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Pharmacokinetics and effects on intracranial pressure of
sufentanil in head trauma patients
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Ten patients with head trauma received an intravenous bolus of sufentanil (2 jg kg-1)
followed at 30 min by infusion of sufentanil (median 150 jg h-1) and midazolam
(median 9.0 mg h-1) over 48 h. Median (range) values of pharmacokinetic parameters
for sufentanil were: tih,z = 16 (7-49) h; CL = 1215 (519-2550) ml min-1; CLR = 7
(2-38) ml min-; Vss = 10.0 (6.8-24.2) 1 kg-. Decreases in intracranial pressure (ICP)
(from 16.1 ± 1.7 to 10.8 ± 1.3 mm Hg; P < 0.05) and mean arterial blood pressure

(MAP) (from 85.5 ± 3.9 to 80.2 ± 4.9 mm Hg; P < 0.05) were observed within 15 min
of the bolus injection of sufentanil and remained unchanged thereafter. Thus, cerebral
perfusion pressure (CPP = MAP-ICP) was stable.
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Introduction

The pharmacokinetics of sufentanil in intensive care
patients have not been documented in detail [1].
Although opioids are often administered to patients
with severe head trauma, the effects of such drugs on
cerebral haemodynamics and intracranial pressure
(ICP) are controversial. Sufentanil has been reported
to increase cerebral blood flow (CBF) and ICP in man
and dogs [2-4]. In contrast, other studies in humans,
rats and dogs indicate that sufentanil administration is
associated with either no change or a decrease in
CBF and ICP [5-8].
The aims of the present study were to describe the

steady state pharmacokinetics of sufentanil and to
assess its effects on ICP in patients with elevated ICP
following brain injury.

This work was presented in part at the thirty-fourth
Spring Meeting of the German Society of Pharmacol-
ogy and Toxicology, Mainz, Germany, March 1993.

Methods

After obtaining institutional ethics review board
approval and informed consent from family members,

10 brain-injured patients (three women and seven
men; Glasgow Coma Scale < 6) were studied within 5
days of admission to the intensive care unit (ICU).
Included in the study were patients with severe head
trauma who presented diffuse bihemispheric brain
oedema on computed tomography scan. Patients
suffering from pulmonary, cardiovascular, hepatic or
renal failure were excluded. The median (range) age,
weight and height of the patients were 34 (10-76)
years, 80 (45-90) kg and 1.77 (1.54-1.90) m, respec-
tively. Mechanical ventilation (FiO2: 0.3-0.45) was
adjusted to maintain arterial carbon dioxide tensions
of 28-30 mm Hg. Continuous infusions of fentanyl and
midazolam were used for analgesia and sedation prior
to the investigation. The only co-medications were
low dose heparin and 2 ,ug dopamine kg-l min-'. The
patients received parenteral nutrition. Monitoring in-
cluded invasive mean arterial blood pressure (MAP)
and right atrial pressure (RAP), heart rate (HR),
arterial 02 saturation (SaO2) and blood gases. ICP
was measured using an epidural probe (Epidyn;
Braun, Melsungen, Germany). Cerebral perfusion
pressure (CPP) was calculated from MAP-ICP.

Following baseline measurements, a bolus of 2 jg
kg-l sufentanil was injected intravenously. After 30
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min sufentanil citrate (150 (25-200) ,ug base h-1)
and midazolam (9.0 (3.6-13.5) mg h-1) were infused
intravenously in individually adjusted doses for 48 h.

Sample collection

Arterial blood samples (5 ml) were taken before the
bolus injection of sufentanil and at 1, 3, 5, 10, 15, 20,
30 (start of infusion), 45, 60, 90 min and 2, 3, 4, 6, 8,
12, 24, 36 and 48 h. Further samples were taken at 1,
3, 5, 10, 15, 20, 30, 45, 60, 90 min and 2, 3, 4, 5, 6,
8, 10, 12 and 24 h after the end of infusion. Blood
samples were collected in heparinised tubes and cen-

trifuged. Plasma and urine (0-72 h) were transferred
to polypropylene tubes and stored at -70°C.

Drug assays

Plasma and urine sufentanil concentrations were

measured by radioimmunoassay (r.i.a.). The assay is
specific for sufentanil and has a lower limit of deter-
mination of 0.1 ng ml-' [9]. Intra- and inter-assay
coefficients of variation were 5.4 and 5.9%, respec-
tively, over a range of 0.1 to 8.0 ng per assay tube.
Plasma concentrations of midazolam were measured
by a g.l.c. assay with electron-capture detection [10].
The assay has a lower limit of quantification of 5 ng
ml-'. Intra- and inter-assay coefficients of variation
were 5.1 and 5.8%, respectively, over a range of 10 to
100 ng ml-'.

Pharmacokinetic analysis

The individual plasma sufentanil concentrations fol-
lowing bolus injection (30 min), during continuous
infusion (47.5 h) and post-infusion (48-72 h) were
fitted simultaneously in a two compartment open model
using the nonlinear least square regression pro-
gramme TopFit [11]. Data points were weighted by
the ratio l/y2. Total clearance (CL) and the volume of
distribution at steady state (V,,) were calculated from
the fitted data. In addition, the initial distribution
following bolus injection was estimated from a sepa-
rate fit over the first 30 min by the same programme.
The terminal elimination half-life (tlh,z) was calcu-
lated from the post-infusion data (4-24 h). The mean
value of four plasma drug concentrations measured
within 5 min at the end of infusion were taken as the
average steady state concentration. Renal clearance
(CLR) was calculated from the urinary recovery of
sufentanil divided by the corresponding AUC value
over the monitored 72 h. The clearance of midazolam
was estimated from its infusion rate divided by the
mean steady state plasma concentration at the end of
infusion.

Statistical analysis

All pharmacokinetic data are expressed as median
and range. MAP and ICP are expressed as mean
values ± s.d. Student's t-test and analysis of variance
(ANOVA) followed by Duncan's multiple range test
were used to assess significant differences (P < 0.05).

Results

Representative plasma concentrations of sufentanil
are shown in Figure 1 and pharmacokinetic para-
meters of all patients are summarized in Table 1.
Following the i.v. bolus injection concentrations of
sufentanil declined rapidly in a biexponential fashion
(median t,h2,l = 0.65 min and ti,h,z = 19 min). The
median plasma clearance was 1215 (519-2550) ml
min-' and renal clearance represented 0.6% of this.
After the end of the sufentanil infusion a biphasic
decline of plasma drug concentrations was observed
with an initial distribution phase (t,/2 = 0.23 h) and a

terminal elimination half-life (t,/2,z) between 7 and
49 h (median 16 h).
The clearance of midazolam was 256 (108-941) ml

min-' (Css = 595 (65-1458) ng ml-').
After i.v. bolus administration of sufentanil a signi-

ficant decrease in ICP within 15 min was observed
(from 16.1 ± 1.7 mm Hg to 10.8 ± 1.3 mm Hg) and
thereafter values remained stable. There was no

change in HR and RAP (data not shown), but at 15
min MAP was significantly decreased from 85.5 ± 3.9
mm Hg to 80.2 ± 4.9 mm Hg. Thus CPP (MAP-ICP)
was 69.4 mm Hg and remained unchanged. The same

results were obtained on the following 2 days.

Discussion

Pharmacokinetics

Values of the rapid and slow distribution half-lives of
sufentanil following the initial i.v.-bolus and its clear-
ance in head trauma patients were similar to those
reported for normal anaesthetized patients [12, 13]. In
contrast, the terminal elimination half-life (16 h) was
longer than reported after bolus administration (1-12
h) [14-17] and the Vs, value (10 1 kg-') was higher
(2-9 1 kg-') [14-21]. These differences may be re-
lated to differences in the underlying disease states
and to the duration of plasma sampling (24 h in our
study). Also, the state of ventilation and a possible
interaction between sufentanil and fentanyl may be
considerations [12, 13]. The large variability in the
pharmacokinetics of sufentanil in ICU patients may
have implications for safe and effective dosage.
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Figure 1 Plasma sufentanil concentrations following i.v.
bolus/infusion of sufentanil in two patients with head
trauma.
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Table 1 Pharmacokinetic parameters of sufentanil (base)

Loading Ae ti,2 (postinfusion)
dose Ro 0-72 h t ,2j t],2,z CL CLR vs

Patient (pg)* (pg h-1) (,ug) (h) (h) (ml min-) (ml min-) (I kg-')

1 100 100 28 0.27 23 632 6 16.6
2 160 50 42 0.10 7 1690 25 8.7
3t 150 150 192 0.14 1140 38
4 150 100 25 0.21 10 1290 7 10.0
5 175 150 15 0.25 8 1440 4 6.8
6 150 25 25 0.25 28 931 22 21.4
7 180 § 9 0.25 16 2300 2 16.3
8 160 200 50 0.13 7 2550 16 9.4
9 90 200 20 1.10 49 711 2 24.2
10 150 200 64 0.16 19 519 4 6.9

Median 150 150 27 0.23 16 1215 7 10.0
Range 90-180 25-200 9-192 0.1-1.1 7-49 519-2550 2-38 6.8-24.2

RO, infusion rate; Ae, amount excreted unchanged in urine (0-72 h); t,12,1 and tl2,, distribution and terminal
elimination half-lives after end of infusion; CL, clearance; CLR, renal clearance; V,,, apparent volume of
distribution at steady state.
*Corresponding to 2 ,ug base kg-' body weight.
tData for patient 3 partly omitted for calculation of median because of incomplete blood sampling after end
of infusion.
§Varying infusion rates (for clinical reasons).

Alazia et al. [1] reported lower steady state plasma
sufentanil concentrations in ICU patients (0.28 ng
ml-') than in the present study (1.50 ng ml-') but
similar t'h2,z (15 ± 8 h) and V,, (15 ± 6 1 kg-') values
(mean ± s.d., n = 8). The long terminal half-life
observed in head trauma patients suggests that re-
covery from prolonged administration of sufentanil
may be longer than would have been anticipated from
previously published pharmacokinetic data based on
i.v. bolus administration.
The clearance of midazolam was comparable with

previous findings [22, 23], indicating no modification
by sufentanil.

Pharmacodynamics

The effects of opioids on central haemodynamics
remain controversial, questioning in some instances

their use in patients with increased ICP or com-
promised intracranial compliance. As in previous
studies [24, 25], a slight decrease in MAP was noted
in the present study. The observed small decrease in
ICP appeared to precede the change in MAP. Since
CPP was stable throughout our study, the observed
pharmacodynamic changes were not considered to be
harmful to the patients. In earlier studies [2, 4], a de-
crease in MAP may have been the primary cause of a
reflex increase in ICP. The latter may result from an
exponential increase in cerebral blood volume result-
ing from vasodilatation of brain areas with intact
autoregulation. This happens when CPP decreases to
less than 60 mm Hg. In accordance with Weinstabl
et al. [7], we conclude that sufentanil itself exerts
no increase in ICP. Thus, concomitant haemodynamic
changes should be monitored closely.

The authors thank Mrs M. Schmidt for excellent assistance.
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