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Chapter 5
Principles of Clinical Pharm

acology

An increase in dosage is usually best achieved by changing the 
drug dose but not the dosing interval (e.g., by giving 200 mg every  
8 h instead of 100 mg every 8 h). However, this approach is accept-
able only if the resulting maximum concentration is not toxic and 
the trough value does not fall below the minimum effective concen-
tration for an undesirable period of time. Alternatively, the steady 
state may be changed by altering the frequency of intermittent dos-
ing but not the size of each dose. In this case, the magnitude of the 
fluctuations around the average steady-state level will change—the 
shorter the dosing interval, the smaller the difference between peak 
and trough levels.

EFFECTS OF DISEASE ON DRUG CONCENTRATION AND RESPONSE �

Renal disease
Renal excretion of parent drug and metabolites is generally accom-
plished by glomerular filtration and by specific drug transporters. If 
a drug or its metabolites are primarily excreted through the kidneys 

and increased drug levels are associated 
with adverse effects, drug dosages must 
be reduced in patients with renal dysfunc-
tion to avoid toxicity. The antiarrhythmics 
dofetilide and sotalol undergo predominant 
renal excretion and carry a risk of QT pro-
longation and arrhythmias if doses are not 
reduced in renal disease. In end-stage renal 
disease, sotalol has been given as 40 mg after 
dialysis (every second day), compared to the 
usual daily dose, 80–120 mg every 12 h. The 
narcotic analgesic meperidine undergoes 
extensive hepatic metabolism, so that renal 
failure has little effect on its plasma concen-
tration. However, its metabolite, norme-
peridine, does undergo renal excretion, 
accumulates in renal failure, and probably 
accounts for the signs of CNS excitation, 
such as irritability, twitching, and seizures, 
that appear when multiple doses of meperi-
dine are administered to patients with renal 
disease. Protein binding of some drugs (e.g., 
phenytoin) may be altered in uremia, so 
measuring free drug concentration may be 
desirable.

In non-end-stage renal disease, changes 
in renal drug clearance are generally pro-
portional to those in creatinine clear-
ance, which may be measured directly 
or estimated from the serum creatinine 
(Chap. 333e). This estimate, coupled with 
the knowledge of how much drug is nor-
mally excreted renally versus nonrenally, 
allows an estimate of the dose adjust-
ment required. In practice, most decisions 
involving dosing adjustment in patients 
with renal failure use published recom-
mended adjustments in dosage or dosing 
interval based on the severity of renal dys-
function indicated by creatinine clearance. 
Any such modification of dose is a first 
approximation and should be followed by 
plasma concentration data (if available) 
and clinical observation to further opti-
mize therapy for the individual patient.

Liver disease
Standard tests of liver function are not use-
ful in adjusting doses in diseases like hepa-
titis or cirrhosis. First-pass metabolism may 
decrease, leading to increased oral bioavail-
ability as a consequence of disrupted hepa-

tocyte function, altered liver architecture, and portacaval shunts. The 
oral bioavailability for high first-pass drugs such as morphine, meperi-
dine, midazolam, and nifedipine is almost doubled in patients with 
cirrhosis, compared to those with normal liver function. Therefore, 
the size of the oral dose of such drugs should be reduced in this setting.

Heart failure and shock
Under conditions of decreased tissue perfusion, the cardiac output 
is redistributed to preserve blood flow to the heart and brain at the 
expense of other tissues (Chap. 279). As a result, drugs may be distrib-
uted into a smaller volume of distribution, higher drug concentrations 
will be present in the plasma, and the tissues that are best perfused (the 
brain and heart) will be exposed to these higher concentrations, result-
ing in increased CNS or cardiac effects. As well, decreased perfusion of 
the kidney and liver may impair drug clearance. Another consequence 
of severe heart failure is decreased gut perfusion, which may reduce 
drug absorption and, thus, lead to reduced or absent effects of orally 
administered therapies.

P
ha

rm
ac

ol
og

ic
 r

es
po

ns
e

84/min

64/min

Brain

Plasma

Decreased P-glycoprotein function

Normal P-glycoprotein function

Time

C
on

ce
nt

ra
tio

n

Brain

Plasma

Time

0

10

20

30

40

50

0

3

1

2

4

5

0

3

1

2

4

5

0 7.5 15 22.5 30 37.5 45 52.5 60 67.5 75

600480360240

Agonist concentration

1200

6004803602401200

A

B

Figure 5-5  A. The efflux pump P-glycoprotein excludes drugs from the endothelium of 
capillaries in the brain and so constitutes a key element of the blood-brain barrier. Thus, reduced 
P-glycoprotein function (e.g., due to drug interactions or genetically determined variability in 
gene transcription) increases penetration of substrate drugs into the brain, even when plasma 
concentrations are unchanged. B. The graph shows an effect of a β

1
-receptor polymorphism on 

receptor function in vitro. Patients with the hypofunctional variant (red) may display lesser heart-
rate slowing or blood pressure lowering on exposure to a receptor blocking agent.
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