GENITOURINARY SYSTEM
Renal disorders: Congenital abnormalities of the urinary tract, Renal failure,  Glomerulonephritis, Obstructive uropathy, Pyelonephritis, Nephrotic syndrome and Urinary tract infections (urethritis, cystitis), Renal neoplasm,Urinary tract tumours.
CONGENITAL MALFORMATIONS

Half of patients with malformations of the kidneys have coexistent anomalies elsewhere in the urinary tract or in other organs. Malformations of the kidneys are classified into 3 broad groups:
I. Abnormalities in amount of renal tissue: anomalies with deficient renal parenchyma (e.g. unilateral or bilateral renal hypoplasia) or with excess renal tissue.

II. Anomalies of position, form and orientation: renal ectopia (pelvic kidney), renal fusion (horseshoe kidney) and persistent foetal lobation.

III. Anomalies of differentiation. This group consists ofmorphologic forms covered under the heading of ‘cystic diseases of the kidney’.

CYSTIC DISEASES OF KIDNEY

Congenital or acquired, non-neoplastic or neoplastic. Majority of lesions are congenital non-neoplastic. Cystic lesions in the kidney may occur at any age, extending from foetal life (detected on ultrasonography) to old age. Clinical presentation may include: abdominal mass, infection, respiratory distress (due to accompanied pulmonary hypoplasia), haemorrhage, and neoplastic transformation. Potter divided developmental renal cystic lesions into three types—I, II and III

TABLE 22.2: Classification of Cystic Lesions of the Kidney.

A. NON-NEOPLASTIC CYSTIC LESIONS

I. Renal multicystic dysplasia (Potter type II)

II. Polycystic kidney disease (PKD)

1. Adult (autosomal dominant) polycystic kidney disease (ADPKD) (Potter type III)

2. Infantile (autosomal recessive) polycystic kidney disease (ARPKD) (Potter type I)

III. Medullary cystic disease

1. Medullary sponge kidney (MSK)

2. Nephronophthiasis-medullary cystic disease complex

IV. Simple renal cysts

V. Acquired renal cysts

VI. Para-renal cysts

B. NEOPLASTIC CYSTIC LESIONS

I. Cystic nephroma 

II. Cystic partially-differentiated nephroblastoma (CPDN)

III. Multifocal cystic change in Wilms’ tumour neoplastic cystic lesions of the kidney

Polycystic Kidney Disease

Is a disorder in which major portion of the renal parenchyma is converted into cysts of varying size. The disease occurs in two forms:

A. An adult type inherited as an autosomal dominant disease; and

B. An infantile type inherited as an autosomal recessive disorder.

A. ADULT POLYCYSTIC KIDNEY DISEASE

Adult (autosomal dominant) polycystic kidney disease (ADPKD) is the cause of end-stage renal failure in approximately 4% of haemodialysis patients. The pattern of inheritance is autosomal dominant with mutation in PKD gene: mutation in PKD-1 gene located on chromosome 16 in over 85% cases (ADPKD-1) while remainder 15% cases have mutation in PKD-2 gene located on chromosome 4 (ADPKD-2).  Though the kidneys are abnormal at birth, renal function is retained, and symptoms appear in adult life, mostly between the age of 30 and 50 years.

MORPHOLOGIC FEATURES. Grossly, kidneys in ADPKD are bilaterally enlarged, symmetrically, heavy (weighing up to 4 kg) and give it a lobulated appearance on external surface due to underlying cysts. The cysts, do not communicate with the pelvis of the kidney—a feature that helps to distinguish polycystic kidney from hydronephrosis of the kidney on sectioned surface.

Histologically, the cysts arise from all parts of nephron. With advancement of age of the patient, acquired lesions such as pyelonephritis, nephrosclerosis, fibrosis and chronic inflammation occur.

CLINICAL FEATURES, manifests in 3rd to 5th decades of life. Frequent and earliest presenting feature is a dull-ache in the lumbar regions. In others, the presenting complaints are haematuria or passage of blood clots in urine, renal colic, hypertension, urinary tract infections and progressive CRF with polyuria and proteinuria. Approximately 15% of patients have intracranial berry aneurysms of the circle of Willis.

B. INFANTILE POLYCYSTIC KIDNEY DISEASE

Is distinct from the adult form. It is transmitted as an autosomal recessive trait and the family history of similar disease is not present. The condition occurs due to a mutation in chromosome 6—6p21, PKHD1 (polycystic kidney and hepatic disease 1). The age at presentation may be perinatal, neonatal, infantile or juvenile.

MORPHOLOGIC FEATURES. Grossly, the kidneys are bilaterally enlarged with smooth external surface and retained normal reniform shape. Cut surface reveals small, fusiform or cylindrical cysts radiating from the medulla and extend radially to the outer cortex. 

Histologically, the total number of nephrons is normal. The collecting tubules show cylindrical or saccular dilatations.

CLINICAL FEATURES. In severe form, gross bilateral cystic renal enlargement may interfere with delivery. In infancy, renal failure may manifest early. In older children, associated hepatic changes develop, termed congenital hepatic fibrosis which may lead to portal hypertension and splenomegaly. The contrasting features of the two main forms of the polycystic kidney disease are presented in Table 22.3.
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 Simple Renal Cysts

Seen in half of all persons above the age of 50 years. Since these cysts are rare in infants and children, they are acquired lesions, symptoms may result from rupture, haemorrhage or infection. Association between simple cysts and hypertension is common.

MORPHOLOGIC FEATURES. Grossly, simple renal cysts are solitary but may be multiple. They are located in the cortex. Their size varies from a few millimeters to 10 cm in diameter. 

Microscopically, the lining of the cyst is by flattened epithelium. The cyst wall contains variable amount of collagenised fibrous tissue with occasional deposition of haemosiderin or calcium salts.
Acquired Renal Cysts

These include the following:
1. Patients with end-stage renal disease on prolonged dialysis (dialysis-associated cystic disease).

2. Hydatid (echinococcal) cyst.

3. Tuberculosis of the kidney.

4. Cystic degeneration in carcinoma of kidney.

5. Traumatic intrarenal haematoma.

6. Drug-induced cystic disease in experimental animals.

 Pararenal Cysts

Cysts occurring adjacent to a kidney are termed pararenal cysts. These include the following:

1. Pyelocalyceal cysts

2. Hilar lymphangiectatic cysts

3. Retroperitoneal cysts

4. Perinephric pseudocysts from trauma.

PATHOPHYSIOLOGY OF RENAL DISEASE: RENAL FAILURE

Diseases of the kidneys are divided into 4 major groups:

1. Glomerular diseases: immunologically- mediated and may be acute or chronic.

2. Tubular diseases: Caused by toxic or infectious agents and are often acute.

3. Interstitial diseases: Due to toxic or infectious agents and involves interstitium and tubules (tubulo-interstitial diseases).

4. Vascular diseases: include changes in the nephron as a consequence of increased intra-glomerular pressure such as in hypertension or impaired blood flow.

Regardless of cause, renal disease results in the evolution of one of the two major pathological syndromes: acute renal failure and chronic renal failure. The term ‘azotaemia’ is used for biochemical abnormality characterised by elevation of the blood urea nitrogen (BUN) and creatinine levels, while ‘uraemia’ is defined as association of these biochemical abnormalities with clinical signs and symptoms. 
Acute Renal Injury  (ARI)

Is a syndrome characterised by rapid onset of renal dysfunction, oliguria or anuria, and sudden increase in metabolic waste-products (urea and creatinine) in the blood with development of uraemia.

ETIOPATHOGENESIS. Classified as pre-renal, intra-renal and post-renal in nature.

1. Pre-renal causes- sudden decrease in blood flow to the nephron. Renal ischaemia results in functional disorders or depression of GFR, or both. Causes include inadequate cardiac output and hypovolaemia or vascular disease causing reduced perfusion of the kidneys.

2. Intra-renal causes characterised by disease of renal tissue. These include vascular disease of the arteries and arterioles within the kidney, diseases of glomeruli, acute tubular necrosis due to ischaemia, or the effect of a nephrotoxin, acute tubulointerstitial nephritis and pyelonephritis.

3. Post-renal causes due to obstruction to the flow of urine anywhere along the renal tract distal to the opening of the collecting ducts. Caused by a mass within the lumen or from wall of the tract, or from external compression anywhere along the lower urinary tract—ureter, bladder neck or urethra.

CLINICAL FEATURES depends on the underlying cause of ARF and on the stage of the disease at which the patient presents. One of the following three major patterns emerge:

1. Syndrome of acute nephritis frequently associated with acute post-streptococcal glomerulonephritis and progressive glomerulonephritis. Renal dysfunction results from extensive proliferation of epithelial cells in the glomeruli with mild increase in glomerular permeability and decrease in GFR. Features are: mild proteinuria, haematuria, oedema and mild hypertension. Fluid retention in acute nephritis syndrome is due to diminished GFR and increased salt and water reabsorption in distal nephron.

2. Syndrome accompanying tubular pathology. When the ARF is caused by destruction of the tubular cells of the nephron as occurs in acute tubular necrosis the disease progresses through 3 stages from oliguria to diuresis to recovery.

i) Oliguric phase: lasts7 to 10 days is characterised by urinary output of less than 400 ml per day. Decline in formation of urine leads to accumulation of waste products of protein metabolism in the blood and resultant azotaemia, metabolic acidosis, hyperkalaemia, hypernatraemia and hypervolaemia due to secondary effects of circulatory overload and pulmonary oedema. 
ii) Diuretic phase: With the onset of healing of tubules, there is improvement in urinary output, occurs due to drawing of water and sodium by high levels of creatinine and urea as they move through the nephron for excretion. Urine output is of low.
iii) Phase of recovery: Full recovery with healing of tubular epithelial cells occurs in half the cases,others terminate in death. 
3. Pre-renal syndrome. Occurs secondary to disorders in which the glomerulus or the tubules are not damaged, results in pre-renal syndrome. This is seen in marginal ischaemia caused by renal arterial obstruction, hypovolaemia, hypotension or cardiac insufficiency. Due to depressed renal blood flow, there is decrease in GFR causing oliguria, azotaemia (elevation of BUN and creatinine) and fluid retention and oedema. Tubular cells are functioning normally, the nephron retains its ability to concentrate the glomerular filtrate.
Chronic Renal injury  (CRI)

Syndrome characterised by progressive and irreversible deterioration of renal function due to slow destruction of renal parenchyma. Acidosis is the major effect in CRF with development of biochemical azotaemia and clinical uraemia syndrome.

ETIOPATHOGENESIS. All chronic nephropathies lead to CRF. The diseases leading to CRF can be classified into two major groups: those causing glomerular pathology, and those causing tubulointerstitial pathology. 
1. Diseases causing glomerular pathology. Glomerular destruction results in changes in filtration process and leads to development of the nephrotic syndrome characterised by proteinuria, hypoalbuminaemia and oedema.
i) Primary glomerular pathology: The major cause of CRF is chronic glomerulonephritis, initiated by various types of glomerulonephritis such as membranous glomerulonephritis, membranoproliferative glomerulonephritis and anti-glomerular basement membrane nephritis.

ii) Systemic glomerular pathology: Conditions that originate outside the renal system but induce changes in the nephrons secondarily. Examples of this type are systemic lupus erythematosus, serum sickness nephritis and diabetic nephropathy.

2. Diseases causing tubulointerstitial pathology results in alterations in reabsorption and secretion of constituents, leading to excretion of large volumes of dilute urine. Tubulointerstitial diseases categorised according to initiating etiology into 4 groups: vascular, infectious, toxic and obstructive.

i) Vascular causes: Long-standing primary or essential hypertension produces changes in renal arteries and arterioles referred to as nephrosclerosis . Nephrosclerosis causes progressive renal vascular occlusion terminating in ischaemia and necrosis of renal tissue.

ii) Infectious causes: such as chronic pyelonephritis. The chronicity results in progressive damage to increasing number of nephrons leading to CRF.

iii) Toxic causes: Common example- intake of high doses of analgesics such as phenacetin, aspirin and acetaminophen (chronic analgesic nephritis). Prolonged exposure are lead, cadmium and uranium.

iv) Obstructive causes in the urinary tract leads to progressive damage to the nephron due to fluid backpressure.  Examples are stones, blood clots, tumours, strictures and enlarged prostate.  CRF evolves progressively through 4 stages:

1. Decreased renal reserve  damage to renal parenchyma is marginal and the kidneys remain functional. The GFR is 50% of normal, BUN and creatinine values are normal patients are asymptomatic except in stress.

2. Renal insufficiency. About 75% of functional renal parenchyma has been destroyed. The GFR is about 25% of normal accompanied by elevation in BUN and serum creatinine. Polyuria and nocturia occur due to tubulointerstitial damage. 
3. Renal failure. About 90% of functional renal tissue has been destroyed. The GFR is approximately 10% of normal. Tubular cells are nonfunctional the regulation of sodium and water is lost resulting in oedema, metabolic acidosis, hypocalcaemia, and signs and symptoms of uraemia.

4. End-stage kidney. The GFR is less than 5% of normal and results in complex clinical picture of uraemic syndrome with progressive primary (renal) and secondary systemic (extra-renal) symptoms.

CLINICAL FEATURES. Clinical manifestations of CRF leading to uraemic syndrome are described under 2 main headings: primary (renal) uraemic manifestations and secondary (systemic or extra-renal) uraemic manifestations.

A. Primary uraemic (renal) manifestations develop in slow and progressive deterioration of renal function. The resulting imbalances cause the following manifestations:

1. Metabolic acidosis. Acidbase imbalance. Excess of hydrogen ions occurs, while bicarbonate level declines in the blood, resulting in metabolic acidosis. The clinical symptoms of metabolic acidosis include: compensatory Kussmaul breathing, hyperkalaemia and hypercalcaemia.

2. Hyperkalaemia. Decreased GFR results in excessive accumulation of potassium in the blood since potassium is normally excreted mainly in the urine. The clinical features: cardiac arrhythmias, weakness, nausea, intestinal colic, diarrhoea, muscular irritability and flaccid paralysis.

3. Sodium and water imbalance. As GFR declines, sodium and water cannot pass sufficiently into Bowman’s capsule leading to their retention. Release of renin from juxtaglomerular apparatus further aggravates sodium and water retention. Symptoms: hypervolaemia and circulatory overload with congestive heart failure.

4. Hyperuricaemia. Decreased GFR results in accumulation of uric acid in the blood. Uric acid crystals may be deposited in joints and soft tissues resulting in gout.

5. Azotaemia. Waste-products of protein metabolism fail to be excreted resulting in elevation in the blood levels of urea, creatinine causing biochemical abnormality, azotaemia. 

B. Secondary uraemic (extra-renal) manifestations develop following fluid-electrolyte and acid-base imbalances. These include the following:

1. Anaemia. Decreased production of erythropoietin by diseased kidney results in decline in erythropoiesis and anaemia.
2. Integumentary system. Deposit of urinary pigment such as urochrome in the skin causes yellow colour. The urea content in the sweat and plasma rises. On evaporation of the perspiration, urea remains on the facial skin as powdery ‘uraemic frost’.

3. Cardiovascular system. Fluid retention causes cardiovascular symptoms such as increased workload on the heart due to the hypervolaemia and eventually congestive heart failure.

4. Respiratory system. Hypervolaemia and heart failure cause pulmonary congestion and pulmonary oedema due to back pressure. Radiologically, uraemic pneumonitis shows central, butterfly-pattern of oedema and congestion in the chest radiograph.

5. Digestive system. Azotaemia directly induces mucosal ulcerations in the lining of the stomach and intestines. Subsequent bleeding can aggravate the existing anaemia. Gastrointestinal irritation may cause nausea, vomiting and diarrhoea.

6. Skeletal systeml manifestations are referred to as renal osteodystrophy. Two major types of skeletal disorders may occur:

i) Osteomalacia from deficiency of a form of vitamin D activated by the kidney. Since vitamin D is essential for absorption of calcium, its deficiency results in inadequate deposits of calcium in bone tissue.

ii) Osteitis fibrosa occurs due to elevated levels of parathormone. As GFR is decreased, increasing levels of phosphates accumulate in the extracellular fluid which, causes a decline in calcium levels. Decreased calcium level triggers the secretion of parathormone which mobilises calcium from bone and increases renal tubular reabsorption of calcium thereby conserving it. However, if the process of resorption of calcium phosphate from bone continues for sufficient time, hypercalcaemia may be induced with deposits of excess calcium salts in joints and soft tissues and weakening of bones (renal osteodystrophy).

GLOMERULAR DISEASES

Glomerulonephritis (GN) is the term used for diseases that primarily involve the renal glomeruli:

I. Primary glomerulonephritis in which the glomeruli are the predominant site of involvement.

II. Secondary glomerular diseases include systemic and hereditary diseases which secondarily affect the glomeruli. 
CLINICAL MANIFESTATIONS

Includes—proteinuria, haematuria, hypertension and disturbed excretory function. The following are six major glomerular syndromes found in different glomerular diseases: nephritic and nephrotic syndromes; acute and chronic renal failure; asymptomatic proteinuria and haematuria.

I. ACUTE NEPHRITIC SYNDROME. Is the acute onset of haematuria, proteinuria, hypertension, oedema and oliguria following an infective illness about 10 to 20 days earlier.

1. The haematuria is slight giving the urine smoky appearance and erythrocytes are detectable by microscopy or by chemical testing for haemoglobin. Appearance of red cell casts is a classical feature of acute nephritic syndrome.

2. The proteinuria is mild (less than 3 gm per 24 hrs) and non-selective (nephritic range proteinuria).

3. Hypertension- variable depending upon the severity of the glomerular disease.

4. Oedema – mild, results from sodium and water retention 
5. Oliguria- variable, reflects the severity of glomerular involvement. The underlying causes of acute nephritic syndrome may be primary glomerulonephritic diseases or systemic diseases.
TABLE 22.5: Causes of Acute Nephritic Syndrome.

I. PRIMARY GLOMERULONEPHRITIS

1. Acute GN

i) Post-streptococcal

ii) Non-streptococcal

2. Rapidly progressive GN

3. Membranoproliferative GN

4. Focal GN

5. IgA nephropathy

II. SYSTEMIC DISEASES

1. SLE

2. Polyarteritis nodosa

3. Wegener’s granulomatosis

4. Henoch-Schonlein purpura

5. Cryoglobulinaemia
TABLE 22.4: Clinicopathologic Classification of Glomerular Diseases.

I. PRIMARY GLOMERULONEPHRITIS

1. Acute GN

i) Post-streptococcal

ii) Non-streptococcal

2. Rapidly progressive GN

3. Minimal change disease

4. Membranous GN

5. Membrano-proliferative GN

6. Focal proliferative GN

7. Focal segmental glomerulosclerosis (FSGS)

8. IgA nephropathy

9. Chronic glomerulonephritis

II. SECONDARY SYSTEMIC GLOMERULAR DISEASES

1. Lupus nephritis (SLE)

2. Diabetic nephropathy

3. Amyloidosis (page 82)

4. Polyarteritis nodosa (page 402)

5. Wegener’s granulomatosis (page 403)

6. Goodpasture’s syndrome (page 494)

7. Henoch-Schönlein purpura (page 331)

8. Systemic infectious diseases (bacterial e.g. bacterial endocarditis, syphilis, leprosy; viral e.g. , HIV; parasitic e.g. falciparum malaria, filariasis)

9. Idiopathic mixed cryoglobulinaemia

III. HEREDITARY NEPHRITIS

1. Alport’s syndrome

2. Fabry’s disease

3. Nail-patella syndrome
SPECIFIC TYPES OF GLOMERULAR DISEASES

I. PRIMARY GLOMERULONEPHRITIS

Acute Glomerulonephritis follows acute infection and presents as acute nephritic syndrome. Based on etiologic agent, acute GN is subdivided into 2 main groups: acute post-streptococcal GN and acute non-streptococcal GN, the former being more common.

ACUTE POST-STREPTOCOCCAL GN

Affects children between 2 to 14 years of age 10% cases are seen in adults above 40 years of age. Onset of disease is sudden after 1-2 weeks of streptococcal infection, frequently of the throat (e.g. streptococcal pharyngitis) and sometimes  the skin (e.g. streptococcal impetigo).

ETIOPATHOGENESIS. The relationship between streptococcal infection and this form of GN is established. Particularly nephritogenic types 12,4,1 and Red Lake of group A β-haemolytic streptococci. The glomerular lesions appear to result from deposition of immune complexes in the glomeruli. Evidences cited in support are:

i)Epidemiological evidence of preceding streptococcal sore throat or skin infection about 1-2 weeks prior to the attack.

ii) Latent period between streptococcal infection and onset of clinical manifestations of the disease is compatible with the period required for building up of antibodies.

iii) Streptococcal infection may be identified by culture or from elevated titres of antibodies against streptococcal antigens. These include the following:

anti-streptolysin O (ASO);

anti-deoxyribonuclease B (anti-DNAse B);

anti-streptokinase (ASKase);

anti-nicotinyl adenine dinucleotidase (anti-NADase); and

anti-hyaluronidase (AHase).

iv) There is hypocomplementaemia indicating involvement of complement in the glomerular deposits.

v) antigenic component of streptococci which is cytoplasmic antigen, endostreptosin. MORPHOLOGIC FEATURES. Grossly, the kidneys are symmetrically enlarged, weighing one and a half to twice the normal weight. The cortical and sectioned surface show petechial haemorrhages.
Light microscopic findings
i) Glomeruli—enlarged and hypercellular. The hypercellularity of the tuft is due to proliferation of mesangial, endothelial and epithelial cells (acute proliferative lesions) including infiltration of leucocytes, polymorphs and monocytes (acute exudative lesion). 
ii) Tubules—swelling and hyaline droplets in tubular cells, and tubular lumina may contain red cell casts.

iii) Interstitium— some degree of interstitial oedema and leucocytic infiltration.

iv) Vessels—Changes in arteries and arterioles are seldom present in acute GN.

Electron microscopic findings- electron-dense irregular deposits (‘humps’) on the epithelial side of the GBM. 

Immunofluorescence microscopy reveals that the irregular deposits along the GBM consist principally of IgG and complement C3.

CLINICAL FEATURES. young child, presenting with acute nephritic syndrome, having sudden and abrupt onset following an episode of sore throat or skin infection 1-2 weeks prior to the development of symptoms. The features include microscopic or intermittent haematuria, red cell casts, mild non-selective proteinuria (less than 3 gm per 24 hrs), hypertension, periorbital oedema and oliguria. The presentation may be as nephrotic syndrome. In adults, the features include sudden hypertension, oedema and azotaemia. Development of hypertension is a poor prognostic sign.

ACUTE NON-STREPTOCOCCAL GN

One-third cases of acute GN are caused by organisms other than haemolytic streptococci. These include other bacteria (e.g. staphylococci, pneumococci, meningococci, Salmonella and Pseudomonas), viruses (e.g. hepatitis B virus, mumps and varicella), parasitic infections (e.g. malaria and schistosomiasis) and syphilis. 
Rapidly Progressive Glomerulonephritis RPGN presents with an acute reduction in renal function resulting in acute renal failure. It is characterised by formation of ‘crescents’ (crescentic GN) outside the glomerular capillaries (extracapillary GN). Stimulus for crescent formation is the presence of fibrin in the capsular space.
ETIOPATHOGENESIS patients with RPGN are divided into 3 groups. RPGN in systemic diseases (anti-GBM type); post-infectious RPGN (immune-complex type); and pauci-immune RPGN. Three serologic markers are used for categorising RPGN: 

i) serum C3 level,

ii) anti-GBM antibody; and

iii) anti-neutrophil cytoplasmic antibody (ANCA).

Type I RPGN: Anti-GBM disease. Systemic diseases such as Goodpasture’s syndrome, SLE, vasculitis, Wegener’s granulomatosis and idiopathic mixed cryoglobulinaemia are associated with crescentic GN. Goodpasture’s syndrome is the characteristic example of anti-GBM disease.
Goodpasture’s syndrome.- acute renal failure due to RPGN and pulmonary haemorrhages.  common in males in 3rd decade of life. Results from damage to the glomeruli by anti-GBM antibodies which cross-react with alveolar basement membrane and hence, produce renal as well as pulmonary lesions. 
MORPHOLOGIC FEATURES. Grossly, the kidneys are enlarged and pale with smooth outer surface (large white kidney). Cut surface shows pale cortex and congested medulla.

Light Microscopic findings 
i) Glomeruli—all forms of RPGN show pathognomonic ‘crescents’ on the inside of Bowman’s capsules. Eventually, crescents obliterate the Bowman’s space and compress the glomerular tuft. 
ii) Tubules—Tubular epithelial cells may show hyaline droplets. Tubular lumina may contain casts, red blood cells and fibrin.

iii) Interstitium—is oedematous and show early fibrosis. Inflammatory cells, lymphocytes and plasma cells.
iv) Vessels—Arteries and arterioles show no change, but cases associated with hypertension show severe vascular changes.

CLINICAL FEATURES acute renal failure and/or associated intrapulmonary haemorrhage producing recurrent haemoptysis. Prognosis of all forms of RPGN is poor. 
Membranous Glomerulonephritis

Characterised by widespread thickening of the glomerular capillary wall and is the most common cause of nephrotic syndrome in adults. In majority of cases (85%), membranous GN is idiopathic, while in about 15% of cases it is secondary to an underlying condition (e.g. SLE, malignancies, infections such as chronic hepatitis B and C, syphilis, malaria and drugs).

ETIOPATHOGENESIS. Idiopathic membranous GN is an immune complex disease. The deposits of immune complex formed locally. Damage to the GBM is mediated directly by complement, the antigen in cases of secondary membranous GN is either an endogenous (e.g. DNA in SLE) or exogenous one (e.g. hepatitis B virus, tumour antigen, treponema antigen, drug therapy with penicillamine). 

MORPHOLOGIC FEATURES. Grossly, the kidneys are enlarged, pale and smooth.

Light microscopy shows the following findings:
i) Glomeruli— diffuse thickening of the glomerular capillary walls, all glomeruli being affected uniformly. The deposits are incorporated into thickened basement membrane, producing ‘duplication’ of GBM which is formation of a new basement membrane. 
ii) Tubules—Renal tubules remain normal except in the early stage when lipid vacuolation of the proximal convoluted tubules may be seen.

iii) Interstitium-shows fine fibrosis and scanty chronic inflammatory cells.

iv) Vessels— hypertensive changes of arterioles may occur.

Electron microscopy shows electron-dense deposits in subepithelial location. The basement membrane material protrudes between deposits as ‘spikes’.
Immunofluorescence microscopy reveals granular deposits of immune complexes consisting of IgG associated with complement C3. In secondary cases of membranous GN the relevant antigen such as hepatitis B or tumour antigen may be seen.

CLINICAL FEATURES majority of cases is insidious onset of nephrotic syndrome in an adult. Proteinuria is of non-selective type, microscopic haematuria and hypertension may be present. 
Focal Proliferative Glomerulonephritis
Characterised by pathologic changes in certain number of glomeruli (focal), and confined to one or two lobules of the affected glomeruli (segmental), while other glomeruli are normal. 
ETIOPATHOGENESIS: early manifestation of a number of systemic diseases such as SLE, Henoch-Schonlein purpura, subacute bacterial endocarditis and polyarteritisnodosa, Goodpasture’s syndrome. As a component of a known renal disease such as in IgA nephropathy. 
MORPHOLOGIC FEATURES. By light microscopy, abnormality seen in certain number of glomeruli and confined to one or two lobules of the affected glomeruli i.e. focal and segmental glomerular involvement. The pathologic change consists of focal and segmental cellular proliferation of mesangial cells and endothelial cells.

CLINICAL FEATURES. Haematuria .
Focal Segmental Glomerulosclerosis
Condition in which there is sclerosis and hyalinosis of some glomeruli and portions of their tuft, while the other glomeruli are normal. i.e. involvement is focal and segmental. FSGS is responsible for about one-third cases of nephrotic syndrome in the adults.

ETIOPATHOGENESIS. 
i) Idiopathic type. majority of cases, in children and young adults with presentation of nephrotic syndrome. Differs from minimal change disease in having non-selective proteinuria, in being steroid resistant, and may progress to chronic renal failure. Immunofluorescence microscopy reveals deposits of IgM and C3 in the sclerotic segment.

ii) With superimposed primary glomerular disease. 
iii) Secondary type. This group consists of focal segmental sclerotic lesions as a secondary manifestation of diseases such as HIV, diabetes mellitus, reflux nephropathy, heroin abuse and analgesic nephropathy. 
MORPHOLOGIC FEATURES. By light microscopy, glomeruli affected focally and segmentally, others are normal. The affected glomeruli show solidification or sclerosis of the tuft. 
CLINICAL FEATURES. Affects all ages including children and has male preponderance. The most common presentation is in the form of nephrotic syndrome with heavy proteinuria. 
Chronic Glomerulonephritis

Is the final stage of a variety of glomerular diseases which result in irreversible impairment of renal function may progress to chronic GN, in descending order of frequency, are as under:

i) Rapidly progressive GN (90%)

ii) Membranous GN (50%)

iii) Membranoproliferative GN (50%)

iv) Focal segmental glomerulosclerosis (50%)

v) IgA nephropathy (40%)

vi) Acute post-streptococcal GN (1%).

MORPHOLOGIC FEATURES. Grossly, kidneys are small and contracted weighing as low as 50 gm each. The capsule is adherent to the cortex. On cut section, the cortex is narrow and atrophic.
Microscopically, changes vary depending upon the underlying glomerular disease. 
i) Glomeruli— reduced in number and show hyalinised tufts, giving the appearance of acellular, eosinophilic masses which are PAS-positive. 
ii) Tubules- disappear with atrophy of tubules close to scarred glomeruli. Tubular cells show hyaline-droplets, degeneration and tubular lumina contain eosinophilic, homogeneous casts.

iii) Interstitium-fibrosis of the interstitial tissue and chronic inflammatory cells.
iv) Vessels—Advanced cases associated with hypertension show arterial and arteriolar sclerosis. Patients of end-stage kidney disease on dialysis show associated changes that include acquired cystic disease, occurrence of adenocarcinomas of the kidney, calcification of tufts.

CLINICAL FEATURES. Patients are adults. Terminal stage of chronic GN is characterised by hypertension, uraemia and progressive deterioration of renal function, and  systemic manifestations of uraemia. 
II. SECONDARY GLOMERULAR DISEASES

Glomerular involvement may occur secondary to certain systemic diseases or hereditary diseases. Renal involvement -the initial presentation, in others clinical evidence of renal disease appears after other manifestations have appeared.

Lupus Nephritis

Renal manifestations of systemic lupus erythematosus (SLE) are termed lupus nephritis. The two cardinal clinical manifestations of lupus nephritis are proteinuria and haematuria. In addition, hypertension and casts of different types such as red cell casts, fatty casts and leucocyte casts in the urinary sediment are found. Pathogenesis of lesions in lupus nephritis is linked to genes related to major histocompatibility complex and B-cell signaling pathways such as TNF superfamily members.

MORPHOLOGIC FEATURES. According to the WHO, six patterns renal lesions are:
Class I: Minimal lesions. Electron microscopy and immunofluorescence microscopy shows deposits within the mesangium which consist of IgG and C3.

Class II: Mesangial lupus nephritis. there is an increase in the number of mesangial cells and of mesangial matrix. Ultrastructural and immunofluorescence studies reveal granular mesangial deposits of IgG and C3.
Class III: Focal segmental lupus nephritis. focal and segmental proliferation of endothelial and mesangial cells, together with infiltration by macrophages and sometimes neutrophils. Subendothelial and subepithelial deposits of IgG, IgM or IgA and C3, are seen.

Class IV: Diffuse proliferative lupus nephritis. There is diffuse proliferation of endothelial, mesangial, and epithelial cells, involving most glomeruli. Subendothelial region on immunofluorescence are positive for IgG,r IgA or IgM, and C3. 

Class V: Membranous lupus nephritis. lesions consist of diffuse thickening of glomerular capillary wall on light microscopy and show subendothelial deposits of immune complexes containing IgG, IgM and C3 on ultrastructural studies.

Class VI: Sclerosing lupus nephritis. This is end-stage kidney of SLE, akin to chronic GN. Most glomeruli are sclerosed and hyalinised.
Diabetic Nephropathy

Renal complications are more frequently in type 1 (insulin-dependent) diabetes mellitus than in type 2 (non-insulindependent) diabetics. Associated clinical syndromes are includes asymptomatic proteinuria, nephrotic syndrome, progressive renal failure and hypertension. 
MORPHOLOGIC FEATURES. 4 types of renal lesions in diabetes mellitus: diabetic glomerulosclerosis, vascular lesions, diabetic pyelonephritis and tubular lesions (Armanni-Ebstein lesions).

1. DIABETIC GLOMERULOSCLEROSIS.
Pathogenesis of these lesions in D.M is explained by following sequential changes: hyperglycaemia → glomerular hypertension → renal hyperperfusion → deposition of proteins in the mesangium → glomerulosclerosis → renal failure. Glomerulosclerosis in diabetes may take one of the 2 forms: diffuse or nodular lesions:

i) Diffuse glomerulosclerosis. The pathologic changes consist of thickening of the GBM and diffuse increase in mesangial matrix with mild proliferation of mesangial cells. Capsular drop is an eosinophilic hyaline thickening of the parietal layer of Bowman’s capsule and bulges into the glomerular space. 
ii) Nodular glomerulosclerosis also called Kimmelstiel- Wilson (KW) lesions or intercapillary glomerulosclerosis. These lesions are specific for type 1 diabetes (juvenile onset diabetes) or islet cell antibody-positive diabetes mellitus. The pathologic changes consist of one or more nodules in glomeruli. As the nodular lesions enlarge, they compress the glomerular capillaries and obliterate the glomerular tuft. As a result of glomerular and arteriolar involvement, renal ischaemia occurs leading to tubular atrophy and interstitial fibrosis and grossly small, contracted kidney.

2. VASCULAR LESIONS. Atheroma of renal arteries. Hyaline arteriolosclerosis affecting the afferent and efferent arterioles of the glomeruli, vascular lesions are responsible for renal ischaemia that results in tubular atrophy and interstitial fibrosis.

3. DIABETIC PYELONEPHRITIS. Poorly-controlled diabetics are susceptible to bacterial infections. Papillary necrosis a complication of diabetes that results in acute pyelonephritis. 
4. TUBULAR LESIONS (ARMANNI-EBSTEIN LESIONS). In untreated diabetics who have extremely high blood sugar level, the epithelial cells of the proximal convoluted tubules develop glycogen deposits appearing as vacuoles. These are called Armanni-Ebstein lesions. 
Hereditary Nephritis

These include the following:

1. Alport’s syndrome. X-linked dominant disorder having mutation in α−5 chain of type IV collagen located on X-chromosome. It affects males more severely than females. The syndrome consists of sensori-neural deafness and ophthalmic complications (lens dislocation, posterior cataracts and corneal dystrophy) associated with hereditary nephritis. The condition is slowly progressive, terminating in end-stage kidney in the 2nd to 3rd decades of life. Presenting features are persistent or recurrent haematuria accompanied by, proteinuria and hypertension.

By light microscopy, the glomeruli have predominant involvement and show segmental proliferation of mesangial cells. 
TUBULAR AND TUBULOINTERSTITIAL DISEASES

I. Primary tubular diseases that include tubular injury by ischaemic or toxic agents i.e. acute tubular necrosis.

II. Tubulointerstitial diseases that include inflammatory involvement of the tubules and the interstitium i.e. tubulointerstitial nephritis.

ACUTE TUBULAR NECROSIS

Acute renal failure (ARF) resulting from destruction of tubular epithelial cells. ATN is the most common cause of ARF characterised by sudden cessation of renal function. Two forms of ATN are distinguished— ischaemic and toxic; however both forms have a somewhat common pathogenesis.

Pathogenesis of ATN

i) Renal tubules are highly susceptible to injury by ischaemia and toxic agents.

ii) Tubular damage in ischaemic ATN is initiated by arteriolar vasoconstriction induced by renin-angiotensin system, while in toxic ATN by direct damage to tubules by the agent.

iii) Debris of the desquamated epithelium due to necrosis causes tubular obstruction and block urinary outflow with consequent reduction of GFR and produce casts in the urine.

iv) Due to increased intratubular pressure, there is tubular rupture.

v) Damage to tubules is accompanied with leakage of fluid into the interstitium causing interstitial oedema.

vi) Leakage of tubular fluid into the interstitium increases interstitial pressure.

vii) Leaked fluid incites host inflammatory response.

viii) Increased interstitial pressure causes compression of tubules and blood .

x) it leads to reduced GFR and consequently oliguria.

Ischaemic ATN

Occurs due to hypoperfusion of the kidneys resulting in focal damage to the distal parts of the convoluted tubules.
ETIOLOGY. accounts for more than 80% cases of tubular injury. Ischaemia may result from a variety of causes as follows:

1. Shock (post-traumatic, surgical, burns, dehydration, obstetrical and septic type).

2. Crush injuries.

3. Non-traumatic rhabdomyolysis induced by alcohol, coma, muscle disease or extreme muscular exertion (myoglobinuric nephrosis).

4. Mismatched blood transfusions, black-water fever (haemoglobinuric nephrosis).

MORPHOLOGIC FEATURES. Grossly, kidneys are enlarged and swollen. On cut section, the cortex is widened and pale, while medulla is dark.

Histologically, glomeruli remain unaffected. The interstitium shows oedema and mild chronic inflammatory cell infiltrate. Tubular changes are as follows:
1. Dilatation of the proximal and distal convoluted tubules.

2. Focal tubular necrosis at different points along the nephron.

3. Flattened epithelium lining the tubules suggesting epithelial regeneration.

4. Eosinophilic hyaline casts or pigmented haemoglobin and myoglobin casts in the tubular lumina.
5. Disruption of tubular basement membrane adjacent to the cast may occur (tubulorrhexis)

Toxic ATN

Occurs as a result of direct damage to tubules, more marked in proximal portions, by ingestion, injection or inhalation of a number of toxic agents.

ETIOLOGY. Toxic agents causing toxic ATN are as under:

1. Poisons such as mercuric chloride, carbon tetrachloride, ethylene glycol, mushroom poisoning and insecticides.

2. Heavy metals (mercury, lead, arsenic, phosphorus and gold).

3. Drugs such as sulfonamides, certain antibiotics (gentamycin, cephalosporin), anaesthetic agents (methoxyflurane, halothane), barbiturates, salicylates. 4. Radiographic contrast material.

MORPHOLOGIC FEATURES. Poisoning with mercuric chloride produces widespread tubular necrosis (acute mercury nephropathy).

Grossly, the kidneys are enlarged and swollen. On cut section, the cortex is pale and swollen, while the medulla is slightly darker than normal.

Histologically,  In mercuric chloride poisoning, the features are as follows:
1. Epithelial cells of  proximal convoluted tubules are necrotic and desquamated into the tubular lumina.

2. The desquamated cells  undergo dystrophic calcification.

3. Tubular basement membrane is intact.

4. The regenerating epithelium, which is flat.

The contrasting features of the two forms of ATN are presented in Table 22.12.
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TUBULOINTERSTITIAL DISEASES

These are inflammatory process that involves the renal interstitial tissue and is accompanied tubular damage. Bacterial and non-bacterial, acute and chronic conditions produce tubulointerstitial nephritis. 
NEPHROTIC SYNDROME characterised by findings of massive proteinuria, hypoalbuminaemia, oedema, hyperlipidaemia, lipiduria, and hypercoagulability.

1. Heavy proteinuria (protein loss of more than 3 gm per 24 hrs) is the chief characteristic of nephrotic syndrome (nephrotic range proteinuria). A small amount of protein (20 to 150 mg/day) normally passes through the glomerular filtration barrier and is reabsorbed by the tubules. But in case of increased glomerular permeability to plasma proteins, excess of protein is filtered out exceeding the capacity of tubules for reabsorption and,  appears in the urine. Another feature of protein loss is its ‘selectivity’. A highly-selective proteinuria consists of loss of low molecular weight proteins, while a poorly-selective proteinuria is loss of high molecular weight proteins in the urine. In nephrotic syndrome, proteinuria consists of loss of albumin in the urine.

2. Hypoalbuminaemia is produced due to urinary loss of albumin, and increased renal catabolism and inadequate hepatic synthesis of albumin. The concentration of immunoglobulins, clotting factors and antithrombin fall rendering patients more vulnerable to infections and thrombotic and thromboembolic complications.

3. Oedema appears due to fall in colloid osmotic pressure consequent upon hypoalbuminaemia. Sodium and water retention contribute to oedema. Nephrotic oedema is peripheral but in children facial oedema is prominent.

4. Hyperlipidaemia is a frequent accompaniment of nephrotic syndrome. There are increased blood levels of total lipids, cholesterol, triglycerides, VLDL and LDL but decrease in HDL. Low blood level of HDL is partly due to its loss in the urine.

5. Lipiduria occurs following hyperlipidaemia due to excessive leakiness of glomerular filtration barrier.

6. Hypercoagulability. Patients may develop spontaneous arterial or venous thrombosis, renal vein thrombosis and pulmonary embolism due to various factors. These include: increased urinary loss of antithrombin III, hyperfibrinogenaemia from increased synthesis in the liver, decreased fibrinolysis, increased platelet aggregation and altered levels of protein C and S. 

TABLE 22.6: Causes of Nephrotic Syndrome.

I. PRIMARY GLOMERULONEPHRITIS

1. Minimal change disease (most common in children)

2. Membranous GN (most common in adults)

3. Membranoproliferative GN

4. Focal segmental glomerulosclerosis

5. Focal GN

6. IgA nephropathy

II. SYSTEMIC DISEASES

1. Diabetes mellitus

2. Amyloidosis

3. SLE

III. SYSTEMIC INFECTIONS

1. Viral infections (HBV, HCV, HIV)

2. Bacterial infections (bacterial endocarditis, syphilis, leprosy)

3. Protozoa and parasites (P. falciparum malaria, filariasis)

IV. HYPERSENSITIVITY REACTIONS

1. Drugs (heavy metal compounds like gold and mercury, other drugs like penicillamine, trimethadione and tolbutamide, heroin addiction)

2. Bee stings, snake bite, poison ivy

V. MALIGNANCY

1. Carcinomas

2. Myeloma

3. Hodgkin’s disease

VI. PREGNANCY

Toxaemia of pregnancy

VII. CIRCULATORY DISTURBANCES

1. Renal vein thrombosis

2. Constrictive pericarditis

VIII. HEREDITARY DISEASES

1. Alport’s disease

2. Fabry’s disease

3. Nail-patella syndrome
In children, primary glomerulonephritis is the cause in majority of cases of the nephrotic syndrome; most frequent is lipoid nephrosis (65%); and in adults, systemic diseases (diabetes, amyloidosis and SLE) are more frequent causes of nephrotic syndrome. The most common primary glomerular disease in adults is membranous glomerulonephritis (40%). Features of nephritic and nephroic syndromes have been contrasted in Table 22.7.
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III. ACUTE RENAL FAILURE. Characterised by rapid decline in renal function. ARF has many causes  principally rapidly progressive GN and acute diffuse proliferative GN.

IV.CHRONIC RENAL FAILURE. Glomerular causes have advanced renal impairment progressing over years and is detected by significant proteinuria, haematuria, hypertension and azotaemia. 

V. ASYMPTOMATIC PROTEINURIA. Presence of proteinuria unexpectedly in a patient may be unrelated to renal disease (e.g. exercise-induced, extreme lordosis and orthostatic proteinuria). Association of asymptomatic haematuria, hypertension or impaired renal function with asymptomatic proteinuria is suggestive of glomerulonephritis.

VI. ASYMPTOMATIC (MICROSCOPIC) HAEMATURIA common in children and young adolescents causes include disease of the glomerulus, renal interstitium, ureter, bladder, prostate, urethra, and underlying bleeding disorder, congenital abnormalities of the kidneys or neoplasia. Glomerular haematuria is indicated by the presence of red blood cells, red cell casts and haemoglobin in the urine

PATHOGENESIS OF GLOMERULAR INJURY

Immunologic mechanisms underlying glomerular injury are  antibody-mediated (immune-complex disease). Cell-mediated immune reactions in the form of delayed type hypersensitivity can also cause glomerular injury. A few secondary mechanisms and some nonimmunologic mechanisms are involved in the pathogenesis of some forms of glomerular diseases.
I. IMMUNOLOGIC MECHANISMS

Antigen-antibody complexes, underlie most forms of glomerular injury. 

A. Antibody-Mediated Glomerular Injury

1. IMMUNE COMPLEX DISEASE are represented by irregular or granular glomerular deposits of immunoglobulins (IgG, IgM and IgA) and complement (mainly C3). The following are 3 patterns of glomerular deposits of immune complexes in various glomerular diseases: 

i) Local immune complex deposits. Formation of glomerular deposits of immune complex in situ occurs as a result of combination of antibodies with autologous nonbasement membrane antigens or nonglomerular antigens planted on glomeruli. The examples of planted non-glomerular antigens are cationic proteins, lectins, DNA, bacterial products (e.g. a protein of group A streptococci), viral and parasitic products and drugs.

ii) Circulating immune complex deposits cause glomerular damage under certain circumstances only: their presence in high concentrations for prolonged periods, or when they possess special properties that cause their binding to glomeruli, or when host mechanisms are defective and fail to eliminate immune complexes. The antigens evoking antibody response may be endogenous (e.g. in SLE) or may be exogenous (e.g. Hepatitis B virus, Treponema pallidum, Plasmodium falciparum and various tumour antigens). The antigen-antibody complexes are formed in the circulation and then trapped in the glomeruli where they produce glomerular injury after combining with complement. Immune complex GN is observed in:
i) Primary GN e.g. acute diffuse proliferative GN, membranous GN,

membranoproliferative GN, IgA nephropathy .

ii) Systemic diseases e.g. glomerular disease in SLE, malaria, syphilis, hepatitis, and Henoch-Schonlein purpura.

Secondary Pathogenetic Mechanisms (Mediators of Immunologic Injury)
1. NEUTROPHILS. Neutrophils are conspicuous in certain forms of glomerular disease such as in acute diffuse proliferative GN, and may also be present in membranoproliferative GN and lupus nephritis. Neutrophils can mediate glomerular injury by activation of complement as well as by release of proteases, arachidonic acid metabolites and oxygen-derived free radicals. These agents cause degradation of GBM and cell injury.

2. MONONUCLEAR PHAGOCYTES. Accumulation of mononuclear phagocytes is considered an important constituent of hypercellularity in these forms of GN aside from proliferation of mesangial and endothelial cells. 

3. COMPLEMENT SYSTEM.  C5b C6789 (MAC, acronym for membrane attack complex) is capable of inducing damage to GBM directly.

4. PLATELETS. Platelet aggregation and release of mediators play a role in the evolution of some forms of GN.  

5. COAGULATION SYSTEM. The presence of fibrin suggests the role of coagulation system in glomerular damage. Fibrinogen may leak into Bowman’s space and act as stimulus for cell proliferation. 

II. NON-IMMUNOLOGIC MECHANISMS

1. Metabolic glomerular injury e.g. in diabetic nephropathy (due to hyperglycaemia), Fabry’s disease (due to sulfatidosis).

2. Haemodynamic glomerular injury e.g. systemic hypertension, intraglomerular hypertension in FSGS.

3. Deposition diseases e.g. amyloidosis.

4. Infectious diseases e.g. HBV, HCV, HIV, E. coli-derived nephrotoxin.

5. Drugs e.g. minimal change disease due to NSAIDs.

6. Inherited glomerular diseases e.g. Alport’s syndrome, nailpatella syndrome.
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Is an acute suppurative inflammation of the kidney caused by pyogenic bacteria.

ETIOPATHOGENESIS. Most cases of acute pyelonephritis follow infection of the lower urinary tract. The most common pathogenic organism in urinary tract infection (UTI) is Escherichia coli (in 90% of cases), followed in decreasing frequency, by Enterobacter, Klebsiella, Pseudomonas and Proteus. The bacteria gain entry into the urinary tract, and then into the kidney by one of the two routes: ascending infection and haematogenous infection.
1. Ascending infection. Most common route of infection. The common pathogenic organisms are inhabitants of the colon and may cause faecal contamination of the urethral orifice, especially in females in reproductive age group. This has been attributed to shorter urethra in females liable to faecal contamination, hormonal influences facilitating bacterial adherence to the mucosa, absence of prostatic secretions which have antibacterial properties, and urethral trauma during sexual intercourse. The last named produces ‘honeymoon pyelitis’. Ascending infection may occur in a normal individual but the susceptibility is increased in patients with diabetes mellitus, pregnancy, urinary tract obstruction or instrumentation.  After having caused urethritis and cystitis, the bacteria in susceptible cases ascend into the ureters against the flow of urine, extend into the renal pelvis and then the renal cortex. 
2. Haematogenous infection. acute pyelonephritis may result from blood-borne spread of infection. This occurs in patients with obstructive lesions in the urinary tract, and in debilitated or immunosuppressed patients.

MORPHOLOGIC FEATURES. Grossly, well-developed cases of acute pyelonephritis show enlarged and swollen kidney that bulges on section. The cut surface shows small, yellow-white abscesses with a haemorrhagic rim. These abscesses are situated mainly in the cortex.

Microscopically, characterised by extensive acute inflammation involving the interstitium and causing destruction of the tubules. The acute inflammation may be in the form of large number of neutrophils in the interstitial tissue and bursting into tubules, or may form focal neutrophilic abscesses in the renal parenchyma.

CLINICAL FEATURES. Acute pyelonephritis has an acute onset with chills, fever, loin pain, lumbar tenderness, dysuria and frequency of micturition. Urine will show bacteria in excess of 100,000/ml, pus cells and pus cell casts in the urinary sediment.

COMPLICATIONS. are encountered more often in patients with diabetes mellitus or with urinary tract obstruction.  Three complications of acute pyelonephritis:

1. Papillary necrosis or necrotizing papillitis develops in analgesic abuse nephropathy and in sickle cell disease but may occur as a complication of acute pyelonephritis as well. It may affect one or both kidneys.

Grossly, the necrotic papillae are yellow to grey-white, sharply-defined areas with congested border and resemble infarction. The pelvis may be dilated.

2. Pyonephrosis. the abscesses in the kidney in acute pyelonephritis are extensive, particularly in cases with obstruction. This results in inability of the abscesses to drain and this transforms the kidney into a multilocular sac filled with pus called as pyonephrosis or renal carbuncle
3. Perinephric abscess. The abscesses in the kidney may extend through the capsule of the kidney into the perinephric tissue and form perinephric abscess.

Chronic Pyelonephritis

Is a chronic tubulointerstitial disease resulting from repeated attacks of inflammation and scarring.

ETIOPATHOGENESIS. Two types of chronic pyelonephritis are described— reflux nephropathy and obstructive pyelonephritis.
1. Reflux nephropathy. Reflux of urine from the bladder into one or both the ureters during micturition is the major cause of chronic pyelonephritis. Vesicoureteric reflux  common in children, especially in girls, due to congenital absence or shortening of the intravesical portion of the ureter so that ureter is not compressed during the act of micturition. Reflux results in increase in pressure in the renal pelvis so that the urine is forced into renal tubules followed by damage to the kidney and scar formation .Vesicoureteric reflux is more common in patients with urinary tract infection.

2. Obstructive pyelonephritis. Obstruction to the outflow of urine at different levels predisposes the kidney to infection. Recurrent episodes of such obstruction and infection result in renal damage and scarring. 

MORPHOLOGIC FEATURES. Grossly,The kidneys are small and contracted (weighing less than 100 gm) showing unequal reduction, which distinguishes it from other forms of contracted kidney. The surface of the kidney is irregularly scarred. Scars are of variable size and shows U-shaped depressions on the cortical surface. Microscopically: i) Interstitium—There is chronic interstitial inflammatory reaction, composed of lymphocytes, plasma cells and macrophages with pronounced interstitial fibrosis. 

ii) Tubules—varying degree of atrophy and dilatation. Dilated tubules may contain eosinophilic colloid casts. A few tubules may contain neutrophils.

iii) Pelvicalyceal system—The renal pelvis and calyces are dilated. The walls of pelvis and calyces show marked chronic inflammation and fibrosis. Lymphoid follicles with germinal centres may be present in the pelvicalyceal walls. The lining epithelium may undergo squamous metaplastic change.

iv) Blood vessels—show obliterative endarteritis. 
v) Glomeruli—In advanced cases, there may be hyalinisation of glomeruli.

CLINICAL FEATURES. insidious onset. Patients present with clinical picture of chronic renal failure or with symptoms of hypertension, features of acute recurrent pyelonephritis with fever, loin pain, lumbar tenderness, dysuria, pyouria, bacteriuria and frequency of micturition. Diagnosis is made by intravenous pyelography (IVP). 
Tuberculous Pyelonephritis

Occurs due to haematogenous spread of infection from another site, often from the lungs, it may result from ascending infection from tuberculosis of the genitourinary system such as from epididymis or Fallopian tubes. The renal lesions in tuberculosis may be in the form of tuberculous pyelonephritis or appear as multiple miliary tubercles.
MORPHOLOGIC FEATURES. Grossly, the lesions in tuberculous pyelonephritis are often bilateral, involving the medulla with replacement of the papillae by caseous tissue. Histologically, granulomatous reaction is seen. Acid-fast bacilli can be demonstrated in the lesions.

CLINICAL FEATURES. young to middle aged adults. The clinical presentation should always be considered as a possibility in a patient in whom there is persistent sterile pyouria, microscopic haematuria and mild proteinuria after effective antibiotic therapy for urinary tract infection. 
RENAL HYPERTENSION. Hypertension produced by renal diseases is called renal hypertension. Renal hypertension is subdivided into 2 groups:

i) Renal vascular hypertension e.g. in occlusion of a major renal artery, pre-eclampsia, eclampsia, polyarteritis nodosa and fibromuscular dysplasia of renal artery.

ii) Renal parenchymal hypertension e.g. in various types of glomerulonephritis, pyelonephritis, interstitial nephritis, diabetic nephropathy, amyloidosis, polycystic kidney disease and renin-producing tumours. 
EFFECTS OF HYPERTENSION

An early clinical marker for renal injury from hypertension is macroalbuminuria (i.e. albuminuria > 150 mg/day .

Benign Nephrosclerosis

Describes the kidney of benign phase of hypertension. Common form of renal disease in persons over 60 years of age but its severity increases in the presence of hypertension and diabetes mellitus.

MORPHOLOGIC FEATURES. Grossly, both the kidneys are affected equally and are reduced in size and weight, often weighing about 100 gm or less. The capsule is adherent to the cortical surface. The surface of the kidney is finely granular and shows V-shaped areas of scarring.
Microscopically, there are diffuse vascular changes which produce parenchymal changes secondarily as a result of ischaemia.
i) Vascular changes:  involve arterioles and arteries. There are 2 types of changes in these blood vessels:

a) Hyaline arteriolosclerosis that results in homogeneous and eosinophilic thickening of the wall of small blood vessels.

b) lntimal thickening due to proliferation of smooth muscle cells in the intima.

ii) Parenchymal changes: As a consequence of ischaemia, there is variable degree of atrophy of parenchyma. This includes: glomerular shrinkage, deposition of collagen in Bowman’s space,  tubular atrophy and interstitial fibrosis.

CLINICAL FEATURES. variable elevation of the blood pressure with headache, dizziness, palpitation and nervousness. papilloedema is absent. In long-standing cases, there may be mild proteinuria with some hyaline or granular casts. Rarely, renal failure and uraemia may occur.

Malignant Nephrosclerosis

Is the form of renal disease that occurs in malignant or accelerated hypertension. Malignant nephrosclerosis is uncommon and occurs as a superimposed complication in 5% cases of pre-existing benign essential hypertension or secondary hypertension. 

MORPHOLOGIC FEATURES. Grossly, the appearance of the kidney varies. In a case of malignant hypertension superimposed on pre-existing benign nephrosclerosis, the kidneys are small in size, shrunken and reduced in weight. Malignant hypertension in pure form are enlarged, oedematous and have petechial haemorrhages on the surface producing so called ‘fleabitten kidney’.* Microscopically, 
i) Vascular changes: These are more severe and involve the arterioles. The two vascular changes seen are as under:

a) Necrotising arteriolitis develops on hyaline arteriolosclerosis. The vessel wall shows fibrinoid necrosis, a few acute inflammatory cells and small haemorrhages.

b) Hyperplastic intimal sclerosis or onionskin proliferation is characterised by concentric laminae of proliferated smooth muscle cells, collagen and basement membranes.

ii) Ischaemic changes: The effects of vascular narrowing on the parenchyma include tubular loss, fine interstitial fibrosis and foci of infarction necrosis.

CLINICAL FEATURES. The patients of malignant nephrosclerosis have malignant or accelerated hypertension with blood pressure of 200/140 mmHg or higher. Headache, dizziness and impaired vision. The presence of papilloedema distinguishes malignant from benign phase of hypertension. The urine shows haematuria and proteinuria. Renal function tests show deterioration during the course of the illness. Azotaemia (high BUN and serum creatinine) and uraemia develop in untreated malignant hypertension. (other causes of flea-bitten kidney: acute post-streptococcal GN, rapidly progressive GN, haemolytic-uraemic syndrome, thrombotic thrombocytopenic purpura and Henoch-Schonlein purpura).
OBSTRUCTIVE UROPATHY

Obstruction in the urinary tract  increases the susceptibility to infection and stone formation. Occurs at any age and in either sex. The cause of obstruction may lie at any level of the urinary tract—renal pelvis, ureters, urinary bladder and urethra. The obstruction may be intraluminal, intramural or extramural. Causes are listed in Table 22.17 
[image: image4.emf]The obstruction may be unilateral or bilateral, partial or complete, sudden or insidious. Complete bilateral obstruction may result in irreversible renal failure, whereas long-standing chronic partial obstruction may cause various functional abnormalities and anatomic changes. There are three important anatomic sequelae of obstruction, namely: hydronephrosis, hydroureter and hypertrophy of the bladder

NEPHROLITHIASIS

Nephrolithiasis or urolithiasis is formation of urinary calculi at any level of the urinary tract. The male-female ratio of 2:1. The peak incidence is observed in 2nd to 3rd decades of life. Renal calculi are characterised clinically by colicky pain. 

Types of Urinary Calculi

There are 4 main types of urinary calculi—calcium containing, mixed (struvite), uric acid and cystine stones, and a few rare types. 

 TABLE 22.18: Salient Features of Urinary Calculi.

[image: image5.emf]1. CALCIUM STONES. The most common comprising about 75% of all urinary calculi. They may be pure stones of calcium oxalate (50%) or calcium phosphate (5%), or mixture of calcium oxalate and calcium phosphate (45%).

Etiology. i) About 50% of patients with calcium stones have idiopathic hypercalciuria without hypercalcaemia.

ii) Approximately 10% cases are associated with hypercalcaemia and hypercalciuria, most commonly due to hyperparathyroidism, or a defect in the bowel (i.e. absorptive hypercalciuria), or in the kidney (i.e. renal hypercalciuria).

iii) About 15% of patients with calcium stones have hyperuricosuria with a normal blood uric acid level and normal calcium metabolism.

iv) In about 25% of patients with calcium stones, the cause is unknown as there is no abnormality in urinary excretion of calcium, uric acid or oxalate and is referred to as ‘idiopathic calcium stone disease’.

Pathogenesis is explained on the basis of imbalance between the degree of supersaturation of the ions forming the stone and the concentration of inhibitors in the urine. Crystals of calcium oxalate and/or calcium phosphate are precipitated is the tubular lining or around some fragment of debris in the tubule acting as nidus of the stone. Other predisposing factors to formation of calcium stones are alkaline urinary pH, decreased urinary volume and increased excretion of oxalate and uric acid.

Morphology. Calcium stones are small (less than a centimeter), ovoid, hard, with granular rough surface. They are dark brown due to old blood pigment deposited in them as a result of repeated trauma caused to the urinary tract by sharp-edged stones.

2. MIXED (STRUVITE) STONES. About 15% of urinary calculi are made of magnesium-ammonium-calcium phosphate, often called struvite; 
Etiology. Struvite stones are formed as a result of infection of the urinary tract with urea-splitting organisms that produce urease such as by species of Proteus, and Klebsiella, Pseudomonas and Enterobacter. 
Morphology. Struvite stones are yellow-white or grey are soft and friable and irregular in shape. 

3. URIC ACID STONES. Approximately 6% of urinary calculi are made of uric acid. Uric acid calculi are radiolucent unlike radio-opaque calcium stones.

Etiology frequently formed in cases with hyperuricaemia and hyperuricosuria such as due to primary gout or secondary gout due to myeloproliferative disorders (e.g. in leukaemias), especially those on chemotherapy, and administration of uricosuric drugs (e.g. salicylates, probenacid). Other factors to their formation are acidic urinary pH (below 6) and low urinary volume.

Pathogenesis. The solubility of uric acid at pH of 7 is 200 mg/dl while at pH of 5 is 15 mg/dl. Thus, as the urine becomes more acidic, the solubility of uric acid in urine decreases and precipitation of uric acid crystals increases favouring the formation of uric acid stones. Hyperuricosuria is the most important factor in the production of uric acid stones, while hyperuricaemia is found in about half the cases.

Morphology. Uric acid stones are smooth, yellowish-brown, hard and often multiple. On cut section, they show laminated structure.

4. CYSTINE STONES. Cystine stones comprise less than 2% of urinary calculi.

Etiology.associated with cystinuria due to a genetically-determined defect in the transport of cysteine and other amino acids across the cell membrane of the renal tubules and the small intestinal mucosa. Pathogenesis. The resultant excessive excretion of cysteine which is least soluble of the naturally-occurring amino acids leads to formation of crystals and eventually cystine calculi. Morphology. Cystine stones are small, rounded, smooth and often multiple. They are yellowish and waxy.

5. OTHER CALCULI. Less than 2% of urinary calculi consist of other rare types such as due to inherited abnormality of enzyme metabolism e.g. hereditary xanthinuria developing xanthine stones.

HYDRONEPHROSIS

Describes  dilatation of renal pelvis and calyces due to partial or intermittent obstruction to the outflow of urine. Hydronephrosis develops if one or both the pelviureteric sphincters are incompetent. Hydroureter always accompanies hydronephrosis. Hydronephrosis may be unilateral or bilateral.

Unilateral Hydronephrosis

This occurs due to some form of ureteral obstruction at the level of pelviureteric junction (PUJ). The causes are:

1. Intraluminal e.g. a calculus in the ureter or renal pelvis.

2. Intramural e.g. atresia of ureter, inflammatory stricture, trauma, neoplasm of ureter or bladder.

3. Extramural e.g. obstruction of upper part of the ureter by inferior renal artery or vein, pressure on ureter from outside such as carcinoma cervix, prostate, rectum, colon or caecum and Bilateral Hydronephrosis (read)
TUMOURS OF KIDNEY

Benign and malignant tumours occur in the kidney, the latter being more common. These may arise from renal tubules (adenoma, adenocarcinoma), embryonic tissue (mesoblastic nephroma, Wilms’ tumour), mesenchymal tissue (angiomyolipoma, medullary interstitial tumour) and from the epithelium of the renal pelvis (urothelial carcinoma). Besides these tumours, the kidney may be the site of the secondary tumours.

BENIGN TUMOURS

Benign renal tumours are small and are often an incidental finding at autopsy or nephrectomy.

Cortical Adenoma

They are frequently multiple and associated with chronic pyelonephritis or benign nephrosclerosis.

Grossly, these tumours may form tiny nodules up to 3 cm in diameter. They are encapsulated and white or yellow.

Microscopically, composed of tubular cords or papillary structures projecting into cystic space. The cells of the adenoma are uniform, cuboidal with no atypicality or mitosis .Those larger than 3 cm in diameter are potentially malignant and metastasising.

MALIGNANT TUMOURS

The two common primary malignant tumours of the kidney are adenocarcinoma and Wilms’ tumour. A third malignant renal tumour is urothelial carcinoma occurring more commonly in the renal pelvis. 
Adenocarcinoma of Kidney
Renal cell carcinoma (RCC) is an adenocarcinoma arising from tubular epithelium. This cancer comprises 70 to 80% of all renal cancers and occurs most commonly in 50 to 70 years of age with male preponderance (2:1).

ETIOLOGY AND PATHOGENESIS. Various etiologic factors implicated in the etiology of RCC are as follows:

1. Tobacco. Tobacco is the major risk factor for RCC, whether chewed or smoked and accounts for 20-30% cases of RCC. Cigarette smokers have two-fold higher risk of developing RCC.

2. Genetic factors. Heredity and first-degree relatives of RCC are associated with higher risk, about 5% cases are inherited.

These cases have following associations:

i) von Hippel-Lindau (VHL) disease: It is an autosomal dominant cancer syndrome that includes: haemangioblastoma of the cerebellum, retinal angiomas, multiple RCC (clear cell type), pheochromocytoma and cysts in different organs. Patients of VHL disease have germline mutations of tumour suppressor VHL gene located on chromosome 3p, commonly as homozygous loss of VHL gene. About 35% cases of VHL develop RCC.

ii) Hereditary clear cell RCC: These are cases of clear cell type RCC confined to the kidney without other manifestations of VHL but having autosomal dominant inheritance.

iii) Papillary RCC: This form of RCC is characterised by bilateral and multifocal cancer with papillary growth pattern. Genetic abnormality in these cases lies in MET gene located on chromosome 7.

iv) Chromophobe RCC: These cases have genetic defects in the form of multiple losses of whole chromosomes i.e. they have extreme degree of hypodiploidy.

3. Cystic diseases of the kidneys. Both hereditary and acquired cystic diseases of the kidney have increased risk of development of RCC. Patients on longterm dialysis develop acquired cystic disease which may evolve into RCC and adenomas. 

4. Other risk factors. Besides above, following other factors are associated with higher incidence of RCC:

i) Exposure to asbestos, heavy metals and petrochemical products.

ii) In women, obesity and oestrogen therapy.

iii) Analgesic nephropathy.

v) Tuberous sclerosis.

CLASSIFICATION. Based on cytogenetics of sporadic and familial tumours, RCC has been reclassified into clear cell, papillary, granular cell, chromophobe, sarcomatoid and collecting duct type.
MORPHOLOGIC FEATURES. Grossly, RCC arises from the poles of the kidney as a solitary and unilateral tumour, more often in the upper pole. The tumour is large, golden yellow and circumscribed. Papillary tumours have grossly visible papillae and may be multifocal. About 1% RCC are bilateral. Another feature is the frequent presence of tumour thrombus in the renal vein which may extend into the vena cava. CLINICAL FEATURES. Renal cell carcinoma is a slow-growing tumour.The classical clinical evidence for diagnosis of renal cell carcinoma is the triad of gross haematuria, flank plain and palpable abdominal mass, haematuria that occurs in about 60% of cases. By the time the tumour is detected, it has spread to distant sites via haematogenous route to the lungs, brain and bone, and locally to the liver and perirenal lymph nodes. Systemic symptoms of fatiguability, weight loss, cachexia and intermittent fever unassociated with evidence of infection. Paraneoplastic syndromes due to ectopic hormone production by the renal cell carcinoma. These include polycythaemia (by erythropoietin), hypercalcaemia (by parathyroid hormone and prostaglandins), hypertension (by renin), effects of feminisation or masculinization (by gonadotropins) and Cushing’s syndrome (by glucocorticoids). The prognosis in renal cell carcinoma depends upon the extent of tumour involvement at the time of diagnosis. The overall 5-year survival rate is about 70%. Presence of metastases, renal vein invasion and higher nuclear grade of the tumour are some of the predictors of poor prognosis.

Wilms’ Tumour (Synonym: Nephroblastoma)

embryonic tumour derived from primitive renal epithelial and mesenchymal components. It is the most common abdominal malignant common abnormalities are haematuria, pain, fever and hypertension. The tumour rapidly spreads via blood, especially to lungs.

The prognosis of the tumour with combination therapy of nephrectomy, post-operative irradiation and chemotherapythe 5-year survival now is 80-90%.

LOWER URINARY TRACT

CONGENITAL ANOMALIES

Vesicoureteric reflux is the most common anomaly. A few others are considered below.

DOUBLE URETER.  The entire ureter or only the upper part is duplicated. Double ureter is associated with a double renal pelvis, one in the upper part and the other in the lower part of the kidney. If double ureter affects the entire length, then there are two separate openings into the bladder on one side but more commonly they are joined in the intravesical portion and open by a single ureteric orifice.

ECTOPIA VESICAE (EXSTROPHY).  congenital developmental deficiency of anterior wall of the bladder and is associated with splitting of the overlying anterior abdominal wall. This results in exposed interior of the bladder. The condition in males is often associated with epispadias in which the urethra opens on the dorsal aspect of penis. If the defect is not properly repaired, the exposed bladder mucosa gets infected repeatedly and may undergo squamous metaplasia with increased tendency to develop carcinoma of the bladder.

INFLAMMATIONS

Ureteritis

Infection of the ureter is almost always secondary to pyelitis above, or cystitis below. Ureteritis is mild, repeated and longstanding infection may give rise to chronic ureteritis.

Cystitis

Inflammation of the urinary bladder . Cystitis may occur by spread of infection from upper urinary tract as seen following renal tuberculosis, or may spread from the urethra such as in instrumentation. Cystitis is caused by  bacterial and fungal infections . The most common pathogenic organism in UTI is E. coli, followed in decreasing frequency by Enterobacter, Klebsiella, Pseudomonas and Proteus. Infection with Candida albicans may occur in the bladder in immunosuppressed patients. Chlamydia and Mycoplasma may cause cystitis. In addition, radiation, direct exposure to chemical irritant, foreign bodies and local trauma may all initiate cystitis. Cystitis, like UTI, is more common in females than in males because of the shortness of urethra which is liable to faecal contamination and due to mechanical trauma during sexual intercourse. In males, prostatic obstruction is a frequent cause of cystitis. All forms of cystitis are clinically characterised by a triad of symptoms—frequency (repeated urination), dysuria (painful or burning micturition) and low abdominal pain. There may  be systemic manifestations of bacteraemia such as fever, chills and malaise.

MORPHOLOGIC FEATURES. Cystitis may be acute or chronic.

ACUTE CYSTITIS. Grossly, the bladder mucosa is red, swollen and haemorrhagic. There may be suppurative exudate or ulcers on the bladder mucosa.

Microscopically, characterised by intense neutrophilic exudate admixed with lymphocytes and macrophages. There is oedema and congestion of mucosa.

CHRONIC CYSTITIS. Repeated attacks of acute cystitis lead to chronic cystitis.

Grossly, the mucosal epithelium is thickened, red and granular with formation of polypoid masses. Longstanding cases result in thickened bladder wall and shrunken cavity.

Microscopically, there is patchy ulceration of the mucosa with formation of granulation tissue in the regions of polypoid masses. Submucosa and muscular coat show fibrosis and infiltration by chronic inflammatory cells. 

INTERSTITIAL CYSTITIS (HUNNER’S ULCER). This variant of cystitis occurs in middle-aged women. The patients get repeated attacks of severe and excruciating pain on distension of the bladder, frequency of micturition and great decrease in bladder capacity. Cystoscopy often reveals a localised ulcer. The etiology of the condition is unknown but it is thought to be neurogenic in origin. Microscopically, the submucosa and muscle coat show increased fibrosis and chronic inflammatory infiltrate, chiefly lymphocytes, plasma cells and eosinophils.

Urethritis

May be gonococcal or non-gonococcal. Gonococcal (gonorrhoeal) urethritis is an acute suppurative condition caused by gonococci (Neisseria gonorrhoeae).The mucosa and submucosa are converted into granulation tissue which becomes fibrosed and scarred resulting in urethral stricture.

Non-gonococcal urethritis is more common and is most frequently caused by E. coli. The infection of urethra often accompanies cystitis in females and prostatitis in males. The pathologic changes are similar to inflammation of the lower urinary tract elsewhere but strictures are less common than following gonococcal infection of the urethra.

TUMOURS

Majority of lower urinary tract tumours are epithelial. Both benign and malignant tumours occur; the latter being morecommon. About 90% of malignant tumours of the lower urinary tract occur in the urinary bladder, 8% in the renal pelvis and remaining 2% are seen in the urethra or ureters.

TUMOURS OF THE BLADDER

Epithelial (Urothelial) Bladder Tumours

More than 90% of bladder tumours arise from transitional epithelial (urothelium) lining of the bladder in continuity with the epithelial lining of the renal pelvis, ureters, and the major part of the urethra. Bladder cancer comprises about 3% of all cancers. Most of the cases appear beyond 5th decade of life with 3-times higher preponderance in males than females.

ETIOPATHOGENESIS. Urothelial tumours in the urinary tract are multifocal and the pattern of disease becomes apparent over a period of years. environmental and host factors are associated with increased risk of bladder cancer. These are as under:

1. Industrial occupations. Workers in industries that produce aniline dyes, rubber, plastic, textiles, and cable have high incidence of bladder cancer. Bladder cancer may occur in workers in these factories after a prolonged exposure of about 20 years. The carcinogenic substances responsible for bladder cancer in these cases are the metabolites of β- naphthylamine and benzene.

2. Schistosomiasis. There is increased risk of bladder cancer, particularly squamous cell carcinoma, in patients having bilharzial infestation (Schistosoma haematobium) of the bladder. It is thought to induce local irritant effect and initiate squamous metaplasia followed by squamous cell carcinoma.

3. Dietary factors. Certain carcinogenic metabolites of tryptophan are excreted in urine of patients with bladder cancer.
 4. Local lesions. These include ectopia vesicae (extrophied bladder), vesical diverticulum, leukoplakia of the bladder mucosa and urinary diversion in defunctionalised bladder associated with squamous metaplasia and high incidence of bladder cancer.

5. Smoking. Tobacco smoking is associated with 2 to 3 fold increased risk of developing bladder cancer, probably due to increased urinary excretion of carcinogenic substances.

6. Drugs. Immunosuppressive therapy with cyclophosphamide and patients having analgesic-abuse (phenacetin-) nephropathy have high risk of developing bladder cancer. Several cytogentic abnormalities have been seen in bladder cancer. These include mutations in p53, RB gene and p21 gene, all of which are associated with higher rate of recurrences and metastasis. MORPHOLOGIC FEATURES. Grossly, urothelial tumours may be single or multiple. About 90% of the tumours are papillary (non-invasive or invasive) the remaining 10% are flat indurated (non-invasive or invasive). More common locations for either of the two types are the trigone, the region of ureteral orifices and on the lateral walls.

Histologically, urothelial tumours are of 3 cell types— transitional cell, squamous cell, and glandular
A. TRANSITIONAL CELL TUMOURS. Approximately 90% of all epithelial tumours of the bladder are transitional cell tumours. 

1. Transitional cell papilloma occurs singly or may be multiple. They are small, less than 2 cm in diameter, papillary with branching pattern. The individual cells resemble the normal transitional cells and do not vary in size and shape

2. Carcinoma in situ (CIS). Foci of epithelial hyperplasia, dysplasia and carcinoma in situ are seen in other parts of the bladder in non-invasive as well as in invasive carcinomas. Carcinoma in situ is characterised by anaplastic malignant cells confined to layers superficial to basement membrane of the bladder mucosa.
3. Transitional cell carcinoma (TCC). Commonest cancer of the bladder. The basis for this grading depends upon 2 features: the degree of anaplasia and the extent of invasion. The criteria for anaplasia are: increased cellularity. The three grades of transitional cell carcinoma are as under:

B. SQUAMOUS CELL CARCINOMA comprises about 5% of the bladder carcinomas. Most squamous carcinomas of the bladder are sessile, nodular, infiltrating and ulcerating. Associated with schistosomiasis. 
C. ADENOCARCINOMA rare. Adenocarcinoma has association with exostrophy of the bladder with glandular metaplasia, or may arise from, periurethral and periprostatic glands, or from cystitis cystica. The tumour is characterised by glandular and tubular pattern with or without mucus production.

STAGING OF BLADDER CANCER.:

Stage 0: Carcinoma confined to the mucosa.

Stage A: Carcinoma invades the lamina propria but not the muscularis.

Stage B1: Carcinoma invades the superficial muscle layer.

Stage B2: Carcinoma invades the deep muscle layer.

Stage C: Carcinoma invades the perivesical tissues.

Stage D1: Carcinoma shows regional metastases.

Stage D2: Carcinoma shows distant metastases.

TUMOURS OF RENAL PELVIS AND URETERS

Almost all the tumours of the renal pelvis and ureters are of epithelial origin. They are of the same types as are seen in the urinary bladder. However, tumours in the ureters are quite rare.

TUMOURS OF URETHRA

Tumours of the urethra are rare except for the urethral caruncle which is a tumour-like lesion.

URETHRAL CARUNCLE. It is an inflammatory lesion present on external urethral meatus in elderly females. Grossly, the caruncle appears as a solitary, 1 to 2 cm in diameter, pink or red mass, protruding from urethral meatus. It is  friable and ulcerated.

Microscopically, the mass is covered by squamous or transitional epithelium or there may be ulcerated surface. The underlying tissues show proliferating blood vessels, fibroblastic connective tissue and intense acute and chronic inflammatory infiltrate. Thus, the histologic appearance closely resembles a pyogenic granuloma. 

URETHRAL CARCINOMA.Uncommon.Occurs in the distal urethra near the external meatus and is commonly squamous cell carcinoma. 
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