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Pharmacokinetics in Patients with
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Absiract Objectives: (i) To evaluate the pupillary response to alfentanil as a surrogate
measure of alfentanil pharmacokinetics in cirrhotic patients and to compare the
data observed in cirthotic patients with those found in healthy volunteers (histori-
cal control group); and (ii) to compare this test with other liver function tests in
cirrhotic patients.

Methods: Six patients with mild cirthosis (Child-Pugh grade A) and six patients
with moderate cirthosis (Child-Pugh grade B) were studied after a single 15 ug/kg
bolus of alfentanil. Alfentanil plasma concentrations were measured by liquid
chromatography-tandem mass spectrometry, and pupillary responses were mea-
sured with a Pupilscan I pupillometer. Alfentanil pharmacokinetics {plasma
concentration, area under the plasma concentration-time curve from time zero to
infinity JAUCw(p)] and from time zero to 2 hours [AUCa ), apparent volume of
distribution at steady state, clearance and terminal elimination half-life [ty.p)])
and miosis pseudo-kinetic parameters {AUC.omiosis)y, AUC(miosis), t(miosis)]
were determined using a noncompartmental analysis method. In six patients (three
Child-Pugh grade A and three Child-Pugh grade B}, antipyrine (measure of liver
intrinsic activity) and D-sorbitol (measure of liver blood flow) tests were per-
formed.

Results: A significant correlation was found between the alfentanit AUC.p) and
AUC(miosisy (r =0.6, p<0.05) in cirrhotic patients. This correlation was even
more significant if AUC determinations were limited to the first 2 hours after
alfentanil administration {r = 0.9, p < 0.01). Statistically significant differences in
pharmacokinetics and miosis pseudo-kinetic parameters were observed between
cirrhotic patients and healthy volunteers from our previous experiment (historical
control group). The correlations were significant between alfentanit clearance and
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antipyrine clearance (n=6, r=0.9, p <0.05), alfentanil clearance and steady-
state hepatic blood clearance [CLH@)] measured by the D-sorbitol test (n=6,

£=0.9, p<0.05).

Conclusion: Alfentanil pharmacokinetic parameters were correlated with miosis
pseudo-kinetic parameters in cirrhotic patients. There was a significant decrease
in pharmacokinetics and miosis pseudo-kinetics in cirthotic patients compared
with volunteers from the historical control group. Alfentanil-induced miosis has
the advantage of being noninvasive and can be limited to miosis measurements
during the first 2 hours after alfentanil administration in cirrhotic patients, We
thus propose to substitute the AUCzgmicsis) for alfentanil pharmacokinetics in

cirrhosis.

Background

Cytochrome P450 (CYP) 3A is clinically the
most significant subfamily in heman drug metabo-
lism, with CYP3A4 being the most abundant cyto-
chrome in the liver and responsible for the hepatic
metabolism of >50% of all drugs.[12]

Multiple in vivo CYP3A probes have been pro-
posed. However, they alt have their limitations and,
so far, no substrate has been identified as a probe to
quantitatively predict the in vivo kinetics of CYP3A
drugs.*7

Alfentanil is an opicid analgesic metabolised
predominantly by CYP3A4 and partially by
CYP3AS, and its pharmacokinetics can be a useful
measure of hepatic CYP3A activity,[®'% The contri-
bution of the intestinal mucosa to the overall metab-
olism of intravenously administered aifentanil is
thought to be limited. "'t Alfentanil induces a dose-
related decrease in the pupillary size (miosis) that
can be determined easily, Alfentanil may be a useful
CYP3A probe since it induces miosis, which could
be used as a surrogate measure for plasma concen-
tration and therefore serve as a noninvasive assess-
ment of liver CYP3A activity. The pupillary re-
sponse after intravenous and oral alfentanil adminis-
tration has been studied by Kharasch et al.'%4 in
healthy volunteers, showing an excellent correlation
between alfentanil pharmacokinetics and miosis
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pseudo-kinefics, Thereafter, we confirmed fhe pres-
ence of a statistically significant positive correlation
between the pharmacokinetics of alfentanil and its
induced miosis pseudo-kinetics in healthy volun-
teers under two different experimental lighting con-
ditions.['!

To further explore the potential use of alfentanil-
induced miosis as an in vivo marker of hepatic
CYP3A activity, is induced miosis and metabolism
should be studied in patients with different patholo-
gies that are likely to alter hepatic CYP3A activity.
In hepatic cirrhosis, drug metabolism is impaired,
and this is related to alterations in intrinsic hepatic
activity (hepatocyte metabolic dysfunction), liver
blood fiow {portosystemic shunting} and drug prote-
in binding (decreased protein synthesis and binding
capacity).l'617 It has already been demonstrated that
the pharmacokinetics of alfenfanil are markedly al-
tered in cirrhosis, mainly due to decreased plasma
clearance and an increased unbound fraction. '8!

To assess the clinical value of alfentanil-induced
miosis as a test of liver CYP3A fuaction, we mea-
sured miosis after a single intravenous bolus of
alfentanil in patients with mild cirrhosis (Child-
Pugh grade A) and moderate cirrhosis (Child-Pugh
grade B). The primary objectives of this study were
to evaluate whether the pupillary response can be
used as a surrogate measure of alfentanil pharma-
cokinetics in cirrthotic patients and to compare the
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data observed in cirrhotic patients with those found
in healthy volunteers (historical control group). The
secondary objectlive was to compare the results of
two other liver function tests, the antipyrine and D-
sorbitol tests, with alfentanil pharmacokinetics and
pupillary response measurements in cirthotic pa-
tients.

Methods

Patients and Clinical Protocol

Twelve patients (3 women and 9 men; 11 Cauca-
sians and 1 African; age range 41-65 years) with
biopsy-proven cirrhosis {6 classified as Child-Pugh
grade A and ¢ as grade B) were included in the
study. The protocol was approved by the Ethics
Commitiee of the Catholic University of Louvain
(Brussels, Belgium), and written informed consent
was obtained from all patients prior to study inclu-
sion. The patients had no medical history of surgical
porto-caval shunting and showed no signs of en-
cephalopathy as assessed by neurological examina-
tion and EEG. They had taken no medications
known to alter CYP3A4 activity within 1 month
preceding as well as during the alfentanil test. The
patients had been instructed to avoid beverages con-
taining alcohel (ethanol), caffeine or grapefruit juice
for 48 houors prior to and during the study day.
Cirrhosis was of alcoholic origin in eight cases (who
had abstained from alcchol for at least 3 months),
hepatitis C-related in three cases and drug-induced
in one case. In nine patients, the presence of
oesophageal varices was documented by endoscopy
(five patients with grade I varices, three patients
with grade 1T varices and one patient with grade HI
varices). There was no evidence of renal insufficien-
cy as shown by creatinine clearance {CLcR) calcu-
fated by the Cockeroft formula (CLcR values ranged
from 82 ml/minute to 151.8 mEL/mimite). The ex-
clusion criteria included the presence of hepato-
cellular carcinoma, severe cholestasis (serum total
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bilirubin >50 mg/dL), primary biliary cirrhosis and
known hypersensitivity to opioids.

Expetrimenis

All miosis experiments were carried out in the
same room under constant dim lighting conditions.
Patients were in the supine position and monitored
with a pulse oximeter, As described in our previous
paper,'3) an intravenous catheter was inserted into
one arm, baseline blood samples were drawn for
pharmacokinetic and plasma protein binding deter-
mination, and the basal pupil diameter was mea-
sured. Subjects received a bolus of alfentanil (15 pg/
kg) in the contralateral arm. Biood samples (2.8mL)
were drawn 2, 5, 10, 15, 20, 30, 45, 64, 90, 120, 180,
240 and 360 minutes {ater. Plasma was immediately
separated and stored at —20°C until analysis. To
evaluate the free drug fraction, one additional sam-
ple was taken in 6 of 12 patients 45 minutes after
alfentanil administration. At each time of blood
sampling, the pupil diameter was assessed using a
Pupilscan IT Model 12A Pupillometer (Keeler In-
struments, Inc., Broomall, PA, TJSA). The left pupil
diameter was measured first at each timepoint to
minimise the influence of the measuring procedure
on the pupillary response, and subtracted from the
diameter taken at baseline {diameterg — diametery).
These data were used for subsequent calculations.

Six (three Child-Pugh grade A and three grade B)
of 12 patients agreed to participate in fwo comple-
mentary tests. At least 1 week before the alfentanil
miosis experiment, antipyrine saliva and D-sorbitol
tests were performed to determine intrinsic hepatic
activity and blood flow, respectively.”?*23t A wash-
out period of 48 hours was observed between these
two fests. Antipyrine powder {(600mg) was dis-
solved in 200mL of water and administered orally.
Saliva samples {minimum 2mL}) were collected
before and 0.5, 1, 2, 4, 6, 8, 10, 12, 24, 36 and 48
hours after intake and frozen at —20°C until analysis.
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D-sorbitol (40%) was administered as an infrave-
nous infusion at a rate of 50 mg/minute over 3 hours.
The subjects remained in the supine position for 4
hours after the start of the infusion and drank 500mL
of water during that period. Blood samples were
taken for measurement of plasma D-sorbitol con-
centrations at 165, 170, 175 and 180 minutes after
the start of the infusion, all of which corresponded to
the steady state of sorbitol (the mean value of these
four concenirations was considered as the sorbitol
steady-state concentration). Urine was collected just
before and during the 4 hours following the begin-
ning of the sorbitol infusion. Plasma and urine sam-
ples were stored at —20°C until analysis.

Analytical Methods and Materials

Fentanyl®!  (Janssen-Cilag) and alfentanil
(Rapifen®, Janssen-Cilag) were provided by Jans-
sen Pharmaceutica (Beerse, Belgium) and used for
administration and analysis. Acetonitrile, methanol
and ethyl acetate were of high-performance liquid
chromatography (IPLC) grade. Antipyrine {Bufa
Pharma, Uitgeest, The Netherlands) was weighed
and a D-sorbitol sterile solution was prepared by the
local St Luc Hospital pharmacy.

Antipyrine concentrations in saliva were mea-
sured using a simple HPLC-UV analytical method
previously validated by Echizen et al.”?¥! The HPL.C
system consisted of a Kontron 420 pump from Beun
De Ronde, Serlabo B.V.B.A. (Drogenbos, Belgium)
and a Pye Unicam UV detector (Cambridge, UK) set
at 254nm. D-sorbitol concentrations in plasma and
urine {diluted I : 100) were measured by the sor-
bitol dehydrogenase enzyme-UV method, as previ-
ously described by Molino et al,* using a
Secomam® Anthelie model spectrophotometer
{Domont, France) operating at 366nm,

Plasma alfentanil concentrations were measured
by liquid chromatography-iandem mass spectrome-

try {Waters Micromass Quatiro Micro API Mass
Spectrometer) and chromatographic analysis was
performed using an isocratic HPL.C pump and a
Lichrocart® 125 x 2mm column packed with Super-
spher® 100RP-18, using the method previously vali-
dated by Baririan et al.l™

The free fraction of alfentanil in plasma was
determined using centrifugal filter devices (Cen-
tricon® YM-30, Millipore, Billerica, MA, USA) for
ultrafiltration. One millilitre of patient plasma was
added to the sample reservoir of devices and cen-
trifuged at 3500 rpm for 30 minutes at room temper-
ature. The filtrate was extracted and analysed in a
way similar to that described above for plasma sam-
ples. The alfentanil free fraction was calculated as
follows: Criltrate/Crotat ® 100%, where Criltrate is the
concentration of filtrate and Ciptal 18 the measured
plasma concentration of alfentanil.

Albumin levels, bilirubin levels and the pro-
thrombin time were determined in the St Luc Hospi-
tal laboratory using routine clinical laboratory meth-
ods.

Data Analysls

Data analysis was performed using the same
methods as those used in volunteers, as previously
described by Baririan et al.U'™ Alfentanil plasma and
antipyrine saliva concentrations were analysed us-
ing noncompartmental pharmacokinetic analysis
with WinNonlin® 3 Professional Version software
(Pharsight Corporation, Mountain View, CA, USA).
Antipyrine pharmacokinetic parameters were deter-
mined by analysis of salivary concentrations.[?627]

The pupillary response at each timepoint was
defined as the baseline diameter minus the diameter
at each timepoint. The elimination rate constant (ke)
was estimated by log-linear regression analysis of
miosis versus time semi-logarithmic plots, and the
elimination half-life [tv:(miesis)] was calculated as

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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In2/ke. The area under the curve from Gme zero to
infinity [AUCesmiosis] value was calculated by the
trapezoidal rule,

Correlations between pupillary effect kinetics,
alfentanil pharmacokinetics and the free fraction
were assessed by Spearman’s correlation coelfi-
cient, Logarithmic transformations of ali pharma-
cokinetic and pseudo-kinetic parameters were done
to normalise their distributions (confirmed by the
Shapiro-Wilk W test). The Student’s t-test was used
to assess the significance of differences in alfentanil
pharmacokinetics and its induced miosis pseudo-
kinetic parameters between the different groups.
The choice of the Student’s t-test was justified by
the analysis of variances (one-way ANOVA), which
proved the equality of variances in the compared
groups. The sample size of 12 cirrhotic patients was
justified by the power of the applied t-test (JMP®
5.1, SAS Institute, Cary, NC, USA) which was
>90%. For most clinical trials, a statistical test pow-
er of 80% or 90% is frequently chosen as ade-
quate,[?®¥ The data are presented as mean t standard
deviation.

Pharmacokinetic/pharmacodynamic analysis was
performed using WinNonlin® 3 Professional Ver-
sion software, using the sigmoid maximum effect
{Emax) model. According to the model, the follow-
ing individual pharmacodynamic parameters were
estimated: Emax (alfentanit-induced maximum mio-
sis), ECs0 {(concentration of alfentanil producing
50% of Emax) and ¥ {sigmoidicity parameter).

The steady-state hepatic blood clearance of sorbi-
tol [CLEq)] was calculated by commonly used for-
mulae, as described in detail by Motino et al.>! In
patients with liver disease, CLH@) is considered an
estimate of the functionally effective liver
parenchymat perfusion.[?22529

Results

The patient’s clinical characteristics are present-
ed in table L
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The alfentanil concentration-time and miosis-
time curves are depicted in figure 1 and figure 2,
respectively, The noncompartmental method of
curves analysis was applied for both concentration-
and miosis-time curves. Thereafter, pharmacokinet-
ics and miosis psendo-kinetic parameters were de-
rived, as presented in table TI.

A statistically significant linear correlation was
found between the alfentanil AUC.q) and the
AUC.s(miosis) (r = 0.6, p < 0.05) in cirrhotic patients
(figure 3). This correlation was even more signifi-
cant when AUC determinations were limited to the
first 2 hours after alfentanit administration (r = 0.9,
p<0.01). The variability in the AUC2(miosis)
{CV = 52%) was about 2-fold lower than that of the
AUC.o(miosisy (CV =77%) in cirrhofic patients. Be-
yond 2 hours, the mean plasma alfentanil concentra-
tion remained at <50 ng/ml. (=20% of the mean
maximal concentration) and the mean pupillary re-
sponse was <0.5mm (=25% of the mean maximal
response).

Statistically significant differences were ob-
served for alfentanil clearance (CL) {p<0.01],
AUC(micsisy (p<0.05) and alfentanil AUC
{p < 0.05) when data oblained in cirrhotic pa-
tients were compared with those from our previous
experiment performed in healthy volunteers (histori-
cal control group, study performed with the same
design, protocol and data analysis methods). As
observed with cirrhotic patients, the correlation be-
tween miosis and plasma alfentanil in healthy volun-
teers was more significant when AUC determina-
tions were limited to the first 2 hours after alfentanil
administration [r=0.9, p<0.05 for the AUCy)
versus = 0.8, p < 0.01 for the AUC.p)]. In addi-
tion, the variability in the AUC2(miosis) among vol-
unteers (CV = 73%) was also lower than that deter-
mined for the AUCamicsis) (CV = 105%).

The sigmoid Emax model was applied for phar-
macokinetic/pharmacodynamic analysis in all cir-
thotic patients. Three patients (2 Child-Pugh

Clin Phamacokinst 2007 46 (3)
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grade A, 1 Child-Pugh grade B) were excluded
from pharmacokinetic/pharmacodynamic analysis
because of very large CVs in the estimated pharma-
codynamic parameters, The following values were
observed: Emax =24+ 1.3mm, ECsp=1105 &
108.9 ng/mL., y= 1.8 + 1.5. The differences in phar-
macodynamic parameters between cirrhotic patients
angd the historical control group (with the applied
sigmoid Emax model) were not found to be statisti-
cally significant, suggesting that the pharmacody-
namic properties of alfentanil (e.g. miosis) are simi-
lar in cirrhotic patients and in healthy subjects (al-
tered opioid receptor sensitivity or density would be
expected (o alter Emax or ECsp values).

Alfentanil clearance did not correlate with the
alfentanil free fraction. The alfentanil free fraction
showed a higher variability in cirrhotic patients (av-
erage free fraction = [1.6 + 6.1%) and was signifi-
cantly different from that observed in the historical
control group (average free fraction = 8.9+ 2.8%)
[p < 0.05].

In cirrhotic patients, a highly significant correla-
tion was observed between the alfentanil CL. and
antipyrine CL (r=10.9, p<0.01} and between the
alfentanil CL and CLag) (r =0.9, p <0.05} but not
between antipyrine CL and CLH®).
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Fig. 1. Altentanll plasma concertration-time curves In healthy vaol-
unteers (historical control group) and cierholic patients. The data
polnis represent the mean plasma alfentanil conceniration values
of subjects with positive error bars (SD).
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Fig. 2. Alfertanil-Induced pupillary size change-ime curves In
healthy volunteers (historical control group) and cirrhetic patients.
The data points represent the affentanil-induced mean miosls val-
ues of subjects with positive error bars (SD).

With regard to side effecis, nausez and vomiting
occurred in two patients 35 and 60 minutes after
alfentanil administration. Three other patients dis-
played brief blood desaturation at room air {50%,
88% and 87% of oxygen saturation) after the al-
fentanil bolus, which responded to supplemental
oxygen administration. Some patients were slightly
sedated during the first hour following alfentanil
administration.

Discussion

Our work was designed to study alfentanil-in-
duced miosis as a surrogate noninvasive marker of
altered alfentanil pharmacokinetics {CYP3A aclivi-
ty) in cirrhotic patients compared with healthy vol-
unfeers.

First, statistically significant correlations were
found between miosis and the plasma AUCs in
cirrhotic patients. This observation sustains the hy-
pothesis that alfentanil-induced miosis can be used
as a surrogate measure of alfentanil pharmacokinet-
ics not only in healthy volunteers but also in patients
with mildly or moderately impaired hepatic func-
tion. Moreover, the plasma alfentanil and miosis
AUC, were also highly correlated, and AUC? varia-

Cin Pharmacokinet 2007; 46 (3)
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a Al values are presented as mean + 8D,

AUC.(miosis) = area under the miosis-time curve from time zero to infinity; AUC..(p) = area under the plasma concentration-time curve from time zero to infinity; AUC2(miosts)

elimination kalf-life

eliminaticn half-life of miosis; typ) =

total plasma alfentanil clearance; tuimiosis)

of plasma alfentanil; Ves(p) = apparent volume of alfentanil distribution; * p < 0.05 vs volunieers,

plasma AUC from 0 to 2 hours; CL

miosis AUC from 0 1o 2 hours; AUCz(p)

bility was lower than AUC. variability in both
cirrhotic patients and healthy volunteers. Thus, in
practice, the miosis test can be limited to 2 hours
after alfentanil administration in patients with mild
and moderate cirthosis and in healthy volunteers.
Consequently, hepatic CYP3A activity can be as-
sessed on the basis of the AUC2(miosis)-

It has already been demonstrated that alfentanil
pharmacokinetics are markedly altered in cirrhosis
due, almost exclusively, to its hepatic metabo-
Hsm,[19303%) The alfentanil pharmacokinetics ob-
served in our group of cirthotic patients were very
similar to those published previously.P%*! Further-
more, significant differences in various pharmacoki-
netic and miosis pseudo-kinetic parameters were
found when data obtained in cirrhotic patients
were compared with those in healthy volunteers
(historical contro} group).!’s! Thus, and in contrast
to what has been reported for several other
CYP3A probes {e.g. midazolam, lidocaine [ligno-
caine]),P>* alfentanil pharmacokinetics and miosis
pseudo-kinetics can be used fo distinguish cirrhotic
patients from healthy volunteers,

Second, we compared the alfentanil-induced mi-
osis test with two other guantitative tests of liver
function: the antipyrine test, which is influenced by
intrinsic liver aclivity, and the D-sorbitol test, which
depends on liver blood flow.[?%2} Based on its hep-
atic extraction ratio, alfentanil has been classified by
several authors as belonging to the group of drugs
with an intermediate hepatic extraction coefficient
(E=0.3-0.6).['819.35.36] T that case, alfentanil plas-
ma (and miosis) clearance should be influenced by
both intrinsic liver activity and blood flow, and
should translate info statistically significant correla-
tions between alfentanil plasma clearance and anti-
pyrine and sorbitol clearance. Our results do not
favour the hypothesis that alfentanil is a low-exirac-
tion coefficient drug (E <0.3), as suggested by
others.”! The impairment of drug metabolism in
liver disease is the result of a combination of func-
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Fig. 3. Relationship between the area under the concentration-time
curve (AUC) from time zero to Infinity (AUG.) and from tima zero to
2 hours (AUC») of alfentaril-induced miosis and the alfentanil plas-
ma conceniration in cirrhotic patients. Each data point represents a
single subject (n=12); r=0.6, p < 0.05 for the AUC.. and r=0.9,
p < 0.01 for the AUG:.

tional intrahepatic shunts, which effectively reduce
blood flow to the lobules, and a reduced number
of normally functioning hepatocytes.’®¥ Many
shunts between various branches of the portal vein,
hepatic veins and hepatic artery are responsible for
reduction in the biood flow through sinusoids and
reduced oxygen supply to hepatocytes. Moreover,
the loss of endothelial fenestrae, together with the
formation of basal lamina beneath the endothelial
cells, impair the diffusion of protein-bound sub-
strates, Thus it is difficult to distinguish between the
contribution of hepatocyte dysfonction and anatomi-
cal disturbances of portal flow to impaired drag
metabolism in cirrhotic livers[38401

Since Hmited adverse effects (slight sedation,
nausea, limited blood oxygen desaturation) were
observed during the first minutes after alfentanil
administration, we suggest that this miosis fest must
be done under medical control and pulse oximeter
monitoring during the first hour after alfentanil ad-

ministration,

@ 2007 Adis Data Information BV, All ights reserved,

Conclusion

This study demonsirated that miosis kinetics can
be used as a surrogate measure of alfentanil
pharmacokinetics in cirthotic patients and thus may
reflect CYP3A activity not only in healthy volun-
teers but also in patients with mild and moderate
liver dysfunction, Alfentanil-induced miosis has the
advantage of being noninvasive and can be limited
to miosis measurements during the first 2 hours after
alfentani]l administration, We propose to use
AUC2(miosis) as an in vive marker of hepatic CYP3A
activity.

Acknowledgements

The authors wish to thank Pr Jean Cumps (UCL., School
of Pharmacy) for statistical support. No sources of funding
were used fo assist in the preparation of this study. The
authars have no conflicts of interest that are directly relevant
to the content of this study.

References

1. Guengerich FP. Cytochrome P-450 3A4: regulation and role in
drug metabolism. Annu Rev Pharmacol Toxicol 1999, 39:
1-17

2. Thummel KE, Wilkinson GR. In vitro and in vive drug interac-
tions involving human CYP3A. Anna Rev Pharmacol Toxicol
1998; 38: 389-430

3. Wandel C, Bocker R, Bohrer H, ¢ al. Midazolam is metabolized
by at least three different cytochrome P450 enzymes. Br J
Anaesth 1994; 73: 658-61

4. Wang JS, Backman JT, Taavitsainen P, ei al. Involvement of
CYPIA2 and CYP3A4 in lidocaine N-deetiylation and 3-hy-
droxylation in humans. Dreg Metab Dispos 2000; 28: 959-65

5. Kinirons MT, O'Shea D, Kim RB, et al. Failure of erythromycin
breath test to correlate with midazolam clearance as a probe of
cytochrome P4503 A, Clin Pharmacol Ther 1999; 66: 224-31

6. Galteau MM, Shamsa F. Urinary 6beta-hydroxycorisel: a vali-
dated test for evalwating dmug induction or drug inhibition
mediated through CYP3A in humans and in animals, Bur }
Clin Pharmacol 2003; 59: 713-33

7. Benet LZ. There are no useful CYP3A probes that quantitatively
predict the in vivo kinetics of other CYP3A substrates and no
expectation that ope will be found. Mol Interv 2005; 5: 79-83

8. Labroo RB, Thumme! KE, Kunze XL, et al. Catalytic role of
cytochrome P4503A4 in multiple pathways of alfentanil me-
tabolism. Drug Meteb Dispos 1995; 23: 490-6

9. Kharasch ED, Thummel KE. Human atfentanil metabolism by
cytochrome P450 34 3/4: an explanation for the interindividual

Cin Phomnacolkdnet 2007; 46 (3)




270

Baririan ef al.

11.

12.

16.

7.

18.

19.

20.

2L

22,

23

24,

26.

variability in alfentanil clcarance? Anesth Analg 1993; 76:
16339

. Klees TM, Sheffels P, Dale O, et al, Metabolism of aifentanil by

cytochrome P4503A (CYP3A) enzymes, Dnig Metab Dispos
2605; 33: 303-11

Lin JH, Chiba M, Baillie TA. Is the role of the smalf intestine in
first-pass metabolism overemphasized? Pharmacol Rev 1999;
51: 135-58

Kharasch ED, Hoffer C, Walker A, et al. Disposition and miotie
effects of oral alfentanil: a potential noninvasive probe for
first-pass cytochrome P4503A activity. Clin Phannacol Ther
2003; 73: 199-208

. Phimmasonc S, Kharasch ED. A pilot evaluation of alfentanil-

induced miosis as a roninvasive probe for hepatic cytochrome
P450 3A4 (CYP3A4) activity in humans. Clin Pharmacol Ther
2001; 70: 505-17

. Kharasch ED, Walker A, Hoffer C, ¢t al. Intravenous and oral

alfentanil as in vivo probes for hepatic and first-pass cyto-
chrome P450 3A activity: noninvasive assessment by use of
pupillary miosis. Clin Pharmacol Ther 2004; 76: 452-66

. Baririan N, Horsmans Y, Desager 1P, et al. Alfentanil-induced

miosis clearares as a liver CYP3A4 and 3A35 activity measure
in healthy volunicers: improvement of experimental condi-
tions. T Clin Pharmacal 2005; 45: 1434-41

Etbekai RH, Korashy HM, El-Kadi AG, The effect of liver
cirthosis on the regutation and expression of drug metabolizing
enzymes. Curr Drog Metab 2004; 5: 157-67

Villeneuve JP, Pichette V. Cytochrome P450 and Hver diseases.
Cuwrr Drug Metab 2004; 5: 273-82

Fenier C, Marty J, Bouffard Y, et al, Alfentanil pharmacokinet-
ies in patients with cirrhosis, Anesthesiology 1985; 62: 480-4

Tegeder I, Lotsch J, Geisslinger G. Pharmacokinetics of opioids
in liver disease. Clin Pharmacokinet 1999; 37: 1740

Shrestha R, McKinley C, Showalter R, et al. Cuantitative liver
function tests define the functional severity of liver disease in
early-stage cimrhosis. Liver Transpl Surg 1997; 3: 166-73

‘Tanaka B, Breimer DD. Tn vivo function tests of hepatic drug-
oxidizing capacity in patients with liver disease. J Clin Pharm
Ther 1997; 22: 23749

Herold C, Heinz R, Radespiel-Troger M, et al. Quantifative
testing of liver function in patients with cimhosis due to
chronic hepatitis C to assess disease severity. Liver 2001; 21:
26-30

Herold C, Regn S, Ganslmayer M, et at. Can quantitative tests of
liver function discriminate between different etiologies of liver
cinthosis? Dig Dis Sei 2002; 47: 2669-73

Echizen H, Ohta Y, Shirataki H, et al. Effects of subchronic
freatmeat with natural heman interferons on antipyrine clear-
ance and liver function in patieats with chronic hepatitis. J Clin
Pharmacol 199(; 30: 562-7

. Molino G, Cavanna A, Avagnina P, et al. Hepatic clearance of

D-sorbitol: noninvasive test for evaluvating functional liver
plasma flow. Dig Dis Sci 1987; 32: 753-8

van Boxtel CJ, Wilson ¥T, Lindgren S, et al. Comparison of the
half-life of antipyrine in plasma, whole blood and saliva of
man. Eur ] Clin Pharmacol 1976; 9: 327-32

© 2007 Adis Dato information BY. All ights reserved.

27.

28.

29,

30.

31,

32.

33.

34,

35.

36.

37.

38.

39.

40,

Horning MG, Brown L, Nowlin J, et al. Use of saliva in
therapeutic drug menitoring. Clin Chem 1977, 23: 157-64

Baber N, Sweatman I, Clinical trials and good clinical practice.
In: Griffin J, O’Grady J, editors. Textbook of pharmaceuticat
medicine. 4th ed. London: BMI Books, 2002: 247-357

Chalon SA, Desager JP, Desante KA, ct al. Effect of hepatic
impaitment on tke pharmacokinetics of atomoxetine and its
metabolites. Clin Pharmacol Ther 2003; 73: 178-91

Mautz DS, Lebroo R, Kharasch ED, Determination of alfentanif
and noralfentanil in human plasma by gas chromatography-
mass speetrometry. J Chrematogr B Biomed Appl 1994; 658:
149-53

Bower S5, Sear IW, Roy RC, et al, Effects of different hepatic
pathologies on disposition of alfentanil in anaesthetized pa-
tients. Br J Anaesth 1992; 68: 462-5

Huang YS, Lee S, Deng JF, et al. Measuring lidocaine metab-
olite: monoethylglycinexylidide as a quantitative index of hep-
atic furction in adulis with chronic hepatitis and cirrhosis, J
Hepatol 1993; 19: 140-7

MaeGilchrist AT, Bimie (@G, Cook A, ef al. Pharmacokinetics
and pharmacedyramics of intravenous midazolam in patients
with severe alcoholic cirrhosis. Gut 1986; 27: 190-5

Villeneuve JP, Thibeault MJ, Ampelas M, et al. Drug disposi-
tion in patients with HBsAg-positive chironic liver disease. Dig
Dis Sci 1987; 32: 7104

Bovill JG, Sebel PS, Blackbum CL, et al. The pharmacokinetics
of alfentanil (R39209): a new opioid analgesic. Anesthesiole-
gy 1982; 57: 439-43

Chauvin M, Bonnet F, Montembanlt C, et al, The influence of
hepatic plasma flow on alfentanil plasma concentration
plateaus achieved with an infusion modet in humans: measure-
meat of alfentanil hepatic extraction cocfficient. Anesth Analp
1086; 651 999-1003

Bower S, Hull CJ, Comparative pharmacckinstics of fentanyl
and alfentanil. Br J Anaesth 1982; 54: 871-7

Branch RA. Drugs as indicators of hepatic function. Hepatology
1982; 2: 97-105

Branch RA, Shand DG. Propranolol disposition in chronic liver
discase: a physiological approach. Clin Phatmacokinet 1976;
1: 264-79

Reichen I, Egger B, Ohara N, et al. Determinants of hepatic
function in liver cirrhosis in the rat: multivariate analysis, T
Clin Invest 1988; 82: 2060-76

Correspondence: Dr Yves Horsnans, Clinical Pharmacology
and Gastroenterology Unit, St Luc University Hospital

(Université Catholique de Louvain}, Avenue Hippocrate,
10, MD/GAEN, Brussels, 1200, Belgium.
E-mail: horsmans@gaen.uclac.be

Clin Pharmacoldnet 2007: 46 (3




