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Abstract. Chronic heart failure (CHF) is one of the most common and complex diseases
of the cardiovascular system, characterized by the heart's inability to pump enough blood to
meet the body's needs. This pathology, as a global health issue, negatively affects the quality of
life and life expectancy of many patients. This article provides an in-depth analysis of the main
pathophysiological mechanisms involved in the development of CHF, including hemodynamic
changes, activation of neurohormonal systems (renin-angiotensin-aldosterone system and
sympathetic nervous system), inflammation and oxidative stress, mitochondrial dysfunction,
calcium handling disorders, and myocardial remodeling processes. These mechanisms impair
the contractile function of the heart muscle and enhance cardiomyocyte necrosis, fibrosis, and
apoptosis. Persistent activation of neurohormonal systems leads to morphological and functional
changes in the heart muscle, contributing to the progression of heart failure. Additionally,
inflammatory mediators (e.g., TNF-a, 7L-1, IL-6) have been shown to cause ongoing myocardial
tissue damage and remodeling.

Keywords: Chronic heart failure, Renin-angiotensin-aldosterone system (RAAS),
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NMATO®PU3NOJOI'MYECKUE MEXAHN3MbI U KIIMHUYECKUE ITPOSBJIEHUSA
XPOHUYECKOM CEPJIEYHOM HEJOCTATOYHOCTH

Annomayua. Xponuueckas cepoeunas neoocmamounocms (XCH) sagnsemcsa oOnum u3
Haubonee pAcnpoOCMpPAHEeHHbIX U CILONCHLIX 3A00NeB8AHULL CePOeYHO-COCYOUCMOU CUCTNEMDbI,
xapakmepusyrouwumcs HecnocobHocmbio cepaua nepekaiueanto oocmamoyunoe KoJu4ecmeo
Kposu 0/ y0081emeopeHUss NOMmpeoHoCmell opeanusma. Ima namonocus, A61sics 2100aibHOU
np06JZ€M01/7 30pa600xpaHeHu}z, Hez2amueHo eusem HAd Kavecnieo u I’lpO()OJlOfCl/lmefleocmb HCU3HU
MHO2UX nayuenmoe. B cmambve npe()cmaeﬂeH yZle6JZ€HHbl11 aAHAlUu3 OCHOBHbIX
namoqbus’uozzoeuuecxux MeEXAHUIMOE, ywacmeyrouwux 6 paseumuu XCI‘I, 6KJIro4as
2emMoOuHamuyecKkue USMEHEHUA, akmueayuro HeﬁPOZOPMOHaﬂbeZX cucmem (peHuH-
aﬂzuomeHsuH-aﬂbdocmeponoeod cucmemvl U CUMNAMUYECKOU H€p6HOZZ Cl/lcmeMbl), eocnajierue
U OKUCTUMENbHBIU CMPecc, MUMOXOHOPUATILHYIO OUCHVHKYUIO, HAPYULEHUs 0OMeHd Kanbyus u

npoyeccobl pemooenuposaHus MUOKApod.
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Omu  Mexanusmvl HAPYWAIOmM COKPAMUMENbHYI0 (QYHKYUIO CepOeuHOl Mbllybl U
VCUTUBAIOM — HEKPO3  Kapouomuoyumos, ¢Guopoz u anonmo3. Cmouxas  axmugayus
HeUPO2OPMOHANLHBIX CUCIEM NPUBOOUM K MOPGHOLocutecKUM U PYHKYUOHAIbHBIM U3MEHEHUAM
8 cepOeyHoll mbluiye, CnocoOCmMEyst NPOSPecCUpPo8anuto cepoeyHol neoocmamounocmu. Kpome
mo2o, 6blI0 NOKA3AHO, YMO 80Cnaiumesnvhvie meouamopwl (Hanpumep, ®HO-a, HUJI-1, HUJI-6)
8bI3b18AION NPOOOIACAIOWEECS NOBPENCOEHUE U PEMOOEUPOSAHIEe MKAHEU MUOKAPOd.

Kniouesvle cnosa: xponuueckas cepoeunas HeOOCMAMOYHOCHb, PEHUH-AHSUOMEH3UH-
anvoocmepornosas cucmema (PAAC), namodghuzuonoeus cepoeunoii HedOCMamouHoCmu,

eomeocmas xkanvyus, kiaccuguxayus NYHA, NT-proBNP.

Introduction

Chronic heart failure (CHF) is a complex systemic disorder resulting from the heart’s
inability to adequately supply the body with the necessary oxygen and nutrients. It arises from
various etiological factors and is characterized not only by a decline in myocardial contractile
function but also by systemic imbalances affecting the entire body. According to statistics from
the World Health Organization, this condition affects millions of people worldwide and ranks
among the leading causes of death related to the cardiovascular system.

The pathophysiological changes central to CHF involve multiple interconnected and
progressive processes. A reduction in cardiac output leads to insufficient blood delivery to
peripheral tissues, triggering the activation of neurohormonal systems, including the renin-
angiotensin-aldosterone system (RAAS) and the sympathetic nervous system (SNS). While these
systems initially help maintain blood pressure, their prolonged activation contributes to
morphological and functional deterioration of cardiac tissue.

Inflammatory processes also play a significant role in the pathogenesis of CHF. Elevated
levels of cytokines (e.g., IL-6, TNF-a) exacerbate cellular dysfunction within cardiac tissue,
resulting in oxidative stress, impaired mitochondrial function, and metabolic disturbances. These
changes reduce the heart muscle’s energetic capacity and promote tissue remodeling and fibrosis.

Moreover, intracellular calcium ion imbalance disrupts both diastolic relaxation and
systolic contraction. Decreased activity of SERCA-2a, reduced sensitivity of the troponin
complex, and dysregulation of calcium handling via calmodulin contribute to the development of
diastolic dysfunction, particularly in heart failure with preserved ejection fraction (HFpEF).

As highlighted in USMLE clinical guidelines, the immune system is directly involved in
CHF. The secretion of inflammatory mediators by T-lymphocytes and macrophages, along with
increased activity of matrix metalloproteinases, leads to the structural degradation of cardiac

muscle tissue.
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On the right side, the regulation of intracellular calcium is illustrated: LTCC (L-type
Ca?* Channels): Allows calcium to enter the cell. RyR (Ryanodine Receptor): Promotes the
release of calcium into the cytosol. SERCAZ2a: Pumps calcium back into the sarcoplasmic
reticulum. Na*/Ca?" exchanger & Na*/K* ATPase: Regulate the exchange of calcium and sodium
ions. JPH-2: A junctional protein that links the cytoskeleton to the sarcoplasmic reticulum.

Methods:

During the preparation of this article, an analytical approach to literature review was
employed to investigate the pathophysiological foundations of chronic heart failure and its
clinical correlations. A wide range of up-to-date scientific publications were examined, and their

findings were systematically synthesized.
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Relevant literature was selected using key terms such as “chronic heart failure”, “cardiac
remodeling”, “neurohormonal activation”, “myocardial fibrosis”, and “inflammation in heart
failure”. The data were categorized thematically, allowing for an in-depth exploration of the
underlying mechanisms of the condition.

Each domain-hemodynamic, neurohormonal, immunological, and metabolic-was
assessed individually, with a clear emphasis on their clinical consequences. This comprehensive

review ensures a structured understanding of the complex interplay between pathophysiology

and clinical presentation in chronic heart failure.
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Conclusion:

Chronic heart failure is a dynamic and multifactorial condition in which various
pathophysiological ~ processes—including  hemodynamic  imbalance,  neurohormonal
overactivation, inflammation, metabolic dysregulation, and impaired calcium homeostasis—
interact to impair cardiac function. These mechanisms not only contribute to myocardial
remodeling and reduced contractility but also play a critical role in the clinical progression of the
disease. A detailed understanding of these interconnected pathways provides a foundation for
better diagnostic precision and the implementation of more effective, mechanism-based
therapies. Recognizing the clinical implications of each pathophysiological component supports
the development of personalized treatment approaches and highlights the importance of

integrated care in improving patient outcomes in chronic heart failure.
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