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ABSTRACT 

Chronic Kidney Disease (CKD) is a progressive disorder characterized by irreversible structural and functional alterations of the 
kidneys, ultimately leading to a decline in glomerular filtration rate and systemic complications. The kidney’s complex architecture, 
comprising glomeruli, renal tubules, interstitium, and vasculature, undergoes sequential pathological changes during the course of 
CKD. Early functional disturbances are often subtle, whereas advanced stages are marked by overt anatomical derangements such 
as glomerulosclerosis, tubular atrophy, interstitial fibrosis, and vascular sclerosis. Understanding the applied anatomy of the kidney 
and its structural remodeling is essential for correlating clinical manifestations, laboratory abnormalities, and radiological findings. 
This review analyzes the applied anatomy of the kidney with emphasis on structures affected in CKD and examines microscopic, 
macroscopic, and radiological structural changes using evidence from anatomical descriptions, histopathology, imaging studies, 
and contemporary nephrology literature. Structural alterations involving the glomerulus, renal tubules, interstitium, and renal 
vasculature are correlated with functional consequences including proteinuria, impaired urine concentrating ability, electrolyte 
imbalance, anemia, and progressive decline in renal function. Radiological features such as reduced renal size, cortical thinning, 
increased cortical echogenicity, and loss of corticomedullary differentiation reflect irreversible nephron loss and chronic scarring. 
The applied anatomical changes observed in CKD form the structural basis for its diverse clinical, biochemical, and radiological 
manifestations, and an integrated understanding of renal anatomy, histology, and imaging provides a comprehensive framework 
for early diagnosis, prognostication, and effective management of Chronic Kidney Disease. 
 

INTRODUCTION 
Chronic Kidney Disease (CKD) is a progressive and 

irreversible disorder characterized by structural and functional 

deterioration of the kidneys, ultimately resulting in a sustained 

reduction in glomerular filtration rate (GFR) and widespread 

systemic metabolic derangements. It constitutes a major global 

public health problem, contributing substantially to increased 

morbidity, mortality, and healthcare expenditure. The disease 

typically evolves over several years, during which adaptive and 

compensatory mechanisms initially preserve renal function; 

however, continued injury leads to gradual nephron loss and 

permanent anatomical damage.¹ 

 

The kidney is a highly specialized organ composed of 

approximately one million nephrons, each consisting of a 

glomerulus, renal tubules, interstitium, and an intricate vascular 

network. These components function in a highly coordinated 

manner to maintain fluid and electrolyte balance, acid–base 

homeostasis, waste excretion, endocrine regulation, and 

metabolic functions. Persistent injury to any single component 

inevitably induces adaptive and maladaptive structural changes 

in the remaining nephron segments, underscoring the 

inseparable relationship between renal anatomy and renal 

function.² 

 

In CKD, pathological changes often begin at a functional and 

microscopic level before gross anatomical alterations become 

evident. A hallmark early mechanism is compensatory 

hyperfiltration in surviving nephrons, which leads to 

glomerular hypertrophy and increased intraglomerular 

pressure. Over time, this maladaptive response results in 

mesangial cell proliferation, mesangial matrix expansion, 

thickening of the glomerular basement membrane, and 

ultimately glomerulosclerosis. These structural alterations 

compromise the integrity of the filtration barrier, manifesting 

clinically as proteinuria and albuminuria—key indicators of 

progressive renal damage.³ 

 

Tubulointerstitial involvement is now recognized as a critical 

determinant of CKD progression. Injury to tubular epithelial 

cells triggers tubular atrophy, inflammatory cell infiltration, 

and excessive extracellular matrix deposition within the 

interstitium. These changes disrupt tubular reabsorptive and 

secretory functions, leading to impaired urine concentrating 

ability, polyuria, nocturia, electrolyte imbalance, metabolic 

acidosis, and progressive azotemia. Tubulointerstitial fibrosis 

represents the final common pathway culminating in 
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irreversible nephron loss, irrespective of the initial etiology of 

CKD.⁴ 

 

Vascular alterations further accelerate disease progression in 

CKD. Chronic injury to renal blood vessels results in 

arteriosclerosis, luminal narrowing, and reduced renal 

perfusion. The consequent chronic hypoxia promotes 

interstitial fibrosis and induces transformation of resident 

fibroblasts into activated myofibroblasts. Additionally, damage 

to peritubular capillary networks and erythropoietin-producing 

cells contributes to the development of CKD-associated 

anemia, a common and debilitating complication in advanced 

stages of the disease.⁵ 

 

Radiological imaging plays a pivotal role in identifying and 

correlating these chronic structural changes. Ultrasonography 

and computed tomography frequently demonstrate reduced 

renal size, cortical thinning, increased cortical echogenicity, 

and loss of corticomedullary differentiation in CKD. These 

imaging features closely correlate with histopathological 

damage and declining renal function, highlighting the 

importance of applied renal anatomy in clinical evaluation and 

disease staging.⁶ 

 

Thus, CKD represents a disorder in which anatomical 

disruption forms the structural basis for functional impairment. 

A comprehensive understanding of renal anatomy and its 

pathological modifications is essential for accurate correlation 

of clinical features, laboratory abnormalities, and radiological 

findings. The present article aims to explore the applied 

anatomy of the kidney in relation to structural changes 

occurring in CKD and to establish clear anatomical–functional 

correlations relevant to diagnosis, prognosis, and management. 

 

APPLIED ANATOMY OF THE KIDNEY 
The kidneys are paired, retroperitoneal organs situated on either 

side of the vertebral column, extending from the level of the 

twelfth thoracic vertebra to the third lumbar vertebra. Each 

kidney is surrounded by a fibrous capsule, perirenal fat, and 

renal fascia, which together provide mechanical protection and 

maintain anatomical position. An understanding of this applied 

anatomical organization is essential for appreciating the 

structural vulnerability of renal tissue in chronic kidney disease 

(CKD), where prolonged injury leads to irreversible 

architectural distortion.⁷ 

 

Gross Anatomy 

Each adult kidney measures approximately 10–12 cm in length 

and is composed of an outer cortex and an inner medulla. The 

cortex contains renal corpuscles and convoluted tubules, while 

the medulla is arranged into renal pyramids formed by loops of 

Henle and collecting ducts. The apices of the pyramids, known 

as papillae, project into the minor calyces, which merge to form 

major calyces and the renal pelvis, ultimately draining urine 

into the ureter. Preservation of the corticomedullary 

architecture is essential for normal filtration and urine 

concentration. Progressive nephron loss disrupts this 

organization, predisposing the kidney to functional decline.⁸ 

In CKD, gross anatomical changes include reduction in renal 

size, cortical thinning, and distortion of medullary architecture. 

These alterations reflect cumulative nephron loss and 

replacement of functional parenchyma with fibrotic tissue, 

findings commonly demonstrated on radiological imaging in 

advanced disease stages.⁹ 

 

Nephron: Structural and Functional Unit 

The nephron is the basic structural and functional unit of the 

kidney, with approximately one million nephrons present in 

each kidney at birth. Each nephron consists of a renal corpuscle, 

composed of the glomerulus and Bowman’s capsule, and a 

tubular system comprising the proximal convoluted tubule, 

loop of Henle, distal convoluted tubule, and collecting duct. 

The precise anatomical arrangement of these segments enables 

filtration, reabsorption, secretion, and concentration of urine.¹⁰ 

 

In CKD, progressive nephron injury results in compensatory 

hypertrophy and hyperfiltration in the remaining intact 

nephrons. Although initially adaptive, sustained hyperfiltration 

increases intraglomerular pressure and accelerates structural 

injury, ultimately leading to glomerulosclerosis and further 

nephron loss.⁷,⁸ 

 

Glomerulus 

The glomerulus is a specialized capillary tuft supplied by the 

afferent arteriole and drained by the efferent arteriole. It forms 

the primary filtration barrier, consisting of fenestrated 

endothelium, glomerular basement membrane, and podocytes. 

Integrity of this tri-layered barrier is crucial for selective 

filtration of plasma while preventing loss of essential proteins.¹⁰ 

 

In CKD, glomerular injury is characterized by mesangial cell 

proliferation, expansion of the mesangial matrix, thickening of 

the glomerular basement membrane, and podocyte detachment 

or loss. Podocyte injury is particularly significant, as these cells 

have limited regenerative capacity, and their loss promotes 

irreversible glomerulosclerosis and capillary obliteration.¹¹ 

 

Renal Tubules and Interstitium 

Renal tubules are responsible for reabsorption and secretion, 

while the interstitium provides structural support and facilitates 

exchange between tubules and peritubular capillaries. Tubular 

epithelial cells are highly metabolically active and especially 

vulnerable to ischemic, toxic, and inflammatory insults. 

Persistent injury leads to tubular atrophy, interstitial 

inflammation, and progressive fibrosis. The extent of 

tubulointerstitial damage correlates strongly with disease 

severity and renal prognosis in CKD.¹² 

Tubulointerstitial fibrosis is now recognized as the final 

common pathway in CKD progression and is considered a more 

reliable predictor of renal outcome than glomerular injury 

alone.¹³–¹⁵ 

 

Renal Vasculature 

The renal vasculature plays a critical role in maintaining renal 

perfusion and oxygen delivery. Structural vascular changes in 

CKD include arteriosclerosis, hyaline arteriolosclerosis, and 

narrowing of intrarenal vessels. These changes reduce renal 

blood flow and promote chronic hypoxia, which in turn 

accelerates fibrogenesis and nephron loss. Damage to 
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peritubular capillaries also impairs erythropoietin production, 

contributing to anemia commonly observed in CKD.¹⁶ 

 

STRUCTURAL CHANGES IN CHRONIC KIDNEY 

DISEASE 

Chronic Kidney Disease is characterized by progressive and 

irreversible structural alterations affecting all components of 

the nephron. Although the initiating insult may differ, the 

pathological response follows a relatively uniform pattern 

involving the glomeruli, renal tubules, interstitium, and 

vasculature. These structural changes form the anatomical basis 

for declining renal function and clinical manifestations 

observed in CKD.⁷,⁸ 

 

Glomerular Changes 

Glomerular involvement is central to the pathogenesis of CKD. 

In the early stages, adaptive hyperfiltration in residual nephrons 

leads to glomerular hypertrophy and increased intraglomerular 

pressure. Persistent hemodynamic stress stimulates mesangial 

cell proliferation and expansion of the mesangial matrix, 

initiating structural damage.⁸,⁹ 

 

As the disease progresses, thickening of the glomerular 

basement membrane and podocyte injury become prominent. 

Podocyte loss is irreversible and plays a crucial role in the 

development of segmental and global glomerulosclerosis. 

Eventually, obliteration of capillary lumina and replacement of 

glomerular tufts with fibrous tissue result in complete loss of 

glomerular function.¹⁰,¹¹ 

 

Clinically, these glomerular structural changes manifest as 

proteinuria, albuminuria, and progressive decline in glomerular 

filtration rate. Proteinuria itself further exacerbates 

tubulointerstitial injury, creating a vicious cycle that accelerates 

disease progression.¹² 

 

Tubular Changes 

Tubular injury is a prominent and prognostically significant 

component of CKD. Renal tubules are highly susceptible to 

ischemia, toxins, and inflammatory mediators. Sustained injury 

leads to degeneration and apoptosis of tubular epithelial cells, 

followed by tubular atrophy.⁹,¹² 

 

Structural alterations such as tubular dilation, epithelial 

flattening, and thickening of the tubular basement membrane 

impair reabsorptive and secretory functions. These changes 

manifest clinically as defective urine concentration, polyuria, 

nocturia, electrolyte imbalance, and metabolic acidosis.¹³ 

 

Interstitial Changes 

The renal interstitium undergoes marked remodeling in CKD 

and is a major determinant of disease progression. Persistent 

tubular injury and inflammatory cell infiltration activate 

fibroblasts and promote their transformation into 

myofibroblasts, leading to excessive deposition of extracellular 

matrix and interstitial fibrosis.¹³–¹⁵ 

 

Interstitial fibrosis disrupts oxygen and nutrient diffusion, 

resulting in chronic hypoxia that further damages tubular cells 

and capillaries. This self-perpetuating cycle accelerates 

nephron loss and correlates strongly with irreversible renal 

dysfunction.¹⁶ 

 

Vascular Changes 

Vascular pathology significantly contributes to CKD 

progression. Structural changes include intimal thickening, 

medial hypertrophy, hyaline arteriolosclerosis, and luminal 

narrowing of intrarenal arteries and arterioles. These alterations 

impair renal perfusion and exacerbate ischemic injury.¹⁶ 

 

Loss of peritubular capillaries further compromises oxygen 

delivery and erythropoietin synthesis, leading to anemia of 

chronic kidney disease. Vascular sclerosis also disrupts 

autoregulation of renal blood flow, aggravating glomerular 

hypertension and accelerating nephron loss.¹⁶ 

 

RADIOLOGICAL FEATURES AND 

STRUCTURAL CORRELATION IN CHRONIC 

KIDNEY DISEASE 
Radiological imaging plays a crucial role in the evaluation of 

Chronic Kidney Disease (CKD) by providing non-invasive 

visualization of structural alterations that reflect underlying 

histopathological changes. Imaging findings correlate closely 

with nephron loss, interstitial fibrosis, tubular atrophy, and 

chronic scarring, thereby aiding in diagnosis, disease staging, 

and prognostication of CKD.¹⁷,¹⁸ 

 

Ultrasonography in CKD 

Ultrasonography is the most commonly employed initial 

imaging modality in patients with suspected or established 

CKD due to its safety, wide availability, and cost-effectiveness. 

In the early stages of CKD, renal size may remain normal or 

may show mild enlargement due to compensatory hypertrophy 

of remaining functional nephrons. As the disease progresses, 

the kidneys typically become bilaterally small with a reduction 

in longitudinal length, reflecting irreversible nephron loss.¹⁷ 

 

One of the most characteristic ultrasonographic features of 

CKD is increased cortical echogenicity. This finding correlates 

with histopathological changes such as interstitial fibrosis, 

tubular atrophy, and glomerulosclerosis, which increase 

acoustic reflectivity of the renal parenchyma. Loss of 

corticomedullary differentiation is another important feature, 

usually indicating advanced structural damage and poor 

residual renal function.¹⁸ 

 

Cortical thinning observed on ultrasonography correlates 

strongly with the degree of nephron loss and irreversible renal 

dysfunction. These imaging features are particularly useful in 

differentiating chronic kidney disease from acute kidney injury, 

in which renal size and corticomedullary differentiation are 

often preserved.¹⁷,¹⁸ 

 

Computed Tomography (CT) 

Computed tomography provides superior anatomical detail 

compared to ultrasonography and is useful in selected cases for 

evaluating renal morphology, parenchymal thickness, and 

associated complications. In CKD, CT commonly demonstrates 

reduced renal size, cortical thinning, irregular renal contours, 
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and areas of parenchymal scarring, reflecting long-standing 

chronic damage.¹⁹ 

Non-contrast CT is preferred in patients with CKD to avoid 

contrast-induced nephropathy. CT also aids in detecting renal 

and vascular calcifications, nephrolithiasis, obstructive 

uropathy, and acquired cystic kidney disease, which are 

frequently associated with advanced stages of CKD.¹⁹ 

 

Magnetic Resonance Imaging (MRI) 

Magnetic resonance imaging offers excellent soft tissue 

contrast and enables both anatomical and functional assessment 

without the use of ionizing radiation. MRI can demonstrate 

cortical thinning, loss of corticomedullary differentiation, and 

fibrotic changes within the renal parenchyma. Advanced MRI 

techniques, such as diffusion-weighted imaging and blood 

oxygen level–dependent (BOLD) imaging, have shown 

promise in the non-invasive assessment of renal fibrosis, tissue 

perfusion, and hypoxia in CKD.²⁰ 

 

MRI findings correlate well with histopathological changes 

such as interstitial fibrosis and tubular atrophy, making it a 

valuable research and adjunctive clinical tool. However, its 

routine use in CKD is limited by cost, availability, and concerns 

regarding gadolinium use in advanced renal failure.²⁰ 

 

Radiological–Pathological Correlation 

Radiological findings in CKD closely mirror the underlying 

microscopic structural alterations. Reduction in renal size 

corresponds to cumulative nephron loss and 

glomerulosclerosis, while increased cortical echogenicity 

reflects interstitial fibrosis and tubular atrophy. Loss of 

corticomedullary differentiation indicates advanced disruption 

of renal architecture and markedly reduced functional 

reserve.¹⁷–¹⁹ 

 

Thus, radiological imaging serves as a vital bridge between 

applied renal anatomy and clinical nephrology. Imaging 

findings complement biochemical and clinical parameters, 

enabling a comprehensive understanding of disease severity, 

chronicity, and progression in patients with CKD.²⁰ 

 

CLINICAL AND FUNCTIONAL CORRELATION 

OF STRUCTURAL CHANGES IN CHRONIC 

KIDNEY DISEASE 
The progressive structural alterations of the kidney in Chronic 

Kidney Disease (CKD) are directly responsible for the diverse 

clinical manifestations and biochemical abnormalities observed 

during the course of the disease. Each anatomical component of 

the kidney—glomerulus, renal tubules, interstitium, and 

vasculature—contributes uniquely to renal function, and 

damage to these structures produces characteristic functional 

deficits. Understanding these anatomical–functional 

correlations is essential for accurate clinical interpretation, 

disease staging, and prognostication.²¹ 

 

Glomerular Structural Changes and Functional 

Impairment 

Glomerular damage is the principal determinant of reduction in 

glomerular filtration rate (GFR) in CKD. In the early stages, 

adaptive glomerular hypertrophy and hyperfiltration in 

surviving nephrons help maintain overall renal function. 

However, sustained intraglomerular hypertension accelerates 

mesangial matrix expansion, thickening of the glomerular 

basement membrane, and podocyte injury or loss. These 

structural changes compromise the selective permeability of the 

glomerular filtration barrier.²¹,²² 

 

Clinically, disruption of the filtration barrier manifests as 

proteinuria and albuminuria, which are sensitive early 

indicators of glomerular injury. Persistent proteinuria further 

aggravates renal damage by inducing tubular inflammation and 

fibrogenesis, thereby accelerating progression of CKD. With 

advancing glomerulosclerosis and nephron loss, GFR declines 

progressively, resulting in azotemia and the development of 

uremic symptoms.²² 

 

 

Tubular Changes and Loss of Concentrating Ability 

Tubular injury and atrophy significantly impair the kidney’s 

ability to concentrate and dilute urine. Damage to proximal 

tubular cells reduces reabsorption of sodium, glucose, amino 

acids, and bicarbonate, contributing to electrolyte imbalance 

and metabolic acidosis. Injury involving the loop of Henle and 

collecting ducts disrupts the countercurrent multiplication 

mechanism, leading to reduced urine concentrating capacity.²³ 

 

Clinically, these functional disturbances present as polyuria and 

nocturia in the early stages of CKD. As disease advances and 

nephron mass declines further, oliguria or anuria may develop. 

Altered handling of potassium, calcium, and phosphate 

contributes to complications such as hyperkalemia, secondary 

hyperparathyroidism, renal osteodystrophy, and increased 

cardiovascular risk.²³ 

 

Interstitial Fibrosis and Progressive Renal Failure 

Tubulointerstitial fibrosis represents a critical pathological link 

between structural damage and irreversible functional decline 

in CKD. Expansion of the interstitial compartment with 

excessive extracellular matrix compresses renal tubules and 

peritubular capillaries, impairing oxygen diffusion and nutrient 

delivery. The resulting chronic hypoxia further damages renal 

tissue and perpetuates fibrotic processes.²⁴ 

 

Clinically, the extent of interstitial fibrosis correlates strongly 

with sustained elevation of serum creatinine, declining GFR, 

and poor responsiveness to therapeutic interventions. It is 

considered one of the most reliable predictors of progression to 

end-stage renal disease, irrespective of the initiating cause of 

CKD.²⁴ 

 

Vascular Changes and Systemic Manifestations 

Structural changes in the renal vasculature reduce renal 

perfusion and impair autoregulation of blood flow. 

Arteriosclerosis and arteriolosclerosis increase intrarenal 

ischemia, thereby exacerbating glomerular and tubular injury. 

Damage to peritubular capillary networks reduces 

erythropoietin production, leading to normocytic 

normochromic anemia, a common systemic manifestation of 

CKD.²¹,²² 
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In addition, impaired tubular function reduces activation of 

vitamin D, contributing to hypocalcemia, secondary 

hyperparathyroidism, and mineral bone disorders. These 

systemic effects highlight the endocrine and metabolic roles of 

the kidney and their dependence on intact renal anatomy.²³ 

 

Integrated Anatomical–Functional Decline 

The functional impairment observed in CKD represents the 

cumulative effect of structural damage across all renal 

compartments. Declining GFR, persistent proteinuria, 

electrolyte imbalance, anemia, and metabolic disturbances 

reflect progressive anatomical disintegration of renal tissue. 

Thus, CKD is best understood as a disease of chronic structural 

remodeling culminating in global functional failure.²⁴ 

 

AYURVEDIC ANALYSIS OF CHRONIC KIDNEY 

DISEASE 
In Ayurveda, the kidneys are not described as a single gross 

anatomical organ; instead, their structure and function are 

understood through the integrated concepts of Vrikka, 

Mutravaha Srotas, Medovaha Srotas, Udakavaha Srotas, and 

the involvement of various Dhatus. Chronic Kidney Disease 

(CKD) can be interpreted as a progressive Srotodushti 

associated with long-standing Tridoshaja imbalance, ultimately 

leading to Dhatu Kshaya and irreversible structural 

degeneration.²⁵,²⁶ 

 

Concept of Vrikka and Mutravaha Srotas 

Classical Ayurvedic texts describe Vrikka as paired organs 

situated in the Kati Pradesha, resembling a round or nodular 

structure, and closely associated with Meda Dhatu. Acharya 

Sushruta identifies Vrikka as the Moola Sthana of Mutravaha 

Srotas, emphasizing their role in Mutra Nirmana and regulation 

of body fluids.²⁵,²⁷ 

 

In CKD, progressive nephron loss, reduced filtration, and 

diminished urine formation can be correlated with Mutravaha 

Srotodushti, manifesting clinically as Mutra Alpata, Mutra 

Kricchrata, Shotha, and systemic Ap Dhatu Dushti.²⁶ 

 

Dosha Involvement in CKD 

CKD can be understood as a Vata-Pradhana Tridoshaja Vyadhi 

with secondary involvement of Kapha and Pitta. 

Vata Dosha 

Vata governs movement, filtration, and excretion. Structural 

degeneration such as glomerulosclerosis, tubular atrophy, and 

interstitial fibrosis closely resemble Vata Vriddhi and Dhatu 

Kshaya Lakshana. Acharya Charaka emphasizes that chronic, 

degenerative, and wasting disorders are predominantly Vataja 

in nature.²⁸ 

 

Kapha Dosha 

Kapha provides structural stability and lubrication. Early CKD 

changes such as edema, glomerular hypertrophy, and mesangial 

expansion can be interpreted as Kapha Dushti and Kapha-

Avarita Vata, leading to Srotorodha. Increased cortical 

echogenicity and fibrosis correlate with Kapha-dominant 

pathological changes.²⁹ 

 

 

Pitta Dosha 

Pitta governs metabolism and transformation. Tubular 

dysfunction causing electrolyte imbalance, acid–base 

disturbance, and uremic features reflects Pitta Dushti and 

chronic inflammatory processes.29 

 

Dhatu Involvement 

CKD shows progressive Sarva Dhatu Kshaya, particularly 

involving: 

• Rasa Dhatu – fluid imbalance, fatigue, edema 

• Rakta Dhatu – anemia due to impaired erythropoiesis 

• Mamsa Dhatu – parenchymal loss and cortical 

thinning 

• Meda Dhatu – metabolic association and structural 

vulnerability of Vrikka 

• Asthi–Majja Dhatu – bone mineral disorders and 

marrow dysfunction 

Radiological features such as renal shrinkage and cortical 

thinning strongly support the Ayurvedic concept of Dhatu 

Kshaya with Vata dominance.28 

 

Srotodushti and Structural Correlation 

Ayurveda describes four types of Srotodushti: 

1. Atipravritti 

2. Sanga 

3. Siragranthi 

4. Vimarga Gamana 

In CKD, early compensatory hyperfiltration resembles 

Atipravritti, while progressive fibrosis and sclerosis correspond 

to Sanga and Siragranthi. Proteinuria may be correlated with 

Vimarga Gamana, indicating loss of channel integrity. Thus, 

glomerulosclerosis, tubular atrophy, and interstitial fibrosis 

represent advanced stages of Srotodushti.28 

 

Ayurvedic Interpretation of Radiological Changes 

• Reduced renal size → Dhatu Kshaya 

• Cortical thinning → Mamsa–Majja Kshaya 

• Increased cortical echogenicity → Kapha Dushti and 

fibrosis 

• Loss of corticomedullary differentiation → 

Srotorodha and Avarana 

These findings reinforce the Ayurvedic principle that chronic 

diseases culminate in irreversible Kshaya and structural 

destruction. 

 

Overall Ayurvedic Samprapti of CKD 

CKD can be conceptualized as a chronic Tridoshaja Vyadhi 

characterized by: 

• Vata Pradhanyata 

• Kapha Avarana in early stages 

• Progressive Dhatu Kshaya 

• Mutravaha Srotodushti as the central pathology 

This Ayurvedic understanding aligns closely with the modern 

view of CKD as a progressive, irreversible disease driven by 

structural remodeling and functional loss. 

 

DISCUSSION 
The present article emphasizes the importance of applied renal 

anatomy in understanding the progressive structural and 
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functional derangements observed in Chronic Kidney Disease 

(CKD). CKD is not merely a disorder of declining glomerular 

filtration rate but represents a continuum of anatomical 

remodeling involving the glomeruli, renal tubules, interstitium, 

and vasculature. Evidence discussed across anatomical, 

pathological, radiological, and clinical domains clearly 

demonstrates that structural damage forms the fundamental 

basis of renal dysfunction and disease progression.¹,² 

 

Applied Anatomical Basis of CKD Progression 

The nephron functions as an integrated structural and functional 

unit, and injury to any of its components inevitably affects the 

others. In CKD, compensatory hypertrophy and hyperfiltration 

in residual nephrons initially help preserve overall renal 

function; however, this adaptation simultaneously increases 

mechanical and metabolic stress on glomerular capillaries. 

Over time, this maladaptive response accelerates mesangial 

expansion, podocyte injury, and glomerulosclerosis, thereby 

perpetuating nephron loss.³–⁵ 

 

From an applied anatomical perspective, the vulnerability of the 

glomerular filtration barrier—particularly podocytes and the 

glomerular basement membrane—explains the early 

appearance of proteinuria in CKD. Podocyte loss is irreversible, 

and its strong correlation with progressive glomerulosclerosis 

provides a clear anatomical explanation for the relentless 

decline in renal function despite therapeutic intervention.⁶,⁷ 

 

Tubulointerstitial Changes as the Final Common Pathway 

Although glomerular injury initiates many forms of CKD, 

tubulointerstitial damage plays a decisive role in determining 

disease severity and long-term prognosis. Tubular epithelial 

cells are highly sensitive to ischemia, toxins, and inflammatory 

mediators delivered through damaged glomeruli. Persistent 

injury results in tubular atrophy, interstitial inflammation, and 

progressive fibrosis.⁸–¹⁰ 

 

Applied anatomy elucidates why tubulointerstitial fibrosis 

correlates more strongly with renal functional decline than 

glomerular damage alone. Fibrosis disrupts the normal spatial 

relationship between renal tubules and peritubular capillaries, 

impairing oxygen diffusion and nutrient exchange. This leads 

to chronic hypoxia, further tubular injury, and a self-

perpetuating cycle of nephron loss.¹¹,¹² 

 

Vascular Remodeling and Chronic Hypoxia 

Structural alterations of the renal vasculature significantly 

influence CKD progression. Arteriosclerosis and 

arteriolosclerosis reduce renal perfusion and impair 

autoregulatory mechanisms, resulting in sustained ischemia. 

This ischemic environment accelerates glomerular and tubular 

injury and promotes fibrogenesis.¹³,¹⁴ 

 

Loss of peritubular capillaries and injury to erythropoietin-

producing interstitial fibroblasts provide an anatomical 

explanation for the development of anemia in CKD. Similarly, 

impaired tubular conversion of vitamin D explains the mineral 

and bone disorders commonly seen in advanced renal disease, 

highlighting the endocrine consequences of structural 

damage.¹⁵,¹⁶ 

Radiological Correlation with Structural Damage 

Radiological findings in CKD represent the macroscopic 

expression of cumulative and irreversible anatomical 

remodeling. Reduced renal size, cortical thinning, increased 

cortical echogenicity, and loss of corticomedullary 

differentiation correspond to underlying glomerulosclerosis, 

tubular atrophy, and interstitial fibrosis. These imaging features 

are particularly useful in distinguishing chronic kidney disease 

from acute renal injury and in assessing disease chronicity.¹⁷–¹⁹ 

 

The close correlation between imaging findings and 

histopathological changes underscores the clinical relevance of 

applied anatomy in radiological interpretation. Imaging thus 

serves as a crucial bridge between microscopic structural 

damage and observable functional impairment.²⁰ 

 

Clinical Implications 

Understanding CKD through an applied anatomical framework 

has important clinical implications. Early identification of 

structural injury allows timely intervention aimed at slowing 

disease progression, whereas advanced anatomical damage 

explains poor reversibility and limited therapeutic response. 

Correlating anatomical alterations with functional deficits 

enables accurate disease staging, prognostication, and 

individualized patient management.²¹,²² 

 

Overall, CKD represents a disease of progressive structural 

disintegration culminating in global functional failure. An 

applied anatomical approach provides a comprehensive and 

integrative understanding of its pathophysiology and clinical 

behavior. 

 

Glimpse of Ayurvedic Perspective 

From an Ayurvedic standpoint, the progressive and irreversible 

structural changes observed in CKD closely resemble 

Mutravaha Srotodushti with dominance of Vata and 

progressive Dhatu Kshaya. Classical descriptions of Vrikka as 

the Moola Sthana of Mutravaha Srotas provide a conceptual 

framework for correlating nephron loss, reduced urine 

formation, and systemic fluid imbalance seen in CKD.²⁵,²⁷ 

 

Degenerative changes such as glomerulosclerosis, tubular 

atrophy, and renal shrinkage align with Vata Pradhana 

Tridoshaja Vyadhi, while early edema and fibrotic changes can 

be interpreted as Kapha Avarana. Progressive loss of renal 

structure and function reflects Sarva Dhatu Kshaya, a hallmark 

of chronic and incurable disorders described in Ayurveda.²⁸,29 

 

Thus, both modern and Ayurvedic perspectives converge on the 

understanding that CKD is a chronic, structure-based disease 

characterized by irreversible degeneration, reinforcing the 

relevance of applied anatomy in its comprehensive 

interpretation. 

 

CONCLUSION 
Chronic Kidney Disease represents a progressive disorder in 

which irreversible structural alterations of the kidney form the 

fundamental basis for functional decline. The present article 

highlights that CKD is not merely a biochemical or clinical 

entity but a disease rooted in progressive anatomical 
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remodeling of the nephron. Structural changes involving the 

glomeruli, renal tubules, interstitium, and vasculature 

collectively contribute to declining glomerular filtration rate 

and the development of systemic complications. 

 

Applied anatomical analysis demonstrates that early glomerular 

hypertrophy and hyperfiltration, although initially 

compensatory, lead to mesangial expansion, podocyte loss, and 

glomerulosclerosis. Tubular atrophy and interstitial fibrosis 

emerge as critical determinants of irreversible nephron loss, 

while vascular sclerosis and capillary rarefaction exacerbate 

chronic hypoxia and accelerate disease progression. These 

structural changes explain key clinical manifestations such as 

proteinuria, impaired urine concentrating ability, electrolyte 

imbalance, anemia, and mineral bone disorders. 

 

Radiological findings, including reduced renal size, cortical 

thinning, increased cortical echogenicity, and loss of 

corticomedullary differentiation, closely correlate with 

underlying histopathological damage and provide valuable 

insight into disease chronicity and severity. Integration of 

applied anatomy with radiological and clinical assessment 

enhances diagnostic accuracy, staging, and prognostication in 

CKD. 

 

Thus, a comprehensive understanding of renal anatomy and its 

pathological remodeling is essential for interpreting functional 

impairment, guiding clinical management, and improving 

outcomes in patients with Chronic Kidney Disease. 
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