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Abstract: Renal failure, also known as kidney failure, is a significant global health concern characterized 

by the inability of the kidneys to adequately filter waste products from the blood. This review provides a 

detailed examination of the causes, symptoms, and management strategies associated with renal failure. 

The condition is broadly classified into acute renal failure (ARF) and chronic renal failure (CRF), each 

with distinct etiologies and clinical manifestations. Common causes include diabetes mellitus, hypertension, 

glomerulonephritis, and exposure to nephrotoxic substances. Symptoms often involve fatigue, fluid 

retention, electrolyte imbalances, and decreased urine output. Early diagnosis and intervention are crucial 

in preventing progression to end-stage renal disease (ESRD). Management approaches vary depending on 

the stage and type of renal failure but typically include lifestyle modifications, pharmacological treatments, 

dialysis, and kidney transplantation in severe cases. This review emphasizes the importance of preventive 

measures, including proper management of underlying conditions and regular monitoring of kidney 

function, to mitigate the risk of renal failure. Recent advancements in treatment options, as well as 

emerging therapies, are also discussed to provide a comprehensive overview of the current and future 

landscape of renal failure management. 
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I. INTRODUCTION 

The 17th century marked a turning point in the understanding of renal physiology. English physician William Harvey’s 

discovery of blood circulation in 1628 was pivotal for understanding how blood flow related to kidney filtration (1). 

Richard Lower (1631–1691) demonstrated that the kidneys were involved in filtering blood to produce urine, 

establishing a clearer connection between kidney function and systemic health (2). By the 19th century, clinicians 

began recognizing specific renal pathologies. Richard Bright (1789–1858), an English physician, is often credited as the 

founder of nephrology . In the 1820s, Bright linked kidney disease to the clinical symptoms of edema (swelling) and 

high blood pressure, identifying what would later be called "Bright's disease" (chronic nephritis) . His observations 

were groundbreaking in correlating proteinuria (protein in the urine) with kidney dysfunction, foreshadowing modern 

methods of diagnosing kidney failure through laboratory markers (3). In 1839, Thomas Addison further expanded on 

the study of kidney diseases, recognizing various forms of kidney inflammation and damage (4). This era laid the 

foundation for identifying causes of renal failure, though treatments were still limited (5). 

Renal failure, commonly referred to as kidney failure, is a serious medical condition characterized by the kidneys' 

inability to adequately filter waste products and excess fluids from the blood, resulting in imbalanced electrolytes and 

the accumulation of toxins (6). This condition represents a final common pathway for many kidney-related diseases and 

systemic conditions, impacting millions of people worldwide (7). Renal failure can be classified into two broad 

categories: acute kidney injury (AKI) and chronic kidney disease (CKD) (8). Both forms carry significant morbidity 

and mortality risks, particularly as they often progress silently until the later stages (9). 

 

Importance of Renal Function 

The kidneys are essential organs responsible for maintaining homeostasis in the body. They regulate fluid balance, 

electrolyte levels, and acid-base equilibrium, while also removing metabolic waste products like urea and creatinine 

(10). Additionally, the kidneys play a key role in blood pressure regulation, red blood cell production through the 

secretion of erythropoietin, and the activation of vitamin D, which is crucial for bone health (11). Given the wide-
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ranging functions of the kidneys, any decline in their ability to perform these tasks can have profound systemic effects. 

In renal failure, the loss of these critical functions can lead to complications such as hyperkalemia (elevated potassium 

levels), metabolic acidosis, hypertension, anemia, and osteodystrophy (12). These complications, if left untreated, can 

lead to life-threatening consequences, including cardiovascular events, neurological impairments, and multi-organ 

failure (13). Therefore, understanding the causes, symptoms, and management strategies for renal failure is crucial for 

improving patient outcomes and reducing the disease burden (14). 

 

Global Burden and Impact 

Renal failure is a growing global health concern, with increasing prevalence driven by the rise in risk factors such as 

diabetes, hypertension, and obesity (15). According to the World Health Organization (WHO), chronic kidney disease 

(CKD) is now recognized as a significant cause of death worldwide, particularly in low- and middle-income countries 

where access to treatment options such as dialysis and kidney transplantation is limited (16). In 2017, the Global 

Burden of Disease Study ranked CKD as the 12th leading cause of death, with projections indicating that it will become 

the 5th leading cause by 2040 (17). 

Acute kidney injury (AKI), on the other hand, is a common complication in hospitalized patients, particularly those in 

intensive care units (ICUs) (18). AKI can result from multiple causes, including sepsis, hypovolemia (low blood 

volume), nephrotoxic medications, and trauma (19). 

While AKI is potentially reversible if diagnosed and treated promptly, it significantly increases the risk of developing 

CKD later in life, thus linking acute and chronic forms of renal failure in a continuum (20). 

 

Causes of Renal Failure: A Detailed Overview 

Renal failure, whether acute or chronic, can arise from a wide variety of causes that affect the kidneys’ ability to filter 

waste and regulate essential bodily functions. This section of the review will explore the underlying etiologies of both 

acute kidney injury (AKI) and chronic kidney disease (CKD), detailing the pathophysiological mechanisms and the 

various factors contributing to kidney dysfunction. The causes are often multifactorial, involving systemic diseases, 

environmental exposures, genetic predispositions, and direct kidney injury. Understanding these causes is critical for 

preventing progression, optimizing treatment, and managing patient outcomes. 

 

1. Causes of Acute Kidney Injury (AKI) 

Acute Kidney Injury (AKI) is characterized by a rapid decline in kidney function over hours to days. The causes of AKI 

are typically divided into prerenal, intrinsic (intrarenal), and postrenal categories based on where the dysfunction occurs 

within the renal system.(21) 

 

A. Prerenal Causes 

Prerenal AKI occurs due to reduced blood flow to the kidneys, impairing their ability to filter waste. While the kidneys 

themselves remain structurally intact, prolonged ischemia can lead to intrinsic damage if not corrected. 

• Hypovolemia: Dehydration, excessive blood loss (hemorrhage), or fluid loss from severe vomiting, diarrhea, or burns 

can significantly reduce the blood volume, leading to decreased renal perfusion. 

• Heart Failure and Cardiovascular Shock: Conditions that impair cardiac output, such as congestive heart failure, 

myocardial infarction, or cardiogenic shock, reduce blood flow to the kidneys. 

• Sepsis: Severe infections can cause systemic vasodilation and hypotension, reducing renal blood flow. 

• Renal Artery Stenosis: Narrowing of the renal arteries due to atherosclerosis or fibromuscular dysplasia decreases the 

amount of blood reaching the kidneys, leading to prerenal AKI.(22) 

 

B. Intrinsic Causes 

Intrinsic AKI results from direct damage to the kidney tissue. This category encompasses diseases affecting the 

glomeruli, tubules, or interstitium of the kidney. 

• Acute Tubular Necrosis (ATN): The most common cause of intrinsic AKI, ATN results from prolonged ischemia (as 

seen in prerenal AKI) or exposure to nephrotoxic agents. Common nephrotoxins include: 
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o Medications: Aminoglycosides (antibiotics), nonsteroidal anti-inflammatory drugs (NSAIDs), and contrast agents 

used in imaging procedures. 

o Rhabdomyolysis: Muscle breakdown releases myoglobin, which can obstruct renal tubules and cause toxic injury. 

o Hemolysis: The breakdown of red blood cells releases free hemoglobin, which is nephrotoxic in high amounts. 

• Acute Glomerulonephritis: Inflammation of the glomeruli, the filtering units of the kidney, can be caused by 

autoimmune diseases such as lupus, infections like streptococcal throat infections (post-infectious glomerulonephritis), 

or vasculitis. 

• Acute Interstitial Nephritis (AIN): Inflammatory injury to the kidney interstitium, typically triggered by allergic 

reactions to drugs (e.g., antibiotics, NSAIDs) or infections. AIN is a relatively rare cause of AKI but can be reversible if 

detected early.(23) 

 

C. Postrenal Causes 

Postrenal AKI occurs due to obstruction of urine flow, leading to backpressure on the kidneys and impaired filtration. 

This is often reversible if the obstruction is relieved quickly. 

• Urinary Tract Obstruction: Common causes include benign prostatic hyperplasia (BPH), kidney stones, or tumors 

compressing the ureters or bladder. 

• Urethral Stricture: Narrowing of the urethra can obstruct urine flow, leading to postrenal AKI. 

• Neurogenic Bladder: Impaired bladder function due to nerve damage, often seen in patients with spinal cord injuries, 

can lead to postrenal AKI.(24) 

 

2. Causes of Chronic Kidney Disease (CKD) 

Chronic Kidney Disease (CKD) is defined as a gradual loss of kidney function over months to years. Unlike AKI, CKD 

is typically irreversible and progresses over time, leading to end-stage renal disease (ESRD) if untreated. CKD is often 

asymptomatic in its early stages, which makes understanding the underlying causes critical for early intervention and 

prevention.(25) 

  

A. Systemic Diseases 

Diabetes Mellitus is the leading cause of CKD worldwide. Chronic hyperglycemia leads to damage of the kidney’s 

filtering units (glomeruli), a condition known as diabetic nephropathy. This manifests as proteinuria (albumin leakage 

into the urine) and progressive kidney function decline. 

• Mechanism: High blood sugar damages the blood vessels in the kidneys, leading to thickening of the glomerular 

basement membrane and increased permeability. Over time, this reduces the kidney’s filtration capacity. 

Hypertension (high blood pressure) is another major cause of CKD. Chronically elevated blood pressure causes damage 

to the renal vasculature, leading to hypertensive nephrosclerosis. This results in scarring and loss of functional 

nephrons. 

• Mechanism: The increased pressure in blood vessels damages the small arteries within the kidneys, leading to 

ischemia and sclerosis of kidney tissue. 

Autoimmune Diseases: Conditions such as systemic lupus erythematosus (SLE) and IgA nephropathy (Berger’s 

disease) can cause CKD through chronic inflammation of the kidneys. These autoimmune disorders lead to 

glomerulonephritis, where the body’s immune system attacks kidney tissues, resulting in long-term damage.(26) 

 

B. Genetic and Hereditary Causes 

Polycystic Kidney Disease (PKD) is a genetic disorder that causes the development of multiple fluid-filled cysts in the 

kidneys. Over time, these cysts enlarge and replace normal kidney tissue, leading to progressive kidney failure. 

• Autosomal Dominant PKD (ADPKD): This is the most common form and usually manifests in adulthood, though the 

disease progression can be slow, with symptoms often appearing in middle age. 

• Autosomal Recessive PKD (ARPKD): A rarer form that typically presents in infancy or childhood and progresses 

rapidly. 
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Alport Syndrome: A genetic disorder characterized by the development of abnormal collagen in the kidney’s glomeruli. 

This leads to progressive loss of kidney function, often accompanied by hearing loss and eye abnormalities.(27) 

 

C. Environmental and Lifestyle Factors 

Nephrotoxic Drugs: Chronic use of certain medications, including nonsteroidal anti- inflammatory drugs (NSAIDs), 

certain antibiotics (aminoglycosides), and lithium (used for mood disorders), can contribute to the development of CKD 

by causing cumulative damage to the kidneys. 

Toxins and Heavy Metals: Chronic exposure to toxins such as lead, mercury, or certain industrial chemicals can cause 

tubulointerstitial nephritis, leading to scarring of the kidneys over time. 

Chronic Infections: Long-standing infections, such as chronic pyelonephritis (kidney infections), or recurrent episodes 

of acute infections can lead to progressive renal damage and CKD. 

 

D. Obstructive Causes 

Chronic urinary tract obstructions, such as those caused by benign prostatic hyperplasia (BPH), recurrent kidney stones, 

or ureteral strictures, can cause obstructive uropathy, leading to long-term damage to kidney function. 

 

E. Glomerular Diseases 

Glomerulonephritis: Chronic inflammation of the glomeruli can lead to progressive damage and CKD. Common types 

of chronic glomerulonephritis include focal segmental glomerulosclerosis (FSGS), membranous nephropathy, and 

minimal change disease. 

 

F. Vascular Causes 

Renal Artery Stenosis: Atherosclerosis or fibromuscular dysplasia causing narrowing of the renal arteries can lead to 

ischemic nephropathy, where reduced blood flow causes progressive kidney damage over time. 

Vasculitis: Inflammatory conditions such as granulomatosis with polyangiitis (formerly Wegener’s granulomatosis) can 

damage the small blood vessels in the kidneys, leading to CKD (28) 

  

4 Symptoms  
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1. Acute Kidney Injury (AKI) is characterized by a rapid decline in kidney function over hours to days, often presenting 

with sudden onset of symptoms. In some cases, AKI may be asymptomatic and diagnosed only through laboratory tests. 

The clinical presentation of AKI depends on the underlying cause and severity of the condition. 

 

A. Oliguria or Anuria 

• Oliguria (urine output <400 mL/day) or anuria (absence of urine) is a hallmark symptom of AKI. Oliguria occurs due 

to the kidneys' inability to filter blood and produce urine (29). 

• In prerenal AKI, oliguria results from decreased renal blood flow, whereas in postrenal AKI, it results from urinary 

tract obstruction(30). 

• Intrinsic AKI, such as acute tubular necrosis (ATN) or glomerulonephritis, commonly 

presents with oliguria (31). 

 

B. Edema 

• Fluid retention, due to the kidney’s inability to excrete excess water, leads to edema. Swelling is often seen in the legs, 

ankles, and face(32). 

• In severe cases, pulmonary edema may occur, leading to shortness of breath and 

respiratory distress (33). 

 

C. Electrolyte Imbalances 

• Hyperkalemia (high potassium levels) is a dangerous complication of AKI, causing symptoms like muscle weakness 

and arrhythmias(34). 

• Hyponatremia (low sodium levels) may cause confusion, headaches, and seizures(35). 

• Hypocalcemia and hyperphosphatemia can lead to muscle cramps and bone pain(36). 

 

D. Metabolic Acidosis 

• In AKI, the kidneys lose the ability to excrete hydrogen ions and reabsorb bicarbonate, leading to metabolic acidosis. 

This condition can manifest as rapid breathing (Kussmaul respirations), fatigue, and confusion(37). 

 

E. Uremia 

• Uremia, the accumulation of waste products in the blood, is a key feature of severe AKI, causing symptoms like 

nausea, vomiting, and fatigue (38). 

• Uremic toxins can also cause pericarditis, resulting in chest pain and dyspnea (39). 

 

F. Hypertension 

• In prerenal and intrinsic AKI, impaired kidney function can lead to hypertension, further damaging the kidneys(40). 

 

G. Nonspecific Symptoms 

• Patients with AKI may experience general symptoms such as fatigue, weakness, and loss of appetite due to toxin 

buildup (41). 

• Infections, especially urinary tract infections (UTIs), are common in postrenal AKI due to 

urinary obstruction (42). 

 

2. Symptoms of Chronic Kidney Disease (CKD) 

CKD progresses slowly over months or years, and its symptoms may be subtle in the early stages. By the time 

symptoms appear, CKD may have progressed significantly(43). 

 

A. Early-Stage Symptoms 

• Fatigue and weakness are common early signs due to anemia and toxin buildup (44). 

• Loss of appetite, nausea, and unexplained weight loss are often due to uremia (45). 
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• Nocturia (frequent nighttime urination) may occur as the kidneys lose their ability to concentrate urine. 

 

B. Edema and Fluid Retention 

• As CKD worsens, sodium and fluid retention lead to edema, especially in the legs, ankles, and face  (46). 

• Pulmonary edema and shortness of breath may occur as CKD progresses(47). 

 

C. Electrolyte Imbalances 

• Hyperkalemia is common in advanced CKD, causing muscle weakness and irregular heartbeats(48). 

• Hypocalcemia and hyperphosphatemia may lead to bone pain and muscle cramps due to impaired phosphate excretion 

(49). 

• Metabolic acidosis can cause fatigue, headaches, and breathing difficulties (50). 

 

D. Hypertension 

• Hypertension is both a cause and a consequence of CKD. As kidney function declines, blood pressure increases, 

exacerbating kidney damage (51). 

 

E. Anemia 

• CKD patients often develop anemia due to reduced erythropoietin production, leading to fatigue, pallor, and shortness 

of breath (52) 

 

F. Uremia 

• In advanced CKD, uremic syndrome causes nausea, vomiting, a metallic taste, confusion, and restless legs(53). 

• Pruritus (itching) and a foul odor to the breath are common due to toxin buildup (54). 

 

G. Cardiovascular Symptoms 

• CKD is closely linked with cardiovascular disease. Symptoms include chest pain, palpitations, and shortness of breath 

(55). 

 

H. Bone and Mineral Disorders 

• CKD causes renal osteodystrophy, leading to bone pain, fractures, and muscle cramps (56). 

 

I. Skin and Nail Changes 

• CKD patients often experience skin changes like pallor, bruising, and a yellowish hue. Nail changes, such as half-and-

half nails, are also common (57). 

 

J. Sexual Dysfunction 

• CKD may cause sexual dysfunction due to hormonal imbalances, fatigue, and emotional stress(58). 

 

5 Management 

The management of renal failure, whether acute kidney injury (AKI) or chronic kidney disease (CKD), aims to halt or 

slow disease progression, alleviate symptoms, and prevent complications (59,60). The treatment approach varies based 

on the type and stage of renal failure, the underlying cause, and the presence of comorbid conditions (61). Successful 

management relies on early detection, appropriate interventions, and a multidisciplinary approach involving 

nephrologists, dietitians, pharmacists, and other healthcare professionals (62). This section of the review outlines the 

comprehensive strategies for managing both AKI and CKD, detailing the medical, lifestyle, and dialysis-based 

interventions essential for maintaining kidney function and enhancing patient outcomes (60,63). 
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1. Management of Acute Kidney Injury (AKI) 

Acute Kidney Injury (AKI) is a medical emergency that requires prompt recognition and intervention to prevent 

permanent kidney damage and systemic complications (59,64). The goals of AKI management are to identify and treat 

the underlying cause, restore normal kidney function, and manage complications such as fluid overload, electrolyte 

imbalances, and uremia (65). 

 

A. Addressing the Underlying Cause 

• Prerenal AKI: Treatment focuses on restoring renal perfusion by correcting the cause of hypovolemia or reduced 

blood flow to the kidneys (66). Common strategies include intravenous fluids, such as isotonic saline or colloid 

solutions, to restore blood volume in cases of dehydration, blood loss, or sepsis (67). Blood pressure management 

involves optimizing cardiac output in patients with heart failure or hypotension, often with vasopressors or inotropes . 

• Intrinsic AKI: Treatment varies based on the specific cause of kidney injury (68). For acute tubular necrosis (ATN), 

supportive care is key, as there is no specific therapy (69). Measures include avoiding nephrotoxins and optimizing 

fluid balance (70). In cases of acute glomerulonephritis, immunosuppressive therapy, such as corticosteroids or 

cyclophosphamide, is used for immune-mediated causes like lupus or vasculitis (71). Acute interstitial nephritis (AIN) 

requires the withdrawal of the offending drug (e.g., NSAIDs, antibiotics), and corticosteroids may be used in some 

cases (72). 

• Postrenal AKI: Removing the obstruction is the primary goal, which may involve catheterization or surgical 

intervention to relieve urinary retention caused by prostatic hypertrophy, stones, or tumors (73). In some cases, stenting 

or nephrostomy is used to bypass obstructions in the ureters (74). 

 

B. Fluid and Electrolyte Management 

Fluid management is critical in AKI as it often involves disturbances in fluid balance (75). Monitoring of fluid intake 

and output is essential, especially in oliguric AKI, where avoiding fluid overload is crucial to prevent pulmonary edema 
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(76). In hypovolemic states, fluid resuscitation is required, while diuretics like furosemide may be administered in cases 

of fluid overload (77). Electrolyte imbalances, such as hyperkalemia, can be managed with calcium gluconate to 

stabilize the myocardium and insulin with glucose to drive potassium into cells (78). Severe cases may require 

potassium binders or dialysis (79). 

 

C. Renal Replacement Therapy (RRT) in AKI 

Renal replacement therapy (RRT) is indicated in severe AKI when medical management fails, particularly in life-

threatening conditions like refractory hyperkalemia, severe metabolic acidosis, volume overload, or uremic symptoms 

(80). Hemodialysis or continuous renal replacement therapy (CRRT) can support the patient while allowing the kidneys 

time to recover . Continuous therapies are often preferred in critically ill patients to avoid rapid fluid shifts (81). 

 

2. Management of Chronic Kidney Disease (CKD) 

Chronic Kidney Disease (CKD) progresses gradually and often requires long-term management to slow disease 

progression, prevent complications, and optimize quality of life (82). Early identification of CKD allows timely 

interventions, delaying the onset of end-stage renal disease (ESRD) and the need for dialysis or transplantation (83). 

 

A. Slowing Progression of CKD 

1. Blood Pressure Control: Hypertension is both a cause and consequence of CKD. Tight control of blood pressure 

(<130/80 mmHg) is crucial to reduce kidney damage (84). Angiotensin-converting enzyme inhibitors (ACEIs) and 

angiotensin II receptor blockers (ARBs) are first-line treatments in CKD due to their ability to reduce proteinuria and 

slow CKD progression (85). Other antihypertensives, such as calcium channel blockers or diuretics, may be added 

based on the patient's needs (86). 

2. Glycemic Control in Diabetic CKD: For patients with diabetic nephropathy, achieving optimal blood glucose levels 

(HbA1c < 7%) is essential to slowing the progression of kidney disease (87). SGLT2 inhibitors like empagliflozin have 

shown renal protective effects by reducing hyperfiltration and proteinuria (88). GLP-1 receptor agonists like liraglutide 

also have potential benefits in diabetic kidney disease (89). 

3. Proteinuria Reduction: Reducing proteinuria with ACEIs, ARBs, and mineralocorticoid receptor antagonists (MRAs) 

improves renal outcomes in CKD (90). 

4. Managing Dyslipidemia: Statins are recommended in CKD patients to reduce cardiovascular risk, a leading cause of 

death in CKD (91,92). 

 

B. Management of Complications 

1. Anemia Management: Anemia in CKD is managed with erythropoiesis-stimulating agents (ESAs), such as epoetin 

alfa or darbepoetin, alongside iron supplementation to maintain hemoglobin levels between 10–11.5 g/dL (93). 

Monitoring is required to avoid excessive hemoglobin increases that can raise cardiovascular risk (94). 

2. Mineral and Bone Disorder (CKD-MBD): CKD often disrupts calcium, phosphate, and vitamin D metabolism, 

leading to bone disease and vascular calcification (95). Phosphate binders like calcium acetate and sevelamer are used 

to reduce serum phosphate levels (96). Vitamin D analogs and calcimimetics help manage secondary 

hyperparathyroidism (97). 

3. Electrolyte Imbalances: Hyperkalemia is managed with dietary potassium restriction and potassium binders (98). 

Metabolic acidosis may require sodium bicarbonate supplementation (99). 

 

C. Lifestyle and Dietary Modifications 

Dietary modifications, such as protein restriction (0.6–0.8 g/kg/day), help reduce the accumulation of nitrogenous waste 

in CKD patients . Sodium restriction (<2 g/day) helps control hypertension and fluid retention (100). Monitoring 

potassium and phosphate intake is critical in managing hyperkalemia and CKD-MBD . Fluid restriction may be 

necessary in advanced CKD to prevent fluid overload (101). Smoking cessation and regular exercise improve 

cardiovascular health and overall well-being (102). 
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D. Renal Replacement Therapy (RRT) in CKD 

When CKD progresses to ESRD, RRT becomes necessary, with options including hemodialysis, peritoneal dialysis, 

and kidney transplantation . Hemodialysis, the most common form, filters blood through an external machine, while 

peritoneal dialysis uses the patient’s peritoneal membrane for blood filtration (103). Kidney transplantation provides the 

best long-term outcomes, but requires lifelong immunosuppressive therapy to prevent rejection (104). 

 

E. Patient Education and Support 

Patient education is vital for managing medication adherence, dietary restrictions, and regular monitoring, which can 

prevent complications and slow CKD progression (105). Psychosocial support is important for addressing depression 

and anxiety often seen in patients with CKD or on dialysis (106). 
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