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Abstract Appropriate use of antidepressant in patients
with hepatic impairment requires careful consideration of
how the hepatic illness may affect pharmacokinetics. This
review aims to analyze pharmacokinetic profile, plasma
level variations so as the metabolism of several antide-
pressants relating to their use in patients with an hepatic
impairment. Due to the lack of data regarding hepatic
impairment itself, the review is focused mainly on studies
investigating pharmacokinetics in hepatic cirrhosis or
alcohol-related conditions. More data on reduced hepatic
metabolism can be extrapolated by drug studies conducted
in elderly populations. Dose adjustment of antidepressants
in these patients is important as most of these drugs are
predominantly metabolized by the liver and many of them
are associated with dose-dependent adverse reactions. As
no surrogate parameter is available to predict hepatic
metabolism of drugs, dose adjustment according to phar-
macokinetic properties of the drugs is proposed. There is a
need for a more balanced assessment of the benefits and
risks associated with antidepressants use in patients with
hepatic impairment, particularly considering pharmacoki-
netic profile of the drugs to ensure that patients, who would
truly benefit from these agents, are not denied appropriate
treatment. In conclusion, kinetic studies for centrally acting
drugs including antidepressants with predominant hepatic
metabolism should be carried out in patients with liver
disease to allow precise dose recommendations for
enhanced patient safety.
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Key Points

The different pharmacokinetic properties of the
antidepressants are altered by hepatic impairment.

Assessment of hepatic function is necessary so that
appropriate dose adjustment of antidepressants can
be made to allow an appropriate treatment for
patients.

1 Introduction

Pharmacokinetic parameters of many drugs including
antidepressants depend on adequate hepatic function.
Every drug, especially those with a narrow therapeutic
range (i.e. little difference between toxic and therapeutic
doses) run the risk of accumulating and causing toxicity in
patients with hepatic disease.

The liver receives a dual blood supply with about 20 %
of blood coming from the hepatic artery and 80 % from the
portal circulation. The blood flow to the liver is around
20-25 % of the total cardiac output. Toxins, infectious
agents, medications and serum inflammatory mediators
may result in a various range of processes leading to a
reduction of hepatic functioning and causing a loss of
normal histological architecture of liver, reduction of cell
mass and loss of blood flow. Consequently, functional liver
capacity may be lost.

A reduction in hepatic blood flow can occur in some
hepatic diseases, such as liver cirrhosis, causing a decrease
in the pre-systemic elimination (i.e., first-pass effect). This
lead to a significant increase in the extent of systemic
absorption.
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Liver dysfunction can not only reduce the blood/plasma
clearance of drugs eliminated by hepatic metabolism or
biliary excretion, but it can also affect plasma protein
binding, which in turn could influence the processes of
distribution and elimination.

Aging is associated with a reduction of ~40 % in
hepatic blood flow and 30 % in liver mass and an
impairment in hepatic drug metabolism in older people has
been attributed to these changes: many pharmacokinetic
studies have documented a decline in the clearance of
drugs undergoing liver metabolism in aging individuals.
The reduction in hepatic metabolism with age is also
important in first pass metabolism [1, 2].

Chronic liver diseases are associated with variable and
non-uniform reductions in drug-metabolizing activities.
For example, the activity of the various cytochrome P450
enzyme system (CYP) enzymes seems to be differently
affected in patients with cirrhosis. Glucuronidation is often
considered to be affected to a lesser extent than CYP-
mediated reactions in mild to moderate cirrhosis but can
also be substantially impaired in patients with advanced
cirrhosis [3].

Alterations of these metabolic and/ or excretory func-
tions in patients with liver disease, most pronounced in
patients with liver cirrhosis, can lead to drug accumulation
or, less often, failure to form an active metabolite.

On the contrary, an initial, mild or moderate hepatic
impairment can lead to an induced hepatic metabolism (e.g.
alcoholism, drug abuse) that could reduce drug plasma
levels [4]. Very recent data on the effects of mild or
moderate hepatic impairment on the pharmacokinetics of a
peripherally acting p-opioid receptor antagonist (naloxe-
gol) reported a shorter terminal half-life in patients with
mild and moderate hepatic impairment versus healthy
subjects [5].

Assessing hepatic function is necessary so that drug
dose appropriate adjustment can be made. However, this is
not always straightforward as there is no single test that
reliably measures liver function. There is no simple
endogenous marker to predict hepatic function with respect
to the elimination capacity of specific drugs. Several
quantitative liver tests that measure the elimination of
marker substrates such as galactose, sorbitol, antipyrine,
caffeine, erythromycin, and midazolam, have been devel-
oped and evaluated, but no single test has gained wide-
spread clinical use to adjust dosage regimens for drugs in
patients with hepatic dysfunction.

The semi-quantitative Child—Pugh score [6] is fre-
quently used to assess the severity of liver function
impairment, but it offers only the clinician rough guidance
for dosage adjustment because it lacks the sensitivity to
quantitate the specific ability of the liver to metabolize
individual drugs.
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The recommendations of the US Food and Drug
Administration and the European Medicines Evaluation
Agency to study the effect of liver disease on the phar-
macokinetics of drugs under development is clearly aimed
at generating, if possible, specific dosage recommendations
for patients with hepatic dysfunction.

In any case, characterization of the status of hepatic
function would benefit by being quantified on the basis of
an independent measure of metabolism of a marker known
to be influenced by liver disease in addition to clinical
assessment by a semi-quantitative Child—Pugh score.

The Child-Turcotte score was designed to estimate the
operative risk of patients with cirrhosis [7]. The parameters
used include serum concentrations of bilirubin and albu-
min, prothrombin time, nutritional status and ascites. These
parameters were modified to substitute degree of enceph-
alopathy for nutritional status and then became known as
the Child—Pugh classification (Table 1). The grades A, B
and C may also be a useful indicator of an individual’s
ability to effectively metabolise a drug. An alternative
method for assessing liver dysfunction is the Model for
End-Stage Liver Disease score [7]. This may be a more
accurate method but is less accessible to most clinicians
because it involves calculating the score.

Another of the most widely used liver function tests is
galactose elimination capacity (GEC). It is relatively sim-
ple but still involves a number of capillary blood samples:
simplified formulas have been proposed [8].

On the other hand, from a more strictly clinical point of
view, it is possible to assess liver function by using blood
tests such as serum albumin and bilirubin, as well as pro-
thrombin time. Moreover, liver enzyme concentrations
may be useful indicators of hepatocellular damage or
enzyme induction.

Drugs acting on the central nervous system including
antidepressants are often prescribed to cirrhotic patients
because of a variety of psychiatric symptoms or illnesses
associated with liver cirrhosis. In fact, chronic depressive
symptoms are not uncommon in patients with cirrhosis.

Most of the psychotropic drugs including antidepres-
sants are lipophilic and are extensively metabolized
through the liver, involving also biotransformation by CYP
iso-enzymes.

In patients with cirrhosis, the decrease in hepatic
clearance and hepatic extraction results in an increased risk
for dose-related adverse drug reactions. But not only
pharmacokinetic changes should be considered when pre-
scribing centrally acting drugs, pharmacodynamic changes
have also been reported in patients with liver cirrhosis.

Prescribing to patients with liver cirrhosis requires
careful drug selection and dose adjustment based on the
pharmacokinetic profile may prevent adverse effects.
Classification according to pharmacokinetic properties and
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Table 1 Child-Pugh classification

Parameter Points = 1 Points = 2 Points = 3
Ascites Absent Slight Moderate
Bilirubin, pmol/L <11 11-45 >45
Albumin, g/L >35 28-35 <28
Prothrombin time—seconds over control <4 4-6 >6

Or

INR <1.7 1.7-2.3 >2.3
Encephalopathy None Grade 1-2 Grade 34

Total score of 5-6 is grade A or well compensated disease (1 and 2 years survivals are 100 and 85 %)

Total score of 7-9 is grade B or disease with significant functional compromise (1 and 2 years survivals are 80 and 60 %)

Total score of 10-15 is grade C or decompensated liver disease (1 and 2 years survivals are 45 and 35 %)

Depending on hepatic clearance and the therapeutic index of the drug, dose adjustments or drug avoidance may be required in grades B or C

chronic liver disease

INR international normalized ratio

results from clinical trials in patients with liver cirrhosis
and/ or other liver diseases can therefore help to select
and administer drugs more rationally in this group of
patients [9].

In other words, drugs, including antidepressants, must
be given with caution to patients with severe hepatic
insufficiency such as is the case of cirrhosis. Before
administering drugs that are largely eliminated by hepatic
mechanisms, their potential therapeutic benefits must be
carefully counterbalanced with their risk for toxic reac-
tions. If these drugs are needed by the cirrhotic patient,
they should be started at a low dose which may subse-
quently be titrated to obtain the desired therapeutic effect.

2 Pharmacokinetics of Antidepressants

The pharmacokinetics of antidepressants are often descri-
bed by a two-compartment model. These substances have
to be lipophilic in order to pass the blood—brain barrier and
thus are likely to distribute into peripheral compartments.
This lipophilic property may be one of the reasons why
they undergo extensive metabolism in the liver and show a
first-pass effect, leading to variable bioavailability ranging
from 30 to 80 %. The time until peak plasma concentration
is reached varies between 1 and 12 h. These drugs are
mainly metabolized by the liver via oxidation by the CYP
and glucuronidation.

In particular, oxidative drug metabolism is catalysed by
the hepatic CYP enzyme system. Five enzymes (CYP3A4,
CYP1A2, CYP2C9, CYP2C19, CYP2D6) account for the
metabolism of the majority of antidepressants. CYP3A4 is
the most frequent enzyme in the liver followed by
CYP1A2, CYP2C9, CYP2C19 and CYP2D6.

In general, the half-life of antidepressants ranges
from 9 to 40 h. Most antidepressants are highly bound
to plasma proteins. A linear relationship between dose
and plasma concentrations exists for most antidepres-
sants, except for paroxetine, fluvoxamine and clomip-
ramine. On the other hand, although many attempts were
made to date, convincing evidence of a relationship
between plasma concentrations and clinical efficacy
doesn’t exist. The pharmacokinetic parameters of the
drugs that were analysed in this work are detailed in
Table 2 [10-13, 15, 16].

The pharmacokinetic behaviour of a drug is altered by
factors affecting the absorption, distribution or elimination
process. In particular elimination is altered by liver or renal
function, by the activity of metabolizing enzymes or
transporters. Co-medication can influence every pharma-
cokinetic process. Nowadays, controlled clinical studies
evaluate the influence of factors that are likely to be rele-
vant in patients where the drug will be administered.
However, these studies consist of a small number of
carefully selected participants and except for one particular
factor all others influencing the pharmacokinetics are
excluded.

Studies evaluating the influence of several covariates in
a naturalistic clinical setting are rare because of the lack of
dense pharmacokinetic data, but over the years new phar-
macokinetic methods were developed that are based on a
population approach rather than modelling individual
pharmacokinetics.

As the mechanisms underlying pharmacokinetic vari-
ability have been intensively studied over the last twenty
years, this knowledge is now included in drug develop-
ment. Nevertheless, old drugs still remain less well studied
[17, 18].
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Table 2 Pharmacokinetic parameters of some classical and newer antidepressants [11, 14, 38, 42, 86-93]

Antidepressant ~ Bioavailability =~ Half-life =~ Time to peak =~ Metabolite Metabolite Time to Dose— Protein
(%) (h) concentration activity half-life (h) steady state concentration binding
(h) (% of parent) (days) relationship ( %)
Amitriptyline 30-64 10-50 2-12 Nortriptiline 20-100 ~7 Linear 94-97
Bupropion 90 ~21 2-3 Equal ~20 7-10 Linear 84
Citalopram 80 23-45 2-4 No - ~7 Linear <80
Clomipramine 50 12-36 2-8 Equal 54-96 4-21 Non-linear 98
Desipramine 50-68 15-25 2-6 Equal 22-95 8-15 Non-linear 73-92
Doxepin 15-45 8-25 2-4 Equal 33-80 4-16 Linear 80
Duloxetine 90 8-7 ~6 No _ 3 Linear >90
Escitalopram 90 27-33 34 No _ 7-10 Linear 56
Fluvoxamine >53 9-28 2-12 No _ 5-10 Non-linear 70-77
Imipramine 22-95 4-18 2 Desipramine 22-95 8-15 Non-linear 90
Mirtazapine 20-40 20-40 2 10 % 20-48 ~7 Linear 85
Nortriptyline 46-59 20-100 4-6 No - ~7 Linear 93-95
Paroxetine >64 8-44 1-11 No - ~7 Non-linear 95
Reboxetine 94.5 ~12-13 2-4 No - 8-15 Linear 97
Sertraline ~24 22-36 4-8 20-30 % 48-96 7-14 Linear 99
Trazodone 65 3-10 1-2 Equal - ~7 Linear 89-95
Venlafaxine 40-45 ~5 2-4 Equal ~11 <5 Linear 27-30

We will now analyse the variation of single pharmaco-
kinetic parameters of the classical and new generation of
antidepressants due to the hepatic impairment (Table 3).

A literature search of the US National Library of Med-
icine’s PubMed database for the text words ‘antidepres-
sants and liver disease’, ‘hepatic impairment and
antidepressants’, ‘pharmacokinetics and hepatic impair-
ment’, ‘liver disease and pharmacokinetics’, ‘hepatic dys-
functions and antidepressants’, ‘pharmacokinetics of—the
name of antidepressant—'have been made.

Data sheets of antidepressants reported in the text have
been consulted.

3 Tricyclic Antidepressants

The pharmacokinetics of tricyclic antidepressants (TCAs)
are characterized by substantial presystemic first-pass
metabolism, a large volume of distribution, extensive
protein binding, and an elimination half-life averaging
about 1 day.

Tricyclics undergo multiple biotransformation actions in
the liver, producing progressively more polar metabolites
which can be readily excreted by the kidneys [19]. Less
than 5 % of a dose of a TCA is eliminated unchanged.
Through the processes of demethylation, oxidation, and/or
hydroxylation, metabolites, which are generally pharma-
cologically active, are formed. These reactions are cata-
lyzed primarily by the hepatic mixed function P450
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enzymes, a family of more than 30 isoenzymes in the
hepatocyte endoplasmic reticulum, through two major
pathways [20].

Tertiary amine TCAs are N-demethylated to secondary
amine forms. Both tertiary and secondary amine tricyclics
undergo aromatic hydroxylation [21, 22].

There are very limited data concerning the use of
TCAs in patients with liver disease. Some clinical indi-
cations can be obtained from data on their use in elderly
where there is a “physiological” impairment of hepatic
drug clearance.

3.1 Amitriptyline and its Metabolite Nortriptyline

Amitriptyline undergoes extensive first-pass hepatic
metabolism, the systemic bioavailability being of 45 %.
There is wide individual variation in the pharmacokinetic
profile of amitriptyline. It is metabolised in the liver, the
primary routes of metabolism being demethylation,
hydroxylation and conjugation. It is considered that the
metabolic pathways are mediated by the enzymes CYP2D6
and CYP2C19, although other enzymes are probably also
involved [23]. The major active metabolites formed are
nortriptyline, 10-hydroxyamitriptyline, and 10-hydrox-
ynortriptyline. Both nortriptyline and  10-hydrox-
ynortriptyline contribute significantly to the antidepressant
effect [24]. Amitriptyline is excreted mainly in the urine as
conjugated and unconjugated metabolites. Less than 5 % is
excreted as unchanged drug [25].
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Table 3 Effect of hepatic

HI variation Maximum dosage

impairment on pharmacokinetic Drugs PK variable
parameters of antidepressants Amitriptyline c,
Nortriptlyne ty,
CL
Imipramine ty,
CL
vd
Desipramine ty,
Fluoxetine ty,
CL
vd
Fluvoxamine ty,
AUC
Paroxetine ty,
AUC
Sertraline Cmax
by,
AUC
CL
Citalopram ty,
CL
Escitalopram AUC
CL
Mirtazapine ty,
CL
Co
Venlafaxine AUC
Desvenlafaxine AUC
CL
Duloxetine Cmax
G
by,
C, plasma .concentration, Bupropione Cmax
Cmax maximum (peak) plasma AUC

concentration, t, half-life,
AUC area under the ty,
concentration-time curve, AUC
Vd volume of distribution, CL

clearance, HI hepatic Cmax
impairment, NA not available, ty,
— indicates no change, 1 AUC
indicates increase, | indicates Trazodone NA
decrease

Agomelatine

1 (Female >50 years) 100 mg/day
1 150 mg/day
!

" 150 mg/day

U

-
1 150 mg/day
1 (~Twofold) 40 mg/day
| (~Twofold)
—

11 (Significantly)
11 (Significantly)
1 (>Twofold)

1 (Twofold)

1 100 mg/day
T

7

I

1 (Twofold)
!

1 10 mg/day
!

1T (39 %, mild/moderate HI)

1 30 %, mild/moderate HI)

11 (Twofold, mild/moderate HI)
1 (31-35 %) 150 mg/day
— 100 mg/day

150 mg/day

40 mg/day

20 mg/day

30 mg/day

—
> 60 mg/day
1 (Fivefold)

1 (Threefold)
1 (Severe HI)
1 (Severe HI)

T

150 mg/day

<«
m Contraindicated in HI
1 (Threefold)

m
NA 400 mg/day

Hepatic impairment: reduced metabolic capacity in liver
impairment results in accumulation of amitriptyline [26].
There is some evidence to suggest that higher plasma
concentrations of amitriptyline occur in females over the
age of 50 than in males of a similar age [23, 27]. Similar
data on nortriptyline indicated a longer plasma half-life and
slower clearance in elderly depressed patients [28].

From data extrapolated by aged patients and product
informations is possible to indicate a range of amitriptyline

oral dosage in patients with hepatic impairment of
3040 mg/die with a possible increase to a maximum of
100 mg/die.

Regarding nortriptyline, the dosage should be of 25 mg/
die not exceeding 150 mg/die. In hepatopathic patients is
indicated the plasma level determination of the drug con-
sidering that the therapeutic range in the adults is of
50-140 ng/ml [29, 30]. However in case of liver disease
the use of second generation antidepressants is advisable.
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3.2 Imipramine and its Metabolite, Desipramine

Available data report that patients with an initial hepatic
dysfunction (e.g. alcoholics) had a threefold greater
intrinsic clearance of imipramine [31]. These patients had
been found to have significantly greater total body clear-
ance of imipramine (0.93 vs. 0.48 L/h/kg) and desipramine
(1.00 vs. 0.62 L/h/kg) than did control subjects. The mean
elimination half-life for imipramine was significantly
decreased (8.7 vs. 19.9 h) after intravenous infusion and
10.9 vs. 19.6 h after oral administration. The mean elimi-
nation half-life for desipramine was decreased after intra-
venous infusion (16.5 vs. 22.4 h). These findings suggested
that initial liver dysfunction (e.g. detoxified alcoholics)
might require higher doses of imipramine. Desipramine
clearance was affected to a lesser degree than imipramine,
suggesting that from a pharmacokinetic standpoint it may
be the preferred drug for the treatment of depressed
patients with an initial liver dysfunction.

Considering the reduction in hepatic metabolism with
age, the clearance of imipramine has been shown to be
reduced by 10-50 % in elderly depressed patients. In par-
ticular, imipramine half-life has been shown to be mark-
edly prolonged in elderly vs young males (28.6 vs. 16.5 h)
and females (30.2 vs. 17.8 h) due to decreased clearance
(males 567 vs. 945 ml/min, females 599 vs. 975 ml/min)
with no change in volume of distribution. In contrast, after
p.o. desipramine more limited age-related changes were
noted. Desipramine half-life was slightly prolonged in
elderly males (30.8 vs. 21.2 h) [32, 33].

There are no data on dose adjustments in patients with
liver dysfunction. However caution is recommended
especially in cases of severe liver dysfunction. From data
extrapolated by elderly patients and product informations it
is possible to indicate a range of imipramine oral dosage in
patients with hepatic impairment of 30-50 mg/die. For
desipramine the initial dose is 10-25 mg/day orally given
as a single dose or in divided doses. The dose should be
gradually increased according to tolerance and clinical
response. The maximum dose is 150 mg/day. Monitoring
plasma levels can facilitate treatment response by provid-
ing objective guidelines for dosage adjustment [31, 34].

However, in case of liver disease, the use of second
generation antidepressants is advisable.

4 Second Generation Antidepressants
4.1 Fluoxetine

In most countries, fluoxetine was the first SSRI that became
available for clinical use.
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Due to hepatic first-pass metabolism, the oral bioavail-
ability is below 90 % [12, 35]. It undergoes extensive
metabolic conversion, leading to the active metabolite
norfluoxetine and multiple other metabolites. For nor-
fluoxetine, 72 ranges even between 7 and 15 days [36, 37].
Because of the long t'%, 1-22 months are required to
achieve steady-state conditions [35]. Fluoxetine exhibits
nonlinear kinetics, indicated by a disproportionate increase
in its blood concentrations after dose escalation. Under
multiple dosing, longer #/2 and reduced oral clearance
result, compared with single doses [38].

Abnormalities in the elimination of fluoxetine have not
been reported for patients with renal impairment, whereas
the pharmacokinetics of fluoxetine were affected by
hepatic dysfunction. The #'2f (terminal half life) was sig-
nificantly longer (7.6 vs. 2.8 days) and plasma clearance
was lower (14.5 vs. 43.31 L/h) in patients with alcohol-
related cirrhosis of the liver than in individual with normal
hepatic function. The Vd was similar in patients with cir-
rhosis and healthy individuals (46.8 and 42.5 L/h, respec-
tively) [11, 37, 39].

The kinetics of norfluoxetine are also altered: apparent
oral clearance is decreased by 30 % and #2 prolonged (12
vs. 6.4 days in healthy individuals). Therefore, upon
repeated administration, excessive accumulation of the
drug can be expected, thus increasing the risk of toxicity
and exaggerated pharmacological response. Based on the
pharmacokinetic modifications observed in the patients
with cirrhosis, a lower dosage (about a 50 % reduction) or
prolonged interval should be used [40]. In other words the
reduction of the maximum oral dosage to 40 mg/day is
indicated. Plasma level determination of fluoxetine and
norfluoxetine can be only orientative because they were not
reported to be related to clinical outcome [41].

4.2 Fluvoxamine

The pharmacokinetic profile of fluvoxamine are well
established. Despite complete absorption, oral bioavail-
ability in man is ~50 % on account of first-pass hepatic
metabolism. Fluvoxamine displays nonlinear steady-state
pharmacokinetics over the therapeutic dose range, with
disproportionally higher plasma concentrations with higher
dosages. Plasma fluvoxamine concentrations show no clear
relationship with antidepressant response or severity of
adverse effects. Fluvoxamine undergoes extensive oxida-
tive liver metabolism. Nine metabolites have been identi-
fied, none of which are known to be pharmacologically
active. CYP2D6, which is crucially involved in the
metabolism of paroxetine and fluoxetine, appears to play a
clinically insignificant role in the metabolism of fluvox-
amine. The drug is excreted in the urine, predominantly as
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metabolites, with only negligible amounts (<4 %) of the
parent compound [42].

Blood concentrations of fluvoxamine in patients with
severe renal impairment treated with 100 mg/day fluvox-
amine maleate were similar to those observed in healthy
volunteers, indicating that the pharmacokinetics of flu-
voxamine do not primarily depend on the renal function
[42]. In contrast, in patients with hepatic cirrhosis, the area
under the concentration-time curve (AUC) and t'2 were
significantly increased compared with healthy controls [12]
so as its elimination is prolonged in patients with hepatic
cirrhosis.

In 13 patients with alcoholic liver cirrhosis, after a
single oral dose of fluvoxamine 100 mg the AUC and the
1" were about 50 % higher than in healthy volunteers [43].
This increase is evidenced by a reduced metabolism
(clearance 54.8 L/h).

Pharmacokinetics were found to be similar in elderly
(mean age 73 years) and young subjects (mean age
28 years) [44] indicating no oral dosage adjustment in case
of mild liver impairment.

On the other hand it is recommended that patients with
moderate or severe liver dysfunction should be given a
lower initial daily dosage with a longer interval between
doses and this should be followed by careful monitoring.
The oral dosage should be limited to a maximum of
100-150 mg/die. Plasma level determination of fluvox-
amine can be orientative to adjust the oral dosage [45].

4.3 Paroxetine

In patients with hepatic impairment (e.g. cirrhosis) although
no significant differences in pharmacokinetic parameters
were observed after administration of a single dose of
paroxetine (20 mg), repeated administration of paroxetine
(20-30 mg daily) over 14 days resulted in a doubling of
steady-state plasma concentration (CSS) and ¢'> compared
with values for healthy controls. In particular paroxetine
was administered orally for 14 days to 12 patients with
hepatic cirrhosis and 6 healthy controls. Patients with a
GEC of >30 but <70 % of normal received 20 mg/day of
paroxetine, those with a GEC of >70 to 80 % received
30 mg/day and healthy volunteers received 30 mg/day. In
the patients with hepatic impairment, the mean minimum
steady-state plasma concentration and the mean maximum
steady-state plasma concentration and AUC over 24 h were
approximately twice, and the %2/ (terminal half life) more
than twice, those in the healthy volunteers. The rate of
urinary excretion of unchanged drug was low and did not
differ significantly between patients with hepatic impair-
ment and healthy volunteers (mean 0.67 vs. 0.5 mg/day),
indicating that most of the paroxetine dose was cleared by
metabolism despite hepatic impairment [46].

Moreover plasma concentrations at steady-state and the
elimination 72 are prolonged in elderly subjects where a
reduced metabolic hepatic activity generally occur [47, 48].

In conclusion while renal impairment has almost no
effect on the pharmacokinetics of paroxetine, hepatic
dysfunction may reduce the clearance of paroxetine [46,
49].

Although considerable interindividual variation in
pharmacokinetic values was observed in all of these stud-
ies, the results suggest that paroxetine dosages should be
titrated carefully in patients who are elderly or have severe
renal or hepatic impairment (starting dosage of 10 mg/die)
and should be kept at the lower end of the range recom-
mended for the general population (it should not increased
beyond 40 mg/day) [50, 51]. Plasma level determination
can be an useful tool to allow adjusting the dose in each
individual patient [52].

4.4 Sertraline

As sertraline is metabolised in the liver, its clearance and
that of its primary metabolite desmethylsertraline are
reduced in patients with hepatic impairment. Therefore,
either dose reduction or prolongation of the dosage interval
is advised for this patient group [53].

Although the hepatic metabolism is the most important
elimination pathway, with only 0.2 % of an oral dose being
excreted unchanged in the urine [54], information on the
metabolism of sertraline is rather limited. N-demethylation
is the main metabolic step in the biotransformation of
sertraline [55]. The N-demethylated metabolite is more
slowly eliminated and has a three times longer t/2
(60-100 h) [55] than its parent drug. Hence, the plasma
concentration of N-desmethylsertraline is 1-3 times that of
sertraline. Since N-desmethylsertraline has only 5-10 % of
the serotonin reuptake inhibitor potency of sertraline [56], a
contribution to clinical effects of sertraline can be
neglected. The N-demethylation correlates with the activity
of CYP3A4 [57].

The effects of hepatic impairment on the pharmacoki-
netics of sertraline were determined in ten patients with
chronic stable hepatic insufficiency (due to cirrhosis) who
received a single 100 mg dose of the drug. After 264 h,
median sertraline maximum plasma concentration (Cmax)
and AUC values were approximately 1.7 and 4 times
higher in the patients with cirrhosis than in ten healthy
volunteers who had also received a single 100 mg dose
[58]. The presence of hepatic disease resulted in a 3.2-
fold increase in the median 72 value of sertraline,
compared with that in the healthy volunteer group. Ser-
traline time to reach Cmax (tmax) values were similar for
both groups of patients. The median Cmax of desmeth-
ylsertraline was 1.5 times higher (p < 0.05) and tmax
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significantly longer in patients with liver cirrhosis than in
the healthy volunteers [58].

In ten patients with stable hepatic impairment of varying
severity, multiple-dose administration of sertraline 50 mg
daily for 21 days resulted in AUCO0-24 h and Cmax values
that were three times greater than values in ten healthy
volunteers with normal hepatic function who received the
same dosage of the drug [59]. In addition, the mean ser-
traline t2f3 was prolonged to 44.1 h in patients with
hepatic impairment compared with 26.5 h in the healthy
volunteers.

In conclusion while the pharmacokinetics are not sig-
nificantly different between healthy controls and patients
suffering from renal impairment [59], in patients with liver
cirrhosis, the clearance of sertraline is markedly reduced
[60]. The oral dosage should be adjusted in patients with
hepatic impairment at a dose regimen of 50—100 mg/day.
Plasma level determination can be an useful tool to adjust
the oral dosage [61, 62].

4.5 Citalopram

The pharmacokinetics of citalopram and its metabolites
demethylcitalopram and didemethylcitalopram in subjects
with moderate renal insufficiency and subjects with
hepatic cirrhosis with that in healthy subjects was inves-
tigated in a study conducted by Joffe et al. [63]. Phar-
macokinetic parameters from three individual, open-label,
phase I trials were derived following single oral or
intravenous citalopram dose (40 mg) to healthy subjects
and a single oral dose (20 mg) to patients. The absolute
bioavailability of citalopram tablets in healthy subjects
was 80 %. The renal clearance was a minor component
(<20 %) of the total elimination of citalopram. Serum
Cmax and tmax for citalopram were essentially unaffected
by the occurrence of renal or hepatic disease. In com-
parison with healthy subjects, renal impairment was
associated with a significant reduction in the renal elimi-
nation of citalopram and its two metabolites and a slight
prolongation of serum citalopram #, (49.5 vs. 36.8 h in
healthy subjects).

Previous data supported similar results: as for the renal
impairment, the Cmax in patients with hepatic impairment
was unchanged compared with that of healthy volunteers
[64]. The t'> was significantly increased to 50 h and the
renal clearance of citalopram and desmethylcitalopram was
significantly lower [64].

Similarly, product data reported that citalopram oral
clearance was reduced by 37 % and t'> was doubled so as
steady-state plasma concentrations increased approxi-
mately twofold in patients with reduced hepatic function
compared to normal subjects [65]. Cirrhosis resulted in
significant decrease in citalopram oral clearance (0.21 vs.
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0.331) in healthy subjects) and increase in distribution
volume with an approximately twofold increase in %2 (83.4
vs. 36.8 h in healthy subjects).

Indices of renal (creatinine or 51Cr-EDTA clearances)
and hepatic (GEC or Child-Pugh score) function were
reported poor predictors of the changes in the pharmaco-
kinetics of citalopram and its metabolites in these
populations.

Dose- and weigh