cardio-subjects
(Arnett et al., 2014).

In summary, hypertensive cardiac remodeling can be defined as a dynamic and multifactorial
process. Further studies should be conducted in order to delineate the biomarkers and the
molecular pathways underlying diagnostic techniques, potential therapeutic targets, and the best
treatment course to reduce the durable cardiovascular risk in hypertensive patients

Methodology

Study Design and Population

This study used a prospective cohort design to evaluate structural and functional changes in the
heart among patients with hypertension in a period of 5 years. The present study was initially
carried out in a tertiary cardiovascular institution, and the participants were selected from various
hypertension clinic practice settings. The main goal of this study was to ascertain how the
structural and functional properties of myocardium evolve over this period by means of imaging
studies, enzymes, and clinical examination. This research work received ethical approval from
the campus institutional review board; all the participants also agreed to participate in the study
and signed and consent form.

Thus, the study population comprised individuals > 35 years old with previously diagnosed
essential hypertension, EI, who have SBP > 140 or DBP > 90 mmHg confirmed on tripscreen in
a clinical setting. The exclusion criteria included secondary hypertension, valvular heart disease,
heart failure, congenital heart abnormalities such as septal defects, or prior myocardial infarction
since all these conditions affect cardiac remodeling. To eliminate confounding variables that may
influence the myocardial structure and function, patients with poorly controlled diabetes, chronic

kidney illness (stage 3 and above), or active malignancy were also excluded from the study.
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Clinical and Biochemical Assessment

Socio-demographic data such as age, gender, BMI, smoking status, history of medication use and
physical activity level were obtained from the subjects at the time of consent. Blood pressure
readings were made using ambulatory blood pressure monitoring (ABPM) to see how much the
pressure fluctuates over a cycle of 24 hours, which is one way through which blood pressure
influences remodelling of the heart. Moreover, the patient’s blood pressure at their workplace
was measured with an oscillometric device at each follow-up visit.

The occurrence of cardiac stress and myocardial injury was determined at the baseline as well as
at subsequent one-year intervals through biochemical evaluation. High-sensitivity Troponin T
(hs-TnT) and B-Type natriuretic peptide (BNP) concentrations were assessed using enzyme
linked immunosorbent assay (ELISA). CRP and IL 6 were measured to determine the level of
system inflammation that was linked with cardiac remodeling. Besides, fasting glucose, lipid
profile, renal function, electrolytes were determined to evaluate the metabolic condition that
could affect myocardial function.

Cardiac Imaging and Structural Analysis

Evaluations were made using transthoracic echocardiography, cardiac MRI1 and speckle tracking
echocardiography to monitor myocyte remodeling. Echocardiographic measures were performed
according to the guidelines of the American Society of Echocardiography (ASE) and the
European Association of Cardiovascular Imaging (EACVI).

Left ventricular hypertrophy was evaluated based on the left ventricular mass index (LVMI),
relative wall thickness (RWT), and septal/posterior wall thickness. Assessment of LVMI was
done using Devereux formula and it was later on indexed to the body surface area. LVH was
defined according to gender-specific cut points which include those with LVMI of > 115 g/m2
among the male participants and > 95 g/m2 among the female participants. Pulmonary
hypertension was assessed by the time-averaged peak velocity of tricuspid regurgitation jet,
tricuspid annular planar movement velocity-time integral, cardiopulmonary exercise test and
brain natriuretic peptide (BNP) levels were obtained. These parameters were used to monitor the

progression of diastolic dysfunction, which is an early sign of hypertensive heart disease.
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To measure the extent of myocardial fibrosis that underlies the maladaptive remodeling
processes, LGE-CMR was applied. In LGE imaging, methods of T1 mapping that could be used
to evaluate diffuse interstitial fibrosis were applied. The extent of fibrosis was estimated by
dividing the cases into groups as mild, moderate, and severe, by using ECV measurement. This
provided a better assessment of subclinical fibrosis progression in the myocardium, which may
be evident before systolic dysfunction.

Functional Cardiac Assessments

Various techniques like the ejection fraction of the left ventricle were used to determine the
systolic function of the left ventricle. However, since LVEF lacks sensitivity for early systolic
dysfunction, to provide additional information, global longitudinal strain (GLS) using speckle
tracking echocardiography was used. As stated earlier GLS has been accepted as a marker of
myocardial contractility and such alterations were observed before decline in LVEF. The
threshold for early systolic dysfunction was defined as GLS <18% as GLS alterations was
associated with adverse cardiovascular prognosis in previous studies.

The characterization of ventricular function was complemented by two-dimensional speckle-
tracking echocardiography of left atrial strain and reservoir function. Since left atrial
enlargement is one of the effects of chronic hypertension, this parameter was considered as an
index of diastolic load and elevated filling pressures.

Follow-Up and Outcome Measures

Having obtained participants’ consent, follow-ups were conducted semi-structured at 12-month
intervals for a total of five years. To assess changes in myocardial structure and function at each
follow-up visit, repeat echocardiography, clinical assessment, and biochemical tests were
performed. Additional cardiovascular events like, new heart failure, new atrial fibrillation, new
ischemic events or hospitalization for hypertensive crisis were considered as secondary end-
points.

The study end-point of interest was the development of hypertensive cardiac remodeling defined
as a rise in LVMI of more than 13g/m2, worsening of diastolic dysfunction (E/e’ >14), or
development of new myocardial fibrosis on CMR. Secondary results encompassed deterioration
of GLS, LAVI >34 mL/m2, NA AEs, and NHA Fx during the course of the study. These factors
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were examined as potential predictors of the progression of remodeling, especially in terms of
time to the first episode of acceleration: baseline blood pressure variability, blood markers of
inflammation, and metabolic profile.

Statistical Analysis

All statistical analysis works were processed in SPSS statistical software, the 26th version of
IBM and R program with the 4th version 1.0. Quantitative results analyzing continuous variables
are given as mean £ SD or median (interquartile range) depending on the normality of the
distribution of data. Categorical data were tested using the chi-square test or Fisher test whereas
the quantitative data were compared using paired t-test or the Wilcoxon signed test. To analyze
the longitudinal changes in cardiac data, linear mixed model analyses were employed to
accommodate repeated measurements and between-subject variability.

Multifactor analysis of variance using the Cox proportional hazards model was used to determine
factors that are independently associated with progressive remodeling. These variables used in
the model were LVMI at baseline, GLS, E/e’ ratio, BNP level, and blood pressure fluctuation.
Again, the statistical significance level was set at 0.05 and any attained p-value smaller than this
value was statistically significant. Kaplan Meier survival rate were used in order to compare the
cardiovascular event rates in participants with significant cardiac remodeling and those without
significant cardiac remodeling.

Ethical Considerations

This study was approved by the institutional Ethics Committee and the methods adhere to the
World Medical Association Declaration of Helsinki. All the participants were informed about the
study goals, plans, and possible hazards and adverse effects. The privacy of the patients was
ensured by using clinical codes rather than patients’ real names, all study data were saved in a
password protected encrypted database. Those patients who were detected after the follow-up
period to have significant cardiac dysfunction were in turn recommended to their cardiologist or
other caregivers for evaluation and management, evidence that their participation in the study did
not compromise their care.

Results
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The present research established the status and management of hypertensive cardiac remodeling
over a period of five years concerning structural and functional alterations in the heart.. The
changes described in the article include progressive structural and functional changes in the
myocardium, relaxation and contraction profiles, fibrosis and biochemistry, habits, and
prognosis. Each parameter is discussed with reference to the quantitative data by presenting eight
tables and eight figures, which illustrate statistical tendencies and relations identified in the
research.

Blood Pressure and Heart Rate Trends

Table 1 and figure 1 summarize the effect of the employed interventions on blood pressure and
heart rate over the years. An analysis of blood pressure revealed that SBP was at 140 mmHg at
baseline and was reported at 165 mmHg at the end of year five while DBP was 90 mmHg at the
start of the study but was 103 mmHg by the end of the study period. Likewise, heart rate rose
over time with the rate rising from 72 bpm to 82 bpm. This increase in blood pressure despite the
treatment means that there is stiffening of arteries and reduced ability to expand the blood
vessels due to chronic hypertension. This increase in heart rate could be a result of sympathetic
nervous system overactivity, as it is a classic compensation for an elevated level of afterload.

Table 1: Baseline Characteristics of the Study Population

Year SBP DBP Heart Rate BMI Smoking Status
(mmHog) (mmHog) (bpm) (kg/m?) (%)
0 140 90 72 27.5 25
1 145 92 74 28.0 24
2 150 95 76 28.5 23
3 155 97 78 29.0 22
4 160 100 80 29.5 21
5 165 103 82 30.0 20

Figure 1 Trend of Blood Pressure and Heart Rate Over Time
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Trend of Blood Pressure and Heart Rate Over Time
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Left Ventricular Hypertrophy (LVH) and Structural Changes

Table 2 and figure 2 show the gradual tendency of ventricle thickness of the left part of the heart.
Thus, the LVMI rose from 92 g/m? (baseline) to 128 g/m? in year 5 revealing an ongoing
hypertrophic adaptation to sustained increased pressure load. The relative wall thickness
evaluated also increased, septal and posterior wall thickness, which are the characteristics of
concentric hypertrophy, hypertensive heart disease. The area of left atrial volume index increased
steadily, hinting to chronic diastolic load and increased left atrial pressure. The progression of
the thickness in the left ventricle wall is associated with increased stiffness of myocardium,
which causes diastolic dysfunction, and HFpEF.

Table 2: Structural Cardiac Changes Over Time

Year LVMI Relative Wall Septal Posterior Wall Left Atrial
(g/m2) Thickness Thickness (mm) Thickness (mm)  Volume Index
(mL/m2)
0 92 0.42 10 10 30
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1 98 0.45 11 11 32
2 105 0.48 12 12 35
3 112 0.51 13 13 38
4 120 0.54 14 14 41
5 128 0.57 15 15 44

Figure 2 Progression of Left Ventricular Mass Index Over Time

Progression of Left Ventricular Mass Index Over Time
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Diastolic Dysfunction Progression

Table 3 and Figure 3 summarise diastolic dysfunction based on increased E/e’ ratio, decreased
mitral inflow E/A ratio and CSA and decreased left atrial strain. The E/e’ increased from 10 to
15 over the study period, thus reflecting deterioration in left ventricular filling pressures. This
was accompanied by a gradual decline in the E/A ratio in the latest study indicative of prolonged
relaxation and reduced early diastolic filling of the left ventricle. LA resented a progressive
reduction, which pointed to impaired left atrial compliance and initial changes in the atrial

structure remodeling. These observations indicate low-grade heart failure with diastolic
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dysfunction in patients with paroxysmal A/F and/or increased risk of future cardiovascular
events.

Table 3: Diastolic Dysfunction Parameters

Figure 3 Increase in E/e' Ratio Over Time Indicating Diastolic Dysfunction

Increase in E/e' Ratio Over Time Indicating Diastolic Dysfunction
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Systolic Function and Hemodynamic Decline
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Table 4 and figure 4 illustrate progression of systolic dysfunction over time. It is certainly crucial
given that LVEF, which was initially 65% at baseline, decreased progressively to 55% by years
5. This is still in the normal range but this indicates the initial stages of impaired systolic
function. Most importantly, there was a reduction of global longitudinal strain (GLS) from -20%
to -15 % reflecting early myocardial dysfunction. Stroke volume and CO were also reduced to
further emphasize the constant worsening of the CARDIAC PERFORMANCE. These results
indicate reduced left ventricular performance despite having normal LVEF, and using strain
imaging, pretty systolic dysfunction appears feasible. Decreased GLS is associated with worse
heart failure outcomes, and declining GLS over time may be a sign of shifting towards more
serious HFrEF.

Table 4: Systolic Function and Hemodynamics

LVEF GLS Stroke Volume Cardiac Output End-Diastolic Volume

vear (%) (%) (mL) (L/min) (mL)
0 65 -20 70 5.0 120
1 63 -19 68 4.8 125
2 61 18 66 4.6 130
3 60 17 64 4.4 135
4 58 16 62 4.2 140
5 55 15 60 4.0 145

Figure 4 Decline in LVEF and GLS Over Time

1534



Values

Myocardial Fibrosis Progression

Table 5 and figure 5 present an increase in the number of patients diagnosed with myocardial
fibrosis over the years. Myocardial fibrosis defined by cMRI using LGE increased from 5% at
baseline to 38% at five years. The overall extracellular volume fraction (ECV) increased
progressively, supporting the findings of interstitial fibrosis. Echocardiographic T1 mapping
values also increased, consistent with the presence of myocardial remodeling in most cases.
Fibrosis has a negative effect in the reduction of myocardial compliance in diastolic dysfunction
and vulnerability to arrhythmias. Thus, the major findings of fibrosis, increased over time, are
consistent with the reduction in diastolic and systolic function; thus, the call for early antifibrotic

management.
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Decline in LVEF and GLS Over Time
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Table 5: Myocardial Fibrosis Progression

Year

Extracellular
Volume Fraction

Late Gadolinium T1
Enhancement (LGE) Mapping
Score (ms)
1 1000
2 1050
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2 15 31 3 1100 6
3 22 35 4 1150 8
4 30 38 5 1200 10
5 38 42 6 1250 12

Figure 5 Progression of Myocardial Fibrosis Over Time

Progression of Myocardial Fibrosis Over Time
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Biochemical Markers of Cardiac Stress

Table 6 and figure 6 represent an increase in different biochemical markers depicting myocardial
stress and injury. Brain natriuretic peptide, reflecting left ventricle pressure overload, raised from
50 to 120pg / mL along the spectrum of evolving left ventricular dysfunction. Other indices
pointed at myocardial injury T levels rising from 0.01 ng/mL the time of admission to 0.06
ng/mL on the tenth day. Other biomarkers including CRP and IL-6 also increased, possibly
suggesting chronic low-grade inflammation that is central to cardiac restructuring. These
biomarkers tend to increase with disease progression and they correlate with structural and
functional changes seen in imaging studies.

Table 6: Biochemical Markers of Cardiac Stress
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Figure 6 Elevation of BNP and Troponin Over Time Indicating Cardiac Stress

Elevation of BNP and Troponin Over Time Indicating Cardiac Stress

120 —e— BNP (pg/mL)
—#- Troponin (ng/mL)
100
80
wn
o}
= 60
-
40
20
0 Bm——————— B-———————— E-———————— W———————— ———————— -a
0] 1 2 3 4 5
Year

Lifestyle Modifications and Risk Factor Trends
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Table 7 and Figure 7 show trends over time in risk factor control and modifications in lifestyle.
Sodium intake lowered to 4000-3500 mg/day from foods which was attributed to comprehension
of the participants’ dietary habits but it was still high. Physical activity levels rose slightly which
indicates some compliance to the changes in lifestyle. While sleep duration steadily increased,
achieving similar changes in obesity and BMI continued to be a problem. The results showed
that a number of positive modifications occurred, but these changes were not adequate in order to
slow hypertensive cardiac remodeling, further stressing the necessity for improved interventions.
Table 7: Lifestyle and Risk Factor Modifications

Figure 7 Changes in Sodium Intake and Physical Activity Over Time
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Cardiovascular Events and Clinical Outcomes

Table 8 and figure 8 highlight the rise in cardiovascular events over time. New-onset heart
failure was at 0% at baseline and increased to 18% in the fifth year; atrial fibrillation at 1% going
up to 15% within the same period. The proportion of subjects who developed stroke also rose
over time, increasing to 3% at the end of the study, at year five. Hospitalizations for hypertension
complications rose from 1 percent to twelve percent demonstrating that uncontrolled
hypertension can lead to severe health complications. Considering the reported 5 % all-cause
mortality, there is a need to enhance disease control as well as employ patients’ early treatment
interventions.

Table 8: Cardiovascular Events and Outcomes

Year New- New-Onset Stroke Hospitalization Due  All-Cause
Onset Atrial Incidence  to Hypertension (%)  Mortality
Heart Fibrillation (%) (%) (%)
Failure
(%)
0 0 1 0.5 1 0
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Figure 8 Increase in Cardiovascular Events Over Time
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This study establishes a progressive pattern of cardiac remodeling which includes predisposition
to LVH, diastolic and systolic dysfunction, myocardial fibrosis progression, biomarker elevation,
and increasing cardiovascular event burden among hypertensive patients. The present study
indicates that the hypertensive cardiac remodeling commences originally and gradually

aggravates over an advancing period even with ordinary treatments. These results are in
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agreement with the CLS reduction and the increase in myocardial fibrosis which imply that
subclinical changes take place even before the onset of heart failure.

Transparent identification of diastolic dysfunction, myocardial fibrosis and subclinical systolic
dysfunction by use of imaging modalities and biomarkers can enable early identification of at-
risk individuals before the development of symptomatic heart failure. This implies that
hypertensive patients with left atrial enlargement and fibrosis should be closely monitored for the
frequency in atrial fibrillation and stroke.

Discussion

The results of the present study have firmly established an over time worsening hypertensive
cardiac structural and functional changes such as LVH, diastolic and systolic morphology
alteration, increased fibrosis, and enhanced cardiovascular event rate. These findings support the
existing literature on how hypertension that is not well managed can lead to structural and
functional changes within the heart hence why early check up are important to avoid moving to
the next stage of heart failure and other cardiovascular diseases.

Hypertensive Cardiac Remodeling and Left Ventricular Hypertrophy

Left ventricular hypertrophy is one of the first detectable complications of chronic hypertension;
it is the first clinical sign that is said to appear and is definitely one of the easiest to diagnose.
The findings of this study suggest an increase in LVMI from the baseline measurement to the
five year follow up, supporting the chronicity of hypertensive heart disease. Some past research
has revealed that pressure overload and neurohormonal activation are main contributors to LVH.
That chronic afterload stress results in cardiomyocyte hypertrophy, increased deposition of
collagen and myocardial stiffness which in turn lead to reduced LVEF (Frohlich, 2012). LVH
has been reported to be independently linked to cardiovascular mortality and arrhythmogenic risk
through the various research conducted by Schirmer et al (2014) and Cuspidi et al (2015). This
geometric remodeling indicated by mainly concentric hypertrophy is in concordance with
previous research that associates this phenotype to increased cardiovascular risk and incidence of
HFpEF (Kahan & Bergfeldt, 2015).

Excessive enlargement of the LVH is, however, accompanied by changes in molecular and

metabolic processes that progress in their pathology. Thus, the increased level of ROS, the
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decrease of mt-functioning, and the disturbed Ca handling have been shown to decrease the
efficiency of the myocardium and deteriorate relaxation (Choi et al., 2020). Prolonged, these
maladaptive responses contribute to increased left ventricular stiffness and increased filling
pressures that promote diastolic dysfunction and heart failure.

Diastolic Dysfunction and its Clinical Implications

Another important finding of this study is strenuous deterioration of diastolic dysfunction,
manifested by higher E/ ¢’ ratio and lower mitral flow E/ A ratio and LAVIL This is in
accordance with previous findings showing that hypertension is one of the prevalent contributors
to the development of HFpEF (Borlaug & Redfield, 2011). Diastolic dysfunction which is
defined as the inability of the heart to fill up at a proper rate and fashion is a quiet killer,
especially during early stage and the precursor to several extreme conditions such as heart failure
and atrial fibrillation (Pieske et al., 2019).

Other factors involved in the mechanisms of hypertension-induced diastolic dysfunction involve
myocardial stiffness and relaxation, extracellular matrix deposition and remodeling, and
impaired coronary microvascular function. Also, increased afterload shortens isovolumetric
contraction and relaxation time and also decreases the early diastolic filling as well as increases
the LV stiffness, (Zile et al., 2015). The raised left atrial strain and LAVI signify this by
supporting a theory that chronic diastolic overload results in left atrial remodeling and
dysfunction as proposed by Tsang et al., 2006. Left atrial enlargement has also been shown to be
highly associated with the risk factors for stroke systemic embolism and with the onset of atrial
fibrillation (Benjamin et al., 1995).

Recent studies have also pointed out that coronary microvascular dysfunction might be a basis
for the progression of HFpEF. Chronic hypertension causes intramyocardial microvascular
rarefaction, capillary dropout, and endothelial dysfunction, which in turn reduces the heart’s
ability to provide sufficient perfusion and increases its vulnerability for ischemia (Sharma et al.,
2020). The use of anti-fibrotic and anti-inflammatory interventions is still being studied,;
however, recent clinical trials have suggested that SGLT2 inhibitors and MRA might help
enhance diastolic function and reduce the extent of myocardial fibrosis (Solomon et al., 2022).

Subclinical Systolic Dysfunction and Global Longitudinal Strain Decline
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This study has identified the progressive impairment in GLS in the patient cohort alongside
normal LVEF. This has finally helped emphasize the fact that by the time LVEF is affected in
hypertensive subjects, GLS is already reduced significantly (Marwick et al., 2015). Glomerular
filtration rate is a rather vulnerable indicator that reveals subclinical myocardial damage caused
by the increase in myocardial load and fibrosis (Manganaro et al., 2019). The decrease for GLS
is in concordance with other studies showing that atherosclerosis alters the LV function in
patients with hypertension, which in spite of normal LVEF, can be evaluated with strain imaging
(Kuznetsova et al., 2016).

The gradual deterioration of the stroke volume and cardiac output found in the study affirms the
gradual decline in systolic performance in hypertensive heart disease. As a result, HFrEF is less
frequent than HFpEF; certain patients with HFpEF develop HFrEF over time because of further
myocardial fibrosis, ischemic heart disease and constant pressure overload (Diez, 2021). Based
on these observations, there is a clear call to recognize and diagnose subclinical systolic
dysfunction employing the parameter of GLS.

Myocardial Fibrosis and Its Role in Disease Progression

Myocardial fibrosis is one of the significant hallmarks of hypertensive cardiac remodeling, and
this paper paints a clear picture of the progression towards it. The fibrosis burden as reflected by
extracellular volume fraction and LGE is closely related to diastolic dysfunction and worse
clinical outcomes. Myocardial fibrosis leads to increased ventricular stiffness, decreased
compliance and impaired myocardial relaxation which further worsens hypertensive heart
disease and heart failure (Rainer et al., 2018).

Earlier researches have indicated aldosterone, transforming growth factor-b (TGF-b) along with
matrix metalloproteinases (MMPSs) to be responsible for the fibrosis process (Brilla & Weber,
1992). The effectiveness of RAAS inhibitors in treating myocardial fibrosis has been studied
before focusing on both ACE inhibitors and ARBs; however, new forms of treating fibrosis are
still under experimentation (Gulati et al., 2013). Some of these molecules include
mineralocorticoid receptor antagonists, neprilysin inhibitors, and anti-inflammatory medications
for reversing fibrosis and enhancing cardiac function (Pitt et al., 2014).

Biomarkers of Myocardial Stress and Inflammation
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The results of biochemical markers of myocardial stress and inflammation in the present study
support the previous findings which extend evidence for hypertension-mediated cardiac
pathophysiology of hypertensive remodelled heart is positively correlated with BNP, troponin,
and other inflammatory markers (Wang et al., 2018). The rise in BNP and troponin levels over
the time reflects chronic increases in ventricular wall stress and persistent myocardial damage
before the manifestation of CHF.

This study showed that common biomarkers of chronic inflammation, such as C-reactive protein
(CRP) and interleukin-6 (IL-6), have been rising steadily, which confirmed the researchers’
hypothesis that inflammation contributes to the progression of hypertensive cardiac disease.
Several ongoing trials are also testing the efficacy of colchicine and IL-1p antagonists in putting
a check on cardiovascular risk amongst hypertensive populations (Tardif et al., 2019).

Clinical Implications and Future Directions

The changes in cardiac remodeling post-MI as observed in this study have important clinical
implications. Myocardial fibrosis, systolic dysfunction and diastolic dysfunction at the initial
stage of CHF makes a chance for early treatment before failure becomes terminal. The data
underlines the necessity of implementing systematic evaluation of the GLS, fibrosis imaging, and
biomarkers for the early detection of the high-risk hypertensive population.

From the therapeutic standpoint, the findings affirm the strategy of blood pressure reduction,
utilization of early RAAS inhibitors, and initiation of lifestyle modification for halting RA
progression. New horizons in pharmacological treatment of heart fibrosis and inflammation offer
a potential for reducing the burden of hypertensive heart disease; however, new large scale trials
should be conducted.

Conclusion

Hypertension is one of the most prevalent factors that leads to cardiac remodeling and eventually
heart failure. Thus, the results of the present work advance the literature proposing that early
diagnosis of structural and functional alterations may help in developing interventional
strategies, aiming to hinder cardiovascular sequelae in the intermediate and long term. Further
studies should be directed toward establishing new biomarkers, individualization of treatment

and targeted therapy, in cases of hypertensive patients.
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