Tumors of the kidney

What is the clinical significance of renal hamartoma?

· usually an incidental finding at autopsy; no malignant properties

Which disease is/can be assoc. w/ angiolopoma?

· these are present in 25-50% of pts w/tuberous sclerosis, a disease characterized by lesions of the cerebral cortex that produce epilepsy and mental retardation as well as a variety of skin abnormalities

What is oncocytoma?

· epithelial tumor thought to arise from intercalated cells of collecting ducts; not uncommon

· GROSS: tan or mahogany brown, relatively homogeneous and usually well-encapsulated; up to 12cm

· MICRO: large eosinophilic cells w/ small rounded, benign-appearing nuclei; (w/EM--eosinophilic cells have lost of mitochondria)

· px: benign

What is the difference between cortical adenoma and renal cell carcinoma?

· cortical adenoma (renal papillary adenoma): benign, usually papillary; commonly found at autopsy; histo. criteria--do not differ from low-grade papillary renal cell adenocarcinoma and share some immunohistochemical and cytogenic features (trisomies 7 &17) w/ papillary CAs; px--no real reliable marker for benignity so usually treat small tumors as early CAs

· renal cell carcinoma: see table for complete info; malignant; may be either clear cell (nonpapillary) carcinoma, papillary carcinoma, or chromophobe renal carinoma

Know the incidence, sex distribution, possible causes and clinical manifestations of renal cell carcinoma

· 85% of renal CA in adults; 30,000 new cases/yr; 12,000 deaths/yr; usually in 6th or 7th decade of life

· male > female (2-3:1)

· possible causes: smoking; obesity (esp. in females); HTN; unopposed estrogen tx; exposure to asbestos, petroleum products, and heavy metals; increased incidence in pts w/chronic renal failure, acquired cystic disease, and tuberous sclerosis; assoc. w/Von Hippel-Lindau syndrome; some rare familial forms

· clinical manifestations: 3 classic signs--costovertebral pain, palpable mass, and hematuria, this triad of sx only appears in about 10% of cases.  the most reliable sx is hematuria but may be intermittent and microscopic so may not be obvious until tumor is large.  other sx may be fever, malaise, weakness, and weight loss

Know the cytogenetic aspects of clear cell, papillary and chromophobe carcinoma

· these are discussed in the table

Know that in asymptomatic hematuria in elderly pts the dx of renal cell carcinoma should be seriously considered

· okie dok! 

Know the prognosis of renal cell carcinoma

· average 5 yr survival is about 45% and up to 70% in absence of distant metastases

· px of chromophobe renal carcinoma is excellent compared w/ clear cell and papillary Cas

Know the incidence, possible causes and px of urothelial carcinomas

· 5-10% of 1º renal tumors; range from benign papillomas to frank papillary carcinomas (benign are difficult to distinguish from low-grade papillary CAs); usually small when discovered b/c of location(fragmentation causes noticeable hematuria; may be multifocal; in 50%, have preexisting or concomitant bladder urothelial tumor

· possible causes: increased incidence in pts w/ analgesic nephropathy

· px: 50-70% 5 yr survival for low-grade superficial lesions to 10% w/high-grade infiltrating tumors

Lower UT

Ureter

1.  Know the causes (table 22-1 p.999 Robbins) & consequences of ureteral obstruction.  

· causes
intrinsic: calculi, strictures, tumorous masses, blood clots, neurogenic causes

extrinsic: pregnancy, periureteral inflammation, endometriosis, tumors

· consequences--hydroureter, hydronephrosis, sometimes pyelonephritis

2.  Know sites where stones are most frequently impacted in the ureter.

· places of ureteral narrowing--uretoro-pelvic junction, where ureters cross iliac vessels, & where they enter bladder

3.  Know the possible causes of retroperitoneal fibrosis.

· drugs (ergot derivatives, β-adrenergic, β-blockers), adjacent inflammatory conditions (vasculitis, diverticulitis, Chron's disease), or malignant disease (lymphomas, urinary tract carcinomas)

· 70% of cases--no obvious cause; considered 1º or idiopathic

4.  Know the gross pathology of ureteritis cystica (Robbins fig 22-1 p 999).

· smooth cysts projecting from the mucosa; 1-5 mm; cysts may aggregate to form small, grape-like clusters

Urinary bladder

Congenital anomalies

1.  Know the mechanism of formation of congenital and acquired diverticula.

· congenital--may be due to a focal failure of development of the normal musculature or to some urinary tract obstruction during fetal development

· acquired--seen most often w/prostatic enlargement, producing obstruction to urine outflow & marked muscle thickening of the bladder wall; increased intravesical pressure causes outpouching of bladder wall & formation of diverticula

2.  Know the complications of bladder diverticula: stone and urinary infection.

· diverticula constitute sites of urinary stasis and predispose to infection and formation of bladder calculi; may predispose to vesicoureteral reflux; rarely, carcinomas may arise in diverticuli.

3.  Know the pathology of bladder extrophy and complications (mucosal metaplasia, development of cancer and urinary infection) of bladder extrophy.

· pathology--implies the presence of a developmental failure of the anterior wall of the abdomen and the bladder; bladder can communicate directly through large defect w/ surface of body or can lie as an opened sac

· complications--may undergo colonic glandular metaplasia; is subject to development of infections (may spread to upper urinary system) if infections are chronic(mucosa often becomes an ulcerated surface of granulation tissue and preserved marginal epithelium becomes transformed into a stratified squamous type; increased tendency later in life to carcinoma (mostly adenocarcinoma)

4.  Know other congenital anomalies: vesicoureteral reflux, fistulas, partial and total persistent urachus.  What are the complications of persistent urachus?

· vesicoureteral reflux--most common and serious; major contributor to renal infection and scarring.

· fistulas--abnormal connections between bladder and vagina, rectum or uterus

· total persistent urachus--when totally patent, fistulous urinary tract is created that connects the bladder w/ the umbilicus

· partial urachus--umbilical end or bladder end is patent but central region is obliterated.  sequestered umbilical epithelial rest or bladder diverticulum is formed (may provide site for infection); central region of urachus may persist => urachal cysts lined by transitional or metaplastic epithelium.  carcinomas (mostly glandular) can arise in these cysts--only 0.1-0.3% of bladder CA but 40% of bladder adenocarcinoma.

Acute & chronic cystitis

5.  Know the etiology and pathology of cystitis including follicularis, eosinophilic, cystitis cystica and cystitis glandularis variants.  Which group of pts is more predisposed to Candida and cryptococcal cystitis?

· etiological agents--coliforms (E. coli, Proteus, Klebsiella, Enterobacter), Tuberculous cystitis (often after renal tuberculosis), Candida albicans, & rarely cryptococcal agents (esp. immunosuppressed pts & pts on long term antibiotics), Schistosomiasis (rare in U.S., but common im Middle Eastern countries, esp. Egypt ), viruses (adenovirus), Chlamydia, Mycoplasma, cyclophosphamide (hemorrhagic cystitis), radiation of bladder (radiation cystitis)

· follicular cystitis--characterized by aggregation of lymphocytes into lymphoid follicles w/in the bladder mucosa & underlying wall

· eosinophilic cystitis--manifested by infiltration w/submucosal eosinophils together w/fibrosis & occasionally giant cells

· cystitis glandularis & cystitis cystica--common lesions of bladder where nests of transitional epithelium (Brunn nests) grow downward into the lamina propria & undergo transformation of their central epithelial cells into cuboidal or columnar epithelium lining slitlike (cystitis glandularis) or cystic spaces (cystitis cystica); incidental finding, common in relatively normal bladders, more common in chronically irritated & inflamed bladders.  Lesions w/extensive intestinal metaplasia ( increased risk of adenocarcinoma

6.  Know the causes of hemorrhagic cystitis.

· cyclophosphamide, radiation injury, adenovirus

7.  Know the clinical manifestations of cystitis.

· triad of sx: 1) frequency 2) lower abdominal pain localized over superpubic region 3) dysuria

8.  What is interstitial cystitits?

· Hunner ulcer--persistent, painful form of chronic cystitis occurring most frequently in females & assoc. w/inflammation & fibrosis of all layers of the bladder wall; etiology is unknown but some think it is autoimmune

9.  Know the pathology and pathogenesis of malakoplakia.

· peculiar pattern of vesical inflammatory reaction characterized macroscopically by soft, yellow, slightly raised mucosal plaques 3-4cm in diameter & histologically by infiltration w/ large foamy macrophages w/occasional multinucleate giant cells & interspersed lymphocytes; Michaelis-Gutmann bodies typically present; related to chronic bacterial infections (mostly E. coli, sometimes Proteus); increased frequency in immunosuppressed transplant recipients.

10.  Know the pathology of cystitis cystica and cystitis glandularis.

· see #5 and also in cystitis cystica, cysts are usually 0.1-1cm w/clear fluid & lined by cuboidal or urothelial cells.

Neoplasm
11.  Know the pathology and classification of bladder epithelial tumors (table 22-2 p 1003) and staging of bladder CA (table 22-4 p 1006).

· classification: urothelial (transitional cell) tumors--inverted papilloma, papilloma (exophytic), urothelial carcinoma, carcinoma in situ; squamous cell carcinoma; mixed carcinoma; adenocarcinoma; small cell carcinoma; sarcoma

· pathology--urothelial tumors represent about 90% of all bladder tumors; range from small benign to low or indeterminate malignant potential to lesions that metastasize frequently; many are multifocal; no reliable grading system (that people agree on); majority of tumors can be separated into 2 categories at time of initial dx: 1) low-grade urothelial tumors--always papillary (red, elevated excrescences; <1cm-5cm), non-invasive lesions, recapitulate normal transitional epithelium, limited cellular and nuclear pleomorphism; may recur; px is excellent unless lesion recurs as a higher grade. 2) high grade urothelial carcinoma--about 80% invade; 1/2 of all bladder CA; may be papillary, nodular, or both; lots of cellular pleomorphism and anaplasia; usually aneuploid; metastatic potential and lethal in about 60% w/in 10 yrs of dx.

· papilloma--rare variant, <1% of bladder CA; seen in younger pts; 0.5-2cm; delicate, soft, superficially attached to mucosa w/stalk; individual papillae have central core of loose fibrovascular tissue covered by transitional epithelial cells that look the same as normal urothelium, mitoses are rare; recurrences are rare, if ever.

· staging:

depth of invasion


AJCC/UICC  (2 CA groups)

noninvasive, papillary


Ta

noninvasive, flat


TIS

lamina propria


T1

superficial muscularis propria

T2

deep muscularis propria

T3a

perivesical fat


T3b

adjacent structures


T4

lymph node metastases
N1-3 (N1 = regional lymph node <2cm; N2 = regional lymph nodes 2 to 5cm; N3 = regional lymph nodes >5cm or other lymph nodes)

distant metastases
M1

12.  Know the grading of TCC (transitional cell carcinoma).

· grade I--appearance similar to papilloma; some cytologic and architectural atypia but well differentiated; thin line between papilloma and grade I tumor; seldom become invasive and 95-98% 10 yr. survival

· grade II--most are papillary, may have contiguous flat regions; cells still recognizable as of transitional origin; increased # of layers and increased # of mitosis; increased variation in cell size, shape, and chromaticity; may be assoc. w/invasion at time of dx but have low risk of progression

· grade III--papillary, flat, or both; appear fungating, necrotic, sometimes ulcerative; larger, more extensive; may increase preponderance for invasion of muscularis; many cells show anaplastic changes, disarray of cells w/loosening and fragmentation of superficial layers; occasional giant cells; sometimes cells flatten out and lesions resemble squamous cell carcinomas; or may have foci of glandular differentiation; much higher incidence of invasion into muscular layer, higher risk of progression, significant metastatic potential

13.  Know the factors that are associated w/ increased risk of bladder CA.

· smoking, industrial exposure to arylamines, Schistosoma haematobium infections, long term use of analgesics, heavy long term exposure to cyclophosphamide

14.  Know the possible pathogenesis of bladder CA: injury, chromosome abnormalities, ras, c-myc.

· increased expression of ras, c-myc, and epidermal growth factor Rcs is seen in some bladder CAs; 30-60% show deletions in chromosome 9 (only genetic change in superficial papillary tumors and occasionally in noninvasive flat tumors), as well as deletions of 17p, 13q,11p, and 14q

15.  Know the px of TCC and SCC (squamous cell carcinoma).

· px of TCC depends on grade and stage at time of dx

TCC grade I--98% 10 yr survival

TCC grade III--40% 10 yr survival; tumor is progressive in 65% 

no specific #s given for TCC grade II px

· SCC--70% death w/in yr

16.  Know the factors associated w/ good and bad px.

· good px: pts whose tumor express A, B, H Ags; grade I tumor

· bad px: tumors that don't express A, B, H Ags; detection of multiple chromosomes and gene mutations; grade III tumor and SCC

17.  Know the clinical manifestations of bladder CA.

· painless hematuria (dominant and sometimes only clinical manifestation), frequency, urgency, and dysuria sometimes accompany; if ureteral orifice is involved, hydronephritis and pyelonephritis may follow

18.  Know the techniques available for early detection of bladder CA.

· cystoscopy and biopsy; w/subtle changes, can use cytologic examination possibly augmented by flow cytometric analyses of urinary sediment

19.  What is the most common malignant mesenchymal tumor in infancy and childhood?

· embryonal rhabdomyosarcoma or sarcoma botryoides

20.  Know the causes and consequences (effects on the kidneys, ureters, acquired diverticulosis, UTI) of urinary bladder obstruction.

· causes: in males, most important cause is enlargement of prostate; in females, usually due to cystocele; more infrequent causes include congenital narrowings or strictures of urethra, inflammatory strictures of urethra, inflammatory fibrosis and contraction of bladder after varying types of cystitis, bladder tumors (benign or malignant), 2º invasion of bladder neck by growths arising in perivesical structures, mechanical obstruction (foreign bodies and calculi), injury to innervation causing neurogenic or cord bladder

· consequences--dilation of bladder, eventual effect on kidney, acquired diverticuli

Urethra

21.  Know the causes of urethritis.

· gonococcal

· nongonococcal--E.coli; other enteric organisms; Chlamydia; Mycoplasma; Reiter syndrome (arthritis, conjuctivitis, and urethritis)

22.  What is urethral caruncle?  Is this lesion most commonly seen in boys?

· inflammatory lesion presenting a small, red, painful mass about the external urethral meatus in the female pt; hemispheric, friable 1-2cm nodule that occur singly either just outside or just w/in external urethral meatus; may be covered by intact mucosa but is very friable (slight trauma may cause ulceration of the surface and bleeding)

· no, commonly seen in older females

23.  Know the pathology and px of urethral carcinoma.

· begins about external meatus or on the immediately surrounding structures; usually in older females.  Those that protrude from external meatus appear as warty papillary growths; as they progress, they tend to become ulcerated; most malignant lesions are SCC; uncommonly, adenocarcinomatous growth pattern if found

· px: more aggressive than bladder CAs; more often invasive and more difficult to eradicate even though they seldom metastasize; most lead to death w/in a few yrs

Congenital anomalies

1) Know the possible mechanisms of renal agenesis

· Failure of Wolffian duct to make contact w/ mesodermal mass

· Complete absence of nephrogenic primordium

2) Know the criteria for the diagnosis of hypoplastic kidney

· Reduced number of renal lobules and calyces (< 6)

3) Know the complications of ectopic kidneys

· Kinking and tortuosity of ureters predisposes to bacterial infections and stones

4) Know that the majority of horseshoe kidney fusions occur at the lower pole

· 90 % to be exact

5) Know the possible complications of horseshoe kidney

· Slight increase in incidence of stones

· Due to position of kidney anterior to great vessels, compression can cause HTN

6) Know the gross and microscopic features of renal dysplasia and that renal dysplasia is usually associated with urinary tract anomaly.  Is the disease hereditary?

· Kidney enlarged with cysts of varying sizes lined by flat epithelium

· Presence of cartilage, undifferentiated mesenchyme, and immature collecting ductules

· Does NOT show any familial hereditary pattern, but is associated with syndromes such as Prune Belly syndrome

7) Know the possible pathogenesis of renal cyst formation: Abnormality in cell differentiation, proliferation, and fluid secretion.

8) Know the incidence of ADPKD and the location and frequency of genes responsible for ADPKD

· Incidence is 1:1000 (most common genetic disorder in humans)

· Autosomal dominance means that at least 50% of offspring of an affected parent will inherit the defective gene

· The most common defective gene is located on p16
9) Know the age of onset of clinical manifestations and causes of death in patients w/ A(D)PKD

· Age of onset of clinical symptoms is usually 30s – 40s

· 40% die from coronary or hypertensive heart disease

· 25% from infection (probably augmented by azotemia from renal failure)

· 15% from ruptured Berry aneurysm
· Rarely, there are fatal cases in newborns (intrapartum dystocia or postnatal renal failure)

10)  Know the diseases that are usually associated with ADPKD

· Liver cysts – not a major consequence

· Berry aneurysms

· Pancreatic, spleen, lung cysts

· Aortic and visceral aneurysms, aortic coarctation, cardiac valve abnormalities (e.g., mitral valve prolapse)

· Marfan’s syndrome

· Colon diverticulosis

· Renal cancer – occurs at younger age and at higher incidence of bilateral involvement than normal

11)  Know the gross, micro, and origin of the cysts of ARPKD

· Gross pathology

· Enlarged, but retains normal shape and lobulations

· Subcapsular surface studded w/ innumerable small cysts

· Fusiform radiations extending from medulla ( cortex

· Micro pathology

· Cysts arise from dilation of collecting tubules lined with cuboidal cells

· Cysts cause compression, resulting in glomerular obsolescence, tubular atrophy, and interstitial fibrosis

12)  Which type of polycystic kidney disease is usually associated with hepatic fibrosis?

· ARPKD

13)  Know the location of cysts, clinical presentation, and prognosis of medullary sponge kidney.

· Location - Intrapyramidal 

· Clinical presentation

· Usually incidental diagnosis

· Can occur at any age

· Hematuria, stones, recurrent UTI

· Proteinuria in 50%

· Hyperuricemia, hypercalciuria

· Mild degree of salt wasting

· Distal tubular acidosis

14)  Know the gene, location of cysts, and complications in acquired cystic disease

· No associated genes

· Cysts located in cortex and medulla due to obstruction

· Sometimes cysts bleed, causing hematuria

· Renal cell carcinoma occurs in cyst walls of 7% of dialysis patients

15)  What is a simple cyst?

· Appear as spherical, tense, thin-walled cysts filled with what appears to be plasma ultrafiltrate

· They may single or multiple and can appear in the cortex or medulla

· They are found in 50% of patients over 50 at autopsy

· Important to rule out cystic adenocarcinoma

Amyloidosis

1) Know the morphology of amyloidosis by light microscopy

· Deposits of amyloid appear in the gomerulus. 

· First as subtle thickenings of the mesangial matrix 

· Then as capillary narrowing and distortion of the capillary tufts as the basement membrane widens unevenly.

· Eventually lumens are obliterated and the obsolescent glomerulus is flooded by confluent masses or interlacing ribbons of amyloid

2) Know the special stains used for the detection of amyloid substance

· Congo red – appears red or pink

· Polarized light – green birefringence

3) Know the characteristics of amyloid fibrils by EM (Robbins, p.251)

· Made up largely of nonbranching fibrils of indefinite length and diameter of ~ 7,5 –10 nm

· Characteristic beta pleated sheet conformation allows for distinctive staining and birefringence properties, but is only observed by X-ray crystallography and infrared spectroscopy.

Hereditary nephritis

1) Know the clinical presentation and mode of inheritance of Alport’s syndrome

· Most commonly inherited in an X-linked dominant pattern (but can be autosomal recessive or dominant)

· Commonly present with gross or microscopic hematuria – often with RBC casts

· Proteinuria may occur

· Rarely nephrotic syndrome develops

· Symptoms usually appear between 5 and 20 years with renal failure at ~ 20 – 50

· Auditory defects may be subtle

· Various eye disorders, usually of lens and cornea

2) Know LM, EM, and immunohistochemistry findings in Alport’s syndrome

· LM

· Segmental proliferation or sclerosis (or both)

· Persistence of fetal-like glomeruli

· Presence of foam cells

· Increasing glomerulosclerosis, vascular narrowing, tubular atrophy, and interstitial fibrosis as disease progresses

· EM – characteristic findings

· GBM shows irregular foci of thickening and attenuation

· Pronounced splitting and lamination of lamina densa

· Similar alterations in tubular BM

· Immunochemistry – specific antibodies can determine whether specific α chains are present or absent (see below)

3) Know the pathogenesis of Alport’s syndrome

· Defective glomerular basement membrane synthesis underlies disease

· In X-linked disease, defective gene encodes the α 5 chain of collagen type IV

· Patient synthesizes less of other α chains (especially 3 and 4), and therefore does not stain w/ antiGBM antibodies

4) Know how to differentiate Alport’s syndrome and thin basement membrane disease clinically and pathologically

Acute tubular necrosis

1) Know the mechanism of oliguria in ATN

· See fig. 21-33 in Robbins (p970)

· Tubular damage secondary to toxic/ischemic damage ( Activation of vasoconstrictors (angiotensin, thromboxane, catecholamine) & decreased secretion of prostoglandins and kallikreins ( Decreased GFR ( Decreased tubular fluid ( Oliguria

· Tubular casts formed by necrotic debris ( obstruction of tubules ( increased intratubular pressure ( Decreased GFR

· Tubular damage ( Back leak of tubular fluid into interstitial tissue ( Edema

· Decreased GFR by direct effect of toxins/ischemia

· Ischemia is thought to inhibit production of endothelium-derived relaxation factor (EDRF), and thereby inhibit the effect of vasodilators

· Ischemia stimulates release of endothelin, a potent vasoconstrictor

· Any mixture of the above scenarios

2) Know the histology of ATN and the characteristic histologic features of ischemic ATN and nephrotoxic ATN

· See figs. 21-34 and 35 in Robbins

· ATN involves necrosis of (proximal) tubular cells, leading to acute renal failure (ARF), and is in fact the most common cause of ARF

· Ischemic ATN

· Single/Small cluster cell necrosis ( Necrosis at multiple points w/ large skip areas
· Rupture of tubular basement membrane (BM)

· Lesion is mild and focal – most frequently affects proximal tubules

· Nonnecrotic tubules are dilated and show loss of brush border

· Edema of interstitial tissue

· Accumulation of leukocytes w/in vasa recta

· TEM - Often fibrin deposition and platelet thrombi in glomerular capillaries

· SEM – Enlargement of podocytes

· Signs of epithelial regeneration one week after acute episode - Hyperchromatic nuclei and mitoses

· Nephrotoxic ATN

· Massive necrosis – often affects proximal and distal tubules

· BM is intact

3) Know the causes of nephrotoxic ATN and the characteristics of renal lesions in mercuric chloride, carbon tetrachloride and ethylene glycol

· HgCL2 - Large eosinophilic inclusions in nucleus during acute phase; stains w/ acid-fast bacillus stain
· CCl4 - Accumulation of neutral fat
· Ethylene glycol - Calcium oxalate crystals in tubular lumens

4) Know the different phases of ATN

· Initial phase

· Can last from 0 (in the case of ischemic insult) to 7 days (in the case of CCl4)

· Asymptomatic – normal urine output

· Elevated BUN and serum creatinine

· Decreased total solute excretion rate

· Hypotension / Shock 

· Oliguric phase

· Can last 4 days – 4 weeks

· Urine output < 400-500 cc/day

· If <100 cc – most likely cortical necrosis

· Elevated BUN, serum creatinine, and K

· Low osmolar urine – FENa >3%
· May be a slight, nonselective proteinuria due to necrotic debris

· Diuretic phase 

· Gradual increase in urine volume – about 100 cc/day

· Immature tubule cells aren’t good at reabsorption yet

· Urine has a low osmolality, but high concentration of Na, K, Cl
· Proteinuria up to 4 g/day

· Elevated BUN and serum creatinine

· Most patients (25%) die during this phase b/c of volume and electrolyte imbalances

· Recovery phase

· Usually in 17 days – but variable

· BUN and serum creatinine final return towards normal

· Complete recovery is influenced by previous renal status, age, and severity of disease (usually proportional to length of oliguric phase)

5) Know the causes of death in ATN

· Over the years, development of ARF has dramatically declined but ~65% of patients w/ oliguria still die

· Sepsis – uremia and azotemia predispose to infection

· Respiratory failure – due to water retention and edema

· Myocardial failure 

· GI bleeding

· Biochemical disorders – wounds, devitalized tissue

· Depends on cause of renal failure, age, injury to other organs, and type of injury (Post traumatic > Post surgical > Medical > Obstetric cases in terms of % mortality) 

6) Know the mechanism of nonoliguric ATN

· Often seen with aminoglycoside toxicity

· Better prognosis than oliguric ATN

· Filtering still occurs in residual nephrons

· Urine output > 400cc/day

Vesicoureteral reflux, chronic pyelonephritis and reflux nephropathy

1) Know the conditions that cause vesicoureteral reflux

· Maldevelopment – shortening of intramural portion of ureter due to abnormal embryologic development of an ectopically located ureteric bud with laterally displaced ureteric orifices.

· Obstruction – causes increased pressure

· Organic causes

· Bladder tumor

· Prostate tumor / hypertrophy

· Stones

· Functional causes

· Spinal cord injury

· Infection w/ mucosal edema

· Intravesical ureter can’t function as an efficient valve

· Genetic factors

· Male:Female ratio 5:1

· Primarily a disorder of whites

· Autosomal dominant, familial

· Multiple genes exert a cumulative effect to reach a critical threshold for manifestation of reflux disease

2) Know the causes of renal reflux and reflux nephropathy

· Basically the same as (and including) VUR

3) What are the consequences of vesicoureteral reflux and urinary obstruction?

· Allows spread of infection from lower urinary tract to kidney → pyelonephritis

· Subsequent intrarenal reflux leads to inflammation, scarring, and pelvocalcyceal deformity

· Sterile reflux may even cause damage – especially high-pressure VUR

4) Where are the potentially refluxing papillae in the kidneys?

· Usually located at poles

· Identified by concave surface and gaping orifices

5) Know the pathology of chronic pyelonephritis

· Kidneys tend to be reduced in size – unequally if bilateral

· With obstruction, there are scars with thinning of renal tissue overlying dilated calyces

· Solidification and / or hyalinization of capillary tufts

· Periglomerular fibrosis or deposition of collagen in Bowman’s capsule

· Tubular atrophy w/ eosinophilic casts (thyroidinization)

· Chronic inflammatory infiltrate in tubulointerstitium, pelvis, and calyces

· Xanthogranulomatous pyelonephritis

· Gross – Yellowish, nodular, and large lesions

· Micro – Foamy histiocytes, other acute and / or chronic inflammatory cells

· Usually associated w/ Proteus infection

6) Know the clinical manifestations of chronic pyelonephritis

· Recognition of chronic pyelonephritis is w/ radiologic exam, NOT biopsy

· Back pain, HTN, fever, bacteriuria, pyuria, proteinuria

· X-ray – Kidneys asymmetrically smaller, coarse scars overlying blunted papillae, deformed and dilated calyces

Interstitial nephritis induced by drugs and toxins

1) Know the drugs that can cause acute drug-induced (hypersensitivity) interstitial nephritis

· Sulfonamides

· Synthetic penicillins

· Rifampin (other synthetic antibiotics)

· Thiazide diuretics

· Phanylbutazone (NSAIDs)

· Phenindione

· Cimetidine

2) Know the urinary findings and histology in ADIIN

· Hematuria

· Mild proteinuria

· Leukocyturia (including eosinophils)

· Elevated serum creatinine or ARF w/ oliguria in 50% of cases

· Interstitial edema and infiltration by mononuclear cells

· Eosinophils and neutrophils commonly in large numbers

· Methicillin / thiazides – interstitial granulomas w/ giant cells may be seen

· NSAIDs may cause minimal change disease and nephrotic syndrome

3) Know the mechanisms of ADIIN

· May be due to IgE-mediated late-phase hypersensitivity

· Drugs likely act as haptens

· During secretion by tubules, drugs covalently bind to cytoplasmic / extracellular component of tubules and become immunogenic

4) Know the minimal dose required for the development of renal damage in analgesic nephropathy

5) Know the histology of analgesic nephropathy

· Papillae show various stages of necrosis, calcification, fragmentation, and sloughing

· This is different from papillary necrosis associated w/ DM (in which they are all at the same stage of necrosis)

· Loss and atrophy of cortical tubules

· Interstitial fibrosis and inflammation

· Cortical columns of Bertin are spared

· Small vessels exhibit characteristic PAS+ BM thickening (analgesic microangiopathy)

6) Know the mechanism of renal damage, clinical manifestations and complications of analgesic nephropathy

· Early findings include inability to concentrate urine (due to papillary damage)

· Acquired distal renal tubular acidosis contributes to development of renal stones

· Headache, anemia, GI symptoms, and HTN are common accompaniments

· Complication with UTI in 50% of cases

· Gross hematuria or renal colic if large amounts of necrotic papillae are excreted

· Progressive impairment leads to chronic renal failure, while removal of drug tends to stabilize or improve renal function

· Transitional papillary carcinoma of the renal pelvis is a very rare complication found in those who discontinue the drug

7) Know the mechanism of renal damage and different morphologic features in NSAID-induced nephropathy

· Hemodynamically induced acute renal failure due to inhibition of prostaglandin synthesis

· Acute hypersensitivity interstitial nephritis (see above)

· Acute interstitial nephritis and lipoid nephrosis, producing renal failure and nephrotic syndrome

· Membranous glomerulonephritis, leading to nephrotic syndrome

Urate nephropathy

1) Name the conditions that are associated with acute uric acid nephropathy?

· Leukemia / Lymphoma patients undergoing chemotherapy

2) Know the cause of chronic urate nephropathy and the morphology of urate crystal

· Occurs during protracted periods of hyperuricemia

· Deposition of crystals occurs in the distal tubules and collecting ducts

· Form birefringent, needle-like crystals present either in the tubular lumina or interstitium

· The urates induce a tophus, often surrounded by foreign body giant cells, other mononuclear cells, and a fibrotic reaction

3) What are the causes of uric acid stone?

· Stones are found in 22% of patients w/ gout

· Stones found in 42% of those w/ secondary hyperuricemia

Nephrocalcinosis

1) Know the causes of nephrocalcinosis

· Caused by diseases characterized by hypercalcemia

· HyperPTH

· Multiple myeloma

· Vitamin D intoxication

· Metastatic bone disease

· Excess Ca intake

2) Know that functional defects and morphologic changes of the kidney w/ nephrocalcinosis

· Earliest functional defect is inability to make a concentrated urine

· Other tubular defects, such as tubular acidosis and salt-losing nephritis, may also occur

· Further damage produces a slowly progressive renal insufficiency, which may also be due to subsequent Ca stones and secondary pyelonephritis

· Morphologically, the first changes are intracellular – mitochondrial distortion and cell injury due to deposits w/in cytoplasm, mitochondria, and BM

· Cellular debris ( tubular lumen obstruction ( obstructive atrophy of nephrons ( interstitial fibrosis and nonspecific chronic inflammation.

· Atrophy of entire cortical areas accounts for alternating areas of normal / scarred parenchyma

Multiple myeloma

1) Know the renal complications of multiple myeloma

· Bence Jones proteinuria and cast nephropathy

· Amyloidosis

· Light-chain nephropathy

· Hypercalcemia and hyperuricemia

· Vascular disease

· Urinary tract obstruction w/ secondary pyelonephritis

· Most commonly, these complications lead to chronic renal failure that progresses slowly over months ( years

· Precipitating factors can lead to acute renal failure (see below)

2) How does Bence Jones proteinuria cause renal insufficiency?

· Some light chains are directly toxic to epithelial cells

· BJ proteins combine w/ urinary glycoprotein (Tamm-Horsfall protein) under acidic conditions to for m large, distinct tubular casts. These casts not only obstruct the tubular lumina, but also evoke a peritubular inflammatory reaction (cast nephropathy)

3) Know the characteristics of tubular cast in multiple myeloma (fig. 21-47)

· Casts appear as pink ( blue amorphous masses, sometimes concentrically laminated.

· Casts are surrounded by multinucleate giant cells

· Surrounding epithelium is often necrotic

· Adjacent interstitial tissue shows nonspecific inflammatory reaction

4) Know the precipitating factors of ARF in multiple myeloma

· Dehydration

· Hypercalcemia

· Acute infection

· Nephrotoxic antibiotics

Benign and malignant nephrosclerosis

1) Know the definitions and complications of benign and malignant hypertension

· Benign HTN: Uncomplicated HTN of long duration and mild ( moderate severity

· Malignant HTN: DBP >140 mmHg

· Associated w/ papilledema

· Complications

·   Stroke


· Congestive heart failure

· Renal failure

· Myocardial infarction

· Arterial aneurysm

2) Know the gross appearance, vascular change, and glomerular change in benign nephrosclerosis.  Are these vascular changes diagnostic of benign nephrosclerosis?

· Gross Appearance

· Size is normal to moderately reduced

· Outer cortical surfaces show even granularity resembling leather (figure 21-48)

· Cortical area is narrowed

· Both sides have equal size/appearance

· No deformation of calyces

· Vascular changes (fig. 21-49)

· Hyalinization and thickening of arterioles due to endothelial injury and leakage of plasma proteins and lipids from circulation 

· Interlobular and arcuate arteries show fibroelastic hyperplasia: duplication of elastic lamina and increase in fibrous tissue in media → narrowing of lumina

· These vascular changes result in tubular loss and atrophy, interstitial fibrosis, and glomerular changes due to ischemia

· Lesions are NOT diagnostic or specific

· May occur in normotensive, elderly individuals

· Glomerular changes

· Wrinkling of GBM

· Sclerosis of tufts

· Collagen inside and outside Bowman’s capsules

3) Know that malignant HTN occurs in only 5% of all patients and is predominant in young individuals, males, and blacks.

4) Know gross appearance, vascular changes and glomerular change in malignant HTN

· Gross appearance

· Size depends on duration of disease

· Petechial hemorrhages due to rupture of arterioles/glomerular capillaries are seen on cortical surface, giving it a flea-bitten appearance 

· Vascular changes (fig. 21-50)

· Fibrinoid necrosis of arterioles and necrotizing arteriolitis due to inflammatory infiltrate w/in the wall

· Hyperplastic arteriolitis: Concentric thickening of intima by cell proliferation and deposition of collagen in arterioles and interlobular arteries, giving an onion skin appearance
· Glomerular changes

· Necrosis of glomeruli and infiltration w/ PMNs

· Thrombosis in capillary loops

· Ischemic atrophy/infarct of renal parenchyma secondary to thrombosis and narrowing of arterioles

5) Know the clinical manifestations and causes of death in patients with malignant HTN and benign HTN

· Benign HTN

· Only 1-5% die of renal failure

· Majority die of heart failure, MI, and CVA

· More prone to develop RF in volume depletion, surgical stress, and GI bleeding

· Clinical manifestations

· May be asymptomatic

· Morning headache

· Blurring of vision

· Mild proteinuria

· Moderate loss of concentrating power

· Malignant HTN

· 90% die of renal failure

· 50% survive 5 years

· Clinical manifestations

· Symptoms of left ventricular failure

· Symptoms of intracranial HTN - headache, nausea, vomiting, visual impairment

· Hypertensive encephalopathy – loss of consciousness, convulsions

· Proteinuria and/or hematuria w/ normal renal function or ARF

Renal artery stenosis

1) Know the causes of arterial stenosis in men and in women and the site of stenosis in arteriosclerosis and fibromuscular dysplasia

· Atheromatous plaques – occurs more frequently in males, incidence increases with age and presence of DM

· Fibromuscular dysplasia – more common in females in 30s-40s

· Thickening most commonly affects media, but can also involve intima and adventitia

· Produces a single / series of narrowing(s), usually in the middle / distal portion of the renal artery (not usually at ostium). May also involve segmental branches.

2) Know the pathology of fibromuscular dysplasia and morphologic change in the kidney of renal artery stenosis

· Effects of increased HTN (i.e., hyaline change) are more severe in kidney w/o stenotic artery

· Kidney shows signs of ischemia:

· Atrophy of tubules

· Sclerotic glomeruli

· Interstitial inflammation

· Focal inflammation

· Hyperplasia of JGA – Increased granularity

3) Know the prognosis of renal artery stenosis in atherosclerosis and in fibromuscular dysplasia (FMD)

· Prognosis after surgery is 90% in FMD, and 60-75% in atherosclerotic stenosis

· This difference may be due to the fact that FMD becomes symptomatic at an earlier age

Atheroembolic renal disease

1) Know the morphology of atheroemboli

· Atheromatous plaques can form in arcuate, intralobular arteries, and sometimes glomeruli with cholesterol crystals

· Crystals are removed from histologic slides during processing, leaving empty clefts behind

2) Know the causes of atheroembolism

· Often embolize from aorta or renal artery after surgery or aortography

Sickle cell disease nephropathy

1) Know the main features of sickle cell nephropathy

· Hematuria

· Diminished concentrating ability

· Papillary necrosis

· Proteinuria

· Sometimes MPGN or MN

2) Know the mechanism of renal disease

· Hypertonic and hypoxic medulla ( acceleration of sickling ( obstruction of vasa recta ( decreased blood flow ( even more hypoxic medulla

Cortical necrosis and renal infarct

1) Know the causes, morphology, and prognosis of cortical necrosis

· Causes

· Abruptio placentae

· Septic shock

· Serious surgical / medical conditions

· Pathology

· Gross – infracted areas interspersed w/ normal or congested areas

· Micro – Ischemic necrosis 

· Patchy lesions w/ better preserved areas in cortex

· Massive leukocytic infiltration in areas in contact w/ medulla

· Intravascular and intraglomerular thrombosis ( arteriolar necrosis

· Prognosis

· Fatal in diffuse disease

· Compatible w/ survival in focal / unilateral disease

2) Know the causes and characteristic V-shaped lesion of renal infarct

· Cause

· Embolism (most common cause) – from mural thrombi of left atrium and left ventricle

· Thrombosis b/c of atherosclerosis or vasculitis such as polyarteritis nodosa

· Vegetation of endocarditis

· V-shaped lesion w/ base at cortex and apex pointing towards medulla

· Early stage – congestive discoloration

· W/in 24 hours – yellow-white color

· Late stage (~2 wks) – pale, gray white scar

3) Know the differences between cortical necrosis and renal infarct (causes and pathology) – see above

Urinary tract obstruction

1) Know the causes, gross appearance and microscopic features of hydronephrosis

· Cause

· Obstruction at any level from urethra up to pelvis

· Complete / Incomplete

· Unilateral / Bilateral

· Gross appearance (fig. 21-56)

· Slight to massive enlargement of kidney 

· Cup-shaped depression of papillae and thinning of cortex

· Progressive blunting of pyramid apices

· Microscopic features

· Cortical tubular atrophy with marked diffuse interstitial fibrosis in the case of chronic disease

· Significant interstitial inflammation even in the absence of infection

2) Know the clinical manifestations of partial and bilateral complete obstruction of urinary flow.

· Unilateral obstruction is often asymptomatic for long periods of time as unaffected kidney can provide adequate function

· Sudden and complete obstruction

· Reduction of GFR ( azotemia

· Mild dilation of pelvis and calyces

· Patient often dies w/in a week or so from renal failure, so there is not usually enough time for substantial dilation to take place

· Subtotal and intermittent obstruction

· GFR not suppressed

· Progressive dilation of pelvis and calyces

Urolithiasis

1) Know the frequency of different types of stones and the status of blood and urine calcium in patients with calcium containing stones.

· Calcium containing stones (75%) are composed mostly of Ca oxalate and Ca phosphate

· 10% show both hypercalcemia and hypercalciuria

· Due to hypercalcemic states

· HyperPTH

· Diffuse bone disease

· Sarcoidosis

· Renal tubular acidosis

· 50% have hypercalciuria w/o hypercalcemia

· Increased absorption from GI

· Inhibited tubular absorption

· Increased Ca-Mg ATPase activity

· 25% have neither hypercalciuria nor hypercalcemia

· 20% have increased uric acid secretion

· Triple (phosphate) / struvite stones (15%) are composed of Mg ammonium phosphate

· Uric acid stones (6%)

· Cysteine stones (1-2%)

2) Know the chemical nature and cause of staghorn calculi.

· Alkalinization of urine by ammonia causes precipitation of Mg ammonium phosphate salts

· Typically follows infections w. urea-splitting bacteria (Proteus, some Staph)

3) Know the possible causes of uric acid stones and that uric acid stones are radiolucent.

· Occurs in patients w/ hyperuricemia (e.g., gout, leukemia)

· More than 50% do NOT have hyperuricemia

4) Know the pathogenesis of urolithiasis

· Supersaturation of urine w/ stone’s component(s)

· Changes in urinary content of mucoproteins that form organic matrix (1-5%)

· Change in urine pH

· Presence of bacteria may influence formation

· Inhibitors of crystal formation are deficient

· Pyrophosphate

· Diphosphanate

· Citrate

· Nephrocalcin

5) Know the most common sites of stones and clinical manifestations of stones.

· Stones generally are formed in calyces / pelvis / urinary bladder

· Smaller stones are usually symptomatic because they enter ureters and cause colic

· Hematuria

· May be complicated by infection or obstructed uropathy

Immune Mechanisms and the Glomerular Response to Injury

1) Know the immunofluorescent pattern in anti-GBM and immune complex disease in glomerulonephritis (GN)

· Anti-GBM staining produces a linear staining pattern along the capillary walls

· Immune complex disease produces granular deposits of Ig and complement within the mesangium, subendothelial surface, or subepithelial surface.

2) Know the pathogenesis of glomerular lesions in immune complex GN

· Immune complex deposits at subendothelial or mesangial sites 

· Passive glomerular trapping of preformed immune complexes from circulation

· Form locally in situ - Antigens are trapped and later free Antibodies are trapped and bind

Nephritic Syndrome

1) Know the urinary findings, renal functional change, plasma rennin and aldosterone and clinical presentation of nephritic syndrome

· Urinary findings

· Hematuria - > 5 RBC/hpf

· Proteinuria – usually > 500mg, but < 3.5gm

· Occasional RBC casts

· Renal functional changes

· Decreased GFR due to:

· Development of glomerular intracapillary thrombosis

· Acute tubular necrosis (secondary to ischemia)

· Tubular obstruction by casts

· Compression of glomerular tufts

· Plasma rennin/aldosterone levels are reduced due to impaired excretion of Na and water

· Clinical Presentation

· Hypertension – due to increased volume

· Edema – due to increased volume and often occurs in nondependent areas

Acute Glomerulonephritis (PSGN)

1) Know the epidemiology of PSGN in the USA

· Generally follows upper respiratory infection, pharyngitis, or tonsillitis by Group A beta hemolytic Streptococcus when occurring in temperate areas

· More common in winter and spring

· Follows skin infection in tropic areas

· Peak incidence in summer and fall

2) Know the possible antigens that trigger the formation of immune complex in PSGN

· M protein – found in cell wall

· Endostreptosin – intracellular

· Cationic proteins – secreted

3) Know the LM, IF, and EM findings in PSGN

· LM

· Parietal cell proliferation ( crescents

· Mesangial and endothelial cells, mononuclear phagocytes

· T lymphocytes

· Early – Helper > Cytotoxic

· Later – equal or reverse

· IF - Coarsely granular deposits of IgG and C3 along glomerular capillary wall and in mesangium

· EM - Subepithelial nodules of electron dense deposits that resolve in ~8 weeks

4) Why does PSGN usually occur in patients between 3-12 years of age

· This is when most people first come into contact with a serious Group A beta-hemolytic Strep infection.

· Children younger than 2 will likely not have a sufficiently developed immune system to develop significant amounts of immune complexes.

5) Know the clinical presentation and evolution of PSGN.  Is NS commonly seen in PSGN?

· Hematuria

· Dysmorphic RBCs

· RBC casts

· Proteinuria

· Elevation of BUN

· RPGN in about 1% of cases

· Nephrotic syndrome – 20% of cases in recovery phase

6) Know the urine abnormalities and serology of PSGN

· Streptozyme positive

· Depressed complements

· Usually returns to normal in 6-8 weeks

· Alternative pathway indicated by depressed c3 and properdin

· Classical pathway occasionally indicated by depressed c2 and c4

7) Know how to make the diagnosis of PSGN.  When is the renal biopsy needed?

· Based on clinical background

· Nephritic syndrome following Strep infection by appropriate latent period

· Serologic evidence of recent Strep infection

· Hypocomplementemia

· Biopsy required only with prolonged oliguria, hypocomplementemia, and nephrotic syndrome to rule out GN and MPGN

8) Know the prognosis of PSGN in infants and adults

· 90% of children have complete spontaneous recovery w/in 4-7 days

· 67% of adults

· Some hematuria and proteinuria may persist for up to 2 years

Glomerulonephritis in Subacute Bacterial Endocarditis (SABE)

1) Know the etiologic agents, histology, and pathogenesis of SABE glomerulonephritis

· Etiologic Agents – most common

· Staph aureus

· Strep viridans

· Histology

· LM - Focal proliferative GN often w/ necrosis and intracapillary thrombi to crescentic GN

· IF -  Granular deposits of IgG, IgM, and C3 in mesangial and subendothelial areas

· Pathogenesis – Immune complex, NOT infectious emboli

2) What is shunt nephritis?

· Syndrome similar to SABE seen in patients with ventriculoatrial shunts

IgA nephropathy and Henoch-Schonlein purpura

1) Know the pathogenesis of IgA nephropathy

· Unknown

· Thought to be result of mesangial immune deposits (IgA) which represent the Ab component of an immune complex of nonrenal Ag

· Similar lesions develop in liver with increased portal pressure

2) Know the LM, IF, and EM findings in IgA nephropathy

· LM

· Focal segmental mesangial proliferative glomerulonephritis

· Crescents are small and rarely involve >30% of glomeruli

· IF

· Mostly IgA deposits with some c3 and IgG sometimes present

· C1q and C4 occasionally seen

· EM

· Electron dense deposits in mesangium

· Subendothelial and subepithelial deposites sometimes seen and indicate more severe disease

3) Know the clinical presentation and prognosis of IgA nephropathy

· ~35% show macroscopic hematuria occurring with or immediately following URI (50%), or other infection

· Lasts 2-6 days followed by persistent microscopic hematuria

· Dysuria

· Loin pain

· ~35% have asymptomatic proteinuria, microscopic hematuria, and HTN

· ~30% show a variety of symptomatic complexes including:

· Acute nephritis

· Nephrotic syndrome

· Acute / Chronic renal failure

· Malignant HTN

4) What are the differences between IgA nephropathy and HSP?

· HSP is a systemic disease (necrotizing vasculitis)

· Involve purpura on lower extremities

· Arthralgia of large joints

· GI involvement with colic and bleeding

· Renal involvement (IgA nephropathy)

· Somewhat greater severity than IgA nephropathy

5) What are the clinical and pathologic indicators of progressive disease in HSP?

· Acute nephritic syndrome

· Nephrotic syndrome

· Crescents

· Subepithelial or subendothelial deposits on EM

Crescentic Glomerulonephritis (RPGN)

No Questions listed

Nephrotic Syndrome

1) Know the urinary findings, blood chemical profile, and clinical presentation of NS

· Proteinuria

· Hypoalbuminemia

· Lipiduria 

· Hyperlipidemia

· Edema

2) Know the filtration barriers in the glomeruli

· Includes endothelial cells, BM, epithelial cells, and slit diaphragms

· Size barrier at level of endothelial cells and GBM restricts filtration of molecules > 42 Å

· Negative electrical charge barrier due to polyanionic sialoprotein coating of endothelial and epithelial cells and presence of heperan sulfate containing GAGs in the lamina rara externa and interna

· Maintenance of RBF and therefore hydrostatic pressure, also influences filtration

3) Know the mechanism of proteinuria in NS

· Loss of net negative charge on capillary wall (MCD)

· Extensive capillary wall immune deposits (MN)

· Disorders of BM biochemistry/structure (diabetes)

4) Know the most common causes of NS in children and adults

· 33% adults / 10% kids – secondary to systemic disease (diabetes, SLE, amyloidosis)

· 66% adults / 90% kids – idiopathic and a manifestation of MCD, MN, or MPGN

· In patients > 45, may be associated with malignancy

· Hodgkin’s disease ( MCD

· Breast, lung, GI tumors ( MN

5) Know the complications of NS

· Severe protein malnutrition

· Hypercoagulability ( thrombus formation ( acute renal failure

· ARF (rare) – usually occurs as a consequence of several conditions superimposed on nephrotic glomerular damage

· Reduced renal perfusion due to low volume ( acute tubular necrosis

· Interstitial renal edema ( increased intrarenal pressure ( cessation of filtration

· Drug-induced allergic interstitial nephritis

· NSAIDs ( inhibition of prostaglandin synthesis

· Bilateral acute renal vein thrombosis (very rare)

· Reduced levels of IgG ( susceptibility to infection

· Proximal tubular dysfunction ( Fanconi’s Syndrome (anuria, glycosuria, phosphaturia, proximal tubular acidosis)

· Deficiencies of trace metals

· Vitamin D deficiency ( osteomalacia and secondary hyperPTH

Minimal Change Disease (MCD)

1) Know the incidence of MCNS in children and adults

· 75% of idiopathic nephrotic syndrome in children 

· 20% in adults

2) Know the urinary findings, blood chemical profile, clinical presentation, and age of patients with MCNS

· Nephrotic Syndrome (see above)

· 33% may have hypovolemia ( reduced renal perfusion and GFR

· Peak incidence is in children 2 - 6

3) Is proteinuria selective in MCNS?

· Yes (90% albumin), due to loss of charge barrier

· IgG/Albumin < 0.1

4) Know the prognosis of MCNS

· Spontaneous remission rate is ~25-40%

· Mortality rate is ~7-12% in nephrotic children ; < 2% in those that respond to steroids

· 90% of children respond to prednisone w/in 4 weeks

· 90% of adults w/in 8 weeks

· 50% of those that respond to steroids become frequent relapsers or steroid dependent

5) Know the possible pathogenesis of MCNS

· Abnormality in T lymphocytes ( lymphokine production ( neutralization/destruction of glomerular polyanions ( loss of charge barrier ( increase in permeability

Focal Glomerular Sclerosis (FGS)

1) Know the LM, IF, and EM findings in FSG

· LM

· Segmental lesions may be missed if not enough glomeruli in biopsy

· Involvement of juxtamedullary glomeruli

· Sclerotic segments show collapse of BM, increase in matrix, and hyalinosis

· Lipoid droplets and foam cells often present

· Even ‘uninvolved’ glomeruli may show mesangial proliferation

· IF - IgM and C3 present in hyaline masses

· EM

· Effacement of foot processes

· Pronounced focal detachment of the epithelial cells with denudation of the underlying GBM

2) Know the clinical presentation of the majority of patients with FSG

· FSG is associated with a higher frequency of hematuria and HTN than other idiopathic presentations of nephrotic syndrome

· Sterile pyuria is common

· Proteinuria is nonselective and occasionally may be asymptomatic

3) Know that there is a high rate of recurrence of the disease in the grafts, especially in well-matched grafts

Heroin Associated Nephropathy (HAN)

1) Know the pathology of HAN

· Nephrotic syndrome

· FSG

· HTN

· Rapidly progressive renal disease

2) Why has FSG incidence decreased in recent years?

· Increases in purity of ‘street’ heroin

3) Know the kidney diseases that can be associated with drug addiction

· 25% of FGS

· 10% of end-stage renal disease

· also GN secondary to bacterial endocarditis, hepatitis B, etc.

Membranous Nephropathy (MN)

1) Know that MN is the most common cause of NS in adults

2) Name the causes of secondary MN

· Drugs – penacillamine, gold, captopril

· Infection – hepatitis B, syphilis, various parasitic diseases

· SLE – careful to check for in young women with MN

· Malignancy 

· Especially in lung, breast, and GI

· Important to check for in older patients with MN

· Sjogren’s syndrome

· Mixed connective tissue disease

· Systemic metabolic disorders – e.g, diabetes, thyroiditis

· Sickle cell disease

3) Know the LM, IF, and EM findings of MN

· LM

· Glomeruli appear normal early in disease

· Later, diffuse thickening of capillary walls occurs

· Silver stain demonstrates spikes in BM between deposits

· Trichrome stain may reveal deposits themselves

· IF – diffuse, granular pattern of IgG and C3 deposits along subepithelial surface of capillary loops

· EM - Electron dense deposits in subepithelial distribution with effacement of overlying foot processes

4) Know the age, clinical manifestations and HLA antigens of patients with MN

· Mean age of onset is 40-50

· Most present with nephrotic syndrome (~20% with asymptomatic proteinuria)

· Microscopic hematuria present in ~60%

· RBC casts rare

· HTN is uncommon

· Renal function is usually normal

· IC in blood is RARE – complexes are formed in situ

· Similar to Heymann nephritis in rats ( linked to HLA locus ( caused by susceptibility to Ab to a renal auotoantigen

5) Know how to work up a case of MN

· Determination of antinuclear and antiDNA Ab, serum complement, rheumatoid factor, cryoglobulin, Hepatitis B Ag, VDRL, and tests to exclude diabetes 

· Older patients should have a clinical and radiologic search for occult malignancy

· Hematuria and flank pain may indicate pulmonary emboli 

· May have other glomerular disease “ on top of ” MN

6) Know the prognosis of MN

· Widely variable clinical course

· 25% -Spontaneous remission

· 25% have persistent nephrotic range proteinuria for many years while maintaining normal renal function

· Remaining 50% show progressive deterioration of renal function that results in end-stage renal disease in about 15 years

· No criteria have been identified to predict which course an individual will follow

Membranoproliferative Glomerulonephritis (MPGN)

1) Know the pathogenesis of type I and type II MPGN

· Type I - Chronic Immune Complex GN

· Granular deposits of IgG and C3 in subendothelial and mesangial distributions

· Activation of classic complement pathway

· Presence of cryoglobulins and circulating Igs

· Similar lesions produced in animal studies utilizing foreign serum proteins

· Type II – Dense deposit disease

· NOT an immune complex disease

· Probably due to abnormality in complement metabolism

· C3 nephritic factor present in the serum

2) Know the LM, IF, and EM findings of type I and type II MPGN

· Type I

· LM

· Diffuse, proliferative GN  

· Thickening of glomerular capillary walls due to subendothelial immune deposits and interposition of mesangial matrix and cells between layers of GBM

· Seen on silver stain as double contour, splitting, or train track appearance of capillary walls.

· Increase in mesangial cells and matrix

· Glomerulus appears lobulated

· Crescents rare

· IF – Coarsely granular deposits of C3 and often IgG, IgM, C4, properdin, and fibrin in mesangium and peripheral capillary loops

· EM

· Dense subendothelial and mesangial deposits

· Mesangial matrix interposition w/ capillary wall thickening and narrowing of capillary lumen

· Type II

· LM

· Similar to Type I, although crescents are more common

· Dense deposits seen as PAS+, ribbon-like deposits w/in the capillary wall (i.e., intamembranous) as well as along Bowman’s capsule and tubular membrane.

· IF – C3 present in deposits, IgG much less commonly found

· EM – extensive replacement of lamina densa with “very dense deposits”

3) Know the clinical manifestations and prognosis of MPGN

· Mainly a disease of children/young adults

· Exception – association of type I with Hepatitis B infection

· Nephrotic Syndrome (80%)

· Acute nephritic syndrome (20%) more common in type I

· Type II associated with partial lipodystrophy in some patients

· Poor prognostic signs include

· Reduced GFR at onset

· Presence of nephrotic syndrome

· Early HTN

· Gross hematuria

· Presence of crescents or sclerosis on biopsy

· Recurs in about 25% of transplants, but rarely interferes with function

4) Know the urinary sediment and renal function of MPGN

· Shows nephrotic range proteinuria along with nephritic syndromes such as hematuria

· About 33% develop end-stage renal disease w/in 10 years (type II) or 15-20 years (type I)

· About 33% have persistent nephrotic syndrome with relatively stable renal function

· About 33% have persistent non-nephrotic proteinuria and/or hematuria

· Less than 5% experience spontaneous remission

Systemic Lupus Erythematosis (SLE)

1) Know the pathology, clinical manifestations, classification, and prognosis of lupus nephritis

· Class I – normal kidney

· Class II –Minimal/Mesangial Lupus Nephritis

· Earliest and mildest form of renal involvement

· Characterized by mesangial deposits of Ig and C3

· Proteinuria and hematuria present

· Nephrotic syndrome and renal insufficiency are very uncommon

· EM – IC deposits in mesangium

· IF – appears similar to IgA

· Class IIA – mesangial proliferative change

· Class IIB – no proliferative change

· Class III – Focal proliferative Lupus Nephritis

· Proliferative changes present in <50% of glomeruli

· ALL glomeruli have immune deposits of IgG, IgA, C3, and often IgM and fibrin-related Ags – seen on IF

· Mainly mesangial deposits with occasional subendothelial deposits (seen on EM – most reliable predictor of progression)

· All patients show proteinuria, but nephrotic syndrome and renal insufficiency are rare

· Hypocomplementemia more severe

· Long-term prognosis is good, but there is a high incidence of transformation to class IV

· Class IV – Diffuse Proliferative Lupus Nephritis

· Most common and most severe form

· Proliferation seen in >50% of glomeruli, with crescent formation and necrosis common

· Extensive mesangial and subendothelial deposits

· Nephrotic range proteinuria

· Renal function decreased in 75% of patients at presentation

· Hypocomplementemia, high levels of anti-DNA Ab, and circulating Igs present in most patients

· Long-term survival rate is ~75% past five years

· Best prognosis is with those who show remission of nephrotic syndrome and normalization of serologic parameters achieved w/in 1 year of starting therapy

· Class V

· Occurs in ~15% of SLE patients – hard to distinguish from idiopathic MN on LM

· IF – all sorts of Ig – contrast to idiopathic MN

· EM – other deposit sites in addition to those normally associated w/ MN

· May have undetectable levels of anti-DNA Ab at presentation

· Long-term prognosis about the same as with II (good)

ANCA-Associated Renal Diseases

1) What is ANCA?

· Antineutophil cytoplasmic antibodies

· Autoantibodies with specificity for constituents of neutrophil primary granules and monocyte lysosomes

2) Where are ANCA antigens in normal conditions and after activation of neutrophils?

· Detected in serum using IF – 2 types

· C-ANCA (cytoplasmic) – most commonly seen in Wegener’s

· P-ANCA (perinuclear) – specificity for myeloperoxidase and reacts w/ neutophil elastase, seen in renal-limited disease

· With activation of neutrophils, granules are present at surface of cells, and circulating ANCA may cause respiratory burst and degranulation

3) Know the clinical presentation of polyarteritis nodosa, Wegener’s granulomatosis, and pauci-immune necrotizing glomerulonephritis

· Polyarteritis nodosa (PAN)

· Mean age of onset is ~45-58 years (w/ superadded GN, it’s a little earlier)

· Fever, myalgia, weight loss, and arthralgia are common

· Other symptoms depend on organ systems involved

· Main laboratory findings include plasma ANCA, elevation of C-reactive protein, positive rheumatoid factor, and circulating immune complexes

· Wegener’s granulomatosis (WG)

· Mean age of onset is 36-54 years

· Initial signs involve the upper airway,  lung, and kidney

· Upper airways: rhinitis, sinusitis, epistaxis, deafness and ulcers

· Lung: dyspnea, cough, hemoptisis, and radiologic signs such as infiltrates, nodules, and cavitation

· Renal: oliguria, hematuria, proteinuria, and raised serum creatinine

· Renal symptoms are usually the last presenting signs, but may precede lung symptoms in some cases

· Pauci-immune necrotizing GN (PINGN)

· Renal-limited variant of systemic vasculitis

4) Know the vascular lesions in PAN and Wegener’s granulomatosis

· PAN

· Mainly affects arteries of arcuate size

· Acute, healing, and healed lesions may be present at same time in a specimen

· Acute lesions – whole circumference or a portion is replaced by fibrin-like material (fibrinoid necrosis) and infiltrated by neutrophils, monocytes, and eosinophils.  Elastic lamina is destroyed. Cellular reaction spreads to surrounding tissue and forms a layer that may encircle the vessel. Aneurysm formation if only part of vessel wall affected.

· Healing – Inflammatory cells decrease in #, necrotic areas invaded by smooth muscle cells, which may cause intimal thickening and lumen narrowing

· Healed – No inflammatory cells, destroyed part of arterial wall replaced with fibrous tissue. Hemosiderin deposits may be present.

· WG

· Necrotizing lesions seen in arterioles and interlobular arteries

· Rarely involve arcuate arteries 

5) Know the glomerular lesions in PAN, Wegener’s granulomatosis, and pauci-immune necrotizing glomerulonephritis

· PAN

· May occur w/o GN ( infarcts and aneurysms seen

· Focal segmental necrotizing glomerulonephritis

· Fibrinoid necrosis associated with eosinophillic areas

· Segmental or diffuse proliferative change

· Granulomatous changes are less common than in WG

· Tubules show atrophy/necrosis

· WG

· Focal segmental necrotizing glomerulonephritis

· Mesangial hypercellularity

· Granulomatous glomerulonephritis more common

6) Know the mechanism of tissue injury in ANCA-associated disease

· Circulating ANCA interacts with primed neutrophils to cause a respiratory burst and degranulation

· Respiratory burst releases toxic oxygen 

· Degranulation releases lytic enzymes

Diabetic Nephropathy

1) Know the glomerular lesions in DM.  Which one is the most characteristic of diabetic nephropathy?

· Nodular intercapillary glomerulosclerosis

· Most characteristic, but not diagnostic (amyloidosis)

· Acellular

· Located in mesangial/intercapillary regions of glomerular tufts

· Laminated appearance and are eosinophilic on H&E stain

· PAS+ and argyrophillic

· Almost always seen with diffuse intercapillary glomerulosclerosis

· Diffuse intercapillary glomerulosclerosis

· Expansion of mesangial matrix

· PAS+ and argyrophillic

· Diffuse and global

· Wrinkling and thickening of BM can be seen

· Capsular drop lesion

· Homogenous, waxy eosinophillic mass

· Appears to be located between BM and overlying parietal epithelium, but lesion is IN Bowman’s capsule

· Fibrin cap lesion

· Not pathognomonic (FSG, reflux nephropathy, GN, artiosclerosis)

· Eosinophillic, waxy structure located w/in lumen of one or more capillary loops

· Red on Trichrome stain

2) Know the characteristic vascular lesion in diabetic nephropathy

· Subintimal hyaline change affecting both afferent and efferent arterioles

3) Know the clinical presentation of diabetic nephropathy

· Preclinical - microalbuminuria

· Proteinuria (Nephrotic range in 10-15%)

· Hematuria

· Uremia

4) Know the definition of microalbuminuria

· Abnormal, but subclinical albuminuria

· 20 mcg/min, but < 200 mcg/min

5) Know the mechanism of thickening of the glomerular basement membrane and alteration of glomerular filtration barrier

· Increased collagen IV

· Increased laminin

· Decreased proteoglycans ( less negative charged ( increased permeability to cations

· Increased glomerular capillary pressure also increases permeability 

6) Know the hemodynamic change in diabetic nephropathy and its mechanisms

· Larger glomeruli and attendant microvasculature could reduce vascular resistance and increase the surface area for filtration

· Some hormonal aspects (elevated glucagons/growth hormone levels) could cause relaxation of renal vasculature

· Enhanced renal production of prostaglandin occurs

· ECF volume expansion is common in DM

· Atrial peptides contribute to renal vasodilation/hyperfiltration

· Elevated kinin

· Increased dietary protein intake may influence hyperfiltration

HIV-Associated Nephropathy (HIVAN)

1) Know the characteristics of HIVAN at the level of light microscopy

· Glomeruli

· FSG w/ hyalinosis

· Collapse of capillaries around mesangia

· Swelling of epithelial cells w/ accumulation of hyaline droplets in cytoplasm

· Dilation of capsular space containing cast-like material

· Tubule

· Dilation, flattening of epithelium, hyaline droplets, necrosis

· Eosinophillic casts containing IgA, IgG, IgM, complement, albumin, kappa, and lambda, No Tamm-Horsfall protein. Scalloped appearance at periphery of casts

· Interstitial nephritis

2) Both HAN and HIVAN show focal segmental glomerulosclerosis.  What are the differences between HAN and HIVAN clinically and at the level of electonmicroscopy?

· Tubular reticular inclusions are commonly seen in endothelial cells

· Cylindrical confronting cysternae in lymphocytes, macrophages, and endothelial cells

3) Know the prevalence of HIVAN in different groups of patients

· More frequent in blacks and drug abusers

Essential Mixed Cryoglobulinemia (EMC)

1) Know the age and gender of patients with essential mixed cryoglobulinemia

· Middle-age and female associations

2) Know the systemic symptoms associated with essential mixed cryoglobulinemia

· Dependent vascular purpura

· Raynaud’s phenomenon

· Arthralgias

· Weakness

3) Know the LM, IF, and EM findings

· Diffuse, proliferative, and exudative GN, sometimes accompanied by vasculitis 

· Large PAS+ proteinaceous deposits present in capillaries

· Subendothelial capillary deposits composed predominantly of IgG, IgM, and lesser amounts of C3 and fibrin

Thrombotic Microangiopathy (Hemolytic Uremic Syndrome and Thrombotic Thrombocytopenic Purpura)

1) What are the causes of HUS in children and adults?

· Children 

· Gastroenteritis (verotoxin producing E. coli)  

· Viral URTI

· Adults 

· Associated with complications of pregnancy or post-partum period

· Use of contraceptives / chemotherapeutic / immunosuppressive drugs 

· Systemic diseases such as scleroderma, SLE, and malignant HTN

2) Know the lab findings in HUS and TTP

· Microangiopathic hemolytic anemia

· Thrombocytopenia

· Increased numbers of reticulocytes

· Elevated bilirubin levels

· Reduced haptoglobin levels

· Elevated level of fibrin split products – less elevated in TTP

3) Know the possible pathogenesis of HUS and TTP

· Probably involves glomerular endothelial cell injury with subsequent fibrin deposition and thrombosis

· Decreased endothelial cell production of prostaglandin I2 and NO

· Release of endothelin

· Activation of endothelial cells, increasing their adhesiveness to leukocytes, contributing to thrombosis

4) Know the LM, IF, and EM findings in HUS and TTP

· Concentric cellular thickening of intima of arterioles and interlobular arteries

· Thickening of glomerular capillary walls by endothelial swelling

· Deposits of fibrin-related material in the capillary lumina, subendothelially, and in the mesangium.

· Intracapillary fibrin thrombi

· Sometimes cortical necrosis

5) What is the difference between HUS and TTP

· More common occurrence of TTP in young adults

· Fever is a more frequent manifestation of TTP

· Neurologic abnormalities that tend to predominate and cause death in TTP

· Lesser degree if renal involvement in TTP

· TTP has a worse prognosis than HUS

Urinary Infection

1) Know the pathogenesis of UTI (type of pili and receptors on uroepithelium)

· Type I Surface pili ( adhesin molecules bind to mannose on uroepithelium ( UTI ( stimulation of T-helper cells ( stimulation of phagocytes ( scarring and release of lysozyme

· Type P Surface pili ( adhesin molecules bind galactose ( pyelonephritis

2) What is the significance of a bacterial count over 100,000/mm3 in the urine?

· Indicates significant bacteriuria (fresh clean catch)

· Significant as well if <100,000/ml in certain situations

· From suprapubic aspiration

· Bladder catheterization

· Same species is repeatably isolated

3) What is acute urethral syndrome?

· Dysuria and frequency (?) in the absence of significant bacteriuria

· Common in young women and often caused by Chlamydia tracomatis
4) Know the route of infection of the urinary tract

· Gram(–) aerobic bacilli in perineal area ( urethra and urinary bladder by contiguity

· Antecedent structural damage to kidney or urinary tract ( passage of bacteria from gut to urinary passages by hematogenous or lymphatic route (less common)

5) Know the factors that are favorable for the development of UTI

· UNfavorable factors for bacterial growth in UT include:

· Urinary organic acid, acid pH

· Dynamic of urinary flow (washout)

· Antibacterial properties of lining membrane

6) Know the usual organisms in different clinical conditions

· Ascending infection

· E. coli

· Proteus

· Enterobacter

· Hematogenous infection

· Staphylococcus

· E. coli

7) Know the criterion for positive (bacterial) urine and definition of pyuria

· Positive bacterial urine: >20 obvious bacteria per oil field in centrifuged specimen

· Pyuria: >10 WBC/hpf

8) Know the incidence of URI in different age groups

· Newborn – Difficult to estimate, 1-2% by bladder puncture

· Preschool – Higher incidence in girls

· School age – Girls 1-2%, boys 0.03%

· Female incidence rises 1% per decade

· Elerly women – may be as high as 10%

9) Know the consequences of UTI in pregnant patients and newborns from mothers with UTI

· Incidence of bacteriuria is 2-6%

· Half of untreated women develop symptomatic UTI

· 25-30% develop acute pyelonephritis

· Higher incidence of low birth weights and stillbirths

· 2x incidence in perinatal death (42/1k), mostly when UTI present w/in 15 days of delivery

10) Know the complications of UTI

· Renal abscess – suspect when infection doesn’t respond to adequate UTI Rx

· Renal papillary necrosis – migration of necrotic material produces colicky pain

· Perinephric abscess – rupture of intrarenal abcess ( spread by hematogenous pathway ( fever and flank pain

11) Know the causes of papillary necrosis

· Severe pyelonephritis

· Obstructive nephropathy

· Analgesic nephropathy ( Necrotic papillae of different age

· Diabetes mellitus ( Necrotic papillae of same age

· Sickle cell disease

Acute Pyelonephritis

1) Know the gross and microscopic pathology of acute pyelonephritis

· Gross

· Kidney is enlarged w/ a bulging cut surface

· Yellow-white abscesses w/ hemorrhagic rim are mainly seen in the cortex

· Cortex shows large areas of acute inflammation

· Ducts may be filled with polymorphonuclear leukocytes ( obstruction

· Micro

· Parenchyma show patchy acute inflammation and necrosis, especially in the cortex

· PMNs, lymphocytes, plasma cells, and eosinophils may be present

· Papillary necrosis is seen mainly seen in diabetics and UTI

· FOCAL disease – extensive tracts of parenchyma show no inflammation

2) Know the causes of acute pyelonephritis

· Urinary obstruction

· Catheterization

· Vesicouteral reflux

· Pregnancy

· Preexisting renal lesions

· Diabetes mellitus

· Immunosuppression / immunodeficiency

3) Know the characteristics of pyelonephritic scars

· Seen on cortical surface as fibrous depressions

· Show atrophy of tubules, interstitial fibrosis, and lymphocyte infiltrate

· Almost always associated with inflammation, fibrosis, and deformation of underlying calyx and pelvis

Kidney Tumors of Infancy and Childhood

1) Nephroblastomas are most frequently seen in which age group

· Most common in ages 1 – 3

· Over 90% occur before year 6

2) Know the genes that are important in the pathogenesis of nephroblastoma

· 11p13

· 11p15.5

· 16q16

· Also abnormalities of chromosomes 1, 8, and 12

3) Know the cell components of nephroblastoma

· Triphasic pattern – blastemal, stromal, and epithelial cell types

4) Know the definition of anaplasia and the clinical consequences of cases associated with anaplasia

· Anaplasia

· Presence of multipolar mitotic figures

· Marked nuclear enlargement of affected nuclei (3x larger than normal)

· Anaplasia is consistently associated with poor prognosis when diffusely distributed

· Even when focal, anaplasia is a marker of increased resistance to therapy

5) Know the staging of pediatric renal tumors

· Stage I – Tumor limited to kidney

· Stage II – Tumor infiltrates beyond kidney, but can be completely excised

· Stage III – Residual nonhematogenous tumor confined to abdomen

· Stage IV – Hematogenous metastases

· Stage V – Bilateral involvement at diagnosis

6) Know the histology of clear cell sarcoma.  What is the most characteristic clinical behavior of clear cell sarcoma?

· Well defined margins, mucoid appearance

· Most commonly arises from medullary region

· Nests or cords of cells separated by vascular channels and spindle cells

· Numerous inTERcellular vesicles

· Nuclei show evenly dispersed chromatin

· Most characteristic clinical behavior is predilection for metastasis to bone and overall poor prognosis

7) Know the characteristics of rhabdoid tumor at the level of light and electron microscopies

· Sheets of large, loosely cohesive cells with acidophillic cytoplasm and distinct cell borders

· PAS+ hyaline inclusions tend to be clustered rather than uniformly distributed, and represent whorled intermediate filaments adjacent to the nucleus

8) Know the developmental disorders associated with nephroblastoma.  Is there any developmental disorder associated with clear cell sarcoma or rhabdoid tumor?

· Beckwith-Wiedemann Syndrome

· Gigantism

· Macroglossia

· Omphalocele

· Visceromegaly

· Denys-Drash Syndrome

· Pseudohemaphrodism

· Mesangial sclerosis

· WAGR Syndrome

· Wilm’s tumor

· Aniridia

· Genital anomalies

· Retardation

1) Acute Renal Failure

2) Know the urinary indices (FeNa, Renal failure index, osmolality, Na) in prerenal acute renal failure, acute tubular necrosis, and postrenal acute renal failure

· Oliguria – possible in all 3

· Polyuria – found in partial obstruction of urinary tract

· Osmolarity

· Most patients with intrinsic renal damage have < 350mOsm 

· Majority of patients > 500mOsm have prerenal ARF

· Urinary Na below 20mM and a RFI and FENa below 1% in oliguric patients suggests prerenal ARF

· Creatinine – ratio of urine/plasma concentration >40 strongly indicates prerenal ARF, while < 20 indicates intrinsic / postrenal ARF

· Urea – urine/plasma ratio >18 indicates prerenal ARF, while < 3 indicates intrinsic or postrenal ARF

· BUN

· BUN and creatinine increase proportionately during intrinsic renal disease

· Elevated BUN/creatinine clearance ratio suggests prerenal azotemia

· ATN associated with BUN/creatinine ratio < 10

3) Know the cause of prerenal, intrinsic, and postrenal acute renal failure 

· Prerenal ARF

· Cardiac causes – acute / chronic

· Volume depletion – GI or renal

· Redistribution of extracellular fluid

· Intrinsic ARF

· Glomerulonephritis

· Intrarenal vascular disease and certain coagulopathies

· Acute interstitial nephritis

· Acute tubular necrosis

· Postrenal ARF

· Ureteral/Pelvic

· Intrinsic obst. – blood clots, stones, sloughed papillae, & fungus balls

· Extrinsic obst. -  malignancy, retroperitoneal fibrosis, iatrogenic ligation

· Bladder – stones, blood clots, carcinoma, prostatic hypertrophy / malignancy, neuropathic

· Urethral – Stricture, phimosis

