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Abstract

Background. Nephrotic syndrome (NS) is a renal disorder characterized by proteinuria,
hypoalbuminemia, hyperlipidemia, and edema. Among these, edema remains a prominent
clinical manifestation affecting patient quality of life and signaling disease progression.
Understanding its multifactorial pathophysiology is essential for optimizing treatment
strategies.

Methods. A systematic review of peer-reviewed literature from 2020 to 2024 was conducted
using PubMed, ScienceDirect, and Elsevier. Search terms included "Edema," "Nephrotic
Syndrome," "Proteinuria,”" and "Nephrotic Edema.” Relevant articles, including case reports,
reviews, and clinical studies, were critically analyzed to identify advances in understanding
and managing edema in NS.

Discussion. Edema in NS arises from a combination of hypoalbuminemia-induced oncotic
pressure reductions, increased sodium retention, and altered vascular permeability. Standard
therapies, such as diuretics and dietary sodium restriction, address these mechanisms but may
be insufficient for resistant cases. Emerging strategies include combination diuretics, targeted
immunomodulators, and personalized approaches based on genetic predispositions and
hormonal influences. Advanced outcome measures now enable improved assessment of
treatment effectiveness and patient outcomes experiences.

Conclusion. Effective management of nephrotic edema requires a holistic approach,

integrating conventional therapies with emerging innovations. Advances in molecular research
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and diagnostic precision are paving the way for personalized interventions, emphasizing the

need for multidisciplinary care to improve outcomes and enhance patient quality of life.
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Introduction

Nephrotic syndrome (NS) is a renal condition characterized by proteinuria,
hypoalbuminemia, hyperlipidemia, and edema, with edema being one of its most debilitating
symptoms affecting the quality of life.! The development of edema in NS is linked to reduced
oncotic pressure, increased vascular permeability, and abnormal sodium retention mediated by
hormonal and renal factors.2

Addressing refractory edema remains a significant challenge in clinical practice. The
use of combination diuretics has shown promise in managing cases resistant to conventional
treatment.2 Additionally, new therapies targeting the mechanisms of proteinuria and sodium
retention offer potential alternatives for improving patient outcomes!. Pediatric cases often
highlight the interplay between genetic predispositions and hormonal factors, which influence
the severity and treatment of edema.3

Complications associated with NS, such as increased susceptibility to infections, add
complexity to its management. Recurrent infections are commonly observed and are often
worsened by the immunosuppressive effects of treatments such as corticosteroids and
tacrolimus.* Opportunistic infections in patients undergoing these therapies underscore the
importance of close monitoring and comprehensive care strategies.®

Advances in managing edema include the development of outcome measures to better
evaluate its severity and treatment response. Such tools, alongside growing insights into genetic
and molecular factors, are paving the way for more precise and personalized approaches to

care. 34

Methods
A systematic review of peer-reviewed articles, reports, case studies, and journals from
2020 to 2024 was conducted using databases such as PubMed, ScienceDirect, and Elsevier.

Search terms included “Edema,” ‘“Nephrotic Syndrome,” “Proteinuria,” and “Nephrotic

Edema.”
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Discussion

Nephrotic syndrome (NS) is a complex and multifaceted clinical condition, characterized
by heavy proteinuria, hypoalbuminemia, hyperlipidemia, and edema. 2 Edema in patients with
NS is one of the most bothersome symptoms and often poses a challenge in clinical
management. * Although various approaches to treat edema have been developed, including
the use of diuretics and sodium restriction, many patients develop resistance to these
treatments. ° Recent studies have shown that a combination of diuretics may be an effective
strategy for treating refractory edema in patients with NS, it needed a combination approach in
the management of refractory edema.?

Edema in nephrotic syndrome occurs due to a complex interaction between several
pathophysiological mechanisms.? Decreased serum albumin levels cause a decrease in colloid
osmotic pressure, resulting in transudation of fluid from the intravascular space to the
interstitial space.* This is exacerbated by increased glomerular permeability to protein and
sodium retention caused by activation of compensatory neurohormonal mechanisms.> The
"underfill" hypothesis explains that urinary protein loss causes intravascular hypovolemia,
triggering sodium and water retention by the kidneys in response to decreased effective blood
volume. On the other hand, the "overfill" hypothesis suggests that sodium retention can occur
independently of intravascular volume status, leading to increased fluid volume and edema.?
Pathophysiology of Edema in Nephrotic Syndrome

Edema in nephrotic syndrome (NS) primarily results from hypoalbuminemia, which
reduces plasma oncotic pressure and promotes fluid accumulation in interstitial spaces.
Hormonal dysregulation also plays a crucial role. One study highlighted the role of epithelial
sodium channels (ENaC) in the renal tubules, where their upregulation leads to sodium
retention and contributes significantly to refractory edema.’? Genetic and hormonal
interactions further complicate the presentation, as another study explored potential genes and
hormonal influences contributing to fluid retention and proteinuria in childhood NS.” These
findings emphasize the need for therapies targeting both systemic and renal-specific
mechanisms of fluid retention.

Diuretic Resistance and Combination Therapies

One of the most challenging aspects of NS management is diuretic resistance, where
conventional therapies fail to induce adequate diuresis. A case study described the effectiveness
of combination diuretics, such as loop diuretics with thiazides, in managing resistant edema.t

This synergistic approach enhances sodium excretion by targeting different segments of the
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nephron. ENaC inhibitors have also shown promise as adjunct therapies for refractory edema,
directly addressing the sodium retention mechanisms highlighted in the literature.? These
strategies represent significant progress in overcoming diuretic resistance in NS.
Immunosuppressive Therapy and Associated Risks

The use of immunosuppressive therapies, such as corticosteroids and calcineurin
inhibitors, is essential for managing immune-mediated NS but increases the risk of infections.
Research has reported that up to 20% of adult NS patients experience recurrent infections,
including urinary tract infections and pneumonia. * Another case highlighted a rare occurrence
of nocardiosis in a patient receiving glucocorticoid and tacrolimus therapy, emphasizing the
vulnerability of NS patients to opportunistic infections.®> These findings underscore the
importance of infection monitoring and prophylactic measures during treatment.>
Nutritional Management

Nutritional interventions are critical in the comprehensive care of NS. A low-sodium diet
helps control edema and blood pressure, while protein intake must be balanced to address
hypoalbuminemia without exacerbating renal damage. One study emphasized the role of
individualized dietary plans to improve fluid balance and support recovery.! Another study
discussed the management of nephrotic-range proteinuria, where optimizing nutrition plays a
role in reducing complications such as chyluria.®
Cardiovascular Complications

Edema in NS is not limited to peripheral tissues but may involve myocardial tissues.
Research highlighted the association of chronic kidney disease with myocardial edema and
diffuse fibrosis, which may contribute to cardiovascular risks in NS patients.® This underscores
the importance of monitoring cardiac health and incorporating interventions to reduce
cardiovascular complications in NS management.®
Long-term Monitoring and Outcome Measures

The development of standardized outcome measures for assessing NS symptoms and
complications is essential for clinical practice. A study developed clinician-reported outcome
measures (CMRs) specifically for edema, allowing healthcare providers to track patient
progress and adjust treatment plans effectively.® This tool ensures better monitoring and
tailored care for patients with complex and refractory symptoms.
Rare Presentations and Case Studies

Rare presentations of NS provide unique insights into the condition’s complexity.

Research discussed cases of NS without nephrotic-range proteinuria, which require a different
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diagnostic and therapeutic approach.* Another study described a rare case of NS associated
with Tangier disease, emphasizing the need for individualized care plans in atypical
scenarios.® Similarly, neonatal NS cases highlighted the importance of early diagnosis and
management to improve outcomes. !
Future Directions and Research Gaps

Recent advancements in understanding NS pathophysiology have paved the way for
novel therapeutic approaches. Studies proposed the integration of ENaC inhibitors and
immunomodulators into treatment regimens to target refractory edema and immune
dysregulation simultaneously.? Research into genetic and hormonal factors offers opportunities
for personalized medicine in NS management.” Further studies are needed to evaluate the long-
term efficacy and safety of emerging therapies and explore the role of cardiovascular and
metabolic factors in NS progression.®

Conclusion

The management of nephrotic syndrome is a multifaceted challenge requiring a
combination of pharmacological, nutritional, and supportive strategies. Addressing diuretic
resistance, minimizing infection risks, and considering the long-term complications of NS are
crucial to improving patient outcomes. Innovations in therapeutic approaches, such as
combination diuretics, ENaC inhibitors, and immunomodulators, alongside standardized
clinical tools, provide hope for more effective management. However, continuous research into

NS’s underlying mechanisms and individualized approaches remains essential.
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