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Purpose. In patients with severe head injuries receiving long-term
infusion for reducing intracranial pressure, a decline in concentrations
was apparent following attainment of an initial steady state. This could
be explained by an increased rate of elimination. An adequate modeling
of the plasma disposition curves was used to demonstrate clearly the
metabolic induction.

Methods. The concentration-time data of 17 patients were fit by a one
compartment pharmacokinetic model in which the decline of plasma
concentration during infusion was due to an increase in the clearance
rate of thiopental following a latency period. This time-dependent
clearance model provided estimates of initial and final clearance rates.
Results. This study demonstrated that large interindividual variations
were observed during the course of the thiopental time-dependent
pharmacokinetics. Depending on the patient, one or two steps of induc-
tion occurred. The mean initial and final clearance rates were 1.22 %
0.82 mL/min/kg and 10.5 * 23 mL/min/kg. The latency period for
the first induction averaged 69 * 56 h. For 6 subjects, the rate of
thiopental metabolism continued to change with time and there was a
second step of induction.

Conclusions. Induction of thiopental metabolism occur within thera-
peutic ranges, but it was not established that attainment of individual
limits in dosing rate, total dose, or treatment duration occur in the
process. Thus, monitoring is needed for achievement of a target
plasma concentration.

KEY WORDS: thiopental; long term infusion; time-dependent clear-
ance model; critically ill patients.

INTRODUCTION

Patients with head injuries, receiving high-dose infusion
of thiopental over a prolonged period to decrease elevated intra-
cranial pressure (ICP) were studied. The pharmacokinetics of
high-dose thiopental have been described using a first-order
(1-3) or a Michaelis-Menten elimination.(2-6) However, for
some patients these models were inappropriate, i.e., a gradual
decline in plasma concentration was observed although the
infusion rate was unchanged. This could be explained by an
increased rate of elimination indicating that thiopental induced
its own metabolism. In a previously published study, a large
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intraindividual variability in clearance values was observed (7).
Since thiopental is completely metabolized before excretion
with a low hepatic extraction ratio (8), enzyme activity is the
rate limiting step of elimination.

Numerous chemical compounds and several barbiturates
are well-known enzyme-inducers under a variety of input condi-
tions (9-15). However, the assessment of hepatic enzyme activ-
ity in patients remains difficult because no routine methods
are available. Enzyme induction is generally deduced from a
diminished intensity of the pharmacological effect, an increase
in the clearance rate, or a decrease in the terminal plasma half-
life of the drug. Itis known that the effects of high-dose thiopental
are terminated by both metabolism and distribution into tissues.
Thus, no conclusion about hepatic function can be drawn by relat-
ing duration of drug effect to drug disposition. Time-dependent
pharmacokinetics of cyclophosphamide has been recently
reported, declines in steady-state plasma concentrations were
observed during high-dose infusion in 13 of 15 patients (16).

Adequate modeling of the plasma concentration time
curves might clearly evidence metabolic induction. In the pres-
ent study, we have described the pharmacokinetics of long-
term infusion of thiopental by a model that incorporates the
time-dependency of the clearance rate, i.e., the clearance rate
increases gradually as a function of time following a latency
period.

MATERIALS AND METHODS

Drug Product

Thiopental,  [5-ethyl-5-(1-methylbutyl)-2-thiobarbituric
acid] was supplied as the lyophilized powder of thiopental
sodium (Nesdonal®, from SPECIA).

Patients

The patients, 5 women and 12 men, aged 15 to 58 years
(31.5 = 15). Weight was 55 to 90 kg (71 = 11 kg) in males
and 52 to 70 kg (56.4 = 7.9 kg) in females. Two patients (4
and 11) were hospitalized for aneurysms while the others were
hospitalized for cranial shock. All patients were free of disease
before their admission for a deep coma with a Glasgow score
<= 6.

Clinical Monitoring

ICP and arterial pressure were continuously measured. The
infusion rate of thiopental was adjusted to maintain ICP below
20-25 mm Hg and cerebral perfusion pressure (CPP) above 50
mm Hg (CPP represents the pressure gradient across the cerebral
vascular network, and can be estimated as the difference
between mean arterial pressure and mean ICP or central venous
pressure). Thiopental plasma levels were kept in the 15-40
mg/L range. Moreover, the drug was administered safely with
colloidal fluids needed to maintain blood pressure during the
loading regimen. The following examinations were performed
once, or more, daily: Glasgow score, pupil reactivity test, elec-
troencephalogram recording, and cardiovascular parameters.
Renal and liver functions were assessed by blood chemistry
analysis and determined to be within normal limits. The hemato-
crit was slightly lowered (between 32 to 44%).
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Thiopental Dosage

Thiopental was administered by long-term intravenous
infusion. The infusion rate varied from 0.69 to 5.00 mg/kg/h
(2.51 = 1.03 mg/kg/) with or without a loading dose of 20
to 40 mg/kg. Infusion rate averaged 3.00 mg/kg/h for females
and 2.38 mg/kg/h for males. Five patients received a constant
infusion rate while the others received two (8 patients) or three
(4 patients) sequential dose regimens of thiopental. Sometimes
additional doses of 10 to 50 mg/kg were allowed to keep ICP
within normal ranges. Treatment duration averaged 145 * 45
hours and the amount received during this time was 380 * 155
mg/kg. Females received 434 = 202 mg/kg over 138 = 32 h
while males received 358 = 135 mg/kg over 147 * 51 h.
Cessation of thiopental treatment was determined by reduction
or normalization of ICP, decrease of cerebral edema, signs
of severe pneumonia, failure to control ICP or cardiovascular
instability. Treatment characteristics are given in table 1.

Concomitant Therapy

Other intracranial pressure-reducing drugs were dexameth-
asone or methylprednisolone (patient 8), with 20% mannitol as
adjuncts. Ventilator-induced respiratory alcalosis was also used.
Anti-infectious treatment was usually cefazolin, combined with
tobramycin; other antimicrobial agents were ampicillin and
ornidazole (patients 1), gentamicin (patient 8). Citocoline
(patient 5), or piracetam (patients 14 and 17) were given in the
acute phase of the post-traumatic cerebral ischemia. Other drugs
were cimetidine (patient 3), ranitidine (patient 7), dopamine
(patient 13), or cedilanide (patient 17). Ionic solutions and
dextran were used to control the hemodynamic status and serum
electrolytes. All drugs were administered by intravenous route.

Sample Collection

Blood samples (2 ml) were drawn into heparinized vacu-
tainer tubes. The number of samples collected per patient aver-
aged 15 over a period of 168 * 39 hours. Plasma was obtained
by centrifugation (3000 g for 20 minutes) and promptly ana-
lyzed. Since all blood samples were drawn for the routine
therapeutic drug monitoring of patients, no informed consent
or ethical approval was needed.

Drug Assay

Plasma levels of thiopental were determined in duplicate
by high-pressure liquid chromatography as previously
described (17).

Pharmacokinetic Analysis

Data analysis was performed covering all the doses from
the commencement of the drug infusion upon the whole thiopen-
tal concentration-time curves. A one-compartment model was
used to fit the data using sequentially a first-order elimination
and a time-dependent clearance model. For the time-dependent
pharmacokinetics, the exponential increase in clearance was

defined as follows:
CL@t) = CL; for 0 < t < Lag

1)

Russo, Dubboin, Bressolle, and Urien

CL(t) = CL; — [CL; — CL;] - e ¢®"L%® fort > Lag 2)

then the full pharmacokinetic model was

Vd~g—C—=R—CL(t)-C 3)
dt

where C is the drug concentration at time t, dC/dt is the rate
of change of drug concentration, R is the rate of infusion (t >
infusion time, R = 0), Vd is the apparent volume of distribution,
CL,; is the initial clearance rate, CL; is the final clearance rate,
¢ is the rate constant for the change in clearance rate, Lag is
the latency period, i.e., the time from the beginning of drug
infusion to the beginning of clearance increase. The change in
clearance could occur in two successive steps, with ¢1, Lagl,
and ¢2, Lag2 defining two clearance rate change functions
similar to equation 2. CL,, is then the middle value of CL
reached after the first step of induction. CL; is the final CL
value reached after the second step of induction. The equations
describing CL variations are then

first step of induction

CL(t) = CL; for 0 <t < Lagl
“)
CL(t) = CL,, — [CL,, — CL;] - e ®'“ 128D for Lagl < t < Lag2
&)

second step of induction
CL(t) = CL; — [CL; — CL,] - e %2l for ¢ > Lag2 ©6)

The pharmacokinetic modelling and parameter estimation
were performed with the MicroPharm software (18), by nonlin-
ear regression analysis using the weighted least squares criterion
(weight, 1/C?). Suitable models were first assessed by visual
examination of curve-fitting and residual plots. The statistical
F-test was used to discriminate between models.

Statistical Analysis

Results in the text are given as mean * standard deviation
(SD). The different parameters (thiopental treatment and phar-
macokinetics) were tested for normal distribution and variance
homogeneity using the Kolmogorov-Smirnov test.

The following regression analyses were performed: i) the
rise of CL expressed in percent, (CL rise = [(CL; — CL;)/CL;]
X 100) against the total dose and against the treatment duration
of thiopental, ii) ¢1 against the concentration at time Lagl
(Crag1), and against the dose of thiopental at time Lagl,
Dosey ).

Statistical analyses were performed using the program
Statgraphics (19). Significance levels were assessed at p < 0.05.

RESULTS

Patients

The patients hemodynamic state was without appreciable
disturbances throughout thiopental treatment except for patient
14 (severe electrolyte disturbances). Three patients died during
the study from neurological (patient 3), infectious (patient 11),
or cardiac (patient 16) complications. Except the above subjects,
all of the other patients had a recovery without sequelae.
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Fig. 1. Thiopental plasma concentration-time curves analized
according to a one-compartment model using a time-dependent clear-
ance with one induction step (solid lines). Dotted lines are the fits
obtained with the first-order elimination model. In the bottom panels
the lines depict the continuous infusion rates of thiopental, while arrows
indicate bolus loading doses () and Lag-time (1).

1585

Patient 5
30 (

oy

-]

E

a 20

4

Q

3

-

2 10

Q

Zz

o

(8]

144 168

E 15
gz
2}10 2x1g
22
28 =¥
2 .
F4 ol —
0 24 48 72 96 120 134 168

TIME (h)
Fig. 1. Continued.

Pharmacokinetic Analysis

The model with time-dependent clearance (2 = 0.974 +
0.041) with one (11 patients) or two steps of induction (6
patients) adequately fitted the concentration-time curves (Fig-
ures 1 and 2). The plots obtained by using a linear kinetic
model (without inducting effect) are also drawn for comparison.
Pharmacokinetic parameters and the significance levels of the
F-test are summarized in Table L.

The initial and final CL estimates were 1.22 * 0.82 mL/
min/kg and 10 % 23 mL/min/kg; the CL rise averaged 755 =
1035%. Delay of the induction process (Lag) averaged 69 *
56 h and was quite different between subjects. For some of
them, induction started soon after the initiation of thiopental
treatment (2.5 to 14 h for subjects 5, 12, 15, 16, 17); for the
others the Lag time was up to 156 h.

For most subjects, the CL rate variation was satisfactorily
described by one induction step (equations 1 to 3). However,
for 6 subjects, the rate of thiopental metabolism changed again
following a first induction step and it was necessary to define
a second step of induction to fit the data (equations 1 and 4-6).
The second induction phase occurred just at the end of treatment
duration for subject 12 and 40 h after cessation of treatment
for subject 14. For the other patients, the second step occurred
during the treatment. Mean &1 value was 0.47 = 1.14 h™!, and
Crag value was 24.5 = 14 mg/L.

There was no significant correlation between the increase
in CL and thiopental treatment (total dose and treatment dura-
tion). No relationship was found between &1 and thiopental
concentration, Crag; or administered dose, Dosey .
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Fig. 2. Thiopental plasma concentration-time curves analized
according to a one-compartment model using a time-dependent clear-
ance model with two induction steps (solid lines). Dotted lines are the
fits obtained with the first-order elimination model. In the bottom
panels the lines depict the continuous infusion rates of thiopental, while
arrows indicate bolus loading doses (1) and Lag-time (1).
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Fig. 2. Continued.
DISCUSSION

In this study, during long-term constant infusion, thiopental
concentrations declined after achieving an initial plateau or
an initial maximal concentration, suggesting time-dependent
kinetics due to enzyme induction. The time-dependency of
clearance could be satisfactorily modelled according to a single
exponential function in most cases, as already described for
cyclophosphamide (16). However, for 6 of the 17 patients,
the clearance change required two exponential functions that
described two successive steps in the induction process.

Efficient doses to decrease ICP, 162 to 717 mg/Kg, were
similar to those already reported (1-7). The initial clearance
estimated in the present study is comparable to reported total
clearance (0.6-4.7 ml/mn/kg) (1-3) but the final clearance is
significantly higher. The distribution volume compared well
with previous studies, 0.6 to 9.6 L/kg (1,2).

Since barbiturates are enzyme-inducing agents, it is likely
that the large doses of thiopental infused over 2 weeks should
stimulate its own metabolism. In addition, the autoinduction
was expected as thiopental is a drug with a low hepatic extrac-
tion ratio (8) whose clearance is related to enzyme activity
(20). Cytochrom Pys III A3 is inducible in human by barbitu-
rates (9,21). Thiopental undergoes metabolic oxidation catalized
by cytochromes P,s,. Enzyme induction effect of thiopental
has been assessed indirectly in rats (22-24). Another cause of
enzyme induction following prolonged thiopental infusions is
that pentobarbital is formed to a significant extent reaching
10-15% of thiopental concentrations (25,26). Pentobarbital is a
potent inducer of hepatic microsomal drug metabolism.(12,15).
The increase in pentobarbital clearance by autoinduction in



1587

Time-dependent Clearance of Thiopental

001 X ['"IO/("1D = D)) = asu 1D ‘9ourIRa [RUl YD 9duRIes[d S[pplw M) ‘oourIRa[d [ENIUL (M) {9sealour aoueles|d Jo dals puooss Sy o) uolsyul
Jo Suuuidaq oy woyy porad Adoudre| :z3e ‘osearour dueIwId Jo Juruuidaq oyl 01 uorsnyut Jo Jutuurdaq oYy wioly powad Adustef (T8e ‘91BI oURIRID Ul SOFuUBYD Y)Y IOJ SIULISU0D-IJe]
:7d pue [ ‘UOYNQIISIP JO SWN[OA (P JUSUWIEAN [RIuadOoIy) JO UONESSSD T8 UONELUIIU0D 19087 ¢[FeT awn) Je paInsest uonenuaduod [eyuadony 1317 ¢ Fe] awn 01 dn pasnyul reyuadoryy
Jo 3sop {7101 :1%¥Taso( “s[apow JourILS[O Juspuadop-awn pue IEaUl] UIdMIq 153)- YY) JO S[9AS] 90UBOHIUTIS (q "SIILI SAISSIOONS 93IY) 0] SUO Je pasnyul sem [eIwadory], (v :SUouDINLqqY

100°0> Pl 1660 L6T 769°0 ST 8Y'T 6900  $OKO'0 0090 bvE 8IS 19T €0'€TS1-LTT €981 SHY L1
1000> 8661 6550 80'8 681°0 9IIT 6I'6 19900  €81000 121 S AR ¥4 P69°0-6£1-LLT  6S8¢  £€6I 91
SO0>  896L1  6£T 69'1 9210 L'8T vl 6510 LET 16T €T T8l 98p SSI-L'E-8LT LET 8 S1
ST00>  €98€T  €9°¢ 681 910 ULLT  1v 9€500 6210 65S It 08 LT8I oreI8Yy  TILY LET vl
1000>  1'T6C 8€°T Tl L£09°0 P91 6L 9990 6£10 1TT TIl 9%S  ITEL 6LT-LSE  6T6F  SEIT £l
1000> 9651 L6'1 19 65L°0 P01 669  96L0°0  LYTOO OLT 9 91 0s 6L1  vITT  ST01 U
§T00> T 97T 99'1 gLl UTO  S9T  ®IT Sy $6S $$TS 0L 991 11
100>  I'LS €€ (484 £0S1 €ET0 LS 9z TLT  TESS €0V-T0T  €LSS ISl o1
S00>  L9L €9y 9T <01 86700 0T1 I8 U 8L6T v81-89°C  1'80% 91 6
1000>  v'66 6v'€ SL'l LTSt 9I¥'0 19T LL T8l LSy 6L1-LSE  ¥1TS 661 8
SO0>  T'6gp sty 1£8°0 9'sE $690°0 8 TY L1 001 95°1-Z1°¢ STz Pl L
SO0>  L9ET vL'E 851 8 69F 699 6L9  SLI  L98T LYT-€EE  €€0S 012 9
ST00>  SPEEl  I€6 6v9°0 I'¢l 61¥000 PK'E Y9 SHI L9 J2 3 A 4 Tl S
S00> 111 8¢ 69'1 $'8¢ L9€0  v¥E b0l 9ST  L'L01 Wl LLST STl b
1000>  T98pE 7'€6 09T L6 L090000 8I'E L8 ST 1'65C LTT 00 LI €
100> 96981 T9¢ v8'1 $9S1 LE600D0 95'€ TEl 98 £8L7 65T-8LT  §LLT 6v1 z
100> LTI 181 158°0 I'st 910 081 L6l 9TE 90l LTT  T6ST 48 I
@94 % Syumyw  Syunuqu  Syumyur Y q - -4 By Bw Fw ByABw /88w 8y/8w q waned
asu D %) g0} 0 781 18%1 TP 1 pA  *D 7y 1%Isoq sy esoq  9sop  uopeinp
[el0,  jJudwgealy,

sdajg uoponpul oM, 10 dUQ

qim aoueea)) 1wspuade-awiy, B Juisy) POy Juswedwio)-auQ) € 0) Suip103dy PA[[APOIN BIe( WOI) PAALR( [IUSdOly], JO sI1d)ouweIed dlduodeuULIRy] PUE $950( PIsTyu] °J AqEL



1588

patients given a high dosage for reduction of intracranial pres-
sure was dependent on the dose and treatment duration of
pentobarbital (15).

Drug metabolism and enzyme induction exhibit large inter-
individual variability. Considerable differences were observed
in induction onset of thiopental among these patients. Short lag
times (<24 h) were observed, suggesting that enzyme induction
occurred during the first exposure to thiopental. By contrast,
lag-times of 5-6 days were also observed. The rate of CL
change (¢1) was independent on the dose or the thiopental
concentration measured in these patients. The increase in thio-
pental CL was not related with the duration of treatment or
with the total dose. In the present study, a biphasic induction
process was more appropriate to fit the data of six patients.
The second step of induction occurring at cessation of thiopental
treatment suggests that even at the end of treatment, enzyme
induction cannot be assumed to have reached completion.

Thiopental appears to be a slow or a rapid metabolism
inductor according to the patients. The vast difference in the
induction Lag-time between patients is a known phenomenom
for thiopental. Indeed, temporal differences were observed in
stimulatory response of three hepatic microsomal parameters
(activities of ethylmorphine N-demethylase and aniline hydrox-
ylase and microsomal cytochrome P450 content) during, and
after a daily administration of thiopental to rats. After 1 to 3
days, stimulation of at least one parameter occurred and was
less than 150% of control values. After 7 days, 2 parameters
were increased. After 14 days, the three microsomal parameters
were increased to 160-200% of control values (24).

Studies have shown that the activity of drug-metabolizing
enzymes depending on cytochrome P-450 could be influenced
by genetic factors, age, sex, environmental factors such as
nutritional status, disease states, alcohol consumption, smoking
or the administration of various compounds (9,10). The patients
in this study received numerous drugs. Cytochrome P450 III
A3 is inducible by glucocorticoids (21) which were commonly
administered, as opposed to cimetidine (27) and ranitidine (28)
which are enzyme inhibitors and were only administered to
some patients.

CONCLUSIONS

The present study shows that thiopental metabolism in
man could be affected by auto induction whose degree and
time-course are variable. The pharmacokinetic model applied
to the data provided the optimal characterization of the time-
dependent clearance. The linear model, the models with one and
two induction periods were statistically hierarchical. Individuals
were markedly heterogeneous with respect to the environmental
factors known to influence drug metabolism. Furthermore, in
critical care patients a broad spectrum can exist in severity,
intensity, and duration of pathologic state. In addition, changes
in disease state can occur with time. Thus, an individual can
exhibit dramatic changes in thiopental elimination. In regard
to drug efficiency over long-term treatment, an increased elimi-
nation may lead to underexposure to the drug. Circulating drug
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concentrations are sensitive to dose size and also to rate of
metabolism. However, it was not established that attainment of
individual limits in dosing rate, total dose or treatment duration
occur during the induction process. Therefore, this study pro-
vides a basis for the long-recognized need to monitor and to
individualize doses of thiopental. Because induction of thiopen-
tal metabolism can occur within the therapeutic range, the
achievement of a target plasma concentration is more difficult
than for a drug with linear pharmacokinetics.
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