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I.  Introduction


Drug therapy in the elderly remains one of the most significant clinical challenges in the elderly.  The elderly are physically one the most heterogeneous section of the adult population.  It is impossible to define them as a single group.  Physiological changes of aging occur at a variable rate, and the interactions between disease states (often multiple) and drug disposition is also clinically important.  Another important contingency to be considered is the effects of extraneous factors such as diet, smoking, and drug intake which all can variably affect drug metabolism.  Therefore, the discussion of pharmacology in the elderly must take into account the result that age-related changes in the elderly are a complicated interplay between genetics, aging, disease states, and environmental factors.  In this two-part discussion, the issues of changes in pharmacokinetics in the elderly and the problem of polypharmacy with inherent drug-drug interactions and drug-disease (pharmacodynamic) interactions will be discussed.  In the first part we will look only at pharmacokinetic changes in the elderly.

II.  Pharmacokinetic Considerations

A.  Alterations in Drug Absorption: Since the most common route of drug administration is by mouth, the extent of drug absorption is an important determinant in drug efficacy.  There are several factors that contribute to changes in absorption in the elderly including: reduced gastrointestinal motility, decreased gastric secretion of acid, reduced splanchnic blood flow, and decreased absorptive surface area.  

B.  Alterations in Drug Distribution: The volume of distribution of the plasma compartment is dependent upon the body composition (lean vs. fatty tissue), permeability of membranes, and binding capacity - all of which may be markedly altered in aging.

1.  Body Composition: The amount of lean vs. fatty tissue often drops with aging.  Therefore, highly lipid soluble drugs gain a larger volume of distribution; however, by contrast, water-soluble drugs will have a lower volume of distribution.  Since the concentration of the drug is based on the volume of distribution and the clearance of the drug, it is altered accordingly.  

2.  Perfusion:  Tissue perfusion is primarily dependent upon cardiac output, which decreases by about 1% yearly after age 30.  Thus, tissue perfusion is lowered leading to slower clearance of drugs that are dependent on liver blood flow and also resulting in lengthened transport time of drugs to tissues.  The decrease in clearance elevates the total plasma concentration, and the lowered tissue penetration delays peak plasma concentration.

3.  Plasma Protein Binding: After drugs are absorbed into the systemic circulation, most of them are bound to plasma proteins, primarily albumin.  The albumin levels in aging decrease, leading to an increased percentage of unbound drugs.  However, the effect on concentration in the end is minimal because this also increases the amount of drug that is free to be renally excreted.

C.  Alterations in Renal Excretion: Water soluble drugs are primarily excreted renally.  Therefore, renal insufficiency can significantly alter pharmacokinetics of a drug if more than 60% is renally excreted.  Renal blood flow decreases by approximately 1% every year after age 50, and “normal” creatinine clearance in the elderly is about 60-70 ml/min.  As the GFR decreases below 30 ml/min, there is a rapid decrease in drug elimination and a dramatic increase in the concentration of the drug at steady state.  Conversely, the impaired renal function also limits the effectiveness of drugs such as antibiotics that rely upon urine concentration to control urinary infections.   
D.  Alterations in Drug Metabolism: The main function of metabolism, other than detoxification, is to produce water soluble compounds for excretion.  With impaired renal function often seen in the elderly, the active metabolites or possible toxic metabolites are not eliminated as efficiently as they previously were.  Therefore, dose adjustments must be made to drugs that rely upon metabolism for elimination.
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