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The Pharmacokinetics of Alfentanil in Children

Gerald V. Goresky, M.D., F.R.C.P.C.,” Gideon Koren, M.D.,T M. A. Sabourin, RT, B.Sc.,}
John P. Sale, F.F.A.R.C.S.,§ Leo Strunin, F.F.A.R.C.S., FR.C.P.C.T

The pharmacokinctics of alfentanil were studied in 18 children (3
months to 14 yr of age) undergoing surgery. Alfentanil was admin-
istered as a 30-s infusion of either 50 or 120 pg+ kg™'. Pharmacoki-
netic values were independent of dose. There was no correlation
between Vdss (Volume of distribution at a steady state, measured as
1+ kg™") and age or weight, and there was a weak correlation between
clearance and age (r = 0.51, P < 0.05). Vdss and elimination t,,
were not different in infants less than 1 yr of age when compared to
older children. The mean value of Vdss was 0.419 (SE .028) |« kg")
for the whole group, and climination t, ; was 76.3 (SE 6,5) min, The
clearance rate [TBC = 7.9 (SE 0.41) ml - kg™' - min™"] was within the
range of values previously determined in adult studies. From these
data, it would appear that, although there may be differences in the
disposition kinetics between children aged 3 months to 14 yr and
those measured in adults in some studies by other investigators,
age-related differences within this group were not demonstrable.
(Key words: Anesthesia: pediatric. Anesthetics, intravenous: alfen-
tanil. Pharmacokinetics: alfentanil.)

ALFENTANIL 1S PHARMACOLOGICALLY and chemically
related to fentanyl, but has a more rapid onset, and a
much shorter duration, of action."? The drug has a
lower lipid solubility than fentanyl, is highly bound to
plasma proteins (above 90%), and is rapidly eliminated
by the liver with less than 1% being excreted unchanged
in the urine.® A short-acting drug such as alfentanil has
obvious advantages in pediatric anesthesia, in that mini-
mal accumulation, cardiovascular stability, and minimal
postoperative side effects may provide a more predict-
able narcotic-based anesthetic for a variety of proce-
dures.

There is, at present, little information regarding the
pharmacokinetics of alfentanil in young children. The
present study was undertaken to determine whether
there are age-related differences in the disposition ki-
netics of alfentanil in children aged 3 months to 14 yr,
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to determine whether there are dose-dependent phar-
macokinetics, and to assess the cardiovascular effects of
administration of this drug in anesthesia for children
when combined with pancuronium.

Methods

This study was approved by the Joint Committee on
Medical Bioethics of the University of Calgary and the
Committee for Human Research at the Alberta Chil-
dren’s Hospital. Informed consent for inclusion of the
children in the study was obtained from all parents.

Eighteen patients, divided into three groups, were
studied.. All patients were classified as ASA physical
status I. Details of the patients and of the operative
procedures are given in table 1. Group I (n = 5) were
aged 3-12 months and group 11 (n = 8) aged 12 months
to 14 yr; both groups received alfentanil 50 pg-kg™'.
Group 11T patients, aged 14 months to 14 yr, received
120 pg-kg™". Patients in group 1 were selected sequen-
tially as they presented for surgery. Patients in groups II
and 1II were designated for dose selection according to
random assignment. With no premedication, patients
received an inhalation induction of anesthesia with ni-
trous oxide in oxygen and halothane (1-3%), followed
by a bolus of pancuronium 0.1 mg-kg™'. After endo-
tracheal intubation, the lungs were mechanically venti-
lated with nitrous oxide/oxygen (F1g, = 0.3) and anes-
thesia was maintained with halothane 0.5% inspired
concentration (end tidal halothane concentration was
not measured.) A separate peripheral intravenous can-
nula was established for blood sampling or an arterial
cannula was inserted if clinically required. A pre-alfen-
tanil blood sample was obtained. Before the start of the
operation, a single intravenous infusion of alfentanil
was given (50 or 120 ug-kg™") over 30 s. Throughout
the operation, the electrocardiogram was monitored
and blood pressure recorded using a Dinamap® re-
corder cycling every 3 min. Immediately after adminis-
tration of the alfentanil, the halothane was discontinued
and only started again at 0.5% inspired concentration
when the anesthesiologist considered it necessary based
upon the patient’s cardiovascular response to the surgi-
cal stimulus, as manifested by tachycardia or hyperten-
sion.

Over the next 6 h following the administration of
alfentanil, 14 blood samples were drawn and the plasma
was separated immediately and stored at —18° C until
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assayed. Sampling times were 1, 2, 8, 5, 10, 15, 30, 45,
and 60 min, and thereafter every hour fora total of 6 h
after the administration of alfentanil. During the oper-
ation, a maintenance infusion of commercially prepared
3.3% dextrose and 0.3% saline was given.

Alfentanil plasma concentration was determined by
radioimmunoassay technique similar to that employed
for fentanyl, but using antiserum to alfentanil obtained
from rabbits. The details of the radioimmunoassay
(RIA) have been described by Michiels et al.* Counts for
each sample were determined using a Packard BPLD
liquid scintillation counter, correcting for colour and
chemical quenching on a sample-to-sample basis, done
by External Standard Ratio. The RIA technique is spe-
cific for alfentanil with no cross-reactivity between al-
fentanil and any of its metabolites or any other opiate or
anesthetic agent. The alfentanil concentration in the
plasma samples was determined in triplicate. The accu-
racy and reproducibility of the assay were calculated by
determining the alfentanil concentration in seven
plasma samples spiked with alfentanil, in the concentra-
tion range of 0.2 nanogram-ml™' to 600 nano-
gram- ml™' (where plasma concentrations were out of
this range, samples were diluted with plasma to bring
them within this range). The measured alfentanil con-
centration was within 6% of the calculated concentra-
tion for all samples, with a coefficient of variation of 4%
or less (where n = 25),

The plasma alfentanil concentration-time data from
each patient was best fitted to a two-compartment open
model using the Non-Lin computer program with a
correction for infusion time of 30 s. Initial estimates of
pharmacokinetic values were calculated using the
curve-stripping program as described by Naizi® on a
Hewlett Packard® calculator. Weighting was performed
by the inverse square of the predicted plasma concen-
tration. Total body clearance (TBC) was calculated as
Dose/AUCg—,, where AUC = area under curve.
Steady-state distribution volume was calculated as Ve (1
+ kyg/ka1), where Vc is the volume of the central com-
partment and kje and ke, are the unidirectional elimina-
tion rate constants of alfentanil between central and
peripheral compartments.

Potential age-dependent and dose-dependent
changes in pharmacokinetic parameters were compared
between groups by Student’s ¢ test for unpaired results.
Comparison of parameters among more than two
groups (group I, 11, and III) was performed by one-way
analysis of variance with the Duncan multiple range
test. Correlations between age and pharmacokinetic
values were studied by least square regression analysis.
For correlation of Vdss, t,,» beta, and clearance with
age, both linear and non-linear equations were tested.
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TABLE 1. Patient Characteristics

Patient Age Weight
Group Number Sex (Yr) (kg) Pathology/Surgery
1 1 M 9 | 109 | Lymphangioma
50 ug/kg 2 M 2 5.2 .| Craniectomy
<1Yr 3 F 3 4.8 Cleft Lip
4 F .9 9.2 Cleft Palate
5 M 3 6.8 Cleft lip
2 6 F 4.6 17.7 | Otoplasty
50 ug/kg 7 M 1.0 8.5 | Hypospadias
>1Yr 8 M 1.6 11.2 Ureteric
Reimplant
9 F 4.7 21.3 Ptosis
10 F 3.7 14.5 Strabismus
11 M 4.0 15,0 Strabismus
12 M 8.5 30.0 Strabismus
13 M [ 147 | 43.0 [ Ostcotomy
3 14 M 1.3 11.2 Cleft Palate
120 pg/kg 15 M 1.6 12.4 Clubbed Feet
>1Yr 16 ¥ 1.1 8.1 Colostomy
17 M | 140 | 51.0 | Ephiphyseal
Fixation
18 M [ 120 | 36.6 | Laminectomy
Results

After the administration of alfentanil, adverse cardio-
vascular effects as a result of the drug administration
(more than 20% change in blood pressure or in heart
rate) were not seen with either of the dose regimens.
The mean decrease in heart rate was 8.4 (SE 2.3) beats
per minute, and the mean decrease in systolic blood
pressure was 13.3 (SE 2.8) mmHg. Following incision,
heart rate increased 7.4 (SE 1.4) beats per minute and
systolic blood pressure increased 14 mmHg (SE 4.1). No
correlation could be found between percent change in
systolic blood pressure and alfentanil concentration at
the time of incision. However, the two children with the
lowest plasma concentrations (80 and 94 ng - ml™") ex-
perienced the largest increase in blood pressure with
incision (64% and 42%, respectively).

The pharmacokinetic data of the 18 patients are pre-
sented in table 2. Figure 1 shows the typical biexponen-
tial decline in alfentanil plasma concentrations in a pa-
tient receiving 50 pg- kg™'. No significant difference in
ti1/2 alpha between infants (group 1) and children (group
IT) was found. Similarly, the two groups had similar
elimination half-life (t; o beta), volume of central com-
partment (Vc), volume of distribution at steady state
(Vdss), . and clearance rate (TBC). No correlation ex-
isted between Vdss or t,,o beta and ages. There was a
weak negative correlation between age and clearance (r
= 0.5, P < 0.05) (fig. 2). The increase in dose from 50
ug kg™ to 120 pg- kg™' (group 111) resulted in a pro-
portional increase in AUC (from 6784 [SE 583]
ng-min-ml™' to 15982 [SE 1760] ng: min- ml™").
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Consequently, clearance rate and volume of distribu-
tion at steady state were not affected by the size of the
dose.

None of the patients required postoperative ventila-
tion.

Discussion

In order to design a drug-administration scheme for
alfentanil in children, it is desirable to determine the
population pharmacokinetics for the group. We have,
therefore, attempted, in this initial study, to determine
whether there is an age-related correlation for pharma-
cokinetics of alfentanil in children over a broad age
range.

In a recent review of the population pharmacoki-
netics of alfentanil in adults,® both the variability of
alfentanil pharmacokinetics between different studies,
and inter-individual variability between patients have
been quantified using pooled data from four studies.
Using a non-linear regression analysis, the effect of six
concomitant variables on the plasma concentration
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FIG. 1. A typical biexponential decline on one patient receiving
alfentanil 50 ug - kg™" as a single 30-s infusion.
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F1G. 2. Correlation between clearance of alfentanil and age
in 18 children, aged 3 months to 14 yr.

versus time profile of alfentanil were evaluated. It is
appropriate to review this study in light of the pharma-
cokinetic measurements we have made in children.

We have used a two-compartment model for pharma-
cokineticanalysis. Although a comparison of models for
pharmacokinetics in adults demonstrates that a three-
compartment model may best describe alfentanil phar-
macokinetics, both two- and three-compartment models
have been used.”!! Fitting of our data to a three-com-
partment mode! did not statistically improve the results.
Without statistical demonstration of improvement of
our model, we felt it was useful to retain a two-com-
partment model for comparison with the only other
study done of alfentanil kinetics in children.

There is considerable variation in clearance and vol-
ume of the central compartment in adults.® The coeffi-
cient of variation for unexplained inter-individual vari-
ability of clearance is 48%, and of V¢ (Volume of Cen-
tral Compartment) is 33%. It would appear that this
variability is no less in children.

A recent study by Meistelman et ¢l.'* was done in
children aged 5-8 yr, in which there was a wide inter-in-
dividual variation of clearance rates. Although all chil-
dren in that study were between 4.5 and 7.7 yr and all
were healthy, there was a three-fold variability in calcu-
lated clearance rates (between 2.7 and 8.3
ml+min~' - kg™"), and a five-fold variability in calculated
Vdss (range 78-369 ml-kg™"). Although variability in

1.12
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TABLE 3. A Comparison of Pharmacokinetic Values of Alfentanil Between Adults'® and Children (Present Study). The Two Studies are
Compared Because of the Similar Anesthetic Technique Used and the Employment of Two Comparable Bolus Doses. Values are Mean = SE

Children <1 Yr Children 1-14 Yr Adulis!®
50 pg+ kg™ 50 pg kg™ 50 ug kg™
tyy2 alpha (min) 12.64 (1.22) 12.36 (1.35) 9.4 (2.65)
ty;2 beta (min) 76.20 (8.23) 84.00 (12.83) 93.7 (8.29)
Vdss (- kg™") 0.55 (0.10) 0.42 (0.05) 0.996 (0.32)
TBC (ml+ min-kg™!) 8.39 (0.80) 7.73 (0.61) 7.58 (2.39)
Children 1-14 yr Adults'
120 pg- kg™’ 125 pg - kg™!
tyy2 alpha (min) 13.32 (1.99) 14.4 (0.82)
tiy2 beta (min) 64.00 (7.29) 93.8 (9.31)
Vdss (I kg™) 0.60 (0.14) 0.708 (0.19)
TBC (ml+ min-kg™) 7.76 (0.89) 5.06 (1.07)

calculated clearance rates for our study was only two-
fold and variation in calculated Vdss was also two-fold,
these numbers, nevertheless, still demonstrate wide
variability for the population. We originally speculated
that the presence of volatile anesthetic agents would
affect variability and results (table 3). In light of the
suggestion of Maitre ef al.,® however, that inhalational
anesthetics and the duration of anesthesia clearly lacked
a significant influence on alfentanil pharmacokinetics,
we are unable to explain either the differences in vari-
ability of calculated clearance rates and Vdss, or the
differences in mean values when we compare the two
studies. It would appear that, regardless of the popula-
tion, variability of clearance, V¢, and Vdss are consider-
able.

In comparing alfentanil pharmacokinetics in children
and adults, Meistelman et al.'? studied eight children
and five adults. That study demonstrated a smaller vol-
ume of distribution of alfentanil in children (Vdss .163
* .110 I-kg™") as compared with adults (Vdss .457
+.160 1- kg™"). Contrary to their results, we have not
demonstrated a correlation between age and t, ; alpha,
t; /2 beta, V¢, or Vdss. The mean values which we have
measured are all within the range of values measured in
previous adult studies.

Our results for clearance (TBC) are also contrary to
the results of Meistelman ¢t al.'? Our studies detected a
weak, but significant, negative correlation (r = .051, P
< 0.05) between alfentanil clearance and age. In adults,
Maitre et al. (retaining a three-compartment model)
found that there was a significant association with age
and clearance in a linearly decreasing function of age
for patients more than 40 yr old. The clearance for
phenytoin and theophylline also have a negative corre-
lation with clearance and age in children,'® resulting in
higher doses per body weight required when compared
with adults. (As most drugs, including opiates, demon-
strate decreased clearance rates in neonates, and espe-

cially pre-term infants,'* any extrapolation from results
in the older children in our study to a younger age
group may be inaccurate.) Because of the previously
described relationships between clearance and age, and
their consistency with our results, variations in clear-
ance with age should remain a consideration in dosing
for alfentanil in children.

Our data indicate that there is no evidence for satura-
tion of alfentanil metabolism in children when a large
dose (120 pg-kg™) is administered; AUC (area under
the curve) is proportional to the dose, indicating a simi-
lar clearance rate regardless of the size of the dose.

We have been unable to confirm the results of Meis-
telman et al.,'? which suggested that children have small
volume of distribution of alfentanil but a similar clear-
ance of the drug. Based on our data and a recent study
on the population pharmacokinetics of alfentanil,® we
have been unable to confirm that there is a difference in
Vdss between our patients and adults, and we have been
unable to demonstrate a relationship between age and
Vdss. Although there is a weak negative correlation be-
tween alfentanil clearance and age in the children in our
study, it is unlikely to be a major consideration for dos-
ing of alfentanil.

Our results suggest that, when a continuous infusion
of alfentanil is given to sustain its anesthetic effect, the
alfentanil dose rate in pediatric patients may not be dif-
ferent from that required in adults to achieve compara-
ble plasma concentrations, as the clearance rate of the
drug is comparable between the two groups. More stud-
ies in large numbers are needed in order to verify the
putative correlation between age and clearance rate in
the pedatric age group.

More studies are also needed to analyze the anes-
thetic effects of alfentanil in children, primarily in rela-
tion to pharmacodynamics. The presence of pancuron-
ium and halothane in our patients may have blunted
putative bradycardia and hypotension induced by the
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opioid. In addition, further studies are required in chil-
dren less than 3 months of age to determine the guide-
lines for the use of alfentanil in the very young.

The authors gratefully acknowledge the assistance of Alie K. Bolyea
in preparation of this manuscript, and J. M. Davies, F.R.C.P.C,, and
Donald R. Stanski, M.D., for its review prior to submission,
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