Focal Proliferative Glomerulonephritis
(FGN)

Definition: If affects only some of the glomeruli. Also in the affected glomeruli the lesion is localized to one or more lobules of the glomerular tufts. 

Incidence: - It affects mainly children & young adults.

Aetiology: 
(1) Primary idiopathic type.
(2) May occur secondary to the following diseases: SBE, SLE, 
      polyarteritis nodosa, Henoch-Schnlein purpura & Goodpasture’s 
      syndrome.

Pathological Features: 
  - Grossly:  normal sized kidney.
    Cortex: petechial Hge (flea bitten kidney).
  - Microscopically:
    The affection is:
  * focal: not all the glomeruli are affected.
   * Segmental: only segment of tuft affected. 
· In early cases: Glomeruli show proliferation of the mesangial cells, fibrinoid necrosis in the capillary tufts, RBCs in the capsular spaces and tubules may be crescents.
· In late cases: Fibrosis of the affected segment with adhesion to Bowman's capsule. 
· E.M. & immunofluorescence: may demonstrate IgM deposits. Cases with mesangial IgA deposits are called IgA nephropathy or Berger's disease. 
· Clinically:
  - haematuria & proteinuria (intermittent). 
      - Sometimt nephrotic syndrome.
· Fate:
    - Most cases subside without renal impairment. 
    - Minority → chronic RF.

IgA Nephropathy (Berger Disease)

- IgA nephropathy usually affects children and young adults.
- It is suspected to arise in individuals with an abnormality in IgA production and clearance (increased production of IgA in ~50% of individuals with this disease), 
- leading to deposition of the antibodies in the mesangial matrix,
- which leads to glomerular injury and nephritic symptoms. 
- It is the most common glomerulopathy worldwide.
- IgA nephropathy can present as disease limited to the kidneys or as a component of
Henoch-Schonleinpurpura.

■Presentation:
Episodic hematuria that occurs 24–48 hours after a nonspecific upper respiratory or GI tract infections (IgA is secreted by mucosal linings). Hematuria typically lasts for several days and then spontaneously resolves, only to recur every few months. Hypertension is unusual at presentation.
■Diagnosis:
Suspected in patients with new-onset hematuria within 1–2 days of either an upper
respiratory or GI infection.
-Serum chemistry: ANCA- and anti-GBM-negative, C3 levels are normal.
-Urinalysis: Painless spontaneous hematuria.
-Pathology: Renal biopsy.
-Light microscopy: The lesions in IgA vary considerably. The glomeruli may be normal or may show mesangial widening and segmental inflammation cofined to some glomeruli (focal proliferaive GN); diffuse mesangial proliferation (mesangioproliferative GN); or rarely overt crescentic GN.
May range from normal to overt focal crescentic proliferative glomerulopathy.
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■Prognosis:
Most patients have recurring episodes every few months or during mucosal infections.
Between 20% and 50% of patients suffer ESRD after 20 years unless HTN is controlled and persistent proteinuria does not develop.



Nephrotic Syndrome

■Definition: A group of renal glomerular diseases all characterized by massive proteinuria, hypoalbuminaemia, generalized oedema and hyperlipidaemia.
(1) Massive proteinuria: (> 3.5 g/24 h) caused by increased permeability of the 
     glomerular capillary tufts to proteins. 
(2) Hypoalbuminaemia: Plasma albumin levels >3 gm%. 
(3) Generalized oedema: Is caused by: 
     (a) Hypoproteinaemia with ↓ in the plasma osmotic pressure.       
     (b) The ↓ in the plasma albumin →↓ in the plasma volume due to the loss of its 
           osmotic effect. This →↑ aldosterone release → sodium and water retention. 
(4) Hyperlipidaemia:Is partly explained by the protein loss, but the exact mechanism 
     is still unknown.
(5)Hypercoagulability secondary to loss of antithrombin III through the damaged
glomeruli. There is an increased risk for renal vein thrombosis and other venous
thromboses.

■Causes of Nephrotic Syndrome:
*Idiopathic NS due to primary glomerutar diseases: 
(1) Membranous glomerulonephritis. 
(2) Minimal change glomerulonephritis. 
(3) Membranoproliferative glomerulonephritis. 
(4) Focal proliferative glomerulonephritis. 
(5) Focal segmental glomerulosclerosis. 

*NS associated with specific etiology:
(I) Infections:                                                                       
     - Bacterial: APSGN, SBE, leprosy, syphilis.                      
     -Viral: hepatitis B virus, HIV.                    
     - Protozoal: malaria, toxoplasmosis.                                           
     - Helminthic: bilharziasis, filariasis. 
(II) Systemic diseases:
1- Diabetes mellitus (diabetic glomerulosclerosis). 
2- Amyloidosis. 
3- Systemic lupus erythematosus (SLE).
4- Polyarteritisnodosa.
5- Good Pasture’s syndrome.
(III)   Drugs (penicillamine, gold ... etc.). 
(IV) Malignancy (carcinoma, melanoma).


MINIMAL CHANGE DISEASE
MCD
(Lipoid Nephrosis)
(Light negative GN)
(Foot Process Disease) 

- A disease of small children (> 80% of cases seen in those aged 2–3 years),but may 
occur in older children and adults. 
- The disease is the commonest cause of NS in children. 
- The aetiology is unknown, but the disease may follow respiratory infections or 
routine immunization.
- Most cases are steroid responsive.
Pathological Features: 
Grossly: The kidneys are slightly enlarged, pale (edema) & yellow (fat in tubular cells).
 Microscopically:
- The glomeruli show no pathological changes by light microscopy. 
- EM: shows diffuse effacement (loss) of foot processes of the visceral epithelial 
cells. 
- Proximal convoluted are often heavily laden with lipids secondary to increased 
tubular reabsorption of lipoproteins that passed through the injured glomeruli, 
hence, another name for this disease is “lipoid nephrosis.”

Clinically: Nephrotic Syndrome (NS).The proteinuria is termed “selective”because primarily albumin (low-molecular-weight)is lost. Renal function is normallymaintained, with only a slight decline in glomerular filtration rate (GFR) in 10–30%of patients.

Course & Prognosis:
· In children, prognosis is excellent, with 90% of cases responding to treatment.                                        - In adults, prognosis is not as good, with only 50% responding to treatment.
 (
Light micrograph
 of MCGN
. Notethe foamy (or granular) appearanceof the cells of the proximal tubulesdue to reabsorption of lipoproteinsleaking through diseased glomeruli.
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FOCAL SEGMENTAL
GLOMERULOSCLEROSIS
(FSGS)
Focal segmental glomerulosclerosis (FSGS) is considered to be a more severe form of minimal change disease due to the similar fusion of visceral epithelial foot processes. 
The pathologic lesion is sclerosis of < 50% of glomeruli (hence the name focal), with the sclerosis involving only distinct portions of the affected glomeruli (hence the name
segmental). 

■Presentation
Patients present with nephrotic syndrome. Unlike in minimal change disease, patients have nonselective proteinuria as well as hypertension, mild hematuria, and possibly decreased renal function. 

■Aetiology:
(1) Idiopathic FSGS. 
(2) Complicate another primary glomerular lesion. 
(3) Secondary FSGS in association with heroin use, HIV, analgesic abuse 
      nephropathy and sickle cell disease.

■Pathological Features:
(1) Segmental sclerosis and hyalinosis initially affect the juxta- medullary glomeruli, 
      subsequently become more generalized. 
(2) Immunofluorescence demonstrates deposits of 1gM and C3 in the sclerotic areas. 
(3) EM: fusion of visceral epithelial foot processes.
■Prognosis is better in children than in adults. 50% progress to (ESRD) within 10 
years.


 (
Histology of FSGS 
Light micrograph showing segmentalsclerosis and hyalinosis of the glomerulus (arrows).
)                                                                   [image: ]


MEMBRANOUS
GLOMERULOPATHY

- It is the leading cause of nephrotic syndrome in adults, accounting for 30–40% of 
cases in adults but less than 5% of cases in children. 
- Peak incidence is from ages 30–50, and it is seen predominantly in men (2:1 ratio).

■Aetiology:
Membranous glomerulopathy occurs in association with:
(1) Idiopathic in 85% of cases. 
(2) May occur in association with: 
     a) Systemic lupus erythematosus and rheumatoid arthritis(RA).
     b) Infections as hepatitis B, hepatitis C, bilharziasis, leprosy and malaria. 
     c) Drugs as penicillamine and gold salts.
     d) Metabolic disorders as DM and thyroiditis.
     e)Malignant epithelial tumours specially carcinoma of the lung, colon and 
         malignant melanoma. 

· Pathological Features:
(1) Both kidneys are enlarged and pale. 
(2) Light microscopy shows diffuse thickening of the GBM easily demonstrated 
by P.A.S. stain.  No cellular proliferation in the glomerulus. 
(3) E.M. Subepithelial deposits in a “spike” (extensions of GBM around 
deposits) and “dome” (deposits in the GBM) pattern. The deposits have been 
shown to be IgG and C3 using immunofluorescent staining.
(4) In advanced cases glomerular sclerosis and hyalinosis occur. 
     This causes ischaemic atrophy of the tubules and interstitial fibrosis. 

· Presentation:
- Insidious onset of nephrotic syndrome with nonselective proteinuria. 
- With advance in glomerular sclerosis renal insufficiency and hypertension develops.

· Prognosis:
· Remission is spontaneous in 40% of patients. 
· Among those who received cyclophosphamide and glucocorticoid therapy, 
- 40% undergo complete remission.
- 50% develop a chronic clinical picture with frequent relapses.
- the remaining 10% go on to develop ESRD in 10–15 years.

 (
Histologic image of membranous glomerulopathy.
Note capillary and glomerular basement membrane thickening
 (arrows)
occurs throughout entire glomerulus (arrows).
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MEMBRANOPROLIFERATIVE
GLOMERULONEPHRITIS 
(MESANGIOCAPILLARY GN)
(MPGN) 

■Incidence: The disease affects all ages particularly older children and young adults. ■Aetiology: MPGN can occur idiopathically or, morecommonly, secondary to monoclonal immunoglobulin deposition diseases, autoimmune diseases such as SLE, chronic thrombotic microangiopathies, or chronic infections.

■Pathological Features: 
(1) Glomeruli are enlarged, hypercellular and show accentuation of lobular architecture. The hypercellularity is mainly due to proliferation of themesangial cells, leucocytic infiltration and epithelial crescents formation. 
(2) BM is thickened and may show “double-contour” or “tram-track’ appearance best demonstrated by silver or PAS stains. 
(3) E.M. and immunofluorescence demonstrate two types of MPGN: 
     (a) Type I MPGN(two-thirds of cases):Characterized by subendothelial deposits of 
IgG and complement components C1q, C3 & C4(immune complexes, type III
hypersensitivity). Associated with hepatitis B, hepatitis C, and cryoglobulinemia.
Some cases have a nephritic presentation.
     (b) Type II MPGN (Dense-deposit disease) (one-third of cases): Characterized by 
Intramembranous dense deposits of C3nephritic factor (C3NeF), the GBM
appears irregular, ribbon-likeand extremely dense structure. 
AlthoughC3 is present, there are no IgGdeposits.
■Presentation:
Patients present with either nephritic or nephrotic syndrome or renal failure. 
■Prognosis
Differs between types I and II.
■Type I has a less aggressive course than type II, but most patients still progress to
ESRD within 20 years.
■Type II tends to have a worse prognosis, with GFR declining more quickly than
type I. A majority of patients progress to ESRD after 5–10 years.










Specific diseases associated with nephrotic syndrome:
Diabetes Mellitus (DM)
"Diabetic glomerulosclerosis"
"Diabetic Nephropathy"
- Diabetes mellitusis a major cause of renal morbidity and mortality.
- It occurs in patients with long standing DM for 12 years or more.
- Diabetic nephropathy is the leading cause of ESRD, secondary to glomerular hypertension and hyperfiltration. These glomerular changes are caused by arteriolosclerosis.
Presentation:
- It → Proteinuria (microalbumiuria) → N.S. → CRF.
Pathology:
- It may take the form of:                                          
  1) Diffuse glomerulosclerosis: Increase in mesangial matrix with thickening of 
       GBM.                        
  2) Nodular glomerulosclerosis (Kimmel Steil-Wilson lesion) in which one or 
      more hyaline nodules are present in the center of one or more lobules of the 
      capillary tuft. 
 (
Diabetic nephropathy.
Note Kimmelstiel-Wilson nodules (arrow
s
), which are
 
pathognomonic for this disease.
)[image: ]
EM: - Thickening of the GBM.                                       
        - Loss of foot processes.
· In advanced cases: Complete hyalinosis of the affected glomeruli occurs.


· Other lesions in the kidney due to DM.:
   - Pyelonephritis.
   - Papillary necrosis.
   - Atheroma of renal vessels.


Lupus Nephritis

· Systemic lupus erythematosus (SLE) leads to a heterogenous group of glomerular 
lesions & clinical presentations.
· Presentations: recurrent hematuria, nephritic syndrome, NS, or both, ultimately 
leading to end stage renal disease (ESRD, CRF).
· Most common symptoms resulting from glomerular pathology include weight
    gain, high BP, darker foamy urine, and swelling around the eyes, legs, ankles, or 
    fingers.
· RF is the cause of death in over 1/3 of patients with SLE.

· Histologically: 6 classes are recognized by the WHO
   Class I: light negative.
   Class II: Mesangial proliferation.
   Class III:focalproliferative GN.
   Class IV: Diffuse proliferative GN.
   Class V: Membranous GN.
   Class VI: Advanced sclerosing GN.

· Class IV is the most aggressive type, it is also called "active lupus nephritis"
· Microscopically:
- There is diffuse glomerular hypercellularity (mesangial, endothelial, and neutrophil 
infiltrate.
- There may be segmental necrosis, irregular thickening of BM(wire loops).
- Hematoxylin bodies & variable number of epithelial crescents.

· EM: Large subendothelial & mesangial electon dense deposits 

Renal Amyloidosis
Amyloidosis is characterized by the deposition of fibrous, insoluble proteins in a β-pleated sheet conformation in the extracellular space of organs (eg, renal glomeruli). It is a multisystem disorder of protein folding and can be acquired or hereditary.
The two types that affect the kidneys are amyloid L (AL) and amyloid A (AA).      When immunoglobulin light chains lacking the β-pleated configuration deposit in the kidney, the disease is called light chain deposition disease.
■Presentation:
Nephrotic-range proteinuria, severe edema, and renal insufficiency are common in
renal amyloidosis. If amyloidosis is caused by a secondary disease (eg, multiple myeloma, tuberculosis, rheumatoid arthritis, etc.), the patient will also show signs and symptoms of the primary disease.

■Diagnosis:
Definitive diagnosis is based on renal, abdominal fat pad, or rectal biopsy.
Light microscopy: Tissue stained with Congo red has deposits of amyloid that show
apple-green birefringence under polarized light. In addition, mesangial expansion is
present with amorphous hyaline material (amyloid) and thickening of the GBM.
■Prognosis:
Prognosis for renal involvement by AL is uniformly poor.


CHRONIC GLOMERULONEPHRITIS

- The end stage of various forms of GN. 
■Aetiology:
- In<70% of cases, no history of renal disease.
- It may follow APSGN, MGN, MPGN, or FGN.
■Gross Picture:
- The kidneys are symmetrically contracted & firm. 
- Capsule is adherent. 
- The outer surface is pale in colour, finely granular with projecting small bluish  
   cysts. 
  - In the cut surface, 
   - the cortex is atrophic and indistinct from the medulla.                                                       
   -The blood vessels are thickened.                                 
   - The peri-pelvic fat is apparently increased due to reduction in the  kidney size. 

(The renal pelvis & calyces are not affected)

■Microscopic Picture:
* Glomeruli:  → some show segmental or global fibrosis &hyalinosis and are 
                               adherent to BC. 
     some show compensatory hypertrophy and may show features of etiology.              
 * Tubules attached to the fibrosed glomeruli are atrophic, while those attached to  
     the functioning glomeruli show hypertrophy, dilatation and cyst formation and 
    contain hyaline and granular casts. 
 * The interstitial tissue is infiltrated by chronic inflammatory cells; lymphocytes 
     and plasma cells and shows areas of fibrosis. 
  * The arteries show the picture of end arteritis oblitrans. 
	

	



 (
Chronic GN
)
■General Manifestations: 
(1) Moderate hypertension:Caused by the renal ischaemia. 
    Hypertension causes arteriolosclerosis with more damage to the 
    glomeruli. 
(2) Hypertensive retinopathy:Flame shaped Hge and white cotton 
     wool exudative patches appear in the retina. 
(3) Blood changes:
    (a) Increase in the urea and non-protein nitrogen. 
    (b) Normocytic anaemia due to failure of the kidney to produce erythropoietin. 
(4)Urine changes:
     (a) Polyuria due to lack in the power of concentration of the glomerular filtrate.   
     (b) The specific gravity becomes fixed at 1010. 
     (c) Albumin is found in trace. 
     (d) The sediment contains hyaline casts. 

■Course & prognosis:
· Fatal disease.
·  Death due to chronic uraemia. 
or hypertension             Heart failure. 


       Cerebral haemorrhage.  
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