Acute Tubular Injury

Most common causes: ischemia, toxins

Morphological changes often subtle: sublethal injury & regenerative changes as well as necrosis, apoptosis

“Cascade” of intracellular events with injury-- !! in ATP, ^^CA, altered membrane permeability, free radicles, altered cytoskeleton, adhesion, olarity

--Renal failure due to arteriolar vasoconstriction, tubular backlea, obstruction

--evidence for inflammatory component

--new focus on endothelium, improving reflow, EMT

--usually functional recovery but may be partial

	Name
	Causes 
	Pathogenesis
	Pathological
	Other findings

	Tubular Injury 

Sublethal
	
	--interference with oxidative metabolism w/ ATP depletion

--elevations in intracellular Calcium

--activation of phospholipases, protease

--generation of free radicals-direct toxic effect, with reflow in ischemia

--injury to cell membranes, disruption of cytoskeleton

--altered cell adhesion, polarization
	--loss of apical brush border

--blebbing of apical cytoplasm

--cell swelling, vacuolization

--cell exfoliation
	EM:

Urine Sediment: exfoliated tubular cells

	Tubular Cell Injury Lethal
	
	
	Cellular

--coagulative necrosis

Apoptosis

Cell detachment 


	Subcellular

--several alterations in intracellular milieu (Ca2+/electrolytes/ ATP depletion)

--disruption of proteins, organelles

--nuclear breakdown

	Tubular Cell

Regeneration/ Repair
	
	
	Cellular:

--cell flattening

--heterogeneity in cell & nuclear size, staining-hyperchromatic nuclei

--mitotic figures

--apoptosis
	Subcellular:

--new gene expression (TF; enzymes; cytoskeletal elements)

--synthesis of new cell proteins (heat shock proteins; clusterin; vimetin)

	Tubulotoxins
	Causes: Antiobiotics

--cephalosporins, aminoglycosides—myeloid bodies
--amphotericin; acyclovir

--rifampicin

--anti-retrovirals

Calcineuron inhibitors --microvacuolization

Anestetics

Contrast media

Chemotherapeutic agents

--cis-platinum

Organic solvents

Heavy metals

Poisons—mushrooms

Myoglobin

Lithium

Acyclovir—intratubular crystals
	--similar to ischemia, including possible role of inflammation

--may be generalized of segment specific

--same spectrum of morphological changes seen with ischemia (more necrosis)
	--similar to ischemia but more necrosis
	

	Acute Interstitial Nephritis – Immune mediated
	Anti-tubular basement membrane antibody

--goodpasture’s syndrome

--renal allografts

--membranous nephropathy

Immune complexes around tubules

--some drug reactions

--systemic lupus erythematosus

GN-membranous, igA

Cell-mediated

Sarcoidosis

Some drug rxns

Some infections (eg. TB)

Renal allograft rejection
	Why do you see Renal dysfunction with AIN?

--tubular dysfunction leading to altered distal fluid delivery-TG feedback
--vasoconstriction

--tubular obstruction

--injury to, compression of, loss of pertiubular capillaries

--cytokines, enzymes released from inflammatory cells play a role

--tubular injury may result in electrolyte or acid-base problems, concentrating defects
	--Linear deposits: antibody to structural Ag uniformly expressed along the TBM

--Granular deposits: antibody to “planted”/irregularly distributed Ag-granules are aggregates of Ag-Ab complexes
--analogous to glomerular immune deposits
	


Interstitial Nephritis:
--inflammatory infiltrate in the interstitum

--responsible for up to 15% of the acute renal failure & 25% of chronic renal failure

--causes 

-- primary



Infection 




Direct: bacteria, fungi, rickettsia, viruses




Indirect: bacteria viruses, paasites



Drugs




Allergic, toxic, unkwon



Immune mediated




Antibody mediated, anti TBM, immune complexes




T-cell mediated



Hereditary, tetabolic, obstruction & reflux
--histological hallmarks are edeam inflammation, often mononuclear

--neutrophils sugges infection

--eosinophils suggest hypersensitivity reaction

--granulomas may be seen with infection, drugs

--causes renal failure by damaging tubules, interefering with capillary flow
	Interstitial nephritis


	1, ascending pyelonephritis (focus around the tubule)

2, hematogenous: centers around the glomerulus
	
	Neutrophils( infection
Eosinophils: drug and hypersensicitivity

Granulomas seen with infection & drugs
	

	Acute pyelonephritis
	Usually infection (E. coli, klebsiella, proteus)most common cause--neutrophils
Drugs: penicllins, methicillin, NSAIDS: eosinophils in the blood

Immune-mediated: 1) Immune complexes 2) Anti-tubular basement membrane antibodies (TBM) 3) cell mediated : 
In Goodpastures syndromes

--sarcoidosis

--TB

--Fungi

--Te-cell mediated injury
	Mixture of lymphocytes, plasma cells and macrophages with edema 

Interstitial edema

large monoculear cells; neutrophils (not necessary) around the tubules

May be micro abscesses

Granulomas in some infection and drug reaction

* causes renal failure by damaging tubules, interfering with blood supply- cytokines may play a role
	Risk factor: Vesicouretal reflux, obstruction, foreign objects (Insturments): catheters, calculi

Virulence factors: capsular antigens, fimbriae

Renal calculi


	* if there is an indirect interstitial reaction: infection occurs in the blood-stream and there is no inflammation in the renal pelvis

	Chronic pyelonephritis

(Basic, see below for more details)
	
	1) Interstitial fibrosis, 2) mononuclear inflammatory infiltrate, may be the germinal center

3) tubular atrophy
--release of TGF-Beta and AgII
	
	


Chronic Interstitial Nephritis

--caused by prolonged interstitial inflammation, ischemia, reflux, obstruction (may be 2ndary to glomerular, vascular disease)

--characterized by intersitital fibrosis, tubular atrophy, bland mononuclear inflammation, often with relative glomerular sparing

--leads to chronic tubular dysfunction, CRI/ CRF

--“pivotal lesion in nephrology” – common final pathway, correlates with prognosis

--fibrosis occurs in discrete stages with potential for arrest or even reversal

	
	Morphology
	Causes
	Drug Reaction
	Other

	Chronic Interstitial Nephritis
	Interstitial fibrosis

Tubular atrophy

Mononuclear cell infiltrate

Glomeruli okay
	Chronic stage of any acute interstitial nephritis

Chronic ischemia-atherosclerosis, radiation nephritis, obstruction/hydronephrsis, glomerular sclerosis
	Lithium
	Results in chronic renal failure; concentrating defects; fluid and electrolyte/acid-base imbalances

	Obstructive Nephropathy
	Alterations in the kidney & collecting system due to obstruction—usually applied when chronic obstruction has led to fibrosis

--may be unilateral or bilateral depending on where the obstruction occurs

--hydronephrosis—dilation of collecting system (pattern will depend on level of obstruction—visible on imaging studies) with parenchymal thinning & fibrosis

--may be component of infection or not
--calyces fibrosis and later cortex shrink
	--Uretopelvic

Extrinsic (pelvic neoplasms, retroperitineal fibrosis, pregnancy)

Intrinsic (tumor (primary metastatic), strictures, calculi, necrotic papillae, blood clots, Congenital (valves up and down the GU system)
Vesicourethral

--Organic (Prostate enlargement, urethral values, stricture)

--Functional (Spinal Cord lesions, CNS lesions)( causes back pressure
	
	

	Vesicoureteral Reflux


	--increasing reflux with increasing pressure
--polar scars

--polar reflux with cortical thinning

Why do you get polar scars?

Simple papilla: back pressure tends to close duct orifices

Compound papilla: backpressure tends to open duct orifices--
	Infection
1)complement activation

2)edema, ischemia/reperfusion

3)free radicle release

4) Elevated pressure

5) tubular damage & ischemia due to capillary compression

6)Hyperperfusion/hyperfiltration in remaining nephrons, leading to more sclerosis
Globally

1) dilation of the pelvicocalyceal system

2) thinning of the parenchyma

3) flattening of the papillae

4) cortical tubular atrophy

5) interstial fibrosis
	
	--defined as the retrograde propulsion of bladder urine into the ureters

--most commonly caused by abnormal implemantations of the ureters into the bladder, so that the orifice does not close properly at the micturition & urine refluxes into the kidney

--renal injury occurs early in life—critical to recognize this but may present as adult

--may be unilateral or bilateral




	
	Clinical
	Causes

	Nephrotic Syndrome
	Proteinuria>3.5 gm/24 hrs

Hypoalbuminemia

Edema

Increased serum lipids

Double refractile fat bodies in urine


	Minimal Change disease

Focal and segmental glomerulosclerosis (with hyalinosis)

Glomerulonephritis

Generalized systemic diseases

--diabetes

--amyloid

--systemic lupus erythematosus


	Name
	General
	Clinical
	Pathogenesis
	Pathological findings

	Minimal Change disease 

Favorable prognosis
	Most common in children 2-6 years of age

Selective proteinuria: albumin

Remitting & relapsing course

Normal renal function
Favorable prognosis (treat with steroids)

	--Whites
	1) Alterations in – charged sulfate proteoglycans
2) Circulating factors: a) lymphokines-T cells b) cationic factors

3) Thromboxane- hemodynamic changes

2ndary forms

Drugs: NSAIDS (also induce interstitial nephritis)
Lymphoma

Venom
	PAS: looks normal

EM: foot processes fuse together over the surface of the capillaries 

Protrusion of microvilli



	Focal segmental glomerulosclerosis
	--Common in children & adults

--More common in AA
--Proteinuria poorly selective

--Poor response to steroids

--May recur in allografts (can treat thru plasmaphoresis)
--Variety of pathogenesis
	1) classic
2) collapsing

3) tip lesion
	--Glomerulus starts to solidify
Primary: generalized podocyte injury

Secondary: “post-adaptive”

a) reflux nephropathy

b) renal dysplasia

c) oligomeganephonia

d)morbid obesity

e) sickle cell dz

f) primary glomerlar disease

g) 2ndary to hereditary nephropathies

h) heroin-associated FSGS

i) HIV associated-Tubureticular inclusions & also microcystic tubular dilation
HIVAN: HIV associated nepthopathy
-- part there is no bowman’s capsule

1) glomerular epithelia cell injur-global dedifferentiation—collapsin g variant (infection ) or localized  podocyte loss with adhesion of GBM to BC in “post-adaptive” FSGS

2) circulating factors  in aggressive/recurrent FSGS

3) glomerular hypertrophy, hemodynamic factors, hyperlipidemia are factors in 2ndary/post adaptive FSG

Viral infections in direct & indirect

--TGF-Beta, angiotensin II, other cytokines lead to increase matrix
	--tip lesion

Segmental sclerosis

Segmental scleorisis: non-specific
1, Early/recurrent: EM changes in podocytes

2, Collapsing glomerulpathy—prominent podocytes

3, Tip lesion- near tubular take-off

4, Segmental sclerosis, often with hyalinosis & foam cells peri-hilar

5, segmental sclerosis- non specific
All variants seen in primary FSGS with widespread podocye injury

--variants typical of 2ndary/ “post-adaptive” FSGS

	Membranous Gn


	--adults most common-middle age

--poorly selective proteinuria

--variable prognosis (proteinuria often >10g/24 hrs) b) hypertension

Primary/idiopathic

--antigen unknown

--some evidence for autoimmune basis (eg HLA-Dr, T-cell receptor phenotype)

Secondary: 

--chronic infections (hepb,c), drugs, autoimmune disease, malignancy-seen with chronic low levels of circulating immune complexes—this is why kids don’t get it
	
	Immune complexes—chronic low levels of circulating (cationic) complexes
--possible antigens

--infections-hepatitis, syphilis

--txins/drugs-gold, pencillamine

-neoplasms-epithelial 

-autoimmune disease-SLE, RA
	Early stage: not much change

Light microscopy: diffuse thickening of glomerular capillary walls

Silver stains: black spies of basement membrane material that extend out and perpendicular to the glomerular basement membrane

Lot of granular staining for IgG and C3
EM: big aggregates in the subepithelial space and lodge there



	Diabetic Nephropathy
	--40% of patients

--10-15 years after onset of DM

--5 clinical stages—from hyperfiltration to ESRD

--Poor serum of glucose control: risk factor
--hypertension
--microalbuminuria good marker

--prognosis is poor long term
	Clinical stages:

Stage I: Early- increased GFR

Stage II: Latent: asymptomatic

Stage III: incipient: microalbuminuria

Stage IV: Overt: proteinuri; decreasing GFR

Stage V: end stage: fibrosis, sclerosis
	Pathogenesis

1, genetic predisposition

2, hemodynamic alterations

3,glomerular hypetrophy

4, glycosylated collagen

5, decreased degradation-thickened GBM

6, decreased binding of heparin sulfate anion loss
7, macrophages releases Il-1 and TNF increased matrix

8, tubules undergo atrophy and eventually the kidney fails
	1) increased thickness of glomerular capillary walls
2) diffuse mesangial matrix increase

3) hyalinosis lesions

4) priminent hyaline arteriosclerosis

5) kimmelstielsWilson lesions : nodular diabetic glomerulosclerosis
--marked thickening of the lamina densa of the glmerular basement membrane & increase in the amount of mesangial matrix

--no immune type deposits


Nephrotic syndrome
1. hypoalbuminemia

2. hyperlypidimia (?)

3.Albumin

Urine: looks frothy

Albumin; non-selective protein uria

Proteinuric Glomerular Disease

Therapeutic strategies

--treat or  remove inciting diseases/factors (drug, neoplasm, autoimmune dis, infection)
*Rx with steroids, ther imimunosuppresive drugs

Prevent glmerular htn/hyperfusion-ACEI, ARB

*Important to reduce proteinuria-will lead to tubular atrophy, fibrosis in time

*foster possible revascularization, reversal of sclerosis-theoretical
Nephritic syndrome
1) renal insufficiency

2) hematuria (sometimes with RBC casts in the urine which when present are a strong indicator of glmerulonephritis

3) proteinuria (<3.5 grams/24 hours)

4) hypertension

5) edema

Crescents: cellular crescent are mostly made up of epithelial cells and macrophages
Cellular Crescents (proliferated parietal epithelial cells, macrophages and often fibrin adherent to Bwman’s capsule)( contain fibrin and necrotic debris( fibrocellular crescent( fibrous crescent
Glomerulonephritis
	
	General
	Pathogenesis
	Pathology/ LAB
	

	Immune Complex GN
	Primary glomerlular disease (post infectious GN< IgA nephropathy, membranoproliferatie GN

Systemic Disease

Lupus nephritis

Cryoglobulinemic
	--form antigen-antibody complexes and are trapped in the glomeruli

2, activate complement

3,  inflammatory cells enter

4, mesangial and endothelial cells proliferate

5, immune complexes are formed witin the glomerulus when circulating antibodies react with antigens trapped within the glomerulus
	Immunofluroescence

Electron microscopy
	


	Disease
	Clinical Presentation
	Histology
	Immunofluorescence
	EM

	Acute Post-infectious glomrulonephritis
	1, group A, Beta-hemolytic streptococci

2, present as nephritic syndrome 1-2 weeks after strep infection/pharyngitis
3, most patients fully recover within several weeks with out specific treatment

4, some parents have an abnormal urinary sediment that perist for years

5, small fraction, there is progression to end-stage renal failure

6, gross hematuria (dark urine)—presenting symptom

7, prognosis excellent in children

8, serum C3 often low

9, small fraction of patients will progress to ERSD
	1, diffuse proliferative & exudative GN+ infiltration of PMNs and monocytes
2, crescents may be present if numerous – if numerous a poor prognostic indicator
	1,  IgG and C3  in glomerular capillary loops and mesangium

2, C3 persists longer than IgG during recoer phase 
	1, Subepithelial humps

2, subendotelial deposits + mesangial deposits also may be present

	IGA Nephropathy (Berger’s disease_
	1, most frequently observed primary glomerulonephritis in the world
2, uncommon in Afircan Americans, common in Asians

3, often discovered as microscopic hematuria +/- proteinuria on physical exam

4, May present as gross hematuria following URI

5, up to 40-50% of patients will develop ESRD over 20 years

6, Proteinuria (>2g/day) and hypertension poor prognostic indicators

7, Etiology not known

8, No widely accepted treatment

9, probably related to Henoch-Schonlein purpura

	1, most often focal, mesangial proliferative GN
2, may be diffuse & / or crescentic associated with worse prognosis

3, may look histologically normal; these patients have excellent prognosis
	1, granular IgA, C3 in m esangium +/- capillary loops
2, IgG, IgM may be present but less intense than IgA

3, C1q typically present
	1, mesangial deposits
2, subendothelial deposits in ~25 % may correlate wit more severe histology

	Membranoproliferative Glomerulonephritis
	1, relatively uncommon; forms other than type I extremely rare

2, presentation is typically mixed nephritic/nephritic

3, serum C3 usually low

4, progression to ESRD common

5, high recurrence rate in renal transplants

6, subset of patients have mixed cryoglobullinemia (hepatitis C positive)
	1, diffuse proliferative GN with hyperlobular glomeruli

2, “Double contours” or “tram-tracks” on PAS and silver stains

3, Intracapillary pseudothrombi with cryoglobulinemmia


	1, granular IgG and C3 +/- IgM, C1q in capillary loops and mesangium

2, Intracapillary pseudothrombi of cryoglobulinemic GN stain for IgG and IgM


	1, Subendothelial & mesangial depsosits with “duplication” of GBM


	
	Nephrotic 
	Nephritic

	
	> 3.5 gram/s day
	Present, b ut typically <3.5 gram/s day

	Urine sediment
	+/- RBCs no RBC csts
	Many RBCs, ofoten RBC

	Edema
	Present
	Often present

	Hypertension
	Obten absent but may be present (especially in FSGS)
	Often present

	Hypertension
	Often absent but may be present (Especially in FSGS)
	Often present

	Serum creatine
	Typically normal but may be elevated, especially in FSGS
	Usually elevated

	Glomerular histology
	Normal celluarity
	Hypercellular

	Specific disease
	Non-inflammatory

Glomeropathies including:

Membranous,

Minimal canges

FSGS

Diabet nephropathy

Amyloid
	Glomerulanephritis including

Post-infectious GN

IgA nephropathy

Membranoproliferative GN

Lupus nephritis (diffuse/focal proliferative)

ANCA associated GN

Anti-GBM nephritis

	
	
	


	Immune-complex related
	1, includes lupus, MPGN, post-infectious GN, IgA nephropathy

2, crescents often a poor prognostic indicator

3, Dx requires demonstration oof immune-complex depositis by IF &/or EM

	Pauci-immune
	1,~90% of  cases ANCA-+

2, few or  no deposits by IF & EM

	A. P-ANCA (anti-myeloperoxidase) positive
	1, microscopic polyangitis (MPA); arteritis seen on only ~10% of biopsies

2, “idiopathic” crescentic GN; limited to the Kidney

3, Wegener’s (more often C-ANCA positive, but not always)

	B. C-ANCA (anti-PR3) positive
	1, Wegener’s

2, Microscopic polyangitis (more often P-ANCA positive)

3, “Idioipathic” crescentic GN (more often P-ANCA positive

	Anti-GBM Nepthritis
	1, autoantibodies to portion of type IV collagen alpha 3 chain “ Goodpasture antigen”

2, Dx requires linear IgG in glomerular capillaries by IF

3, confirmed by ELISA using patient serum vs. Goodpasture antigen

4, no deposits by EM

5, Antibody can cross react with pulmonary alveolar BM (“Goodpastures’diseae”

6, 20-30% of patients are also ANCA-poistive

7, Least common of the 3 classes of crescentic GN


	
	
	
	Immunofluorescnece
	EM

	SLE
	1, a systemic autoimmune dz; multiple autoantibodies typically present

2, characteristic autoantibdies directed nuclear antigen including ds DNA, nuclear RNA, histones & non-histone proteins

3, approximately 70% of patients have clinically apparent renal involvement (lupus nephritis)

4, renal failure & infections are 2 most common cause of death
	1, malar rash
2, discoid rash (erythematous raised patches with keratotic scaling)

3, photosensitivity

4, oral nasopharyngeal ulcers

5, arthritis

6, pleuritis or pericarditis

7, renal diz: proteinuria>0.5 grams/ day or 4+ dibstic or RBC cast
8, neurologic disorders

9, hematologic disorder- hemolytic anemia, leucopenia or thrombocytopenia

10, antibody too DNA, Smith antigen or phopholipid

11, positive ANA titer
	1, A “full house” pattern of immunoglobulin (IgG, IgA, IgM) and complement   (C3, C1q) deposits, especially in WHO Class III and IV lesions

2, C1q almost always present, even in WHO Classes II and V

3, Tubular basement membrane deposits – helpful in diagnosis when present


	1, Tubulo-reticular inclusions – in endothelial cell cytoplasm

    - – not specific, but most often found in lupus nephritis and

               HIV-associated nephropathy

          – induced by exposure to interferon alpha, not viral   particles as once thought

2, “Fingerprints” within immune complex deposits – relatively uncommon




	
	Description
	Frequency
	Clinical presentation
	Light EM
	EM deposits

	I. Normal glomeruli
	
	
	
	
	

	II. Pure mesangial lesion
	Mesangial
	~15%
	Hematuria, non-nephrotic proteinuria
	Mesangial cell & matrix inc
	Mesangial

	III. Focal & segmental proliferative glomerulonephritis
	Focal proliferative
	~20%
	Hemtauria & prteinuria
	Endocapillary GN in < 50% of glom
	Subendothelial mesangial

	IV Diffuse proliferative glomerulonephritis
	Diffuse proliferative
	~50%
	Nephritic or nephritic/nephritic
	Endocapillary GN I > 50% of glom
	Subendothelial mesangial

	V. Diffuse membranous nephropathy
	Membranous
	~15%
	Nephritic
	Subendothelial mesangial
	Subepeithelial & usually mesangial

	VI. Advanced sclerosing glomerlonephritis
	
	
	
	
	


	Thombotic Microangiopathies
	Endothelial injury in capillaries, arterioles, small arteries
	Swelling/detatchment of endothelial BM.

Accumulation of fluid/fibrin/debris in subendothelial space ( narrowing of vessels ( hemolysis.
	Glomeruli show swelling of endothelium, thrombi, RBC fragments.

	Hemolytic Uremic Syn
	Post-infectious
	Renal Failure, oliguria, hematuria/proteinuria.
	Glomerular capillary swelling.

	Scleoderma, malignant Hypertension
	
	
	Arterial and arteriolar swelling.

	Diabetic Nephropathy
	Begins w/microabluminemia.  Leads to Renal Failure 4-8 yrs later.  Eventually ESRD.
	Ang II mediated HT ( Hyperfiltration and hyperperfursion ( (glomerular hydrostatic pressure.

AGEs, Polyol Pathway, PKC (TGFb, PAI1, VEGF) contribute to thickening of GBM and TBM.
	Glomerular Nodules.

Mesangial expansion.

Thickened Glomerular BM

Hyalinosis Lesions.

Hyalin arteriosclerosis in tubules.

IF: Non-specific Ig and albumin

Silver stain positive.

	Light Chain Deposition Disease
	Proteinuria ( eventual renal insufficiency.
	If light chains can precipitate ( amyloid

Or if they bind to tubules ( myeloma light chain cast disease (renal failure)
	Glomeruli not involved. Kappa or lambda on IF. Eosinophilic tubular casts in distal tubules/collecting ducts.
Silver stain negative.

	Amyloidosis
	Non-nephrotic proteinuria.
	
	Stains congo red. Silver stain negative.

Amyloid in mesangium.

Differentiated into AA, AL-kappa, AL-lambda


