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3.2.1 DOSAGE REGIMEN CALCULATIONS 133

a single dose the concentrationinitially would be equal to Cy. The value
of € in column2 is the ratio of the dosage interval to the half-life. When
« is small, the doses are given close together, and whene« is large, the
doses are given far apart. Since, even when ¢ = 5, CR** = 1.032 Co,
thenforall dosage regimenslisted in table 3-1, drug accumulationexists
according to the concentration build-up concept. However, in the last
columnof table 3-1, are listed the drug accumulation indices calculated
by means of equation 3-2. Only when ¢« > 1 is Ry > 1. Hence, by the
“amountcriterion” drug accumulation only occurs for this model when
the dosage interval is less than 1.443 times the half-life of elimination.
Dosage regimencalculations can also be made thenbasedon:(1) predic-
tion of average amounts of drug in the “body”or a particular compart-
ment (such as the central compartment of the two compartment open
model), or (2) prediction that, say, a patient with poor renal function
will have the same average steady state amount of drug in the body as
a patient with normal renal function. Both approaches are considered
in later sections.

There is a considerable difference in the levels of sophistication
which can be applied to dosage regimen calculations. The levels vary
all the way from calculations which can be performed quickly by the
human brain, to those which can be performedreadily with a pencil
and paper, to those which can be performedreadily with an electronic
calculator, and finally to those which require the use of a large digital
computer. All of these types will be considered in subsequentsections.

According to Kriiger-Thiemer,® a dosage regimen consists of the
following quantities: (a) a dosage interval (7); (b) a dose ratio = initial
(loading) dose/maintenance dose; and (c) the maintenance dose. One
criterion of acceptance of a dosage regimenis the ratio of the maximum
to the minimumconcentration of drug in plasma or the maximum and
minimum amounts of drug in the “body”at steady state compared with
the average amount.

3.2 SIMPLE DOSAGE REGIMEN

CALCULATIONS

3.2.1 Based on the Elimination

Half-Life. The half-life of elimination of

a drug (or the corresponding first order rate
constant) is the most important pharmaco-
kinetic parameterfor dosage regimen evalua-
tion. This is the half-life estimated from termi-

nal blood (serum or plasma) concentration
data, and hence, is equal to 0.693/K for the
one compartment open model and0.693/f for
the two compartment open model.

If nothing else is known about a drug
except its half-life of elimination, then the
following dosage regimen “Tule” is useful:
Makethe dosageinterval equal to the half-life
of elimination, make the loading orinitial
dose equal to twice the maintenance dose, and
make the maintenance dose equal to the mini-
mum amountof drug in the “body” necessary
for effective therapy.® This “rule” is based
on consideration of the one compartment
open modelwithfirst order absorption and the
case whenthe rate constant for absorptionis
muchlarger than the rate constant for elimi-
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nation(i.e. k > K). Data for the one compart-
ment open model with bolus intravenous in-
jection in table 3-1 indicates that underthis
condition that + = t,,. and € = 1, the ratio
Cmax/Cmin = 2, and the drug accumulation
index, Ry, is equal to 1.443 (or 1/1n2) =
1/0.693). Interestingly enough, clinical expe-
rience andpractical reasons have lead physi-
cians in the past to use this rule without
knowing its theoretical foundation.®

3.2.2 Based on Average Steady-
State Blood Levels. The equation of
Wagneret al.,'” shownas equation 3-4, is most
useful in dosage regimencalculations.

=D mes
“VKr Vat

 

In equation 3-4, C., is the average (not the
minimum) steady-state whole blood, plasma or
serum concentration, F is the fraction of the

dose which is absorbed, D is the dose, V is
the volume of distribution, K is the elimina-

tionrate constant, 7 is the dosage interval, and
Vo is the blood (serum or plasma) clearance
(sometimescalled the “body”clearance). The
middle term of equation 3-4 indicates how the
equation was originally written,!? but the
term on the far right is a more generalized
way of writing the equation. Note that C,, is
defined by equation 3-5, and is an application
of the central limit theorem of calculus. As

a result of the equivalency of areas shownin
figure 3-1, and

ty

f C.(t)dt
CG _ AG _ ty
epg

where 7 = t, — t, Eq. (3-5)

equations 3-4 and 3-5, we may also write
equation 3-6. If concentrations

Kq. (3-6)

are measuredat a sufficient numberof differ-

ent times following oral or intramuscular ad-
ministration of a single dose of drug to define
Ag, or a sufficient numberof different times

after a given doseat steady-state to define Aj,

then F/Vo, (the reciprocal of the apparent
clearance) may be estimated from equation
3-6 by making a ratio of the area to the dose
(ie. F/Vq = A/D = AG/D). After single
doses the area Aj may be estimated by means
of equations 10-2 through 10-6 given in chap-
ter 10.

It is really more desirable to estimate the
value of F/Vor by measuring plasma concen-
trations after several different doses of the

drug and plotting Aj versus D. It is also more
desirable to express the dose, D, in mg/kg
body weight so that the abscissa scale consti-
tutes a distribution for each fixed D value. In

this case, least squares regression techniques
applicable to a bivariate normal distribution
may be used to calculate the regressionline.
Theslope of the regresion line for such a plot

a°
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Fig. 3-2. Plot of Aj under single dose serum
concentration curve versus mg/kg dose of linco-
mycin hydrochloride following intramuscular ad-
ministration. Each point correspondsto a different
subject. The three arrays correspond to doses of
100, 200 and 600 mg. of the antibiotic. The slope
of 12.05 represents a suitable value of F/V,, to use
for future predictions. From Wagner, J. G.: Use
of Computers in Pharmacokinetics. Clin. Phar-
macol. Ther, 8:201-218 (1967). (Reprinted with the
permission of the publisher.)
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3.2.2 DOSAGE REGIMEN CALCULATIONS 135

is a sort of mean value of F/Vo for the
population and can be used to make pre-
dictions as indicated below. An example of
such a plot is shownin figure 3-2 where the
area under the serum concentration curve

following intramuscular administration of
lincomycin hydrochloride is plotted against
the mg/kg dose of the antibiotic.'* The re-
gression is highly significant (P < .001). The
100r? value is 74 percent, indicating that 74
percent of the variability of the area is
accounted for by differences in the mg/kg
doses. Since the intercept was notsignificantly
different from zero the least squares line
forced through the origin wascalculated(i.e.,
y = 12.05x where¥is the estimated value of
Ag and x is the mg/kg dose) andis the line
drawn in the figure. The “zero intercept”is
indicated by the theory embodied in equation
3-6. Thus, in this case, F/Vo = 12.05 kg/L.
(The units were obtained as follows:

ug/ml wg kg
mg/kg ml**103 ng
dosage regimen question which may be an-
swered with such information is indicated

below.

Question: What would be the expected aver-
age steady state serum concentration if a
60 kg person were administered 200 mg of
lincomycin hydrochloride every 8 hours?

Answer: CG. = (=) (2)
Vo’ \t

200/60

= (12.05) (a) = 5 pg/ml
It should be noted that the answer was ob-

tained by simply separating the factors in the
right hand side of equation 3-4, and remem-
bering that when FVoy has units of kg/L, D
must be in mg/kg, and C,, will have dimen-
sions of pg/ml. It must also be remembered
that this answer was obtained using a least
squares slope value of 12.05 and because of
the scatter of points about the line in figure
3-2 the answerof 5 pg/ml is a type of “aver-
age” expected value and may not apply ex-
actly to an individual patient. One could use
the 95 percent confidence intervalofthe least
squaresslopeforthe datain figure 3-2 to make

 

= kg/L). A_ typical

reasonable estimates of the range of expected
C,, values. The slope of the least squares line
not forced through the origin was 11.42 with
the 95 percent confidence interval of 9.64 to
13.4. If the latter values are substituted for
F'/V¢ in the above equation instead of 12.05,
one obtains 4.0 and 5,6 g/ml, respectively.

It should be noted that application of
equations 3-4 through 3-6 above are inde-
pendent of whetherthe one or two compart-
ment open model applies to the data being
evaluated since the meanclearance is used.

In termsof the one compartment open model,
the mean clearance is equal to VK, but for
the two compartment open model, the mean
clearance is equal to V,k. or Vg area B-

Another type of question which may be
answered with the above information is indi-

cated below.

Question: What dosage could be employedfor
a 50 kg womanto provide an average steady
state level of lincomycin hydrochloride of
3 pg/ml if the drug is administered intra-
muscularly?
Answer: First rearrange equation 3-4 and sub-
stitute the knownvalues as follows:

P = (G.)(1/Vo) = (8)(1/12.08) ~ 1/4T

Hence, any combinationof D and 7 which will
give a ratio of D/7 equal to 1/4 will be an
answer. You have to remember, again, that
since the clearance has units of L/kg, andits
reciprocal, kg/L, that D must be in units
of mg/kg. One answer is D=
100 mg/50 kg = 2mg/kg and 7 = 8 hours
since D/r = 3/12 = 1/4. Such answers

are “ball-park” answers andvery useful in the
clinical situation.

Orret al.13 published a methodforesti-
mating individual drug-dosage regimens, but
what they call “occupancy/ml” is exactly
equivalent to F/Vo = Aj/D = Aj/D and
really does not require a new name. Their
methodis equivalent to that discussed above.
The emphasis was, however, on measuring the
serum or plasma concentrations in the same
patient for which the predictions were to be
made. Of course, this is highly desirable, but
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