Drugs and the Kidney:
Overview:

1. The kidney’s role in drug deposition

2. Therapeutic renal effects (covered by Dr. Fine)

3. Adverse drug effects on renal function

4. Preserving renal function-renal sparing therapy (covered in Friday lecture)

Kidney and Drug Deposition:
1. Absorption: kidney problem leads to ↑ absorption
a. Dialysis Dementia: fatal encephalopathy caused by dialysis.

i. Symptoms: stuttering speech, altered mental status and cognition, seizures and death

ii. Causes: elevated serum Al concentrations from high Al in dialysis water sources and/or Al hyperabsorption from phosphate binding oral Al salts.   (In ESRD develop secondary hyperparathyroidism causing ↑ AL salt absorption)
2. Distribution: kidney problems change distribution of drugs
a. pH driven portioning of weak acids (change free vs. bound fractions)

i. Salicylates: aspirin is rapidly deacetylated  to salicylic acid (SA).  It is metabolized in the liver and eliminated by the kidney in a pH dependent fashion.  Renal elimination key to recovery from an overdose.  Acidosis will ↑ brain SA.

ii. SA is a weak acid and “acids ionize above their pKa”  Charged particles do not cross lipid barriers.  SA pKa=3.  
iii. If SA poisoned person gets acidotic, patient will ↑ unionized (diffusible) portion of drug and will be more likely to become toxic.  

iv. Also avoid carbonic anhydrase is SA poisoned patients which produce alkaline urine but acidic plasma and ↑ unionized SA

b. Alterations in protein binding: ↑ % of free drug (Phenytoin) with kidney damage
i. Phenytoin: in normal person 10-20mg of drug in serum will have 1-2mg of free in blood which is therapeutic range.  Above this creates neurotoxicity.

ii. Total serum phenytoin will decrease as serum creatinine ↑ (ie as kidney fails)  With Kidney failure, ↑ percent of free drug with lower serum levels. Due to hypoalbuminemia in kidney failure.
3. Metabolism:
a. Vitamin D Hydroxylation is a 2 step process, 1st step in liver, 2nd step: renal 25-hydroxylation generates high potency Vitamin D.  Renal disease will cause vitamin D deficiency(renal osteodystophy 
4. Elimination: ↓ elimination due to kidney disease
a. Pethidine (Demerol): metabolized to neuro toxic metabolite called Nor-pethidine.  Accumulates in patients with renal failure because doesn’t get secreted in the urine.

Renal Drug Elimination:


1. Filtration: 

a. Estimate filtration with Creatinine clearance:

i. Cockcroft Gault Equation: CrCl=(140-age/CrSerum)(Wt(kg)/72) (multiply by 0.85 for females); assumes stable renal function and no severe liver or skeletal muscle disease.  Liver disease is associated with ↓ creatinine production(underestimate creatinine levels in body.

2. Secretion:
a. Diuretics need to be on the lumenal side of the nephron to work.  Renal disease ↓ effectiveness of drugs:

i. NSAIDs compete for tubular anionic carrier sites and slow the rate of arrival (blunt peak levels) of diuretics (specifically furosemide) in the urine.  NSAIDs will ↓ activity of diuretics in the kidney due to inability to act.

ii. Proteinuria binds and inactivates furosemide in the urinary lumen, blunting its response.

3. Reabsorption: influenced by urine flow and pH
a. pH: ↑ pH in urine will have less unionized (diffusible) particles available to more drugs gets excreted in the urine.  Want to alkalinize the urine in SA poisoning to get more SA iononized and therefore more SA secreted.

Adverse Effects of Drugs on Renal Function:

1. Factitious Toxicity: Drug associated ↑ in serum creatinine:
a. Assay interference (will ↑ Cr in assay): ketone bodies, 

b. Decreased Cr secretion

c. ↑ Cr release
d. ↑ BUN
2. Altered Renal Hemodynamics:
a. Under low flow conditions the GFR is preserved by keeping intraglomerular pressure constant and dilating the afferent arteriole  (using Prostacyclin) and constricting the efferent arteriole (using Angiotensin II).

i. NSAIDs will block prostacyclin and allow afferent arteriole constriction(↓ GFR(↑ Cr and renal failure.
ii. ACE Inhibitors: will block action of angiotensin II and allow for efferent arteriole dilation(↓ GFR(↑ Cr and renal failure.  Risk factors are ↓ renal blood flow (severe CHF, volume depletion, bilateral renal artery stenosis) 
b. Contrast Nephropathy: ↑ Cr due to contrast dye.  Dye can create renal failure on 2nd or 3rd day after use, associated with osmotically active dyes.
3. Glomerular Injury

4. Interstitial Injury: (can all be caused by drugs)
a. Myoglobinuria: caused by drug effect on kidney, can appear as RBC in urine even though its from muscle cells.
b. Heme pigment induced Acute renal failure.

c. Hemolytic Uremic Syndrome

d. Allergic Interstitial Nephritis: Patient on meds develop fever, flank pain, + eosinophilia
5. Tubular Injury: 

a. In Acute tubular necrosis Na/K ATPase moves to the lumenal side of the kidney cells, which pumps Na into the lumen and ↑ Cr.
b. Aminoglycoside Toxicity: (Gentamycin) drug bound and incorporated by PT epithelium through pinocytosis(can cause renal failure.  Onset is late in the first week of use.  Can occur as late as one week after D/C drug.  
6. Precipitation in Collecting Tubules: Retroperitoneal Fibrosis: ureteral obstruction due to drugs ppt.
7. Drug induced Electrolyte and Acid-Base Disorders: 

a. Hypokalemia/Hypomagnesemia: tubular wasting of K and Mg in the face of low serum levels: gentamycin, cisplatin, diuretics, carboplatin.

b. Metabolic Alkalosis: loss of K and H: thaizide or loop diuretics

c. Hyperkalemia from antialdosterone effect, antiadrenergic effect, blocking of Na channels.

i. ACE Inhibitors: antialdosterone effect.  Risk factors are ↓ Renal blood flow (severe CHF, volume depletion) and ↑ K (K supplementation or K sparing diuretics)
d. Hyponatermia: from ↑ ADH secretion, ↑ ADH sensitivity, ↓ water excretion.

e. NEphrogenic Diabetes Insipidous: ↓ ADH response in collecting tubules(polyuria, hypernatremia.  Can be do to Lithium
f. Renal Tubular Acidosis: 
