URINANALYSIS
1. General

a. Used for any pt w/ suspected kidney dz as provides info on etiology
b. Clean-catch midstream collection
c. Process w/in an hour before contents degrade, or refrigerate to slow down
2. Physical

a. Color: yellow (nl), white (pus), red (blood), orange (bilirubin)
b. Appearance: clear (nl), hazy (cells/crystals), smoky (acute glomerulnephritis), foamy (proteinuria)
c. Specific gravity: measures concentrating and diluting ability of kidney, 1.003-1.035 (nl)
i. = weight of urine : weight of distilled water

ii. Depends on both # and weight of particles
1. High: dehydration, presence of HMW molecules (glucose, contrast dye)

2. Low: overhydration, diabetes insipidus

d. Urine osmolality

i. More precise than SG but more difficult, therefore, not routine part of UA
ii. Depends on # of particles only, thus HMW molecules will raise SG disproportionately more than osmolality
3. Chemical (dipstick)
a. pH: measures kidney’s ability to maintain proper acid/base balance
i. Western diet is high in protein ( metabolized to uric acid, thus acidic urine in many Americans
b. Protein

i. Normally…

1. Glomerulus does NOT allow albumin/HMW proteins to be filtered
2. LMW proteins are filtered at glomerulus, but are reabsorbed at proximal tubule

3. Majority of protein in urine is Tamm-Horsfall, which is secreted by tubules
ii. Proteinuria (>150mg/day)
1. Glomerular proteinuria: problem of GBM/filtration ( severe proteinuria (3+/4+)
2. Tubular proteinuria: problem of reabsorption by injured tubules ( mild proteinuria (1+/2+)
3. Overflow proteinuria: excessive protein production overwhelms the system (ex) Bence-Jones protein in MM
a. Dipstick less sensitive to BJ/light chains seen in MM, thus must rule out w/ electrophoresis

4. Dipstick only positive when proteinuria exceeds 250mg/day (thus early dz may not be caught)
c. Glucose: primarily seen in DM
d. Ketones: seen w/ low CHO diet, DKA, prolonged vomiting/diarrhea
e. Blood 
i. Detects both intact RBCs and free hemoglobin/myoglobin
ii. If gross blood but no RBCs microscopically, think intravascular hemolysis (free Hgb) or rhabodmyolysis (free myoglobin)
f. Bilirubin: primarily seen in obstructive jaundice
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Urobilinogen: primarily seen in hemolytic anemia
h. Nitrites: indirect test of bacteriuria (many orgs reduce nitrate to nitrite)
i. Leukocyte esterase: released by WBCs – if both nitrite/LE are +, strongly indicates UTI
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Microscopic exam
a. Cells (not normally seen)

i. RBCs: >3/hpf abnormal
ii. [image: image9.jpg]


WBCs: >5/hpf abnormal, predominantly neutrophils (larger than RBCs)
iii. Epithelial Cells: >5/hpf abnormal
Tubular – renal tubular injury, cells w/ large round nucleus
1. Transitional – inflammation of ureters or bladder 
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Squamous – vaginal contamination from poor sample collection
3. Oval fat body – nephrotic syndrome, intracellular fat/Maltese cross
b. Casts

i. [image: image11.jpg]


Always renal in origin
ii. Formed in lumen of tubules when Tamm-Horsfall proteins gels

iii. Other material gets trapped to form various kinds of casts

1. Hyaline casts: acellular, transparent, rounded edges

a. Can be present normally after exercise, deH2O
2. Waxy casts: acellular, opaque, indicates long-standing renal disease

a. “Broad casts” formed in hypertrophied/dilated tubules from chronic renal failure

3. RBC casts: hallmark of glomerulonephritis, hyaline cast + scattered RBCs, ALWAYS pathological
4. WBC casts: indicates acute inflammatory/infectious process (interstitial nephritis, pyelonephritis), neutrophils
5. Epithelial cell casts: indicates tubular damage (ATN)
6. Granular casts: fine indicates non-specific renal disease, course indicates ATN (muddy brown casts)
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Fatty casts: indicates nephritis, oval fat bodies w/ Maltese cross in polarized light

c. Crystals
i. Acidic urine: uric acid (diamonds), Ca oxylate (Xs), urate

ii. [image: image14.jpg]
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Alkaline urine: phosphate, triple phosphate (coffin lids), Ca carbonate

iii. Generally of limited clinical importance

1. Exception: cystine crystals (hexagons) indicate cystinuria, ALWAYS pathological
CONCENTRATION & DILUTION
1. Volume Balance

i. Na is main ECF cation, thus, ECF volume is proportional to Na content, assessed by physical exam

ii. Δs in Na content ( volume depletion/excess
iii. If pt presents w/ edema, pulmonary cracks, pleural effusions, implies high ECF and thus Na content is high
iv. If pt presents w/ hypoTN, dry membranes, implies low ECF and thus Na content is low
b. Total body water is inversely proportional to Na concentration (essentially osmolality) 
i. Δs in Na concentration ( water depletion/excess, aka dehydration/overhydration

ii. Pt can be (ex) hypoNa but w/ high Na content (i.e. H2O content is in excess of Na content)

iii. Osmolality is not always proportional to [Na]

1. Lab artifact: Na only dissolves in plasma water, but labs sometimes measure Na in total plasma.  If undissolved solids increase (hyperlipidemia, hypergammaglob), plasma water decreases ( artifactually low [Na]
2. Hyperosmolal hyponatremia: DM ( hyperglycemia, which acts as effective solute* ( water flows out of ICF ( diluted ECF and thus decreased [Na]
a. After correction of hyperglycemia, plasma Na is ( 1.6meq/L for each 100mg/dL glucose over 200mg/dL
b. (Ex) [Na]=125, glu=1100, thus corrected is 125+(1.6*9)=139
c. *Effective osmolality, a term synonymous with tonicity, is the portion of total osmolality that has the potential to induce a  transmembrane water movement. Substances (urea & ethanol) that easily cross cell membranes and contribute to measured osmolality, but not to tonicity, are called ineffective solutes. In contrast, effective solutes (Na and mannitol) are confined largely to the ECF and contribute to both measured osmolality and tonicity, movement is by NaK-ATPase

d. Situations

i. Infusion of normal saline: only increases ECF volume
ii. Drinks pure H2O: both compartments equilibrate at lower osmolality (b/c dilutes) & higher volume

iii. Ingests pure salt: Na stays in ECF ( higher osmolality & higher volume, ICF ( lower volume, thus higher osmolality too

2. Thirst

a. Water intake: mainly fluids vs water loss: urine & insensible losses (respirations, sweat)

i. Insensible losses = more fluid loss than Na loss, thus become hyperosmotic and fluids required to restore balance

b. Thirst increased by increased plasma osmolality of 2-3% via osmoR
i. OsmoR in hypothalamus ( ADH secretion from posterior pituitary (synth in supraoptic/paraventricular nuclei of hypothal)

ii. Point at which ADH secretion begins to rise is set point/osmotic threshold
iii. Slope at which ADH secretion rises is sensitivity – varies widely btw people
c. Thirst increased by decreased BP/blood volume of 10% via baroR
i. Low BP/blood volume also ( angioII release, which directly stimulates thirst
ii. BaroR in atria (low P) and aorta/carotids (high P) sense stretch and relay info via CN IX, X to medulla
1. Increased stretch (= increased BP/blood volume) ( less firing ( decreased ADH secretion and vice-versa
a. In CHF, this fails (due to atrial dilation/consequent increased stretch) ( inappropriate ADH secretion
3. ADH actions

a. Binds V2 R on basolateral membrane of principle cells of collecting duct ( adenylate cyclase* ( increased cAMP ( protein kinase* ( insertion of aquaporin 2 channels at apical membrane ( increased water reabsorption by principle cells ( []ed urine

i. Without AQ2, collecting duct is impermeable to water ( dilute urine and fluid loss

b. Stimulates NaK2Cl transporter in TALH ( increased solute reabsorption ( increased medullary osmotic gradient

c. Increases urea reabsorption by the medullary collecting duct

4. Countercurrent multiplier 

a. Allows separation of solute and water ( dilution/concentration of urine

b. Components

i. Descending limb: high water permeability but low solute permeability

ii. TALH: active solute reabsorption but impermeable to water
iii. Medullary interstitium: formation of gradient, most []ed at hairpin of loop of Henle
c. Depends directly on rate of solute reabsorption (TALH) and inversely to tubular fluid rate, vasa recta flow rate
d. Vasa recta runs parallel with LOH (descending limb gains solute from TALH, ascending gains H20 from DLH)
i. High permeability to both solutes and water

ii. Provides nutrients/oxygen to tubule cells

iii. Acts to prevent disruption of gradient established by countercurrent multiplier
iv. Enables recycling of urea from collecting duct to proximal tubule
1. Urea important when urine must be []ed, as it increases gradient and draws H20 out of tubules
5. Kidney can alter urine output btw 30L/day @ 50mOsm (no ADH) to 500mL/day @ 1500mOsm (max ADH)
a. Dilution: solute is [] in descending limb as H2O is reabsorbed, but solute is pumped out in TALH ( isosmotic fluid + NO ADH ( no reabsorption of H2O in collecting duct (plus more reabsorption of NaCl) ( hypoosmotic urine

b. Concentration:  above + ADH ( collecting duct permeable to H2O, which equilibrates w/ highly []ed medullary interstitium ( hyperosmotic urine
6. Quantitation
a. Psom = 2*[Na] + glucose/18 + BUN/2.8
b. Free H2O clearance: volume of urine that is solute-free after removal of urine that is isosmotic

c. CH2O = V - (Uosm * V / Posm )
i. If Uosm/Posm = 0, urine is isosmotic to plasma and no excess water is excreted (CH20 = 0)

ii. If Uosm/Posm > 0, urine is hyperosmotic to plasma and water is reabsorbed (CH20 < 0)

iii. IF Uosm/Posm < 0,  urine is hypoosmotic to plasma and excess water is excreted (CH20 > 0)
d. Healthy adult rids 600mOsm/day of metabolic waste – if isosmotic urine is 300mOSm, then 2000mL /day of urine is needed just to excrete the waste, anything extra is free H2O clearance (i.e. water balance is independent of solute excretion)

e. TBW = 0.6 * body mass (kg), normal is 42L
i. Of TBW, 1/3 is ECF + 2/3 is ICF and of ECF, ¾ is interstitial + ¼ is plasma volume

f. Normal TBW * normal Posm = abnormal TBW * abnormal Posm

i. (Ex) In a pt w/ hypoosmotic plasma (osm 250, plasma [Na] 117)), what is the excess body water?
1. 42L * 300mOsm = X * 250 mOsm ( X = 50.4

2. 50.4 - 42 = ~8L in excess, i.e. will need to excrete 8L solute free H2O to restore balance
7. Disorders of urine [] 

a. Pt can’t reabsorb water ( hypoosmotic urine w/ decrease in TBW
b. Sx: early – polyuria/polydipsia, late - volume depletion (low BP/high HR), confusion, coma if H2O not replaced 

c. Causes

i. Decreased proximal tubule reabsorption of H2O (ex) osmotic diuresis from hyperglycemia
ii. Decreased TALH reabsorption of solutes (ex) loop diuretics (inhibit Na pump), tubule damage (ATN)
iii. Decreased medullary interstitial gradient (ex) increased flow rate, insufficient urea, vasa recta damage (sickle cell)
iv. ADH derangements (ex) lack of secretion (central DI), tubular unresponsiveness (nephrogenic DI)
d. Decrease in TBW can ( hyperNa
i. Causes of isolated hyperNa (i.e. NOT due to renal H2O losses): thirst defc’y, inability to obtain water, hypertonic b-milk

ii. Can exist w/ low, normal, or high ECF volume (usually low)

1. Low ECF + high [Na] if GI losses, inability to drink water (esp if also diabetic osmotic diuresis)
8. Disorders of urine dilution

a. PT can’t rid body of water ( hyperosmotic urine w/  increase in TBW
b. Sx: brain edema ( HA, N/V, confusion, focal neuro signs, death from herniation

c. Causes

i. Decreased GFR (ex) renal failure, low CO
ii. Increased proximal tubule H2O reabsorption (ex) CHF, liver failure

iii. Decreased TALH reabsorption (ex) loop diuretics, thiazide diuretics, gluco/mineralocorticoid defc’y
iv. Increased permeability of collecting duct (ex) ADH despite hypoosmolality (hypoxia, hypercapnia, SIADH)
v. Inappropriate secretion of ADH (ex) CHF 
d. Increase in TBW can ( hypoNa
i. Causes of isolated hypoNa (i.e. NOT due to renal H20 retention): psychogenic polydipsia, abnormal osmoR, SIADH
ii. Can exist w/ low, normal, or high ECF volumes

9. Osmotic demyelination syndrome: permanent severe neuro impairment due to correcting plasma osmolality too quickly

10. Aquaresis: pure loss of water (vs diuresis, a loss of Na and water) possible via ADH antags
a. Spirobenzazipines block ADH binding at V2 R ( no reabsorption of water at collecting duct

b. Indicated if hypoNa + excess water, basically CHF
DIURETICS
1. Nephron segments
a. Proximal tubule

i. Reabsorbs majority of H2O, electrolytes, glucose, amino acid, bicarb 
ii. Na/H20 absorbed in equal proportions, i.e. water reabsorbed isoosmotically
iii. Urea is both absorbed and secreted

b. Thin descending limb

i. More reabsorption of H2O and urea 

ii. K recycling causes high K concentration at papilla (bottom of loop)

c. Medullary TAL
i. Active NaK2Cl reabsorption + always impermeable to water ( dilute filtrate + concentrated interstitium 
1. Solute reabsorption can be increased if necessary
ii. Major site for both urinary dilution and concentration
d. Cortical TAL
i. Active NaK2Cl reabsorption + always impermeable to water ( dilute filtrate ONLY 

1. Does not contribute to medullary interstitial gradient (duh, it’s in the cortex)

2. Again, solute reabsorption can be increased to a degree
e. Distal tubule

i. Only 5% of NaCl is reabsorbed, limited capacity to increase
ii. Any remaining bicarb is reabsorbed 

iii. 10% of filtered K is left

iv. Always impermeable to water ( dilute filtrate
f. Connecting tubule/collecting duct

i. Fixed reabsorption of 3% of filtered Na via ENaC
ii. Major site of K regulation – secretion/reabsorption maintains K homeostasis

1. Principal cell w/ (1) basolateral Na/K ATPase (K in) and (2) luminal K channels

2. Increased K secretion by principal cells via…
a. Aldosterone (MOA explained in K lecture, but basically, retention Na ( K secretion)
b. Increased lumen flow rate/Na delivery/luminal anions (lumen more (-), which favors K secretion)
3. Increased K reabsorption if K loss
iii. Permeable to water ONLY in presence of ADH
iv. Major site for both urinary dilution and concentration
g. Vasa recta: maintains medullary gradient, which allows fluids/solutes to be transported across medullary region w/o washout 
2. Drugs

a. All diuretics get rid of solute & water (vs aquaresis, which is water only)
b. Braking effect: eventually plateau b/c of increased stimulus for Na retention due to ECF volume contraction

i. MUST reduce Na intake to prevent high-volume/edematous state
ii. Other causes: volume contraction (stimulates ADH), decreased GFR (prevents adequate filtration), NSAIDs (-PG synth)
	DIURETIC
	MOA
	INDICATIONS
	SE / CONTRAINDICATIONS

	GLOMERULAR

Digoxin

Aminophylline

Glucocorticoids

Mannitol
	Increased GFR ( increase filtration of Na/H2O 
	
	Not potent enough to be use clinically for diuresis

	PROX TUBULE

*Acetazolamide
*Mannitol
	(-) carbonic anhydrase ( (-) HCO3 reabsorption/H secretion ( Na and HCO3 excretion
	Mild potency (downstream can absorb)
Also used for glaucoma, to alkalinize urine (cystinuria, uric acid stones)


	Increases urine bicarb ( alkaline urine

Normal anion gap M-Acid (loss of HCO3 in the urine + no H secretion)

Increases urine K excretion (bicarb anion holds K in lumen) ( hypoK

	LOOP

*Bumetanide

*Furosemide

Ethacrynic Acid

Mannitol
	(-) NaK2Cl transporter ( decreased reabsorption of Na/Cl/K (
1. more +lumen ( impaired paracell transport of Ca/Mg ( ( excretion 
2. decreased interstitial gradient ( less H2O reabs in CD (impaired [])

3. impaired dilution/free H2O gen

4. Δs in uric acid excretion

	Strong potency (downstream can’t increase their resorptive capacity)

DOC for pulm edema, renal failure, nephrotic syndrome
Also used for HTN, hyperCa, hyper-uricemia
Cause VENOdilation

	Volume depletion (hypoNa)
HypoK, hypoMg, hypoCa
M-Alk 
Ototoxicity 

	DISTAL TUBULE

*Thiazides

*Chlorthalidone

*Indapamide

*Metolozone


Mannitol
	(-) Na/Cl cotransporter ( increased excretion of Na/Cl 

B/c solutes stay in urine ( impaired dilution (no effect on [])
INCREASED Ca reabsorption (no Na stimulates basal Na/Ca exchange)
	Moderate potency

Adjunct to loop diuretics

Decrease free water clearance
DOC in mild HTN (( vol contraction + VASOdilation)
Also use for renal stones, D
	HypoNa (decreased free H20 secretion)

HypoK (most of all drugs)

Hypercalcemia
AIN hypersensitivity

	CD
*Spironolactone

*Eplerenone

*Amiloride

*Triamterene
	Aldosterone antags (-) basolateral Na/K ATPase of principle cell ( (-) Na reabsorption
Block ENaC ( (-) Na reabsorption so no Na for basolateral Na/K ATPase
	Mild potency
Adjunct to prevent diuretic-induced K losses

No effect on concentration/dilution
Spirono also used for hyperaldost
	HyperK
Gynecomastia (spironolactone)

Renal stones (triamterine)
ARF if use triamterene + NSAID

	OSMOTICS
Mannitol

Glucose
Urea

	LMW are freely filtered but not reabsorbed ( increased osm ( H2O (and thus Na) stay in lumen 
Increased flow in vasa recta ( wash-out ( ( interstitial gradient ( less H2O reabs in CD (impaired [])
Washout ( Na influx fro interstitium ( increased Na excretion
	Hi urine output w/ moderate Na loss 
Increased free water clearance

Used for cerebral edema, dialysis

 disequilibrium, intox
	CANNOT be used to treat edema (edema = expanded ECV, osmotics first pull water into ECV before the eventual desired result of removing it, exacerbating the problem)
CANNOT be used in anuric pt

 (they cant get rid of it, but they will get pulm edema from vol overload)
HyperNa (and hypoNa), hypoK


GLOMERULAR DZ - PATHOLOGY
1. [image: image16.jpg]


Definitions

a. Global glomerular involvement: majority of a single glomerulus is affected (<50% is segmental)
b. Diffuse glomerular involvement: majority of all glomeruli are affected (<50% is focal)
c. [image: image17.png]* Condition
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Non-inflamm dz: normal cellularity, +/- immune complex mediated
d. Inflamm dz: increased cellularity, +/- immune complex mediated
2. Anatomy
a. Capillaries: podocytes, GBM, fenestrated endothelium
b. Mesangium: modified smooth muscle cells found btw caps

c. Bowmans capsule: contains entire glom unit, space should be thin
3. 4 different clinical syndromes related to glomerular pathology (those below + asx)
	TYPE
	CLINICAL

	Nephrotic syndrome
   (non-inflamm)

DO NOT CAUSE ARF
	Marked proteinuria >3.5g/day
Marked peripheral edema (albuminuria ( decreased oncotic pressure)
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Lipiduria/hyperlipidemia (inappropriate liver lipoprotein production)
Hypercoagulability (due to lost anti-coag factors)
Increased susceptibility to infxn (due to lost Ig)

	Acute nephritic syndrome
   (inflamm)
	Hematuria/RBC casts
Mild proteinuria (<3.5)
HTN

	Acute renal failure
	Anuria/Oliguria + azotemia


a. Nephrotic Sydrome: nonspecific disorder in which damaged glomeruli leak large amounts of protein from the blood into urine 
b. 2˚causes must be ruled out, as tx of secondary can prevent/reverse renal complications
c. DDx differs based on age
i. Children 

1. 95% due to primary dz, minimal Δ dz most common (65%)
2. Secondary causes rare
ii. Adults
1. 60% due to primary dz, focal segmental sclerosis (blacks)/membranous GN (whites) most common (33% each)
2. Secondary causes include DM, SLE, amyloidosis

	Dz
	CLINICAL
	LM
	IF
	EM

	Minimal Δ dz

   (children)
	Selective albinuria (loss of negative charges)
?immune due to steroid responsive, assoc w/ HL,
   often post-URI
	Normal
	Negative
	Diffuse podocyte foot process effacement 

	Focal Segmental GlomeruloSclerosis  
   (adult blacks)
	Primary: idiopathic, steroid resistant, can ( CRF
Secondary: vicious cycle of damaged nephrons ( sclerosis of remaining (due to anything that reduces nephron #: unilat agenesis, DM/HTN ( scarring)
Collapsing: massive proteinuria, HIV/IVDA, quickly ( ESRD, increase Bowmans space
	Focal segmental sclerosis of capillary loops (pink collagen)
	Negative
	Diffuse podocyte foot process effacement

	Membranous GN
   (adult whites)
	Immune-complex mediated w/ Ab against podocyte cell membrane Ag (tIII, complement)
Px worsens if male, old, HTN, hi BUN/Cr at onset

Highly assoc 2˚ causes: colon cancer, hepB, auto-immune diseases (SLE, RA), meds
	Thick GBM w/ subepith spikes
(buildup of GBM around immune-complex)
	IgG and C3 (+)  in subepithelium 


	Immune complex deposition in subepithelium + thickening of GBM 
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4. Acute nephritic syndrome: inflamm disorder ( hypercellularity and blood in the urine
a. Can cause ARF

b. Think PHAROH = Proteinuria (<3.5/d), Hematuria, Azotemia, RBC casts, Oligouria, Hypertension
c. Secondary causes must be ruled out, as tx of secondary can prevent/reverse renal complications
d. Severe, rapidly progressing glomerulonephritis is aka crescentic GN due to characteristic histopathology
e. Ultimate outcome of lupus nephritis is bettter predicted by chronic changes present at biopsy, not by # active lesions

	Dz
	CLINICAL
	LM
	IF
	EM

	Membranoprolif GN Type I
	Often both nephritic (hematuria) + nephrotic (sig. proteinuria) sx
Immune complex mediated (Ag unknown)

Highly assoc 2˚ causes: hepB/C, SLE, alpha1 anti trypsin defc’y, paraneoplastic syndrome
	Hypercellular glom w/ cauliflower appearance
	IgG and C3 (+)  in mesangium and subENDOthelium
	Immune complex deposition in subendothelium + mesangium

	Post-strep GN
	2w s/p grpA b-hemolytic strep throat (or skin) infxn
Anti-Streptolysin O titers helpful for dx
Early in dz, C3/C4 markedly decreased
Children (95% recover spont)
Adults (60% recover spont, rest ( RPGN, CRF)
	Endo-capillary proliferation (caps w/ neutros)
	IgG and C3 (+)  ( lumpy-bumpy periph deposits
	Subepithelial  hump of immune complexes

	Lupus nephritis
	Immune complex mediated (auto Ab from SLE)

Various presentations, common factor is proteinuria
Must biopsy determine degree of damage
Prolif Δs: complex deposition ( complement* + WBC recruit (mesangial early, endocapillary late)

Membranous Δs: Ab against podo Ag w/ deposition in subepithlium
Tx: steroids, cycophosphamide
	
	Full house effect (+ for everything)

	Immune complex deposition in subepithelium
Tubuloreticular inclusions in cap endothelial cells

	Crescentic Forms of Glomerular Disease (RPGN) fit here too
	Also diseases that can cause ARF
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5. Asymptomatic hematuria/proteinuria: incidental finding due to abnormal dipstick

a. Progression to CRF/ESRD is most common w/ Alports > IgA nephropathy > thin BM disease

b. Currently no efficacious tx for any of them – if progresses too far, only option is renal transplant

i. Transplant in Alports can lead to type of GVH dz in which body rejects “foreign” isomer in transplanted kidney

	Dz
	CLINICAL
	LM
	IF
	EM

	IgA nephropathy (Berger’s disease)
	Most common, affects young/Native Americans
Often assoc w/ recent URI/GII

Mesangial IgA (serum galactose defc’y IgA1 ()
Intermittant micro or macro hematuria
	Mesangial HYPERproliferation
	IgA and C3 (+)  in mesangium
	Immune complex deposition in mesangium

	Alports syndrome
	Genetic defect in Type IV collagen

Hematuria, hearing loss, ocular defects

X-linked form is a-5 isoform defect, autoR is a-3/4
	negative
	negative
	GM thick with loose “basket weave” appearance

	Thin BM disease
	A similar to Alports, but different (unknown) defect
	negative
	negative
	GM thin  
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6. Acute renal failure due to GLOMERULAR diseases
a. Patho hallmark = crescent, prolif of cells w/in Bowmans space ( compression of glomerulus

b. Rapidly progressive GN (aka crescentic GN)
i. Type I anti-GBM: 
1. AutoAb attack BM antigen, if also attack lungs ( hemorrhage = Goodpastures syndrome
2. Pathology: crescents, linear IgA fluorescence, but no immune complex deposits on EM
ii. Type 2 immune complex mediated
1. Assoc w/ SLE, post-strep GN, membranoprolif GN, IgA nephropathy

2. Biopsy allows for rapid diagnosis so that underlying cause can be tx
iii. Type III Pauci-immune dz: 
1. Dz of exclusion, i.e. LACK of immune complexes/antiGMB Ab

2. Assoc w/ ANCA seen in some vasculitis
c. The other glomerulonephropathies covered above DO NOT CAUSE ARF, they are slowly developing dz
GLOMERULAR DZ - CLINICAL
1. Clinical signs of glomerular dz
a. Decrease in GFR

i. GFR = LpS * ((Pcapillary – Pbowman space) – (πcapillary)) and will decrease if…
1. Decrease in surface area/permeability (most common)

2. Decrease in glom capillary hydrostatic P

3. Increase in Bowmans space hydrostatic P

4. Increase in capillary oncotic P

ii. Ideal substances for GFR measurement = freely filtered, not reabsorbed, not secreted, easily measured, & constant [ ] 
1. Inulin is gold std but not easily measured 

2. Cr clearance most often used despite some secretion by proximal tubule (thus, over-estimation of GFR) 

a. SCr MUST be stable to be accurate (no significant Δs in muscle mass)
b. Measured 24hr urine collection is best, but concerns of compliance exist (often under-collection)

i. CCr = [Ucr/Pcr * Volume]/time

c. Can also estimatate GFR via Cockcroft-Groft equation
i. CCr = [(140-age)*(body mass in kg)] / (72*SCr)  - if female, multiply by 0.85
ii. Also MDRD equation, which additionally incorporates race
b. [image: image34.jpg]


Proteinuria

i. Filtration barrier = endothelial fenestrations, basement membrane, epithelial foot processes/slit diaphragm

1. Size selectivity: LMW molecules easily filtered vs HMW such as albumin
2. Charge selectivity: (-) charged heparan sulfate in BM repels (-) charged proteins such as albumin
ii. Nearly all filtered protein is reabsorbed in prox tubule, most of excreted protein is Tamm-Horsfall (via TALH)

1. Normal: <80mg/d

2. Proteinuria: >150mg/d
a. Nephritic: <3.5grams/d 

b. Nephrotic: >3.5grams/d, essentially dx of glomerular dz
iii. Proteinuria is often earliest feature of glomerular dz
iv. Dipstick is sensitive mainly to albumin (not to BJ protein of MM) + only positive if proteinuria is >250mg/d
c. Hematuria

i. Due to break or gap in glomerular capillaries

ii. RBCs can come from anywhere in UT but casts dx of glomerular dz
1. Strongly indicative of nephritic syndromes, esp if assoc w/ proteinuria and WBCs

2. Red/brown if gross blood  vs  smoky if microscopic RBCs 

d. HTN/edema

i. Either by Na/H2O retention or RAS activation
ii. 3 causes

1. Acute glomerular disease: decreased GFR ( enhanced Na/H2O reabsorption

2. Advanced glomerular disease: severely decreased GFR outweighs damaged tubules inability to fully reabsorb
3. Nephrotic syndrome: underfill (dec oncotic pressure) and overfill (Na/H20 retention) theories
e. UA abnormalities

i. Differentiates nephritic vs nephrotic diseases
1. Nephritic: proteinuria <3.5g/d, hematuria (esp RBC casts), WBCs

2. Nephrotic: proteinuria >3.5g/d, oval fat bodies/fatty casts (maltese cross)
2. Clinical classifications (differ from pathological classifications!)
a. Acute glomerulonephritis
i. Clinical: sudden onset (hours/days), nephritic urine (RBC casts dx), increased BUN/SCr, +/- oliguria/HTN/edema
ii. Causes: infxn (post strep), systemic (SLE, HS purpura, Goodpastures), 1˚ glom (IgA nephropathy, memb-prolif GN)

iii. Dx: hx, characteristic biopsy findings (see above lecture)

b. Rapidly progressing glomerulonephritis

i. Clinical: insidious onset (weeks/months), nephritic urine, w/o tx ( ESRD

ii. Causes: 

1. Type I: anti GMB, if lung hemorrhage, Goodpastures

2. Type II: IgA, post-strep, memb-prolif GN, SLE

3. Type III (Pauci-immune): Wegeners, microscopic polyangitis

iii. Dx: via serological tests to r/o various causes and if necessary, biopsy

1. (ex) 

a. +ANCA limited to kidney = MP  vs  +ANCA w/ lung granulomas = Wegeners

b. anti GMB Abs but no lung hemorrhages = anti GMB dz

c. anti ds DNA Ab = SLE 

2. Complement levels can also help differentiate
a. LO: post strep GN, memb-prolif GN, SLE, endocarditis, cryoglobulinemias, shunt nephritis
b. Nl: Wegeners, HSP, Goodpastures, anti GBM, IgA nephropathy, Pauci-immune

c. Chronic glomerulonephritis

i. Clinical: progressive loss of renal fxn (years) + persistently abnormal UA

ii. Causes: most forms of glom dz which progress

iii. Dx: non-specific but proteinuria, RBC/RBC casts, HTN, broad (waxy) casts, increased BUN/SCr

	
	GLOMERULONEPHRITIS
	INTERSTITIAL NEPHRITIS

	Proteinuria
	>3g/d
	<1.5g/d

	Sediment
	RBC/RBC casts
	Sterile pyuria

	Na handling
	Normal
	Salt wasting

	Acidosis
	Normal Cl
	Elevated Cl

	Urine volume
	Normal
	Dilute

	K handling
	Normal
	Type IV RTA

	HTN
	Common
	Less common


d. Nephrotic syndrome

i. Clinical: nephrotic urine plus…
1. Hypoalbuminemia due to livers inability to compensate for urinary loss
2. Pitting edema (legs, periorbital) due to underfill (hypoalbumin ( lo oncotic P) or overfill (Na retention)
3. Hyperlipidemia due to diminished catabolism and increased synth (revved up liver)
4. Hypercoag (esp if membranous GN): urinary loss antiTHB/plasminogen ( hypercoag ( DVT/RVT/PE

5. Endocrine abnormalities: urinary loss of thyroid hormone/TBG and vitDBG, check levels!

6. Infxn: urinary loss of Ig ( increased susceptibility

7. Protein malnutrition: negative N balance due to loss of lean body mass

ii. Causes: 1˚ glom dz (dx by biopsy), SLE/DM/amyloid, infxn, meds, cancer, familial dz (SS, Alports)
1. Primary causes include minimal change, FSGS, membranous GN
2. For all, podocyte effacement ( loss of filtration barrier ( massive proteinuria

e. Asymptomatic
i. Clinical: proteinuria/hematuria, NO edema/HTN, normal GFR but can progress so must be followed closely
ii. Causes: IgA nephropathy , Alports, benign familial hematuria, DM

iii. Dx: incidental finding

TUBULOINTERSTITIAL DZ - PATHOLOGY
1. Acute tubular necrosis (see ARF lecture)
a. Major cause (75%) of acute renal failure

b. Cell injury via ischemia (hemorrhage/burns/sepsis) or toxic (aminoglycosides/Hg/contrast) ( loss of fxn 
i. Cells can be injured/nonfxn’al without actually being necrotic

ii. If tubule BM stays intact, regeneration/recovery is possible

iii. Both direct + indirect damage (VC, obstruction by necrotic cell casts, backleak of filtered urine all ( decreased GFR)
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Pathology

i. Injury: loss of brush border, vacuolization, tubule dilation

ii. Necrosis: cells slough leaving bare BM 
2. Acute tubulointerstitial nephritis
a. Another cause of ARF

b. Type IV hypersensitivity ( inflamm of both interstitum and tubulues

i. Glomerulus is largely spared, so no HTN/significant proteinuria

ii. Fever, rash, urine eosinophils
c. Most common cause is drug reaction: beta-lactam abx, sulfonamides, NSAIDS, diuretics
i. Also due to systemic dz (SLE) + systemic infxns (esp grpA step, due to Ag deposition)
3. Acute pyelonephritis

a. Infxn of renal parenchyma, almost always due to ascending UTI (e.coli, other gut orgs)

i. Other causes = hematogenous spread due to sepsis, infected emboli from heart valve

ii. Risk increased if urine flow is obstructed – incomplete voiding (DM), BPH, pregnancy, caths, immunoθ, VUR
1. Vesico-ureteral reflux: usually due to anatomical nuanes (ex) ureter is perpendicular to bladder

2. [image: image36.jpg]


Candida/CMV only seen in diabetic or immunoθ pts

iii. Age/sex important in determine who gets UTIs
1. If <1y, think male baby w/ congenital abnormality

2. If 1-50y, think females (8x more) due to short urethra, trauma from sex

3. If >50y, think old man w/ prostatic hyperplasia
b. Most common complications is papillary necrosis
i. PN triad: acute pyelonephritis, urine obstruction, vascular compromise
ii. Also pyonephrosis (bag o pus), perinephric abscess (breaks through capsule)
c. Pathology
i. Gross: microabcesses, streaks of pus

ii. Micro: neutrophils, tubular destruction (gloms spared)

4. Chronic pyelonephritis

a. Recurrent bouts of acute infxns ( inflamm ( tissue damage and scarring
b. Pathology

i. Gross: extensive scarring, asymmetric, cut surface shows dilated/thickened pelvis and calyces, cortical thinning
ii. Micro: nonspecific, dx depends on gross
	
	GN
	ATIN

	Urine Protein
	>2g/day
	<2g/day

	Fever/rash/eosinophilia
	-
	+

	HTN
	+
	-

	Nephrotic syndrome
	+
	-

	Acidosis/hyperkalemia
	-
	+

	Papillary necrosis
	-
	+

	Urinary sediment
	RBCs/RBC casts
	eosinophils


ACUTE RENAL FAILURE
1. Acute decrease in GFR ( renal dysfxn ( increase SCr/BUN
a. Classify by urine volume

i. Anuria <50cc/d
ii. Oliguira  <400cc/d
iii. Non-oliguria >400cc/d (majority of pts, thus oliguria does not define ARF)
2. Causes
a. Pre-renal
i. Most common cause of ARF

ii. Due to decreased perfusion of kidneys ( decreased GFR
1. (Ex) hypovolemia, hypotension, vasodilation, low CO, drugs impairing autoregulation (NSAIDs, ACE-)

iii. Tubular fxn is normal, thus Na/H20 reabsorption will increase to restore volume ( oliguria

iv. Early tx of the underlying cause will restore renal function to normal

1. Prolonged pre-renal failure (  ATN 
b. Renal ARF

i. Due to damage of the renal parenchyma itself

ii. Causes
1. ATN (most common cause)

a. Necrosis of the renal tubule, esp prox tubule and TALH (glomulerus is unaffected)
b. Triggered by ischemia/toxins 
i. Ischemia ( ATP depletion ( increase intracell Ca ( ROS generation upon reperfusion
1. ATP depletion disrupts actin cytoskeleton, then everything goes to shit

a. Loss of polarity ( impaired solute transport (NaK ATPase becomes apical)

b. Impaired cell adhesion/brush border breakdown ( tubular obstruction

c. Impaired tight jxns ( backleak of filtrate

ii. Toxins can be endogenous (ex) Hg/Mg or exogenous (ex) AMGs, NSAIDs (see drug lecture)
c. Pathogenesis

i. Ischemia/toxins ( tubular injury + inflamm + hemodynamic dysfxn ( decreased GFR

1. Tubular injury: cells are sloughed from BM ( backleak (thus, the increase in SCr) and obstruction ( decreased GFR

2. Inflamm: exacerbates tubular injury and hemodynamic abnormalities

3. Hemodynamic dysfxn: endothelial cell injury ( decreased NO ( VC ( decreased GFR

a. Hypoxia also ( tubular injury as described above
d. 3 theories to explain development of ATN

i. Vascular: afferent arteriolar VC ( decreased GFR

ii. Glom permeability: mesangial contraction ( less SA for filtration ( decreased GFR

iii. Obstruction: increases tubular P which opposes filtration ( decreased GFR
e. Pathology

i. Muddy-brown granular casts
ii. Sloughing, muffled brush borders, naked basement membrane
2. Vascular disease

a. Large vessel disease (renal artery/vein thrombosis, embolism)

b. Small vessel disease (SLE, scleroderma, malignant HTN, TTP, HUS)
3. Glomerular disease
a. Only some assoc w/ ARF (the RPGNs…type I/II/III, see glomerular path lecture)
4. Acute interstitial nephritis

a. Inflammation of the renal interstitium
b. Causes

i. Drug induced – look for eosinophils (allergic rxn)
1. Pencillin, sulfonamides, NSAIDs
ii. Infection – look for WBC casts
1. Pyelonephritis

iii. Intra-renal obstruction

c. Post-renal ARF

i. Usually due to obstruction ( increased tubular P ( decreased GFR
ii. To be clinically significant, must be bilateral blockage unless the pt only has single kidney or effectively does (CKD)

iii. Always suspect in anuric pt

1. If young – congential abnormality

2. If older male – prostatic enlargement
3. Dx (goal is to determine whether pre/post/reanl cause)
a. Hx: antibiotics, drugs, recent contrast, MI, sepsis, protracted V/D, stones?
b. PE: volume status via orthostatics, pelvic/rectal exam, enlarged bladder on percussion
c. Plain film of abdomen r/o stones, US r/o hydronephrosis
d. Urine specimens need to be obtained prior to diuretic admin!! (diuretics affect tubular fxn ( invalid results)

i. Urine volume: always consider obstruction if anuric
ii. UA: RBC cast (acute GN), muddy brown granular cast (ATN), benign (most likely pre-renal)
iii. Blood/urine indices can distinguish btw pre-renal and renal causes
1. If re absorb Na/H20 normally, it’s pre-renal (if renal, parenchyma destroyed and reabsorption cannot happen) 
	
	PRE-RENAL ARF
	RENAL ARF (ATN)

	Urine Na
	<20
(Na reabsorbed to increase volume)
	>40

	Urine Osm
	>500
(H20 reabsorbed to increase volume)
	<350

	Urine Cr : Plasma Cr 
	>40
(kidney can still adequately excrete Cr)
	<20

	Renal Failure Index (UNa/(Ucr/Pcr))
	<1
	>2
(HI is bad, means Na is not being reabsorbed)

	Urine sediment
	Benign
	Abnormal
(muddy brown casts, tubular epithelial cells)


4. Three phases in clinical course
a. Initiation: entering ATN, still reversible, lasts min-hrs
b. Maintenance: irreversible, lasts ~2wks

c. Recovery: gradual improvement in renal fxn as indicated by increased urine output/decreased SCr & BUN
5. Poor px factors: elderly, oliguric, infection (leading cause of death), GI bleed, trauma setting, devel’p 2nd episode of ATN

6. Tx
a. Reversal – generally possible if pre-renal or obstructive cause

b. Restore Na/H20 balance – normally ARF is catabolic, thus if no weight loss, pt may have edema

c. Decrease serum K – if oliguric, not excreting K ( hyperK ( arrhythmias (tx in K lecture, ex: Kayexalate, Ca gluconate, bicarb)

d. Metabolic acidosis common

e. Avoid foleys b/c common route of infxn
f. Dialysis – indications include hyperK, fluid overload, GI bleeding, uremic sx, certain toxins (methanol, ethylene glycol)
CHRONIC RENAL FAILURE
1. Causes of ESRD include uncontrolled DM > HTN > GN
2. Progressive loss of nephrons ( azotemia (biochemical derangements), which if untx’ed ( uremia (clinical sx appear)

a. Loss of nephrons means remaining nephrons must compensate by increasing their GFR
i. “Reserve” is eventually exceeded and SCr/BUN begin to rise

ii. Hyperfiltration itself ( more nephron loss by ( cell injury/sclerosis, thus another freaking vicious cycle to remember
b. Stages

i. Decreased renal reserve (seen in healthy older adults, asymptomatic)

ii. Azotemia (moderate CKD, stages 3-4)

1. Elevations of BUN and Cr
2. Less ammonium excretion ( normal AG M-acid
3. GFR < 60mL/min

iii. Uremia (severe CKD, stage 5)

1. Elevations of BUN and Cr
2. Retention of PO4/SO4 ( AG M-acid
3. GFR < 15mL/min

4. Symptomatic: CNS changes, edema, anorexia/N/V

5. Fatal w/o dialysis or transplantation 

iv. ESRD aka failure
1. GFR <10, absolutely fatal if not tx’ed with transplant or dialysis
c. Recognition of CRF is via SCr (used as estimate of GFR), as levels don’t change unless Cr clearance does

i. Exceptions: changes in body mass, Cimetidine (inhibits Cr secretion)

ii. Calculated via Cockcroft-Gault:  Cr clearance = [(140-age)*(wt in kg)] / (72*SCr), multiply by 0.85 if female

d. Biochemical derangements

i. Na: low GFR ( loss of flexibility in maintaining ECF volume, thus gradual changes in dietary Na are necessary

ii. H20: isothenuria (Uosm = Posm) and loss of ability to [ ]

iii. Acid/base: described above + excess acid buffered by bone ( bone dz
iv. K: kidney can’t exrete ( increases in uptake by muscle, secretion by gut, increased single nephron K secretion

1. HyperK always appears late (due to M-acid, decreased # nephrons)

2. If hyperK early, most likely due to DM, meds

v. P: excreted mainly by kidney, thus CKD ( less excretion and hyperP ( PTH secretion ( bone resorption + ?P excretion

1. Tx hyperP by dietary restriction or P-binder ( decrease PTH ( less bone resorption

vi. Ca: damaged kidney can’t produce active VitD ( less Ca absorption ( hypoCa ( PTH secretion ( bone resorption

e. Clinical sx

i. Metabolic
1. Uremic toxins reduce heat production ( hypothermia
2. Increased insulin resistance ( hyperK, hyperglycemia

3. Increased PTH ( bone dz
4. Decreased testosterone/LH surge ( sexual dysfxn
ii. Osteodystrophy

1. Decreased VitD ( hypoCa ( increased PTH ( bone resorption/demineralization
2. HypoCa tetany NOT seen in uremia pts b/c concurrent acidosis ( H/Ca exchange w/ increase ionized Ca
iii. Heme/immuno
1. N/N anemia due to low EPO production by damaged kidney
2. Hypocoaguability due to plt dysfxn, tx w/ DDAVP

3. Immunosuppression

iv. CV
1. Low GFR ( Na/water retention ( HTN
2. Uremia ( serositis ( pericarditis
3. Hi plasma vol + anemia ( increased work load on heart ( CHF
v. Neuro: range from distal neuropathes (restless leg syndrome, parasthesias) to uremic encephalopathy

vi. Derm: pruritis, calcifications in cornea/conjunctiva, altered skin pigmentation

vii. GI:  increased gastrin ( GI bleed
3. CRF vs ARF
a. By def, CRF must have kidney damage >3mo 

b. Other indicators that its CKD
i. Prior elevations of SCr
ii. Small kidneys (also use U/S to r/o obstruction)
iii. Radiographic bone dz (CRF ( no 1-OHase ( no VitD ( less Ca absorption ( hypoCa ( high PTH ( bone resorption)
iv. Waxy broad casts
c. Absence of anemia suggests acute process (but presence doesn’t mean it’s chronic)

d. Once acute processes are ruled out, UA can help determine etiology

	
	GLOMERULONEPHRITIS
	INTERSTITIAL NEPHRITIS

	Urine protein
	>3g/d
	<1.5g/d

	Sediment
	RBCs/RBC casts
	WBCs (sterile pyuria)

	Urine volume
	normal
	[ ] problem

	Na handling
	normal
	Na wasting

	Acidosis
	normal Cl
	hyperCl

	Uric Acid
	slightly high
	VERY high

	HTN
	COMMON
	uncommon


4. Regardless of cause, the rate of progression is accelerated by…
a. HTN, which increases intra-glomerular pressure ( sclerotic damage

b. Proteinuria, which is toxic to tubules ( cell death
5. Management
a. Control diabetes & HTN!!!
b. Tx reversible causes: volume depletion, infxn, obstruction, nephrotoxic drugs, pregnancy

c. Autoregulation is lost w/ renal damage, thus must use caution w/ certain drugs which can limit it (diuretics, NSAIDs, ACE(-))

d. ESRD therapy (i.e. conservative measures have failed)
i. Hemodialysis

1. Cleans blood by passing it through a machine that uses diffusion to filter chemical derangements and toxins

2. 4 hrs, 3x/wk

ii. Peritoneal Dialysis

1. Infuses new fluid into peritoneal cavity, peritoneum acts as membrane ( diffusion of toxins/solutes for removal r

2. 4-6x/day, ambulatory method w/ no machine or machine does it while sleeping
iii. Indications 

1. Fluid overload, hyper K, hyperP that cannot be managed appropriated w/drugs

2. M-Acid
3. GFR <10 (<12 in diabetics)

4. Uremic sx
iv. Renal transplantation

1. Not a cure, but closer to normal renal fxn than w/ dialysis

a. Improves QOL, decreases mortality, and cheaper 

2. Anti-rejection medications are a must, but impairs ability to fight infection/malignancy
3. Absolute contras: active infxn (HIV/diabetic ulcers), poor candidate, recent malignancy, hypercoaguable
ACID BASE DISORDERS

1. Definitions

a. Acidemia (plasma pH <7.40) OR alkalemia (plasma pH >7.40)
b. Acidosis (process which can ( acidemia) OR alkalosis (process which can ( alkalemia)
c. Metabolic (primary change in HCO3, i.e renal cause) OR respiratory (primary change in pCO2, i.e. lung cause)
2. HCO3/CO2 buffer system
a. Primarily buffers ECF (blood is buffered by Hgb)
b. H + HCO3 (+ carbonic anhydrase) ( H2CO3 ( CO2 + H2O

c. Henderson-Hasselbach: pH = 6.1 + log (HCO3/0.03*pCO2)
i. Any increase in bicarb OR decrease in pCO2 ( increase pH (alkalosis)

ii. Any increase in pCO2 OR decrease in bicarb ( decrease pH (acidosis)
3. Acid production

a. Volatile acid (CO2) is end-pdt of fat/CHO metabolism and is blown off by the lungs (so kidney doesn’t have to deal w/ it)
i. Metabolism of anionic amino acids and organic anions ( HCO3, which is also converted to CO2 and blown off
b. Non-volatile acid (sulfuric, HCl) is end-pdt of sulfur-containing and cationic amino acids and is excreted by the kidneys
i. Net non-volatile acid is about 70mmol/d, which is buffered by HCO3, thus a bicarb is consumed & must be replaced
4. Acid excretion 

a. To maintain acid-base balance, kidneys must do 3 things
i. Excrete the same amount of non volatile acid that was produced…
ii. …which generates a new HCO3 for each bicarb consumed by buffering the non-volatile acid

iii. Reclaim ALL filtered HCO3 (it’s freely filtered at glomerulus)

b. Kidney secretes H+ both to reabsorb HCO3 and to titrate nonvolatile acids (more on this later)
c. H+ secretion vs excretion

i. Total H secreted = HHOC3 + HNH4 + HTA
ii. Net H excreted = V(UNH4 + UTA – UHCO3)  (since HCO3 is reabsorbed and not excreted, its subtracted, usually negligible)
5. H secretion depends on nephron segment
a. Prox tubule: carbonic anhydrase converts intracellular CO2 + H20 ( H + HCO3

i. H is secreted into tubular lumen via Na/H ATPase 

1. Secreted H joins w/ filtered HCO3 in lumen, then apical membrane CA converts back to CO2 + H20

ii. HCO3 is absorbed into blood via Na/3bicarb co-transporter or Cl/bicarb exchanger
1. The bicarbs are different - one is filtered from glomerulus it is “lost” as it joins with H+, the other is synth de novo intracellularly and is absorbed into blood, thus no bicarb are gained, just reclaimed
b. TALH: similar to prox tubule, just to lesser extent 

c. Distal tubule/CD: main site of acid regulation
i. alpha-intercalated cells: apical H ATPase (or H/K ATPase exchanger) that actively secretes H into an acidic tubule

1. Secreted H+ joins w/ non-bicarb buffers (phosphate or ammonia) ( acid excretion

2. Intracellularly synth bicarb is absorbed ( NEW bicarb 
3. NH4+, produced by glutamine catabolism, is key point of regulation for bicarb absorption and H+ removal 

ii. beta-intercalated cells: very few, secrete HCO3 if alkalotic, thus H ATPase on basolateral side

6. NH4+ production and excretion
a. Glutamine metabolism in prox tubule ( NH4+, which is secreted into tubule (catalyzed by glutamine deamidase)
i. Acidosis and hypoK stimulate glutamine deamidase ( increased NH4 ( increased bicarb absorption and H+ secretion
b. Reabosrbed in TALH, accumulates in interstitium, secreted into CD as NH3, where it joins w/ H+ & is excreted (diffusion trapping)
7. Regulation of bicarb

a. Volume depletion ( increased HCO3 absorption

i. Low Na ( maximal prox tubule Na reabsorption ( increased H secretion and HCO3 reabsorption

1. Kidney will always regulate BP first, thus, fixing volume status might unfavorably lead to metabolic alkalosis
b. M/R acidosis ( increased H secretion and HCO3 reabsorption 
c. Aldosterone ( increased H secretion and HCO3 reabsorption
i. Directly stimulates H secretion by a-intercalated cells

ii. Indirectly stimulates via principle cells, more Na reabsorption ( more (-) lumen ( increased H secretion
d. Increased angII ( increased Na/H exchanger ( increased H secretion and bicarb reabsorption (also acts indirectly via aldosteron)
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Defense against acid/base disorders
a. Intracellualar/extracellular buffering (immediate)
b. Respiratory compensation (min-hrs)
i. Acidosis: increased H ( increased pCO2 ( hyperventilation to blow-off excess H
ii. Alkalosis: decreased H ( decreased pCO2 ( hypoventilation to hold on to H
c. Renal compensation (hrs-days)
i. Acidosis: increase H secretion, increase HCO3 reabsorption, increase NH4 excretion
ii. Alkalosis: opposite + beta-intercalated increase HCO3 secretion
9. Simple acid-base disorders

a. Normal values: pH = 7.40, [HCO3] = 25, pCO2 = 40

b. Trick! M-acid, all are down, m-alk, all are up, compensation is in same direction as problem
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c. If compensation is inappropriate or insufficient, think mixed disorder
d. Compensation formulas
i. M-acid: drop in pCO2 should be between 1 and 1.3 * the drop in [HCO3]

ii. M-alk:   rise in pCO2 should be between 0.5 and 1 * rise in [HCO3]

iii. R-acid
1. Acute: rise in [HCO3] = rise of 1 mmol/L for each 10 mmHg rise in pCO2

2. Chronic: rise of 3.5mmol/L for each 10mmHg rise in pCO2
iv. R-alk
1. Acute: fall in [HCO3] = 2 mmol/L drop for each 10mmHg fall in pCO2

2. Chronic: fall in [HCO3] = 5 mmol/L drop for each 10mmHg fall in pCO2
10. Metabolic acidosis

a. Differential is based on plasma anion gap
i. pAG = pNa –(pCl + pHCO3), normally 8-12

1. Increased AG: addition of a base that the formula does not account for, (ex) keto-acids

a. Acid will still be buffered by bicarb ( decrease HCO3 ( increased AG 
b. Ddx: DKA (or starvation/EtOH), lactic acidosis (sepsis, metformin), renal failure, ingestions of salicylic acid (aspirin), methanol, ethylene glycol
2. Normal AG: loss of HCO3 or addition of HCl
a. Acid will still be buffered bicarb ( decrease HCO3 AND gain Cl ( no change in AG

b. DDx
i. Non-renal causes: diarrhea (loss of HCO3 in stool, and incidentally, K), uretetosigmoidostomy
ii. Renal causes: RTA (can’t acidify urine), carbonic anhydrase (-) 
1. RTA type I: distal tubule defect, can’t increase NH4 secretion, low uAG, high urine pH
2. RTA type II: proximal tubule defect, can’t reclaim filtered HCO3, normal uAG
iii. Other: parenteral nutrition

b. If normal AG, use urinary AG to determine if the problem is RTA type I or non-renal

i. uAG (i.e. uNH4) = uNa + uK – uCl, normally -20 to -40

1. If someone has M-acid, normal response is to excrete more acid (NH4), thus uAG should become MORE negative
a. If uAG is more negative = appropriate response and pt’s kidneys are fine = non-renal cause

b. If uAG is less negative, zero, or positive = inappropriate response, i.e. can’t excrete acid = RTA

11. Metabolic alkalosis

a. Generation phase (excess lose H or Cl) ( maintenance phase, in which kidney cannot correct M-alk due to overriding factors
i. Volume depletion (most common): kidney attempts to restore volume by max reabsorbing Na ( increased H secretion

ii. Cl loss from vomiting: loss of anion ( reabsorption of HCO3- in it’s place

iii. HypoK: stimulates glutamine deamidase ( increased NH4 production ( increased net acid excretion
b. Differential is based on urinary Cl
i. Saline responsive: low ECF, low Cl (<20mM)

1. Vomiting due to generation (HCl loss) and maintenance phase (decreased ECV, increased aldosterone)

2. Stopped diuretics

3. Post hypercapnia (ex) asthma attack w/ prolonged hyperventilation ( loss of H as it’s blown off
ii. Saline unresponsive: normal/high ECF, high Cl
1. Excess mineralcorticoid/Cushing’s syndrome

2. Severe K depletion ( increased NH4 production

3. Excess alkali intake

12. Method of dx
a. Dx type: academia or alkalemia?
b. Dx cause: metabolic or respiratory acidosis? (ex) if pH 7.3, then it’s either due to low HCO3 (M) or high pCO2 (R)
c. Dx compensation: appropriate or not?  If inappropriate, there is more than one primary disorder
d. Calculate plasma anion gap FOR EVERY PT, whether or not they have metabolic acidosis
e. Calculate urine anion gap if plasma anion was normal, to determine etiology

CALCIUM DISORDERS
1. Homeostasis
a. Major divalent cation in the body

b. 99% stored in bones, remaining 1% in EC/IC spaces
c. Plasma Ca

i. 40% albumin bound, 10% is complexed to anions, 50% of calcium is ionized (active form)
ii. Increases/decreases in TOTAL Ca ( hyper/hypoCa, but its the Δs in ionized Ca that causes sx (thus, tight regulation)
2. Effect of pH
a. Acidosis ( high [H] displaces Ca from anions ( increased ionized Ca w/o a change in total Ca 
b. Alkalosis ( low [H] exchanges anion-bound H for Ca ( decreased ionized Ca w/o change in total Ca 
3. Effect of albumin
a. Hypoalbuminemia ( low albumin-Ca levels, but complexed and ionized Ca levels remain constant

i. Thus, total Ca drops but physiologically active form remains steady, no sx so don’t treat w/ Ca
ii. If the Ca level is low, always measure albumin level (corrected Ca = serum Ca + 0.8 * (4g/dL – serum albumin))
4. Hormones

a. PTH

i. Produced by chief cells of PTH gland

ii. Stimulated by hypoCa
iii. Net effect: increased serum Ca + decreased serum P
1. @ kidney, increased Ca reabsorption + PO4 excretion ( increased serum Ca + decreased serum P
2. @ bone, increased bone resorption by oCl ( increased serum Ca + increased serum P

3. @ intestine, stimulates 1-OHase in kidney ( 25 to 1,25-OH Vit D3 (
a. Increased intestinal Ca/P absorption ( increased serum Ca + increased serum P 
b. Increased bone resorption ( increased serum Ca + increased serum P
b. 1,25 OH Vit D3 (calcitriol)

i. Synth in skin by UV exposure, then to 25-OH VitD3 in liver, then to 1,25OH VitD3 in kidney
ii. Stimulated by PTH and hypoP
iii. Net effect: increased serum Ca + increased serum P
1. @ kidney, decreased excretion of both ( increased serum Ca + increased serum P

2. @bone, increased bone resportion ( increased serum Ca + increased serum P

3. @ intestine, increased absorption of both ( increased serum Ca + increased serum P

c. Calcitonin

i. Produced by parafollicular (C-cells) cells of thyroid gland

ii. Stimulated by high Ca levels 

iii. Net effect: decreased serum Ca (no effect on P)

1. @bone, blocks resorption + activates oB ( decreased serum Ca
5. Ca sensing R
a. Found in TALH, PTH gland, parafollicular cells
i. In parathyroid, high [Ca] ( increased Ca binding ( decreased PTH secretion ( decreased Ca by mech described above

ii. In TALH/distal tubule,  high [Ca] ( increased Ca binding ( (-) Ca reabsorption independent of PTH/VitD
6. Renal handling
a. Glomerulus: freely filtered

b. Prox tubule: majority of reabsorption by both paracellular and transcellular routes

i. As Na/H20 is absorbed ( tubular [Ca] rises ( increased paracellular Ca reabsorption (thus Na/Ca linked)
ii. Reabsorbed via luminal channels and basolateral ATPase, 3Na/Ca exchanger (thus independent of Na)

c. TALH: more reabsorption by both paracellular and transcellular routes

i. As NaK2Cl reabsorption occurs, recycled K ( +lumen, which favors paracellular Ca reabsorption (thus Na/Ca linked)
1. Loop diuretics block NaK2Cl, thus decrease Ca reabsorption ( hypoCa
ii. If [Ca] is high, CaSR stimulated ( (-) apical K channel ( no K recycling ( no +lumen ( Ca excreted
iii. Transcellular same as in prox tubule

d. Distal tubule: transcellular route ONLY

i. Entirely independent of Na reabsorption

1. Thiazides block Na reabsoption ( stimulates basal Na/Ca exchange ( hyperCa
e. Relevance

i. High Na diet/loop diuretics decrease Na, thus Ca reabsorption, so tx hyperCa w/ saline & loop diuretics 

1. Then, blocked Na reabsorption increases Ca excretion to highest degree
ii. Tx renal stones (excessive Ca in urine) w/ thiazides 
1. Then, blocked Na reabsoption stimulates Ca reabsoprtion ( less Ca in urine and less stone formation
	
	HypoCa (< 8.4)
	HyperCa (>10.4)

	Causes
	Hypoalbuminemia (( in total Ca but ionized wnl, so no sx) 

Hypoparathyroidism via surgical removal of PTH
Vit D deficiency via any mechanism

Pseudohypoparathryoidism (bone resistance to PTH effects)
HypoMg inhibits PTH release

Ppt of ioinized Ca (tumor lysis syndrome, blood transfusions)

AutoD hypoCa (CaSR mutation ( low PTH/Ca + hyperCauri)
	( bone resorption: hyperparathyroidism (adenoma), malignancy (osteolytic or PTHrP), immobilization, vit D intoxication

( GI reabsorption: granulomatous dz (sarcoid/TB, which 1-OHase*), vit D intoxication, milk alkali syndrome (excess tums intake)

( renal excretion: thiazides, familial hypocalciuric hypercalcemia (CaSR mutation ( high PTH/Ca + hypoCauria)

	Dx
	hx neck surgery

Measure ionized Ca, intact PTH, vit D, Mg
Short stature/MCP indicated pseudo

Lengthened QT interval
	hx of renal stones, sx of malignancy
High PTH levels despite high [Ca] (assay “whole” PTH)
High 1,25 Vit D levels (if intox, granuloma)
High PTHrP (if malignancy)
Shortened QT interval

	Sx
	Muscle spasms (tetany)

Trousseau’s Sign – carpal spasm when BP cuff is inflated 

Chvostek’s Sign – facial twitching when CN VII is tapped 
	Confusion, N/V/C, weakness, dehydration, soft tissue calcification

Polyuria (less activity of NaK2Cl transporter in TALH ( less med gradient ( less ability to [] urine) ( volume depletion ( RF
Nephrocalcinosis/nephrolithiasis ( obstruction ( RF

	Tx
	Acute: Ca/Mg supplements
Chronic: Ca/vitD supplements 
	ECF vol restoration ( normal GFR, increased Na/Ca excretion
Saline diuresis via loop diuretics, never thiazides!!
Bisphosph/calcitonin ( (-) bone resorption
Glucocorticoids if due to VitD excess, sarcoid
Dialysis if renal failure


POTASSIUM DISORDERS
1. Homeostasis

a. 98% of K is intracellular (skeletal m, liver, RBC)
i. Liver/muscle can absorb acute K load to prevent K toxicity (as in after a big meal)

b. Excretion of K is 90% renal, 10% GI 

c. Ratio of intra:extraceulluar K determines resting membrane potential

i. Thus, even small increase (1%) in extracell K (hyperK) ( depolarizing effect ( easier to stimulate AP
2. K shifts
a. Physiological factors

i. Na/K ATPase: pumps 3Na out for 2K in, thus maintains intracell K, stimulated by catecholamines, insulin, hyperK
1. B2 agonists increase K influx (thus beta-blockers inhibit)
2. Alpha agonists prevent K influx
3. Insulin increases K influx (thus insulin defc’y, e.g. DM, prevents K influx)
a. HyperK itself stimulates insulin, independent of glucose levels ( hypoglycemia 
ii. Aldosterone: high K levels ( increased synth ( stimulates ENac channels to increase urinary potassium excretion

iii. Plasma K concentration: hyperK ( increased influx to intracellular and vice versa
iv. Exercise: local (lactic) acidosis ( very mild increase of K (see below)
b. Pathological factors

i. Extracellular pH: M-Acid via mineral acids promotes K efflux (excess ECF H exchanged for K) ( hyperK
1. M-Acid via organic acids, R-Acid do not cause K shifts
ii. Hyperosmolality: water effluxe dilutes hyperosm ECF ( rise intracell K ( K efflux ( hyperK
1. K efflux also due to osmotic drag (water efflux carries K along)
2. Hyperglycemia due to DM ( hyperK via osmotic drag + lack of insulin
iii. Cellular breakdown: lysis ( large [K] released into ECF ( hyperK (vs rapid growth (ex) tumor ( K uptake ( hypoK)
3. Renal handling
a. Glomerulus: freely filtered

b. Prox tubule: majority reabsorbed passively w/ Na/H20
c. TDLH: K secretion (Why? Enables TALH NaK2Cl co-transporter to have sufficient K to reabsorb Na, thereby building the gradient)
d. TALH: K is removed via NaK2Cl, some recycled (see Ca lecture), but net effect is that only 10% K remains in filtrate
e. CD: main site of K regulation

i. If hyperK: principal cells secrete K into collecting duct ( K excretion
1. ENac channels bring in Na, which is absorbed basolaterally by Na/K ATPase ( increased [K] intracellularly, which diffuses out of cell via K channels and excreted (all steps stimulated by aldosterone)
2. Lumen (-) charge caused by increased reabsorption of Na ( increased gradient for K secretion

3. Increased flow prevents buildup of tubular K gradient, so keeps secreting into tubule

ii. If hypoK: principal cells stop secreting K, type A intercalated cells (H/K ATPase exchanger like in stomach)

f. Factors enhancing K secretion

i. Aldosterone, (-) lumen, increased flow rate all explained above
ii. HyperK: stimulates aldosterone release ( effects above
iii. Extracellular pH: alkalosis upregulates ENaC/Na,K ATPase ( increased K secretion (rather than H excretion)

	
	HypoK (<3.5)
	HyperK (>5)

	Causes
	( intake: tea/toast diet in elderly
( cell uptake: alkalosis, excess insulin, stress (high catechols)
   rapid cell prolif (tumor)
( non-renal losses (urine <25): diarrhea, excess sweating
( renal losses (urine >25): hyperaldosteronism, non K-spare

   diuretics, increased flow (osmotics), hi lumen anions (ex)

   HCO3/penicillin, Barters (defective NaK2Cl pump)
	Pseudohyperkalemia due to blood draw (trauma ( hemolysis)
( cell uptake/shifts: acidosis, insulin defc’y, beta-blockers, cell lysis,

   hyperosm serum, digitalis intox (blocks Na/K ATPase)
( intake: salt substitutes, Kcitrate for renal stone tx
( excretion: VERY low GFR (ESRD, extreme volume depletion), K

   sparing diuretics, hypoaldosteronism, NSAIDS, ACE(-)


	Dx
	Urinary K <25: indicates extra-renal cause, and vice versa

pH: often assoc w/ M-Alk due to vomiting, diarrhea, diuretics
	Urine K<20 indicates RENAL defect, since inappropriately low
Hx of diet, renal disease, DM, drugs, recurrent muscle weakness

	Sx
	Neuromuscular: pain/weakness/paralysis

Renal: impaired [], ( NH4
Endocrine: low insulin, low aldosterone
Cardiac: lethal arrhythmias + EKG changes
	Neuromuscular: parastheasia, paralysis, weakness

Renal: decreased NH4 production/excretion

Endocrine: high insulin, high aldosterone
Cardiac: lethal arrhythmias + EKG changes

	EKG
	Low serum K = high intracellular K ( hypERpolarized cell ( hyperactive ( arrhythmias ( death
Decreased T wave, prominent U wave
	Get EKG FIRST on to establish urgency
High serum K = low intracellular K ( hypOpolarized cell ( hyperactive ( arrhythmias ( death
Tented T waves, ST depression


4. Renal adaptation: ability to handle large K load if on concurrent high K diet, best (ex) is CRF
a. Due to aldosterone levels stabilizing + K influx + increased excretion in stool

5. Emergency tx of hyperK
a. Calcium gluconate ( antagonizes membrane effect (hypopolarizes resting potential) w/ most immediate effects
b. Insulin + Glucose ( increased K influx w/o hypoglycemia
c. Bicarb load ( excess ECF HCO3 ( increased K influx (ECF K exchanged for intracell H)
d. Albuterol (b2 agonist) ( increased K influx 

e. Kayexalate (resin) ( GI excretion *only drug that removes K (dialysis does too) rather than simply shifting it
SYSTEMIC/HEREDITARY/VASCULAR DZ
1. Diabetes mellitus (most common disorder leading to ESRD)
a. Etiology
i. Hyperglycecmia ( non-enzymatic glycosylation ( AGEs ( excess ECM, hyalinosis (both aff/eff), accelerated AS
1. Enlarged kidneys due to excess ECM 

ii. Dx lesion is diffuse and nodular glomerulosclerosis
1. Diffuse: progressive, uniform expansion in thickness of GBM and mesangium
2. Nodular: exaggerated matrix deposition ( nodules in mesangium (Kimmelstiel-Wilson nodules)

b. Sx
i. Progressive proteinuria from microalbuminuria (<300mg) to macroalbuminuria (>300mg) to nephrotic syndrome
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Decreased GFR

iii. HTN

iv. Classic sx (retinopathy, peripheral neuropathy)

c. Renal biopsy
i. Indications
1. Early onset of proteinuria (< 10y, normally it takes ~20)

2. Lack of other -opathies (ex) proteinuria w/o retinopathy unlikely
3. Atypical features – unexplained hematuria, unusual pace of renal impairment

ii. Patho

1. LM: increased GBM/mesangial thickness, Kimmelsteil-Wilson nodules, cap destruction ( globally sclerotic glom

a. Fibrin cap – eosinophilic acellular material, like a hat

b. Capsular drop – hangs off GBM
2. IF: linear deposition of IgG and albumin along basement membranes (due to sticking, NOT immune mediated!)

3. EM: thickening of GBM and mesangium with podocyte effacement

2. Amyloidosis

a. Etiology
i. Deposition of abnormally synth/processed protein (aka amyloid) in kidney/various tissues
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Exist as beta-pleated sheets, which appears:

a. Apple green via Congo Red stain + polarized light

b. Amorphous pink via LM

c. Thin fibrils via EM
ii. In glom: mesangial depo ( cap destruction, GBM depo ( leaky filtration

iii. In vasculature: decreases capillary lumens ( ischemia
b. Forms

i. AL/primary amyloidois (most common)
1. Due to excess Ig light chains (lambda>>>kappa), often assoc w/ MM

2. Seen as monoclonal spike via serum immunoelectrophoresis or as Bence-Jones proteins in urine
ii. AA/secondary amyloidosis
1. Due to abnormal processing of AA (acute phase reactant from liver) ( insoluble complexes which deposit

2. Assoc w/ chronic inflamm conditions like RA, TB, osteomyelitis

c. Sx
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Proteinuria (remember from glom lecture - important cause of secondary nephrotic syndrome)

ii. Renal insufficiency, i.e. high SCr

3. Myeloma cast nephropathy

a. Etiology: MM ( excess light chains ( aggregates w/ Tamm-Horsfall proteins ( occlusive myeloma casts

i. Characterized by progressive renal failure
b. Patho (LM): large, cracked casts w/in tubules, often ringed by MΦ
c. Tx: underlying MM should be corrected + increase H2O intake, alkalinze urine, avoid contrast media
4. Thrombotic microangiopathy

a. Various etiologies ( same end result, namely inability to (-) platelet aggregation/coagulation due to endothelial damage
	
	HUS
	TTP

	Etiology
	Children who ingest shiga toxin (E coli O157) 
	Adult women

	Dx
	Toxin damages endothelium of gut/kidney ( cap thrombi
Sx: bloody diarrhea, acute renal failure

	Decrease in enzyme that cleaves vWF ( large multimers that favor platelet aggregation/coagulation

Pentad: fever, ARF, THBcytopenia, CNS probs, hemolytic anemia
Assoc w/ multiorgan involvement
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i. Other causes: malignant HTN (direct barotraumas), SLE, renal transplant

b. Patho (LM)
i. Acute: plt thrombi in glom caps, mesangiolysis
ii. Chronic: GBM reduplication (tram tracking)
1. Similar to membranoproliferative GN but NO immune complexes
5. Genetic dz
	
	AutoD POLYCYSTIC KIDNEY DZ
	AutoR POLYCYSTIC KIDNEY DZ

	Mutations
	PKD1/PKD2, codes for polycystin membrane proteins
	PKHD1, codes for polyductin membrane R

	Pathogenesis
	Hyperproliferation of tubule epithelium, fluid secretion, abnormal ECM ( inflamm and fibrosis

Cysts arise from any part of nephron
	Cysts arise from collecting duct


	Renal features
	Progressive bilateral enlargement due to cysts, which can rupture or become infected
Decreased ability to [ ] urine, hematuria
	ESRD
In utero, oligohydramnios ( pulm hypoplasia ( early death
Palpable masses, frequent UTIs during first year of life

	Non-renal features
	HTN

Aneurysms
	HTN

Liver fibrosis

	Gross 
	Kidneys are enlarged with tons of spherical cysts
	HUGE kidneys fill entire abdominal cavity

	Microscopic 
	Cysts lined by simple cuboidal epithelium
	Radial “spokes” pattern of elongated cysts


UT/PROSTATE CANCER - PATHOLOGY
1. Renal tumors
a. Benign epithelial

i. Adenoma: from tubular epithelium, <5mm and cystic, common incidental finding

ii. Oncocytoma: from intercalated cells of collecting duct, >12cm and well-circumscribed, more common in males

1. Histo hallmark is oncocyte (cells w/ granular pink cytoplasm)
b. Renal cell carcinoma

i. More common in males, smokers, 60-70y
ii. Clear cell: most common (75%), due to 3p deletion in VHL gene
1. Pathology: yellow, cystic, clear cells due to glycogen/lipid, sinusoidal vasculature surrounds cell nests
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Papillary: second most common (15%), due to trisomy 7, 17
iv. Chromophobe: rare, assoc w/ monosamies
v. Collecting duct: very rare
c. Mesenchymal

i. Angiomyolipoma: assoc w/ tuberous sclerosis, triphasic tumor (b-vessels, smooth m, fat)
d. Embryonal

i. Wilms tumor: children, triphasic (blastemal, epithelial, mesenchymal)
e. Secondary (mets uncommon)
f. Best px is stage, stages 1/2 confined to kidney, stages 3/4 invasion, +/- mets 
2. Bladder tumors
a. Transitional cell carcinoma (most common, RF = smoking, present w/ hematuria)
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Papillary
1. Frond-like w/ fibrovascular cores surrounded by urothelium
2. Low risk progression/high risk reoccurance
ii. In situ

1. Red/angry mucosa, cytologic atypia, irritable bladder sx
2. High risk progression ( invasive cancer

3. Rarely occurs by itself, usually assoc w/ another TCC

iii. Non-papillary, invasive (i.e. invasive @ dx)

1. Nests of malignant cells

2. Tx determined by stage: T1 = TURBT/cystectomy, T2+ = cystectomy, high risk = adjunctive chemo

iv. Squamous cell/adenocarcinoma both very rare in US
b. Mesenchymal
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Rhabdomyosarcoma: common in children, gelatinous masses
c. Secondary (mets)
3. Prostate cancer
a. Adenocarcinoma
i. Most common, seen in 70% of men 70y or older
ii. Precursor lesion is PIN = proliferation of atypical cells w/in ducts (i.e. non-invasive)

iii. Common mets to bone ( osteoblastic lesions
iv. Pathology: unencapsulated, small glands in peripheral zone (L in picture)
v. Px

1. Stage: 1 (incidental) ( 2 (confined) ( 3 (invades fat/seminal vesicles) ( 4 (invades adj structures like bladder)

2. Grade: Gleason score, ranges from 2-10 depending on patterns seen on biopsy

b. Rhaddomyosarcoma – seen in children

c. Transitional cell carcinoma can invade prostate, just as prostate adenocarcinoma can invade bladder
PROSTATE CANCER - CLINICAL
1. Most prevalent male cancer, 2nd leading cause of cancer death

a. Highest incidence/mortality in blacks
b. Risk Factors

i. Age (older is worse)

ii. Race (AA is worse)
iii. Family hx (hereditary = 3+ close relations  vs  familial = loose association)
iv. Elevated PSA (NOT specific)
v. High grade PIN
vi. High fat diet (esp high saturated fat diet ( progression, ?via increased testosterone)

vii. Smoking

2. Screening tests

a. Used for asymptomatic patients (absence of sx actually more predictive of cancer than presence)
b. NOT proven that early detection from screening saves lives BUT recent decreases in mortality may suggest otherwise

i. PRO: earlier detection/gland removal may be cause of the reduced mortality 

ii. CON: false+ or over-dx ( over-tx (i.e. no benefit) + common SE of sexual dysfxn/incontinence
c. Positive predictive value is improved if PSA & DRE are used together
d. Screening populations
i. PSA/DRE should be offered annually beginning at age 50 to men who have a life expectancy of at least 10 years

ii. High risk men (AA) or those with family hx should be tested at 45 and be re-screened annually

iii. Men with strong family hx should be tested at 40, then depending on PSA level found…
1. If PSA <1
no need to retest until 45

2. If PSA 1-2.5
test annually
3. If PSA >2.5
get a biopsy
e. Elevated PSA is not specific for cancer (also high in BPH/prostatitis)

i. PSA = glycoprotein Ag specific to prostate epithelium

ii. If >4, considered abnormal

1. Prostate cancer ( increase in bound PSA
2. BPH ( increase in free PSA
iii. PSA most useful for monitoring dz status and/or efficacy of tx
3. Biopsy via TRUS is indicated if abnormal DRE, PSA >4 (or >2.5 if multiple affected family members), or yearly change in PSA level >0.75
a. Necessary for dx 
i. Type (usually adenocarcinoma)

ii. Gleason score of 2-10 (based on pattern/˚ of differentiation, most important px factor)

iii. TNM stage (most common met is bone)
4. Tx 

a. Options

i. Surveillance: if low grade tumor + pt has <10y life expectancy
1. SE are psychological (worry), can give hormonal therapy as tumor progresses

ii. Surgery: if organ-confined + pt has >10y life expectancy
1. Radical retropubic prostatectomy – most common, well tolerated, low cost
2. QOL improves after surgery for most, SE are sexual dysfxn/incontinence
iii. Radiation: usually for more advanced cancers/lower life expectancy, can ( bladder/rectal bleeding

iv. Cryotherapy: cells freeze and die 
v. Hormonal therapy: blocks testosterone (which tumors cells need for growth), main tx for metastatic prostate cancer
1. Orchiectomy (removal of testicles) gets the job done but um, yeah
2. LHRH antags (-) gonadotropin secretion, expensive

3. Flutamide (-) binding/uptake of androgens by target tissues

4. SE: impotence, osteoporosis
b. High risk pts should be consulted about the need for multimodal therapy
c. Life expectancy and overall health are better indications for therapy than absolute age

DRUG INDUCED NEPHROTOXICITY
1. Decline in GFR (either increase Scr >0.5 if baseline <2 or increase >30% if baseline >2) + temporal relationship w/ a nephrotoxic drug

a. Often reversible if d/c drug, but can lead to end-stage renal failure

b. Dehydration, elderly, pre-existing renal dz are common risk factors for ALL nephrotoxic agents
2. Types

a. Proximal tubular injury: bicarburia (( metabolic acidosis), glycosuria, electrolyte imbalances (due to decreased reabsorption)

b. Distal tubular injury: polyuria (can’t [ ] urine), metabolic acidosis (can’t secrete H), hyperkalemia
3. MOA (i.e. how the drugs exert their effects)

a. Autoregulation

i. Afferent arteriole mainly dependent on PG to dilate, thus (-) ( constriction (ex) NSAIDS
ii. Efferent arteriole mainly dependent on AngII to constrict, thus (-) ( dilation (ex) ACE(-) 
b. Volume depletion (ex) excess diuretics ( increased H2O reabsorption ( higher [ ] of drugs in lumen ( local cytotox

c. Acidic urine can ( ppt/obstruction (ex) MTX

d. Altered intrarenal drug metabolism via drugs that up/downregulate CYP450
e. Tubular cells have high energy req, thus, any drug that increases demand/decreases delivery ( ischemic cell death
4. Causative agents

a. Radiocontrast agents

i. ATN pathogenesis
1. Direct/indirect toxic effects ( cell necrosis/sloughing from BM ( lumen obstruction + backleak of filtrate
ii. Risk factors

1. HypoTN (rare cause in which HTN is actually ok)
2. Anemia
3. Diabetes (if also have renal dz, ~50% chance you’ll get DIN)
iii. Prevention
1. Hydration both pre/post contrast
2. Low-osmolality contrast agent 

b. Aminoglycosides

i. ATN pathogenesis

1. Direct toxic effects via ROS ( cell necrosis/sloughing from BM ( lumen obstruction + backleak of filtrate
ii. Risk factors

1. High # of cationic charges ( (-) of lysosomal function ( ROS generation
2. Large total cumulative dose, esp if recent previous AMG

3. Prolonged high trough [ ]
4. Synergistic effects w/ cyclosporine, amphotericin B, vancomycin, diuretics
5. Concurrent G- bacteremia, liver dz, poor nutrition (esp mineral defc’y)
iii. Prevention

1. High peak/low trough dosing strategy, i.e. high dose once daily 
2. Alternative Abx

3. Hydration 

4. Antioxidants (experimental success) and iron chelators (protect against gentamycin)
c. NSAIDS

i. HEMODYNAMIC pathogenesis

1. (-) COX ( (-) PG synth ( afferent arteriole constriction ( decreased GFR
2. Sx: oliguria, edema, increased BUN/SCr, prolonged/severe ischemia ( ATN
ii. Risk Factors

1. Already high plasma renin activity (ex: CHF, concurrent ACE(-), ascites)
iii. Prevention

1. Consider Sulindac in high risk pts as has less effect on PG synth
2. COX2(-) do not reduce DIN risk

d. ACE(-)/ARBs
i. HEMODYNAMIC pathogenesis

1. Block AngII ( efferent arteriole dilation ( reduced glom capillary hydrostatic P ( decreased GFR
2. Sx: hypoTN, SCr increase >30%, urine casts
ii. Risk factors

1. Renal (esp bilateral) artery stenosis (they need efferent constriction to maintain GFR)
2. Diabetic nephropathy
3. CHF, ascites (decreased plasma vol ( already low GFR)
iii. Prevention

1. Start low, go slow + hydration
2. Monitor SCr, K (no AngII = no aldosterone = no K secretion ( hyperK)
e. Nephrolithiasis

i. Crystal ppt in collecting system but w/o reduction in GFR ( flank pain, hematuria, UT obstruction
1. Acute uric acid nephropathy post chemo is most common cause

ii. Commonly caused by…
1. Sulfonamides
2. HMG CoA reductase inhibitors

3. CNS depressants (ex) EtOH, narcotics

4. MTX

5. Acyclovir/Indinivir

f. Acute allergic interstitial nephritis
i. Hypersensitivity response ( immune complex deposition in interstitium ( fever, rash, hema/py/eosinophiluria
ii. Most commonly cause by beta-lactam Abx (ex) penicillin (also rifampin, fenoprofen)
g. Pseudo-renal failure
i. Trimethoprim/cimetidine (-) secretion of creatinine into proximal tubular lumen ( increase Scr w/o change in BUN

DOSING CONSIDERATIONS IN RENAL DZ
1. Base the adjustments on estimated Cr clearance and account for…
a. Fraction excreted renally

b. Pharmacokinetic parameters

c. Residual renal function

d. Amount removed by dialysis

e. Toxicity

f. Pharmacodynamics

2. Estimate Cr clearance

a. Via sample collection, CrCl = (Ucr * V) / Pcr 
i. Limitations are over/under collection, degregation of stored creatinine

ii. May not be reliable in conditions of acute renal failure (ex) if Cr doubles within one day, then GFR is estimated to be 0
b. Via Cockcroft-Gault formula, CrCl = [(140-age)(wt in kg)]/(72*Scr), multiply by 0.85 if female

3. Pharmacokinetic changes in renal dz
a. Absorption/bioavailability

i. Decreased by: alterations in gastric pH, drug interactions, gut motility, polypharmacy

ii. Increased by: reduced first-pass metabolism (poor liver fxn)

b. Distribution

i. Directly proportional to free drug in plasma 

1. Decreased plasma protein binding (thus, more free drug) increases Vd of drug 

a. Phenytoin, valproate levels can become toxic
ii. Indirectly proportional to free drug in tissue


1. Decreased tissue binding will decrease Vd

a. Digoxin competitively prevents tissue binding, lowering Vd
b. Vancomycin, gentimicin have opposite effect
c. Metabolism

i. Decreased renal enzyme activity

ii. Decreased hepatic enzyme activity

iii. Some metabolites of hepatically metabolized drugs may be renally eliminated (codeine, morphine)

d. Excretion

i. Can be significantly impaired

ii. Based on fraction of drug eliminated unchanged by the kidney and process by which drug is renally excreted

1. Most Abx will require dose adjustment in kidney disease, those that do not…
a. Penicillins: nafcillin, oxacillin, dicloxacillin

b. Cephalosporins: ceftriaxone, cefoperazone

c. Macrolides: erythromycin, azithromycin, clindamycin

d. Others: doxycyline, rifampin, metronidazole, ketoconazole, itraconazole, amphoteracin B, linezolid
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