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Therapeutic monitoring of psychoactive drugs - antidepressants: A review
Milan Grundmanna, Ivana Kacirovaa,b, Romana Urinovskab

Background. Major depression, is one of the most prevalent mental disorders in Europe and the USA. The dramatic 
rise in pharmacological antidepressants is mainly due to increase in use of selective serotonin reuptake inhibitors, 
serotonin and norepinephrine reuptake inhibitors and other new generation antidepressants. In clinical practice, op-
timum individual doses are often guided by trial-and-error. This article reviews the available literature on therapeutic 
monitoring of antidepressant drugs.
Methods. A search using MEDLINE (english-language reports, 1983 - August 2012) with the key words for antidepres-
sant drugs and therapeutic drug monitoring. 
Results. There is a need for monitoring antidepressants due to wide interindividual pharmacokinetic variability. At the 
same drug dose, a more than 20-fold variation in steady state concentration of drug in the body may result: people 
differ in their ability to absorb, distribute, metabolise and excrete drugs for reasons of concurrent disease, age, gender, 
smoking and eating habits, concomitant medication and genetics. 
Conclusions. Monitoring of antidepressant drugs enables us to individualise drug doses based on rational therapy, 
minimalise side effects, reduce morbidity and mortality and cut the cost of health care. Phenotyping and genotyping 
could increase therapeutic drug monitoring furthere.
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Major depression is one of the most prevalent mental 
disorders in Europe and the United States, with a 16.5% 
and 8.9% lifetime prevalence for European women and 
men and 16.2% and 6.6% for American women and men. 
This is the case after more than half a century of mod-
ern psychopharmacology, with billions of dollars spent 
on antidepressants annually world-wide. The dramatic 
rise in consumption of antidepressants in developed 
countries in the past two decades has been mainly due 
to increase in the use of selective serotonin reuptake in-
hibitors, serotonin and norepinephrine reuptake inhibi-
tors and other new generation antidepressants which are 
now the most commonly prescribed antidepressants in 
the world. However, we lack good evidence to guide our 
everyday decisions in conducting antidepressant treat-
ment of patients with major depression1. There are several 
commonly used classes of antidepressants. These include 
selective serotonin reuptake inhibitors (SSRIs), serotonin 
and norepinephrine reuptake inhibiors (SNRIs), atypi-
cal antidepressants (eg, bupropion and mirtazapin), and 
serotonin antagonists and reuptake inhibitors (SARIs). 
Older classes of antidepressants (tricyclic antidepres-
sants - TCAs and monoamine oxidase inhibitors - MAOIs) 
are still used occasionally. Therapeutic drug monitoring 
(TDM) in the field of psychotropic drugs began with the 
tricyclic antidepressants in the 1960s (ref.2). Although 
there is sufficient evidence for the benefits of TDM in 
optimizing antidepressant therapy, its current use in rou-
tine care is far from optimal3. In clinical practice, the 
effort to determine the individual antidepressant drug 

dose optimum is often guided by a trial-and-error dose 
titration strategy4. 

Tricyclic antidepressants and monoamine oxidase inhibitors
With the tricyclic antidepressant drugs, TDM is a long-

established tool for finding the individual dose optimum. 
TDM has been reported to increase not only efficacy and 
safety of TCAs, but also cost-effectiveness in the treat-
ment of depression and is highly recommended for most 
tricyclic antidepressants. It reduces the risk of intoxica-
tion, and for many TCAs, a plasma concentration-clinical 
effectiveness relationship has been shown5-9. These older 
agents are limited by their greater risk of overdose, poten-
tial effects on cardiac conduction/arrythmias (TCAs), and 
substantial restrictions on diet and medications (MAOIs). 
TCAs are also associated with orthostatic hypotension, 
sedation, and anticholinergic effects, and MAOIs com-
monly cause orthostasis as well10. 

Selective serotonin reuptake inhibitors
Serotonin (5-hydroxytryptamine) is an ancient chemi-

cal, evolving at least one billion years ago, and it is pres-
ent in fungi, plants, and animals. It belongs to a class 
of biochemicals called monoamines, which also includes 
norepinephrine, and dopamine. Many adaptive processes 
evolved to be regulated by serotonin, including cell differ-
entiation, temperature, platelet activation and the clotting 
process, digestion and gut movement, insulin, electrolyte 
balance, astrocytic activity, neuronal apoptosis, cerebral 
blood flow, emotion, attention, aggression, mood, repro-
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ductive function, and mating behavior. Because serotonin 
regulates many adaptive processes, antidepressants based 
on serotonin reuptake inhibition could have many adverse 
health effects. Antidepressants can cause developmental 
problems, they have adverse effects on sexual and ro-
mantic life, and they increase the risk of hyponatremia, 
bleeding, stroke, and death in the elderly11. The SSRIs are 
the first-line and the most commonly prescribed antide-
pressants. All SSRIs share similar pharmacologic actions, 
including minimal anticholinergic, antihistaminic, and 
alpha1-adrenergic blocking effects, and potent presynaptic 
inhibition of serotonin reuptake. They are generally well-
tolerated and are not as dangerous in overdose as are the 
older agents10. The SSRIs are all lipophilic agents, which 
are well absorbed via the gut mucosa. Fluoxetine, parox-
etine, and especially sertraline are highly blound to plas-
ma proteins (95-98%), whereas the protein binding is less 
pronounced for citalopram and fluvoxamine (≤80%). The 
drugs are extensively distributed to tissues, with volumes 
of distributions in the range of 400-3000 L. All of the 
SSRIs are predominantly eliminated by cytochrome P450 
catalyzed oxidation in the liver. Fluoxetine, paroxetine and 
fluvoxamine have all been shown to saturate their own me-
tabolism resulting in nonlinear kinetics within therapeutic 
dosing ranges. Hence, higher doses of these drugs pro-
duce a disproportionate increase in their plasma concen-
trations. Consequently, it may be difficult to predict the 
dose necessary to achieve a certain plasma concentration 
based on the drug plasma concentrations obtained with 
another dose. The disproportionate increase in plasma 
concentrations is particularly important with respect to 
elderly patients. In contrast, citalopram and sertraline 
follow linear konetics within their therapeutic relevant 
ranges12. To obtain a drug plasma concentration with any 
predictive value, one should be sure that a steady-state 
level of the drug has been achieved, i.e. the first blood 
sample should be drawn 4-5 elimination half-lives after 

initiation of therapy. Citalopram, sertraline, paroxetine, 
and fluvoxamine are eliminated with half-lives of about 
12-36 h, so after 7-14 days all patients are expected to be 
in a steady-state. The elimination half-life of fluoxetine is 
long: up to 6 days for fluoxetine and 16 days for the ac-
tive metabolite norfluoxetine (Table 1). Thus, steady state 
levels of norfluoxetine will not be achieved until approxi-
mately 3 months after initiation of fluoxetine therapy12. 
The importance of therapeutic drug monitoring of SSRIs 
is the subject of controversial discussion. However, TDM 
offers information about drug interactions, insufficient 
therapeutic effect, side effects, compliance and overdose13. 
The basic characteristics of SSRIs and other newer classes 
of antidepressants are presented in Table 1. 

Citalopram: This is administered as a racemic mixture, 
pharmacologically active is S-enantiomer. Its oral bioavail-
ability is 80%, the maximum plasma concentration (Cmax) 
is reached in 2-4 h and is < 80% bound to plasma proteins. 
It is metabolized mainly through N-desmethylation in the 
liver to desmethylcitalopram, didesmethylcitalopram and 
citalopram-N-oxid (pharmacologically active) primarily by 
cytochrome P450 (CYP) form 2C19 with additional con-
tributions by CYP3A4 and CYP2D6. Polymorphism of 
CYP2C19 plays an important role in the N-demethylation 
of citalopram in vivo. Extensive and poor metabolizers of 
CYP2C19 caused a significant difference in the behaviour 
of citalopram14. The mean elimination half-life is 33-37 h, 
steady-state plasma concentrations is reached after 7-14 
days of dosing. There is a highly linear correlation be-
tween citalopram plasma concentrations and citalopram 
doses, well above the usual dose range. Patients >65 years 
had significantly higher dose-corrected citalopram plasma 
concentrations than younger patients15. Citalopram is 
widely used, because it does not exhibit pharmacokinetic 
interactions unlike fluoxetine, fluvoxamine, or paroxetine. 
For citalopram one observational study revealed that plas-

Table 1. Basic characteristic of antidepressant drugs9,12,48,54.

Drug
Bioavailability

(%)
Protein binding

(%)
Tmax

(hours)
Half-life (hours)

Time to reach
steady-state (days)

Bupropion
(Hydroxybupropion)

87-100 84 3-5 8-26
(17-47)

8

Citalopram 80 <80 2-4 33-37 7-14
Duloxetine 32-80 96 6-10 8-17 5
Escitalopram 80 56 3-6 22-32 7-10
Fluoxetine
(Norfluoxetine)

70 95 6-8 4-6 days
(4-16 days) (3 months)

Fluvoxamine 50 80 3-8 15-20 5-10
Mirtazapine 50 85 2 20-40 4-6
Paroxetine 30-60 95 3-5 12-44 4-14
Sertraline >44 98 4-8 26-36 7
Trazodone >60 89-95 1-4 distribution 3-6 

elimination 5-9
2-3

Venlafaxine
(O-desmethylvenlafaxine)

40-45 27 1-6 5
(11)

3

Tmax – time to reach maximum plasma concentration (Cmax)
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ma concentrations on day 7 of treatment were predictive 
for later non-response. Patients with citalopram plasma 
concentrations below 50 ng/mL had a significantly re-
duced effect on the Hamilton rating scale for depression15. 
Recent studies correlated plasma concentrations of SSRIs 
and occupancy of serotonin transporters (5-HTT) using 
positron emission tomography in healthy control subjects. 
Striatal 5-HTT occupancy correlated well with plasma 
concentrations of the SSRIs, and it was concluded that 
80% occupancy is associated with maximal therapeutic 
effects after 4 weeks of SSRI administration. For citalo-
pram, it was shown that at least 50 ng/mL is required to 
attain 80% 5-HTT occupancy. Despite therapeutic doses, a 
significant number of patients had serum concentrations 
less than 50 ng/mL, and these were associated with an 
unfavorable treatment outcome; therapeutic drug moni-
toring is therefore recommended to optimize dosing cita-
lopram in the early phase of treatment16. 

Escitalopram: It is a S-enantiomer of the racemic 
selective serotonin reuptake inhibitor antidepressant 
citalopram. It is rapidly absorbed (oral bioavailability 
80%), and reaches maximum plasma concentrations in 
approximately 3-6 h after administration. Escitalopram 
has low protein binding (56%) and is widely distributed 
throughout tissues. The elimination half-life of escitalo-
pram is about 22-32 h, steady-state concentrations are 
achieved within 7-10 days of administration. Escitalopram 
is metabolized by the CYP2C19, CYP2D6 and CYP3A4. 
S-desmethylcitalopram (S-DCT), the principal metabo-
lite, is present at approximately one-third the level of 
escitalopram; however, S-DCT is a weak inhibitor of se-
rotonin reuptake and does not contribute appreciably to 
the therapeutic activity of escitalopram. The didesmethyl 
metabolite of escitalopram is typically present at or be-
low quantifiable concentrations. Escitalopram and S-DCT 
exhibit linear and dose-proportional pharmacokinetics. 
Adolescents, elderly individuals and patients with hepat-
ic impairment show no clinically relevant differences in 
pharmacokinetics compared with healthy young adults, 
implying that adjustment of the dosage is not necessary 
in these patient groups17. TDM of escitalopram is recom-
mended for dose titration and for special indications or 
problem solving9.

Fluoxetine: This is administered as a racemate of R- 
and S-fluoxetine with almost equal affinity to the 5-HT 
reuptake carrier. It is well absorbed after oral intake, is 
highly protein bound (95%), and has a large volume of dis-
tribution (20-40 L/kg). The Cmax is reached within 6-8 h. 
Fluoxetine is metabolized primarily via N-demethylation 
to the active metabolite norf luoxetine primarily by 
CYP2D6 with additional contributions from CYP2C9, 
CYP2C19, CYP3A4 and CYP2B6 (ref.9,18). The elimina-
tion half-life of fluoxetine is about 4-6 days, while that of 
its metabolite norfluoxetine about 4-16 days. Fluoxetine 
has a nonlinear pharmacokinetic profile. On the basis 
of the results of plasma concentration-clinical response 
relationship studies, there appears to be a therapeutic win-
dow for fluoxetine. Concentrations of fluoxetine plus nor-

fluoxetine above 500 ng/mL appear to be associated with 
a poorer clinical response than lower concentrations19. 

Fluvoxamine: This is well absorbed after oral intake 
(oral absorption ≥ 94%), first pass metabolism reduces the 
bioavailability to about 50%. The Cmax is reached within 
3-8 h, plasma protein binding is about 80%. Fluvoxamine 
undergoes complex hepatic metabolism, with main met-
abolic routes that include oxidative demethylation and 
oxidative deamination (CYP1A2 and CYP2D6) (ref.18). 
Fluvoxamine has an elimination half-life of approximately 
15-20 h. It has been shown that the oral clearance de-
creases with increasing doses, suggesting that fluvoxamine 
exhibits nonlinear kinetics within the therapeutic dose 
interval. There is a therapeutic threshold for steady-state 
plasma concentrations of fluvoxamine and probably also 
for its major metabolite fluvoxamine acid20. 

Paroxetine: This is well absorbed from the gastroin-
testinal tract. It undergoes a partially saturated first pass 
metabolism which reduces the bioavailability to about 
30-60%. Maximal blood levels are reached 3 to 5 h after 
administration. Paroxetine is highly protein bound (95%) 
(ref.21). An elimination half-life is 12-44 h, steady-state 
levels are achieved after 4-14 days. Paroxetine exhibits 
nonlinear kinetics. It is eliminated after transformation 
in the liver into pharmacologically inactive metabolites. 
CYP2D6 (high affinity) and CYP3A4 (low affinity) are 
most likely to be the major contributors to paroxetine me-
tabolism in humans. For some individuals, CYP1A2 could 
be of importance for paroxetine metabolism, whereas the 
importance of CYP2C19 and CYP3A5 is probably lim-
ited. Nonlinear paroxetine kinetics is more prominent in 
extensive metabolizers of CYP2D6 than in poor metabo-
lizers of CYP2D6. Elderly subjects taking paroxetine have 
higher plasma concentrations and slower elimination than 
younger subjects22. Elimination is also reduced in severe 
renal and hepatic impairment23. Paroxetine is character-
ized by large interindividual pharmacokinetic variability 
and heterogeneous response patterns24. For paroxetine, a 
positive correlation was found between drug concentra-
tion in plasma and serotonin syndrome symptoms25.

Sertraline: The Cmax of sertraline is reached within 
4-8 h, plasma protein binding is about 98%. It undergoes 
extensive first-pass metabolism and has a linear pharma-
cokinetic profile. Several P450 enzymes have been shown 
to catalyze sertraline N-demethylation, with CYP2B6 
contributing to the greatest extent, with lesser contribu-
tions from CYP2C19, CYP2C9, CYP3A4, and CYP2D6. 
For deamination, data support the role for CYP3A4 and 
CYP2C19. Purified human monoamine oxidases A and 
B also catalyzed sertraline deamination. Because it ap-
pears that there are multiple enzymes involved in initial 
metabolic pathways of sertraline, it would be difficult for 
any single agent to cause a meaningful drug interaction 
via inhibition of the metabolic clearance of sertraline26. 
The elimination half-life of sertraline is about 26-36 h and 
of its main metabolite N-desmethylsertraline between 62-
104 h. Steady-state concentrations are achieved within 7 
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days of administration. Smokers had significantly lower 
concentration-to-dose mean ratios of serum sertraline and 
desmethylsertraline than nonsmokers and higher sertra-
line and desmethylsertraline concentration-to-dose mean 
ratios were found in elderly patients than in adults aged 
less than 65 years. A profound variability was found for 
the interindividual steady-state and trough serum levels 
of sertraline and desmethylsertraline, but intraindividual 
metabolizing stability over time was found. The results 
highlight sertraline TDM as a tool for individual dose 
optimization and evaluation of patient drug compliance 
as well as drug-drug interactions. Knowledge of the con-
centration of the desmethyl metabolite of sertraline is not 
required to relate clinical effect with drug concentration. 
However, in some cases the concentration of desmethyl-
sertraline may be helpful to assess the degree of compli-
ance. No correlation between serum drug concentrations 
and clinical effect was found for sertraline27-29. However, 
monitoring the sertraline plasma level, even though not 
strictly necessary from a clinical point of view, can be 
useful in optimizing treatment30. 

Serotonin and norepinephrine reuptake inhibiors
Venlafaxine and duloxetine are the two most common-

ly used SNRIs. They block the reuptake of serotonin and 
norepinephrine. These agents are generally well-tolerated 
and safer than older agents in overdose. 

Venlafaxine: It is metabolized primarily by the high-
ly polymorphic cytochrome P450 enzyme CYP2D6 
to yield a pharmacologically active metabolite, 
O-desmethylvenlafaxine (ODV), and to a lesser extent by 
CYP3A4, to yield N-desmethylvenlafaxine31.Venlafaxine 
(VEN) and ODV are mixed serotonin and norepinephrine 
reuptake inhibitors, venlafaxine is a moderate inhibitor 
of dopamine reuptake. Only 40-45% of the dose reaches 
the systemic circulation unchanged, because of extensive 
first-pass metabolism. Venlafaxine and its main metabolite 
ODV are 27% and 30% bound to plasma proteins, respec-
tively. Maximal blood levels are reached 1-2 h (VEN) and 
3 h (ODV) after administration of fast-released form and 
6 h (VEN) and 9 h (ODV) after administration of slow-
released form. The steady-state half lives of venlafaxine 
and its active metabolite ODV are 5 and 11 h, respec-
tively. Steady-state plasma concentrations are reached 
after 3 days of dosing. The ratio of ODV/VEN is an ef-
fective means of phenotyping individuals according to 
their CYP2D6 metabolizer status32. Serum levels varied 
widely at each dose level. Sex, age and smoking should 
be considered for optimal dosing of patients with VEN.
Women had higher dose-corrected serum levels of VEN 
and ODV than men, and patients older than 60 years 
showed higher levels of both compounds than younger 
ones. In smokers, mean serum levels of ODV is lower than 
in non-smokers33. A significant correlation was found be-
tween VEN plasma levels and its antidepressant efficacy34. 
By Gex-Fabry et al. earlier clinical response may occur 
with higher VEN+ODV plasma level35. A positive correla-
tion was also found between VEN plasma concentration 
and adverse effects. Patients with ODV/VEN ratios below 

0.3 had more side effects and reduced serum concentra-
tions of sodium in comparison with other patients. A poor 
metabolizers of CYP2D6 increases the risk of VEN side 
effects36, 37. 

Duloxetine: This achieves a maximum plasma con-
centration approximately 6-10 h after dosing. Duloxetine 
is highly protein bound (96%) and is widely distributed 
throughout tissues. Oral bioavailability is approximately 
50% (32-80%). It is rapidly and extensively metabolized 
in the liver by CYP1A2 and CYP2D6, and its numerous 
metabolites, which are inactive, are mainly excreted in 
the urine. The mean elimination half-life of duloxetine is 
approximately 8-17 h (ref.38,39). Therapeutic drug moni-
toring of duloxetine and titration to steady-state serum 
concentrations above 58 ng/mL is useful for treatment 
optimization40. 

 
Atypical antidepressants
Mirtazapine, a serotonin-receptor blocker that also 

has effects on norepinephrine via blockade of alpha2-ad-
renergic receptors, and bupropion, an agent with effects 
on norepinephrine and dopamine, represent important 
alternatives to the SSRIs and SNRIs and, for treatment-
resistant depression, are sometimes used in combination 
with them in more complex pharmacologic regiments. 
Bupropion is a potent inhibitor of CYP2D6. Mirtazapine 
causes significant blockade at histamine (H1) receptors 
and 5-HT2 receptors, leading to sedation and incresed 
appetit/weight gain. 

Mirtazapine: This is a tetracyclic antidepressant, 
the first noradrenergic and specific serotonergic anti-
depressant (NaSSA). It is rapidly and well absorbed 
from the gastrointestinal tract after oral administration, 
and peak plasma concentrations are reached within 
2 h. Mirtazapine binds to plasma proteins (85%) in a 
nonspecific and reversible way. The bioavailability is 
approximately 50%, mainly because of gut wall and he-
patic first-pass metabolism. Mirtazapine shows linear 
pharmacokinetics, which is dependent on gender and 
age: females and the elderly show higher plasma concen-
trations than males and young adults. The elimination 
half-life of mirtazapine ranges from 20 to 40 h, which 
is in agreement with the time to reach steady-state (4 to 
6 days). Biotransformation is mainly mediated by the 
CYP2D6 and CYP3A4, with a lesser extent of CYP1A2 
and CYP2B6 (ref.9,18,41). Although no concentration-effect 
relationship could be established, it was found that with 
therapeutic dosages of mirtazapine (15 to 45 mg/day), 
plasma concentrations range on average from 5 to 100 
ng/mL (ref.41). Wide interindividual variability of serum 
concentrations at each dose level of mirtazapine have 
been found. Patients with N-desmethylmirtazapine/mir-
tazapine ratios less than 0.4 had significantly more side 
effects than those having higher ratios. Comedications 
were assessed for drug-drug interaction, and significantly 
lower N-desmethylmirtazapine/mirtazapine ratios were 
found under concomitant medications of the antidepres-
sant sertraline and the antipsychotic amisulpride42. 
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Bupropion: This is a dopamine-norepinephrine reup-
take inhibitor. The bioavailability is minimally 87%, maxi-
mal blood levels are reached 3-5 h after administration, 
plasma protein binding is about 84%. Bupropion is ex-
tensively metabolized by the liver and has an elimination 
half-life 8-26 h. Hydroxybupropion, the primary active 
metabolite (the elimination half-life 17-47 h), is formed 
by cytochrome CYP2B6. At steady-state, Cmax of hydroxy-
bupropion is 4- to 7-fold higher, compared with this of 
the parent drug. Threohydrobupropion and erythrohy-
drobupropion (the elimination half-life 37 and 33 h, re-
spectively), the other active metabolites of bupropion, are 
formed via nonmicrosomal pathways43. Bupropion and 
metabolites demonstrated linear pharmacokinetics and 
steady-state concentrations are achieved within 8 days 
of administration. Genetic polymorphisms in CYP2B6 
may cause variability in bupropion pharmacokinetics. 
Bupropion may be a probe drug for CYP2B6 activity in 
humans44. A curvilinear relationship between antidepres-
sant efficacy and trough plasma bupropion concentrations 
was found. The increase in plasma bupropion concen-
tration from trough level to the 4 h postdose peak level 
was also positively related to antidepressant response45. 
Plasma levels of bupropion and metabolites, particularly 
hydroxybupropion, may also predict acute antidepressant 
response in depressed youths taking bupropion46. 

Serotonin antagonists and reuptake inhibitors
Trazodone is a main antidepressant from the serotonin 

antagonists and reuptake inhibitors group. 
Trazodone: Absorption of trazodone is rapid and com-

plete after oral administration and the absolute bioavail-
ability has been reported as >60%. It is 89-95% protein 
bound and achieves a maximum plasma concentration 
approximately 1-4 h after dosing. Trazodone is nearly 
completely metabolized hepatically by hydroxylation, 
dealkylation, and N-oxidation. 20% of a trazodone dose 
undergoes N-dealkylation via CYP3A4 to a pharmacologi-

cally active metabolite, m-chlorophenylpiperazine. The ac-
tive metabolite is further metabolized via CYP2D6, and is 
therefore subject to CYP2D6 polymorphism. Trazodone 
showes linear pharmacokinetics and exhibits biphasic 
elimination with a mean distribution half-life of 3-6 h and 
an elimination half-life of 5-9 h (ref.47). A significant cor-
relation was found between steady-state plasma trazodone 
levels and its antidepressant efficacy, but not between 
plasma drug levels and the incidence of side effects48,49. 

The major reason to use TDM for the guidance of psy-
chopharmacotherapy is the considerable interindividual 
variability in the pharmacokinetic response of the patient. 
To produce its characteristic effects, a drug must be pres-
ent in appropriate concentrations at its sites of action. The 
latter is not only a function of the dose administered. At 
the very same dose of psychotropic drugs, a more than 20-
fold interindividual variation in the medication’s steady- 
state concentration in the body may result, as patients 
differ in their ability to absorb, distribute, metabolize 
and excrete drugs due to concurrent disease, age, gender, 
smoking or eating habits, concomitant medication or ge-
netic peculiarities9,50. Considerable and clinically relevant 
knowledge has been acquired during the past 30 years on 
the important role of cytochrome P450 forms, CYP1A2, 
CYP2D6, CYP2C9, CYP2C19, and CYP3A4/5, in the 
biotransformation of antidepressants (Table 2). The ge-
netically determined polymorphism of CYP2D6 is of high 
clinical relevance for antidepressants, which are substrates 
of this form, including tricyclic antidepressants, some se-
lective serotonin reuptake inhibitors (eg, paroxetine and 
fluoxetine), and “third-generation” antidepressants (eg, 
venlafaxine and mirtazapine). Clinically, a poor metabo-
lizer (PM) status may represent a higher risk for adverse 
effects in patients treated with antidepressants known to 
be substrates of the deficient enzyme, while ultra-rapid 
metabolizers (UMs) undergo a higher risk for nonre-
sponse, due to subtherapeutic plasma concentrations51. 
On the other hand, second-generation antidepressants 

Table 2. Cytochrome P450 (CYP) forms involved in the metabolism of antidepressant drugs9,18,54.

Drug CYP Active metabolite

Bupropion 2B6 hydroxybupropion, threohydrobupropion, erythrohydrobupropion

Citalopram 2C19, 3A4, 2D6 desmethylcitalopram, didesmethylcitalopram, citalopram-N-oxid 

Duloxetine 1A2, 2D6 none

Escitalopram 2C19, 2D6, 3A4 desmethylcitalopram, didesmethylcitalopram

Fluoxetine 2D6, 2C9, 2C19, 3A4, 2B6 norfluoxetine

Fluvoxamine 1A2, 2D6 fluvoxamine acid

Mirtazapine 3A4, 2D6, 1A2, 2B6 desmethylmirtazapine

Paroxetine 2D6, 3A4, 1A2, 2C19, 3A5 none

Sertraline 2B6, 2C19, 3A4, 2D6, 2C9 desmethylsertraline

Trazodone 3A4, 2D6 m-chlorophenylpiperazine

Venlafaxine 2D6, 3A4, 2C19 O-desmethylvenlafaxine, N-desmethylvenlafaxine



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2015 Mar; 159(1):35-43.

40

Table 3. Effect of the newer antidepressant drugs in inhibiting the activity of various cytochrome P450 (CYP) forms18, 52.

CYP Bupropion Citalopram Duloxetine Fluoxetine Fluvoxamine Paroxetine Sertraline Venlafaxine

1A2 -  -/+ - - /+ +++ - /+ - /+ -
2C9 - - - ++ ++ + + -
2C19 - - /+ - ++ +++ + + -
2D6 ++ + ++ +++ + +++ ++ +
3A4 - - - ++ ++  -/+ - /+ -

Symbols: – = no effect; + = weak effect; ++ = moderate effect; +++ = strong effect

Table 4. Levels of recommendation for TDM in psychiatry by Arbeitsgemeinschaft für Neuropsychopharmakologie 
und Pharmakopsychiatrie9.

Level Evidence Recommendation Clinical Consequences

1: strongly 
recommended

Reported drug concentrations 
are established and
evaluated therapeutic reference 
ranges. Controlled clinical trials 
have shown beneficial effects 
of TDM, reports on decreased 
tolerability or intoxications.

TDM is strongly 
recommended for 
dose titration and for 
special indications.

At therapeutic plasma concentrations
highest probability of response or 
remission; at “subtherapeutic”
plasma concentrations: response rate 
similar to placebo under acute treat-
ment and risk of relapse under chronic
treatment; at “supratherapeutic” 
plasma concentrations: risk of intoler-
ance or intoxication.

2: recommended Reported drug concentrations 
were obtained from plasma 
concentrations at therapeuti-
cally effective doses and related 
to clinical effects; reports on 
decreased tolerability or intoxi-
cations at “supratherapeutic” 
plasma concentrations. 

TDM is recommend-
ed for dose titration
and for special indica-
tions or problem 
solving.

TDM will increase the probability of
response in non-responders. 
At “subtherapeutic” plasma concentra-
tions: risk of poor response; 
at “supratherapeutic” plasma concen-
trations: risk of intolerance or intoxica-
tion.

3: useful Reported drug concentrations 
were calculated from plasma 
concentrations at effective doses 
obtained from
pharmacokinetic studies. 
Plasma concentrations related 
to pharmacodynamic effects are 
either not yet available or
based on retrospective analy-
sis of TDM data, single case 
reports or 
non-systematic clinical experi-
ence. 

TDM is useful for 
special indications or 
problem solving.

TDM can be used to control whether
plasma concentrations are plausible for 
a given dose, or clinical
improvement may be attained by dose 
increase in nonresponders
who display too low plasma concentra-
tions.

4: potentially useful Plasma concentrations do not 
correlate with clinical
effects due to unique pharma-
cology of the drug,
e. g., irreversible blockade of an 
enzyme, or dosing can be easily 
guided by clinical symptoms, e. 
g., sleep induction by a hypnotic 
drug. 

TDM is not recom-
mended for dose 
titration but may be 
potentially useful for 
special indications or
problem solving.

TDM should be restricted to special
indications.
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Table 5. Recommended therapeutic reference ranges, laboratory alert levels and levels of recommendation for TDM(ref.9).

Drugs + active metabolites Level
Therapeutic reference range 

(ng/ml )
Laboratory alert level 

(ng/ml )

Bupropion + Hydroxybupropion 3 225-1500 2000

Citalopram 2 50-110 220

Duloxetine 2 30-120 240

Escitalopram 2 15-80 160

Fluoxetine + Norfluoxetine 2 120-500 1000

Fluvoxamine 2 60-230 500

Mirtazapine 2 30-80 160

Paroxetine 3 30-120 240

Sertraline 2 10-150 300

Trazodone 2 700-1000 1200

Venlafaxine + O-Desmethylvenlafaxine 2 100-400 800

Table 6. Ranges of metabolite-to-parent drug concentration ratios9.

Drug Metabolite
Ratios of concentrations metabolite/parent drug 

(mean - sd - mean + sd)

Bupropion hydroxybupropion 5-47 (24 h); 6-30 (12 h)
Citalopram desmethylcitalopram 0.31-0.60
Duloxetine - -
Escitalopram desmethylcitalopram 0.3-1.0
Fluoxetine norfluoxetine 0.7-1.9
Fluvoxamine fluvoxamine acid 0-1.2
Mirtazapine desmethylmirtazapine 0.2-1.2
Paroxetine - -
Sertraline desmethylsertraline 1.7-3.4
Trazodone m-chlorophenylpiperazine 0.04-0.22
Venlafaxine O-desmethylvenlafaxine

N-desmethylvenlafaxine
CYP2D6: EM/IM 0.3-5.2; PM ≤0.3; UM >5.2

0.46-1.48

EM=extensive metabolizers, IM=intermediate metabolizers, PM=poor metabolizers, UM=ultra-rapid metabolizers

differ in their potential for pharmacokinetic drug inter-
actions (Table 3). Fluoxetine and paroxetine are potent 
inhibitors of CYP2D6, fluvoxamine markedly inhibits 
CYP1A2 and CYP2C19. For this reason, clinically rel-
evant interactions may be expected when these antidepres-
sants are coadministered with substrates of the pertinent 
forms, particularly those with a narrow therapeutic in-
dex. Duloxetine and bupropion are moderate inhibitors of 
CYP2D6, and sertraline may cause significant inhibition 
of this form, but only at high doses. Citalopram, escitalo-
pram, venlafaxine and mirtazapine are weak or negligible 
inhibitors of CYP forms in vitro and are less likely than 
other second-generation antidepressants to interact with 
co-administered medications18,52. 

The TDM group of the Arbeitsgemeinschaft für 
Neuropsychopharmakologie und Pharmakopsychiatrie 
(AGNP) has published literature-based guidelines for 
optimal use of TDM in psychiatry and defined 4 levels 

of recommendation, based on empirical evidence: level 
1 - strongly recommended, level 2 - recommended, level 
3 - useful, and level 4 - potentially useful. The reference 
ranges listed in generally those for the primary indication 
(Tables 4, 5). A number of drugs, however, are recom-
mended for several indications (e.g., antidepressant drugs 
are also used for the treatment of anxiety) but little infor-
mation is available on optimum plasma concentrations 
in these situations. So called the “laboratory alert levels” 
indicate drug concentrations above the recommended 
reference range that causes the laboratory to feedback 
immediately to the prescribing physician. The labora-
tory alert should lead to dose reduction when the patient 
exhibits signs of intolerance or toxicity. When the high 
drug concentration is well tolerated by the patient and if 
dose reduction bears the risk of symptom exacerbation, 
the dose should remain unchanged. For a number of psy-
choactive drugs, metabolites actively contribute to the 
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overall clinical effect of the parent compound. For this 
reason, TDM must include the quantification of active 
metabolites, e.g., in the case of fluoxetine (norfluoxetine). 
Analysis of pharmacologically inactive metabolites, how-
ever, may give useful information on the metabolic state 
of the patient or on his/her compliance. Table 6 shows 
the “normal” ratios of concentrations of metabolites to 
parent drugs. Calculated ranges contain 68% of the ratios 
expected under standard dosages, i. e., ratios within the 
range of the mean ± 1 SD assuming normal distribution. 
A ratio above or below the “normal ratio” can indicate 
problems of drug adherence or metabolic abnormalities 
due to a genetic variation or a drug-drug interaction with 
co-medications exhibiting enzyme inhibiting or inducing 
properties. In a patient who is genotyped as a poor or 
ultrarapid metabolizer the medication should not auto-
matically be replaced by another as the dose can often 
be adapted, using clinical judgement and TDM. AGNP 
recommends regular monitoring of plasma concentrations 
under maintenance therapy, at least every 3-6 months, to 
prevent relapses and rehospitalizations. The frequency of 
TDM requests may be increased if patients are known to 
be non-adherent to the medication or in case of changes 
of co-medications or of smoking (CYP1A2 substrate 
such as duloxetine) that affect the pharmacokinetics of 
the drug. As a rule, trough concentrations are measured, 
but in some situations peak concentrations would show 
a better correlation with adverse effects. Blood should be 
collected after at lest 4 drug elimination half-lives after 
the start of or a change in dosage. In clinical practice, the 
appropriate sampling time for most psychoactive drugs 
is one week after stable daily dosing and immediately 
before ingestion of the morning dose. For the treatment 
with antidepressant there is good evidence that clinical 
non-improvement at week 2 is highly predictive for later 
response and remission. Especially the absence of early 
improvement appears to be a highly reliable predictor of 
later non-response. For dose titration with antidepressant 
drugs is therefore recommend to include symptom rating 
by the treating physician at baseline and at week 2 in ad-
dition to drug concentration measurements9. 

CONCLUSION

In conclusion, TDM of antidepressant drugs is a 
method specific to clinical pharmacology for monitoring 
drugs using the measurement of drug serum concentra-
tions followed by interpretation and good cooperation 
with clinician. It is able to help in personalized medicine 
in the area of dosing individualization because of rational 
therapy, minimalization of side effects, decrease in mor-
tality and morbidity and reduction in cost of health care. 
Phenotyping and genotyping can increase therapeutic 
drug monitoring to a higher level53.

ABBREVIATIONS

5-HT, 5-Hydroxytryptamine, Serotonin; 5-HTT, 
Serotonin transporter; AGNP, The TDM group of the 
Arbeitsgemeinschaft für Neuropsychopharmakologie und 
Pharmakopsychiatrie; 
Cmax, Maximum plasma concentration; CYP, Cytochrome 
P450; EM, Extensive metabolizer; IM, Intermediate me-
tabolizer; MAOIs, Monoamine oxidase inhibitors; NaSSA, 
Noradrenergic and specific serotonergic antidepressant; 
ODV, O-desmethylvenlafaxine; PM, poor metabolizer; 
SARIs, Serotonin antagonists and reuptake inhibitors; 
S-DCT, S-desmethylcitalopram; SNRIs, Serotonin and 
norepinephrine reuptake inhibiors; SSRIs, Selective se-
rotonin reuptake inhibitors; TCAs, Tricyclic antidepres-
sants; TDM, Therapeutic drug monitoring; Tmax, Time to 
reach maximum plasma concentration; UM, Ultra-rapid 
metabolizer; VEN, Venlafaxine.
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