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GLOMERULAR DISEASES

MECHANISMS OF GLOMERULAR INJURY (PATHOGENESIS)

I
IMMUNE MECHANISMS
A. Antibody-Mediated

1. Immune Complex (in situ or circulating)

2. Anti-G8M antibody

B. Cell Mediated

C. Activation of Alternate Complement Pathway

D. Uncertain

II
HEMODYNAMIC CHANGES


A. Hyperfiltration

· Some cases of Focal Glomerulosclerosis

· ? Diabetic Glomerulosclerosis

B. Ischemia

III
POLYANION LOSS
- Minimal Change Disease

IV
METABOLIC
A. Familial

· Cystinosis

· Fabry’s Disease

B. Acquired

· Diabetic Glomerulosclerosis

· ? Focal Glomerulosclerosis

PATTERNS OF GLOMERULAR REACTION TO INJURY

I
THE BASIC GLOMERULAR REACTIONS TO INJURY INVOLVE CHANGES IN:

A. Cells

B. Extracelluar Material  (G8M, Mesangial Matrix)

II
THE REACTIVE CHANGES OBSERVED AT SPECIFIC SITES:

A.   Mesangium
-    ( in Matrix and Cells

· ( in Matirx only

· Lysis/Necrosis

B.   Endocapillary
-    ( in Cells

· Thrombosis

C.   Capillary Wall
-    Mesangiocapillary Change

· ( G8M Thickness

· ( G8M Thickness

· G8M Structure Change

· Foot Process Fusion

· Foot Process Degeneration

· Breaks/Necrosis

D.   Extracapillary
- ( in Cells

III
STRUCTURAL/FUNCTIONAL PARADIGM

A. The glomerulus can be divided conceptually into 4 basic compartments:

1. Mesangium

2. Capillary Wall

3. Endocapillary Space

4. Extracapillary Compartment

· The mesangium includes matrix and cells

· The capillary wall includes endothelium, G8M, and visceral epithelium

· The endocapillary space is the capillary lumen

· The extracapillary compartment includes the urinary space and Bowman’s capsule (including the parietal epithelium).

III
STRUCTURAL/FUNCTIONAL PARADIGM (Continued)

B. Glomerular injury results in 3 basic functional changes that occur singly or in combination:

1. Proteinuria

2. Hematuria

3. ( Glomerular Filtration Rate (GFR)

· in some forms of glomerular disease, proteinuria or hematuria can occur as isolated events (without ( GFR) or in combination

· ( GFR is always accompanied by proteinuria with or without hematuria in glomerular diseases in which there is ( GFR

C. Structural/Functional Correlation (Paradigm) [See fig.1 below]
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DEFINITION TERMS


Diffuse


- all glomeruli involved


Focal



- only some glomeruli involved


Global


- entire tuft affected

 
Segmental


- only part of tuft affected


Primary [1o]


- kidney only or predominantly


Secondary [2o]

- kidney disease part of a systemic illness, or is a

  consequence of disease elsewhere in the body or

  nonglomerular renal disease.

CLASSIFICATION OF GLOMERULAR DISEASE

- a useful way of classifying glomerular disease is by clinical presentation

A. ACUTE NEPHRITIC SYNDROME

Ddx:
PIGN



Henoch-Schonlein Nephritis



Vasculitis



IgA Nephropathy



Goodpasture’s Syndrome

B. NEPHROTIC SYNDROME

Ddx:
Minimal Change Disease



FGS



Membranous GN



MPGN



Amyloidosis

C. RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS

Ddx:
Goodpasture’s Syndrome



Various Vasculitides



Henoch-Schonlein Nephritis



IgA Nephropathy



PIGN

D.   CHRONIC RENAL FAILURE


       Ddx:
Idiopathic Chronic GN (NOS)



FGS



MPGN



IgA Nephropathy

E.    HEMATURIA/PROTEINURIA
       Ddx:
IgA Nephropathy



Membranous GN



Thin Basement Membrane Disease



Hereditary Nephritis [Alport’s]



Diabetic Glomerulosclerosis

· The above presentations may overlap to a degree,  e.g. a patient may present with a combined acute nephritic-nephrotic syndrome.

CHARACTERISTIC FEATURES OF CLINICAL PRESENTATIONS
1. ACUTE NEPHRITIC SYNDROME

Sudden onset

Hypertension

Edema

Elevated BUN [azotmia]

Proteinuria [non-selective]

Hematuria with RBC cases [smoky urine]

Low serum C3

2. NEPHROTIC SYNDROME
Proteinuria – greater than 3.5 gms/day [may be albumin only]

Hypoalbuminemia

Edema

High serum cholesterol

3. RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS
Some or occasionally all of the features of acute nephritic syndrome associated with oliguria or anuria and severe, often irreversible kidney damage.  Presents as renal failure, which develops over a period of a few weeks to months.

4. HEMATURIA AND/OR PROTEINURIA
A common clinical problem.  It often occurs without any other clinical findings and requires investigation.

5. CHRONIC RENAL FAILURE
Permanently impaired renal function due to primary or secondary glomerular disease.  Sometimes patients present in this stage without any history of previous disease.  Chronic glomerulonephritis is one form of end stage renal disease.

ACUTE POSTINFECTIOUS GLOMERULONEPHRITIS
Incidence:
Relatively common disease that occurs at all ages, but mostly in children.

Etiology:
Follows infection: Most common organism is Group A Streptococcus 

[nephritogenic subtypes 1, 2, 4, 12, 49, 55, 57, 60].  Other organisms 

include staphylococci, pneumococci, meningococci, mycoplasma, others.  

Most common site of infection is the throat.  Other sites include skin, 

middle ear, bronchi.


Pathogenesis:
Infection                formation of immune complexes 



Deposit in glomeruli                   activate complement                 release



Chemotactic factor [C5a]                neutrophilic [PMN] and monocytic [MO] 



Infiltration                    glomerular damage.

 Pathology:
1.
Hypercellular glomeruli with many PMN and MO.

2.      Immune complex deposits in glomeruli detected by direct

immunofluorescence [IF] and electron mocroscopy [EM].  Immune deposits have a “hump-like” appearance.

Clinical Course:
Acute Nephritic Syndrome [AN] develops about 1 – 3 weeks after 

an infection.  In most cases [Strep A], the infection is a pharyngitis.

In minority of cases, the site is the skin or elsewhere.  Signs and 

symptoms disappear in about 1 – 2 weeks in most patients.  

Recovery is the rule.  Occasional patients may develop chronic 

renal disease [adults > children].  1% develop RPGN.

Laboratory:

Serum C3 is decreased.  Cr is raised.




RBC’s and RBC cases in urine.




Variable proteinuria




ASOT raised in the early stages [if patient has not been treated with 

Penicillin].

Clinical

Hematuria is due to breaks in G8M.

Pathological

GFR is reduced because of mechanical obstruction of glomerular

Correlation:

capillaries by leukocytes.




Edema and hypertension are the result of salt and fluid retention




Secondary to glomerular filtration.

MEMBRANOUS GLOMERULONEPHRITIS

Incidence:

Relatively common in adults.  Rare in children.  Most important 

cause of NS in adults.  Males > Females.

Etiology:

Unknown in primary cases.  May be autoimmune.  Viruses, drugs, 

tumours are known etiologic factors in a minority of cases.

Pathogenesis:
In situ immune complex formation.

Pathology:

1.  Normocellular glomeruli.

2.  Thickened capillary walls – “picket fence” appearance.

3. Epimembranous immune deposits along glomerular basement membranes.

Clinical Course:
Most patients present with NS.  A small number have subnephrotic




proteinuria.  The course is variable.  About 25% have remission.  

25% are in chronic renal failure by 10 years.  The remainder have 

persistent proteinuria, but follow a relatively stable course with 

respect to renal function.

Laboratory:

Serum C3 and Cr are normal.  Variable proteinuria + 
microhematuria.  With NS – hypoalbuminemia and increased serum 

lipids.

MINIMAL CHANGE DISEASE
Incidence:

This is the most common cause of NS in children.  Uncommon in 

adults.

Etiology:

Unknown.

Pathogenesis:
Unknown.  ? T-cell disorder.

Pathology:

1.  Glomeruli appear normal histologically.

2. Widespread effacement of foot processes on EM.

3. No immune complexes.

Clinical Course:
Patients present abruptly with NS.  Most patients are < 6 years old.  

No hematuria or hypertension.  Responds to treatment with 

steroids.  Not progressive.

Laboratory:

Normal renal function.  Marked proteinuria [selective].  Serum C3 is 

normal.  Hypoalbumenia and hyperlipidemia.

FOCAL GLOMERULOSCLEROSIS
May be primary or secondary.  In the latter, this disease complicates some other types of renal disease, or is associated with another disease, i.e. HIV.  We will discuss only the primary form.

Incidence:

Relatively uncommon.  Affects all ages.

Etiology:

Unknown.

Pathogenesis:
Multifactorial involving:

a) increased glomerular perfusion [hyperfusion];

b) platelet aggregation;

c) viseral epithelial injury;

d) lipid deposition in glomeruli;

e) glomerular hypertrophy;

f) genetic factors.

Analogous to atherosclerosis.

Pathology:

1.  Some, but not all glomeruli show segmental capillary loop 

     collapse, increased mesangial matrix, hyaline deposition and 

     adhesions to Bowman’s capsule.

2. Other glomeruli appear normal.

3. Enlarged glomeruli.

4. No immune deposits.

5. Foam cells commonly seen in affected segments.

6. Focal tubular atrophy.

Clinical Course:
Presentation is variable.  Some patients present with NS, while 

others just show proteinuria.  Hematuria and hypertension are 

common at the outset.  The course is variable.  Some patients 

progress to renal failure in  1 – 3 years [a minority], while others 

show a much more slowly progressive course with renal failure 

occurring after 10 – 20 years.  Some patients, usually children, 

respond to steroids and show no progression.

Laboratory:

Serum C3 and Cr normal.  If NS – hypoalbuminemia and 

hyperlipidemia.  Proteinuria, hematuria.

RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS [RPGN]
Synonym:

Crescentic Glomerulonephritis

Definition:

An inflammatory glomerular disease characterized by the presence 

of crescents in > 50% of glomeruli.  Crescents may complicate any 

form of glomerulonephritis.  Thus one can have crescentic 

postinfectious glomerulonephritis, crescentic IgA nephropathy, 

crescentic MPGN, etc., or idiopathic crescentic glomerulonephritis.  

Crescentic GN may be 2o as well i.e. crescentic GN associated 

with systemic vasculitis.

Incidence:

Relatively uncommon.  Affects all ages, but adults are more 

frequently afflicted than children.

Etiology:

Unknown in most cases.  Some are postinfectious.

Pathogenesis:
1.  Variable.  In some instances, the disease has an immune 

     complex pathogenesis, in others anti-G8M antibodies may be 

     involved [Goodpasture’s syndrome is an example of the latter].  

     Majority of cases the immunological mechanisms have not been 

     clarified.  ANCA may be involved in cases with negative 

     immunofluorescence [“pauci-immune:].

2. Crescents result when there is a severe injury to the glomerular tuft resulting in breaks in the G8M and efflux of plasma, fibrin, and monocytes into the urinary space.  This is followed by proliferation of parietal epithelial cells [exact stimulus for proliferation uncertain] resulting in crescent formation.

Pathology:

1.  Crescents in > 50% of glomeruli.

2. Crescents can be cellular, fibrocellular, or fibrous depending on age of lesion.

3. Fibrin often demonstrable.

4. Endocapillary hypercellularity variable.

5. Often see severe damage to part or whole of glomerular tuft.

Clinical Course:
Onset is often insidious.  Rapid progression from normal renal 

function to oliguric renal failure in a matter of weeks to a few 

months.  Prognosis is variable and depends on extent of 

involvement and underlying disease.  For example, in crescentic 

postinfectious glomerulonephritis if < 80% of glomeruli have 

crescents, the outlook is good.  If > 80%, the prognosis is poor.

Laboratory:

Nonspecific.  [Cr. Proteinuria and hematuria, Serum C3 is variable 

depending on underlying disease.  Other laboratory findings 

depend on the underlying disease (such as ASOT) in postinfectious 

cases].

IgA NEPHROPATHY [BERGER’S DISEASE]
Incidence:

Very common, with a world wide distribution.  10 – 20% of patients 

with primary glomerulonephritis.  Affects all ages with prevalence in 

the 2nd and 3rd decades.  Males > Females.

Etiology:

Unknown.  Genetic influence – frequency of disease associated 

with HLA B35 and DR4.

Pathogenesis:
IgA-bearing immune complexes detected in the mesangia of 

glomeruli.  Mostly IgA1, and in polymeric form.  Ag is unknown.

Pathology:

1.  Mesangial proliferation + focal endocapillary proliferation.

2. IgA-bearing immune deposits in mesangium.

3. Breaks in capillary wall [segmental].

Clinical Course:
Most patients present with episodic gross hematuria shortly 

following a viral infection – usually upper respiratory tract or G. I.  

The latent period is 1 – 3 days.  A small number present with either 

isolated proteinuria or the NS.  The disease may recur with 

subsequent infections.  Most patients follow a benign course.  

However, about 10 – 20% will develop chronic renal failure.  

Persistent proteinuria and hypertension are ominous prognostic 

signs.

Laboratory:

Normal Cr and C3.  Serum IgA elevated in 60% of cases.  

Urinalysis shows RBC’s and variable proteinuria.

CHRONIC GLOMERULONEPHRITIS
Definition:

End stage of many forms of glomerulonephritis, such as 

postinfectious GN, membranoproliferative GN, IgA nephropathy 

and others.  About ¼ of cases have no known antecedent history of 

a well recognized form of glomerular disease.

Etiology and


Pathogenesis:
Variable.

Pathology:

1.  Small, granular kidneys.

2. Many obsolete glomeruli.

3. Some glomeruli may show the changes of the primary glomerular disease.

4. Hyaline deposition common.

5. Maybe irregular proliferative changes.

Clinical Course:
Chronic renal failure with hypertension.

LUPUS GLOMERULONEPHRITIS
Incidence:

SLE is an uncommon systemic autoimmune disease that affects 

females predominantly.  Kidney involvement is very common 

[50 – 90% of patients].

Etiology:

Unknown.  Autoimmune disease with antibodies against nuclear 

antigens especially dsDNA.

Pathogenesis:
Immune complex deposition in glomeruli + tubulo-interstitium + 

arterioles.  Complement activation is by the classical pathway.

Pathology:

1.  Variable.  Lupus GN can express itself in a variety of ways, best 

     classified by the WHO classification.




2.  WHO Class




Incidence



     I 


Normal


Rare




     II [A & B]

Mesangial GN

10%




     III


Focal GN


30%




     IV [A & B]

Diffuse Proliferative GN
40 – 50%




     V {A – D]

Membranous GN

10%




     VI


Sclerosing GN

Rare

3.  IF generally shows “full house” staining of glomeruli.

4. Electron dense deposits are prominent.

Clinical Course:
Variable.  Patients may present with any of the clinical glomerular 

syndromes upon which the classification of GN is based.  Generally 

patients with Class II and III GN present with hematuria/proteinuria, 

whereas those with Class V GN have the NS.  Class IV GN 

presentation is quite variable.  May be mild clinically, or quite 

severe with renal failure.  Generally Class IV GN patients present 

with marked proteinuria [often in the nephrotic range] and 

hematuria.  The course of the renal disease is marked by 

remissions and exacerbations.  Treatment includes steroids and 

immunosuppressives.  Renal survival rates are variable.

Laboratory:

During active disease serum C3 and C4 are depressed, ANF is 

positive, anti-dsDNA and Sm antibodies are present.  A number of 

other autoantibodies can be detected.

GLOMERULONEPHRITIS ASSOCIATED WITH SYSTEMIC VASCULITIS
Glomerular disease frequently accompanies several forms of systemic necrotizing vasculitis [mostly arteritis] especially Wegener’s granulomatosis and the microscopic variant of polyarteritis nodosa.

Incidence:

The vasculitides mentioned above are relatively rare, but when they 

do occur GN is very frequent [50 – 80% of cases].  Adults of all age 

groups can be affected. M > F.

Etiology and

Unknown.  Recent work suggests the involvement of anti-neutro-

Pathogenesis:
phillic cytoplasmic antibodies [ANCA] and possibly CMI in the 

pathogenesis. 

Pathology:

1.  Variable involvement of glomeruli.

2. In some cases, focal necrotizing GN.

3. Other cases Crescentic GN.

4. Necrotizing arteritis may be seen in kidney, but uncommon.

5. IF characteristically negative for Ig and complement [“pauci- immune”].

Clinical Course:
Patients may present with hematuria/proteinuria, acute nephrotic 

syndrome or RPGN, the latter being quite frequent.  The disease 

often responds to high dose steroid and cyclophosphamide or 

azathioprine.

Laboratory:

1.  In a high proportion of cases the ANCA is positive.




2.  ANCA – 2 types:
a)  Diffuse cytoplasmic – associated with 

     Wegener’s granulomatosis.

b) Perinuclear [anti-MPO] – associated with

Microscopic polyarteritis nodosa.




3. Serum C3 normal.

4.Negative for circulating immune complexes.

DIABETIC GLOMERULOSCLEROSIS
Incidence:

Relatively common.  Glomerulosclerosis present in 8 – 48% of 

diabetic patients at autopsy.  5 – 6 % of diabetics die of renal 

failure.  Renal disease rare in children with diabetes – incidence of 

renal disease appears to increase with duration of diabetes.

Etiology:

Unknown.

Pathogenesis:
Glomerular and vascular changes appear related to hyperglycemia.

Pathology:

1.  Mesangial expansion and thickening of glomerular basement




     Membranes [diffuse glomerulosclerosis].

2. Mesangial nodules develop in long-standing renal disease.

3. Extensive hyalinization of arterioles.

Clinical Course:
Patients present with mild proteinuria.  This may remain static for 

years or progress at a variable rate.  When the level of proteinuria 

exceeds 3 mg/24 hours, the rate of deterioration accelerates and 

most patients with this level of proteinuria develop renal failure 

within 5 years.

Laboratory:

Nonspecific.

ANTIBODY-MEDIATED GLOMERULAR DISEASE

EFFECTOR MECHANISMS

SUBENDOTHELIAL / MESANGIAL DEPOSITS



C’  ACTIVATION – C5a






CELL ACTIVATION













CHEMOKINES, ADHESION


INFLAMMATORY CELLS – MO, PMN, T CELLS


      CYTOKINES

      PROCOAGULANT
    GROWTH FACTORS
               ROS,

MCP – 1, IL, IFN, TNF


 


          PDGF, TGF

       PROTEOLYTIC
















            ENZYMES


  LEUKOCYTE


FIBRIN


CELL PROLIFERATION

       DAMAGE

RECRUITMENT





   INCREASED ECM
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