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Abstract: Congestive heart failure (CHF) represents a complex clinical syndrome which results from multiple
pathophysiological mechanisms that impair cardiac function and produce systemic symptoms. This review examines all
aspects of congestive heart failure development and progression through cellular and molecular and hemodynamic
abnormalities. The development of CHF symptoms and multi-organ involvement results from the combined effects of
neurohormonal activation and inflammation and oxidative stress and structural cardiac remodeling. The diagnostic process
for CHF identification now combines clinical assessment with biomarkers and imaging techniques and hemodynamic
evaluation to provide earlier and more precise diagnoses. The current treatment approaches for CHF include
pharmacological neurohormonal pathway interventions and lifestyle changes and device-based therapies and surgical
procedures that match disease severity and patient characteristics. The development of gene and cell-based treatments
together with precision medicine and artificial intelligence applications shows promise for better patient outcomes. The
implementation of pathophysiological knowledge in clinical practice through personalized and team-based care approaches
leads to the best possible management outcomes. The review emphasizes ongoing challenges and future directions in CHF
research and treatment because continued innovation remains essential to decrease the worldwide impact of this common
disease.
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1. INTRODUCTION
1.1 Definition of Congestive Heart Failure (CHF)

The clinical syndrome of congestive heart failure (CHF) develops from any structural or functional impairment
that affects ventricular filling or ejection of blood. The heart fails to deliver enough blood for tissue metabolic requirements
which produces symptoms including dyspnea and fatigue and fluid retention [1]. The classification of CHF depends on
ejection fraction which results in three categories: heart failure with reduced ejection fraction (HFrEF), preserved ejection
fraction (HFpEF) and mildly reduced ejection fraction (HFmrEF) that represent different pathophysiological mechanisms

[2].

1.2 Clinical Relevance and Impact on Healthcare

CHF represents a major global public health burden. The disease affects 64 million people worldwide and results
in high hospitalization rates and significant morbidity and mortality (GBD 2019 Diseases and Injuries Collaborators, 2020).
Heart failure affects 6.2 million American adults while remaining the primary reason for hospital admissions among people
aged 65 and older [3].

The economic impact of CHF is equally significant. The total direct and indirect costs of CHF in the United States
reached more than $43 billion during 2020 through hospital stays and medication expenses and lost productivity and long-
term care needs. The chronic and progressive nature of CHF requires sustained management approaches which combine
pharmaceutical interventions with procedural treatments and supportive care [4].
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1.3 Purpose and Scope of the Review

The review examines the complete pathophysiological processes of CHF starting from cellular and molecular
aspects through organ system effects to clinical presentation. The review demonstrates why understanding these
mechanisms remains crucial for better diagnosis and treatment planning and clinical decision support.

2. Epidemiology and Risk Factors
2.1 Global Prevalence and Incidence

The global health challenge of congestive heart failure (CHF) affects 64.3 million people worldwide because of
aging populations and better survival rates from acute cardiac events (GBD 2019 Diseases and Injuries Collaborators,
2020). The prevalence of heart failure exists in 1-2% of adults in developed nations while it increases dramatically with
advancing age. The United States reported 6.2 million adults received heart failure diagnoses during 2020. The European
population exceeds 15 million heart failure cases which generates substantial health problems and financial strain (Figure

1) [5].
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Figure 1: The worldwide distribution of CHF cases, with high prevalence rates in North America and Europe, and
increasing rates in low- and middle-income countries

The 5-year mortality rate for this condition remains at approximately 50% which is similar to many cancers. The
hospital readmission rates within 30 days of discharge can exceed 25% which reflects both the complexity of care and
limitations of current management strategies [6].

2.2 Demographic Trends

The prevalence of CHF grows substantially with age because it affects less than 1% of people under 50 but affects
more than 10% of people older than 70. The age-related increase in CHF prevalence stems from the progressive
development of cardiovascular diseases and additional health conditions [7].

The presentation and progression of CHF shows different patterns between male and female patients. Men develop
HFrEF more often because of ischemic causes whereas women typically show HFpEF symptoms with hypertension and
preserved systolic function [8]. The prevalence rates and treatment outcomes of CHF differ between different ethnic groups
and geographic locations. The CHF onset occurs earlier in African Americans living in the U.S. and they experience worse
outcomes while resource-constrained areas struggle to provide diagnosis and treatment services which negatively impacts
survival rates [9].
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2.3 Common Risk Factors

The multifactorial syndrome of congestive heart failure (CHF) develops through complex interactions between
different risk factors that are modifiable and non-modifiable (Figure 2). Hypertension stands as the leading cause of both
HFrEF and HFpEF heart failure because it represents the most significant and influential risk factor [10]. The left ventricle
faces continuous pressure stress from hypertension which triggers compensatory ventricular thickening and elevated
oxygen needs and eventually results in diastolic heart dysfunction. The development of HFrEF becomes more likely when
patients have coronary artery disease (CAD). The heart muscle experiences damage from myocardial infarction which
creates both contractile tissue loss and scar tissue formation that ultimately results in systolic heart dysfunction [11].

Diabetes mellitus functions as a fundamental cause of CHF because it creates microvascular problems and insulin
resistance and metabolic problems that result in diabetic cardiomyopathy. Obesity functions as an independent risk factor
for CHF while making its clinical course worse through its effects on volume overload and systemic inflammation and
neurohormonal dysregulation [12]. The combination of fluid retention with anemia and cardiovascular risk factors such as
hypertension and diabetes make CKD a complex condition. The combination of tobacco use with excessive alcohol
consumption and physical inactivity creates additional cardiovascular stress which speeds up the development of clinical
heart failure. The multiple risk factors that exist together create a need for comprehensive preventive strategies in CHF
management [13].

Figure 2: Common Risk Factors for Congestive Heart Failure

3. Classification of Congestive Heart Failure

The classification of congestive heart failure (CHF) is essential for understanding its clinical presentation, guiding
treatment, and assessing prognosis. The modern classification systems are based primarily on left ventricular ejection
fraction (LVEF), which provides insight into the mechanical function of the heart [14]. In addition to LVEF-based
categories, CHF is also stratified by functional status using the New York Heart Association (NYHA) classification and
by disease progression through the ACC/AHA staging system. These overlapping frameworks reflect the complexity and
heterogeneity of heart failure [15].

3.1 Heart Failure with Reduced Ejection Fraction (HFrEF)

The medical definition of Heart failure with reduced ejection fraction (HFrEF) requires left ventricular ejection
fraction (LVEF) measurements below 40% (Figure 3). The classical form of systolic heart failure exists as HFrEF because
the heart muscle fails to contract effectively (Figure 4) which results in decreased cardiac output [16]. The main
pathophysiological characteristic of HFTEF involves reduced contractility which stems from myocardial infarction and
dilated cardiomyopathy and other myocardial injuries. The clinical presentation of HFrEF patients includes volume
overload symptoms like pulmonary congestion and peripheral edema together with fatigue and exercise intolerance [17].
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Figure 3: Classifications of congestive heart failure based on ejection fraction

The therapeutic research on HFrEF has produced the most extensive body of knowledge among all heart failure
types. Multiple clinical trials have proven that neurohormonal antagonists including ACE inhibitors and beta-blockers and
mineralocorticoid receptor antagonists and SGLT2 inhibitors reduce morbidity and mortality in these patients [18].
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Figure 4: Comparison between HFrEF and HFpEF

3.2 Heart Failure with Preserved Ejection Fraction (HFpEF)

The diagnosis of heart failure with preserved ejection fraction (HFpEF) occurs when LVEF measures 50% or
higher (Figure 3) together with heart failure symptoms and diastolic dysfunction evidence (Figure 4). The condition HFpEF
affects elderly women more often than men and commonly occurs with hypertension and obesity and diabetes mellitus and
atrial fibrillation [19]. The main cause of HFpEF does not stem from systolic dysfunction but from abnormal ventricular
relaxation and increased myocardial stiffness which produce elevated left ventricular filling pressures mainly during
physical activity [20].

The diagnosis of HFpEF remains difficult because it shows nonspecific clinical indicators and standard
echocardiography reveals normal ejection fraction. Research has shown that HFpEF exists as a systemic condition which
produces low-grade inflammation and endothelial dysfunction and impaired nitric oxide signaling. The condition used to
have few treatment options but recent studies demonstrate that SGLT2 inhibitors along with therapies for comorbidities
show promising results [21].

3.3 Heart Failure with Mildly Reduced Ejection Fraction (HFmrEF)

The condition Heart failure with mildly reduced ejection fraction (HFmrEF) shows LVEF values between 41%
and 49% (Figure 3) as a newly identified intermediate condition. The medical community previously classified HFmrEF
under HFrEF or HFpEF categories until researchers established its unique clinical and pathophysiological characteristics.
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The risk factors of HFmrEF patients match those of HFTEF patients because they have ischemic heart disease and
hypertension yet their ventricular function shows only slight impairment [22].

The available evidence indicates that HFmrEF patients can benefit from ACE inhibitors and beta-blockers similar
to HFrEF patients but the therapeutic benefits fall between these two conditions. The condition HFmrEF exists as a
transitional phase of heart failure development or recovery because patients can evolve into either HFpEF or HFrEF based
on disease progression and treatment outcomes [23].

3.4 New York Heart Association (NYHA) Functional Classification

The NYHA classification serves as an established functional tool which organizes heart failure severity through
symptom intensity and their effects on physical activity. The classification system consists of four distinct classes. The
NYHA classification system divides patients into two groups based on physical activity limitations where Class I patients
have no limitations and Class II patients experience slight limitations. The classification system includes Class III for

patients who experience major daily activity restrictions and Class IV for patients who experience symptoms while resting
[24].

The NYHA classification system continues to serve both clinical practice and research purposes despite its
subjective nature. The NYHA classification system helps doctors track disease progression and decide which patients
qualify for advanced treatments including implantable devices or heart transplantation [25].

Class I Class I1 Class 111 Class 1V

Exercise capacity

>7 METs 5-7METs 2-5 METs <2 METs
Physical activities | Jogging at 8 km/h, Walking at 6 km/h on Walking at 4 km/h on Having symptoms when
that can be climbing stairs rapidly or || level ground, climbing level ground, climbing 1 carrying out any physical
performed in cold weather, climbing || more than | flight at a flight, showering and activity or even at rest
without stairs while carrying 11 kg | normal pace, or having dressing without stopping,
: objects, and playing non-stop sexual or playing golf
discomfort basketball and squash intercourse L

Figure 5: The NYHA classification system and its clinical correlation with patient functional capacity

3.5 ACC/AHA Staging System

The NYHA classification system exists alongside the American College of Cardiology/American Heart
Association (ACC/AHA) staging system which shows the progressive development of heart failure (Figure 6). The model
consists of four stages which begin with Stage A for people who have high risk of heart failure development without
structural heart disease (e.g., hypertension or diabetes) and progress to Stage B for those with structural heart disease (e.g.
post-myocardial infarction) without symptoms. Stage C describes patients who have structural heart disease and either
current or past heart failure symptoms while Stage D describes patients who need specialized care through mechanical
circulatory support or transplant evaluation [26].

The ACC/AHA stages differ from NYHA because patients cannot move backward to lower stages after advancing
to higher stages. The model places strong emphasis on early detection and prevention especially for patients at Stage A or
B and establishes a complete approach for extended care [27].
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NYHA classification ACC/AHA classification
Description Class Class Description

— A High risk of developing heart failure but no functional
or structural heart deficits

No limitation and no symptoms from ordinary activity | B Structural heart deficit but no symptoms

Mild limitation with activity and comfortable at Il C Heart failure symptoms due to underlying structural
rest or with mild exertion heart deficit with medical management

Significant limitation with any activity and comfortable 1l C Heart failure symptoms due to underlying structural
only at rest heart deficit with medical management

Discomfort with any physical activity and symptoms v D ° Advanced disease requiring hospitalization, transplant,
occurring at rest or palliative care

Figure 6: Compares the NYHA and ACC/AHA systems, highlighting their distinct yet complementary roles in
classifying heart failure

4. Pathophysiological Mechanisms

The end stage of congestive heart failure (CHF) results from multiple structural, molecular and systemic changes
that impair heart function. The pathophysiology of CHF is multifactorial and involves a complex interplay between
hemodynamic dysfunction, cellular remodeling, neurohormonal activation, inflammation, and genetic regulation. These
mechanisms are important for identifying therapeutic targets and guiding the development of effective treatment strategies
[28].

4.1 Hemodynamic Abnormalities

The development and progression of CHF depends on hemodynamic changes. The cardiac performance in HFrEF
and HFpEF is affected by preload and afterload abnormalities (Figure 7). The ventricular filling pressures are elevated
because of fluid retention and venous congestion. The left ventricle must overcome increased afterload resistance to eject
blood because of systemic hypertension or vascular stiffness. The myocardium experiences mechanical stress because of
these changes which results in decreased stroke volume and cardiac output [29].

The heart's ability to contract and expand properly also plays a major role in the worsening of heart function.
HFrEF patients experience systolic dysfunction because their ventricles contract poorly while HFpEF patients develop
diastolic dysfunction which prevents their hearts from relaxing and filling properly. Both conditions lead to increased heart
pressures which cause pulmonary congestion and reduce blood flow to the body [30].
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Figure 7: Preload and afterload curves in normal and failing hearts, highlighting the shift in pressure-volume
relationships
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4.2 Cellular and Molecular Mechanisms

The cellular response to prolonged hemodynamic stress activates multiple harmful processes. The first cellular
response to stress is cardiomyocyte hypertrophy (Figure 8) which represents a muscle mass increase to achieve wall stress
normalization. The initial protective hypertrophy develops into a pathological condition which damages muscle function
and reduces energy efficiency. The process of apoptosis (programmed cell death) occurs simultaneously with this condition
which results in permanent damage to functional myocytes [31].

The other characteristic feature includes fibrosis together with extracellular matrix remodeling. The activation of
fibroblasts produces excessive collagen which causes myocardial stiffness and disrupts electrical conduction and impairs
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diastolic filling. The fibrotic remodeling process stands as the primary factor responsible for HFpEF development. The
handling of intracellular calcium shows well-documented abnormalities which are essential for excitation-contraction
coupling in CHF. The dysfunction of calcium channels together with sarcoplasmic reticulum proteins causes delayed
relaxation and arrhythmias and decreases contractile force [32, 33].
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Figure 8: The molecular changes within a cardiomyocyte during hypertrophy

4.3 Neurohormonal Activation

The pathophysiology of CHF includes the persistent activation of neurohormonal systems as its main
characteristic. The body uses these responses to preserve blood flow at first but their prolonged activation leads to harmful
consequences. The sympathetic nervous system (SNS) represents one of the first neurohormonal systems to become
elevated. The sympathetic nervous system activation results in heart rate elevation and muscle contraction force increase
while simultaneously causing blood vessel constriction and heart rhythm disturbances and increased myocardial oxygen
consumption. The prolonged activation of sympathetic nerves causes damage to heart tissue which leads to worsening heart
failure [34].

The renin-angiotensin-aldosterone system (RAAS) activation occurs simultaneously with the sympathetic nervous
system upregulation to produce sodium retention and vasoconstriction and fibrosis. The hormone aldosterone triggers both
collagen formation and structural changes in the ventricles. The neurohormonal systems create a harmful cycle which
sustains cardiac dysfunction [35].

Counter-regulatory mechanisms also exist. The heart releases natriuretic peptides (e.g., BNP, ANP) (Figure 9) to
respond to myocardial stretch which leads to natriuresis and vasodilation and RAAS inhibition. The effects of these
counter-regulatory mechanisms become less effective in CHF patients because their receptors become less responsive or
their signaling pathways become impaired. The condition worsens because vasopressin and endothelin-1 systems along
with other mechanisms contribute to increased volume and elevated vascular resistance [36, 37].

L4 BP /Ed AY chol
Arrhyth: Ischemia / MF

Figure 9: presents a schematic overview of neurohormonal pathways involved in CHF, indicating both
detrimental and protective responses
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4.4 Inflammation and Oxidative Stress

CHEF progresses through inflammation which plays a central role in both non-ischemic and HFpEF forms of the
condition (Figure 10). The elevated levels of tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) cytokines in
heart failure led to endothelial dysfunction and myocardial apoptosis and catabolic processes. The cytokines enhance tissue
remodeling while damaging myocardial function and triggering skeletal muscle atrophy [38].

The excessive generation of reactive oxygen species (ROS) leads to oxidative stress which directly damages lipids
proteins and DNA structures in cardiac cells. The failing myocardium experiences worsened energy deficits because
mitochondrial dysfunction produces ROS which leads to impaired ATP production. The continuous process of oxidative
damage together with inflammation creates ongoing cardiac damage and systemic health problems [39].
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Figure 10: The inflammatory signaling cascades and oxidative stress pathways in CHF, highlighting the
interaction between ROS and cytokines

4.5 Genetic and Epigenetic Factors

Genetic predisposition significantly affects CHF development especially when it occurs in familial and idiopathic
cardiomyopathies. Mutations in genes that encode sarcomeric proteins (e.g., MYH7, TNNT2) or cytoskeletal elements can
cause dilated or hypertrophic cardiomyopathy which develops into heart failure. The inherited forms of these conditions
tend to appear at younger ages and need genetic counseling together with specific treatment approaches [40].

Research has shown that epigenetic mechanisms including DNA methylation and histone modification and
microRNAs (miRNAs) function as essential regulators of gene expression during heart failure. Specific miRNAs play a
role in controlling hypertrophy and fibrosis and apoptosis processes. The modifications can be affected by environmental
factors which makes epigenetics a promising therapeutic approach for the future [41].
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Figure 11: Genetic and epigenetic contributions to CHF, including mutations and regulatory RNA elements
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5. Structural and Functional Cardiac Changes

The pathophysiology and clinical presentation of congestive heart failure (CHF) depends on structural and
functional heart changes. The myocardial damage from the initial insult leads to active disease progression through these
modifications. The combination of cardiac chamber remodeling with valve dysfunction and impaired contraction
synchronization leads to decreased cardiac output and increased symptom burden throughout time [42].

5.1 Left Ventricular Remodeling

The left ventricle undergoes remodeling through changes in size and shape and functional alterations when it faces
injury or chronic stress. The left ventricle undergoes dilation and wall thinning in HFTEF patients which transforms its
shape from elliptical to spherical [43]. The altered ventricular shape decreases mechanical performance while raising wall
tension which worsens contractile function. The ventricular wall thickens through concentric hypertrophy in HFpEF
patients which reduces chamber volume and impairs both diastolic filling and relaxation [44].

The structural changes result from molecular and cellular mechanisms including cardiomyocyte hypertrophy
together with apoptosis and interstitial fibrosis as explained earlier. The process of LV remodeling stands as a major
indicator of negative outcomes in CHF patients and represents an essential therapeutic goal. The combination of ACE
inhibitors with ARBs and beta-blockers and mineralocorticoid receptor antagonists has proven effective in stopping or
slowing down remodeling processes [45].

5.2 Atrial Enlargement

The left atrium shows the most common structural enlargement among CHF patients particularly those with
HFpEF. The left atrium experiences dilation because elevated LV filling pressures persistently push back into this chamber
leading to atrial stretch and enlargement. The enlargement of atria leads to higher risks of atrial fibrillation which reduces
cardiac output and worsens heart failure symptoms [46].

The right atrium can become enlarged because of right-sided heart failure or pulmonary hypertension. The process
of atrial remodeling creates electrical conduction problems that lead to higher chances of arrhythmias. The enlarged atria
demonstrate decreased contractility which results in reduced ventricular filling capacity and higher probabilities of
thromboembolic complications when atrial fibrillation exists [47].

5.3 Valve Dysfunction

The development of CHF leads to valvular heart disease which also serves as a contributing factor to this
condition. The heart experiences secondary (functional) mitral and tricuspid regurgitation when volume and pressure
overload cause valve leaflets to fail coaptation because of annular dilation or ventricular distortion despite normal leaflet
structure. The condition of functional mitral regurgitation occurs frequently in HFrEF because left ventricular dilation
causes the mitral apparatus to separate. The regurgitation creates elevated atrial and pulmonary pressures which worsens
symptoms of congestion [48].

The initiation of heart failure occurs through primary (organic) valvular lesions which either increase afterload or
block forward flow (Figure 12). The dysfunction of valves disrupts typical blood flow patterns which results in myocardial
remodeling. Patients who experience persistent symptoms after receiving optimal medical therapy should consider surgical
or transcatheter valve repair or replacement [49].
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Figure 12: Valvular dysfunction in CHF

; : Prolapsed
Regurgitation lenfiet

© South Asian Research Publication, Bangladesh Journal Homepage: http://sarpublication.com 99



http://sarpublication.com/

Abeer Ameen Mustafa et al, South Asian Res J App Med Sci; Vol-7, Iss-3 (May-Jun, 2025): 91-110

5.4 Ventricular Dyssynchrony

The ventricular myocardium shows asynchronous contractions between different regions because of conduction
system abnormalities which produce left bundle branch block (LBBB). The inefficient ventricular contraction pattern from
dyssynchrony results in decreased stroke volume and worsens mitral regurgitation because of delayed papillary muscle
activation. The condition appears most frequently in patients with HFrEF who display wide QRS complexes on
electrocardiograms with durations exceeding 120 ms [50].

Cardiac resynchronization therapy (CRT) with biventricular pacing serves as an effective treatment for patients
who have dyssynchrony by enhancing both functional status and quality of life and survival rates. The coordinated
contraction achieved by CRT improves cardiac efficiency while simultaneously decreasing mitral regurgitation. The
identification of dyssynchrony has evolved into a fundamental element for determining heart failure severity and device
treatment qualifications [51].
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Figure 13: Compares synchronous vs. dyssynchronous ventricular contraction patterns, with QRS duration and
mechanical effects
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6. Systemic Effects and Multiorgan Involvement

Heart failure exists beyond myocardial disease because it creates a systemic syndrome which impacts various
organ systems through hemodynamic compromise and neurohormonal activation and inflammation and metabolic
dysregulation. The multiple organ involvement in heart failure leads to major increases in both morbidity and mortality
thus requiring complete management of these systemic effects [52].

6.1 Renal Dysfunction (Cardiorenal Syndrome)

The most important systemic effect of heart failure on the body is renal impairment which is known as cardiorenal
syndrome (CRS) (Figure 14). The condition is a result of the two-way relationship between the heart and the kidneys where
problems in one organ cause or make the other organ’s problems worse. The reduced cardiac output in CHF causes renal
hypoperfusion which activates the renin-angiotensin-aldosterone system (RAAS) and sympathetic nervous system in a
maladaptive attempt to restore perfusion [53].

The neurohormonal activation causes sodium and water retention which results in volume overload and worsening
heart failure and the elevated venous pressures reduce glomerular filtration. The chronic inflammation and oxidative stress
in CHF also play a role in the development of renal microvascular dysfunction and fibrosis [54].
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Figure 14: Pathophysiological cycle of cardiorenal syndrome, showing interactions between perfusion pressure,
RAAS activation, and tubular damage

6.2 Pulmonary Congestion and Hypertension

The clinical presentation of CHF frequently shows pulmonary complications as its main symptoms. The backward
transmission of elevated left-sided filling pressures from HFrEF and HFpEF into the pulmonary circulation results in
pulmonary venous congestion. The clinical presentation of dyspnea and orthopnea and pulmonary rales occurs because
fluid transudates into alveoli [55]. The prolonged exposure to elevated pressures results in pulmonary hypertension through
vasoconstriction and vascular remodeling which eventually causes right ventricular dysfunction. The progression of RV
failure creates additional systemic congestion that results in peripheral edema and hepatomegaly and jugular venous
distension. Right ventricular failure caused by pulmonary hypertension creates treatment difficulties while leading to poor
patient outcomes [56].

6.3 Hepatic Congestion (Cardiohepatic Syndrome)

The liver experiences damage in CHF patients especially when right-sided or biventricular heart failure occurs.
The rise of central venous pressure causes passive hepatic congestion which results in hepatomegaly and right upper
quadrant discomfort and elevated liver enzymes. The condition develops into cardiac cirrhosis also known as congestive
hepatopathy which causes liver fibrosis and reduces synthetic liver capabilities [57].

The liver experiences reduced blood flow during cardiac output lows which results in ischemic damage known as
ischemic hepatitis or "shock liver" during acute decompensated heart failure episodes. The disease severity of cardiohepatic
syndrome makes it harder to treat patients because it damages drug metabolism and elevates the risk of blood clotting
problems [58].

6.4 Skeletal Muscle Wasting and Cachexia

The main systemic expression of CHF appears as skeletal muscle wasting (Figure 15) together with cardiac
cachexia which represents a condition of unintentional weight loss and anorexia and muscle atrophy. The condition
develops from decreased cardiac output together with chronic inflammation and neurohormonal imbalance and impaired
anabolic signaling pathways [59].
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The condition of cachexia damages both skeletal and respiratory muscles which results in reduced exercise ability
and fatigue and diminished life quality. The combination of elevated catabolic cytokines (e.g., TNF-a, IL-13) with
oxidative stress and impaired mitochondrial function leads to muscle protein breakdown and muscle wasting. The presence
of cardiac cachexia leads to elevated death rates and it shows resistance to standard heart failure treatment approaches [60].

Healthy Sarcopenia Cachexia

Muscle wasting
IFat and bone loss Fitness Fraity  Disability

Figure 15: The mechanisms behind muscle wasting in CHF

7. Diagnostic Approach

The diagnosis of congestive heart failure (CHF) needs a complete clinical evaluation which combines history,
physical examination, biomarkers, and imaging studies. The correct and prompt diagnosis enables healthcare providers to
start proper treatment which leads to better patient results. The diagnostic process for CHF consists of the following
essential components [61].

7.1 Clinical Signs and Symptoms

The clinical presentation of CHF shows diversity because it depends on the pathophysiological processes and
disease progression stage. The main symptoms of CHF include dyspnea which worsens during exertion or when lying flat
(orthopnea) and fatigue together with peripheral edema. The symptoms of patients include both paroxysmal nocturnal
dyspnea and decreased exercise capacity. The diagnosis can be supported by physical examination findings that include
elevated jugular venous pressure and pulmonary crackles and displaced apical impulse and peripheral edema [62].

The diagnosis of CHF requires more than clinical signs because early and mild cases can be difficult to diagnose
through clinical means alone. The interpretation of clinical signs requires consideration of patient history together with
comorbidities and risk factors. The diagnosis of HFpEF becomes more challenging because its symptoms often blend with
other medical conditions thus requiring additional diagnostic procedures (Figure 16) [63].
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Figure 16: Clinical features of CHF
7.2 Laboratory Markers

Laboratory biomarkers serve as essential tools for CHF diagnosis and severity assessment and prognosis
prediction. The B-type natriuretic peptide (BNP) together with its inactive fragment NT-proBNP serve as the primary
biomarkers used in clinical practice. The heart muscle cells of the ventricle produce these markers when the heart
experiences excessive wall tension and increased volume overload. The test shows high sensitivity and negative predictive
value for heart failure which helps doctors identify cardiac causes of dyspnea over non-cardiac causes [64].

The presence of cardiac troponins indicates myocardial injury because these markers appear in the blood when
cardiomyocytes experience stress and necrosis in chronic heart failure. The presence of these markers indicates poor
prognosis and shows evidence of either ischemic or non-ischemic myocardial damage. The evaluation of comorbidities
and potential reversible causes of CHF requires essential laboratory tests including renal and liver function tests as well as
electrolytes and thyroid function tests [65].

7.3 Imaging

The diagnosis confirmation and cardiac structure evaluation and function assessment and etiology detection
heavily rely on imaging modalities. Echocardiography stands as the primary imaging tool because it provides immediate
assessment of ventricular size and ejection fraction and wall motion abnormalities and valve function and filling pressure
estimation [66].

Cardiac magnetic resonance imaging (MRI) provides better tissue identification and precise measurements of
ventricular dimensions and fibrosis. The technique proves most beneficial for complex cases including infiltrative
cardiomyopathies and situations where echocardiographic images are not clear. Computed tomography (CT) serves as a
less frequent diagnostic tool which helps doctors evaluate coronary artery disease and structural anomalies [67].

7.4 Hemodynamic Assessment
Right heart catheterization serves as the only method to measure intracardiac pressures and cardiac output and
vascular resistance in specific clinical situations. The procedure becomes essential when doctors need to determine the
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cause of diagnostic uncertainty or when patients show severe symptoms that do not respond to treatment or when they need
mechanical circulatory support or transplantation [68].

The assessment of hemodynamic data enables healthcare providers to identify heart failure types and evaluate
pulmonary hypertension while creating individualized treatment plans. Doppler echocardiography provides non-invasive
estimates of certain hemodynamic parameters although direct measurement remains more accurate [69].

8. Current Therapeutic Strategies

The management of congestive heart failure (CHF) needs a combination of pharmacologic treatments, lifestyle
modifications, device therapies, and surgical interventions. The main objectives are to reduce symptoms, enhance quality
of life, decrease hospital admissions, and increase survival. The treatment plan is usually individualized according to the
type of heart failure, the cause of the heart failure, and the patient's characteristics [70].

8.1 Pharmacologic Therapies

Pharmacotherapy stands as the fundamental treatment for CHF management because different drug classes
provide mortality and morbidity benefits particularly for patients with heart failure with reduced ejection fraction (HFrEF)
[71].

The renin-angiotensin-aldosterone system (RAAS) pathway which causes maladaptive remodeling and fluid
retention is targeted by Angiotensin-Converting Enzyme (ACE) Inhibitors Angiotensin Receptor Blockers (ARBs) and
Angiotensin Receptor-Neprilysin Inhibitors (ARNIs) [72]. ACE inhibitors lower blood pressure and stop ventricular
remodeling which results in better survival rates and improved symptoms for patients. Patients who cannot take ACE
inhibitors can use ARBs as an alternative treatment while sacubitril/valsartan represents an ARNI that combines RAAS
blockade with natriuretic peptide enhancement to deliver better outcomes [73, 74].

Beta-blockers reduce excessive sympathetic nervous system activity which leads to decreased heart rate and
myocardial oxygen consumption and reduced risk of arrhythmias. These agents have shown significant mortality reduction
and are indicated in all stable patients with HFrEF [75].

The mineralocorticoid receptor-blocking agents spironolactone and eplerenone reduce sodium retention and
fibrosis while providing additional benefits for survival and hospitalization prevention. Diuretics play a crucial role in fluid
overload management for symptomatic relief but they do not impact long-term survival rates [76].

The Sodium-Glucose Cotransporter 2 (SGLT?2) inhibitors which started as diabetes treatments now prove effective
in CHF management by reducing hospitalizations and cardiovascular deaths in both diabetic and non-diabetic patients
through natriuresis and improved myocardial metabolism and reduced inflammation [77].

8.2 Non-Pharmacologic Interventions
The management of CHF depends heavily on lifestyle changes. Patients need to follow sodium and fluid limits
while keeping their weight at a healthy level and doing physical activities according to their tolerance [78].

Cardiac rehabilitation programs offer supervised exercise training together with education and psychosocial
support which enhances functional capacity and symptom control and quality of life. These programs deliver the most
benefit to patients after acute decompensation or cardiac procedures [79].

8.3 Device-Based Therapies

The device therapies show improved outcomes for selected patients who have advanced CHF together with
particular electrical conduction abnormalities. The implantable cardioverter-defibrillators (ICDs) function to detect
dangerous arrhythmias which then get terminated to prevent sudden cardiac death [80].

The biventricular pacing method of cardiac resynchronization therapy (CRT) corrects ventricular dyssynchrony
to enhance cardiac efficiency and reverse remodeling and improve symptoms and survival rates in patients with wide QRS
complexes. Left ventricular assist devices (LVADs) provide mechanical circulatory support to patients with end-stage heart
failure who do not respond to medical and device therapy through either bridge-to-transplantation or destination therapy
[81].

8.4 Surgical Options

Heart transplantation serves as the only definitive treatment for specific patients with end-stage heart failure
because it provides substantial survival advantages and better quality of life. The scarcity of donor organs together with
post-transplant complications restricts the use of this treatment [82]. Surgical procedures that repair or replace valves treat
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both valvular origins and valvular effects of CHF particularly when medical management fails to address severe
regurgitation or stenosis. The development of minimally invasive and transcatheter techniques has created new treatment
possibilities for patients who face high risks [83].

9. Emerging Therapies and Future Directions

Standard treatments have not eliminated congestive heart failure (CHF) from being a major global health
challenge. Research continues to focus on discovering new therapeutic targets while implementing advanced technologies
and tailoring treatments to enhance patient results. This section examines new therapeutic approaches and future directions
for CHF management [84].

9.1 Novel Pharmacological Targets

The recent discoveries in molecular biology and pathophysiology have revealed new pharmacological targets
which extend past the traditional neurohormonal pathways. Researchers are studying drugs that target inflammation
pathways and fibrosis and metabolic regulation. The development of TGF-B and galectin-3 inhibitors represents a
promising approach to minimize adverse cardiac remodeling [85].

The development of omecamtiv mecarbil as a myosin activator represents one of several promising drugs which
enhance myocardial contractility without raising oxygen consumption and drugs that target mitochondrial dysfunction and
oxidative stress. Research continues on drugs that affect the sodium-hydrogen exchanger and serelaxin (human relaxin-2
recombinant form) because they show potential to enhance cardiac and systemic vascular function [86].

9.2 Gene and Cell Therapy

Gene therapy creates a new therapeutic approach that directly addresses heart failure through genetic and
molecular interventions. The delivery of genes that produce proteins which enhance contractility and calcium handling and
angiogenesis forms part of these techniques. The introduction of therapeutic genes into cardiomyocytes through viral
vectors in early-phase clinical trials demonstrates potential for myocardial function recovery [87].

Stem cells and progenitor cells used in cell therapy work to rebuild damaged heart tissue while creating new blood
vessels and controlling inflammation. The results have been inconsistent but researchers predict that improved cell selection
techniques and delivery methods and genetic engineering advancements will lead to better outcomes. Future research
indicates that combining gene and cell therapies could produce enhanced therapeutic effects [88].

9.3 Precision Medicine Approaches

The diverse nature of CHF requires healthcare providers to develop individualized treatment plans. Precision
medicine uses genetic and proteomic and metabolomic and phenotypic information to create personalized treatment plans
for each patient. The method allows healthcare providers to detect particular disease processes and individual response
indicators and risk assessment patterns [89].

Through pharmacogenomics healthcare providers can determine which patients will gain benefits from
medications and which patients will experience adverse effects thus enabling better drug selection and dosing. The
combination of multi-omics data with clinical variables enables better risk assessment and earlier treatment initiation which
could shift CHF care from standard treatment to personalized precision medicine [90].

9.4 Role of Artificial Intelligence in Diagnosis and Management

The healthcare of congestive heart failure (CHF) receives transformation through artificial intelligence (AI) and
machine learning technologies which improve diagnostic precision and risk assessment and treatment customization. Al
algorithms process extensive health record data alongside imaging results and wearable sensor information to detect early
heart failure signs and impending decompensation indicators [91].

Predictive models help medical professionals make better decisions while optimizing therapy modifications and
reducing hospitalization rates. Al-powered imaging analysis enhances echocardiogram and cardiac MRI interpretation
through reduced inter-observer variability. The implementation of Al technology in telemedicine systems enables remote
patient monitoring which leads to better healthcare results and system efficiency [92].

10. Clinical Implications and Practice Integration

The deep understanding of congestive heart failure (CHF) pathophysiology creates essential implications for
medical practice. The application of mechanistic knowledge in patient care enables healthcare providers to diagnose
patients more precisely and deliver effective treatments that lead to better prognostic results.
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The treatment of CHF requires individualized care because the condition exists in different forms regarding its
causes and its severity levels and associated medical conditions. Medical practitioners need to combine clinical
observations with laboratory results and imaging findings to create personalized treatment plans that match each patient's
pathophysiological condition and individual requirements. The therapeutic approach delivers maximum effectiveness
while reducing potential adverse reactions.

The delivery of complete heart failure care depends heavily on multidisciplinary teams consisting of cardiologists
and primary care physicians and nurses and pharmacists and dietitians and rehabilitation specialists. The collaborative
approach between healthcare providers leads to better medication adherence and lifestyle changes and quicker detection of
decompensation and psychosocial support which results in improved outcomes and decreased hospitalizations.

11. CONCLUSION

The review explains the complex pathophysiological mechanisms of congestive heart failure which include
hemodynamic abnormalities and cellular and molecular dysfunctions and neurohormonal activation and systemic organ
involvement. The knowledge of these processes enables healthcare providers to develop specific diagnostic approaches
and treatment plans.

The prevention of permanent cardiac remodeling and systemic complications depends on early intervention. The
management of CHF requires a complete approach which combines pharmacologic treatments with device-based
interventions and lifestyle modifications to enhance survival rates and improve quality of life.

The field continues to face ongoing challenges because of its diverse nature and treatment challenges and limited
resources. Future research should concentrate on precision medicine and emerging therapies and innovative technologies
to improve CHF care and patient outcomes.
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