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OPT: A PACKAGE OF COMPUTER PROGRAMS FOR PARAMETER
OPTIMISATION IN CLINICAL PHARMACOKINETICS
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and :'Department of Pharmacy, Stobhill General Hospital, Glasgow G21 3UW.

1 OPT is a series of computer programs designed to assist dose optimisation for individual patients.
It is based on Bayesian Statistical Theory and Maximum Likelihood Estimation.
2 OPT uses prior information on the distribution of population pharmacokinetic parameters and
plasma drug concentration measurements to obtain the 'most likely' set of parameters for the
individual.
3 Complex dosage regimes and non-steady state conditions can be handled.
4 OPT is designed for use in a Clinical Pharmacokinetics Laboratory where informed interpretation
of results is essential.
5 The drugs for which the system is currently available include theophylline, digoxin, lignocaine,
disopyramide, gentamicin and phenytoin (steady state data only).

Introduction

Optimum treatment with many drugs depends on the
achievement of drug concentrations which lie
between specific limits set by a minimum effective
concentration and a maximum safe concentration.
While there may be some dispute about the most
appropriate values for these limits, concentrations
outwith these ranges are considered to be sub-
therapic or toxic respectively. Such a strategy high-
lights the difficulties caused by intersubject variability
in drug disposition because standard dose regimes
will produce significant variations in the drug
concentrations achieved. Moreover, within indi-
viduals, there may be considerable changes in plasma
concentration throughout one dosage interval, an
aspect which may assume particular importance when
drugs with narrow therapeutic ranges are given. With
these basic considerations in mind, a Clinical
Pharmacokinetics Laboratory (CPL) has two essen-
tial tasks (a) to measure the plasma concentration of a
selected number of drugs whose activity and safety
depend on the strategy outlined above and (b) to
interpret these concentrations in a way that will assist
in the optimisation of treatment in individual
patients. This latter task has encouraged us to
develop a package of computer programs, OPT
(Whiting et al., 1981, 1982) which estimates the most
likely set of pharmacokinetic parameters for an
individual patient using a relatively simple phar-
macokinetic model and patient specific data such as
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age, weight, sex etc. This approach was originally
proposed by Sheiner et al., (1979) and by Peck et al.
(1980). Its success in practice when applied to digoxin
and phenytoin has been demonstrated by Sheiner et
al. (1975, 1979) and by Vozeh etal. (1981).

Theory

(A) The model

The pharmacokinetic model used is the one com-
partment open model, with an input function appro-
priate to the mode of drug administration. Through-
out each dosage interval, plasma concentration can
be described by an equation of the form:

Cp(I,t) = CO(I).e-ket + Q (Dose(I),F,R ka km,
clearance, Vd) (1)
where Cp(I,t) describes the concentration profile
during the ith dosage interval. CO(I) represents the
drug concentration at the start of the ith interval
(Figure 1) and is a function of past dosage history. Q
is that part of the concentration time profile due to
the ith dose, DOSE(I), and is a function of clearance
(Cl), volume of distribution (Vd) and the relevant
rate constants. Depending on the mode of
administration, Q is given by one of the following
expressions:
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Figure 1 Diagrammatic representation of the kind of data analysed by OPT. Past dose histQry is relatively
uncertain: present dose history is well defined, starting at T = 0. C1 and C2 are two measured plasma concentrations
and T* (see text) is the time interval between these measurements. There are six dosage intervals, and an increment
in dosage (based on information from C1) has achieved a concentration profile within the therapeutic range by
interval 6 (confirmed by C2).

Q= DOSE(I) -ket Intravenous bolus
Q Vd

Q=F. DOSE(I) .ka ket --kat1 ra

Vd (ka -ke)

dR[k-e et]
Vd .ke

Intravenous infusion

or

Q = m. DOSE()) ket --kmt] Intramuscular
Vd (km -e

where ka = first order oral absorption rate
constant

km = first order intramuscular absorption
rate constant

ke = elimination rate constant CL
Vd

F = oral bioavailability (assumed constant)
and R = zero order infusion rate.

Note that intramuscular administration is modelled
as a first order process. Using this type of
formulation, the kinetic model parameters are CL,
Vd and ka or ki, where appropriate, and any
combination of dose, dosage interval or mode of
administration can be accommodated.
As indicated in Figure 1, the dosage history is

divided into two portions, 'past' and 'present'. The
'past' refers to the period in which, although the
recommended dose regihme is known, there may be

(2) considerable doubt about the actual regime followed.
In other words compliance may be suspect. The
'present' refers to a period (e.g. during hospitalisa-

(3) tion) when the dose history is known with much
greater certainty. As far as the kinetic model is con-
cerned, zero time is defined as the start of the

(4) 'present' dosage history, and the plasma drug con-
centration at that time now becomes a further model
parameter, CO. The 'past' dosage history may not be
relevant in every case when, for example, treatment is
initiated in an in-patient situation.

(5) Thus in its final form, the model has four para-
meters, CO, CL, Vd and where appropriate, ka or km.
It is important to note, however, that although the
one compartment model represents a useful approxi-
mation, the errors implicit in this approximation must
be seen in the light of the performance of the system
as a whole.

(B) Parameter optimisation

The main task of OPT is to calculate the most likely
set of parameters CO, CL, Vd and ka or km for each
individual patient. This is carried out by a procedure
based on Bayes' Theorem and the application of the
principle of Maximum Likelihood (Wonnacott &
Wonnacott, 1970; Edwards, 1976) and is illustrated in
Figure 2. Ifwe can define the statistical distribution of
a set of parameters, 0, in the general population (the
prior distribution) then one or more measurement,
Y, from an individual can be used to obtain the

I THERAPEUTIC
RANGE

TIME
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Figure 2 Diagrammatic representation of parameter optimisation. Information from the prior distribution (6, o-,)
and the initial concentration measurement is used to obtain the revised posterior distribution which yields maximum
likelihood estimates (MLE) of the parameters (6,). These are then used to make a dose recommendation and further
concentration measurements can be used to refine the posterior distribution through feedback of this additional
information.

posterior distribution of the set of parameters, i.e. the
conditional probability distribution for the set of
parameters and the set of observations.
Explicitly, if p(O) = the joint probability density

function for the set of parameters Oi (i = l,k)
i.e. the prior distribution

p(Y) = the joint probability density function for the
observations Yj (j = l,n)

p(YIO) = the conditional probability density function
for the observations Yj (j = l,n), given the set of
parameters 0i

and p(OIY) = the conditional probability density
function for the parameters Oi given the obser-
vations Yi
i.e. the posterior distribution

then p(OIY) - P( ) .p(Y 6)l (6)
p (Y)

Since p(Y) is independent of the Oi, p(Y) is merely
a constant multiplying factor and can be neglected.
If the expected values of the observations, YE are
related to the parameters through a model equation:

YE = g (01 i-9 Oki ti,**) (7)
then it has been shown that a Maximum Likelihood

Estimators (MLE) of the parameters, 0, are the set
which minimises the negative Log Likelihood
function, M, (Kelman etal., 1981)

k 2 n 2

where M = oi xi + Yj -Y (8)i= I (ri j = I1 (ayj
This assumes that
(a) each parameter, Oi, is normally distributed in the

population, with mean gi and standard deviation,
vi X

(b) the 0i are independent, although this restriction
may be relaxed.

and (c) each measurement, Yj, is subject to a nor-
mally distributed random error.

In the current application, the parameter set, 6, is
CO, CL, Vd and ka or km, and the observations Yi are
the plasma drug concentration measurements, Cj.
The model equation is given by equation (1) com-
bined with equations (2), (3), (4), or (5) as relevant,
and equation (8) becomes:

4 2 NCONC

M= i2- l } + A
{e}

2

(9)
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It can be seen that if there are no concentration
measurements available, i.e. NCONC = 0, then the
MLE of the O0 are the population mean values Oi. If,
however, there are many observations available, the
second term in equation (9) dominates, and the prob-
lem reduces to one of standard weighted nonlinear
least squares.

(C) Population estimates

The technique presented above produces intuitively
sensible results in the extreme cases where there are
either no observations or plentiful observations.
However, in practical application, both terms in the
functionM of equation (9) will be important and good
estimates of the population parameter values Oi, and
or and also o,rC will be essential.

The expected values of CL and Vd are available
from various sources. If sufficient data are available
the population can be divided into subpopulations on
the basis of variables such as age, sex, smoking habits,
alcohol consumption, cardiac status etc. by a process
of linear modelling. This has been achieved, for
example, for theophylline by Jusko et al. (1979) and
an abbreviated version of that nomogram is shown in
Figure 3. At present, data of similar complexity are
not available for the other drugs, and a summary of
the mean population or subpopulation values used in
OPT is shown in Table 1. Where appropriate, drug

clearances are related to renal function via creatinine
clearance and body weight. The Vd values are also
related to body weight and/or creatinine clearance,
an are used for all patients. The values of ka and km
are obtained from the literature and also from
manufacturer's data. Programs such as NONMEM
(Beal & Sheiner, 1979) can be used to simultaneously
fit fragmentary data from a large number of subjects
to obtain estimates of mean population parameter
values (Sheiner et al., 1977). The bioavailability
factor, F, only enters equations (1) and (3) in com-
bination with Vd, and if F is considered to be a con-
stant, any resulting variation is modelled as increased
variation in Vd.
As proposed by Peck et al. (1980) the following

values for the population standard deviations for
theophylline were used:

ocl =0.5 (L)

cVd =0.2 (Vd)
and also

a-ka 0.5 (ka)
and akm = 0.5 (km).
The standard deviation for the distribution ofCO was
set at:

aco= 0.7 (CO)

OBESITY OBESITY
0 1,2

440 61 8

Figure 3 Abbreviated version of the theophylline clearance nomogram published by Jusko et al. (1979). All
clearance values are in units of ml h- kg- 'ideal body weight. The figures 0, 1, 2, 3 refer to different degrees of the
relevant factors.
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to account for (a) uncertainty in the actual dose
regime followed by the patient during the 'past'
dosage history and (b) deviation from the actual CO
produced by using the mean population parameter
estimates instead of individual values. In the absence
of adequate data for the other drugs the same values
have been utilised. The value of crj accounts for both
measurement error and a degree of model
misspecification. It is set to 15% of the measured
concentration. Considering that each concentration
measured for any patient is equally important, but
that the latest concentration must be the most
relevant to the patient's current condition, a time
weighting factor has also been introduced into crj
(Peck et al., 1980). Thus the final value of o-rj is given
by

acj = (1.01)T' 0.15 cj
where T* = time from previous measurement to the
latest measurement. Thus, progressively less weight
is attributed to past measurements as more become
available.
The foregoing analysis applies to the drugs whose

pharmacokinetics follow linear first order processes.
This does not apply, however, to phenytoin, and this
drug is dealt with exactly as described by Vozeh et al.
(1981). Only data obtained during steady state on an
oral dosage regime can be utilised for phenytoin.

Details ofOPT

OPT is a series of programs CHAINED together.
The programs are written in FORTRAN and are
implemented on a NODECREST V70 Series digital
computer, with multi-terminal access, and 32K words
of memory assigned to each terminal. The general
flow of OPT is shown schematically in Figure 4. All
data are entered interactively in response to simple
prompts. In the case of a new patient, details such as
age, weight, creatinine clearance, smoking habits etc.
are entered as necessary in order to calculate the
expected values of CL and Vd as outlined in Table 1.
Details of past dosage history are then entered to
allow the estimated value of CO to be calculated
using the expected values of CL and Vd. The mean
population values of ka and k, and also the values of
F are all pre-programmed. The values of crco, 0-CL,
oTvd. and cka or o,/Cm are calculated. Details of the
present dosage history (dose, dose interval, and
mode of administration), and concentration
measurements and the date and time the samples
were taken are now entered.
These data are all stored in a WORKFILE. All

data are checked to allow correction of errors if
necessary before passing on to the next stage. The
data in the WORKFILE can be transferred to
another file for permanent storage, for example on

T

Figure 4 Schematic representation of the OPT system. SS = steady state dose recommendation.
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magnetic tape. The data file can also be updated by
adding details of subsequent doses and concentration
measurements.
The next step is to obtain the MLE of the set of

parameters CO, CL, Vd and ka or km by minimising
the function M of equation (9). This is carried out
using a SIMPLEX routine (Nelder & Mead, 1965)
and the estimated errors in the parameter values are

obiained. In practice, the distributions are con-

sidered to be log normal and this transformation is
carried out in the program: the analysis is not influ-
enced by this transformation. The package then
chains to one of a series of programs, depending on

the drug under test to allow the optimal dose regime
to be calculated. This is achieved interactively by
entering a series of doses and dosage intervals until
the required steady state concentration profile is
obtained, characterised by peak, trough or mean

steady state concentrations or a combination of these.
Comments can be added at this point, including
dosage recommendations or cautions, and a detailed
report form is then produced for the CPL records. A

simplified version is also produced for the patient's
case record. These include a graphical display of the
concentration profile relevant to the present dosage
history and any concentrations available.
The main features of OPT are illustrated in the

examples presented in Figures 5, 6, 7 and 8.

Example 1. THEOPHYLLINE (Figures 5 and 6)
The patient was admitted as an emergency during an

acute episode of bronchospasm. 500 mg amino-
phylline were given intravenously on admission,
followed by 250 mg 6 h later. Oral theophylline
(Phyllocontin) was then started and a blood sample
was taken the following day at 14.00 h, 6 h after the
previous oral dose. The measured theophylline con-

centration was 9.0 Ag/ml.
The expected values for the four parameters were

derived as follows:

Clearance (4.71 I/h), on the basis of ideal body
weight (70 kg), age (35) and the fact that he was a

heavy smoker.

JOHN SMITH WARD 12A

CLINICAL PHARMACOKINETICS LABORATORY.

JOHN SMITH WRD 12A
UNIT NO. - 112233. DRUG - THEO

SAMPLE DATE TIME TIME AFTER DOSE MEAS.CONC.

1 9/11/81 14.00 6.00 HRS 9.0 UG/ML

ESTIMATED CLEARANCE - 3.8 L/HR
ESTIMATED ELIM.HALF-LIFE - 6.5 HRS

PLASMA CONC.V TIME PROFILE STARTING AT 10.00 ON 8/11/81
(OMEASURED CONCS. .-PREDICTED CONCS) ----- --------

0. 16. 32. 48.
tO C 0 ................... I.... .............. I.. .. ..

CONC UG/ML 40.0+

CORE UO/ML 20.0.--------------------------- -+

*.0. * *

CONC UG/ML 0.0+ .. I. I..

0. 16. 32. 48.
TIME (HRS) FROM START OF DRUG MONITORING

ACCEPTED THERAPEUTIC RANGE IS 10.0- 20.0 UO/ML.

DOSE RECOMMIENDATION

DOSE - 450.000 MGO. 6. HOURLY

AND AT STEADY STATE ON THIS DOSE REGIME
MINIMM CONC. - 13.9
MAXIMUM CONC. - 16.3
AVERAGE CONC. - 15.5 UG/ML.

COMMENTS

COMMENTS MAY BE ENTERED HERE

SIGNED- DATE-

Figure 5 Example 1: THEOPHYLLINE. Clinical
Pharmacokinetcs Laboratory report for permanent

record in case sheet. Parameter optimisation is based on
subpopulation parameter estimates and one concentra-

tion measurement.

DOSE TIME FROM ROUTE OF DU- THEO *
INTERVAL DOSE LAST DOSE ADMINISTRATION * NCONC- 2 *

1 500.00 0. I.V.
2 250.00 6. I.V.
3 450.00 4. ORAL
4 450.00 12. ORAL
5 450.00 8. ORAL
6 450.00 6. ORAL
7 450.00 10. ORAL
8 450.00 6. ORAL

CONCENTRATION IN UO/1L
DOSE

INTERVAL TIME PRED.CONC. MEAS.CONC. SD DIFF
4 6.00 9.37 9.00 1.75 -.37
8 2.00 13.68 14.50 2.17 .82

____________________________________________________________________________-

PREDICTED PARAMETER ESTIMATES

BAYES?AN ESTM. SD EXPECTED
CONCA.T START -------------- -_ --------

OF MEAS. PERIOD - .10 .10 .10 UG/ML
CLEARANCE - 3.64 .60 4.71 L/HR
VOL. OF DISTR. - 35.53 7.25 36.00 L
KA(ORAL), KEMIM) - .4182 .1897 .3500 /HR

ELIM. RATE CONST. - .1024 /HR
ELIM. HALF LIFE - 6.76 HR

( ACCEPTED THERAPEUTIC RANGE IS 10.0- 20.0 U/ML )
RECOMMENDED DOSE REGIME FOR STEADY STATE ORAL ADMINISTRATION
DOSE - 450.000 Mo DOSING INTERVAL - 6.HOURS & ON THIS DOSE
CMIN - 14.436 CHAX - 17.291 CPSS - 16.279
TIME TO PEAK - 2.3 HOURS. CONCENTRATIONS IN UG/ML.

0. 32. 64. 96.

4 .~. .......... .....I....... .. . ..I .................I.I
CONC UO/ML 40.0;

CONC UO/ML 20.0+----------------------_________

OO

iZONC UG/ML 0.0 ... .I..
0. 32. 64 96.

TIME (MRS) FROM START OF DRUG MONITORING

Figure 6 Example 1: THEOPHYLLINE. Full com-
puter output: parameter optimisation is based on sub-
population parameter estimates and two concentration
measurements.

253
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Volume ofdistribution (36.01) on the basis of actual
body weight (72 kg).
ka, arbitrarily set to 0.35 h-l
CO (effectively zero) on the basis that no previous
theophylline had been given.

Corresponding Bayesian estimates were
CL. 3.83 (±0.74)1/h; Vd, 35.96 (+7.34)1; ka, 0.36
(±0.21) h-' and CO, effectively zero.

The predicted concentration (8.84 ,ug/ml) was very
close to that actually measured. On the basis of the
revised parameter estimates (notably clearance) it
was predicted that a dose of 450 mg 6 hourly would
produce more acceptable levels (Figure 5; abbrevi-
ated output for case sheet). The following day, a
second blood sample was taken 2 h after a dose. The
theophylline concentration was 14.5 ,ug/ml. Using
both concentration measurements then, the Bayesian
estimates were
CL, 3.64 (+0.6) 1/h; Vd, 35.53 (+7.25) 1; k., 0.42
(+0.19) h-1 and CO, effectively zero.

This confirms that clearance was less than that
expected originally and that satisfactory steady state
levels with a trough (CMIN) of 14.4 ,ug/ml, a peak
(CMAX) of 17.3 ,ug/ml and an average steady state
concentration of 16.3 jig/ml could be anticipated
from a dose of 450 mg 6 hourly (Figure 6; full com-
puter output).

Example 2. DISOPYRAMIDE (Figure 7)
A lady with paroxysmal supraventricular tachycardia
was given a series of intravenous doses of diso-
pyramide. She was then started on oral therapy and
two blood samples were taken after the first and
second oral doses. The measured disopyramide con-
centrations were high at 7.6 and 5.6 ,ug/ml respec-
tively. The expected values for the four parameters
were derived as follows:

Clearance (2.09 I/h) on the basis of creatine clear-
ance and body weight
Volume ofdistribution (33.6 1) on the basis of body
weight
ka, arbitrarily set at 1.5 h-l
CO, (effectively zero) on the basis that no previous
disopyramide had been given.

Corresponding Bayesian estimates (using both con-
centrations) were
CL, 1.3 (±0.22)1/h; Vd, 34.11 (±5.91)1/h; ka, 1.48
(+0.9) h-1 and CO, effectively zero.

Predicted concentrations were 7.89 and 5.29 ,ug/ml.
On the basis of the revised parameter estimates
(again, notably clearance) it was predicted that a dose
of 150 mg daily would achieve levels within the thera-
peutic range. This advice was followed and a sample
taken three days later confirmed that satisfactory

therapeutic levels had been achieved. This concentra-
tion measured 4.0 ,ug/ml, 6 h after a dose, and the
Bayesian estimates, now using all three concentra-
tions, were very similar to those estimated previously
(Figure 7; full computer output).

AGNES EVANS WARD 148

DO:# .-E
INTERVAL DOSE

1 100.00
2 100.00
3 100.00
4 100.00
9 100.00)
6 100.00

7 100.0"
. 15V.00

10 150.00

DOSE
INTERVAL TIME

6 2.50
7 4.50
1) 6.OC)

PREDI lTED

CON .AT START
OF MEAS. PERIOD
CLEARANCE
VOL. OF DI .TR.
iA(CORAL). M(MIM)

ELIM. RATE CONST.
ELIM. HALF LIFE

TIME FROM ROUTE OF
LAST DOSE ADMINISTRATION

0. I.V.
26. I.V.
27. I.V.
16. I.V.
S. I.V.

r.ORAL
20. ORAL
se. ORAL

24. ORAL
24. ORAL

CONCENTRATION IN UIG/ML

PRED.CONC. MEAS ..CONC. SD,
7 .45 7.60 2. 7e
4.66 5.60 1.0-4
4.06 4.0 C .60

PARAMETER ESTIMATES

BAYESIAN ESTM. SD

i.10 1 0- 1.SI .27
= .3.152 .50

.04951 /HR
= 15.36 HR

* DRJG= DISO
* NCONC- 2s

EziFF

'.1/H5

.94

EXPEC:TED

1 :1 _1_IJ / ML

2,-. 60" L /H

1. 5000 / HR

ACCEPTED THERAPE"ITIC RANG.E IS 2...- 5.C LG/ML
RE UOMMENDED DO--.E REGIME FOR STEADY STATE ORAL ADMINI,-TRATION
DOSE = 1 M.oVMO DOSING INTERVAL = _4.H"l)RS ''N TH04 DT-bE
'MIN = 1.771 CMAX 4H.61)I F'p.
TIME TO PEA) = 2.1 HOURS. CONCENTRATIONS IN UG/ML.

6.4. 1
...... I............... .I

-:---NC UG6/ML I 0). 0;

0

*-- * -* *
,---NC I./ML5.ML

C'ONC LUG/ML 0.0 ......... .I...........I..........
64. 10.

TIME (HRS) FROM START O)F DRUG, MONITORIN'.I

Figure 7 Example 2: DISOPYRAMIDE. Full com-
puter output: Bayesian estimates derived from three
concentration measurements.

Example 3. GENTAMICIN (Figure 8)
The patient was given an intitial dose of 120 mg
gentamicin intravenously followed by two further 80
mg doses. A blood sample was taken 7.5 h after the
third dose. The measured gentamicin concentration
was 1.5 ug/ml. The e-xpected values for the three
parameters were derived as follows:

Clearance (3.5 1/h), on the basis of creatinine clear-
ance and body weight.
Volume ofdistribution (15.0 1), on the basis of body
weight
CO (effectively zero) on the basis that no previous
gentamicin had been given.

Corresponding Bayesian estimates were
CL, 3.03 (±-0.33) 1/h; Vd, 15.14 (±+2.0) 1 and GO,
effectively zero.
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EC"TE TIME FR'iM RCILITE ''IF
INTERVAL D'SE LA'T DO E ADMINII.TRATI'-IN

1 I.".u""11:1 1:) . I.V.
2 -:(." I.V.

4 1: (1 I.V.
5. 1 -:)t1. 1:)l:) :.I.V.

"--N' ENTRAT I-IN IN '- ./-,ML

INTERVAL TIME FREDr. "N' MEA' S".l:lN' El
7.50: 1 46 1 50:7. r 7. 1 *15

FREDIC TED FARAMETER ESTIMATE

tAVE IAN E T11M. r:cl
:'N-.AT TART ~~~~~~ ~
"-EF MEA' FERIorD *1" *1
CLEARANC E = 2.
VOL. OF rEl'TR. = 14.57 1.1

ELIM. RATE CON-T. = ."204' /HR
ELIM. HALF LIFE = 7. DV HR

THERAFEICITl£IlJE':TIVE' -

* DRIUII= ENT *

* NC O:NC: = xi

I-IFF

.27

E X'EC TEE'

IfL, /Ml

l5:: L

TRO:ULGH 2.
PEAl C 'NC. 5 .1 - 1.: '.-,/ML

Dl''l nE REC.'O.MMEND'ATION

DO' E = M. DL'-CE INTERVAL = £.'0HR1 AEDIMN.RI'"'LITE =I.V.
AND AT -.TEADY -TATE "N THI;. DOSE REG.IME -

TR"Il. '.H ONC. - .t5
l HR CONC. = 6. ;4
AVERAGE C..N' = 4. 1' "' /ML

:-.2. 'A4.
................... ...................

-'NC LIG-/M1L 101.0l

. I . I.~~~~~~~~~~~~~~C

'"1-N' I_IG. ML 5 ., -- ----

:lN: @l- "L 5. :1F- --- -----__{ _ _ ___ -___-____-___--_--___-__ --_--_--_--___ -_-__-

,-,II GML ""N...........I..........I..........

0. 32{ 4.{

TIME (HR-I FROM S.TART CIF [IRIL". M''NITORIN'.

Figure 8 Example 3: GENTAMICIN. Full computer
output: Bayesian estimates derived from three con-
centration measurements.

The predicted concentration was practically identical
to that measured. On the basis of the revised para-
meter estimates, a slight increase in dose to 100 mg-8
hourly was recommended.
The following day, two blood samples were taken,

1 h and 7 h after a dose, representative of high and low
levels on this dose. Corresponding concentrations
were 7.2 and 2.0 p.g/ml respectively. Using all three
measurements, Bayesian parameter estimates were
then

CL, 2.99 (N0.25)1/h; Vd, 14.57 (±1.63) 1 and CO,
essentially zero.

This confirmed that therapeutic objectives, in terms
of peak and trough levels, would be achieved on this
regime (Figure 8; full computer output).

Discussion

OPT is a package of programs which uses Bayes'
Theorem and the principle of Maximum Likelihood
to estimate the most likely set of pharmacokinetic
parameters for an individual patient. This process is
based on prior knowledge of population parameter
distributions and any plasma concentration measure-
ments available. Once the optimal parameter values
have been calculated, recommendations for future
dose adjustments can be made to achieve the relevant
therapeutic concentrations. The usefulness of a
package such as OPIT can be maximised by combining
it with rapid and accurate drug concentration
measurements, most effectively in the setting of a
Clinical Pharmacokinetics Laboratory, using tech-
niques such asEMIT or h.p.l.c. We acknowledge that
the sophistication of such a system may not always be
necessary, where, for example, a patient is in steady
state on a drug which exhibits linear pharmaco-
kinetics but this may be the exception rather than the
rule particularly in hospital practice. The most
important features of OPT, however, are the ability
to utilise non-steady state data and the facility with
which drug regimes of great complexity are handled.
These features represent particular advantages for
the analysis of data collected in relatively acute
clinical situations, for example, the treatment of
arrhythmias with lignocaine in a Coronary Care Unit,
the administration of intravenous and intramuscular
gentamicin in a Surgical or Intensive Care Unit and
the treatment of severe bronchospasm with
theophylline by rapid and slow intravenous infusions.
The use of individual patient parameter values should
prove more appropriate than those derived from
nomograms. The latter may be of value for patients
who conform to the population mean, but may give
misleading results for those who do not.
There are many assumptions implicit in OPT about

parameter distributions, weighting schemes etc; these
must be judged by the effectiveness of the system as a
whole. For example, the same variances have been
assigned to the population parameters for each drug.
While these terms represent satisfactory approxima-
tions at present, prospective studies will allow their
more accurate determination. All assumptions are
now being scrutinised and we will make recom-
mendations in the future about certain operational
details such as optimal sampling times. At present the
package is used routinely in the Clinical Pharamaco-
kinetics Laboratory and printouts are incorporated
into the case sheets as permanent documents.
Rigorous validation of the whole procedure is being
performed continuously: this will be the subject of
future communications.

Further details ofOPT can be obtained from AWK.
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