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CLINICAL INVESTIGATIONS

The Relationship of Age to the Pharmacokinetics of Early Drug

Distribution: The Concurrent Disposition of

Thiopental and Indocyanine Green

Michael J. Avram, Ph.D.,* Tom C. Krejcie, M.D.,1 Thomas K. Henthorn, M.D.}

The optimal dose of thiopental depends both on its initial distri-
bution kinetics, which determine its concentrations at sites of action
after iv administration, and on its pharmacodynamics. The dispo-
sition of concomitantly administered thiopental and indocyanine
green (ICG), a marker of intravascular space, was determined in 21
patients, aged 20-80 yr, to determine the pharmacokinetic basis of
increased reactivity of the elderly to thiopental. Data obtained from
frequent early arterial blood samples and the simultaneous modelling
of thiopental disposition with that of ICG allow a rigorous descrip-
tion of early drug distribution. Their disposition is described by a
two-compartment ICG model and a four-compartment thiopental
model that have a common central volume, V,, the central blood
pool. ICG distributes, by intravascular mixing, from V, to a pe-
ripheral blood volume that is a subset of a rapidly equilibrating
(fast) peripheral thiopental compartment; elimination clearance of
both drugs is modelled from these peripheral compartments. In
contrast to the results of others, the results of this study demonstrate
that V; does not decrease with increasing age. The only pharma-
cokinetic variable that changed with age is the intercompartmental
clearance (Cly;) from V| to the rapidly equilibrating peripheral vol-
ume, Vj, which decreased 35% between the ages of 20-80 yr. The
authors suggest that V, and the intercompartmental clearances may
be used together to explain smaller dose requirements in individuals
with increased reactivity to thiopental; such an analysis does not
predict that dose adjustments should be made on the basis of age
alone. (Key words: Anesthetics: intravenous; thiopental. Pharma-
cokinetics. Thiopental: age factors.)

OLDER PATIENTS may require lower doses of thiopental
for induction of anesthesia than do younger adult pa-
tients.!~* Increased reactivity of the elderly to thiopental
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must be due to age-related changes in either the phar-
macodynamics or the pharmacokinetics of thiopental.
Christensen and associates found no differences in plasma
thiopental concentrations associated with the onset of
hypnosis in young and elderly patients despite lower in-
duction doses in the elderly.? Homer and Stanski found
no difference between young and old patients in the re-
lationship between estimated steady-state plasma thio-
pental concentrations and the frequency below which 95%
of the EEG power lies.* Studies seeking to explain in-
creased reactivity of the elderly to thiopental on the basis
of pharmacokinetic changes have looked for altered early
drug distribution*™® since sites of thiopental action are
exposed to high early drug concentrations.” Nonetheless,
these studies have produced conflicting reports on the
existence and nature of age-related changes in early thio-
pental disposition,*® perhaps because of the difficulties
inherent in describing early drug disposition.®!°

The initial volume of distribution or central volume
(V¢ or V) is that volume in which a drug appears to be
instantaneously mixed before mixing, flow, and diffusion
distribute it throughout the remainder of its distribution
volume.!! The V¢ of an intravenously administered drug
such as thiopental should be related to intravascular space
and tissues mathematically indistinguishable from it.'%!!
Because the peak effect of a standard intravenously ad-
ministered dose of thiopental wanes before intravascular
mixing is complete,'®!® the rate and extent of drug dis-
tribution during intravascular mixing should affect the
intensity and duration of its effect. An assessment of ki-
netic factors affecting individual reactivity to thiopental
should resolve intravascular mixing from early drug dis-
tribution. This can be done by characterizing the dispo-
sitions of concomitantly administered indocyanine green
(ICG) and thiopental with a combined two-compartment
ICG /four-compartment thiopental model.'*

The purpose of the present study was to test the hy-
pothesis that prolonged intravascular mixing in the elderly
alters the early disposition of intravenously administered
thiopental. Alterations in the extent and rate of early tissue
distribution as a result of prolonged intravascular mixing
could explain the apparent age-related decrease in both
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V¢! and the rate of drug transfer from V¢ to a second,
rapidly equilibrating volume.® To isolate age as a factor
in altered thiopental pharmacokinetics in the elderly, only
healthy (ASA physical status 1 or 2) patients were studied.

Methods

SUBJECTS

Twenty-one ASA physical status 1 or 2 male patients
participated in this institutionally approved study after
providing written informed consent. All patients were
scheduled for peripheral, nonvascular operations in the
supine position. In order to assure a reasonable distri-
bution of patients over the age range of 20-80 yr, seven
patients were included from each of the following age
ranges: 20-45, 46—65, and 66-80 yr.

CONDUCT OF THE STUDY

After an overnight fast, patients received an opioid ad-
ministered intramuscularly alone or in combination with
an antisialagogue. Preinduction sedation included fen-
tanyl, 50~250 ug, or sufentanil, 5-50 ug, injected through
the administration port of an iv administration set through
which a crystalloid solution was flowing freely. Anesthesia
was induced by manually injecting thiopental, 3 mg/kg,
at a constant rate over 15 s through this peripheral venous
catheter while ICG, 0.5 mg/kg, was being administered
in the same manner into a proximal (cephalic) vein. Ve-
curonium was administered after induction of anesthesia
to facilitate tracheal intubation, which was attempted no
earlier than 4.5 min after administration of thiopental.
Supplemental vecuronium was administered, as required,
for surgical relaxation. Anesthesia was maintained
with enflurane, as clinically indicated, in NoO/O; (F;0,
= 0.5). The average =+ SD duration of anesthesia was 3.4
+ 1.7 h.

A radial artery was cannulated in all patients to facilitate
frequent blood sampling during the first hours after drug
administration; later blood samples were obtained
through the catheter placed in the proximal (cephalic)
arm vein. Arterial blood samples were obtained every 30
s from 1-5 min, every minute from 6~16 min, and at 18,
20, 25, 30, 45, 60, 90, and 120 min after the start of
thiopental and ICG administration. Subsequent arterial
or venous blood samples were obtained hourly until 10
h, and, finally, at 12 h.

LABORATORY METHODS

Plasma ICG concentrations in all samples collected up
to 16 min after injection were measured by the spectro-
photometric technique of Svensson et al.'® on the day of
collection. This method has been shown to produce results
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identical to those obtained by high performance liquid
chromatography (HPLC) even after multiple doses of
ICG.'51® The sensitivity of this assay is 0.5~8.3 ug/ml
with coefficients of variation of 5% or less at all concen-
trations. Because ICG does not partition into erythrocytes,
plasma ICG concentrations were converted to blood con-
centrations by multiplying them by 1 minus the hemat-
ocrit.

Plasma thiopental concentrations in all samples were
measured by an HPLG technique designed to minimize
thiopental breakdown.!” The samples were extracted in
duplicate with disposable solid phase extraction columns
on the day of collection and analyzed within 36 h. The
sensitivity of this assay is 0.25-100 ug/ml with coefficients
of variation of 5% or less at concentrations of 0.50 ug/
ml and above. Whole blood thiopental concentrations
were taken to be the same as plasma concentrations be-
cause the thiopental plasma to red cell partition ratio
is one.'®

DATA ANALYSIS

Each patient’s blood drug concentration versus time
data were analyzed separately with the CONSAM/
SAAM29 digital computer program'®2® that was imple-
mented on a VAX 11/780 computer (Digital Equipment

FiG. 1. The concomitant disposition of thiopental (TP, solid lines)
and indocyanine green (ICG, dashed lines) was modelled with this
compartmental system'* (see Appendix). The drugs were injected si-
multaneously into the central, intravascular compartment (V,) from
which they distribute to a peripheral intravascular compartment
(Va.1cc) at a rate determined by the intercompartmental clearance
(Clz1). From this peripheral intravascular space thiopental freely diffuses
to the associated tissues so Vy.1cc is treated as a subvolume of V,.qp.
The elimination clearance (Clg) of ICG and thiopental are modelled
from V3. 06 and Va.1p, respectively. Thiopental distributes from blood
to other tissue compartments (V, and V,) at rates determined by the
respective intercompartmental clearances (Cly; and Cly;). (Reproduced
from Henthorn, Avram, and Krejcie'* with permission).
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TABLE 1. Patient Characteristics (x & SD)*

Age Range (yr) Age (yr) Mass (kg) Height (cm)
20-45 31+ 7 95 + 25 181 £ 14
46-65 56 + 7 93 + 19 176 = 6
66-80 72+ 5 88 £ 10 176 £ 6
20-80 53 £ 18 92 + 18 178+ 9

* N = 7 in each age range except N = 21 in the 20-80 yr range.

Corporation, Maynard, MA). Drug input into V, was
modelled as a 15-s zero-order infusion; arterial blood
samples were obtained from V;. The simultaneous dis-
position of thiopental and ICG was analyzed with a com-
bined open mammillary model as previously described
(fig. 1)."* Thiopental disposition was described by a four-
compartment model and ICG disposition was described
by a two-compartment model (see Appendix). The initial
intravascular disposition of thiopental was assumed to be
the same as that of ICG, which distributes only intravas-
cularly.' Potential indices of individual variability in early
drug distribution, the sum of the intercompartmental
clearances (2 Cl;)?' of thiopental, the mean residence time
(MRT) of thiopental in each compartment,?® and the
turnover time for V22 were also calculated for each pa-
tient.

The disposition of thiopental alone in each patient was
also described using the standard three-compartment
open mammillary model.**!*2*2* This model was con-
structed in two ways, using all data and excluding data
collected before 3 min in order to ensure that the as-
sumption of complete mixing within the central (intra-
vascular) volume is satisfied.'!!*2*

The relationships between body mass and the phar-
macokinetic variables and between age and the pharma-
cokinetic variables as well as other patient characteristics
were sought using a standard least squares linear regres-
sion technique.?” The criterion for rejection of the null
hypothesis was P < 0.05.

Results

Demographic data for the patients participating in this
study are summarized in table 1. Data in this and subse-

THIOPENTAL KINETICS, INTRAVASCULAR MIXING, AND AGE
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FIG. 2. Mean (and SD) blood thiopental (circles) and ICG (triangles)
concentration versus time relationships for the 20-45-yr age group
(closed figures) and the 66-80 yr age group (open figures). A second
ICG compartment and a fourth thiopental compartment could be
modelled (fig. 1) as a result of the additional exponential phase revealed
by the frequent early arterial blood sampling. The insert represents
the thiopental kinetics for the full 12 h of data collection although
some of the early data points are not included for the sake of clarity.

quent tables are summarized not only for all 21 patients
participating in this study but also for each of the three
arbitrarily chosen age groups, each of which contained
seven patients. There was no relationship between age
and either body mass or height.

The average blood drug concentration versus time re-
lationships for both ICG and thiopental are presented for
both the 20-45 and 66-80 yr age groups in figure 2.
There was very little difference between groups in the
thiopental blood concentration versus time relationship.

All simultaneously analyzed blood ICG and thiopental
concentration versus time relationships were well described
by the combined two- and four-compartment models, re-
spectively (fig. 1). Over three-fourths of the kinetic vari-
able estimates had fractional SD that were less than 0.2,
nearly 90% were less than 0.3, 95% were less than 0.4,
and none approached unity.?®

The pharmacokinetic variables describing ICG dispo-
sition are presented in table 2 and equations describing

TABLE 2, Indocyanine Green Two-Compartment Pharmacokinetic Variables (x + SD)*

Volumes (ml/kg) Clearances (ml-min™ - kg™")

Age range (yr) v, Vi.ico Vss Clytt Clet ti/2n (min)
20-45 33+ 5 41+ 8 74+ 8 26+9 11 +2 4.0 + 0.8
46-65 37 +10 36 + 10 73 15 22+8 12+3 3.7+04
66-80 37+ 6 38+ 6 75 7 19+4 9+1 4.8+ 0.6
20-80 36+ 7 38+ 8 74 =10 23 + 7 112 4.2+0.8

* N = 7 in each age range except N = 21 in the 20-80-yr range.
+ This variable was not related to body mass and is presented in

table 5 not normalized by body mass.

I Correlated with age.
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TABLE 3. Relationships of Indocyanine Green and Thiopental
Pharnacokinetic Variables to Body Mass*

AVRAM ET AL.

Variable Slope Intercept r

A2 0.02 1.24 0.58
Va.ico 0.04 0.14 0.67
Vss.1ce 0.06 1.37 0.77
Clg.ico 0.006 0.37 0.58
Clg.p 0.003 0.04 0.69

* P < 0.05 for all correlations between pharmacokinetic variables
and body mass. All other such correlations failed to meet the criterion
for rejection of the null hypothesis.

significant correlations with mass and age are presented
in tables 3 and 4, respectively. There was a correlation
with mass for all of the volume variables describing in-
travascular space, V, Va.1c, and Vss.1cg, as well as for
ICG elimination clearance, but there was no such corre-
lation for intercompartmental clearance, Cly; . However,
the intercompartmental clearance of ICG was correlated
with age (fig. 3) as was ICG elimination clearance.

The four-compartment description of thiopental dis-
position (table 5) has two variables in common with the
two-compartment description of ICG disposition (table
2), V1 and Cly; (fig. 1), which were related to mass (table
3)and age (table 4, fig. 3), respectively, as described above.
In addition, the elimination clearance of thiopental was
related to mass (table 3). V3 and Vgg, of which Vs is the
major component, were related to age (table 4). Neither
V, of the four-compartment model of thiopental dispo-
sition nor V¢ of either three-compartment model of the
same was related to age (fig. 4 A-C).

The mean residence time (MRT, the average time a
molecule of drug spends in a given compartment) of thio-
pental in the four compartments and the turnover time
for V, (i.e., the reciprocal of the sum of the exiting rate
constants) of the thiopental pharmacokinetic model illus-
trated in figure 1 are presented in table 6. None of these
variables was correlated with either mass or age for the
patients in the present study. The MRT (table 6) can be
used as an index of the rate of equilibration of the pe-
ripheral compartments with the central compartment (V)
as very fast (V,), fast (Vo.1p), and slow (Vs).

TABLE 4. Relationships of Indocyanine Green and Thiopental
Pharmacokinetic Variables to Age*

Variable Slope Intercept r

Cly, —0.02 2.83 —0.44
Clg.ice —0.005 1.24 —0.45
Vs.tp 1.06 40.20 0.54
Vss.p 1.19 78.28 0.47

* P < 0.05 for all correlations between pharmacokinetic variables
and age. All other such correlations failed to meet the criterion for
rejection of the null hypothesis.
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FiG. 3. The relationship of the intercompartmental clearance of
ICG and thiopental from V| to V.1 and V. 1y, respectively, (Cly.1co
= Cly.1p) to age. The line is the least-squares linear regression line
fit to the data: Cly; = —0.02 age + 2.83, r = —0.44.

Discussion

Because thiopental equilibration between blood and
brain is very rapid,?’ increased reactivity of the elderly
to thiopental'™ may be due to pharmacokinetic changes
that result in higher-than-normal initial plasma drug con-
centrations. An age-dependent decrease in central distri-
bution volume would result in higher initial plasma drug
concentrations, due to a lesser initial dilution of the dose.
A decreased rate of drug transfer from the central volume
to other rapidly equilibrating volumes could also result
in prolonged high early plasma drug concentrations due
to slowed drug distribution from its initial distribution
volume, thus prolonging thiopental redistribution from
the brain. Age-related changes in the total volume of dis-
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FIG. 4. The lack of relationship of the central compartment of both
the four-compartment model of thiopental disposition (V;, A) and the
three-compartment models of thiopental disposition (V¢, B based on
all data and C based on data collected after the assumption of complete
mixing with the central, intravascular, volume is satisfied) to age.
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The concomitant modelling of thiopental and ICG dis-
position allows interpretation of Cly,; as representing in-
travascular mixing between a central blood pool, V,, and
the slowly equilibrating blood pool, Vy.1cg, from which
thiopental distributes by diffusion to the tissues with which
Va.1cc is associated. Thus, intravascular mixing of thio-
pental and ICG is prolonged in the elderly to the same
extent the dose of thiopental has been shown to be re-
duced.'*

Intercompartmental clearance is a volume-independent
estimate of drug transfer between compartments that is
directly determined by tissue blood flow and transcapillary
permeability.?? Early drug distribution can be described
in terms of an expanding volume of distribution;*® the
initial rate of change in distribution volume is the sum of
intercompartmental clearances (2 Cl;).?! Intercompart-
mental clearance of highly permeable substances, such as
small ions,? theophylline,®' and alfentanil,** may repre-
sent tissue blood flow with the sum of the intercompart-
mental clearances approximating cardiac output. We have
suggested the same is true for thiopental.'*

The apparent rapid expansion of the volume of distri-
bution by intercompartmental clearance (i.e., drug distri-
bution) determines the extent of the dilution of the dose
and, therefore, the concentrations in the effect compart-
ment. It is possible to estimate thiopental’s apparent vol-
ume of distribution at the time its maximum effect is ob-
served (i.e.,, when the effect compartment is in equilibrium
with the decreasing concentrations in V).%* For thiopen-
tal, one would expect this time to be 1-2 min.*** The
volume at this time, although not determined simply by
the initial rate of change in V, (i.e., = C;),2"** is clearly
related to both 2 Cl; and V,.

There is essentially no difference between the 20-45
yr age group and the 66-80 yr age group in the thiopental
distribution volume versus time relationship until the vol-
umes approach the final distribution volumes (fig. 5), when
they are known to be different (tables 4 and 5).>® Because
of the lack of difference between the two age groups in
distribution volume at 1 min, we conclude that the average
age-related change in Cly; may not provide a sufficient
pharmacokinetic rationale for decreasing the thiopental
induction dose in the elderly. This is consistent with the
lack of correlation of either the turnover time in V, or
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FIG. 5. Plots of the blood equivalent volume of distribution of thio-
pental (V) as a function of time for the time of greatest interest (first
8 min); the insert shows the relationship for the entire 12 h of data
collection. V s calculated from average fitted pharmacokinetic variables
at each time, t, by dividing the amount of thiopental remaining in the
body at t by the concentration in V, at t during and following a 15 s
infusion.® The volumes at 1 min are shown by horizontal lines con-
nected to the ordinate for the 20-45-yr age group (solid line) and the
66-80-yr age group (broken line).

the mean residence times in any compartment with age
(table 6).

Increased reactivity of the elderly to thiopental may be
more apparent than real. Several investigators have found
a poor correlation between induction dose requirement
and body mass,?®?® the dose requirement being more
closely related to lean body mass.>® Wulfsohn and Joshi
have suggested the decreased thiopental dose requirement
in the elderly may be due to a decrease in lean body mass
with age®® although this hypothesis has not been tested.*’
Adjusting the thiopental dose on the basis of lean body
mass may provide the rational basis for dose adjustment
in the elderly because the proportion of body mass rep-
resented by lean body mass decreases with age.*® The
increase in Vj (distribution to which minimally affects
early plasma thiopental concentrations) and, as a result,
Vs of the four-compartment model with age (tables 4
and 5) is consistent with the observed age-related change
in body composition.® In addition, the lack of relationship
of any pharmacokinetic variable other than V; and Clg
with body mass despite the wide range of masses (61-134

TABLE 6. Turnover Time in Compartment V, (TT 1) (min) and Mean Residence Times (MRT) (min) in Compartments 1-4
of the Four-Compartment Thiopental Pharmacokinetic Model (x + SD)*

Age Range (yr) TT1 MRT 1 MRT 2 MRT 3 MRT 4
20-45 0.64 +0.23 10+2 102 + 54 465 + 187 28+ 9
46-65 0.66 = 0.15 11+3 101 + 42 615+ 196 48 + 28
66-80 0.71 £ 0.08 9+2 101 + 63 664 *+ 447 35+ 14
20-80 0.67 £ 0.16 10+3 101 % 51 581 + 299 37+£20

* N = 7 in each age range except N = 21 in the 20-80-yr range.
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kg) in the present study (tables 3 and 5), suggests that
estimating dose from total body mass is inappropriate.

How then are rational adjustments of thiopental doses
to be made in the elderly? As appealing as the rationale
of dosage adjustment on the basis of a decrease in V¢ with
age is,*7 the present study clearly demonstrated such a
decrease in V¢ does not occur (fig. 4). The present phar-
macokinetic results suggest the appropriate dose of a drug
with a rapid onset of effect, such as thiopental, is deter-
mined by the intercompartmental clearances, either in-
dividually (e.g., Cl;) or as a sum (i.e.,, Z Cl;), and may
serve as a guide to adjusting thiopental doses. Until this
relationship is evaluated prospectively, dosing adjustments
may be made on the basis of the lean body mass of the
patient;*>*® this recommendation is reasonable because
cardiac output appears to predict 2 Cl;'***-** and lean
body mass is more closely related to cardiac output than
is either total body mass or body surface area.’® Appro-
priate doses of thiopental in the elderly should be selected,
as they should be in any patient, on the basis of physiologic
or pathophysiologic factors that may affect the pharma-
cokinetics or pharmacodynamics of the drug and not on
the basis of age alone.*

The authors wish to thank Colin A. Shanks, M.D. for his knowl-
edgeable discussions, as well as Diane L. Morton for her technical as-
sistance and Diane Lewis and Adriana Contreras for typing this manu-
script.
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Appendix

The Two-Compartment Indocyanine Green Model

Indocyanine green (ICG) is a useful physiological marker be-
cause its early distribution is within the intravascular space and
it is cleared by the liver with a high extraction ratio.'* The tra-
ditional methods of estimating blood volume and hepatic blood
flow by fitting a monoexponential equation to blood ICG con-
centration versus time data ignore very early blood ICG concen-
trations because ICG is incompletely mixed within the intravas-
cular space in that time. That portion of the curve contains useful
information that allows us to describe an important component
of intravascular mixing.

Following an intravascular mixing period of 2-6 min, a
monoexponential decline in our blood ICG concentrations was
observed (fig. 6 A); postequilibration data were fitted to a one-
compartment model. To characterize the pre-equilibration data,
asecond exponential was necessary. The resulting biexponential
curves (fig. 6 B) could be represented by a two-compartment
model with elimination clearance from either the central com-
partment or the peripheral compartment. The Vs of the central
elimination model, 53 + 8 ml/kg, systematically underestimated
both expected blood volume and that determined by the tra-
ditional one-compartment model, 72 + 12 ml/kg. The Vss of
the peripheral elimination model, 72 + 11 ml/kg, not only ac-
curately estimated blood volume but also correlated with the
one-compartment volume. The two-compartment models gave
identical values for elimination clearance, which are slight im-
provements over the one-compartment clearance since the one-
compartment model overestimates clearance because of unac-
counted drug loss during intravascular mixing. Thus, the model
providing the most accurate physiologic assessment of 1CG
pharmacokinetics is the two-compartment model with peripheral
elimination clearance; V, of this model appears to correspond
to the central compartment and fast circuit of physiologic de-
scriptions of the circulation by Caldini ¢t al.*! and Green,*? while
Vj corresponds to the slower, larger circuit described by them
which includes the splanchnic circulation (fig. 7).
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FIG. 6. Blood ICG concentration (open circles) and blood thiopental concentration (open triangles) versus time relationship in a representative
patient. The lines are computer-derived nonlinear least-square regressions for the one-compartment ICG model and the three-compartment
model (both ignoring data prior to intravascular equilibration) in panel A and for the two-compartment ICG model and the four-compartment
thiopental model in panel B.
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FIG. 7. On the left is a physiologic model of the intravascular space
from Caldini et al.*' and Green.*? The heart and lung segment includes
the great vessels and distributes blood to capacitance compartments
(capillaries and venules). The larger compartment (Cs) is thought to
be primarily the splanchnic circulation while the smaller compartment
{Cr) represents the circulation within other peripheral tissues (e.g.,
skeletal muscle). Transfer from the heart and lung segment to Cs and
Cpis by blood flow (Qs and Qp, respectively). The right panel represents
the kinetic model for ICG. The central compartment (V) of this model
consists of both the heart and lung segment and Cp of the physiological
model. The peripheral compartment (V¢), with hepatic elimination
clearance (Clg), corresponds to Cs of the physiological model.

The Four-Compartment Thiopental Model

Like the one-compartment postequilibration ICG model, the
three-compartment thiopental model, based on data collected
after the assumption of complete mixing within the central (in-
travascular) compartment is satisfied,'""'*** failed to describe
the pre-equilibration thiopental data (fig. 6 A). To describe the
pre-equilibration thiopental data, a fourth exponential analogous
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to the second ICG exponential was necessary. The resulting
quadriexponential curves (fig. 6 B) could be represented by a
four-compartment model (fig. 1); elimination clearance of thio-
pental could be modelled from either V, or Vy.7p without af-
fecting the model because Clg is significantly smaller than Clg,.

The Combined Thiopental-Indocyanine Green Model

To enable physiological interpretation of the factors affecting
the initial distribution of thiopental, a combined open mammil-
lary model was used to describe the simultaneous disposition of
concomitantly administered thiopental and ICG (fig. 1). The
initial intravascular distribution of thiopental was assumed to be
the same as that of ICG; the model variables for V, and Cly,
(fig. 1) were fitted simultaneously for both data sets and con-
strained to be the same. Thus, the peripheral blood volume
(Va.1cc), is a subset of a tissue compartment (Va.1p), which is
consistent with the physiologic modelling assumption that blood
in a tissue is in equilibrium with the tissue.'**"*34! The elimi-
nation clearance of thiopental was assumed to occur from the
tissue compartment, Vy.p, associated with the obligatory site
of ICG clearance, V.1cc. As reported in the first description of
this combined model,'* modelling thiopental and ICG disposition
simultaneously had little effect on estimates of the pharmaco-
kinetic variables obtained by modelling them independently.

The additional (first) exponential phase described by the four-
compartment combined ICG-thiopental model apparently re-
solves the V¢ of thiopental described by three-compartment
models**'*?* into a smaller V,, which corresponds to a central
blood volume plus a very rapidly mixing blood volume (heart
and lung segment and Cp, respectively, fig. 7), and an additional,
very rapidly equilibrating tissue compartment, V4. The sum of
intercompartmental clearances, £ Cly,*' of our four-compart-
ment model is much larger than that of three-compartment
models** because of the additional intercompartmental clear-
ance from our very small V, to the fourth compartment of this
model, Cly;; the intercompartmental clearances of this model
predict cardiac output and its distribution as used in physiologic
models, #2744
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