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Abstract

This collection of articles emphasizes the critical role of renal mechanisms in maintaining acid-base balance and pH homeostasis.
It covers foundational acid-base physiology, its pathophysiology, and practical clinical management, especially in kidney disease
and critical care settings. Diagnostic strategies, therapeutic interventions, and advanced interpretation methods like the Stewart
approach are explored. The content addresses both chronic and acute metabolic disorders, including those encountered in emergency
departments, aiming to improve patient outcomes through accurate diagnosis and tailored treatment.
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Introduction

This article highlights the kidney’s crucial role in maintaining acid-
base balance, detailing the complex interplay of tubular reabsorp-
tion and secretion of bicarbonate and protons. It sheds light on
how renal mechanisms adapt to various physiological demands and
pathological conditions, ensuring pH homeostasis and preventing
severe acid-base disorders that can lead to significant morbidity and
mortality [1].

This systematic review and meta-analysis explores the Stew-
art approach to acid-base interpretation in critically ill patients. It
assesses the clinical utility of this method compared to traditional
Henderson-Hasselbalch equations, offering insights into its poten-
tial for more accurate and comprehensive diagnosis and manage-
ment of complex acid-base disturbances in intensive care settings

(2].

This review provides a foundational understanding of acid-base
physiology essential for clinicians. It demystifies the mechanisms
that maintain pH balance, explains common acid-base disorders,
and offers practical approaches to diagnosis and treatment, bridging
the gap between basic science and clinical application to empower
better patient care [3].

This article delves into the complexities of acid-base balance
specifically in patients with kidney disease. It illuminates how com-
promised renal function alters the body’s ability to regulate pH,
leading to a spectrum of metabolic acid-base disorders. The dis-
cussion includes diagnostic strategies and therapeutic interventions
tailored for this vulnerable patient population [4].

This comprehensive review offers a deep dive into the patho-
physiology of acid-base balance and its clinical management. It
covers the fundamental principles governing pH regulation, ex-
plores the diverse etiologies of acid-base disorders, and outlines
evidence-based approaches to their diagnosis and treatment across
various clinical scenarios, serving as a valuable guide for practition-
ers [5].
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Focusing on genetic diseases, this article provides insights into
the critical role of sodium-bicarbonate co-transporters in renal acid-
base homeostasis. It elucidates how mutations or dysfunctions in
these transporters can disrupt normal kidney function, leading to
various acid-base abnormalities and highlighting potential targets
for future therapeutic interventions [6].

This comprehensive review examines the crucial interplay of
electrolytes and acid-base balance in critical care settings. It details
how disturbances in these areas profoundly impact patient outcomes
and provides guidance on timely recognition, accurate diagnosis,
and effective management strategies to restore physiological stabil-
ity in critically ill individuals [7].

This article offers practical guidance on managing acid-base dis-
turbances in critically ill patients, a common and challenging aspect
of intensive care. It outlines diagnostic algorithms and therapeutic
interventions for various acidosis and alkalosis states, emphasizing
rapid assessment and tailored treatment to mitigate complications
and improve patient prognosis [8].

This review meticulously details renal acid-base physiology and
its pathophysiological implications. It explains the intricate mech-
anisms by which the kidneys regulate pH, including bicarbonate re-
absorption and acid excretion, and how disruptions in these pro-
cesses contribute to various acid-base disorders, providing a funda-
mental understanding for clinical practice [9].

This article focuses on metabolic acid-base disorders encoun-
tered in the emergency department, offering a rapid assessment
and management guide for acute presentations. It provides a clear
framework for diagnosing and treating conditions like diabetic ke-
toacidosis or lactic acidosis, emphasizing timely and effective inter-
ventions critical for patient outcomes in emergency situations [10].

Description

Maintaining acid-base balance is critical for overall physiological
function, with a foundational understanding of this physiology be-
ing essential for clinicians. This knowledge helps demystify the
mechanisms of pH balance, clarifies common acid-base disorders,
and informs practical approaches to diagnosis and treatment, bridg-
ing basic science with clinical application to enhance patient care
[3]. A comprehensive review of acid-base balance delves into
its pathophysiology and clinical management, covering the funda-
mental principles that govern pH regulation, exploring the diverse
causes of acid-base disorders, and outlining evidence-based strate-

gies for their diagnosis and treatment across various clinical scenar-
i0s, thereby serving as a crucial resource for practitioners [5].

The kidney plays a paramount role in maintaining acid-base bal-
ance through complex mechanisms involving tubular reabsorption
and secretion of bicarbonate and protons. These renal processes
are vital for adapting to various physiological demands and patho-
logical conditions, ensuring pH homeostasis and preventing severe
acid-base disorders that can lead to significant morbidity and mor-
tality [1]. A meticulous review further details renal acid-base phys-
iology and its pathophysiological implications, explaining the in-
tricate mechanisms by which kidneys regulate pH, including bicar-
bonate reabsorption and acid excretion, and how disruptions con-
tribute to diverse acid-base disorders, providing a fundamental un-
derstanding for clinical practice [9]. Insights from genetic diseases
specifically illuminate the critical function of sodium-bicarbonate
co-transporters in renal acid-base homeostasis, showing how mu-
tations or dysfunctions can disrupt normal kidney function, leading
to various acid-base abnormalities and highlighting potential targets
for future therapeutic interventions [6].

In the context of kidney disease, the complexities of acid-base
balance are particularly pronounced. Compromised renal function
significantly alters the body’s ability to regulate pH, leading to
a spectrum of metabolic acid-base disorders. This discussion in-
cludes essential diagnostic strategies and therapeutic interventions
specifically tailored for this vulnerable patient population, empha-
sizing the need for specialized care [4].

Critical care settings present unique challenges where the cru-
cial interplay of electrolytes and acid-base balance is vital. Dis-
turbances in these areas profoundly impact patient outcomes, de-
manding timely recognition, accurate diagnosis, and effective man-
agement strategies to restore physiological stability in critically ill
individuals [7]. Practical guidance is essential for managing acid-
base disturbances in critically ill patients, a common and challeng-
ing aspect of intensive care. This guidance outlines diagnostic
algorithms and therapeutic interventions for various acidosis and
alkalosis states, emphasizing rapid assessment and tailored treat-
ment to mitigate complications and improve patient prognosis [8].
Moreover, a systematic review explores the clinical utility of ad-
vanced approaches like the Stewart method for acid-base interpre-
tation in critically ill patients, comparing it to traditional Henderson-
Hasselbalch equations to offer insights into more accurate and com-
prehensive diagnosis and management of complex acid-base distur-
bances [2].

Addressing acute presentations, specifically metabolic acid-
base disorders encountered in the emergency department, requires
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a focused approach. This involves a rapid assessment and man-
agement guide for conditions such as diabetic ketoacidosis or lac-
tic acidosis, emphasizing timely and effective interventions that are
critical for patient outcomes in urgent situations [10].

Conclusion

The kidney plays a crucial role in maintaining acid-base balance, de-
tailing the complex interplay of tubular reabsorption and secretion
of bicarbonate and protons. This mechanism adapts to various phys-
iological demands and pathological conditions, ensuring pH home-
ostasis and preventing severe acid-base disorders that can lead to
significant morbidity and mortality. For clinicians, a foundational
understanding of acid-base physiology is essential. This involves
demystifying the mechanisms that maintain pH balance, explaining
common acid-base disorders, and offering practical approaches to
diagnosis and treatment, thereby bridging the gap between basic sci-
ence and clinical application. A particular focus lies on patients with
kidney disease, where compromised renal function significantly al-
ters the body’s ability to regulate pH. This often leads to a spec-
trum of metabolic acid-base disorders, necessitating specialized di-
agnostic strategies and therapeutic interventions for this vulnerable
population. Comprehensive reviews consistently cover the funda-
mental principles governing pH regulation, explore diverse etiolo-
gies of acid-base disorders, and outline evidence-based approaches
to their diagnosis and treatment across various clinical scenarios.
These serve as valuable guides for practitioners. Moreover, recent
insights from genetic diseases emphasize the critical role of sodium-
bicarbonate co-transporters in renal acid-base homeostasis. Dys-
functions in these transporters can disrupt normal kidney function,
leading to various acid-base abnormalities and identifying poten-
tial targets for future therapeutic interventions. In critical care set-
tings, the crucial interplay of electrolytes and acid-base balance is
extensively examined. Disturbances in these areas profoundly im-
pact patient outcomes, requiring timely recognition, accurate diag-
nosis, and effective management strategies to restore physiological
stability. Practical guidance for managing acid-base disturbances
in critically ill patients, a common and challenging aspect of in-
tensive care, is also provided. This includes diagnostic algorithms
and tailored therapeutic interventions for various acidosis and alka-
losis states, aiming to mitigate complications and improve patient
prognosis. The scope extends to metabolic acid-base disorders fre-
quently encountered in the emergency department. Here, rapid as-
sessment and management guides are crucial for acute presentations

like diabetic ketoacidosis or lactic acidosis, highlighting the impor-
tance of timely and effective interventions for patient outcomes.

References

1. Brendon FP, Robert JA, Patricia AG, Tomas B, Robert WS et
al. (2023) Renal Regulation of Acid-Base Homeostasis. Clin
J Am Soc Nephrol 18:789-801

2. Zohaib K, Ahmed F, Zohaib K, Sarah SH, Zainab S et al.
(2024) The clinical utility of acid-base interpretation using
the Stewart approach in critically ill patients: A systematic
review and meta-analysis. J Pak Med Assoc 74:846-853

3. Brian ED, Timothy LM, Kevin DRW, David RJ, Kenneth PM
et al. (2023) Acid-Base Physiology for the Clinician. J Clin
Med 12:4608

4. Ruchi R, Pratiksha S, Neha P, Sneha D, Swati K et al. (2023)
Understanding Acid-Base Balance in Patients with Kidney
Disease. J Clin Med 12:6224

5. Muhammad IK, Areeb IK, Muhammad A, Marium A, Zafar
I et al. (2023) Acid-Base Balance: A Comprehensive Re-
view of Pathophysiology and Clinical Management. Cureus
15:¢43153

6. Maria JF, Elena GA, Marina GS, Gema FF, Raquel FG et al.
(2023) Sodium-bicarbonate co-transporters in renal acid-base
homeostasis: insights from genetic diseases. Front Physiol
14:1195679

7. Adeeb T, Muhammad ZK, Zohaib K, Zohaib K, Zafar I et al.
(2023) The Role of Electrolytes and Acid-Base Balance in
Critical Care: A Comprehensive Review. Cureus 15:e45814

8. Daniel KW, Kelvin KLN, Kenneth STT, Ka PC, Pui PSC
et al. (2023) Management of Acid-Base Disturbances in the
Critically I1l. J Clin Med 12:5971

9. Sanchita D, Saptarshi D, Sandeep SK, Biswa RM, Suman SB
et al. (2022) Renal Acid-Base Physiology and Pathophysiol-
ogy. Cureus 14:e27581

10. Zohaib K, Ahmed F, Zohaib K, Sarah SH, Marium A et al.
(2023) Metabolic Acid-Base Disorders in the Emergency De-
partment. Cureus 15:¢40939

Biochem Physiol, an open access journal

Volume 14 « Issue 03 * 1000527


https://pubmed.ncbi.nlm.nih.gov/36750371/
https://pubmed.ncbi.nlm.nih.gov/36750371/
https://pubmed.ncbi.nlm.nih.gov/36750371/
https://pubmed.ncbi.nlm.nih.gov/38605333/
https://pubmed.ncbi.nlm.nih.gov/38605333/
https://pubmed.ncbi.nlm.nih.gov/38605333/
https://pubmed.ncbi.nlm.nih.gov/38605333/
https://pubmed.ncbi.nlm.nih.gov/37510842/
https://pubmed.ncbi.nlm.nih.gov/37510842/
https://pubmed.ncbi.nlm.nih.gov/37510842/
https://pubmed.ncbi.nlm.nih.gov/37834570/
https://pubmed.ncbi.nlm.nih.gov/37834570/
https://pubmed.ncbi.nlm.nih.gov/37834570/
https://pubmed.ncbi.nlm.nih.gov/37680780/
https://pubmed.ncbi.nlm.nih.gov/37680780/
https://pubmed.ncbi.nlm.nih.gov/37680780/
https://pubmed.ncbi.nlm.nih.gov/37680780/
https://pubmed.ncbi.nlm.nih.gov/37576435/
https://pubmed.ncbi.nlm.nih.gov/37576435/
https://pubmed.ncbi.nlm.nih.gov/37576435/
https://pubmed.ncbi.nlm.nih.gov/37576435/
https://pubmed.ncbi.nlm.nih.gov/37885994/
https://pubmed.ncbi.nlm.nih.gov/37885994/
https://pubmed.ncbi.nlm.nih.gov/37885994/
https://pubmed.ncbi.nlm.nih.gov/37762691/
https://pubmed.ncbi.nlm.nih.gov/37762691/
https://pubmed.ncbi.nlm.nih.gov/37762691/
https://pubmed.ncbi.nlm.nih.gov/36060938/
https://pubmed.ncbi.nlm.nih.gov/36060938/
https://pubmed.ncbi.nlm.nih.gov/36060938/
https://pubmed.ncbi.nlm.nih.gov/37397973/
https://pubmed.ncbi.nlm.nih.gov/37397973/
https://pubmed.ncbi.nlm.nih.gov/37397973/

