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Introduction 

Pulmonary edema remains a significant cause of morbidity and 

mortality in patients with heart disease. It results from the imbalance 

between hydrostatic and oncotic pressures in the pulmonary 

vasculature, leading to the extravasation of fluid into the alveoli and 

interstitium [1]. While cardiac dysfunction, such as left ventricular 

failure, is the primary driver, emerging evidence suggests that 

neurohormonal activation plays a pivotal role in the pathophysiology 

of pulmonary edema. Neurohormones, including catecholamines, 

angiotensin II, and aldosterone, contribute to increased vascular 

permeability, sodium retention, and vasoconstriction, exacerbating 

pulmonary congestion [2]. This review aims to elucidate the complex 

interplay between neurohormonal activation and pulmonary edema in 

heart disease. 

Neurohormonal activation and pulmonary edema 

Sympathetic nervous system activation 

The sympathetic nervous system is hyperactivated in heart failure, 

leading to increased release of catecholamines such as epinephrine and 

norepinephrine. 

Catecholamines act on β-adrenergic receptors in the lungs, 

promoting pulmonary vasoconstriction and increasing capillary 

permeability [3]. 

This results in enhanced fluid extravasation into the pulmonary 

interstitium, contributing to pulmonary edema. 

Renin-angiotensin-aldosterone system (RAAS) activation 

Activation of the RAAS is a hallmark of heart failure and exacerbates 

pulmonary edema through multiple mechanisms. 

Angiotensin II, a key effector molecule of RAAS, induces 

vasoconstriction of pulmonary arterioles and increases systemic 

vascular resistance. 

Furthermore, angiotensin II enhances sodium reabsorption in the 

kidneys via aldosterone release, leading to fluid retention and volume 

overload [4]. 

Aldosterone also promotes endothelial dysfunction and increases 

vascular permeability in the lungs, exacerbating fluid leakage into the 

alveoli. 

Clinical implications 

Understanding the role of neurohormonal activation in pulmonary 

edema has important clinical implications. Targeting neurohormonal 

pathways with pharmacological agents such as β-blockers, angiotensin- 

converting enzyme inhibitors (ACEIs), angiotensin receptor blockers 

(ARBs), and mineralocorticoid receptor antagonists (MRAs) has been 

shown to improve symptoms and reduce hospitalizations in patients 

with heart failure [5]. These therapies not only alleviate pulmonary 

congestion but also mitigate the progression of heart failure by 

attenuating neurohormonal activation. 

Materials and Methods 

This review utilized a comprehensive search strategy to identify 

relevant studies and literature on the role of neurohormonal activation 

in pulmonary edema associated with heart disease. Electronic databases 

including PubMed, MEDLINE, and Google Scholar were systematically 

searched using combinations of keywords such as pulmonary edema, 

heart failure, neurohormonal activation, sympathetic nervous system 

and renin-angiotensin-aldosterone system. 

Inclusion criteria encompassed original research articles, reviews, 

and clinical studies published in English, focusing on mechanisms, 

pathophysiology, and therapeutic implications of neurohormonal 

activation in pulmonary edema. Articles were screened based on 

relevance to the topic and quality of evidence, with preference given 

to studies elucidating molecular mechanisms and clinical outcomes 
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Abstract 

Pulmonary edema is a critical manifestation of heart disease, characterized by the accumulation of fluid in 

the lungs due to altered fluid dynamics and increased vascular permeability. While the primary pathology involves 

cardiac dysfunction, recent research highlights the pivotal role of neurohormonal activation in exacerbating pulmonary 

edema. This review explores the mechanisms through which neurohormones contribute to pulmonary edema in 

heart disease, focusing on the activation of the sympathetic nervous system and the renin-angiotensin-aldosterone 

system. Understanding these mechanisms is crucial for developing targeted therapies to mitigate pulmonary edema 

and improve outcomes in patients with heart disease. 

mailto:lawres985@gmail.com


Citation: Lawrence S (2024) Role of Neurohormonal Activation in the Development of Pulmonary Edema in Heart Disease. J Pulm Res Dis 8: 197. 

Page 2 of 3 

J Pulm Res Dis, an open access journal Volume 8 • Issue 3 • 1000197 

 

 

 

related to neurohormonal pathways in heart failure-induced 

pulmonary edema. 

Data extraction included information on study design, participant 

characteristics, interventions, outcomes related to pulmonary edema 

severity, and mechanistic insights into neurohormonal activation. 

Emphasis was placed on synthesizing evidence to delineate the 

contributions of sympathetic nervous system activation and the renin- 

angiotensin-aldosterone system to pulmonary vascular dysfunction 

and fluid dynamics in heart disease. 

Critical appraisal of included studies involved assessing 

methodological rigor, bias, and applicability of findings to clinical 

practice. The synthesis of findings aimed to provide a coherent 

understanding of how neurohormonal dysregulation exacerbates 

pulmonary edema, informing potential therapeutic strategies targeting 

these pathways. 

Limitations of the review included variability in study 

methodologies, heterogeneity of patient populations, and potential 

publication bias. Nevertheless, the synthesis of available evidence 

underscores the pivotal role of neurohormonal activation in the 

pathogenesis of pulmonary edema in heart disease, highlighting 

avenues for further research and therapeutic innovation. 

Results 

The literature review identified a significant body of evidence 

supporting the role of neurohormonal activation in the development 

of pulmonary edema in heart disease. Key findings are summarized as 

follows: 

Sympathetic nervous system activation 

Multiple studies demonstrated that elevated catecholamine levels, 

particularly norepinephrine, are associated with increased pulmonary 

capillary pressure and enhanced vascular permeability [6]. 

Experimental models showed that β-adrenergic receptor 

stimulation in the lungs leads to pulmonary vasoconstriction and fluid 

accumulation in the interstitial space. 

Renin-angiotensin-aldosterone system (RAAS) activation 

Clinical and preclinical studies confirmed that angiotensin II and 

aldosterone contribute to pulmonary edema by promoting sodium and 

water retention, increasing blood volume and pressure. 

Angiotensin II was found to directly cause pulmonary 

vasoconstriction, exacerbating capillary hydrostatic pressure and fluid 

transudation into the alveolar space. 

Aldosterone was implicated in promoting endothelial dysfunction 

and increased permeability, further facilitating fluid leakage into the 

lungs [7]. 

Therapeutic interventions 

The review highlighted the efficacy of β-blockers, ACE inhibitors, 

ARBs, and MRAs in reducing pulmonary congestion and edema in 

heart failure patients. 

Studies reported that these agents mitigate neurohormonal 

activation, leading to decreased sympathetic outflow, lower angiotensin 

II levels, and reduced aldosterone-mediated effects on the vasculature 

and kidneys. 

Discussion 

The results of this review underscore the intricate relationship 

between neurohormonal activation and the pathophysiology of 

pulmonary edema in heart disease. Sympathetic nervous system 

activation and RAAS play central roles in increasing pulmonary 

capillary pressure and vascular permeability, key factors in the 

development of pulmonary edema. 

Sympathetic nervous system: The sympathetic nervous system, 

through the release of catecholamines, exacerbates pulmonary edema 

by inducing vasoconstriction and increasing capillary permeability [8]. 

Elevated catecholamine levels correlate with worse clinical outcomes, 

suggesting the importance of modulating sympathetic activity in heart 

failure management. 

Renin-angiotensin-aldosterone system: RAAS activation 

contributes significantly to fluid retention and vascular dysfunction. 

Angiotensin II's vasoconstrictive properties and aldosterone's effects on 

sodium retention and endothelial permeability synergistically worsen 

pulmonary congestion. Therapeutic inhibition of RAAS components 

has shown to reduce pulmonary edema and improve clinical symptoms, 

highlighting the potential of these pathways as therapeutic targets [9]. 

Therapeutic implications: The efficacy of neurohormonal blockade 

in reducing pulmonary edema supports the concept of targeting these 

pathways in heart failure treatment [10]. β-blockers, ACE inhibitors, 

ARBs, and MRAs not only alleviate symptoms but also modify disease 

progression by attenuating neurohormonal activation. 

Conclusion 

Pulmonary edema is a severe complication of heart disease, 

significantly impacting patient morbidity and mortality. The review of 

current literature reveals that neurohormonal activation, specifically 

through the sympathetic nervous system and the renin-angiotensin- 

aldosterone system (RAAS), plays a pivotal role in the development 

and exacerbation of this condition. The sympathetic nervous system, 

through the release of catecholamines like norepinephrine, leads to 

pulmonary vasoconstriction and increased capillary permeability, 

contributing to fluid accumulation in the lungs. Elevated catecholamine 

levels are associated with worse clinical outcomes in heart failure 

patients, underscoring the need for therapeutic strategies targeting 

sympathetic hyperactivity. Similarly, the RAAS contributes to 

pulmonary edema by promoting sodium and water retention, increasing 

blood volume and pressure, and causing vasoconstriction. Angiotensin 

II directly increases pulmonary capillary hydrostatic pressure, 

while aldosterone promotes endothelial dysfunction and vascular 

permeability. These mechanisms collectively lead to the transudation 

of fluid into the alveolar spaces, resulting in pulmonary congestion. 

Therapeutic interventions that inhibit neurohormonal activation, 

such as β-blockers, ACE inhibitors, angiotensin receptor blockers, and 

mineralocorticoid receptor antagonists, have been shown to reduce 

pulmonary congestion and improve clinical outcomes in heart failure 

patients. These findings highlight the importance of neurohormonal 

pathways in the pathophysiology of pulmonary edema and support 

the continued use and optimization of these therapies. In conclusion, 

understanding the role of neurohormonal activation in pulmonary 

edema provides critical insights into the mechanisms underlying this 

condition in heart disease. Targeting these pathways offers a promising 

approach to mitigating pulmonary edema, improving patient 

outcomes, and potentially altering the course of heart failure. Future 

research should focus on refining these therapeutic strategies and 
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exploring additional neurohormonal pathways involved in pulmonary 

edema to develop more comprehensive treatment protocols. 
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