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9-26-08 Glomerular Filtration

Glomerular Filtration 

· Glomerular Filtration – results in elaboration of urine ( main route of elimination of waste products
· Glomerular Filtration Rate – affected by…
· Nephron mass / # of nephrons – direct relationship, increased mass = increased GFR
· Single nephron filtration – altered by surface area, as well as transcapillary ΔP (up to plateau)
· Chronic Renal Failure – predicted by decreased GFR
· Afferent/Efferent Arteriole Tone – changes in resistance = change in flow ( change in GFR; constriction of afferent arteriole in hypertension, dilation in hypotension
· Normal GFR – about 100-120 mL/min (in normal kidney 1.73 m2)

· Early loss of nephrons – compensated by dilation of afferent arteriole to increase flow ( difficult to pick up early kidney disease
GFR 

· Ideal GFR Marker – substance must be…

· Freely filtered at glomerulus – unhindered by size, charge, or protein binding

· Unaltered in nephron – substance is not reabsorbed/secreted/synthesized/metabolized
· Physiologically inert – does not alter renal filtration by its presence alone

· Inulin – is the substance satisfying these ideal characteristics… also 125I-iothalamate, 99Tc-DTPA

· Inulin Clearance – by determining clearance of inulin, a GFR can be calculated

· GFR = U*V/P ( expressed in units of mL/minute
· U = urine concentration

· V = urine volume (per unit time)

· P = plasma concentration

· Creatinine Clearance – can also be used as a clinical marker for creatinine clearance, but some pitfalls…
Urea 

· Blood Urea Nitrogen (BUN) – measurement of nitrogen in blood, which can infer urea concentration

· Production – for every 6 grams of protein catabolized, 1 gram of urea generated
· Excretion – freely filtered at glomerus, partially reabsorbed in tubules (40-50%)
· Non-ideal GFR marker – due to both (1) partially reabsorbed, and (2) sometimes greater protein metabolism/filtration than average, in sick patients or body builders 
· Underestimates GFR – for higher concentrations of urea, not cleared as easily
Creatinine 

· Production – normal breakdown product of muscle metabolism, only 10-15% ingested, thus creatinine is excreted at a more constant rate than urea

· Excretion – mostly by GFR (90%), and some from tubular secretion (peritubular ( nephron)

· Better GFR marker – due to more constant excretion rate, better GFR, but…

· Overestimates GFR – in most patients, a slight overestimation of GFR due to secretion…

· Kidney Function – creatinine levels can be used to estimate kidney function:

· Inverse relationship – in failing kidneys, creatinine is not absorbed ( high excretion
· Insensitive to initial kidney failure – 100% function ( 50% doesn’t change creatinine much but once in renal failure, creatinine levels change widely w/ small changes in function

· Dependent on muscle mass – for people of different muscle mass, creatinine excretion different!
GFR Calculation Formulas 
· Cockroft & Gault GFR Calculation – accounts for age, weight, sex, and creatinine clearance to get GFR

· Formula works in normal patients (not obese/acute renal failure/pediatric, no volume overload…)

· M: [(140-age)*mass(kg)]/[72*serum creatinine (mg/dl)]

· MDRD Formula – adds in race, BUN, and albumin to Cockroft & Gault formula

· Formulas work in cases of moderate-to-severe kidney function, not for high GFR’s

· Could be wrong in case of ARF, morbid obesity, volume overload, GFR > 60, advanced liver disease, extreme serum albumin values, organ transplant, peds, geriatric pops

· Schwartz Formula – calculates creatinine levels in pediatric population
Serum Crystatin C 

· Synthesis – made by all nucleated cells, not just muscles ( thus more proportional to BW than creatinine

· Normal value – 0.40-1.03 mg/L
· Production – constant rate of production observed (better for estimating GFR)

· Filtration – freely filtered, and completely catabolized by tubules (no extrarenal excretion = good)

· Problem – in disease states, Crystatin C fluctuates

· Rule of Doubling – like creatinine, rule of doubling applies: doubled clearance = halved kidney function
